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SAMPLE DESIGN

Annual Housing Survey—The estimates for;_each of the 15
SMSA’s in this report series (H-170-81) are based on data'col-
lacted from the 1981 Annual Housing Survey (AHS} which bvas
conducted by the Bureau of the Census acting als collection agent
for the Department of Housing and Urban Development

The SMSA'’s selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA's selected for interview during
1981 were interviewed previously in 1974 (1975 for Madison,
Wis.) and 1977 (see the list of SMSA reports'from the AHS in
the introduction of this report). |

Tha three largest SMSA's {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.} in the 1981 grouplof SMSA’s were
represented by a sample size of 15,000 designated housing units
in the 1974 and 1977 surveys evenly divided I;etween the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s (Anaheim-Santa Ana-Garden Grmlfe, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minqeapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.; Pittsburgh,
-Pa.; Spokane, Wash.; Tacoma, Wash.; and V\;Iichita Kans.} in
the 1881 group were represented by a sample of 5,000
demgnated housing units in the 1974 (1976 for Madison, Wis.}
and 1977 surveys distributed proportionately between the cen-
tral city and balance of the respective SMs:A based on the
distribution of total housing units in each sector,

In the 1974 survey, AHS sample units were divided among

12 panels with one-twelfth of the sampie hoqsing units being

|
|
l
I
I
|

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary

to drop panéls 1,2,4,5,9,11, and 12 from the Boston, Mass.;

Detroit, Mich.; and Washingtan, D.C.-Md.-Va., SMSA’s and

panels 1 and 2 from the other 12 SMSA’s. The designated sam-

ple size was reduced by two-thirds for the three largest SMSA’s
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,798 housing units were eligible for interview.
Of these sample housing units, 186 interviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 4,798 housing units eligible for interview, 136
units were visited but were not eligib'le for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc. ’

Designation of sample housing units for the 1981 survey — The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories which are
described in detail in the succeeding sections.

1. All sarnple housing units that were interviewed in the 1977
survey and remained in sample after the 1981 panel
reduction.

2. All sarnple housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future} in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App-20.)

3. All sample housing units that were selected from a listing
of nevs residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. {This sample represented the housing units built
in permit-issuing areas since the 1977 survey.}

4. All sample housing units that were added to sample
segments,in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 pane! reduction. (This
samplz represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. {This
sample represented most of the housing units which, until
1977. did not have a chance of selection.)

Selection of the original AHS-SMSA sample —The sample for the
SMSA’s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames — housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices (the permit-issuing
universe’ and housing units constructed in permit-issuing areas
since the 1970 census (the new construction universe}. In ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame —those housing units located in areas not under the
jurisdiction of permit-issuing offices {the nonpermit universe).
In 1970, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.: Newark, N..J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe. ’

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from bath the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the speciat place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table:

Tenure
Household Owner— Renter—
income Family size Family size
12345 1234652

Under $3,000 ... ...
$3,000 to §$5,999 . ..
$6,000 to $9,999 . ..
$10,000 to $14,999 .
$15,000 and over . ..

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
aither the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
esither the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district {ED} within the central city and
within the balance of the SMSA. A sample of special place
records was then selected by a procedure that produced cne-
guarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsamgled at a rate which produced an expected four sam-,
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1870
{i.e., the new construction universe). The sample selection from
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the list of new construction building perrr‘!tits was an inde-
pendent operation within this SMSA.. Prior to sample selection,
the list of permits was chronologically stratified by the date the
permits were issued, and clusters of an expected four {usually
adjacent} housing units were farmed. These clusters waere then
sampled for inclusion at the overall samphng rate.

For those SMSA's which were not 100- percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurrsdnctron of permit-issuing
offices {i.e., the nonpermit universe). The; first step in the
sampling operation for the nonpermit umverse was the selec-
tion (using the overall sampling rate) of a sampie of census
enumeration districts within these areas. Prlcr to this sample
salection, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA The probability
of selection of an ED was proportionate to the following measure

of size. |
Group quarters population in
- 1970 census ED
'3

Number of housing units in  +
1970 census ED

4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries havmg an expected size
of four, or a multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-
pte housing units. | ‘

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumerated in the 1 970 census as well
as housing units built since the 1970 census are included.

1977-1981 additions to the housing inventory—In the permit-
issuing universe, a sample of new constructlon building permits,

issued since the 1977 survey, was selected to represent hous-

ing units built in permit-issuing areas since the 1877 survey.
Sampling procedures were identical to those used in selecting
the 1970-1977 new construction sample, which were
described previously. In the nonpermit u'niverse, sample
segments were dependently recanvassed, usnng listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the| 1977 survey.

l

Sample selection for the 1977 Coveragle Improvement
Program—The Coverage Improvement Program was undertaken
'to carrect certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction unlverses The coverage
deficiencies included the following units:

1. New construction from building permltsiissued prior to
January 1970, but completed after April 1. 1970.

2. Mobile homes placed in parks either msssed during the
1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

4. Housing units converted to residential .use that were

nonresidential at the time of the 1970 census,
: |

5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA's was previously interviewed in 1974
{1975 for Madison, Wis.} and 1977. The Coverage Improvement
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA’s receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dailas, Tex.; Minneapolis-St. Paul, Minn.: Pittsburgh, Pa.; and
Spokane, Wash., SMSA’s, estimates of housing units
added by a specific procedure reflect units added in the prior
year as well as any additions that resulted from the updating
and refining in 1981.

Coverage improvement for deficiency 1—A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMSA’s. Two diffsrent procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sarhple units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-moare-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA's: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining 8 SMSA's, units whose permits were issued
before January 1970, but which were completed after April
1870, were identified from the Survey of Construction (SOC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 21,216 new construction units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiency 2— In permit-issuing areas,

a sample of mobile homes placed in a park that was missed by
the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
ple units represanted. This procedure added an estimated 14,678
units to the coverage of the housing inventory of this SM3A.

Coverage improvement for deficiences 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure was designed to represent units from the following

types of missed structures (structures that had no chance of:

selection for the AHS):

1. Structures missed in the 1970 census.
2. Structures that were completely nonresidential in the 1970

census but now contain units converted to residential use. .

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census. -

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1in 24, Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the' AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA’s did not
receive application of the second procedure. The Dallas, Tex.;
Minneagpolis-St. Paul, Minn.; and Pittsburgh, Pa., SMSA’s did
not receive application of zither procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-5t. Paul, Minn.;
Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had the first
procedure completed as part of the 1881 Coverage Improvement
Program. The remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program. '

The first procedure added an estimated 10,243 housing units
to the coverage of the housing inventory of this SMSA.

1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventory (i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
either 20-, 15-; or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1. '

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview (i.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removead from the housing inventory since 1977 (i.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA’s, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA’'s.

Prior to the imptementation of the ratio estimation procedures,
the basic weight {i.e., the inverse of the probability of selection}
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The nonintesview adjustment factor was equal
to the following ratio:

Waeighted count of interviewed

Weighted count of noninterviewed
housing units +

housing units

Woeighted count of interviewed housing units

Within each sector. of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sampie hous-
ing urv‘ts from the permit-issuing universe (where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described). In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit iuniverse and the
coverage improvement universe, and one noninterview cell for
othsr sample housing units from both the nonpermlt universe
and the coverage improvement universe (if umts were not in-
cluded in any of the previous cells), !

The fallowing ratio estimation procedure was employed for
all sample housing units from the permit- :ssuung universe. This
factor was computed separately for all sample housing units
within each permit-issuing universe nonintérview cell men-
tioned previousty. The ratio estimation factor for each cell was
equal to the following:

!

1870 cansus count of housing units from the permit-issuing universe in the
cofresponding cell

AHS sample estimate of 1970 housing units from the pe':mit-issuing universe
in the corresponding cell '

For each SMSA, the numerators of the ratios V\;ere cbtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation 'categories
using the existing weight (i.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category

This ratio estimation procedure was rntroduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing f.miverse. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys were deléted
from the permit-issuing universe. The same prpbability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Mirin.; Newark, N.J.;
" Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va., SMSA's. This procedure was utilized
to adjust the central city/balance distribution' of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an independantly
derived estimate of this distribution. .

- This ratio estimation factor was calculated éeparately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector {central city or balanFe of the SMSA).
This ratio estimation factor equaled the following:

| !
Independent astimate of the proportion of new conslrucuon housing

units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction housnng units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based-
upon the number of authorized building permits which were.
determined from the Survey of Construction (SOC). The sam-+
ple estimates were obtained from the weighted estimate of the.
AHS-SMSA sample housing units after the first-stage ratio-
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units-
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10:
SMSA's. This procedure involved the ratio estimation of the:
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector (centrat city and balance) for each.
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the:
following: .

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

. AHS5-SMSA sarnple estimate of the housing inventory for the
corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
151981 SMSA’s. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1987
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demali-
tion permits. .

The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estimate) were compared to the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA'’s and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA’s.

The remaining five SMSA’'s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA's, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Oriando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA’s, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city,
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1970 central city/balance SMSA

_definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent astimates which best
reflected the 1870 cemral city/balance SMSA definition were
used.

The cornputed ratio estimation factors for the central city and
balance of the SMSA’s were-then applied to the existing weight
for all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the fina! weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's.

The effect of the total housing unit ratio estimation procedure,
as well as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1931 lost hou;ing units —The 1977-1981 lost housing
units (housing units removed from the inventory) estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure—This report presents data on the
housing characteristics af the 1977 housing inventory from the
1977 Annual Housing-Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
pracess for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA's. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census .of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling ‘errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling:
errors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume
|, Housing Characteristics for States, Cities, and Counties, Part 1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respandents to

_provide correct information; mistakes in recording or coding the

data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling érrors are not
unlque to sample surveys since they can, and do, occur in com-
plete censuses as well.

Obtaining a measurement of the total nonsampllng error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housiné and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
astimates —‘‘coverage’’ and "'content’’ errors. The “‘coverage’
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
arronsously reported. The “‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record checks, and other
SUrveys. '

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1970
Census, and PHCIE)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA —Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted.for the 1977
AHS-SMSA sample, and the results are presented in the Cen-+
sus Bureau memorandum, ‘‘Reinterview Results for Annual’
Housing Survey—SMSA Sample: 1977." :

Coverage errors—In grrors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional (non-mobile home) new con-
struction. Due to time constraints, only those huilding permits
issued more than & months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits




App48

APPENDIX B—Continued

]
i
i

issued during the last 5 months of the survey do not neces-
sarily represent missed housing units. Due to t!?e relatively short
time span involved, itis possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have béen eligible for in-
terview. In addition to these deficiencies, new construction in
spacial places that do not require building Eermits, such as
military bases, are also not adeguately presehted.

The Coverage Improvement Program also had certain deficien-
cies. |t appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage |mprovement section of this
appendix) was not very effective in finding nonresidential con-
versions. Such conversions were primarily in b;usiness districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED’s where area sampling methods
are used. It had been assumed that all housing units located
inside these ED’s would be represented in the sample. However,

it has been estimated that the 1977 AHS samph"a missed as much -

as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be}noted that since
these ED’'s were recanvassed for the 1981 survey, the number
of missed housing units may be considerablyf less for 1981.
The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is' concerned; i.e.,
it adjusts to the best ava:lable estimate, However, biases of sub-
totals would still remain. |
Rounding errors —For errars associated with: processing, the
reunding of estimates introduces another sour'ce of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is Slgnlflcant relative to the

sampling error only for small percentages or srmall medians when,

these figures are derived from relatively large bases le.qg.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey. _ i

Sambling errors for the AHS-SMSA sam!ple!—The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have beqn selected using
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides é measure of the
vanat:on among the estimates from all p055|ble samples and
thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all poss;bla samples.

One common measure of the sampling error is the standard
error. As calculated for this report, the standz:ard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the esjtimates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard erfror enable one to
construct interval estimates in which the interval includes the

;
i

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to ane standard error above
the estimate would include the average result of all possuble
samples.

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples. ‘

The average result of all po'ssible samples either is or is not
containad in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval.

The figures presented in the tables that follow (page App-51}
are approximations to the standard errors of various estimates
shown in this repart for this SMSA. In arder to derive standard
errors that would be applicable to a wide variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errars rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977. -

Table | {(page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units (housing units removed from the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
28,570 for the total SMSA, 14,390 for the central city of the
SMSA, and 24,600 for the balance of the SMSA.

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more.

Table |l (page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well
as estimated percentages of the 1977-1981 lost housing units
{housing units removed from the inventory). Two-way interpola-
tion should be used to determine standard errors for estimated
percentages not specifically shown in table li.
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Included in tables | and Il are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered as overestimates of the true standard
errors and should be used primarily for construction of confidence
intervals for characteristics when an estimate of zero is obtained.
. For ratios, 100 {x/y], where x is not a subclass of y, tables
Il through IV underestimate the standard error of the ratio when
there is little or no correlation between x and y. For this type
of ratio, 2 better approximation of the standard error may be ob-
tained by letting the standard error of the ratioc be
approximately equal to: ’

(100)(—"-) .
Y
where: x = the numerator of-the ratio

v = the denominator of the ratio

U = the standard error of the numerator
.:Jy = the standard error of the denominator

Hlustration of the use of the standard error tables —Table A-1
of part A of this report shows thatin 1981 there were 425,000
owner-occupied housing units in.this SMSA. Interpolation us-
ing table | of this appendix shows that the standard error of an
estimate of this size is approximately 7,680. The following in-
terpolation procedure was used.

The information presented in the following table was extracted
from table I. The entry for ’x’’ is the one sought.

" Size of estimate Standard ‘error

400,000 ... 7,620

425,000 ... ..o x

500,000 ............... _ 8,170

The entry of “"x’" is determined és follows by vertically‘inter-
polating between 7,520 and 8,170.

425,000—400,000 = 25,000
500,000—400,000 = 100,000 -
25,000

7,620 + ——— (8,170—7,520)=7,680
100,000 _

Consequently, the 68-percent confidence interval, as shown by
these data, is from 417,320 to 432,680 housing units.
Therefora, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples}
lies within a range computed in this way would be correct for
roughly €8 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 412,710 to 437,290 hous-
ing units with 90 percent confidence; and that the average

estimate lies within the interval from 409,640 to 440,360 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 425,000 owner-
occupied housing units, 95,500, or 22.5 percent, had two
bedrooms. Interpolation using table NI of this appendix (i.e.,
interpolation on both the base and percent) shows that the
standard error of the 22.5 percent is approximately 0.9
percentage points. The following interpolafion procedure was
used.

The information presented in the following table was extracted
from table 1. The entry for *'p"’ is the one sought.

Estimated percentage

Base of percentage .
10 or 90 22.5 25 0r 75
400,000 .......... ' 0.6 a 0.9
425000 .......... p
500,000 . ......... 0.6 b 0.8

1. The entry for cell “a’’ is determined by horizontal interpola-
tion between 0.6 and 0.9.

22.5—-10.0=12.5
26.0-10.0=15.0
12.5

0.6 + ~=°(0.9-0.6)=0.9
15.0 _

2. The entry for cell *’b’" is determined by horizontal interpola-
tion between 0.6 and 0.8.
22.5—-10.0=12.5
25.0—-10.0=15.0

0.6 + 125 (0.8—0.6)=0.8
15.0

3. The entry for “’p'" is then determined by vertical interpola-
tion between 0.9 and 0.8.

425,000~ 400,000 = 25,000
500,000~ 400,000 = 100,000
25,000 '

0.9+ """ (0.8—0.9}=0.9
100,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 21.6 to 23.4 percent; the 90-percent con-
fidence interval is from 21.1 to 23.9 percent; and the 95-percent
confidence interval is from 20.7 to 24.3 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considerec:i separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’s or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. If there is a high positive correlajtio'n between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard érror. Due to the
overlap of the 1977 and 1981 AHS-SMSA s?mples a positive
carrelation should be expected when making comparisons

between 1977 and 1981 characteristics. |

Hustration of the computation of the srafndard error of a
difference— Table A-1 of part A of this report shows that in 1981
there were 175,800 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housihg units with two
bedrooms and owner-occupied housing units with three
bedrooms is 80,300. Table | shows the standard error of 95,500
is approximately 3,970, and the standard err:or of 175,800 is
approximately 5,280. Therefore, the standﬁard error of the
estimated ditference of 80,300 is about 6,6[10.

6,610 = \/ (3,.970)2 + (5,28;0)2
|

Consequently, the 68-percent confidence interval for the 80,300
difference is from 73,890 to 86,910 housing-units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a ra:nge computed in
this way, would be correct for roughly 68 percent of all possi-
bla samples. Similarly, the 90-percent confidence interval is from
69,720 to 90,880 housing units, and the 95-pércem confidence
interval is from 67,080 to 93,520 housing units. Thus, we can
conclude with 95 percent confidence that the number of 1981
owner-accupied housing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
since the 95-percent confidence interval does not include zero
or negative values. !

Medians—For medians presented in cergain tables, the
sampling error depends on the size of the base and on.the
distribution upon which the median is based. An approximate
method for measuring the reliability of the est:imated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that the aver;age median from
all possible samples lies within the interval. The foliowing pro-
cedure may be used to estimate confidence limits of a median
based on sample data: !

1. From table li, determine the standard error of a 50-percent
characteristic on the base of the median. _

2. Add to and subtract from 50 percent, th:e standard error
determined in step 1. :

b
|
\
§
|

3. Using the distribution of the characteristics, determine
the confidence interval carresponding to the two points
established in step 2. To find the lower endpoint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values.

fllustration of the computation of the 95-percent confidence in-
terval of 8 median—Table A-1 of part'A of this report shows the
median number of persons for owner-occupied housing units is
2.7. The base of the distribution from which this median was
determined is 425,000 housing units.

1. Interpolation using table Il shows that the standard error
of B0 percent on a hase of 425,000 is approximately 1.1
percentage points.

2. To obtain a 95-percent confidence interval on the estimated
median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 47.8 and 52.2 ‘

3. From the distribution for “’persons’” in table A-1 of part A,
the interval for owner-eccupied housing units with three per-
sons {for purposes of calculating the median, the category
of three persons is considered 1o be from 2.5 to 3.5 persons)
contains the 47.8 percent derived in step 2. About 199,800
housing units or 47.0 percent fall below this interval, and
74,100 housing units or 17.4 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

(47.8—47.0) _
17.4

2.5 + {3,6—-2.5) 2.5

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.2 percent derived in step 2.
About 199,800 housing units or 47.0 percent fall below this
interval, and 74,100 housing units or 17.4 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

(52.2—47.0) _

2.5 + {3.56-2.5} =28
17.4

Thus, the 95-percent confidence interval ranges from 2.5 to
2.8 persons.
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TABLE |. Stendard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Anaheim-Santa Ana-Garaen Grove, Calif., SMSA, for the Central Cities of the SMSA
and for the Balance {Not in Central Cities) of the SMSA

{68 chances out of 100}

Standard error’ Standard error?
Size of . Size of ! .
gstimate In Not in estimate In Not in
SMSA central central SMSA central central
cities cities cities. - cities
Lo 2 170 160 180 | 76,000............. 3,540 3,490 3,520
100, ... .. ...t 170 160 180 ]| 100,000............ 4,060 4,060 4,010
200. ... .. ... ..., 190 180 190 ] 150,000............ 4,920 5,030 4,790
BOO. ... . ...ivivnnn 290 280 300§ 200000............ 5,610 5,870 5,380
00, ... ... ... 350 330 350 250,000............ 6,190 — 5,840
1000 ... ........... 420 400 420 | 300,000...... PRV 6,690 - 6,210
2500 ... ........ ... 660 830 670 | 400,000............ 7,520 — 6,700
5000 ... ........... 930 890 940 | 500,000............ 8,170 — 6,930
10,000 . ............ 1,310 1,260 1,330 | 600,000............ 8,670 - 6,910
25000 .. ........... 2,070 1,990 2,080 | 700,000............, 9,070 — —
50,000 . . ........... 2,910 2,830 2910 | 800,000 ............ ‘ 9,360 — —

'For estiniates pertaining to new construction, the standard errors shown in the table should be multiplied by a factor of 1.3 for the total SMSA, 1.2 for the central
cities, and 1.2 for the balance (not in central cities! estimates.

TABLE II. Standard Errors for Estimated Parcentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages
of 1977-198% Lost Housing Units for the Anaheim-Santa Ana-Garden Grove, Calif., SMSA, for the Central Cities and
for the Balance {Not in Central Cities) of the SMSA ' .

{68 chances out of 100}

Estimated percentage’ Estimated percentage’
Base of Base of
percantage 0 or 1or S5or |100r | 25 0r 50 percentage 0or 1or 50r {10 o0or | 25 or 50
100 99 95 90 75 100 99 a5 a0 75

100 ............ 63.9 | 63.8 | 63.9| 63.9| 639 66.6 | 100,000 ........ 0.2 0.4 0.§ 1.3 1.8 2.1
200 ... 47.0 | 47.0 ] 47.0 | 47.0 | 47.0 47.1 150,000 ........ 0.12 | 0.3 0.7 1.0 1.6 1.7
800 ... ... ... 26.2| 26.2 | 26.2 | 26.2 | 26.2 29.8 | 200,000 ........ 0.09 | 0.3 0.6 0.9 1.3 1.5
700 ... ..., 20.2 | 20.2 | 20.2 | 20.2 | 21.8 25.2 | 250,000 ........ 0.07 | 0.3 . 0.6 0.8 1.2 1.3
1,000, .......... 15.1 ] 15.1 | 156.1 | 156.1 | 18.2 21.04{ 300,000 ........ 0.06 | 0.2 0.5 0.7 1.1 1.2
25800........... 66| 6.6 6.6 80| 115 13.3 ¢ 400,000 ........ 0.04 | 0.2 0.5 0.6 0.9 1.1
5,000........... 3.4 34 4.1 5.6 8.2 9.4 500,000 ........ 0.04 | 0.2 0.4 0.6 0.8 0.9
10000.......... 1.7 1.7 2.9 4.0 5.8 8.7 1 600,000 ........ 0.03 | 0.2 0.4 0.6 0.7 0.9
25000.......... 0.7 0.8 1.8 2.5 3.6 4.2 1 700,000 ........ 0.03] 0.2 0.3 0.5 0.7 0.8
60,000.......... 0.4 0.6 1.3 1.8 2.6 3.0] 800,000 ........ .02 1] 0.15 0.3 0.4 0.6 0.7
75000.......... 0.2 0.5 1.1 1.5 2.1 2.4 :

1Standarcl errors are presented to the nearast one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one per-
centage point; in those cases, the standard arror is shown to the nearest one-hundredth of one percentage point, For estimates pertaining to new construction, the
standard errors shown in the table should be multiplied by a factor of 1.3 for the total SMSA, 1.2 for the central citieul and 1.2 for the balance {not in central cities).
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15

SMSA’s in this report series (H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey (AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA's selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA's selected for intarview during
1981 were interviewed praviously in 1974 and 1977 (see the
list of SMSA reports from the AHS in the introduction of this
report}.

The three largest SMSA’s (Boston, Mass.; Detroit, Mich.: and
Washington, D.C.-Md.-Va.} in the 1981 group of SMSA's were
represented by a sample size of 15,000 designated housing units
in the 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s (Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Forth Worth, Tex.: Madison, Wis.; Minneapolis-S1. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.} in
the 1981 group were represented by a sample of 5,000
designated housing units in the 1974 and 1977 surveys
distributed proportionatsly between the central city and balance
of the respactive SMSA based on the distribution of total hous-
ing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 panels with onhe-twelfth of the sample housing units being

interviewed each month, Due to budget limitations, panel 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
todroppanels 1,2,4,5,9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
paneis 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was raduced by two-thirds for the three largast SMSA’s
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-sixth
of the sample housing units being visited each month. The in-
terviewing was done for the remaining 12 SMSA's during the
pericd April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 5,124 housing units were sligible for interview.
Of thage sample housing units, 239 interviews were not obtained
because, for occupied sample units, the occupants refused to
be interviewed, were not at home after repeated visits, or were
unavailable for some other reason; or, for vacant units, no in-
formed respondent could be found after repeated visits, In ad-
dition to the 5,124 housing units eligible for interview, 577 units
were visited but were not eligible for interview because they
were condemned, unfit, demolished, converted to group quarters
use, etc.

Designation of sample housing units for the 1981 survey—The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories which are

described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1877
survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for intarview at the time of the survey

but which could become eligible in the future} in the 1977

survey and remained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B noninterviews,
gee the facsimile of the 1981 AHS questionnaire, page
App-20.}

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1881 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.)

4, Al sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.)

§. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. {This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the ariginal AHS-SMSA sample— The sample for the
SMSA’s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames— housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices {(the permit-issuing
universe} and housing units constructed in permit-issuing areas
since the 1970 census {the new construction universe). In ad-
dition, the sample for those SMSA’s which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame—those housing units located in areas not under the
jurisdiction of permit-issuing offices {the non-permit universe).
n 1970, the following five SMSA's were 100-percent permit-
lssuing: Ansheim-Santa. Ana-Garden Grove, Calif,; Boston,
Mass.: Newark, N.J.;: Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA's contain a sample from the non-
permit universe.

Sampling operations, described in the following paragraphs,
ware performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sampte for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA
according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units anumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separatsly for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was sefected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table:

Tenure
Household Owner— Renter—
income Family size Family size
123465+ 123456+

Under $3,000 ... ...
$3,000 10 $5,999 . ..
46,000 to $9,999 ...
$10,000 to $14,999 .
$15,000 and over . . .

Thus, for this SMSA, the occupied housing unit records from
tha permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
gither the central city or for the balance of the SMSA. A sample
selaction procedura was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city and
within the balance of the SMSA. A sample of special place
records was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The secand frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universe). The sample selection from
the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection, -
the list of permits was chronologically stratified by the datse the
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permits were issued, and clusters of an expected four {usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e., the nonpermit universe). The first step in the
sampling operation for the nonpermit universe was the selec-
tion (using the overall sampling rate) of a sample of census
enumeration districts within these areas. Prior to this sample
selection, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size.

Group quarters population in
1970 census ED

3

Number of housing units in  +
1970 census ED

4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries having an expactad size
of four, or a multiple of four, housing units. At the time of the
survay, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-
ple housing units.

The next step was the selection of one of these ssgments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumarated in the 1970 census as well
as housing units built since the 1970 census are included.

1977-1981 additions to the housing inventory—In the permit-
issuing universe, a sample of new construction building permits,
Issued since the 1977 survey, was selected to represent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1870-1977 new construction sample, which were
described previously. In the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvement

Program—The Coverage Improvement Program was undertaken

to correct certain deficiencies in the AHS-SMSA sample from

the permit-issuing and new construction universes. The coverage

deficiencies included the following units:

1. New censtruction from building permits issued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

4. Housing units converted to residential use tha: were
nonresidential at the time of the 1970 census.

5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census,

Each of the 15 SMSA's was previously interviewed in 1974
and 1977. The Coverage Improvement Program was conducted
as part of the 1977 AHS with the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pitts-
burgh, Pa.; and Spokane, Wash., SMSA’s receiving some up-
dating and refining as part of the 1981 AHS. The following
discussion applies to both the prior year 1977 and the 1981
coverage improvement procedures. For the the Anaheim-Santa
Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul,
Minn.; Pittsburgh, Pa.; and Spokane, Wash., SMSA's, estimates
of housing units added by a specific procedure reflect units added
in the prior year as well as any additions that resultad from the
updating and refining in 1981,

Coverage improvemaent for deficiency 1—A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
186 SMSA’s. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units selected from three-or-more unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided

.into clusters of an expected size of two units and a sample of

clusters was selected. This procedure was employed in the
following SMSA's: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining 9 SMSA’s, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC),
& survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa AnaGarden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 13,101 new construction units to the coverage of the
housing inventory of this SMSA,

Coverage improvement for deficiency 2—In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by
the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
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represented the same number of units that the regular AHS sam-
ple units representad. However, this procedure did not add any
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiences 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures (structures that had no chance of
selection for the AHS):

1. Structures missed in the 1870 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census.

initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
tura containing the sample unit were listed until eight structures
{excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identifiad and units within these structures were interviewed.
In ceses where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures reprasented in the AHS. These missed units
were:

1. Units missed in the 1970 census,
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universae. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s, These SMSA’s received
the full application of the second procedure at that time. The
Dallas, Tex.; Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa.,
SMSA’s did not receive application of either procedure during
the 1977 Coverage Improvement Program. The Anaheim-Santa
Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul,
Minn..;.Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had
"the first procedure completed as part of the 1981 Coverage Im-
provement Program. The remaining 10 1981 SMSA's received

the full application of both procedures as part of the 1977
Coverage Improvement Program.

The first procedure added an estimated 39,217 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 4,192 housing units.

1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventary (i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
aither 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1.

ESTIMATION

The 1981 AHS sample produced two types of estimates for
sach SMSA: Estimates pertaining to characteristics of the hous-
ing Inventory at the time of the interview {i.s., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 (i.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory— The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SM5A’s,
and a three-stage ratio estimation procedure for the remaining
saven SMSA's.

Prior to the implementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Weighted count of interviewed
housing units

Weighted count of noninterviewed
housing units

Waighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as praviously described). In addition, within
each sector, separate noninterview factors were computed for
one nonintarview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
coverage improvement universe, and one noninterview cell for
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other sample housing units from both the nonpermit universe
and the coverage improvement universe {if units wore not in-
‘cluded in any of the previous cells).

The following ratio estimation procedura was employed for
all sample housing units from the permit-issuing universe. This
factor was computed separately for all sample housing units
within each permit-issuing universe noninterview cell men-
tioned previously. The ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from the permit-issuing universe in the
corresponding celt

AHS sample estimate of 1970 housing units from the permit-issu ng universe
in the corresponding cell

For each SMSA, the numeraters of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios wers ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight (i.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selaction of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys wers deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not nacessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va., SMSA's. This procedure was utilized
to adjust the central city/ balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an independently
derivad estimate of this distribution.

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corrasponding sector {central city or balance of the SMSA).
This ratio estimation factor equaled the following:

Indapendent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction housing units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of authorized building permits which were

determined from the Survey of Construction {SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio astimation procedure was applied in 10
SMSA's. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector {central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled tha
following:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corresponding sector of the SMSA

The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the 15
1881 SMSA’s. These estimates were derived by .using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1380 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demoli-
tion permits.

. The sample estimates of total housing units after the permit
new construction ratio estimation {i.e., the existing sample

* estimate} were compared to the corresponding independent

astimates for the central city, balance, and total SMSA for each
of the 15 SMSA’s and the estimate which showad the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-
Md.-Va., SMSA’s.

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA's, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple astimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 19270 central city/balance SMSA
definition. Since the design of the AHS-SMSA sampls is based
on the 1970 SMSA definition, independent estimates which best
reflectad the 1970 central city/balance SMSA definition were
used.

The computed ratio estimation factors for the central city and
balance of the SMSA’s were then applied to the existing weight
for all corresponding sample units in these 10 SMSA's, and the
rasulting product was usad as the final weight for tabulation pur-
poses. For the other five SMSA’s, the sample estimates were
usad as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA’s.

The effect of the total housing unit ratio estimation procedure,
as well as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981 lost housing
units (housing units removed from the inventory) estimates
oemployed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
waeight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation proceduse— This report praesents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was abplied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based d_n data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMS5A sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling
errors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume
|, Housing Characteristics for States, Cities, and Counties, Part 1.

Nongsampling errors—In general, nonsampiing errors can be
attributed to many sources: Inability to obtain information about
all casés, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other arrors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unigue to sample surveys since they can, and do, occur in com-
plete censuses as well.

Obtaining a measurement of the total nonsampling error
associated with the astimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census— A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates~—'‘coverage’’ and ‘'content’’ errors. The “‘coverage’”
errors determined how completely housing units were counted
in the census and the extent to which cccupancy status was
erronsously reported. The ‘‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors ware measured by reinterviews, record checks, and other
surveys.

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1970
Census, and PHC(E)}-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA—Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, '‘Reinterview Resuits for Annual
Housing Survey —-SMSA Sample: 1977."

Coverage errors —In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional {non-mobile home) new con-
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble tc be sampied to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-
sarily represent missed housing units..Due to the relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the.survey was con-
ducted, in which case, they would not have been eligible for in-
terview. In addition to thesae deficiencies, new:construction in
special places that do not require!buildingipermits, such as
military bases,. are also not adequately:préesented.

The Coverage Improvement Program also had certain deficien-
cles. It appears that the listing procedure.used to correct defi-
ciencies 3-8 (see the coverage improvement section of this
appendix) was not very effective in finding nonresidenzial con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED’'s where area sampling methods
are used. It had beaen assumed that all housing units located
inside these ED's would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED's because they were
not listed during the canvassing. It shouid be noted that since
these ED’'s were recanvassad for the 1981 survey, the number
of missed housing units may be considerably less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the'count of total housing is concernad; i.e.,
it adjusts to the best available estimate. However, biases of sub-
totals would still remain.

Rounding errors—For errors associated with processing, the
rounding of estimates introduces anothar source of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significant relative to the
sampling error only for small percentages or small medians when
these figures are derived from relatively large bases (e.g.,
median number of persons per househcld). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey.

Sampling errors for the AHS-SMSA sample—The particular
sample usad for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same questionnaires, in-
structions, and interviewers were used, estimates from 2ach of
the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.

One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it doss not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the

average result of all possible samples with a known probability.

For example, if all possible samples were selected, each of these

surveyed under essentially the same general conditions, and an

estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard arror below the estimate to one standard error above
the estimate would include the average result of all possmle
samples.

2. Approximately 80 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval. ‘

The figures presented in the tables that follow (pages App-51
through App-52} are approximations to the standard errors of
various astimates shown in this report for this SMSA. In order
to derive standard errors that would be applicable to a wide
variety of items and also could be prepared at a moderate cost,
a number of approximations were required. As a result, the tables
of standard errors provide an indication of the order of magnitude
of the standard errors rather than precise standard errors for any
spaecific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table | {page App-51} presents the standard errars applicable
to estimates of characteristics of the 1981 housing inventaory
as well as estimates of characteristics of the 1977-1981 lost
housing units (housing units removed from the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
arrors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
35,668 for the total SMSA, 10,252 for the central city of the
SMSA, and 33,986 for the balance of the SMSA.

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, parﬁcularly if
the percentages are 50 percent or more.

Tables Il through IV (pages App-51 through App-52) present
the standard errros of estimated percentages for the_ 198 1 houqsﬁ
ing inventory as well as estimated percentages of the 1 977 -1 981
lost housing units (housmg units removed from the mventory)
Two-way interpolation should be used to determine standard
errors for estimated percentages not specifically shown in tables
Il through IV.




APPENDIX B—Continued

App49

Included in tables | through IV are estimates of standard
errars for estimates of zero and zero percent. These estimates
of standard errors are considerad as overestimates of the true
standard errors and should be used primarily for construction
of confidence intervals for characteristics when an estimate of
zero is obtained.

For ratios, 100 (x/y), where x is not a subclass of y, tables
Il through IV underestimate the standard error of the ratio when
there is little or no correlation between x and y. For this type
of ratio, a better approximation of the standard error may be ob-
tained by letting the standard error of the ratio be
approximately equal to:

. o 27 g0 \?
(100) (-) —) N (—‘4-
Y X Y
where: x = the numerator of the ratio
y = the denominator of the ratio

g, = the standard error of the numerator
ay = the standard error of the denominator

Hlustration of the use of the standard error tables —Table A-1
of part A of this report shows that in 1981 there were 511,500
owner-occupied housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 8,970, The following
interpolation procedure was ussed.

The information presented in the following table was extracted
from table I. The entry for “’x'’ is the one sought.

Size of estimate Standard error

600,000 ............... 8,910
511,500 .........o.... x
9,440

800,000 ...............

The entry of ‘'x’’ is determined as follows by vertically inter-
polating between 8,910 and 9,440.

511,500—-500,000 = 11,500
600,000—-500,000 = 100,000

11,500
100,000

8,910+ {9,440-8,910) = 8,970

Consequently, the 68-percent confidence interval, as shown by
these data, is from 502,530 to 520,470 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units {derived from all possible samples)
!1es \Imthln a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 497,150 to 525,850 hous-
ing units with 90 percent confidence; and that the average

estimate lies within the interval from 493,560 to 529,440 hous-
ing units with 95 percent confidence.

Teble A-1 part A also shows that of the 511,500 owner-
occupied housing units, 124,300, or 24.3 percent, had two
bedrooms. Interpolation using table Il of this appendix (i.e.,
interpolation on both the base and percent) shows that the
standard error.-of the 24.3 percent is approximately 0.9
percentage points. Tha following interpolation procedure was
used. "

The information presented in the following table was extracted
from table Il. The entry for 'p’’ is the one sought.

Estimated percentage

Base of percentage
10 or 90 24.3 25 or 75
600,000 .......... 0.6 a 0.9
511,600 .......... p
600,000 .......... 0.6 b 0.8

1. The entry for cell "’a’’ is determined by horizontal interpola-
tion between 0.6 and 0.9.

24.3—10.0=14.3
25.0-10.0=15.0

oe+’4—3c09 0.6) =
16.0

2. The entry for cell ‘’b"’ is determined by horizontal interpoia-
tion between 0.6 and 0.8.

24.3—-10.0=14.3
25.0-10.0 = 15.0

oa+’4—3(oe 0.6) =
15.0

3. The entry for “’p’’ is then determined by vertical interpola-
tion between 0.9 and 0.8.

511,500-500,000 = 11,500
600,000—500,000 = 100,000

+ 11,500
100,000

{0.8—-0.91=0.9

I

Consequently, the 68-percent confidence interval, as shown by
these data, is from 23.4 to 25.2 percent; the 90-percent con-
fidenca interval is from 22.9 to 25.7 percent; and the 95-percent
confidence interval is from 22.5 to 26.1 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimatas. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates

" of the same characteristics in two different SMSA’s or the dif-
ferance between separate and uncorrelated characteristics in the
same SMSA. If thers is a high positive carrelation between the
two characteristics, the formula will overestlmate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samplas a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics.

itlustration of the computation of the standard error of a
difference —Table A-1 of part A of this report shows thatin 1981
there were 229,300 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing units with three
bedrooms is 105,000. Table | shows the standard error of
124,300 is approximately 4,930, and the standard error of
229,300 is approximately 6,540, Therefore, the standard error
of the astimated difference of 106,000 is about 8,190.

8,190 = +/ {4,930)* + (6,540)2

Consequently, the 88-percent confidence interval for the
105,000 difference is from 96,810 to 113,910 housing units.
Therefore, a conclusion that the average estimate derived from
all possible samplas, of this difference, lies within a rangs com-
puted in this way, would be correct for roughly 68 percent of
all possible samples. Similarly, the 90-percent confidence interval
is from 91,900 to 118,100 housing units, and the 95-percent
confidence interval is from 88,620 to 121,380 housing units.
Thus, we can conclude with 95 percent confidence that the
number of 1981 owner-occupied housing units with three
bedrooms is greater than the number of owner-occupied units
with two bedrooms since the 95-percent confidence interval
does not include zero or negative values.

Medians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degres of confidence that the average median from
all possible samples lies within the |nterval The following pro-
cedure may be used to estimate confldence Ilmlts of a median
based on sample data:

1. From tables Il through |V, determine the standard error of
a b0-percent characteristic on the base of the median.

2. Add to and subtract from 50 percent, the standard error
determinad in step 1. '

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established in staep 2. To find the lower endpoint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be differant, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may he determined
by finding the valuss corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possibla samples, the average median from all possible
samples wouid lie between these two values.

llustration of the computation of the 95-percent confidence in-
torval of 8 median— Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.9. The base of the distribution from which this median was
determined is 511,500 housing units.

1. Interpolation using table Il shows that the standard error
of 50 percent on a base of 511,500 is approximately 1.0
percentage points.

2. To obtain a 95-percent confidence interval on the estimated
maedian, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This vields per-
centage limits of 48.0 and 52.0

3. From the distribution for ‘‘persons’’ in table A-1 of part A,
the interval for owner-occupied housing units with three per-
sons (for purposes of calculating the median, the category
of three persons is considered to be from 2.5 to 3.5 persons)
contains the 48.0 percent derived in step 2. About 222,700
housing units or 43.5 percent fall below this interval, and
90,800 housing units or 17.8 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

25 +(3.56-25 007435 .4
17.8 '

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.0 percent derived in step 2.
About 222,700 housing units or 43.5 percent fall below this
interval, and 90,800 housing units or 17.8 percent fall within
this interval. The upper limit of the 95-percent confidence in-
taerval is found to be about:
2.5+ (3.5-2.5 2074384,
117.8 , s (v
oy e
Thus, the 95-percent confidence interval ranges from 2.8 to
3.0 persons.
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TABLE |. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Boston, Mass., SMSA, for the Central City of the SMSA and for the Balance {Not in Central City)

of the SMSA s .
{88 chances out of 100} |
|
Standard error’® " Standard error’
eoat
iza of ize of " N L
eitimata In Not in eitiren:te ! ' In Not in
SMSA central central SMSA central central
city city city city
0. .. 210 120 300 | ¥50,000............ 5,410 3,100 6,350
100.........0 vttt 210 120 300 ['200,000............ 6,170 3,070 7,190
200 ... ... ., 210 150 300 ] 250,000............ 6,800 2,740 7.870
BOO...... ... ... 320 240 390 ) 300000............ 7,340 - 8,430
700, ... .. Lol 380 280 460 | 400,000............ 8,230 — 9,280
1,000 .............. 460 340 650 | 500,000............ 8,910 — 9,850
2500 . ... ... ..., 730 540 870 | 600,000............ 9,440 — 10,170
6000 .............. 1,030 750 1,230 | 700,000 ............ 9,930 - 10,280
10000 ............. 1,450 1,060 1,730 | 800,000 ............ 10.110 - 10,170
25000 ............. 2,280 1,630 2,720 | 900,000 ............ 10,280 — -
BOO0O ............. 3,210 2,220 3,810 1,000,000 ....". ... 10,340 — -
76,000 . ............ 3,900 2,600 4,630 | 1,100,000 .......... 10,310 - -
100,000 ............ 4,480 2,850 5,290

'For astimates pertaining to new construction, the standard errors shown in the table should be multiplied by a factor of 1.2 for the total SMSA, 1.1 for the central -

1.2 for the total SM5A, 1.0 for the central city, and 1.4 for the balance (not in central city) estimates.

city, and 1.1 for the balance (not in central city) estimates. For estimates pertaining to lost units, the standard errors in the tabla should be multiptied by a factor of ‘

TABLE |l. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated
Percentages of 1977-1981 Lost Housing Units for the Boston, Mass., SMSA

{68 chances out of 100}

Estimated percentage’

Estimated percentage'

25 or
50
75
1.6 1.9
1.4 1.8

Base of Base of
percentage Oor 1o0r Sor |10cr | 25 0r 50 percentage Qor 1or S5or {10 or
100 g9 95 90 75 100 g9 95 90

100 . ... ... ..., 67.8 |67.8 678 | 67.8| 67.8 72.6 160,000 ........ 0.14| 0.4 0.8 1.1
200 ... ..., 51.3 | 51.3 51.3 | 51.3 | 51.3 51.3 | 200000 ........ 0.i11] 0.3 0.7 1.0
500 ............ 29.7 | 29.7 29.7 ) 29.7 | 29.7 325 250,000 ........ 0.08| 0.3 0.6 0.9 1.3 1.6
700 . ... ... ... .. 23.1 | 231 23.1 ] 23.1 | 238 27.4 | 300,000 ........ 0.07| 0.3 0.6 0.8 1.1 1.3
1000, .. ... ... 17.4 |17.4 17.4 17.4 | 19.9 23.0 { 400,000 ........ 0.05] 0.2 0.5 0.7 1.0 1.1
2,5800........... 7.8 7.8 7.8 87| 12,6 14.5 500,000 ........ 0.04| 0.2 0.4 0.6 0.9 1.0
5000........... 4.0 4.0 4.5 6.2 8.9 10.3 | 600,000 ........ s 09@ 0.2 0.4 0.6 0.8 0.9
10,000.......... 2.1 2.1 3.2 4.4 6.3 7.3 700,000 ........ 0.03| 0.2 0.4 0.5 0.8 0.9
25000.......... 0.8 0.9 2.0 2.8 4.0 4.6 | 800,000 ........ 0.03) 0.2 0.4 0.5 0.7 0.8
60000.......... 0.4 0.6 1.4 1.9 2.8 3.2] 900,000 ........ 0.02| 0.2 0.3 0.5 0.7 0.8
75,000.......... 0.3 0.5 1.2 1.6 2.3 2.7 1,000,000....... 0.02] 0.14 0.3 0.4 0.6 0.7
100,000......... 0.2 0.5 1.0 1.4 2.0 2.3 1,100,000 . . ..... 0.02] 0.14 0.3 04 0.6 0.7

'Standard errors are presentad to the nearest one-tenth of one percentage point except when the standard arror is lass than fifteen-hundredths of one percentage
point; in those cases, the standerd error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction and lost units,
the standerd errors shown in the table should be multiplied by a factor of 1.2,
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TABLE ill. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages of
1977-1981 Lost Housing Units for the Central City of the Boston, Mass., SMSA

{68 chances out of 100)

Estimated percentage®

Estimated percentage’

Base of Base of
percentage O or 1or Gor | 10 or | 26 or 50 percentage Qor 1o0r Sor {10o0r ] 26 or 50
100 29 95 90" 756 100 99 95 a0 75

100 ............ 63.6 63.6 | b3.6 | 63.6 | 53.6 B3.7 ] 25,000 ......... 0.5 0.7 1.6 2.0 2.9 3.4
200 ............ 366 | 366 | 38.6 | 36.6 | 36.6 38.0] 50,000 ......... 0.2 0.5 1.0 1.4 2.1 2.4
BOC ............ 18.8 188 | 188§ 188 | 208 2401 75000 ......... 0.2 0.4 0.9 1.2 1.7 2.0
700 . ... ... 14.2 14.2 | 142 | 142 { 176 20.3 | 100,000 ........ 0.12| 03 0.7 1.0 1.5 1.7
1000........... 10.4 10.4 | 10.4 | 10.4 | 14.7 17.0 | 150,000 ........ 0.08] 0.3 0.6 0.8 1.2 1.4
2,600........... 4.4 4.4 4.7 6.4 8.3 10.7 | 200000 ........ 0.06| 0.2 0.5 0.7 1.0 1.2
BO0C........... 2.3 2.3 3.3 4.8 6.6 7.6 ]| 250,000 ........ 0.05| 0.2 0.5 0.8 0.9 1.1
10,000, ......... 1.1 1.1 2.3 3.2 4.7 5.4

'Stendard errors are presented to the nearest one-tenth of ons parcentage point except when the standard error is less than fifteen-hundredths of one percentage
point; In those cases, the standard errot is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction the standard arrors
shown In the table should be multiplied by a factor of 1.1.

TABLE V. Standard Errors for Estimated Porcentages of Housing Units in the 1981 Housing Inventory and for Estimated

Percontages of 1977-1981 Lost Housing Units for the Balance {Not In Central City) of the Boston, Mass., SMSA

{68 chances out of 100)

Estimated percentage’

Estimated percentage’

Base of Baese of
percentage O or 1or S5or |10o0r | 26 or 50 percentage O or 1or Sor |10or | 25 or 50
100 29 95 90 75 100 929 95 90 75

100 ............ 75.1 75.1 | 76.1 | 76.1 | 76.2 86.8 | 100,000 ........ 0.3 0.5 1.2 1.6 2.4 2.7
200 . ... .00 80.1 80.1 | 60.1 | 60.1 | 680.1 81.4] 160,000 ........ 0.2 0.4 1.0 1.3 1.9 2.2
BOO ............ 376 | 37.6| 378 | 37:6 | 37.6 38.8| 200000 ........ 0.2 0.4 0.8 1.2 1.7 1.9
700 ... ..., 30.1 30.1 ] 30.1 | 30.1 | 301 328 | 260,000 ........ 0.12] 0.3 0.8 1.0 1.5 1.7
1,000........... 23.2 | 23.2 | 23.2§ 23.2 | 23.8 27.5 | 300000 ........ 0.10| 0.3 0.7 1.0 1.4 1.6
28600........... 10.8 108 ] 10.8 | 10.8 | 16.0 17.4)] 400,000 ........ 0.08| 0.3 0.6 0.8 1.2 1.4
BOOC........... 6.7 5.7 5.7 7.4 106 12.3] 600,000 ........ 0.06| 0.2 0.5 0.7 1.1 1.2
10000.......... 29 2.9 3.8 5.2 7.8 8.7]1 800,000 ........ 0.05| 0.2 0.5 0.7 1.0 1.1
28000.......... 1.2 1.2 2.4 3.3 4.8 56| 700,000 ........ 0.04| 0.2 0.5 0.6 0.9 1.0
68O000.......... 0.6 0.8 1.7 2.3 3.4 39| 800,000 ........ 0.04] 0.2 0.4 0.6 0.8 1.0
76,000.......... 04| o8] a]| 19| 27 3.2

'Stendard errore are presented to the n-aron one-tenth of one percentage point except when the standard arror is lessproof than fitteen-hundredths of one percentage
point; in thoss cases, the standard emor is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction, the standard
errors shown in the tabls should be multiplied by a fector of 1.1. For sstimates pertaining to lost units, the standard errors shown in the table should be multiplied or

» factor of 1.4,
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Source and Reliability of the Estimates

SBAMMEDESIGN............... App-42 Coverage Improvemant for Coverage errors .. ... . ... ... App-47
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deficlency 2 ... ...........

SAMPLE DESIGN

Annual Mousing Survey—The astimates f_of each of the 15
SMSA’s in this report series (H-170-81} are based on data col-
lacted from the 1981 Annual Housing Survey,{AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA's selected for the AHS are interviswed on a rotating
basis. The group of 15 SMSA’s selected for interview during
1981 waere interviewed previously in 1974 {1975 for Madison,
Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report). '

The three largest SMSA's (Boston, Mass._; Detroit, Mich.: and
Washingten, D.C.-Md.-Va.} in the 1981 group of SMSA’s were
represented by a sample size of 15,000 designated housing units
inthe 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s (Anaheim-Santa Ana-Garden _Groye, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.) in
the 1981 group wers represented by a sample of 5,000
designated housing units in the 1974 {1975 for Madison, Wis.)
and 1977 surveys distributed proportionately betwsen the cen-
tral city and balance of the respective SMSA based on the
distribution of total housing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 panels with one-twaitth of the sample hou§ing units being

!
H

- interviewed sach month. Due to budget limitations, panel 3 was
. dropped from all SMSA's for the 1977 survey. Due to additional

budget limitations for the 1981 survey, it also became necessary
todroppanels 1,2,4,5,9, 11, and 12 from the Boston, Mass.:

" Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and

panels 1 and 2 from the other 12 SMSA's. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA's
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA’s dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited sach month. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month. )

In this SMSA, 4,449 housing units were aligible for interview.
Of these sample housing units, 177 interviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 4,449 housing units eligible for interview, 340
units were visited but were not eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc.

Designation of sample housing units for the 1981 survey—The
sample housing units designated to be interviewed in the 1981
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-survey consisted of the following categories which are
describad in detail in the succeading sections.

1. All sample housing units that were interviewed in the 1977
survey and remained in sample after the 1981 "panel
reduction. .

‘2. All sample housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not sligible for interview at the time of the survey
but which could become eligible in the future) in the 1877
survey and ramained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B nohinterviews,

see the facsimile of the 1981 AHS questionnaire, page

App-20.} . .

3. All sample housing units that were selacted from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing ‘areas since the 1977 survey.) '

4. All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and rcn_maine'd in sample sfter the 1981 panel reduction. {This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.} ~ -

5. All sample housing units' that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.).

Selection of the original AHS-SMSA sample — The sample for the
SMSA’'s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames— housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices (the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census (the new construction universe). In ad-
dition, the sample for those SMSA’s which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame— those housing units located in areas not under the
jurisdiction of permit-issuing offices {the nonpermit universe).
In 1870, the following five SMSA's were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA's contain a sample from the non-
permit universe. ’

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
© SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA,
The remaining SMSA's had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionatlealy bét'ween the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector. : ‘

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur- .
ing the 1970 Census of Poputation and Housing. This fite con-
tained records for occupied housing units, vacant housing units,
and housing units in certain, special places or group quarters.
Sampling operations were done separately‘for the special place
and group quarters records, and for.the occupied and vacant
housing unit records. ‘Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head (non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 60 strata according to
its tenure, family size, and household income category as
illustrated by the following table: -

.. Tenure
‘Household Owner— Renter—
income Family size Family size
123456+

12345%

Under $3,000 .. ... .
$3,000 to $5,999 ...
$6,000 to $9,999 ...
$10,000 to $14,999 . "
$15,000 and over . . .

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
gither the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for

_ either the central city or for the balance of the SMSA. A sample

selection procedurs was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
selocted to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Before the sample was salected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city and
within the balance of the SMSA. A sample of special place

" records was then selected by a procedure that produced one-

quarter of the desired sample size. However, ‘at the time of the .
survey, the housing units at each of the special places were listed
and subsampled st a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size..

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since. 1970
{i.e., the new construction universel. The sample selection from
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the list of new construction building per‘mits was an inde-
pendent operation within this SMSA. Prior fo sample selection,
the list of permits was chronologically stratified by the da_te the
permits were issued, and clusters of an expected four {usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selgctéd from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e., the nonpermit universe), The first step in the
sampling operation for the nonpermit universe was the selec-
tion (using the overall sampling rate} of a sample of census
enumeration districts within these areas. P}ior to this sample
selection, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of sefection of an ED was proportionate to the following measure
of size. ‘

4

Group quarters population in
1970 census ED

'3

Number of housing units in  +
1970 census ED

4

The sample ED’s were then divided into seéments; i.e., small
land areas with well-defined boundaries having an expected size
of four, or a multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expect\ed four sam-
ple housing units. . )

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumerated in the 1970 census as well
as housing units built since the 1970 census are included.

1977-1981 additions to the housing inventory —In the permit-
issuing universe, a sample of new construction building permits,
issued since the 1977 survey, was selected to represent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selacting

_the 1870-1977 new construction sample, which were

described previously. In the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey,

Sample selection for the 1977 Coverag? Improvement
Program— The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SM_SA sample from
the permit-issuing and new construction universes. The coverage
deficiencies included the following units: : '

1. New construction from buitding permits issued prior to
January 1970, but completed after April 1, 1970,

‘2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census. ,

4. Housing units canverted to residential use that were
nonresidential st the time of the 1970 census.

1

6. Houses that have been moved onto their present site
since the 1970 census. '

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 156 SMSA’s was previously interviewed in 1974
{1975 for Madison, Wis.) and 1977. The Coverage Improvement
Program was conducted as part of the 1977 AHS with the
Ansheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.:
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA'’s receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA's, estimatas of housing units added by
a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981,

Coverage improvement for deficiency 1— A sample of new con-
struction units, whose permits were issued before January 1970,
but campleted after April 1970, was selected for each of the
15 SMSA's. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at ane-fourth the rate of units originally
selected for the AHS-SMSA sample {regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sampie of the 1969 parmits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or maore units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA's: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Warth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.:
and Wichita, Kans. ‘

In the remaining 9 SMSA's, units whose permits were issued
before-January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 8,677 new canstruction units to the covérage of the
housing inventory of this SMSA.

Coverage improvement for deficiency 2—In permit-issuing.areas,

- a sample of mobile homes placed in a park that was missed by

the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks wers listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Secend, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
pls units represented. This procedure added an estimated 5,031
units to the coverage of the housing inventory of this SMSA.

Coveragse improvemsnt for deficiencies 3-8 —The remaining
missed Lnits were sa}npled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures {structures that had no chance of
selaction for the AHS):

1. Structures missed in the 1970 census. ‘

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved.onto their present site since
the 1970 census. :

Initially, a subsample of AHS sample units was selected from
the parrnit-issuing universe at a rate of 1in 24, Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until sight structures
{excluding the sample unit structure} were found that had been
aligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identifiad and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsambla of units within these struc-
tures v/as selected. .

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned far interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1877 Coverage Improvement
Program to all SMSA's. A partial apptication of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA's did not
receive application of the second procedure. The Dallas, Tex.;
Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa., SMSA's did
not raceive application of either procedure during the 1977

Coverage |Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-si. Paul, Minn.;
Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had the first
procedure completed as part of the 1981 Coverage Improvement
Program. The remaining 10 1881 SMSA’s received the full

application of both procedures as part of the 1977 Coverage . e

improvement Program. ,
The first procedure added an estimated 1 8,715 housing units
to the coverage of the housing inventory of this SMSA.

1970 Census of Population and Housing—The estimates per-
taining to the 1970 housing inventory {i.e., the housing inven-
tory that existed at the time of the 1970 census} are based on
either 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1.

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview (i.e., the 1881 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1877 li.e.,
1977-1981 lost units}). Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory —Thé AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA's. ’

Prior to the ifnplementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-,
view adjustment was done separately for occupied and vacant -
housing units. The noninterview adjustment factor was equal
to the following ratio:

Weighted count of interviewed +Weighted count of noninterviewed
housing units . housing units

Woeighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described). |n addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the




App-46

APPENDIX B—Continued

1

;
coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
coverage improvement universe, and one noninterview cell for
other sample housing units from both the nonpermit univarse
and the coverage improvemsnt universe (if units were not in-
cluded in any of the previous cells). : )

The following ratio estimation procedure was employed for
all sample housing units from the permit-issuing universe. This
tactor wes computed separataly for all sam'pla housing units
within each permit-issuing universe noninterview cell men-
tioned previously. The ratio estimation factor.for each cell was
equal to the foliowing: I

1970 census count of housing units from the permit-issuing universe in the
- corresponding cell )

AHS sample estimate of 1970 housing units from the pérmit-issuing universs
in the corrasponding cell |

For each SMSA, the numerators of the ratios were obtained from
* the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
- permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHSI sample housing
units within the corresponding ratio estimation categories
using the existing weight (i.e., the basic weight times the
noninterview factor), The .computed ratio estimétion factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing u:niverse. Prior to
the AHS saiple selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same proBabi!ity of selec-
tion was then applied to the remaining units to'select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selﬁzction between
Strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass,; Detroit, Mich.; Minneapolis-St. Paul, Minn.'; Newark,.N.J.;
Pittsburgh, Pa.; Spokane, Wash.: Tacoma.i Wash.; anld
Washington, D.C.-Md.-Va., SMSA's. This procedyra was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an .independently
derived estimate of this distribution. .

This ratio estimation factor was calculated separately for the
" central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuiﬁg areas within
the corresponding sector (central city or balance of the SMSA).
This ratio estimation factor equaled the fc{llowing: '

1

Independent estimate of the proportion of new constrpction housing
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction: housing units »
from permit-issuing areas built since the last survey in the
- corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction {SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applisd to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s, This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in aach sector {central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corresponding sector of the SMSA '
The independent estimates of total housing units that were
used as the numerator of this ratio are.described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight,

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
151981 SMSA's. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
hew construction permit authorizations and post-census demoli-
tion permits.

The sample estimates of total housing units after the permit
new construction ratio- estimation (i.e., the existing sample
estimate) were compared to the corresponding independent
estimates for the central City, balance, and total SMSA for each
of the 16 SMSA’s and the estimate which showed the most likely
level of net grawth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash. : and Washington, D.C.-Md.-
Va., SMSA’s.

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total hdusing units given by the independent
estimates.

For the Orlando Fla.; Phaenix, Ariz.; and Wichita, Kans.,
SMSA’s, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central cit\/ and balang:e
according to the central city/balance distribution of total-hous-
ing units given by the sa{r)ple estimates. Due to the‘éentral.city
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boundary definitional changeé and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1870 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used. .

The computed ratio estimation factors for the central city and
balance of the SMSA’s were then applied to the existing weight
for ail corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA’s, the sample estimates were
used as the final'weight for tabulation purposes. These SMSA’'s
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA’s.

The effect of the total housing unit ratio estimation procedure,
as well @s the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, of dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981 lost housing
units {housing units removed from the inventory). estimates
employad the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA's and the corresponding two-stage ratio
estimation précedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selacted Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, thére was a 1977 housing inventory
waight associated with each 1977-1981 lost unit. This weight
was usad to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 vstimation procadute-fThislrepo‘rt presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the re_maining SMSA's. A detailed descrip-

tion of this ratio estimation procedure can be found in the AHS .

Series H-170 reports for 1977.

Ratio astimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1870
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two iypes of possible errors associated with
estimates based on data from sample suNEys—-sampIing and
nonsampling errors, The {following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling
errors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume

), Housing Characteristics for States, Cities, and Countigs, Part 1.

Nonsampling errors—In genaral, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors ara not
unique to sample surveys since they can, and do, accur in com-
plete censuses as well.-

Obtaining a measuremant of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates tor the 1970 Census of Popula-
tion and Housing and the 1877 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates—""coverage’’ and rcontent’’ errors. The ‘'coverage’’
errors determined how completely housing units %era counted
in the census and the extent to which oc¢cupancy status was
erroneously raported. The s‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record chacks, and other
surveys. : :

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E}-5, The Coverage of Housing in the 1970
Census, and PHC(E}-10, Accuracy of Data for Selected Hous-
ing Characteristics as, Moeasured by Reinterviews.

AHS-SMSA — Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, ’Reinterview Results for Annual

Housing Survey—SMSA Sample: 1977

Coverage arrors—In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional {non-mobile home) new con-
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the sur\;rey do not neces-
sarily reprasent missed housing umts Due to the relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they wouid not have been eligible for in-
terview. In addition to these deficiencies, new construction in
special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies. It appears that the listing procedure used to correct defi-
clenmes 3-6 (see the coverage improvement section of this
appendlx) was not very effective i in finding nonresidential con-
versions. Such conversions were prlmarlfy in busmess districts,
whereas the listing procedure started from a resadentlal unit.

Deficiencies also exist in ED’s where area samplmg methods
.are used. It had been assumsd that all housing units located
inside these ED's would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be, :noted that since
these ED's were recanvassed for the 1981 survey, the number
of missed housmg units may be consnderablyT less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned:; i.e,,
it adjusts to the best aveilable estimata. However, biases of sub-
totals would still remain,

Houndmg errors —For errors associated with,processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the statlstlcs being
measured. The effect of rounding is S|gn|f|cant relative to the
sampling error only for small percentages or small medians when
these figures are derived from relatively Iarge bases (e.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors glven may be

distorted, and this should be taken into account when consider-

ing the results of the survay, 4
Sampling errors for the AHS-SMSA sample —The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been selected usmg
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estlmates from each
of the different samples would differ from each other. The
sampling error of a survey estimats provides a measure of the
variation among the estimates from all possnble samples and
thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possuble samplas,
One common measure of the sampling error s the standard
error. As calculated for thls report, the standard error reflects
the variation in the estlmates due to sampling and nonsamphng
errors, but it doas not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard arror, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the intervgl includes the

average result of all possible samples with a known probability.
For example, if all possible samples were selected, sach of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would lnclude the average result of all possible
samples,

2. Approximately 90 percent of the intervais from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the everage result of ail possible
samplas.

3. Approximately 95 percent of the intervals from two
standard arrors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average resuit of all possible samples either is or is not .
contained in any particular computed interval. Howsever, for a
particular sample, one can say with specified confidence that
the average resuit of all possmle samples is included in the con-
structed interval.

The figures presented in the tablas that follow (page App-51)
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wida variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table | {page App-51} presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977- 1981 lost
housing units (housing units removed from the inventory), Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A- 1, B-1, and C-1 of part A of this report are
36,481 for the total SMSA, 19,847 for the central city of the
SMSA, and 30,610 for the balance of the SMSA,

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denommator
depends upon both the size of the percentage and the size of
the total upon which the percentage is based, Estimated per-
centages are relatively more reliable than the carresponding
estimates of the numerators of the percentages, particularly if
the percentages ara 50 percent or more.

Table 1l (page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well
as estimated percentages of the 1977-1981 lost housing units
{housing units removed from the inventory}. Two-way intérpola-
tion shauld be used to determine standard errors for estimated
percentages not specifically shown in table Il. . -
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included in tables | and 11 are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors ara considered as: overestimates -of the true standard
errors and should be used primarily for construction of confidence
intervals for characteristics when an estimate of zero is obtained.

For ratios, 100 (x/y), where X is not a subclass of y, tables
I through IV underestimate the standard error of the ratio when
there is little or no correlation between x and y. For this type
of ratio. n better approximation of the standard error may be ob-
tained by letting the standard error of the ratio be
spproximately equal to:

(100)(—’5)
¥

where: x = the numerator of the ratio
y = the denominator of the ratio
o = the standard error of the numerator
ay = the standard error of the denominator
Y - L - o P -

M’Justra‘tion of the use of the standard e;'ror tables —Table A-1
of part A of this report shows that in 1981 there wera 434,900
owner-occupied housing uniiq in this SMSA. Interpolation us-
ing table | of this appendix shows that the standard error of an
estimata of this size is approximately 9,610. The following in-
terpolation procedure was used.

The information presented in the following table was extracted
from table 1. The entry for “’x’’ is the one sought.

Size of estimate ~ Standard error

400,000 ... ..onieenns 9,190
434,900 ... ... ... - . x
! 10,390

500,000 ........ Y -

Tha antry of X'’ is determined as follows by verticaily inter-
polating between 9,190 and 10,390.
434,800— 400,000 = 34,900
500,000 - 400,000 = 100,000

34,900

9,190 + =
100,000

{10,390-9,190) = 9,610

Consequently, the 68-parcent confidence interval, as shown by
thase data, is from 425,290 to 444,510 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samplas, lies within the interval from 419,520 to 450,280 hous-
ing units with 90 percent confidence; and that the average

estimate lies within the interval from 41 5,680 to 454,120 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 434,900 owner-
occupied housing units, 99,300, or 22.8 percent, had two
badrooms. Interpolation using table_ll of this appendix (i.e.,
interpolation on both the base and percent) shows that the
standard error of the 22.8 percent is approximately 1.0
percentage points. The following interpolation procedure was
used.

The information presented in the following table was extracted
from table Il. The entry for “’p’’ is the one sought.

Estimated percentage

Base of percentage
10 or 90 22.8 25 0or 75
400,000 ........-. 0.7 a 1.0
434,900 .. ..... .. P
500,000 ......... " 0.6 b 0.9

1. The entry for cell “‘a"’ is determined by horizontal interpola-
tion between 0.7 and 1.0.

22.8—10.0=12.8
25.0—10.0=15.0

0.7+ %:—g (1.0—-0.7)=1.0

2. The entry for cell ’b’" is determined by horizontal interpola-
tion between 0.6 and 0.9. )

22.8—10.0=12.8
25.0—10.0=15.0

0.6+ —1—2—8 (0.9—0.6)=0.9
15.0

3. The entry for ‘p’’ is then determined by vertical interpala-
tion between 1.0 and 0.9.

434,900— 400,000 = 34,900
500,000 — 400,000 = 100,000
34,900

10+ —"—— (0.9—-1.0)=1.0
0 100,000 : )

Consequently, the 68-percent confidence interval, as shown by
these data, is from 21.8 to 23.8 percent; the 90-percent con-
fidence interval is from 21.2'to 24.4 percent; and the 95-percent
confidence interval is from 20.8 to 24.8 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different §MSA’s or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative cbrrelation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics.

ifiustration of the computation of the standard error of a
difference—Table A-1 of part A of this report shows thatin 1981
there were 235,900 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing units with three
bedrooms is 136,600. Table | shows the standard error of
99,300 is approximately 4,420, and the standard error of
235,800 is approximately 6,920. Therefore, the standard error
of the estimated difference of 136,600 is about 8,210.

8,210 = v/ (4,420)* + (6,920)

Consequently, the 68-percent confidence interval for the
136,600 difference is from 128,390 to 144,810 housing units.
Therefore, a conclusion that the average estimate derived from
all possible samples, of this difference, lies within a range com-
puted in this way, would be correct for roughlly 68 percent of
all possiblé:' samples. Similarly, the 90-percant c?nfidence interval
isfrom-123,460 t0 149,740 housing units, and the 95-percent
confidence interval is from 120, 180 to 153,020 housing units.
Thus, we can conclude with 95 percent confiderice that the
number of 1881 owner-occupisd housing units with. three
bedrooms is greater than the number of ownar-occupied units
with two bedrooms since the 95-percent confidence interval
" does not include zero or negative valuas.

1

Medians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that tha average median from
all possible samples lies within the interval, The following pro-
cedure may be used to estimate confidence limits of a median
based on sample data: . : :
1. From table |l, determine the standard error of a 50-percent

characteristic on the base of the median. i
2. Add to and subtract from 50 percent, the:standard error

determined in step 1,

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
establishad in step 2. To find the lower endpoint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that thesa two distribution
intervals could be different, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values,

Hiustration of the computation of the 95-percent confidence in-
terval of a median—Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.7. The base of the distribution from which this median wa
determined is 434,900 housing units. '

1. Interpolation using table Il shows that the standard error
of 50 percent on a base of 434,900 is approximately 1.1
percentage points. ' '

2. To obtain a 95-percent confidence interval on the estimated
median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 47.8 and 52.2

3. From the distribution for “persons’’ in table A-1 of part A,
the interval for owner-occupied housing units with three per-
sons (for purposes of calculating the median,’ the category
of three persons is considered to be from 2.5 to 3.5 persons)
cantains the 47.8 percent derived in step 2. About 199,500
housing units or 45.9 percent fall below this interval, and
84,800 housing units or 19.5 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about: )

(47.8—45.9)

=26
19.5

2.5 + (3.5-2.5)

Similerly, the interval for owner-occupied housing units with
three persons contains the 52.2 percent derived in step 2.
About 199,500 housing units or 45.9 percent fall below this
interval, and 84,900 housing units or 18.5 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

(52.2—46.9)

2. 52, = 2.
5 + (3.5-2.5) 195 2.8

Thus, the 95-percent confidence interval ranges from 2.6 to
2.8 persons.
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TABLE I. Standard Errors for Estimated’Number of Housi'ng Units in the 1981 Housing Inventory and for Estimated: Number of -
1977-1981 Lost Units for the Dallas, Tex., SMSA, for the Central City of the SMSA and for the Balance (Not in Central City) of  ©:1-,

the SM3A :

L : - ‘
» o

{68 chances out of 100} .
{ Standard error’ Standard error’ |
i f 3 i Size of
;tzi:‘:m in Not in ) In- Not in
- SMSA central central S SMSA central . central Tel
city city ‘ city Logity
0......... R o 190 | 190 200 | 100000............ 4,440 4,060 | 4,970
100 ... eeernn- L. 190 | 180 200 | 160,000, ........... 5,470 4,820 © 6,370 :
200, .. v " 200 190 200 | 200000............ 6,350 5,380 | . 7,650 :
BOO . ......cuvnennnn © 310 300 320 | 250,000............ 7.140 5,800 | 8,880 :
700 . . . 370 360 380 | 300,000, ........ .. 7,870 6,110 | _ 10,080 .
1,000 .o 0oeiiannenn < 440 430 450 | a00000......... ... 9,190 6,440 | ° 12,400 :
2,600 .. . 690 680 710 | 500,000 ........... 10,390 6,450 1 ' 14,660 :
000 ... oo 980 | - 860 1.010 | 800,000............ 11,500 N -
10,000 ...... P 1,390 | - 1,380 .. 1,440 | 700,000 ..., ... ... .. 12,650 -1 - -
25,000 ... ... 2,200 2,120 2,310 | 800,000.....:...... 13,560 | —| - -
O000 ... .o i 3,120 2,960 3,350 | 900,000............ 14,620 | - . -
75,000 ... ..o 383 | - 3570 4,210 ) o :

For astimates partaining 1o now construction, the standard etrors shown in the table should ba multiplied by a tactor of 1.1.

TABLE Il. Standard Esrors for Estimated Percentages of Housing Units in the 1981 Houéing Inventory and for Estimated Pércentages
of 1977-1981 Lost Housing Units for the Dallas, Tex., SMSA, for the Central City and for the Balance {Not in Central City)
of the SMSA ) . -l

1

- (68 chances out of 100}

Estimated percentage’ , ‘ Estimated percentage’ -
Base of i Base of :
percentage Oor lTor | 5or |10 0or | 25 or 50- percentage Oor 1or | 50r | 100r | 25%r. 50
100 99 95 90 75 | 100 29 96 90 75
100 ... ... 1 66.8 | 66.8 | 66.8 66.8 | 66.8 71.0 | 100,000 ........ | 0.2 0.4 1.0 1.3 1.9 2.2
200 ... . e 650.2 | 50.2 | 50.2 | 50.2 | 50.2 50.2 | 150,000 ........ 0.13 | 0.4 0.8 1.1 1.6 1.8
500 ........ ... 28.7 | 28.7 | 28.7 | 28.7 | 28.7 31.7 | 200,000 ....... .1 0101 03 0.7 1.0 1.4 1.6
700 ... . 22,4 |'22.4 | 224 | 22.4] 23.2 26.8 | 250,000 ........ 0.08 | 0.3 0.6 0.9 1:_2 1.4
1,000, . ... ... 16.8| 16.8 | 168 | 16.8 | 19.4 224 300,000 ........ 0.07 ] 03 0.6 0.8 1:.1 1.3
2600........... 75117156 7.5 85| 12.3| .14.2 | 400,000 ........ | 0.06 ] O.2 0.5 0.7 1.0 1.1 .
5000........ - 39 3.9 4.4 6.0 8.7 10.0 | 500,000 ........ 0.04 | 0.2 0.4 0.6 0.9 1.0
10,000, ......... 2.0 2.0 31 4.3 6.1 7.1 ) 600,000 ........ 0.03| 0.2 0.4 0.5 0.8 0.9
25000.......... 0.8 0.9 2.0 2.7 3.9 4.5 | 700,000 ........ 0.03 | 0.2 0.4 0.5 0.7 0.8
BO,000.......... 0.4 0.6 1.4 1.9 2.7 3.2t 800,000 ........ "loo03] 02 0.3 0.5 0.7 0.8
78000.......... 03 0.5 1.1 1.6 2.2 2.6 1] 900,000 ........ 0.02 | 0.15 0.3 0.4 0.8 0.7
< . .

1Standard errors are presented to the nearest one-tenth of one percantage point except whern the standard error is less than fifteen-hundredths of ong percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction, the stand-
ard errors shown in the table should be multiplied by a factor of 1.1.
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| |
SAMPLE DESIGN |

Annual Housing Survey—The estimates for each of the 15
SMSA’s in this report series {H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey (AHSJ which was
conducted by the Bureau of the Census acting as collactlon agent
tor the Department of Housing and Urban Development i

. The SMSA’s selacted for the AHS are rntervnewed on arotating
basis. The- group of 15 SMSA’s selected for |nterwew during
1981 were interviewed previously in 1974 and, 1977 (see the
list of SMSA reports from the AHS in the introduction of this
report). .

The three Iargest SMSA’s (Boston, Mass.; Detrott Mich.; angd
Washmgton D.C. Md -Va.) in the 1981 group of SMSA’s were
represented by a sample size of 15,000 desugnated housing units
inthe 1974 and 1977 surveys even_ly divided beltween the cen-
tral city and the balance of the respective SMSA. The 12 rernain-
ing SMSA’s {Anaheim-Santa Ana- Garden Grove Calif.; Dallas,
Tex.; Forth Worth, Tex.; Madison, Wis.: aneapolls St. Paul
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Anz Plttsburgh
Pa.; Spokane, Wash.; Tacoma, Wash.: and W:(I:hlta Kans.} in
the 1981 group were represented by a sample of 5,000
designated housing units in the 1974 and i1 977 surveys
distributed proportionately between the central city and balance
of the respective SMSA based on the distribution of total hous-
ing units in each sector. {

-In the 1974 survey, AHS sample units were dlwded among
12 panels with one-twelfth of the sample housr_ng units being

! ) ) )
1 '

{

interviewed each month. Dite to budget limitations, panel 3 was

-dropped from all SMSA's for the 1977 survey. Due to additional

budget limitations for the 1981 survey, it also became necessary
todroppanels 1,2,4,5,9, 11, and 12 from the Boston, Mass.:
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA's
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with cne-
sixth of the sample housing units being visited each month. The
mterwewmg was done for the remaining 12 SMSA's during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each manth.

In this SMSA, 4,995 housing units were eligible for interview.
Of these sample housing units, 174 interviews were not obtained
because, for occupied sample units, the occupants refused to
be interviewed, were not at home after repeated visits, or were

' unavailable for some other reason; or, for vacant units, no in-

formed respondent could be found after repeated visits. In ad- .
dition to the 4,995 housing units eligible for interview, 294 units
were visited but were not eligible for interview because they
were condemned, unfit, demolished, converted to group quarters
use, etc.

Designation of sample housing units for the 1981 survey—The
sample housing units designated to be intarviewed in the 1981
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survay consisted of the following categories which are
described in detail in the succeeding sactions.

1. All semple housing units that were interviewed in the 1977
survey and remained in' sampls after the 1981 pansl
reduction, '

2. All sample housing units that were type A nonlnterwews
{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-

- tion. (For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App-20.)

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey. }

4. All sample housing units that were added to sample
segrnents in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. (This
‘sample represented most of the housing umts which, until
1977, did not have a chance of selection. b

Sslection of the original AHS-SMSA sample—The sample for the -

SMSA’s which, in 1970, were 100-psrcent permit-issuing was
selected from two sample frames— housing units enumerated
in the 1970 Census of Population and Housing in areas under

the jurisdiction of permit-issuing_ offices- (the permit-issuing

universe) and housing units constructed in permit-issuing areas
since the 1970 census (the new construction universe). In ad-
dition, the sample for those SMSA’s which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame-—those housing units located in areas not under the
jurisdiction of permit-issuing offices {the nonpermit universe).
In 1870, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permii universe.

Sampling operations, described in the following paragraphs,

were performed separately within the central city and the balance ~

of the SMSA for each of the sample frames The overall sam-

pling.rate used to select the sample for each SMSA was deter-.

mined by the size of the sample. Thus, for the three largest
SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
aqually between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampllng rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

" $10,000 to $14,999 .

according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected
from a file which represented the 20- percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This frle con-
tained records for occupied housing units, vacant housrng units;.
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant -
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black]
and the vacant records were stratified into four categories per-
taining to the value or rent assocrated with the vacant housrng'
units. The occupled housing unit records wera further stratified
so that each unit was assigned to 1 of 50 strata according 'to
its tenure, family size, and household income category as

- illustrated by the followrng table:

Tenure
Household Owner— Renter— . .
income Family size Family size
12345+ - 12345+

Under $3,000 .. ....
$3,000 to $5,999 ...
$6,000 to §9,999 . ..

e

$15,000 and over . .. ) o _ _ T

Thus, for thrs SMSA, the occupied housing unit records from
the parmit-issuing universe were assigned to 1 of 100 strata for
sither the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
aither the central city or for the balancé of the SMSA. A sample
selection procedure was then instituted that would produceone-
half of the desired sample size; However, whenever'a record was
selected to be in sample, the housrng unit record adjacent to it
on the file was also selected to be in sample thereby |nsur|ng
the necessary designated sample size.

Before the sample was selected from the group quarters and
special place records, the ‘records were stratified by census tract
and census enumeration district (ED} within the central city and
within the balance of the SMSA. A sample of special place
records was then selected by a procedure that produced one-
quartsr of the desired sample size. Howaver at the time of the
survey, the housing units at each of the specrai places were listed -
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permitsissued since 1970
{i.e., the new construction universeé). The sample selection from
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I
the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to'sample selection,
the list of permits was chronologically stratified by the date the
permits were issued, and clusters of an expected four (usually
- adjacent) housing units were formed. These cilusters were then
sampled for inclusion at the overall samplrng rate,

For those SMSA's which were not 100- percent permit- |ssumg,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the le‘ISdiCthﬂ|0f permit-issuing
offices (i.e., the nonpermit universe), The .flrst step in the
sampling operation for the nonpermit umverse was the selec-
tion (using the overall sampling rate} of a sample of census

|
enumaeration districts within these areas. Prior to this sample _

selection, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA The probability
of selection of an ED was praportionate to the followmg measure
of size. : | :

Group quarte}s population in
1970 census ED

3

Number of housing units in  +
1970 census ED

4 :

The sample ED’s were then divided into segl:"nents; i.e., small
land areas with well-defined boundaries having an expected size
of four, or @ multiple of four, houging units. A't the time of the
survey, those segments that did not have an lexpected size of
four were further subdivided to produce an expected four sam-
ple housing units. l

The next step was the selection of one of|these segments
within each sample ED. All housmg units in exlstence at the time
of interview in these selected segments were ellglble for sam-
ple. Thus, housing units enumerated in the 1 97|0 census as well
as housing units built since the 1970 census| are included.'l

|
1977-1981 additions to the housing lnventory—ln the permit-
issuing universe, a sample of new construction bualdmg permns,
issued since the 1877 survey, was selected to represent hous-
ing units. built in parmit-issuing areas since the 1977 survey.
Sampling procedures were identical to those u!sed in selecting
the 1970-1977 new construction sample;, which were
described previously. fn the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the ?977 survey, i

|

I
Sample selection for the 1977 Coverage Improvement
Program—The Coverage Improvement Program was undertaken
to corract certain deficiencies in the AHS- SMSA sample from
" the permit-issuing and new construction unlverses The coverage

deficigncies included the:following units: |

1. New construction -from building permits lSSUEd prior to
January 1970, but completed after April 1, 1970. '
2. Mobile homes placed in parks either mrs|sed during the
1970 census or established since the 197‘{)l census. '

3. Housing units missed in the 1970 census. |
4. Housing wunits converted to residential use that were

nonresadentnal at the time of the 1970 census
i
I

+ b. Houses that have been moved onto their present site

since the 1970 census.
6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census:

Each of the 15 SMSA’s was previously interviewed in 1974
and 1877. The Coverage Improvement Program was conducted
as part of the 1377 AHS with the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pitts-
burgh, Pa.; and Spokane, Wash., SMSA's receiving some up-
dating and refining as part of the 1881 AHS. The fallowing
discussion applies to both the prior year 1977 and the 1981
coverage improvement procedures. For the the Anaheim-Santa
Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-5t. Paul,
Minn.; Pittsburgh, Pa.; and Spokane, Wash., SMSA's, estimates
of housing units added by a specific procedure reflect units added
in the prior year as well as any additions that resulted from the
updating and refining in 1981.

Coverage improvement for deficiency 1—A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMSA'’s. Two different procedures were used. Far the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at ane-fourth the rate of units originally
selected for the AHS-SMSA sample {regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-haif the rate of regular AHS units.

The first stage was a sample of permit offices, and_ the
second stage was a sample of the 1969 permits. within each
of the selected permit offices. in the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structuras of size three or more units were divided
into clusters of an expected size of.two units and a sample of
clusters was selected.. This procedure was empioyed in the
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash. :
and Wichita, Kans.

In the remaining 9 SMSA's, units whose permits were issued
before January 1970, but which were completed after April
1870, were identified from the Survey of Construction (SOC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa AnaGarden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 12,564 new construction units to the coverage of the
housing inventory of this SMSA.

it

Coverage improvement for deficiency 2 —In permit-issuing areas,
a sample of mobile homes placed in a park that was missed
by the census or established after the census was selected in
two stages. First, a sample of tracts was selected and can-
vassed. All parks were listed and then matched back to the 1970
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.census to identify parks missed by the census and parks estab-
lished after the census. Second, the pérks were divided into
clusters of an expected size of four sites and-a sample of clusters
was solected and interviewed. Each of the sample units

represented the same nurmnber of uriits that the regular AHS sam--

ple units represented. This. procedure added an estimated 8,625
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiences 3-6 —The remaining

missed units were sampled by one of two procedures. The first

procedure was designed to represent units from the following

types of missed structures {structures that had no chance of
_selection-for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted 1o residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the

site during the present survey but not occupied on April 1,

1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere. ’

4. Houses that had been moved onto their present site since
the 1970 census. '

initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24, Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure) were found that had been
eligibl: to be selected for the AHS, Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identitied and units within these structures were interviewed.
In cases where the interviewer worktoad would have been too
great, a representative subsample of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1270 census.
2. Units converted to resrdentral use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in muttiunit strubtures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1870 census. Any
" missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA'’s received
the full application of the second procedure at that time. The
‘Dallas, Tex.; Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa.,
SMSA’s did not receive application of either procedure during
the 1977 Coverage Improvement Program. The Anaheim-Santa

I

Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul,
Minn.; Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had
the first procedure completed as part of the 1981 Coverage Im-
provement Program The remaining 10 1981 SMSA's received
the full application of both procedures as part of the 1977
Coverage Improvement Program.

The first procedure added an estimated 8,361 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 1 ,268 housing units.

1970 Census of Population and Housing— —The estimates per-
taining to the 1970 housing inventary ti.e., the housing inven-
tory that existed at the time of the 1970 census} are based on

" either 20-, 15-, or 5-percent sample data callected in Aprit 1970

for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and ‘Coun-
ties, Part 1.-

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA; Estimates pertaining to characteristics of the: hous-
ing inventary at the time of the interview (i.e., the 1881 hous-
ing inventory} and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1877 li.e.,
1977-1981 lost units}. Each type of estimate employed separate,
although similar,  estimation procedures. ’

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA‘s,
and a three-stage ratio estimation procedure for the remaining
seven SMSA’s, ¢

Prior to the’ |mplementat|on of the ratio estimation procedures,
the basic werght {i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
viaw adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Werghted count of noninterviewed

Waighted count of interviewed
housing units

housing units

Weighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 neninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described). In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one nonihtervigw cell for mobile
homes and trailers from both the nonpermit univarse and the
coverage improvement universe,-and one noninterview cell for
other sample housing units from both the nonpermit umverse
and the coverage improvement universe (if ur‘uts were not_ Jin-
cluded in any of the previous cells}. f

The following ratio estimation procedure was employed for
ail sample housing units from the permit- |ssu|ng universe. This
factor was computed_separately for all sample housing units
within .each permit-issuing universe nomnter‘wew cell men-
tioned previously. The ratio estimation factor for each cell was

equsl to the followmg

1970 census count of housing units from the permit- lssumg umverse in the
corresponding cell |

AHS sample estimate of 1970 housing units from the permlt issuing univetse
in the.corresponding ceil 1

For each SMSA, the numerators of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under thd jurisdiction of
permit-issuing offices. The denaminators of the’ratios were ob-
tained from waighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight (i.e., the basic weight times the

noninterview factor}). The computed ratio estimation factor was

then applied to the existing weight for each sam;rale housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing umverse Priar ta
the. AHS .sample selection within each SMSA, housing units
already selected for other Census Bureau survey‘s were deleted
" from the permit- issuing universe. The same probabllny of selec-
tion was then applied to the remaining units to select the AHS

samiple. Since the number of housing units deléted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Minn.T; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacema, Wash.; and
Washington, D.C.-Md.-Va., SMSA’s. This proceduré was utilized
to adjust the central city/balance distribution of‘ the weighted
sample estimate of new constructlon housing unlts built since
the last survey in permit-issuing areas to an lndependently

"derived eastimate of this distribution. ;

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permlt-lssumg areas within
the corresponding sector {central city or balance of the SMSA)
This ratio estimation factor equaled the followmg

Indepandent astimate of the proportion of new constructlon housmg )
units from permit-issuing areas built since the last surven,r in the
corresponding sector of the SMSA |

Sample estimate of the proportion of new construction' housmg units
from permit-issuing areas built since the last survay in the
. corresponding sector of the SMSA I

The independent estimates of new construction were basad
upon the number of authorized building permits which were

, detarmmed from the Survey of Construction (SOC}. The sam-

ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMS5A’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
Ing inventory in each sector (central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
followmg

Independent estimate of the August 1981 housing unit inventory
tor the correspondmg sector of the SMSA

_ AHS-SMSA sample estimate of the housing inventory for the
corrasponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sarnple housing units using the
existing weight.

independent estimates of total housing units were derived for
the central city, balance, and the total SMSA far each of the
15 1981 SMSA’s. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demoli-
tion permits, .

The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estimate) were compared to the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA’s and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash Tacoma, Wash.; and Washington, D.C.- Md.-
Va., SMSA’s.

The remaining five SMSA’s used a combination of thege in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-5t. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates. '

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA’s, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was propdrtioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA's, the independent
estimate did not reflect the 1970 central city/balance SMSA
definitizn. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used. ' _

The computed ratio estimation factors for the central cit'v and
balance of the SMSA’s were then applied to the existing weight
tor all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.:
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's.

The effact of the total housing unit ratic estimation procedure,
as well as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA asa whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981 tost housing
units {housing units removed from the inventory} estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’'s and the corresponding twe-stage ratio
astimation procedure used for the Pittsburgh, Pa., SM5A as was
described in the 1977 Current Housing Report, Series H-170,
Housing Charactaristics for Selected Metrapolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 fost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units. ’

1977 estimation procedure—This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA's. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977,

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1870
Census of Population and Housing. The statistics based .on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling
arrors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report,” Volume
I, Housing Characteristics for States, Cities, and Counties, Part*1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampiing errors are not
unique to sample surveys since they can, and do, occurin com-
plete censuses as wall.

Obtaining a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the astimates for the 1970 Census of Fopula- .
tion and Housing and the 1977 AHS-SMSA sample.

1970 census— A number of studies were conducted to measure

two types of general errors associated with 1970 census

astimates-''coverage’’ and ‘‘cantent’’ errors. The '‘coverage”
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously reported. The ‘‘content’” errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record gheéks{.:ar}d other
surveys. o

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC{E}-5, The Coverage of Housing in the 1370
Census, and PHC(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA—Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, ‘‘Réinterview Results for Annual
Housing Survey—SMSA Sample: 1977."”

Covarage errors — In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the reprasentation of conventional {non-mabile home) new con-
struction. Due to.time constraints, only those building permits
issued more than 5 months before the survey ended were gligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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i
issued during the last 5 months of the survey do not neces-

sarily represent missed housrng units. Due to the relatively short
time span involved, it is possible that construction of these hous-

- ing units was not completed at the time the survey was con-

ducted, in which case, they would not have been eligible for in-

" terview. In addition to these deficiencies, new construction in

|

special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-

cies. It-appears that the'listing procedure used to correct defi-

ciencies '3-6 (see thé coverage |mprovement section of this

. appendix} was not very effective in finding nonresidential can-

versions. Such conversions were primarily in business districts,
whereas the listing procedure started from'a residential unit.
Deficiencies also exist in ED's where area samplrng methods
are used. It had been assumed that all housrng units Iocated
inside these ED’s would be representsd in the sample. However,
it has been estimated that the 1977 AHS sample missed as much

. as 2 percent of all housing units in these ED's because they were
not listed during the canvassing. It should be noted that since .

these ED’s were recanvassed for the 1981 ervey, the number
of missed housing units may be considerably less for 1981,
The final ratio estimation procedure co'rre%:ts for these defi-
ciencies as far as the count of total housing is concerned: i. e.,
it adjusts to the best available estimate. However biases of sub-
totals would still remain. : .
|
Rounding errors—For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significént relative to the
sampling error only for small percentages or srnell medians when
these figures are derived from relatively Iarge hases (e.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey, I
! .
Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is ane of a large number of possible
samples of the same size that could have beén selected using
the same sample design. Even if the same qhestiennaires in-

structions, and interviewers were used; estrmates from'each of -

the different samples would differ from each other. The
sampling error of a survey est:mate provides ¢ e measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from
a sample approxirmates the average result of all possible samples,

One common measure of the sampling errofr is the standard
error. As calculated for this report, the standerd error reflects
the variation in the estimates due to sempllng and nonsampling
errors, but it does not measure as such, any systematlc biases

in‘the data. Therefore, the accuracy of the esltlmetes dspends
"on both the standard error, biases, and any, additional non-

sampling errors not measured by the standard error. The
sample estimate and'its estin‘iated standard error enable one to
construct interval estimates in which the inter:val includes the

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each of these

* surveyed under essentially the same general conditions, and an

estimate and its estimated standard error were calculated from

each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would |nclude the average result of all possible
samples.

2. Approximately 90 percent of the intervals from 1.6 standard
arrors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples, S

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to.two standard errors
above the estimate would include the average result of alf
possible samples.

The average result of all'possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible sampies is included in the con-
structed interval,

The figures presented in the tables that foHow {pages App-51
through App-52} are approximations to the standard errors of
various estimates shown in this report for this SMSA. In order
to derive standard errors that would be applicable to a wide
variety of items and also could be prepared at a moderate cost,
a number of approximations were requrred As a result, the tables
of standard errors provide an indication of the order of magnitude
of the standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977, :

Table | {page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the' 1977-1981 lost

‘housing units {housing units removed from the inventory}. Linear

interpolation should be used to determine the standard errors
for estimates not spemfrcally shown in this table. The standard
errors-on the AHS estimates of the’ population in housing units
shown in tables A-1; B:1; and C-1 of part A of this report are
54,360 for the total SMSA, 18,600 for the central city of the
SMSA, and 50,960 for the balance of the SMSA.

The reliability of an estimated percentage, computed by
using the sampfe data for both numerator and denominatar,
dapends upon both the s:ze of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estlmates of the numerators of the’ percentages, particularly if
the percentages are 50 percent or more. .

" Tables [l through IV (pages App-51 through App-52) present
the standard errros of estrmated percentages for the 1981 hous-
ing inventory as well as estimated percentages of the 1977-1981
lost housing‘units {héusing units removed from the inventory).
Two-way interpolation should be used to determine standard
errors for estimated percentages not spec:flcally shown in tables
Il through IV.
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Included in tables | through IV are estimates of standard
errors for estimates of zero and zero percent. These estimates
of standard errors are considered as overestimates of the true

" gtandard errors and should be usad primarily for construction
of confidence intervals for charactaristics when an estimate of
zero is obtained. |

Fot ratios, 100 (x/y), where x.is not a subclass of y. tables
I through IV underestimate the standard error of the ratio when

there is little or no correlation between x and v. For this type

of ratio, a batter approximation of the standard error may be ob-
tained by letting the standard error of the ratio be
appmximately equal to: -

(100) (f)

where: x = the numerator of the ratio
y = the denominator of the ratio
Oy = the standard error of the numerator
ov = the standard error of the denominator

Mlustration of the use of the standard error tables —Table A-1
of part A of this report shows thatin 1981 there were 985,700
ownar-occupied housing units in this SMSA. Interpolation
using| table | of this appendix shows that the standard error of
an estimate of this size is approximately 17,080. The following
interpolation procedure was used.

The information presented in the following tabfe was extracted
from table I. The entry for "'x’’ is the one sought.

Size of astimate Standard error

900,000 ... ............ 16,230
995,700 ............... x
1,000,000 ........... e 17,130

The entry of “'x’" is determined as follows by vartlcally inter-
polating between 16,230 and 17,130.

995,700—900,000 = 956,700
1,000,000—900,000 = 100,000

95,700

- {17,130—16,230) = 17,090
100,000 :

16,230 +

Consequently, the 68-percent confidence interval, as shown by
these data, is from 978,610 to 1,012,790 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 phrcent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 968,360 to 1,023,040
housing units with 90 percent confidence; and that the average

estimate lies within the interval from 961,520 to 1,029,880

. housing units with 95 percent confidence.

Table A-1 part A also shows that of the 895,700 owner-
occupied housing units, 234,600, or 23.6 percent, had two
badrooms. Interpolation using table [l of this appendix fi.e.,
interpolation on both the base and percent) shows that the
standard error of the 23.6 percent is approximately 0.7
percentage points. The following interpolation procedure was
used. ,

The information presented in the following table was gxtracted
from table II. The entry for ‘'p’’ is the one sought.

Estimated percentage

Base of percentage
- 10 or 90 23.6 25 0r 75
900,000 .......... 0.5 a 0.8
995,700 .......... p -
1,000,000 ........ 0.5 b 0.7

1. The entry for cell "’a’’ is determined by horizontal i'nterpola-
tion between 0.5 and 0.8.

23.6-10.0=1386
25.0-10.0=15.0
0.5+ E.E {(0.8—0.5) =
15.0

2. The entry for cell *d’" is determined by horizontal mterpola-
tion between 0.5 and 0.7.

23.6—10.0 =13.6 “
25.0—-10.0=15.0
0.6+ 12 {0.7-0.5} =
15.0

-

3. The entry for ‘’p’’ is then determined by vertical interpola-
tion between 0.8 and 0.7.

995,700—900,000 = 95,700
1,000,000—900,000 = 100,000
0.8 +'_9.,5'7£ (0.7-0.8) =

100,000

Consequently, the 68-psrcent confidence interval, as shown by
these data, is from 22.9 to 24.3 percent; the S0-percent con-
fidence interval is from 22.5 to 24,7 percent; and the 95- percent .
confidence interval is from 22.2 to 25.0 percent. )

Differences —The standard errors shown are not directly
applicable to differences batween two sample estimates. The
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standard error of a difference between estlmatas is approxi-
mately equal to the square root of the sum df the squares of
the standard error of each estimate consrdered separately. This
formula is quite accurate for the difference be‘tween estimates
of the same characteristics in two different SMSA's or the dif-
ference between separate and uncarrelated characterlstlcs in the
same SMSA. If there is a high positive correlat‘ion between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlatlon the for-
mula will underastlmate the true standard error. Due to the
overlap of the' 1977 and 1981 AHS-SMSA sa‘rnples a positive
correlation should be expected when makmg comparisons
between 1877 and 1981 characteristics. . - {.-

Mustration of the ‘computarion of the standard error of a
difference — Table A-1 of part A of this report shows thatin 1981
there were 557,500 owner-occupied housing unrts with three
bedrooms in this SMSA. Thus, the apparent dlfference, as shown
by these data, between owner-occupied housmg units with two
bedrooms and owner-occupied housing units with three
bedrooms is 322,900. Table | shows the standard error of
234,600 is approxlmately 8,220, and the standard error of

557,500 is apprommatelv 12,720. Therefore, the standard

error of the estimated difference of 322,900 lsrabout 15,140,
. O ‘
|

16,140 = +/ (8,220)2 + (12,7zqr=

1

|
Consequently, the 68-percent confidence rntarval for the

322,900 difference is from 307,760 to 338, 040 housing units.
Therefore, a conclusion that the average estlmate derived from
all possible samples, of this difference, lies wrthm arange com-
puted in this way would be correct for rough!y}SB percent of
all possible samples. Similarly, the 90-percent confldence interval
is from 298,680 to 347,120 housing units, and the 95- percent
confidence mterval is from 292,620 to 353, 180rhousmg units.
Thus, we can conclude with 95 percent confidence that the
number of 1981 owner-occupied housing unjts with three
bedrooms is greater than the number of owner-occupied units
with two bedrooms since the 95-percent confidence lnterval
doss not include zero or negative values. } .

Madians—For medians presented in certairj‘ tables, the
samphng error depends on the size of the base and on the
distribution upon whlch the medlan is based. An approximate
method for measunng the rellablllty of the estlmated median is
to determine an interval abaut the estimated medlan so that there
is a stated degree of confidence that the averaga median from
all possible samples lies within the interval, The followmg pro—
cedure may be used to estimate confrdence Irmlts of a medlan
based on sample data: 1
1. From tables #l through [V, determine the standard error of
a B0-parcent characteristic on the base of the median,
2. Add to and subtract from 50 percent, the standard error
determined in step 1. ) j

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established i in step 2. To find the lower endpoint of the con-
fidence |nterval it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint of the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these twa distribution
intervals could be differant, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values. -
A two-standard-error confidence interval may be determined
by finding the values cormresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible

samples would lie between these two values,

fHlustration of the comnputation of the 95-percent confidence iri-f’
terval of a median—Table A-1 of part A of this repart shows the
median number of persons for owner-occupied housing units is
2.8. The base of the distribution from which this median was
determined is 995,700 housing units.

1. Interpolation using table Il shows that the standard arror.
of B0 percent on a base of 995,700 is approxirnately 0.8
percentage points. )

2. To obtain a 95-percent confidence interval on the estimated
median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 48.4 and 51.6

3. From the distribution for “‘persons’’-in table A-1 of part A,
the interval for owner-occupied housing units with three per-
sons {for purposes of calculating the median, the category
of three persons is considered ta be from 2.5 to 3.5 persons)
contains the 48.4 percent derived in step 2. About 43 5,000

.. housing units or 43.7 percent fall below this interval, and
185,000 housing units or 18.6 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

(48.4--43.7)
18.6

= 2.8

2.5 + {3.56—2.5)

Similarly, the interval for owner-occupied housing units with

three persons contains the 51.6 percent derived in step 2,
" About 435,000 housing units or 43.7 percent fall below this

interval, and 185,000 housing units or 18.6 percent fall within

this interval. The upper limit of the 95-percent confidence in-

terval is found to be about:

2.5 + (3.5--2.5) w = 2.9
18.6

Thus, the 85-percent confidence interval ranges from 2.8 to
2.9 persons.
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TABLE 1. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Detroit, Mich., SMSA, for the Central City of the SMSA and for the Balance {Not in Central City)

of the SMSA -
{68 chances out of 100
Standard error’ Standard error*

Size of Size of

estimate In Not in - estimate o Not in

. SMSA central central : SMSA central cantral ™ i -

city city city Logity 5o

o - 290 220 3801 260,000............ 8,500 5,590 9,720
100, ... ..o 290 220 ‘380 | 300,000............ 9,310 5,660 10,660
200. ... .. e 290 220 380 | 400,000............ 10,760 5,310 12,320
BOO......ccvvuraann 380 330 ‘430 | 500,000............ 12,050 4,140 " 13,790
700. .. .. e 450 380 510 | 600,000............ 13,210 — 15,130
1,000 ....0covenenns 540 460 610 | 700,000............ 14,280 ~ 16,360
2600 ............ . 850 730 970 | 800,000 TR 15,290 - 17.510
BO0O ........... .. .. 1,200 1,030 1,370 ] 900,000 ............ 16,230 - 18,590
10000 ............. 1,700 1,460 1,840 | 1,000,000 .......... 17,130 - 19,620
26,000 ...........-. 2,680 2,270 3,070 | 1,100,000 .......... 17,980 - 20,600
60000 ............. 3,790 3,140 4,340 1 1,200,000 .......... 18,800 - —
76000 ............. 4,650 3,760 5,320 | 1,300,000 .......... 19.590 - —
100000 ............ 5,370 4,230 6,140 1,400000 .......... 20,350 - -
160,000 ............ 6,570 4,920 7,520 1,600,000 .......... 21,080 - —
200,000 ............ 7,600 5,350 8,680

For putimates pertaining to new construction,

city, anc 1.1 for the balance {not in cantral city) estimates.

the standard errors shown in the table should be multiplied by e factor of 1.4 for the total SMSA, 1.2 for the ‘centrai

TABLE Il. Standard Errors for Estimated Percentagas of I-]ouslng Units in the 1\981 Hbusing Invenitory and for Estimated i

{68 chances out of 100}

Percentages of 1977-1981 Lost Housing Units for the Detroit. Mich., SMSA

Estimated percentage® Estimated percentage’
Base of ; Base of : .
percentage 0 or tor | Bor 10 or | 25°0r 50 percentage 0or 1 or S5or | 100or | 25 or 50
100 99 95 90’ 75 100 99 95 90 75 ’

100 . ... ... 742 V-742 | 7842 | 742 | 74.2 84.7 250,000 ........ 0.11} 0.3 0.7 1.0 1.5 1.7
200 ... .0 68.0 | 59.0 59.0| 68.0 |- §9.0 59.9 300,000 ........ 0101 0.3 0.7 0.9 1.3, 1.8
600 ...........- 36.5 36.5 | 36.5 | 36.5 | 36.5 37.9 1| 400000 ........ 0.07 | 0.3 0.6 |, 0.8, 1.21, 13
700 ... ... 29.1 29.1 | 29.1 | 2941 281 32.0 | 500,000 ........ 0.06 | 02 0.5 0.7 1.0 1 2
1,000, .......... 223 | 22.3| 22.3] 22.3 | 23.2 28.81 600,000 .....:.. 0.05 | 0.2 0.5 0.7 0.9’ -1
2600........... ‘10.3 103|103 | 1.3 { 14.7 16.9 | 700,000 ........ 0.04 | 0.2 0.4 0.6 0.9 1.0
6,000........... 5.4 5.4 b.4 7.2 104 12.01 800,000 ........ 0.04 | 0.2 0.4 0.6 0.8 6.9
10,000, ......... , 2.8 28 3.7 5.1 7.3 8.5 | 900,000 0.03 |. 0.2 0.4 0.5 0.8 0.9
28,000.......... 1.1 1.1 2.3 3.2 4.6 5.4 | 1,000,000....... 003102 |' 04 05| 07 0.8
BO,000.......... 0.8 0.8 1.7 2.3 3.:1 3.8 1,100,000. . ... .. 0.03 | 0.2 0.4 0.8 0.7 0.8
78,000.......... 0.4 0.6 1.3 1.9 2.7 3.1 1,200,000....... 0.02 1 0.2 0.3 0.5 0.7 0.8
100,000......... 0.3 0.5 1.2 1.6 2.3 27| +.300000....... ] 002] 0.15 0.3 0.4 ¢6| - 07
160,000......... 0.2 0.4 1.0 1.3 1.9 2.2 1,400,000....... 0.02 | 0.14 0.3 0.4 ] . 08 "7
200000, .. ...... 0.14| ‘04| o8] 11| 1.6 18| 1500000....... | 002|014} 03] 04| 06| ‘07

*Standard arrors are pressnted to the nearest one-tenth of ona parce
point; in those cases, the standard arror is shown to the nearest one-

ard arrors shown in the table should be muttiptied by a factor of 1.4,

ntage point except when the standard error is less than fifteen-hundredths of cne percentage
hundredth of one percentage point. For estimates pertaining 1o new construction, the 'stand-
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TABLE IIl. Standard Errors fof,_Estimatad Pe[ce+mges of Housing Units in the 1981 Housing Inventory and for Estimated Percentages of
P . 1977-1981 Lost H(_)ttlsing Units for the Central City of the Detroit, Mich., SMSA

b t68:chances out of 100}

I ‘

- Estimated percentage’ Estimated percentage’
Base of : e : Base of .
percentage 0or | 1or [ Sor 100 |25 0r | 5o percentage oor | 1or | 50r 1100r | 25 or 5oA
100 99 .95 .S‘)O 75 _ 100 99 85 90 |} 75
[N ‘ 1| .

‘100 ,...........}168.3 | 68.3 | 68.3 6]8.3 68.3 173.4 5Q,000 ... ....... 0.4 0.7 1'.4 2.0 2.8 3.3
200, ...... e 51.9 5191 61.9 5|1.9 51.9 8191 75,000 .. ....... 0.3 0.5 1.2 16| 23 2.7
§00 ........0 ... 30,1730 | 301 301 30.11] 328 "100,000 ... ..., 0.2 0.5 1.0 1.4 20| -23
F00 ............ {235 23.5 23.5 25.5 24.0 27.7 150,000 .. .-. . ... 0.14 0.4 0.8 1.1 1.6 1.9
1,000........... 17.7 17.7 17.7 1?.7 20.1 : 23.2 200,000 ........ 0.11 0.3 0.7 1.0 1.4 1.6
2,500........... 7.9 7.9 7.9 881 12.7 (| " 147 260,000 .. ..., .. 0.09 0.3 0.6 0.9 1.3 1.5
§000.........:. | 41 | 41 ‘a5] 62 90| ‘104 300,000........ 007)-03| o6 08| 12| 13
10,000.......... 2.1 2.1 3.2 4;-.4 6.4 ; 7.3 | 400,000 ... .. ... 0.05 0.2 0.5 0.7 1.0 1.2

.26,000.......... 0.9 0.9 2.0 2|.8 40| K 4.8 500,000 ........ 0.04 0.2 0.6 0.6 0.9 - 1.0

L | B . K .
'Standard errors are presented to the nearest one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one percentage
point; in those cases, the standard error is shown to the' nearest one-hundredth of one percentage point. For estimates’ pertaining to new comstruction, the stand-
ard errors shown in the table should be multiplied by a falctor of 1.2. .. .

'
v

1’ .
b
|

|
I
| !
|

TABLE IV. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated

Percentages of 1977-1981 Lost Hous;ing Units for’ttha Balqnca (Not in Central City) of the Detroit, Mich., SMSA

{68 chances out of 100)

) Estimated perci's-ntage‘ ’ ' ' " ' Estimated percentage’
Base of - — — : Base of
percentage 0 or |"1or Bor |10 !or 25 or 50 percentage 0 or 1or Sor | 100r | 26 or 50
100 { 99 95 | 90 75 | 100 | 99 95 | 90 75 ;
| .

R . . i . : . .
100 ..., .. 79.0 | 79.0| 79.0 | 79/0| 840 | 87.0| 150,000 ........ 0.3 05] 11 1.5 2.2 2.5
200 ........ ....|65.3 | 65.3 | 65.3 65.‘3 65.3 68.6_ 200,000 ........ 0.2 04| 0.9 1.3 1.9 2.2
BOO ........: ... |429. | 429 429 42.'9 42.9 43.4 | 250,000 ..,...... 0.2 0.4 0.8 1.2 1.7 1.9
700 ............ 34.9 | 34.9 | 34.9 34.!9 34.9 36.6 300,000 ........ 0.13 0.4 0.8 1.1 1.5 1.8
1,000, ........... 27.3 | 27.3 | 27.3 2').!3 27.3 30.7 | 400,000 ........ | 0.09 0.3 0.7 0.9 1.3 1.5
2500........... 13.1 |-13.1 ] 13.1 | 1311 | 18.8 19.4 [ 500,000 ........ | 0.08 0.3 0.6 0.8 1.2 1.4
85000........... 7.0 7.0 70| 82| 119 i3.7 600,000 ........ | 0.06 0.2 0.5 0.8 1.1 1.3
10,000.......... .3.6 3.6 4.2 5.8 84} 8.7} 700000 ........ 0.05 0.2 0.5 0.7 1.0 1.2
25,000.......... 1.5 1.5 2.7 3.|7 5.3 6.1 800,000 ........ 0.05 0.2 0.5 0.7 0.9 J141
50,000.......... 0.7 0.9 1.9 2.16 3.8 .43 900,000 ........ " 0.04 0.2 04 0.6 0.9 1.0
75000.......... 0.5 0.7 1.5 2.;1 3.1 2.5} 1,000000..... .. 0.04 0.2 041 06 0.8 1.0
100,000......... 04 | “0.6 1.3 1.? 2.7 3.1 1,100,000....... | 0.03 0.2{ 04 0.6 0.8 - 0.9

. " - L e L i N o) . R .
'Standard errors are presented to the nearest one-tenth.of one percentage point except when the standard error is less than fifteen-hundredths of one percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction, the stand-

ard errors shown in the table should be multiplied by a factldr'of 1.1. -

E.
i
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15

SMSA’s in this report series (H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey {AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA's selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA’'s selected for interview during
1981 were interviewed previously in 1974 (1975 for Madison,
Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report).

The three largest SMSA’s {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.) in the 1981 group of SMSA’s were
represented by a sample size of 15,000 designated housing units
inthe 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s (Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.: Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.} in
the 1981 group were represented by a sample of 5,000
designated housing units in the 1974 {1975 for Madison, Wis.)
and 1977 surveys distributed proportionately between the cen-
tral city and balance of the respective SMSA based on the
distribution of total housing units in each sector,

n the 1974 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units being

interviewed each month. Due to budget limitations, pénel 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
todrop panels 1, 2, 4, 5,9, 11, and 12 from the Boston, Mass.;

_Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA's and

panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’s .
and by one-fourth for the other 12 SMSA’s.. '

The interviewing was done far the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA's during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,780 housing units were eligible for interview.
Of these sample housing units, 182 interviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
na informed respondent could be found after repeated visits. In
addition to the 4,780 housing units eligible for interview, 341
units were visited but were not eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc.

Designation of sample housing units for the 1981 survey— The
sample housing units designated to be interviewed in the 1981
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survey consistad of the following categories which are
described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977
survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
(i.e., units not eligible for interview at the time of the survey
but which could become efigible in the future} in the 1977
survey and remained in sampile after the 1981 panel reduc-
tion. {For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS .questionnaire, page
App-20.}

3: All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.}

4, All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 19277 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the original'AHS-SMSA sample — The sample for the
SMSA’s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames —housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices (the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census (the new construction universe}. In ad-
dition, the sample for those SMSA's which were net 100-percent
permit-issuing in 1970 included a sample selected from a third
frame—those housing units located in areas not under the
jurisdiction of permit-issuing offices {the nonpermit universe}.
In 1970, the following five SMSA's were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA's contain a sampte from the non-
permit universe. '

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sampte for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA’s, the overall sampling rate differed for the central city
and the balance of tha SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected .
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned 1o 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table:

Tenure
Househald Owner— Renter—
income Family size Family size
12345+ 12345+

Under $3,000 . ... ..
$3,000 to $5,999 . ..
$6,000 to $9,999 ...
$10,000 to $14,999 .
$15,000 and over . . .

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of ‘the 4 vacant strata for
either the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one--
half of the desired sample size. However, whenever a record was
selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED} within the central city and
within the balance of the SMSA. A sampte of special place
records was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universe). The sample selection from
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the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the list of permits was chronologically stratified by the date the
permits were issued, and clusters of an expected four {usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA's which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices {i.e., the nonpermit universe). The first step in the’
sampling operation for the nonpermit universe was the selec-
tion {using the overall sampling rate) of a sample of census
enumeration districts within these areas. Prior to this sample
selection, the ED's were stratified by census tract within the cen-
trat city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size. '

Group quarters popdiation in
1970 census ED
3

Number of housing units in  +
1970 census ED

4

The sample ED's were then divided into segments: i.e., small
land areas with well-defined boundaries having an expected size
of four, or a multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-
ple housing units.

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumerated in the 1970 census as well

as housing units built since the 1970 census are included. .

1977-1981 additions to the housing inventory—In the permit-
issuing universe, a sa}nple of new construction building permits,
issued since the 1977 survey, was selected to represent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1870-1977 new construction sample, which were
described previously. In the nonpermit universa, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvement
Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universes. The coverage
deficiencies included the following units:

1. New construction from building permits issued prior to
January 1970, but completed after Aprit 1, 1970.

2. Mobile homes placed in parks either missed during the
1970 census or estabiishéd since the 1970 census.

3. Housing units missed in the 1970 census. .

4. Housing units converted to residential use that were
nonresidential at the time of the 1970 census.

4]

5. Houses that have been moved onto their present site
since the 1970 census. ‘

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA’s was previously interviewed in 1974

" {1975 for Madison, Wis.) and 1977. The Coverage Improvement

Program was conducted as part of the 1977 AHS with the
Anahsim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA’s receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage.improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA's, estimates of housing units added by
a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981.

Coverage improvernent for deﬁcien}:y 71— A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMSA’s, Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second‘stage was a sample of the 19692 permits within each
of the selected permit offices. In the Fort Warth, Tex., SMSA,

. an additional sample of 1968 permits for three-or-more-unit

structures was included in the second-stage sampiing. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.:
and Wichita, Kans.

In the remaining 9 SMSA's, units whose permits were issued
before January 1870, but which were completed after April
1970, were identified from the Survey of Construction (SOC},
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 5,060 new construction units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiency 2 —In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by
the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represente'd the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 2,503
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-6 —The remaining
missed units were sampled by one of two procedures. The first
ptocedure was designed to represent units from the following
types of missed structures {structures that had no chance of
selection for the AHS): ‘

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hoockup but were occupied by persons
with a usual residence elsewhere. ‘ )

4. Houses that had been moved onto their present site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24. Then, succeeding
structures in a defined path of trave! to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
" tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHBS. These missed units
were:

3

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the muitiunit structure selected above, all

housing units were listed and matched to the 1970 census. Any

missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA's did not
receive application of the second procedure. The Dallas, Tex.;
Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa., SMSA's did
not receive application of either procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dailas, Tex.; Minneapalis-St. Paul, Minn_;
Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had the first
pracedure completed as part of the 1981 Coverage Improvement
Program. The remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program.

The first procedure added an estimated 9,538 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 299 housing units.

1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventory (i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
either 20-, 15-, or B-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1. '

ESTIMATION

The 1881 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview (i.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 {i.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA’s, a two-stage ratio estimation procedure for the Detroit,
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA's.

Prior to the implementation of the ratic estimation procedures,
the basic weight {i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Weighted coum of interviewed A Weighted count of noninterviewed
housing units + housing units

Weighted count of interviewed housing units
1

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or moare of the different strata used in the stratifica-
tion of the universe as previously described). In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
coverage improvement universe, and ane noninterview cell for
other sample housing units from both the nonpermit universa
and the coverage improvement universe {if units were not in-
cluded in any of the previous cells).

The following ratio estimation procedure was employed for
all sample housing units from the permit-issuing universe. This
factor was computed separately for all sample housing units
within each permit-issuing universe noninterview call men-
tioned previously. The ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from the permit-issuing universe in the
corresponding cell

AHS sample estimate of 1970 housing units from the permit-issuing universe
in the corrasponding cell

For each SMSA, the numerators of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation caiegories
using the existing weight (i.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight for each sample heousing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
fram the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.: and
Washington, D.C.-Md.-Va., SMSA's. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new censtruction housing units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution.

This ratic estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector {central city or balance of the SMSA]).
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction hbusing units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction {(SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector (central city and balance} for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
fallowing:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corresponding sectar of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA’s. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demoli-
tion permits.

The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estimate) were compared 1o the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 156 SMSA's and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash,; Tacoma, Wash.; and Washington, D.C.-Md .-
Va., SMSA's, .

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Beston,
Mass.; and Minneapoiis-St. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’'s, the independent
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1870 central city/balance SMSA def_inition were
used.

The computed ratio éstimation factors for the central city and
batance of the SMSA’s were then applied to the existing weight
for all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA’s, the sample estimates were
used as the final weight for tabulation purposes, These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's.

The effect of the total housing unit ratio estimation procedure,
as well as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981 lost housing
units (housing units removed from the inventory} estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1881 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units,

1977 estimation procedure —This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
. characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sam'pling
errars associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume
|, Housing Characteristics for States, Cities, and Counties, Part 120

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about ™
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwilliﬁgness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not:
unique to sample surveys since they can, and do, occur in com-
plete censuses as well.

Obtaining. a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
astimates —'‘coverage’’ and “‘content’’ errors. The ““coverage’’
errors determined how completely housing units were counted
in the census and the extent to which occupancy'status was
erroneously reported. The “‘content’’ errors measured the ac-,
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviéws, record checks, and ather
surveys. ‘ )

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1870
Census, and PHCI(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA —Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the resuits are presented in the Cen-
sus Bureau memorandum, ‘‘Reinterview Results for Annual
Housing Survey —SMSA Sample: 1977.”

Coverage errors—In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional (non-maobile home} new con- -
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-
sarily represent missed housing units. Due to the relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have been eligible for in-
terview. In addition to’these deficiencies, new construction in
special places that do not require building permits, such as
mifitary bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies. It appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage improvement section of this
appendix) was not very effective in finding nonresidential con-

versions. Such conversions were primarily in business districts, |

whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED's where area sampling methods
are used. It had been assumed that all housing units located
inside these ED's would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 survey, the number
of missed housing units may be considerably less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned; i.e.,
it adjusts to the best available estimate. However, biases of sub-
totals would still remain.

Rounding errors —For errors associated with processing, the
rounding of estimates introduces another source of errar in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significant relative to the
sampling error only for small percentages or small medians when
these figures are derived from relatively large bases (e.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-

" ing the results of the survey.

Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.
- One common measure of the sampling error is the standard
error, As calcutated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each of these
survayed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples. :

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples. '

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval.

The figures presented in the tables that follow (page App-51)
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
‘characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977, | ]

Table | (page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units {(housing units removed from the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
18,943 for the total SMSA, 7,926 for the central city of the
SMSA, and 17,205 for the batance of the SMSA.

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total uponr which the percentage is based. Estimated per--
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more.

Table !l .(page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well
as estimated percentages of the 1977-1981 lost housing units
(housing units removed from the inventory). TWo-way interpaola-
tion should be used to determine standard errors for estimated
percentages not specifically shown in table i,
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Included in"tables | and |l are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered as overestimates of the true standard

errors and should be used primarily for construction of confidence -

intervals for characteristics when an estimate of zero is obtained.

For ratios, 100 {x/y}, where x is not a subclass of y, tables
Il through IV underestimate the standard error of the ratio when
there is little or no correlation between x and y. For this type
of ratio, a better approximation of the standard error may be ob-
tained by letting the standard error of the ratio be
approximately equal to:

(100) (—"—)

Y

where: x = the numerator of the ratio
y = the denominator of the ratio

g, =the standard error of the numerator
oy = the standard error of the denominator

Hlustration of the use of the standard error tables —Table A-1
of part A of this report shows thatin 1981 there were 232,300
owner-occupied housing units in this SMSA. Interpolation us-
ing table | of this appendix shows that the standard error of an
estimate of this size is approximately 4,920. The following in-
terpolation procedure was used.

The information presented in the following table was extracted

from table I. The entry for ''x’" is the one sought.

Size of estimate Standard error
200,000 . .. .. SR ' 4,510
232,300 . ... ... X
250,000 ........ ... .... 5,180

The entry of ''x’* is determined as follows by vertically inter-

polating between 4,510 and 5,150.

232,300-—200,000 = 32,300
250,000—-200,000 = 50,000
32,300

4,510+ ———— (5,1560—4,510} =4,920
. 50,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 227,380 to 237,220 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 224 430 to 240,1 70 hous-
ing units with 90 percent confidence; and that the average

estimate lies within the interval from 222,460 to 242,140 hous»
ing units with 95 percent confidence. -
Table A-1 of part A also shows that of the 232 300 owner-
occupied housing units, 63,200, or 27.2 percent, had two .,
bedrooms. Interpotation using table {l of this appendix (i.e., .,
interpolation on both the base and percent) shows that the,
standard error of the 27.2 percent is approximately 0.8 ‘_
percentage points. The following. |nterpolat|on procedure was,
used. o
The information presented in the following table was extracted

from table ll. The entry for *'p"’ is the one sought. | . 44
Estimated percentage - '?':5\.;

Base of percentage -

25 or 75 27.2 50

: : ' Lot

200,000 .......... . 0.9 a 1.1

232,300 .......... p ;

250,000 .......... c.8 b , YO«

1. The entry for cell “‘a’’ is determined by horizontal interpola- -
tion between 0.9 and 1.1. .

27.2—25.0= 2.2~
50.0—25.0=25.0 e

2.2
0.9+ —(1.1-09)=
25.0( )

2. The entry for celi *’b’’ is determined by harizontal interpola-
tion between 0.8 and 1.0,

27.2—-25.0=2.2
50.0-25.0=256.0

0.8+ —23 {(1.0-0.8)=
250 -

3. The entry for “'p’’ is then determined by vertical interpola-

tion between 0.9 and 0.8.

232,300-200,000= 32,300
250,000—200,000 = 60,000
32,300

0.9+ —_—__— (0.8-0.9}=
50,000 '

Conseguently, the 68-percent confidence interval, as shown by
these data, is from 26.4 to 28.0 percent; the 90-percent con-
fidence interval is from 25.9 to 28.5 percent; and the 95-percent
confidence intervat is from 25.6 to 28.8 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’s or the dif-
ference between separate and uncorrelated charactetistics in the
same SMSA. If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics.

lilustration of the computation of the standard esror of a
difference—Table A-1 of part A of this report shows thatin 1981
there were 131,200 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing units with three

badrooms is 68,000. Table | shows the standard error of 63,200 .

is approximately 2,370, and the standard error of 131,200 is

approximately 3,530. Therefore, the standard error of the .

estimated difference of 68,000 is about 4,250.

4,250.= +/ (2,370)2 + (3,530)

Consequently, the 68-percent confidence interval for the 68,000
difference is from 63,750 to 72,250 housing units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range cormputed in
this way, would be correct for roughly 68 percent of all possi-
ble samples. Similarly, the 90-percent confidence interval is from
61,200 to 74,800 housing units, and the 95-percent confidence
interval is from 59,500 to 76,500 housing units. Thus, we can
conclude with 95 percent confidence that the number of 1981
owner-occupied housing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
since the 95-percent confidence interval does not include zero
or negative values. ’

Msdians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that the average median from
all possible samples lies within the interval. The following pro-
cedure may be used to estimate confidence limits of a median
based on sample data:

1. From table Il, determine the standard error of a 50-percent

characteristic on the base of the median.
2, Add to and subtract from 50 percent, the standard error
determined in step 1.

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established in step 2. To find the lower endpoint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
nacessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would fie between these two values.

Hustration of the computation of the 95-percent confidence in-
terval of 8 median—Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.7. The base of the distribution from which this median was
determined is 232,300 housing units. :

1. Interpolation using table ll shows that the standard error
" of 50 percent on a base of 232,300 is approximately 1.0
percentage points.

2. To obtain a 95-percent confidence interval on the estimated
median, initially add to and subtract from 50O percent twice
the standard error determined in step 1. This vields per-
centage limits of 48.0 and 52.0

3. From the distribution for ‘persons’’ in table A-1 of part A,
the interval for owner-occupied housing units with three per-
sons {for purposes of calculating the median, the category
of three persons is considered to be from 2.5 to 3.5 persons)
contains the 48.0 percent derived in step 2. About 104,100
housing units or 44.8 percent fall below this interval, and
52,100 housing units or 22.4 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

(48.0-44.8) _
22.4

2.5 + (3.5—-2.5) 2.6

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.0 percent derived in step 2.
About 104,100 housing units or 44.8 percent fall below this
interval, and 52,100 housing units or 22.4 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

(52.0—44.8) _

2.
22.4 8

2.5 + {3.5—-2.5)

.

Thus, the 95-percent confidence interval ranges from 2.6 to
2.8 persons.
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TABLE i. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number. of
1977-1981 Lost Units for the Fort Worth, Tex.. SMSA, for the Central City of the SMSA and for the Balance (Not in Central City)

of the SMSA

{68 chances out of 100)

H

Standard error! Standard error’ s

. L LK

eiltTren:tfe ’ I Not in eil;ri:tfa n Not in. ="

SMSA central central SMSA central ‘central

city city city city g
0. 80 BO | 100 ] 25000, ............ 1,470 1,360 1,620
100.......... . ..., 80 90 100] 50,000............. 2,100 1,850 2,400
200. ... ... ... ..., 130 130 140 75,000............. 2,610 2,190 3,050
800 .............1.. 200 200 2201 100,000............ 3,050 2,420 3.680
700.. ... ... .. ... .. 240 230 260 | 150,000 ............. 3,820 2,700 4,780
1000 ... ... 290 280 310 200,000.......... . 4,510 2,780 5,850
2500 .. .. .. ... 460 440 490 | 250,000 ............ 5,150 - “Y8:;890
5000 .............. 650 620 700 | 300,000............ 5,760 - -
10,000 ............. 920 880 1,000 | 400,000............ 8,910 - —

'For estimates pertaining to new construction, the standard errors shown in the table should ba multiptied by a factor of 1.2 for the total SMSA, 1.1 for the central
city and for the balance (not in central city) estimates. For astimates pertaining to lost units, the standard errors should be muitiplied by a factor of 1.1.

3

TABLE Il. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages
of 1977-1981 Lost Housing Units for the Fort Worth, Tex., SMSA, for the Central City and for the Balance {Not in Central City)
of the SMSA -

b

{68 chances out of 100)

-
Estimated percentage’ Estimated percentage’
Base of Base of
percentage 0or 1 or S50r | 100r | 25 or 50 percentage Oor 1or 5ar | 10or | 25 or 50
100 99 95 90 756 100 99 | 9% 90 75

100 ............ 49.0) 49.0 | 49.0 | 49.0] 49.0 48.0 | 50,000 ......... 0.2 0.4 1.0 1.3 1.9 2.2
200 . ..o 324 | 324 3241 324 324 346 75000 ......... 0.13 0.4 0.8 1.1 1.5 1.8
8500 . ........... 16.1 ] 16.1 16.1 | 161 19.0 21.8 1 100,000 ........ 0.10 0.3 0.7 0.9 1.3 1.5
700 .. ... L. 121 121 1 12.1 | 121 16.0 18.6 | 150,000 ........ 0.06 0.3 0.6 0.8 1.1 1.3
1,000........... 8.8 8.8 8.8 9.3] 13.4 156.5 { 200,000 ........ 0.05 0.2 0.5 0.7 0.9 1.1
2,500........... 3.7 3.7 4.3 5.9 85 9.8 250,000 ........ 0.04 0.2 04| 06 0.8 1.0
5000........... 1.9 1.9 3.0 4.2 6.0 6.9 300,000 ........ 0.03 0.2 0.4 0.5 0.8 0.9
10,000, ......... 1.0 1.0 21|29 4.2 4.9 | 400,000 ..... ... 0.02 0.2 0.3 0.5 0.7 0.8
25000.......... 0.4 0.6 1.4 1.9 2.7 3.1

'Standard errors are presentad to the nearest one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one percentage point;
in these cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to naw construction, the standard errors
shown in the table should be multiplied by a factor of 1.2 for the total SMSA, 1.1 for'the central city. and for the balance {not in central cityl. For estimates pertaining
to lost units, the standard errors should be multiplied by & factor of 1.1.
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SAMPLE DESIGN

Anndal Housing Survey—The estimates for each of the 15
SMSA’s in this report series (H-170-81} are based on data col-
Iectetlj from the 1981 Annuat Housing Survey (AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA’s selected for the AHS are interviewed on a rotating
basis: The group of 156 SMSA’s selected for interview during
1881 were interviewed previously in 1974 (1975 for Madison,
Wis.). end 1977 (see the list of SMSA reports from the AHS in
the: mtroductlon of this report},

The three largest SMSA’s (Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.) in the 1981 group of SMSA's were
represented by a sample size of 15,000 designated housing units

in the 1974 and 1977 surveys evenly divided between the cen-.

trai crty and the balance of the respective SMSA. The 12 remain-
ing SMSA's {Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex,; Forth Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Mll'll"l Newark N.J.; Orlando, Fia.; Phoenix, Atiz.; Pittsburgh,
Pa. .TSpokane Wash.; Tacoma, Wash.; and Wichita, Kans.} in
the ;1981 ‘group were represented by a sample of 5,000
desrgnated housing units inthe 1974 (1975 for Madison, Wis.)
and 1977 surveys distributed proportionately between the cen-
tral city and balance of the. respective SMSA based on the
dlstnbutron of total housing units in each sector.

in the 1975 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units bsing

1

o

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA's for the 1977 survey. Due to addltlonal
budget limitations for the 1981 survey, it also became necessary
todroppanels 1,2, 4,5, 9, 11, and 12 from the Boston, Mass.:
Detroit, Mich.; and Washington, D.C.-Md.- -Va., SMSA's and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’ 5
and by one-fourth for the other 12 SMSA’s. '

The interviewing was done for the three largast SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month, The
interviewing was done for the remaining 12 SMSA's durmg the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,287 housing units were eligible for interview.
Of these sample housing units, 65 interviews were not
obtained because, for occupied sample units, the occupants,
refused to be interviewed, were not at home after repeated vrsrts,
or were unavailable for some other reason; or, for vacant units, .
no informed respondent could be found after repeated visits. In
addition to the 4,287 housing units eligible for interview, 312
units were visited but were not eligible for interview because.
they were condemned, unfit, demolished, converted to groupg
quarters use, etc.

Designation of sample housing units for the 1981 survey—The
sample housing units designated to be interviewed in the 1981

i
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survey consisted of the following categories which are
described in detail in the succeeding sections. ‘

1. All samplé housing units that were interviewed in the 1977
survey and remained in sample after the 1981 pane!
reduction.

2. All sample housing units that were type A noninterviews
(i.e., units eligible to be interviewed) or type B noninterviews
(i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App-20.)

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel

reduction. {This sample represented the housing units built :

in permit-issuing areas since the 1977 survey.)

4, Al sample housing units ‘that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey. )

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage improvement Programs. (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the original AHS-SMSA sample —The sample for the
SMSA's which, in 1970, were 100-percent permit-issuing was
selected from two sample frames — housing units enumerated

in the 1970 Census of Population and Housing in areas under’

the jurisdiction of permit-issuing offices {the permit-issuing
universe} and housing units constructed in permit-issuing areas
since the 1970 census {the new construction universe). In ad-
dition, the sample for those SMSA’s which were not 100-percent
permit-issuinlg in 1970 included a sample selected from a third
frame —those hbusing units -located in areas not under the
jurisdiction of permit-issuing offices (the nonpermit universe).
In 1970, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe.

Sampling operations, described in the following paragraphs,
wetre performed separately within the central city and the baiance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.

-The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-

.tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector.

The major portion of the sample in sach SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)

and the vacant records were stratified into four categories per--

taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified

so that each unit was assigned to 1 of 50 strata according to .

its tenure, family size, and household -income category as
illustrated by the following table:

AY

Tenure
Household Owher— Renter—
income Family size Family size
12345+

12345+

"$15,000 and over . ..

Under $3,000 ......
$3,000 to $5,999...
$6,000 to $9,999 . ..
$10,000 to $14,999 .

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
either the central ¢ity or for the batance of the SMSA. A sample
selection procedure was then instituted that wouid'produce one-
half of the desired sample size. However, whenever a record was
selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city and
within the balance of the SMSA. A sample of special place
racords was then selected by a procedu‘re that pfoduced one-

quarter of the desired sample size. "However, at the time of the -

survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.
The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970

-{i.e., tha new construction universe}. The sample selection from
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the- list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the Ilst of permits was chronologically stratified by the date the
permlts were issued, and clusters of an expected four {usually
adjecent) housing units were formed. These clusters were then
semp!ed for inclusion at the overall sampling rate.-

For those SMSA’s which were not 100-percent permit-issuing,
the remalnder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e.. the nonpermit universe). The first step in the
sampling operation for the nonpermit universe was the selec-
tion"(using the overall sampling rate) of a sample of census
enumeration districts within these areas. Prior to this sample
selectlon. the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size.

. ' Group quarters population in

Number of housing units in  + 1970 census ED
1970 cansus ED 3

4

The eample ED’s were then divided into segments; . e., small

land. areas with well-defined boundaries having an expected size-

of four, or a multiple of four, housmg units. At the time of the
survey. those segments that did not have an expected size of
four’ were further subdivided to produce an expected four sam-
ple housmg units.

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumerated in the 1 970 census as well
as hou‘sing units built since the 1970 census are included.

1977 1981 additions to the housing inventory —In the permit-
|ssu1ng universe, a sample of new construction buﬂd:ng permits,
issued since the 1977 survey, was selected to represent hous-
ing umts built in permit-issuing areas since the 1977 survey.
Sampllng procedures were identical to those used in selectsng
the 1970 1977 new construction sample, which were
descrlbed previously. In the nonpermit umverse sample
segments were dependently recanvassed, using listing sheets

from 1977 to |dent|fy any housing units missed in the 1977-

survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvement
Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universes. The coverage
deficiencies included the following units:

1. New construction from building permits issued prior to
January 1970, but completed after April 1, 1970.

2. Moblle homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Ho‘_us:ing units missed in the 1970 census. -

4. Housing units converted to residential use that waere
nonresidential at the time of the 1970 censis.

‘Dallas, Tex.; Minneapolis-St.

i

5. Houses that have been moved onto their presant sne
since the 1970 census. C oy

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA's was previously interviewed in 1974
(1975 for Madison, Wis.) and 1977. The Coverage Improvement
Program was conducted as part of the 1977 AHS with the'
Ansheim-Santa Ana-Gardén Grove, Calif.; Dallas, Tex.:
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane
Wash., SMSA's receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Paul, Minn.; Pittsburgh, Pa.;
and Spokane, Wash., SMSA's, estimates of housing units-
added by a specific procedure reflect units added in the prior

- year as well as any additions that resulted from the updating

and refining in 1981,

Coverage improvement for deﬁciency; T —A sample of new can-,
struction units, whose permits were issued before January 1970,.
but completed after April 1970, was selected for each of the
15 SMSA's. Two different procedures were used. For the first.
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures'were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sampie {regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units. .
The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each'
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the

third stage, structures of size three or more units were divided :

into clusters of an expected size of two units and a sample of

clusters was selected. This procedure was employed in the -

following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining 9 SMSA’s, units whose permits were issued
before January 1970, but which were completed after April

1970, were identifiod from the Survey of Construction {SOC},

of the Census. These units were then sampled at one-third the

" a survey of building permits conducted monthly by the Bureau

rate of regular AHS units. Since permits were not available for |

all sampled offices, this procedure was also used in parts of the

Anaheim-Santa Ana Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 903 new construction units to the coverage of the

housing inventory of this SMSA.

Covarage improvement for deficiency 2—In permit-issuing

areas, a sample of mobile homes placed in a park that was missed

by the census or established after the census was selected in .
two stages. First, a sample of tracts was selected and can- '

vassed. All parks were listed and then matched back to the 1970
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census 1o identify parks missed by the census and parks
established after the census. Second, the parks were divided
into clusters of an expected size of four sites and a sample of
clusters was selected and interviewed. Each of the sample units
reprasentad the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 134

units to the coverage of the housing inventory of this SMSA.

Coveraga improvement for deficiences 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures (structures that had no chance of
selection for the AHS):

1. Structuras missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since

the 1970 census and have a utility hookup, or were on the °

. site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
(excluding the sample unit structure) were found that had been
eligible to be selacted for the AHS, Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970,

First, a subsample of AHS housing units in-multiunit structures
of lass than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procadhres during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedurs, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.;: and Spokane, Wash., SMSA’s. These SMSA’s did
not receive application of the second procedure. The
Dallas, Tex.; Minneapolis-St. Paul,"Minn.; and Pittsburgh, Pa.,
SMSA’s did not receive application of either procedure during
the 1977 Coverage Improvement Program. The Anaheim-Santa

Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul,
Minn.; Fittsburgh, Pa.; and the Spokane, Wash., SMSA'’s had
the first procedurs completed as part of the 1 981 Coverage Im-
provement Program. The remaining 10 1981 SMSA's received
the full application of both procedures as part of the 1977
Coverage lmprovemerit Program.

The first procedure added an estimated 1,682 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedurs added an estimated 45 housing units.

1970 Census of Population and Housing—The estirﬁatéé per-
taining to the 1970 housing inventory (i.e., the housnng mven-'
tory that existed at the time of the 1970 census) aré based on’
gither 20-, 15-, or 5-percent sample data collected in April 1870
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Charactaristics for States, Cities, and Coun-
tigs, Part 1.

ESTIMATlON

Tha 1981 AHS sample produced two types of estlmates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview {i.e., the 1981 hous-
ing inventory} and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 (l e.,
1877-1981 lost units}. Each type of estimate emploved separate,
although similar, estimation procedures.

1981 housing Inventory— The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim- Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA's, a two-stage ratio estimation procedure for tha Detroit,
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA's.

Prior to the implementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Weighted count of interviewed

Weighted count of noninterviewed
housing units + .

housing units

Waeighted count of interviewed housing units

Within each sector of each SMSA, a noninterview. factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of tha differant strata used in the stratifica-
tion of the universe as previously described).’In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new constiuction sam-

_ple housing units from both the nonpermit universe and.the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit univérse and the
coverage improvement universe, and one noninterview ceil for
other sample housing units from both the nonpermit universe
and the coverage improvement.universe (if units were not in-
cluded in any of the previous cells).

The following ratio estimation procedure was employed for
all sample housing units from the permtt-lssumg universe. This
factor was computed separately for all sample housing units

,wuth:n each’ permit-issuing universe noninterview cell men-
tloned prevnously The ratio estimation factor for each cell was
equagl to the following:

1970 census count of housing units from the permit- issuing universe in the
; corresponding cell

AHS sample estimate of 1970 housing units from the permit-issuing universe
in the corresponding cell

For each SMSA, the numerators of the ratios were obtained from
the 1970 Census of Population.and Housing 20-percent file of
housmg units enumerated in areas under the jurisdiction of
Permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
unlts’ within the corresponding ratio estimation categories
usmg the ‘existing weight (i.e., the basic weight times the
nomnterwew factorl. The computed ratio estimation factor was
then eppl:ed to the existing weight for each sample housing unit
wnthm the corresponding ratio estimation category

Thls ratio éstimation procedure was introduced to correct the

probablhtles of selection for samples in each of the strata used
in the sample selection of the permit- issuing universe. Prior to
the AHS sample selection within each” SMSA, housing units
alre[ady selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probabul:ty of selec-
tion was then applied to the remaining units to select the AHS
sample Since the number of housmg units deleted from the AHS
unlverse frame was not necessanly proportlonai among all strata,
-some 'variation in the actual pl‘ObabllltV of selection between
strata were introduced during the AHS sarnple selection process.
The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Minn.; Newark, N.J.;
Plttsburgh Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va., SMSA’s. This procedure was utilized
to ad;ust the central crty/balance distribution of the weighted

sample astimate of new construction housing units built since:

the last survey in permit-issuing areas to an independently
denved estimate of this distribution.

Thss ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit- |ssumg areas within
the correspondlng sector {central city or balance of the SMSA).
This: retlo estimation factor equaled the following:

independant estimate of the proportion of new construcnon hnusmg
units from permit- issuing areas built since the last survey in the
1 corresponding sector, of the SMSA
1]
Sample estimate of the proportion of new construction housmg units
from permit<issuing .areas built since the last survey in the ’
) corresponding sector of the SMSA

l'

The independent estimates of new construction were baséd
upon the number of authorized building permits which were
determined from the Survey of Canstruction (SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratic estimation factor | was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in' 10
SMSA’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-

ing inventory in each sector (central city and balance) for each -

SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following:

Independent estimate of the August 1981 housmg unit inventory
for the corresponding sector of the SMSA i

AHS-SMSA sample estimate of the housing inventory fof the
corresponding sector of the SMSA

The independant estimates of total housing units that were
used as the numerator of this ratio are described below. The

denominator of this ratio was obtained from the weighted -

astimate of the AHS-SMSA sample housing units using the

existing weight.

Independent estimates of total housing units were derived for

.the central city, batance, and the total SMSA for each of the
15 1981 SMSA’s. These estimates were derived by using 1980
‘eensus counts in conjunction with estimates of change in the

housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estrmates of
new construction permit authorizations and post-census demoll-
tion permits.

The sample estimates of total housing units after the permit
new construction ratio estimation {i.e., the existing sample
esnmate} were compared to the corresponding mdependent
est:mates for the central city, balance, and total SMSA for each
of the 15 SMSA's and the estirmate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the tatal SMSA were used in this
ratio estirnation. As a result of this analysis, these independenf
estimates were used in the Newark, N.J.; Pittsburgh, Pa.:
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's,

The remaining five SMSA’s used a combination of these in-'
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA's, the sample

estimate was used for the total SMSA. For the sectors, the sam-,

ple estimate of the total SMSA was proportioned between the

central city and balance according to the central catylbalancef

distribution of total housing units given by the independent
estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,

SMSA's, the independent estimats of units was used for the total:

SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the. central city and balance
according to the central city/balance distribution of total hous-'

ing units given by the sample estimates. Due to the central ci_ty:

4
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_boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA's, the independent
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflacted the 1870 central city/balance SMSA definition were

used.

The computed ratio estimation factors for the central mty and .

balance of the SMSA’s were then applied to the existing weight
for all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA'’s, the sample estimates were
used as the final weight for tabulation pUrpoSes. These SMSA's

included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
'Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA’s.

The effect of the total housing unit ratio estimation procedure, -
as well as the overall estimation procedures, was to reduce the '

sampling error for most statistics below what would-have been
obtained by simply weighting the results of the sample by the

inverse of the probability of selection. Since the housing popula-"-

tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improvéd when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing populatlon

1977-1981 lost housing units—The 1977-1981 lost housmg
units (housing units removed from the inventory) estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing'inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units. *

1977 estimation pracedure— This report presents data on the
housing characteristics of the 1977 housing inventory fram the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977. .

Ratio astimation procedure of the 1970 Census of Populatnon
and Housing—This report presents’ data on the housing
characteristics of the 1970 housing inventory from the 1870
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.

A detailed description of this ratio estlmatlon procedure can be
found in the 1970 Census of Housing report Volume I, Hous-
ing Characteristics for States, Cities, andi Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors assoclated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling
_errors associated with the sample estimates from the 1970 cen-
;8us can be found in the 1870 Census of Housing report, Volume
I, Housing Characteristics for States, Cities, and Counties, Pa_i-t 1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, respanse, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unigue to sample surveys since they can, and do, occur in com-
plete censuses as well.

Obtaining a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attampt was made to measure some of the nonsampling errors
associated with the estimatas for the 1970 Census of Popul(a-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census— A number of studies were conducted to measure

two types of general errors associated with 1970 census
estimates — “coverage’” and ‘‘content’’ errors. The ““coverage’
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously reported. The “content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record checks, and other
surveys. :

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-6, The Coverage of Housing in the 1870
Census, and PHC(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews. . '

AHS-SMSA—Results from the 1981 AHS-SMSA sample reinter-

view program were not available at the time this report was

being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, ‘‘Reinterview Results for Annual

Housing Survey —SMSA Sample: 1977.”
{

Coverage errors —In errdrs of coverage and estimation for miss-
ing data, the AHS new construction sample had deflclencles in
the representation of conventlonal {(non-mobile home) new con-
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new constructlon
in permit-issuing areas for thls SMSA However, the permits
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issue(d during the last 5 months of the survey do not neces-
sanly represent missed housing units. Due to the relatively short
tlme span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have been eligible for-in-
terview. In addition to these deficiencies; new construction in

special places that do not require building permits, such as’

military bases, are also not adequately presented. .
The Coverage Improvement Program also had certain deficien-
cles lt appears that the lrstlng procedure used to correct defi-
clencles 3-6 (ses the coverage improvement section of this
appendlx) was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a-residential unit.
D_efjciencies also exist in ED's where area sampling methods
are’used. It had been assumed that all housing units located
|n3|de these ED's would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
not listed durlng the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 survey, the number
of m|ssed housing units may be conmderably less for 1981,
The final ratio estimation procedure corrects for these defi-

cnenmes as far as the count of total housing is concerned: i.e., -

it adjusts to the best available sstimate. However, biases of sub-
totals would still remain, i : ,
Rounding ‘errors—For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the seventy of which depends on the statistics being
measured The effect of rounding is significant relative to the
sampllng error only for small percentages or small medians when
these flgures are derived, from relatively large bases (e.g.,
medlan number of persons per household). This'means that con-
fldence intervals formed from the standard errors given may be
dlstorted and this should be taken into account when consider-
ing the results of the survey ‘
1
|

Sampllng errors for the AHS SMSA sample-—The particular
eample used for this survey is one of a Ia.bs number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same- questionnaires,
mstructlons and interviewers were used, estimates from each
of the different samples would differ from each other. The

sambllng error of & survey estimate provides a measure of the.

variation among the estimates from all possible samples and
thus, |s a measure of the precision with which an estimate from
a semple approximates the average result of all possnble samples.

One common measure of the sampling error is the stanhdard
error As calculated for this report, the standard error reflects
the varlatron in the estimates due to sampling and nonsampling
errors but it does not measure as such, any systemat:c biases
in the data. Thersfore, the accuracy of the estlmates depends
on both the standard error, biases, and any additional non-

amplmg errors not measured. by the standard error. The
sample estimate and its estrmated standard error enable one to
construct interval | estlmates in: Whlch the mterval includes’ the

average result of all possible samples with a known probability.
For example, if all possible samples were selacted, each of thess
surveyed under essentially the same general conditions, and an

estimate and its estimated standard error were calculated from
each sample, then: ‘

1. Apprommetely 68 percent of the intervals from one
_standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples, :

2. Approximately 90 percent of the intervals from 1.6 standard
errors befow the éstimate to 1.6 standard errors above lthe
estimate . would include the average result of all possrble
samples.

3. Approximately 95 percent of the intervals from two

standard errors below the estimate to two standard errors

above the estimate would include the average result of all

possible samples. - ' .

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con:
structed interval. !

The figures presénted in the tables that follow lpages App- -51 l
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
aiso could be prepared at a maderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for anv
specific item. Standard errors applicable to estimates .of
cheracteristics of the 1977 housing inventory can.be found m
the AHS Series H-170 reports for 1977. |

Table | {page App-51) presents the standard errors app!lcable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977- 1981 lost
housing units (housing units removed from the inventory}. Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
4,676 for the total SMSA, 2,898 for the central city of the
SMSA, and 3,737 for the balance of the SMSA. .

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size:of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, pamcularly if
the percentages are 50 percent or more.

Table Il (page App-5t} presents the standard errors of. .
estrmated percentages for the 1981 housing inventory as well
as estimated percentages of the 1877-1981 lost housing units’
{housing units removed from the mventory) Two-way |nterpola-‘
tlon should be used to determlne standard errors for estlmated
percentages not speclflcally shown in table II. T
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Included in tables 1 and Il are estimates of standard errors for,
astimates of zero and zero percent. These estimates of standard
arrors are considered as overestimates of the true standard
errors and should be used primarily for construction of confidence
intervals for characteristics when an estimate of zero is obtained.

For ratios, 100 (x/y), where x is not a subclass of vy, tables
Il through IV underestimate the standard error of the ratio when
there is little or no correlation between x and y. For this type
of ratio, a better approximation of the standard error may be ob-
tained by letting the standard error of the ratio be
approximately equal to:

(100) (—’i)
Y
where: x = the numerator of ihe ratio
y = the denominator of the ratio

0, = the standard error of the numerator
o, = the standard error of the denominator

Iustration of the use of the standard error tables — Table A-1
of part A of this report shows that in 1981 there were 68,800
owner-occupied housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 1,230. The following
interpolation procedure was used.

The information presented in the following table was extracted

from table I. The entry for "'x"’ is the onesought.

Size of estimate Standard error

5O,000 ......... 1,100
68,800 ............. ... X
75000 ... ... 1,270

The entry of “’x"’ is determined as fo1low§ by vertically inter-

polating between 1,100 and 1,270.

68,800—50,000 = 18,800
© 75,000—50,000 = 25,000

18,800

1,100 +.
25,000

{1,270-1,100) = 1,230

Conseqguently, the 68-percent confidence interval, as shown by
these data, is from 67,570 to 70,030 housing units. Therefore,
a conclusion that the average estimate of 1981 owner-occupied
housing units (derived from all possible samples) lies within a
range computed in this way would be correct for roughly 68 per-
cent of all possible samples. Similarty, we could conclude that
the average estimate derived from all possible samples, lies
within the interval from 66,830 to 70,770 housmg units with

90 percent confldence. and that the average estimate lies wnthm ’

Py Y

the interval from 66,340 to 71,260 housing units with 95 per-
cent confidence. o

Table A-1 of part A also shows that of the 68,800 owner-
occupied housing units, 13,400, or 19.5 percent, had two
bedrooms. Interpolation using table Il of this appendix f{i.e.,
interpolation on both the base and percent} shows that the
standard error of the 19.5 percent is approximately 0.8
percentage points. The following interpolation procedure was
used.

The information presented in the following table was extracted‘

from table Il. The entry for “‘p’’ is the ane sought. 'f__“' ’. o

ti- NI E

Estimated percentage
- L
Base of percentage
10 or 90 19.5 25 or 75
50,000 ........... 0.7 a 1.0
68,800 ........... P
75,000 ........... 0.6 b 0.9

1. The entry for cell "a’’ is determined by horizontal‘interpola_-
tion between 0.7 and 1.0.

19.5—-10.0=9.5
25.0—10.0=15.0

9.5
0.7+ — {1.0-0.7}=
15.0( ’

2. The entry for cell b is determined by horizontal interpola-
tion between 0.6 and 0.9. ) S

19.6—10.0=9.5
25.0-10.0 = 15.0

P 9.5
0.6 + — (0.9—-0.6)=
15.0( )

3. The entry for "'p’’ is then determined by vertical interpola-+
tion between 0.9 and 0.8.-

68,800 50,000 = 18,800
75,000-50,000 = 25,000

18,800 0.8 S

0.9+ 22" (0.8—0.9)=
+ 75.000 | )

Consenjuently, the 68-percent confidence interval, as shown by *
these data, is from 18.7 to 20.3 percent; the 90- percent con-
fidence interval is from 18.2 to 20.8 percent; and the 95- percent
confidence interval is from 17.9 to 21.1 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates? The
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standard error of a difference between estlmates is approxi-
mately equal to the square root of the sum of the squares of
the' :standard error of each estimate considered separately. This
. formula is quite accurate for the difference between estimates
of the samg characteristics in two different SMSA’s or the dif-
ference between separate and uncorrelated characterlstlcs in the
same SMSA. If there is a high positive correlation between the
twa characteristics, theé formula will overestimate the true
stlandard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
N overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlatlon should be expected when maklng comparisons
between 1977 and 1981 characteristics.
1
mustrarton of the computation of the standard error of a
drfference Table A-1 of part A of this report shows that in 1981
there were 38, 600 owner-occupied housmg units with three
bedliooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housrng units with three
bedrooms is 25,200. Table | shows the standérd error of 13,400
is approxlmately 580, and the standard error of 38,600 is ap-
prommately 970. Therefore, the standard error of the estimated
dlfference of 25,200 is about 1,140.

i .
. 1,140 =/ (590)2

{970)2

Cdnseq:uently, the 68-percent confidence interval for the 25,200
dif'fe'renca is from 24,060 to 26,340 housrngj units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range computed in

this way, would be correct for roughly 68 percent of all possi-

{1 . . :
ble samples. Simitarly, the 90-percent confidence interval is from

23 380 to 27,020 housing units, and the 95-percent confidence
mterval is from 22,920 to 27,480 housing units. Thus, we can
conc!ude with 95 percent confidence that the number of 1981
owner occupied housing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
smce the 95-percent confldenca interval does not include zero
or negatlve values.
1 ! . . ‘ !
Medians—For medians presented in certain tables, the
sarhp'iing error depends on the size of the base and on the
distribution upon which the median is based, An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is & stated degree of confidence that the average median from
all posslble samples lies within the interval. The following pro-
_ cedure may be used to estimate confldence limits of a medran
based on sample data: :

1. From table Il determme the standard error of a 50- percent
characterlstlc on the base of the median.

2. Add to and subtract from 50 percent the standard error
de(termlned in step 1.

|

I3

3. Using_the distribution of the characteristics, deteriine
the confidence interval corresponding to the two points
established in step 2. To find the lower endpoint of the con-
fidence interval, it is necessary to know into which intervai
of the distribution the lower percentage limit falls. Slmllarly,
to find the upper endpoint to the confidence interval,’ it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intarvals could be different, although this will not happen very
often.

t

For about 68 out of 100 possible samples, the average median

from all possible samples would lie between these two values

A two-standard-error confidence interval may be determlned
by finding the values corresponding to 50 percent plus and mlnus
twice the standard arror determined in step 1. For about 95 out
of 100 possible samples the average median from all possrble
samples would lie between these two values. - ‘

I
!

Illus;‘ration of the compu_tatr’on'of the 95-percent confidence in-
terval of a median— Table A-1 of part A of this report shows the
median number of persons for owner- occupied housing units i is
2.8. The base of the distribution from which this median was
determined is 68,800 housing units.

1. Interpolation using table Il shows that the standard error
of 50 percent on a base of 68,800 is approxrmately 1 O
percentage points.

2. To obtain a 95-percent confidence interval on the estimated
_median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 48.0 and 52.0 . ’

3. From the distribution for “persons’’ in table A- 1 of part A,
the interval for owner-occupied housing units with three per-
sons {for purposes of calculating the median, the category
of three persons is considered to be from 2.5t03.5 persons)

-contains the 48.0 percent derived in step 2. About 31 ;000
housing units or 45.1 percent fail below this interval, and
13,100 housing units or 19.0 peréent fall within this inter;
val. By linear interpolation, the lower limit of the 95- percent
confidence interval is found to be about:

(48.0—45.1)

25+ (3.56-25 "7 _ 59
*+ ’ 19.0

Simitarly, the interval for owner-eccupied housing units with
three persons contains the 52.0 percent derived in step 2.
About 31,000 housing units or 45,1 percent fall below this
interval, and 13,100 housing units or 19.0 percent fall within
this interval. The upper limit of the 95- -percent confldence
interval is found to be about:

25 + (35-2.5 (920-45.1)
. _ 19.0

3

Thus, the 95 -percent confldence interval ranges from 2. 7 to
2.9 persons. .
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TABLE |. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
Wis.. SMSA, for the Central City of the SMSA and for the Balance [Not in Central City)

1977-1981 Lost Units for the Madison,
of the SMSA

{68 chances out of 100}

Size of estimate

Standard error’

Size of estimate

Standard ersor?

30
50
80
120
140
170
270

380
530
-+ 810
© 1,100
1,270
1,380
1,480

'For astimates pertaining 1o new construction. the standard

TABLE |l. Standard Errors for Estimated Percentages
of 1977-1981 Lost Housing Units for the Madison, Wis., SM

errors shown in the table should be multiplied by a factor of 1.2.

of Housing Units in the 1981 Housing Inventory and for Estimated Perceﬁtages
SA, for the Central City and for the Balance {Not in Central City) of

the SMSAlﬂ
, {68 chances out of 100)
Estimated percentage’ Estimated percentage’
Base of Base of
percenta?e 0 or 1 6r Sor p10or | 25 or 50 percentage 0or 1 or 50r |10 or | 25 0or o
100 99 95 a0 75 100 89 95 0 75
100 ... .o s 226 | 225 | 2251 225 | 23.3 26,9 | 10,000 0.3 0.5 1.2 1.6 2.3 2.7
200 ... 12.7 1 1271 12.7 | 12.7 | 16,5 19.01 25000 ......... 0.12{ 0.3 0.7 1.0 1.5 1.7
BOO . ... 5.8 5.5 5.5 7.2 | 10.4 12.0| 50,000 ......... 0.06 |- 0.2 0.5 0.7 1.0 1.2
700 ... ... 4.0 4.0 4.4 6.1 8.8 10,2 ] 75,000 ......... ‘0.04 | 0.2 0.4 0.6 0.9 1.0
1,000, .. ..., .. 2.8 2.8 3.7 5.1 7.4 85| 100,000 ........ 0.03 ] 0.2 0.4 0.5 0.7 0.9
2,600........... 1.1 1.1 2.3 3.2 4.7 5.4 | 50,000 ........ 0.02 | 0.14 0.3 0.4 0.6 0.7
5000........... 0.6 0.8 1.7 2.3 3.3 3.8

Standard errors are pre'sentad to the nearest one-tenth of one percentage point except when the stan
point; in those cases, the standard error is shown to the nearest one-bhundredth of one parcentage point.

arrors shown in the table should be multiplied by a factor of 1.2.

dard error is less than fifteen-hundredths of one percentage
For estimates pertaining to new construction, the standard
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15
SMSA’s in this report series {H-170-81} are based on data.col-
lected from the 1981 Annual Housing Survey (AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA’s selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA's selected for.interview during
1981 were interviewed previously in 1974 (1975 for Madison,
Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report). .

The three largest SMSA's {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.) in the 1981 group of SMSA’'s were
represented by a sampie size of 15,000 designated housing units

in the 1974 and 1977 surveys evenly divided between the cen-.

tral city and the balance of the respective SMSA. The 12 remain-
ing SMS@’s (Anaheim-Santa Ana-Garden Grove, Calif.: Dallas,
Tex.; Forth Worth, Tex.; Madison, Wis.: Minrieapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.: Phosnix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.: and Wichita, Kans.) in
the 1981 group were represented by a sample of 5,000
designated housing units in the 1974 {1875 for Madison, Wis.}
and 1977 surveys distributed proportionately batween the cen-
tral city and bglance of the respective SMSA based on the
distribution of total housing units in each sector.

In the 1975 survey, AHS sample units were divided among
12 panels with ons-twelfth of the sample housing units being

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA's for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
todroppanels 1,2, 4,5, 9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’s
and by one-fourth for the other 12 SMSA’s.

The interviewing was done for the three targest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month. :

In this SMSA, 4,287 housing units were eligible for interview.
Of these sample housing units, 65 interviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits, In
addition to the 4,287 housing units eligible for intsrview, 312
units were visited but were not eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc.

Designation of sample housing units for the 1981 survey—The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories which are
‘described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977
survay and remained in sample after the 1981 panel
reduction.

2. All saraple housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS guestionnaire, page
App-20.) ‘

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. {This sample represented the housing units built
in permit-issuing areas since the 1877 survey.)

4, All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing inventory in

. nonpermit-issuing areas since the 1877 survey.)

§. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. {This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Salection of the original AHS-SMSA sample-- The sample for the
SMSA’s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames— housing units enumerated

in the 1970 Census of Population and Housing in areas under

the jurisdiction of pearmit-issuing offices (the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census {the new construction universe}. In ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frarme—those housing units located in areas not under the
jurisdiction of permit-issuing offices (the nonpermit universe).
In 1970, the following five SMSA’s were 100-percent permit-
issuing: Anahegim-Santa Ana-Garden Grove, Calif.; " Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA's contain a sample from the non-
permit universe. ’

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to selact the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.

_The remaining SMSA's had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately betwean the central city and the balance of the SMSA

l

according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selectad from the
occupied and vacant housing unit records, the occupied hous- '
ing unit records were stratified by race of head (non-Black/Black)
and the vacant racords were stratified inte four categories per-
taining to the value or rent associated with the vacant housing-
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 50 strata according to .
its tenure, family size, and household income category as
ilustrated by the following tabte: o

Tenure
Household Owner— Renter—
income Family size Family size
12345+ 12345+,

Under $3,000 ... ...
$3,000 to $5,899 ...
$6,000 to $9,999 . _.
$10,000 to $14,999 .
$15,000 and over . ..

Thus, for this SMSA, the occupied housi\ng unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
either the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby lnsunng
the necessary designated sample size.

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district {(ED) within the central city and
within the balance of the SMSA. A sample of special place
racords was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universe). The sample selection from
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the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the list of permits was chronologically stratified by the date the
permits were issued, and clusters of an expacted four (usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate. ‘

For those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e., the nonpermit universe}. The first step in the
sampling operation for the nonpermit universe was the selec-
tion {using the overall sampling rate) of a. sample of census
enumeration districts within these areas. Prior to this sample
selaction, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size. :

Group quarters population in
1970 census ED
3

Number of housing units in 4
1970 census'ED

4

The sample ED's were then divided into segments; i.e., small

land areas with well-defined boundaries having‘an expected size
of four, or & multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-
ple housing units. . .
. The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these sefected segmeants were, eligible for sam-
ple. Thus, housing units enumerated in the 1970 census as well
as housing units built since the 1970 census are included.

1977-1981 additions to the housing inventory—In the permit-
issuing universe, a sample of new construction building permits,
issued since the 1977 survey, was sslected to represent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1970-1977 new construction samiple, which were
described previously. in the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
frem 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvemaent
'Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universes. The coverage
deficiencies included the following units:

1. New construction from building permits issued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housi'ng units missed in the 1970 census.

4. Housing units converted to residential use that were
nonresidential at the time of the 1970 census.

&
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5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA's was previously interviewed in 1974
{1975 for Madison, Wis.) and 1977. The Coverage Improvement
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA’s receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1377 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.:
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.;
and Spokane, Wash., SMSA’s, estimates of housing units
added by a specific procadure reflect units added in the prior
year as well as any additions that resulted from the updating
and refining in 1981.

Coverage improvement for deficiency 1—A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMSA’s. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selectad from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units}, while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within sach
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was sslectad. This procedure was employed in the
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Otlando, Fla.; Spokane, Wash.:
and Wichita, Kans.

in the remaining 9 SMSA’s, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SQC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at ona-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anahsim-Santa Ana Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
astimated 903 new construction units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiency 2—In permit-issuing
areas, a sample of mobile homes placed in a park that was missed

. by the census or established after the census was selected in

two stages. First, a sample of tracts was selected and can-
vassed. All parks were listed and then matched back to the 1970
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census to identify parks rmssed by the census and parks
establishud after the census. Second, the parks were divided
into clusters of an expected size of four sites and a sample of
clusters vras selected and intarviewed. Each of the sample units
representad the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 134
units to the coverage of the housing inventory of this SMSA,

Coverage improvement for deficiences 3-6—The remaining
missed units were sampled by one of two procedures. The first
procedurz was designed to represent units from the following
types of missed structures (structures that had no chance of
selection for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mohile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not accupied on April 1,
1970, or had no utility hookup but were occupied by persons
‘with & usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure) were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures thet did not have a chance of selection in the AHS were
identifiad and units within these structures were interviewed.
In cases whare the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
ware:

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA’s did
not receive application of the second procedure. The
Dallas, Tex.; Minneapolis-St. Paul,‘Minn.; and Pittsburgh, Pa.,
SMSA’s did not receive application of either procedure during
the 1977 Coverage Improvement Program. The Anaheim-Santa

Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul,
Minn.; Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had
the first procedure completed as part of the 19881 Coverage Im-
provement Program. The remaining 10 1981 SMSA’s received
the full application of both procedures as part of the 1877
Coverage Improvement Program.

The first procedure added an estimated 1 ,B682 housing units
to the coverage of the housing inventory of this SMSA, while
the sacond procedure added an estimated 45 housing units.
1970 Census of Population and Housing—The estimates per-
taining to the 1970 housing inventory {i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
either 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for Statés, Cities, and Coun-
ties, Part 1.

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview li.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 (i.e.,
1977-1981 lost units}. Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana- Ga'(qn
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis., ;
SMSA's, a two-stage ratio estimation procedure for the Detroit, '
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's, -
and a three-stage ratio estimation procedure for the remaining
seven SMSA’'s,

Prior to the implementation of the ratio estimation procedures,
the basic weight {i.e., the inverse of the probability of selection)
tor each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal

. to the following ratio:

Weighted count of interviewed -
housing units +

Waeighted count of noninterviewed
housing units

Weighted count of interviewed housing units

Within each sector of each SMSA; a noninterview factor was
computed separately for 50 noninterview celis for sample hous-
~ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described). In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
.ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mabile
homes and trailers from both the nonpermit universe and the

coverage improvermnsnt universe, and one noninterview cell for .

other sample housing units from both the nonpermit universe
and the coverage improvement universe {if units were not in-
cluded in any of the previous cells).

The following ratio estimation procedure was employed for
all sample housing units from the permit-issuing universe, This
factor was computed separately for all sample housing units

. within esach permit-issuing universe noninterview cell men-

tioned previously. The ratio estimation factor for each cell was

equal to the following:

1970 census count of housing units from the permit-issuing universe in the
corresponding cell .

AHS sample estimate of 1970 housing units from the perr:nit-issuing universe
in the corresponding cell

For each SMSA, the numerators of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denorminators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight ‘(i.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation'in the actual probability of selection between

strata wera introduced during the AHS sample selection process. .

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.: and
Washington, D.C.-Md.-Va., SMSA’s. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution. '

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector (central city or batance of the SMSA).
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction housing units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
* upon the number of authorized building permits which were
determined from the Survey of Construction (SOC). The sam-
ple estimatas were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estirnation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure involved the ratic estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector {central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following: : :

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing waight.

Independent estimates of total housing units were derived for
.the central city, balance, and the total SMSA for each of the
.16 1881 SMSA's. These estimates were derived by using 1980
‘census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demoli-
tion permits.

The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estimate} were compared to the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA’s and the estimate which showed the most likely
lavel of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this'
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's.

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA's, the sample
astimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates. N

_For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA’s, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
astimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS5-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used.

The computed ratio estimation factors for the central cny and
balance of the SMSA's were then applied to the existing weight
for all corresponding sample units in these 10 SMSA's, and the
resulting product was used as tha final weight for tabulatlon pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA’s
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;

_Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's.

The effect of the total housing unit ratio estimation prbcgdure,

as well as the overall estimation procedures, was to reduce the

sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample.by the
inverse of the probability of setection. Since the housing poputa-
tion of the sample differed somewhat, by chance, from the
SMSA as a whols, it can be expected that the sample estimates
will be improvéd when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981, lost housing
units {housing units removed from the inventory) estimates
amployed the one-stage ratio estimation procedure used to pro-
duce tho AHS-SMSA estimatas of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selectad Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure—This report presents data on the
housing characteristics of the 1977 housing inventary from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA’s. A detaited descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977,

Ratio estimation procedure of the 1970 Census of Population
and Mousing—This report presents data on the housing
charactaristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling

_errors associated with the sample estimates from the 1970 cen-,

,8us can be found in the 1 970 Census of Housing report, Volume
I, Housing Characteristics for States, Cities, and Counties, Part 1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling etrors are not
unique to sample surveys since they can, and do, occur in com-
plete censuses as well. '

Obtaining a measurement of the tota!l nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census— A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates— ‘‘coverage’’ and ‘‘content’’ errors. The ‘‘coverage’’
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erronaously reported. The ‘‘content’’ errors measured the ac-
curacy of the data callected for enumerated housing units. These
errors were measured by reinterviews, record checks, and other
surveys. :

The detailed results of these studies, as well as the
methodolagy employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1870
Census, and PHC(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as, Measured by Reinterviews.

AHS-SMSA —Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA samplse, and the results are presented in the Cen-
sus Bureau memorandum, ‘‘Reinterview Results for Annuai
Housing Survey—SMSA Sample: 1977."

Coverage errors —In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the reprasentation of convaentional {non-mobile home) new con-
struction. Due to time constraints, only those building permits
issued more than b months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-
sarily represent missed housing units. Due to the relatively short
time span involved, it is possible that construction of these hous-
ing- units was not completed at the time the survey was ¢on-
ducted, in which case, they would not have been eligible for in-
terview. In addition to these deficiencies, new construction in

" special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies. It appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage improvement section of this
appendix) was not very effective in finding nonresidential con-
varsions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED's where area sampling methods
are used. It had been assured that all housing units located
inside these ED’s would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 survey, the number
of missed housing units may be considerably less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned; i.e.,
it adjusts to the best available estimate. Howaever, biases of sub-
totals would still remain.

Rounding errors—For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on tha statistics being
measured. The effect of rounding is significant relative to the
sampling error only for small percentages or small medians when
these figures are derived from relatively large bases {e.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey.

Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the sama questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is 8 measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.

One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
ertors, but it does not measure as such, any systematic biases
"in the data. Therefors, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the

average result of all possible samples with a known probability.

For exampls, if all possible samples were selected, each of these

surveyed under essentially the same general conditions, and an

estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would inctude the average result of all possible
samples.

2. Approximately 90 percent of the intervals from 1.6 standard
arrors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples, '

"~ The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, 6ne can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval.

The figures presented in the tables that follow (pages App-51)
are approximations to the standard errars of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
also could be prepared at @ moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table | {page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units (housing units removed from the inventory). Linear
interpotation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
4,676 for the total SMSA, 2,698 for the central city of the
SMSA, and 3,737 for the balance of the SMSA.
~ The reliability of an estimated percentage.. computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more.

Table Il {page App-51) presents the standard errors of
astimated parcenfages for the 1981 housing inventory as well
as estimated percentages of the 1977-1981 lost housing units
{housing units removed from the inventory). Two-way interpola-
tion should be used to determine standard errors for estlmated
percentages not specifically shown in table Il
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Included in tables | and I are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered as overestimates of the true standard
arrors and should be used primarily for construction of confidence
intervals for characteristics when an estimate of zero is obtained.

For ratios, 100 {x/y}, where x is not a subclass of y, tables
_lithrough IV underestimate the standard error of the ratio when
there is little or no correlation between x and vy, For this type
of ratio, & better approximation of the standard error may be ob-
tained by letting the standard error of the ratio be
approximately, equal to: '

o)

x = the numerator of the ratio

y = the denominator of the ratio

gy = the standard error of the numerator
7y = the standard error of the denominator

where:

Hlustration of the use of the standard error tables —Table A-1
of part A of this report shows that in 1981 there were 68,800
owner-occupied housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 1,230. The following
interpolation procedurs was used.

The information presented in the following table was extracted
from table I. The entry for *'x’" is the one sought. '

Size of estimate Standard error

5
50,000 .. ... 1,100
68,800 ........ P - X
1,270

75000 ... ..l .

The entry of *‘x’* is determined as follows by vertically inter-
polating between 1,100 and 1,270.

68,800 50,000 = 18,800
75,000— 50,000 = 25,000

18,800

1,100 + =
25,000

{1,270—1,100) = 1,230

Consequently, the 68-percent confidence interval, as shown by
these data, is from 67,570 to 70,030 housing units. Therefore,
a conclusion that the average estimate of 1981 owner-occupied
housing units (derived from all possible samples) lies within a
range cornputed in this way would be correct for roughly 68 per-
cent of all possible samples. Similarly, we could conclude that
the average estimate derived from all possible samples, lies
within the interval from 66,830 to 70,770 housing units with
90 percent confidence; and that the average estimate lies within

the interval from 66,340 to 71,260 housing units with 95 per-
cent confidence. ’

Table A-1 of part A also shows that of the 68,800 owner-
occupied housing units, 13,400, or 19.5 percent, had two
bedrooms. Interpolation using table Il of this appendix (i.e.,
interpolation on both the base and percent) shows that the
standard error of the 19.5 percent is approximately 0.8
percentage points. The following interpolation procedure was
used.

The information prasented in the following table was extracted
from table Il. The entry for *‘p’’ is the one sought.

Estimated percentage

Base of percentage
10 or 90 19.5 25 0r 75
! .
50,000 ........ . 0.7 3 1.0
68,800 ........... p
75,000 ........... 0.6 b 0.9

1. The entry for cell “‘a’ is determined by harizontal interpola-
tion between 0.7 and 1.0.

19.6—10.0=9.5
25.0-10.0=15.0

0.7+ 2% 11 0-071=09
>t 50

2. The entry for cell *'b"’ is determined by horizontal interpola-
tion between 0.6 and 0.9,

19.6-10.0=9.5
25.0-10.0=15.0

9.5
0.6 + — (0.9—0.6)'= 0.8
15.of ’

3. The entry for 'p’’ is then determined by vertical interpola-
tion between 0.9 and 0.8.

68,800—50,000 = 18,800
76,000—-50,000 = 25,000

18,800

0.9 4 ——o
* 25,000

{0.8—0.91= 0.8

Consequently, the 68-percent confidence interval, as shown by
these data, is from 18.7 to 20.3 percent; the 30-percent con-
fidence interval is from 18.2 to 20.8 percent; and the 95-percent
confidence interval is from 17.9 to 21.1 percent.

) Differences —The standard errors shown are not directly
applicabls to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA's or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correfation should be expected when making comparisons
between 1977 and 1981 characteristics.

lllustration of the computation of the stahdard error of a

difference —Table A-1 of part A of this report shows that in 1981 )

there were 38,600 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing Units with three
bedrooms is 25,200. Table | shows the standard error of 13,400
is approximately 590, and the standard error of 38,600 is ap-
proximately 970, Therefore, the standard error of the estimated
difference of 25,200 is about 1,140.

1,140 = +/ (590} (970)2

Consequently, the §8-percent confidence interval for the 25,200
difference is from 24,060 to 26,340 housing|units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range computed in
this way, would be correct for roughly 68 percent of all possi-
ble samples. Similarly, the 90-percent confidence interval is from
23,380 to 27,020 housing units, and the 95-percent confidence
interval is from 22,920 to 27,480 housing units. Thus, we can
conclude with 85 percent confidence that the number of 1981
owner-occupied housing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
since the 95-percent confldence interval does not include zerg
or negative values,

Medians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based.' An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that the average median from
all possible samplas lies within the interval. The following pro-
cedure may be used to estimate confidence limits of a mednan
based on sample data:

1. From table |l determine the standard error of a 50-percent
characteristic on the base of the median.

2. Add to and subtract from 50 percent, the standard error
determined in step 1.

t

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established in step 2. To find the lower endpoint of the con-
tidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values correspending to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values.

lustration of the computation of the 95-percent confidence in-
terval of a median—Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.8. The base of the distribution from which this median was
determined is 68,800 housing units.

1. Interpolation using table | shows that the standard error
of 50 percent on a base of 68,800 is approximately 1.0
percentage points.

2. To obtain a 85-percent confidence interval on the estimated
median, |mt|ally add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 48.0 and 52.0

3. From the distribution for *‘persons’’ in table A-1 of part A,
the interval for owner-occupied housing units with three per-
sons (for purposes of calculating the median, the category
of three persons is considered to be from 2.5 to 3.5 persons)
contains the 48.0 percent derived in step 2. About 31 ,000
housing units or 45.1 percent fall below this interval, and
13,100 housing units or 19.0 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

(48.0—45.1)

2. B2, —_ = 27
5 + (3.5 5) 190

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.0 percent derived in step 2.
About 31,000 housing units or 45.1 percent fall below this
interval, and 13,100 housing units or 12.0 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

{62.0—-45.1}

25+ (3.6-2585) —~ " =29
( ) 19.0

Thus, the 95-percent confidence interval ranges from 2.7 to
2.9 persons.



APPENDIX B—Continued

App-51

TABLE 1. %tandard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
"1977-1981 Lost Units for the Madison, Wis., SMSA, for the Central City of the SMSA and for the Balance {Not in Central City)

of the SMSA

(68 chances out of 100}

" Size of estimate

Standard error®

Size of estimate

Standard error! )

301 5,000

80 | 10,000

80 | 25,000
120 | 50,000
140 | 75,000
170 1 100,000
270 | 150,000

380
530
810

1,100

1,270

1,380

1,460

1For estimstes pertaining to new construction, the standard errors shown in the table should be multiplied by a factor of 1.2.

~

TABLE Il. $itandard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages

of 1977-1981 Lost Housing Units for the Mad

ison, Wis., SMSA, for the Central City and for the Balance (Not in Central City} of

the SMSA
(68 ch_ances out of 100} -
Estimated percentage’ Estimated percentage’
Baso of Base of
percentage 0or 1 or 5o0r [ 100or | 25 0or 50 percentage Oor 1 or Sor | 100or | 25 or 50
100 99 a5 90 75 100 o9 95 90 75

100 . ........... 225 | 225 | 225 | 225 | 23.3 2691 10,000 ......... 0.3 0.5 1.2 1.6 2.3 2.7
200 ... ... 12.7 | 12,7 1 12.7 | 12.7 [ 16.5 19.0| 25,000 ......... 0.12 | 0.3 0.7 1.0 1.5 1.7
500 ............ 5.6 5.5 5.5 7.2 1 104 120 | 50,000 ......... 0.06 | 0.2 0.5 0.7 1.0 1.2
700 ... L. - 4.0 4.0 4.4 6.1 8.8 10.2 | 75,000 ......... 0.04 | 0.2 0.4 0.6 0.9 1.0
1000, . ... ... 2.8 2.8 3.7 5.1 7.4 8.5 100,000 ........ 003 | 0.2 0.4 0.5 0.7 0.9
2,600........... 1.1 1.1 2.3 3.2 4.7 5.4 150,000 ........ 0.02 | 0.14 0.3 0.4 0.6 0.7
B0O0O........... 0.6 0.8 1.7 2.3 3.3 3.8

"Standard arrors ara presented to the nearest one-tenth of one percentage_-point except when the standard error is [ess than fifteen-hundredths of ene percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction, the standard
arrors shown in the table should be multiplied by a factor of 1.2.




Newark 1981



App42

Appendix B

Source and Reliability of the Estimates

SAMPLEDESIGN . .. ............ App-42 Coverage improvement for Coverage errors . ........... App-47
Annual Housing Survay ........ App-42 deficlencies 3-6 ........... App-45 Rounding errors .. .......... App-48
Designation of sample housing 13123::"’“ of Population and Abp.45 Sampling errors for the AHS-

units for the 1981 survey. . .. .. App-42 SRR pp SMSA semple .............. App-48
Selaction of the original ESTIMATION. .........ovvnn App-45 IHustration of the use of
AHS-SMSA sample . ......... App-43 1981 housing Inventory .. ... ... App-46 the standard error tables . . . .. App-49
1977-1981 additions to the : 1977-1981 lost housing units ... App-47 _Differences . ................ App-49
housing inventory . . . . . . ...... App-44 1977 astimation procedure . . . . .. App-47 Iitustration of the computa- .
: Ratio estimation procedure of tion of the standard error
Sampla selection for the 1877 .
CO:'mga Impm“:mm the 1970 Census of Population of a difference ............ App-50
Program .. ........... e App-44 and Housing.. .........0..... App-47 Medians .................. App-50
Coverage improvement for RELIABILITY OF THE ESTIMATES . . App-47 lllustration of the computa-
_deficiency 1 .............. App-44 Nonsampling errors . . ......... App-47 tion of the 95-percent con-
" Coverage improvement for 1970 census. .............. App-47 fidence interval of a median .. App-50
deficiency 2 . ..... ........ App-44 AHS-SMSA . ............... App-47 Standerd error tables . . . . ... .. App-51

SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15
SMSA’s in this report series {H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey (AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA’s selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA's selected for interview during
1981 were interviewed previously in 1974 {1975 for Madison,
Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report).

The three largest SMSA's (Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.} in the 1981 group of SMSA’s were
represented by a sample size of 15,000 designated housing units
inthe 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA, The 12 remain-
ing SM5A’s {(Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.) in
the 1981 group were represented by a sample of 5,000

: designated housing units in the 1974 {1975 for Madison, Wis.)
and 1977 surveys distributed proportionately between the cen-
tral city and balance of the respective SMSA based on the
distribution of total housing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units being

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA’s far the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
to drop panels 1, 2, 4, 5, 9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’s
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA’s dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 3,736 housing units were eligible for interview.
Of these sampie housing units, 202 interviews were not
obtained because, for cccupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 3,736 housing units eligible for interview, 209
units were visited but were not eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc. '

Designation of sample housing units for the 19871 survey — The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories which are
described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977
survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
{i.a., units eligible to be interviewed) or type B noninterviews
{i.e.. units not eligible for interview at the time of the survey
but which could become efigible in the future} in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B noninterviews,
sea the facsimile of the 1981 AHS questionnaire, -page
App-20.) )

3. All sample housing units that were selected from a listing
of new residential canstruction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.)

4. Al sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 pane! reduction. (This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.)

6. All sample housing units that were selected as part of

" the 1977 and 1981 Coverage Improvement Programs. {This
sample represented most of the housing units which, until
1977, did not have a chance of sefection.)

Selection of the original AHS-SMSA sample— The sample for the
SMSA's which, in 1970, were 100-percent permit-issuing was
selected from two sample frames—housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices {the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census (the new construction universe). In ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame —those housing units located in areas not under the
jurisdiction of permit-issuing offices (the nonpermit universe).
In 1970, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe.

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample: Thus, for the three largest
SMSA’s, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group guarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head (non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing

units: The occupied housing unit records were further stratified.

so that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income categary as
illustrated by the following table:

Tenure
Household Owner-—- Renter—
income Family size Family size
12345+ 12345+

Under $3,000 ......
$3,000 to $5,999 . ..
$6,000 to $9,989 ...
$10,000 to $14,999 .
$15,000 and over . ..

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
either the central city or for the balance of the SMSA, A sample
selection procedure was then instituted that would produce one-

- half of the desired sample size. However, whenever a record was

selacted to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size. .
Before the sampie was setected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city and

‘within the balance of the SMSA. A sample of special place

records was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survay, the housing units at each of the speciat places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970

{i.e., the new construction universe}. The sample selection from



App-44

APPENDIX B—-Continued

the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the list of permits was chronologically stratified by the date the

. permits were issued, and clusters of an expected four {usually

adjacent} housing units were farmed. These clusters were then
sampled for inclusion at the overall sampllng rate.

For those SMSA's which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices {i.e., the nonpermit universe). The first step in the
sampling operation for the nonpermit universe was the selec-
tion {using the overall sampling rate} of a sample of census
enumeration districts within these areas. Prior to this sample
selection, the ED’s were stratified by census tract within the cen-
trat city and within ‘the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size.

Group guarters population in
1970 census ED

3

Number of housing units in  +
1870 census ED

4

The sample ED’s were then divided into segments: i.e., small
land areas with well-defined boundaries having an expected size
of four, or a multiple of four, housmg units. At the time of the
survey, thase segments that did not have an expected size of
four were further subdivided to produce an expected four sam-

. ple housing units.

The next step was the selection of one of these segments
within each sample ED. Alf housing units in existence at the time
of interview in these selected segments were sligible for sam-
ple. Thus, housing units enumerated in the 1970 census as well
as housing units built since the 1970 census are included.

1877-1981 additions to the housing inventory —In the permit-
issuing universe, a sample of new construction building permits,
issued since the 1977 survey, was selected to repreéent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting

-the 1970-1977 new construction sample, which were

described previously. In the nonpermit universe, sample
segments were dependently recanvassed,. using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey. .

Sample selection for the 1977 Coverage Improvement
Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from

- the permit-issuing and new construction universes. The coverage

deficiencies included the following units:

1. New construction from building permits issued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks either missed during the

1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

4. Housing units converted to residential use that were
nonresidential at the time of the 1970 census.

5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census. '

Each of the 15 SMSA’s was previously interviewed in 1974
{1975 for Madison, Wis.} and 1977. The Coverage Improvernent
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.:
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA'’s receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.:
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA's, estimates of housing units added by
a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981.

Coverage improvement for deficiency 1— A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMS8A’s. Two different procedures were used. For the first
procedure, the. sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample {regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided

_into ciusters of an expected size of two units and a sémple of

clusters was selected. This procedure was employed in the
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.:
Fort Worth, Tex.; Madison, Wis.: Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining 9 SMSA’s, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction {SOC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif.,, SMSA to supplement
the sample described above. These procedures added an
estimated 3,759 new construction units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiency 2—In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by
the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was. selected and interviewed. Each of ‘the sample units
represented the same number of units that the regular AHS sam-
ple units represented. However, this procedure did not add any
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures {structures that had no chance of
-gelection for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census. :

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
in cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected. ‘

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contalned some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected. from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and rpatched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage {mprovement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1870 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA’s did not
receive application of the second procedure. The Dallas, Tex.;
Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa., SM5A’s did
not receive application of either procedure during the 1977

" seven SMSA’s,

Coverage Improvement Program. The Anaheim- Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.;
Pittsburgh, Pa.; and the Spokane, Wash., SMSA's had the first
procedure completed as part of the 1981 Coverage improvement
Program. The remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program.

The first procedure added an estimated 12,788 housing units
to the coverage of the Housing inventory of this SMSA, while
the second procedure added an estimated 4,106 housing units.

1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventory (i.e., the housing inven-
tory that existed at the time of the 1970 census} are based on
either 20-, 15-, or B-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1. '

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventary at the time of the interview (i.e., the 1981 hous-
ing inventory) and estimates pertaining 1o characteristics of hous-
ing units removed from the housing inventory since 1977 (i.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory— The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA’s, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlandoe, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA’s,
and a three-stage ratio estimation procedure for the remaining

Prior to the implementation of the ratio estimation procedures,
the basic weight {i.e., the inverse of the probability of selection}
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

‘ Waeighted count of interviewed | Weighted count of noninterviewed
housing units + housing units

Weighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-

‘tion of the universe as previously described). In addition, within

each sector, separate noninterview factors were computed for
one noninterview cell for ponventionai new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvehent universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
coverage improvement universe, and one noninterview cell for
other sample housing units from both the nonpermit universe
and the coverage improvement universe {if units were not in-
cluded in any of the previous cells).

The following ratio estimation procedure was employed for
all sample hausing units from the permit-issuing universe. This
factor was computed separately for all sampte housing units
within each permit-issuing universe noninterview cell rmen-
tioned previously. The ratio estimation factor for each cell was
equal to the following:

1970 census coiint of housing units from the permit-issuing universe in the
corresponding cell

AHS sample estimate of 1970 housing units from the permit-issuing universe
in the corresponding celf

For each SMSA, the numerators of the ratios were obtained from
the 18970 Census of Papulation and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight f(i.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the.number of housing units deleted from the AHS
universe frame was not-necessarily proportional among all strata,
some variation in the actual probability of selection between

strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minnéapolis-St. Paul, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va., SMSA's. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution. .

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all

new construction housing units from permit-issuing areas within -

the corresponding sector (central city or balance of the SMSA).
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housmg
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new constructlon housmg units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction (SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within .the corresponding ratio estimation cell,

The next ratio estimation procedure was applied in 10
SMSA'’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-

ing inventory in each sector (central city and balance} for each

SMEA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following:

Independent estimate of the August 1981 housing unit mventory
for the corresponding sector of the SMSA

AHS-5MSA sample estimate of the housing inventory for the
corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratic was obtained from the weighted
estimate of the AHS:SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA's. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demali-
tion permits.

The sample estimates of total housing units after the permit

‘new construction ratio estimation {i.e., the existing sample

estimate} were compared to the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 156 SMSA's and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's.

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA’s, the ‘sample
estimate was used for the total SMSA.For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the centrai dity/balanc'e
distribution of total housing units given by the independent
estimates. .

For the Orlando Fla.;.Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total -
SMSA was proportioned between the central city and balance

l according to the central city/balance disttibution of total hous-

ing units given by the sample estimates. Due to the central city
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boundary definitionai‘changes and central ¢city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMS$A definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used.

The computed ratio estimation factors for the central city and
balance of the SMSA's were then applied to the existing weight
for all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SM3A’s.

The effect of the total housing unit ratio estimation procedure,
as well as the averall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inversa of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
_ will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.’

1977-1981 lost housing units—The 1977-1981 lost housing
units (housing units removed from the inventory) estimates
employed the one-stage ratio estimation procedure used to pro-

duce the AHS-SMSA estimates of the 1977 housing inventory

for 14 of the SMSA's and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventary, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This welght
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

9977 estimation procedure— This report presents data on the
housing characteristics of the 1877 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977. ‘ '

Ratio estimation procedure of the 1970 Census of Population
and Housmg This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1870
census sample data employed a ratic estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errars. The following is a d'escription of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling
errors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume
|, Housing Characte'rr'stics for States, Cities, and Counties, Part 1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unique to sample surveys since they can, and do, occur in com-
plete censuses as well,

‘Obtaining a measurement of the total nonsampllng error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampliﬁg errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates —*'coverage’’ and ‘‘content’’ errors. The “‘coverage”
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously reported. The ““content’” errors measured the ac-
curacy of the data collected for enumerated housing units. These
arrors were measured by reinterviews, record checks, and other
surveys.

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1970
Census, and PHC{E}-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA —Rssults from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was

" being prepared. However, a study was conducted for the 1977

AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, ‘‘Reinterview Results for Annual
Housing Survey—SMSA Sample: 1977."

Coverage arrors—in errors of coverage and estimation for miss-.
ing data, the AHS new construction sample had deficiencies in
the reprasentation of conventional (non-mobile home} new con-
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in petmit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-
sarily represent missad housing units. Due to the relatively short
time span involved, it is possible that construction of thase hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have been eligible for in-
terview. In addition to these deficiencies, new construction in
special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Impravement Program also had certain deficien-
cies. it appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage improvement section of this
appendix) was not very effective in finding nonresidential con-
varsions. Such conversions wers primarily in business districts,
whersas the listing procedure started from a residential unit.

Deficiencies also exist in ED's where area sampling methods
are used. It had been assumed that ali housing units located
inside these ED’'s would be represented in the samplé. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED's because they were
not listed during the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 survey, the number
of missed housing units may be considerably less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned:; i.e.,
it adjusts to the best available estimate. However, biases of sub-
totals would still remain. '

Rounding errors —For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significant reiative to the
sampling error only for smal! percentages or small medians when
these figures are derived from relatively large bases (e.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey.

Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is @ measure of the precision with which an estimate from
a sample approximates the average result of alf possible samples.

One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples. :

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 §tandard errors above the
estimate would include the average result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard ernors
above the estimate would include the average result of all
possible samples.

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval. _

The figures presented in the tables that follow {page App-51)
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to & wide variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a resuit, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Serfes H-170 reports for 1977.

Table | {page App-51} presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units thousing units removed from the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
20,957 far the total SMSA, 12,772 for the central city of the
SMSA, and 16,563 for the balance of the SMSA.

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more.

Table 1 (page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well
as estimated percentages of the 1977-1981 iost housing units
(housing units removed from the inventory}. Two-way interpola-
tion should be used to determine standard errors for estimated.
percentages not specifically shown in table II.
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Included in tables | and ! are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered as overestimates of the true standard
errors and should be used primarily for construction of confidence
intervals for characteristics when an estimate of zero is obtained.

For ratios, 100 (x/y), where x is not a subclass of y, tables
it through IV underestimate the standard-error of the ratio when
there is little or no correlation between x and y. For this type
of ratio, a better approximation of the standard error may be ob-
tained by letting the standard error of the ratio he
approximately equal to:

(100) (—’5)

Yy

where: x = the numerator of the ratio
y = the denominator of the ratio

o, = the standard error of the numerator
ov = the standard error of the denominator

Illustration of the use of the standard error tables —Table A-1
of part A of this report shows thatin 1981 there were 342,1 00
owner-occupied housing units in this SMSA, Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 5,460. The following
interpolation procedure was used. '

The information presented in the following table was extracted
from table |. The entry for “‘x’'’ is the one sought,

Size of estimate Standard error

5,530
342,100 .. ... X
400,000 .. ... ..., 5,370

The entry of “'x"’ is determined as follows by vertically inter-
polating between 5,530 and 5,370. '

342,100— 300,000 = 42,100
400,000 — 300,000 = 100,000

42,100

5630+ ———
100,000

(5,370-5,530) = 5,460

Consequently, the 68-percent confidence intervai, as shown by
these data, is from 336,640 to 347,560 housing units.
Therefore, a caonclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 333,360 to 350,840 hous-
ing units with 90 percent confidence; and that the average

estimate lies within the interval from 331,180 to 353,020 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 342,100 owner-
occupied housing units, 76,300, or 22.3 percent, had two
bedrooms. Interpolation using table Il of this appendix (i.e.,
interpolation on both the base and percent) shows that the
standard error of the 22.3 percent is approximately 1.0
percentage points. The following interpolation procedure was
used.

The information presented in the following table was extracted

[

from table Il. The entry for ''p’’ is the one sought.

Estimated percentage

Base of percentage
10 or 90 22.3 25 0or 75
300,000 .......... 0.8, a 1.2
342,100 ..........
400,000 .......... 0.7 h 1.0

1. The entry for cell “*a’’ is determined by harizontal interpola-
tion between 0.8 and 1.2.

22.3—-10.0=123
25.0-10.0=15.0

12.3
0.8+ —(1.2-08)=1.1
15.0( )

2. The entry for céli ‘b’ is determined by horizontal interpola-
tion between 0.7 and 1.0.

22.3—-10.0=12.3
25.0—10.0=15.0
+12.3

0.7+ — (1.0-0.7}=0.9
15.0

3. The entry for ''p’’ is then determined by vertical interpola-
_tion between 1.1 and 0.9.

342,100— 300,000 = 42,100
400,000~ 300,000 = 100,000
42,100 '

1.1+ —/—— {09-1.1)=1.0
100,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 21.3 to 23.3 percent; the 30-percent con-
fidence interval is from 20.7 to 23.9 percent; and the 95-percent
confidence interval is from 20.3 to 24.3 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considerad separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’'s or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics.

Hlustration of the computation of the standard error of a
difference—Table A-1 of part A of this report shows that in 1981
there were 155,900 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing units with three
bedrooms is 79,600. Table | shows the standard error of 76,300
is approximately 3,590, and the standard error of 155,900 is
approximately 4,750. Therefore, the standard error of the
estimated difference of 79,600 is about 5,950,

5,950 =+/ (3,590} + (4,750)?

Consequently, the 68-percent confidence interval for the 79,600
difference is from 73,650 to 85,550 housing units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range computed in
this way, would be correct for roughly 68 percent of all possi-
ble samples. Similarly, the 90-percent confidence interval is from
70,080 to 89,120 housing units, and the 85-percent confidence
intarval is from 67,700 to 91,500 housing units. Thus, we can
conclude with 95 percent confidence that the number of 1981°
owner-occupied housing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
since the 95-percent confidence interval does not include zero
or negative values.

Medians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that the average median from
all possible samples lies within the interval. The following pro-
-cedure may be used to estimate confidence limits of a median
based on sample data:
1. From table N, determine the standard error of a 50-percent
characteristic on the base of the median.
2. Add to and subtract from 50 percent, the standard error
determined in step 1.

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established in step 2. To find the lower endpaint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Simitarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, aithough this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values correspanding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values.

Itiustration of the computation of the 95-percent confidence in-
terval of a median— Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
3.0. The base of the distribution from which this median was
determined is 342,100 housing units.

1. Interpolation using table Il shows that the standard error
of 50 percent on a base of 342,100 is approximately 1.3
percentage points.

. To obtain a 95-percent confidence interval on the estimated
medtian,-initially add to and subtract from 50 percent twice
the standard error determined in step 1. This vields per-
centage limits of 47.4 and 52.6

3. From the distribution for *‘persons’* in table A-1 of part A,

the interval for owner-occupied housing units with three per-
sons (for purposes of calculating the median, the category
of three persons is considered to be from 2.5 to 3.5 persons)
contains the 47.4 percent derived in step 2. About 132,900
housing units or 38.8 percent fall below this interval, and
71,700 housing units or 21.0 percent fall within this inter-
val, By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

(47.4-38.8) _
21.0

Ny

25 + (3..5-—2.5) 2.9

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.6 percent derived in step 2.
About 132,900 housing units or 38.8 percent fall below this
interval, and 71,700 housing units or 21.0 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

{52.6—38.8} _

21.0 3.2

2.5 + (3.5—2.5)

Thus, the 95-percent confidence interval ranges from 2.9 to
3.2 persons. '
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TABLE 1. Standhrd‘Efrors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Newark, N.J., SMSA, for the Central City of the SMSA and for the Balance (Not in Central
City) of the SMSA :

{68 chances out of 100}

Standard error’ Standard error’
Size of . Size of .
estimate In Not in estimate In Not in
SMSA central central : SMSA central central
city city C ity city
O 180 220 1801 100,000, ........... 4,030 1,930 3,810
100, ... et 190 220 180 | 120,800........ . 4,340 - 4,080
200 ... 200 220 190 [ 150,000 .. .......... . 4,700 — 4,380
BOO . .o 310 ‘ 330 300 200,000............ 5,140 - 4,700
FOO .. ... 370 390 350 | 260,000............ 5,410 - 4,820.
1,000 ...... ... .. 440 | . 460 420 300,000............ 5,630 — 4,770
28500 ... . ... .. 690 730 670 | 400,000..... P 5,370 — 4,080
5000 .......... P 980 1.020 940 | 500,000 ... ... ... .. 4,590 — 1,830
10,000 ... ... ... 1,380 1,410 1,330 519,300............ 4,340 - —
25,000 . ............ ‘ 2,160 2,070 1 2,070 600,000............ 2,680 - —
T50,000 ... 2,980 2,510 2,860 | 640.200............ - - -
75000 .. ........... 3,670 2,480 3,390

'For estimates pertaining to new construction, the standard errors shown in the table should be muitiplied by a factor of 1.3 for the total SMSA, 1.0 for the central
city, and 1.4 for the balance (not in central city) estimates. Standard errors of estimates partaining to total housing units for the central city, balance, and total SMSA
are assumad to be equal to zero where the estimates for the total SMSA were derived from an independent estimate.

TABLE II. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages
of 1977-1981 Lost Housing Units for the Newark, N.J., SMSA, for the Central City and for the Balance {Not in
Central City) of the SMSA .

{68 chances out of 100}

- Estimated percentage’ Estimated percentage’
Base of - : Base of
percentage Oor [ 1or [ 5or |100r|250r o percentage Oor [ 1or { Bor [100r|250r} o
100 a9 95 90 | 75 ' : 100 a9 95 0 75
100 ... ... ... +68.3 | 68.3 | 68,3 | 68.3 | 68.3 734} 75,000 ......... ] 0.3 0.5 1.2 1.6 2.3 2.7
200 ... ... ... 51.9| 51.9| 561.9 | 51,9 | 51.9 51.9| 100000 ........ 0.2 0.5 1.0 1.4 2.0 2.3
500 ............ 30.1 | 230.1 | 30.1 | 30.1 | 301 3281 180,000 ........ 0.14 | 0.4 . 0.8 1.1 1.6 1.9
700 ... ... 235 | 235 | 23.5| 23.5 24.0 27.7 | 200,000 ........ 0.11 1} 0.3 0.7 1.0 1.4 1.6
1,000, .......... 1727 | 17.77. 7.7 | 17.7 | 201 23.2 ) 260,000 ........ 0.09 | 0.3 0.6 0.¢ 1.3 1.5
2,500........... 7.9 7.9 7.9 88 | 12.7 14.7 | 300,000 ........ 0.07 | 0.3 0.6 0.8 1.2 1.3
5000..... ....... 4.1 4.1 4.5 6.2 9.0 10.4 | 400,000 ........ | 0.05 | 0.2 0.5 0.7 1.0 1.2
10,000.......... 2.1 2.1 3.2 4.4 6.4 7.3 1 500,000 ... . .... 0.04 | 0.2 0.5 0.6 0.9 1.0
25,000.......... 0.9 0.9 2.0 2.8 4.0 46 | 600,000 ........ 0.04 | 0.2 0.4 0.6 0.8 0.9
50,000.......... 0.4 0.7 1.4 2.0 2.8 33| 700,000 ........ 0.03 ]| 0.2 0.4 0.5 0.8 0.9

*Standard errors are presented to the nearest one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. Far estimates pertaining to new censtruction, the standard
errors shown in the table should be multiplied by a factor of 1.3 for the total SMSA, 1.0 for the central city, and 1.4 for the balance (not in central city).
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15
SMSA's in this report series (H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey {AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development

The SMSA's selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA's selected for lnterwew during
1981 were interviewed pteviously in 1974 {1 975 for Madison,
Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report). !

The three largest SMSA’s {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.) in the 1981 group of SMSA's were
represented by a sample size of 15,000 designatéed housing units
in the 1974 and 1977 surveys evenly divided between the cen-
trai city and the balance of the respective SMSA, The 12 remain-
ing SMSA’s {Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Afiz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.} in
the 1981 group were represented by a sampie of 5,000
designated housing units in the 1974 (1975 for Madison, Wis.)
and 1977 surveys distributed proporticnately between the cen-
tral city and balance of the respective SMSA based on the
distribution of total housing units in each sector

In the 1974 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units being

interviewed each month. Due to budget limitations, pane! 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
to drop panels 1, 2,4, 5, 9, 11, and 12 from the Boston, Mass.:
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds far the three largest SMSA's
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,417 housing units were eligible for interview.
Of these sample housing units, 142 intefviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 4,417 housing units eligible for interview, 216
units were visited but were not eligible for interview because
they were condemned, unfit, dermnolished, converted to group
quarters use, etc.

Designation of sample housing unlts for the 1981 survay—The
sample housing units designated to be interviewed in the 1981
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survey consisted -of the following categories which are
described in detail in the succeeding sections.

1. All sample housing unlts that were |nterV|ewed in the 1877
survey. and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A nonlnterwews

- {i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future} in the 1977
survey and remained in sample after the 1981 pénel reduc-
tion. {For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App-20.} '

3. All sample housing units that were selected from a |lS‘tIng
of new residential construction building permits issued since
the 1977 survey and-remained in sample after the 1981 panel

raduction. {This sample represented the housing units built .

in permit-issuing.areas since the 1977 survey.}

4, All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing |nventory in
nonpermit-issuing areas since the 1977 survey.}

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.}

Selaction of the original AHS-SMSA sample —The sample for the
SMSA’s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames—housing units enumerated
in the 1970 Census of Population and Housing in areas under
the juﬁsdictioh of permit-issuing offices (the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census {the new construction universe). In ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
" frame —those housing units located in areas not under. the
jurisdiction of permit-issuing offices (the nonpermit universe).
in 1970, the following five SMSA's were 100-percent permit-
_issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,

Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.--

Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe, .
Sampling operations, described in the follow:ng paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA's
and the balance of the SMSA, since the sample was divided
equally betwaen the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

, the overall sampling rate differed for the central city-

according to the distribution of the total housing units in each
sector,’

The major pertion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing Units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special placeé or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and forthe occupied and vacant
housing unit records. Before the sample was selected from the

. occupied and vacant housing unit records, the occupied hous-

ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table: )

.

Tenure
Housei'\old Owner— Renter—
income Family size Family size
12345+ 12345+

Under $3,000 ... .
$3,000 to $5,999 . ..
$6,000 to $9,999 . . .~
$10,000 to $14,999 . |-
$15,000 and over . ..

Thus, for this SMSA, the occupied housing unit recerds from
the permit-issuing universe were assigned to 1 of 100 strata for
gither the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant stra‘ta‘for
either the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
selected to be in sample, "the housing unit record adjacent to it
on the file was also selected to be in sample, thereby msunng
the necessary designated sample size. :

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED} within the central city and
within the balance of the SMSA. A sample of special place
racords was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-.
ple units, thereby insuring the necessary designated sample size. -

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universe). The sample selection from
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the Iast of new .construction building permlts was an inde-
pendent operation within this SMSA. Prior to sample selection,

the list of permits was chronelogicaily stratified by the date the
permits were issued, and clusters of an expeeted‘four (usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA's which were not 100—perceht permit-issuing,
the remainder of the AHS sample ‘was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (l.e., the nonpermit universe). The first step in the
sampling operation for the nonpermit universé was the selec-
tion (using the overall sampling rate) of a sample of census
enumeration districts within these areas. Prior to this sampie

selection, the ED’s were stratified by census tract within the cen-

trai city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the fol!owung measure
of S|ze '

Group quarters population in
1970 census ED

3

|
'

Numt:;er of housing units in +
1870 census ED

4

The sample ED’s were then divided into segments i.e., small
land areas with well-defined boundaries having an expected size
of four, or a multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-

: ple housing units. ‘

"The next step was the salection of one of these segments
within each sample ED. Al housing units in existence at the time
of interview in these selected segments were ellglble for sam-
ple. Thus, housing units enumerated in the 1970 census as well
as housing units built since the 1970 census are included.’

1977-1981 additions to the housing |nventory—-ln the permlt‘
issuing universe, a sample of new construction bunldmg permits,
issued since the 1977 survey, was selected to represent hous-
ing units buiit in permit-issuing areas since the 1977 survey.

Sampling procedures were identical to those used in selecting '

the 1970-1977 new construction sample} which were
descrlbed previously. In the nonpermlt umverse. sample
segments were dependentfy recanvassed, using listing sheets
from 1977 to identify any housmg units mlssed in the 1977
survey or any housmg units added since the 1977 survey
3

Sempla selection for the 1977 Coverage. Improvement
Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universe;s. The coverage
deficiencies included the following units:

1::New construction from building permits i;ssued prior to
January 1970, but completed after April 1, 1970.

2, Mobile homes placed in parks either missed during the
‘1970 census or established since the 1970 census. .

3. Housing units ‘missed in the 1970 census. - :

4, Housing units converted to residential use that were

# nonresidential-at the time of the 1970 censhs.

6. Houses that have been moved onto -their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census. '

Each of the 156 SMSA's was previously interviewed in 1974
{1975 for Madison, Wis.) and 1977. The Coverage Improvement
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.:
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA's receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to bath the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and

" Spokane, Wash., SMSA’s, estimates of housing units added by

a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981.

Coverage improvement for deficiency 1— A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMS5A’s. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit

' structures were sampled at one-fourth the rate of units originally

selected for the AHS-SMSA sample {regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additionai*'sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. Fer the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sampie of
clusters was. selected. This procedure was employed in the-
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.:
Fort Worth, Tex.; Madison, WlS Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining 9 SMSA's, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-5anta Ana-Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 990 new construction units to the coverage of the
housing inventory of this SMSA,

Coverage improvement for deficiency 2 —In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by
thé census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 3,433
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-6 —The remaining

missed units were sampled by one of two procedures. The first

procedure was designed to represent units from the following
types of missed structures [structures that had no chance of
selection for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or. were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had bsen moved onto their presen{ site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at arate of 1in 24, Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure) were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer waorkload would have been too
great, a representative subsample of units within these struc-
tures was selected. :

The second procedure was designed to represent missed units
fl’Oﬂ'l structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census.
2. Units converted to residential use snnce the 1970 census
in structures that contained some residential units in 1970,

First, a subsample of AHS housing units in muitiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1877 Coverage Improvement
Program to all SMSA’s. A partial application of the first pro-
cedure, which did notinclude structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA’s did not
receive application of the second procedure. The Dallas, Tex.;
Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa., SMSA’s did
not receive application of either procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana;
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.;,
Pittsburgh, Pa.; and the Spokane, Wash., SMSA's had the first
procedure completed as part of the 1 981 Coverage Improvement
Program. The. remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program.

The first procedure added an estlmated 12,949 housing units

to the coverage of the housmg inventory of this SMSA, while
the second procedure did not add any housing units.
1970 Census of Population and Housing—The estimates per-
taining to the 1970 housing inventory {i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
gither 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1. )

ESTIMATION

The 1981 AHS sample produced two types of esttmates for
each SMSA: Estimates pertaining to characteristics of the ‘hous-
ing inventory at the time of the interview {i.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 li.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estlmatlon procedures

1881 housing inventory — The AHS estimates of ché'facteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA’s, a two-stage ratio estimation procedure ‘for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation’ procedure for the remalnmg
seven SMSA's. '

Prior to the.implementation of the ratio estlmatlon procedures,
the basic weight (i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustmem was dane separately for occupled and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Weighted count of interviewed
housing units

_Weighted count of nomnterv:ewed
housing units

Weighted_count of interviewed housing units .

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe (where the cells con-
sisted of one or more of the different strata used in the stratifica;
tion of the universe as previously described). In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for canventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
éoverage improvement universe, and one noninterview cell for
other sample housing units from both the nonpermit universe
and the coverage improvement universe (if units were not in-
cluded in any of the previous cells). '

The following ratio estimation procedure was employed for
all sample housing units from the permit-issuing universe. This
factor was computed separately for all sample housing units
within each permit-issuing universe noninterview cell men-
tioned previously. The ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from the permit-issuing universe in the
carresponding cell

AHS sample estimate of 1970 housing units fram the permit- issuing universe
in the corresponding cell

For each SMSA, the nun;erators of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight (i.e., the basic weight times the
noninterview factor). The computed ratio estifation factor was
then applie'd to the existing weight for each sample housing unit
within the corresponding ratio estimation ca'tegory.

This ratio estimation procedure was intreduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional ameng all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Paul, Minn.; Newark, N.J.:
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va.,'SMSA’s. This procedure was utilized
to adjust the central city/balance distribution’ of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an mdependently
derived estimate of this distribution. .

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector (central city or balance of the SMSA}.
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housmg
‘units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction housing units
from permit-issuing areas built since the last survey in the
corresponding sactor of the SMSA

The independent ‘estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction (SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA 'sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure involved the ratio estimation of the

AHS-SMSA weighted sample estimate of the August 1981 hous-

ing inventory in each sector {central city and balance} for each
SMSA to an independent estimate of total housing units for the
corresponding sector. Th|s ratio estimation factor equaled the
following: :

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-5MSA sample estimate of the housing inventory for the
corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AMS-SMSA sample housing units usmg the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA’s. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demoli-
tion permits.

The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estlmate) were compared to the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA’s and the estimate which showed the most likely
leve! of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's.

The remaining five SMSA!s used a combination of these in-
dependent estimates and sample estimates. For-the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundaty definitionat changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used. A

The computed ratio estimation factors for the central city and
balance of the SMSA’s were then applied to the existing weight
for all corresponding sample units in these 10 SMSA's, and the
resulting product was used as the final weight for tabulation pur-
posas. For the other five SMSA’s, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's.

The effect of the total housing unit ratio estimation procedure,
as well as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population. -

1977-1981 lost housing units—The 1977-1981 lost housing
units (housing units removed from the inventory) estimates
-employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA's and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-1 70,
Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure —This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA's. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1870
Census of Papulation and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES -

There are two types of pos§ible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling

" errors associated with tha sample estimates from the 1970 cen-

sus can be found in the 1970 Census of Housing report, Vollun’fe
|, Housing Characteristics for States, Cities, and Counties, Part 1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
ali cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unigue to sample surveys since they can, and do, occur in com-
plete censuses as well,

Obtaining a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates— ‘coverage’’ and ‘““content’’ errors. The “'coverage’’
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously reported. The “‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record checks, and other
sSurveys.

The detailed results of these studies, as well as the

- mathodology employed, are presented in the 1970 Census of

Population and Housing Evaluation and Research Program
Reports, Series PHCIE)-5, The Coverage of Housing in the 1870
Census, and PHCIE}-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA —Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report wés
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, "‘Reinterview Results for Annual
Housing Survey—SMSA Sample: 1977."

Coverage errors—In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional (non-mobile home}) new con-
struction. Due to time constraints, only those building permits
issued mare than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the ‘permits
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issued during the last 5 months of the survey do not neces-
sarily represent missed housing units. Due to the relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have been eligible for in-
terview. In-addition to these deficiencies, new construction in
special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies. It appears that the listing procedure used to correct defi-
ciéncies 3-6 (see the coverage improvement section of this
appendix} was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED’'s where area sampling methods
are used. It had been assumed that all houéing units located
inside these ED’s would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of ali housing units in these ED's because they were
not listed during the canvassing. It should be noted that sirice
these ED's were recanvassed for the 1981 survey, the number
of missed housing units may be considerably less for 1981,

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned: i.e.,
it adjusts to the best available estimate. However, biases of sub-
totals would still remain.

Rounding errars —For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significant relative to the
sampling error only for small percentages or small medians when
these figures are derived from relatively iarge bases [e.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey.

Sampling errors far the AHS-SMSA sample—The particular

sample used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same. questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.

One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
sampling errers not measured by the standard error. The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the

average result of all possible samples with a known probability.
For example, if &ll possible samples were selected, each of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples.

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples,

3. Approximately 95 percent of the intervals from two
‘standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval.

The figures presented in the tables that foliow {page App-51)
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housmg inventory can be found in
the AHS Series H-170 reports for 1977.

Table | {(page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units (housing units removed from the inventory}. Linear
interpolation should be used to determine the standard errors

_for estimates not specifically shown in this table. The standard

errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
8,651 for the total SMSA, 2,934 for the central city of the
SMSA, and 8,064 for the balance of the SMSA.

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particutarly if
the percentages are 50 percent or more.

Table Il {page App-51) presents the standard errors of
estimated percentages for the 198% housing inventory as well
as estimated percentages of the 1977-1981 lost housing units _
(housing units remaoved from the inventory). Two-way interpola-
tion should be used to determine standard errors for estimated
percentages not specifically shown in table JI.
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Included in tables | and Il are estimates of standard errors for
estimates of zero and zero percent, These estimates of standard
errors are considered as overestimates of the true standard
errors and should be used primarily for construction of confidence

intervals for characteristics when an estimate of zero is obtained..

For ratios, 100 (x/y), where x is not a subclass of y, table Il
underestimates the standard error of the ratio when there is
littte or no correlation between x and y. For this type of ratio,
a better approximation of the standard error may be obtained
by letting the standard error ‘of the ratio be approximately
equal to: '

where: x = the numerator of the ratio
y = the denominator of the ratio
g, = the standard error of the numerator
oy, = the standard error of the denominator

Hustration of the use of the standard error tables —Table A-1
of‘part A of this report shows that in 1981 there were 159,300
owner-occupied housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 2,100. The following
interpolation procedure was used.

The information presented in the following table was extracted
from table 1. The entry for “'x’’ is the one sought.

Size of estimate Standard error

180,000 .. .. ... ....... . : 2,150
169,300 ............... ) X
200,000 ....... ..., 1,880

The entry of “‘x'" is determined as follows by vertically inter-

polating between 2,150 and 1,880.

159,300— 150,000 = 9,300

200,000— 150,000 = 50,000
2,150 + 9300 1 880-2,150) = 2,100
|50,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 157,200 to 161,400 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 1 55,940 to 162,660 hous-
ing units with 90 percent confidence; and that the average

estimate lies within the interval from 155,100 10 163, 500 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 159 300 owner-
occupied housing units, 39,000, or 24.5 percent, had two
bedrooms. Interpolation using table I} of this appendix li.e.,.
interpolation on both the base and percentl shows that the
standard efror of the 24.5 percent is approximately 1.0
percentage points. The following interpolation proquure was
used.

The information presented in the following.table was extracted
from table I. The entry for “’p’* is the one sought.

Estimated percentage

Base of percentage
10 or 80 24.5 25 or 75
160,000 ... ... .... 0.7 . a 1.0
169,300 .. ... .. ... . pt - . oLt
200,000 .......... 0.6 b . 0.8

1. The entry for ceil ‘’a’’ is determined by horizontal interpola-
tion between 0.7 and 1.0.°

24.5—10.0 = 14.5
25.0—-10.0 = 15.0
14.5

0.7 + —— {1.0-0.7) =
15.0
2. The entry for cell “b"’ is determined by horizontal interpola-:
tion between 0.6 and 0.8. ‘

24.5—-10.0 = 145
25.0-10.0 15.0

06 + :-:15—5(08 0.8) =

3. The entry for “’p’" is then determined by vertical interpola-
tion between 1.0 and 0.8.

159,300-150,000 = 9,300
200,000—150,000 = 50,000
1.0 + ———9'300 (0.8—1.0}) =
50,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 23.5 to 25.5 percent; the 90-percent con-

_fidence interval is from 22.9 to 26,1 percent; and the 95-percent

confidence intervat is from 22.5 to 26.5 percent.

’

Differences — The standard errors shown are not direét!y ’
applicable to differences between two sample estimates. The
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standard error 'of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’s or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlation, the for-
mula will.underestimate the true standard error, Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics.

llustration of the computation of the standard error of a
difference—Table A-1 of part A of this report shows thatin 1981
there were 86,100 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing units with three
bedrooms is 47,100. Table | shows the standard error of 38,000
is approximately 1,530, and the standard error of 86,100 is ap-
proximately 2,020. Therefore, the standard error of the
estimated difference of 47,100 is about 2,530:

2,530 = +/(1,530)% + {2,020)

Consequently, the 68-percent confidence interval for the 47,100
difference is from 44,570 to 49,630 housing units. Therefore,
8 conclusion that the average estimate derived from ail possi-
ble samples, of this ditference, lies within a range computed in
this way, would be correct for roughly 68 percent of all possi-
ble samples. Similarly, the 90-percent confidence interval is from
43,050 to 51,150 housing units, and the 95-percent confidence
interval is from 42,040 to 52,160 housing units. Thus, we can
conciude with 95 percent confidence that the number of 1981
owner-occupled hausing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
since the 95-percent confidence interval does not include zero
or negative values. '

Medisns—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is & stated degree of confidence that the average median from
all possible samples lies within the interval. The following pro-
cedure may be used to estimate confidence limits of a median
based on sample data:

1. From table il, determine the standard error.of a 50-percent
characteristic on the base of the median. .

2. Add to and subtract from 50 percent, the standard error
determined in step 1.

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points

established in step 2. To find the lower endpoint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
1o find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often. -

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values.

llustration of the computation of the 95-percent confidence in-
terval of a median—Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.5. The base of the distribution from which this median was
determined is 159,300 housing units.

1. Interpolation using table |l shows that the standard error
of 50 percent on a base of 159,300 is approximately 1.1
percentage points.

2. To obtain a 95-percent cenfidence interval on the estimated
median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 47.8 and 52.2

3. From the distribution for *‘persons’’ in table A-1 of part A,
the interval for owner-cccupied housing units with two per-
sons {for purposes of calculating the median, the category
of two persons is considered to be from 1.5 to 2.5 persons)
contains the 47.8 percent derived in step 2. About 24,200
housing units or 15.2 percent fall below this interval, and
53,800 housing units or 33.8 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

{47.8—-15.2)

=25
33.8

1.6 + (2.5—1.5)

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.2 percent derived in step 2.
About 78,000 housing units or 49.0 percent fall below this
interval, and 31,200 housing units or 19.6 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

(52.2-49.0) _

2.5 + (3.5-2.5)
19.6

2.7

Thus, the 95-percent confidence interval ranges from 2.5 to
2.7 persons. Although it appears that this canfidence inter-
val has the same estimate as the lower limit it actually is a

- refelction of the rounding error associated with this median
Isee the paragraph on rounding error in the nonsampling er-
ror section of this appendix).
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TABLE i. Standard Errors for Estimatad Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Orlando, Fla., SMSA, for the Central City of the SMSA and for the Balance {Not in Central

City) of the SMSA

., (68 chances out of 100}

Standard error’

Standard error’

" Size of . Size of AU N .
estimate ) fn Not in estimate In" © 7 f Notin- <

SMSA central central SMSA central - tcentral " .

city city city city

O e e 70 60 70 43,500 ......... . 1,610 — 1,620

100 . .. 80 BO 90 50,000 ... .. e 1,700 — 1,700

200, ... .. ..o 120 110 120 75,000 ............. 1,860 — 1,930

BOO . . .. 190 170 190 100,000 . ....... E 2,100 .= 2,030

700 . .. 220 . 210 230 160,000 ... ... ... ... 2,180 | - 1,910

1600 ...... ... ... 1. 270 250 270 200,000 . ........... 1,880 | - 1,230

2500 ..., .. L. 420 380 430 222,600, . .......... 1,610 - —

BOOC .............. 590 520 600 F 250,000............ 1,030 — -
10,000 ... ... . 830 690 840 | 265900 ............ - N
25000 .. ... ..., 1,270 810 1,290 Tl

'For estimates pertaining to new construction and lost units, the standard errors shown in the table should be multiplied by a factor of 1,1. Standard errors of estimates
pertaining to total housing units for the central city, balance, and total SMSA are assumed to be equal to zero where the estimate for the total SMSA was derived from

an independent estimata.

TABLE Il. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages,
of 1977-1981 Lost Housing Units for the Orlando, Fla., SMSA, for the Central City and for the Balance (Not in,

Central City) of the SMSA

{68 chances out of 100}

Estimated percentage’ Estimated percentage’ l
Base of _ Base of
percentage Oor [ 1or | 5o |100r[260r| o percentage oor | 1or [ 5or [100r{250r} (o
' 100 | 99 95 20 75 100 | 99 95| 80 75
100 .., ..ot 427 | 42,71 42.7 | 42.7 | 42.7 432 | 25,000 ......... 0.3 0.5 1.2 1.6 2.4 2.7
200 ... ... 2721 272 | 272 | 27.2 | 27.2 30.5 | 50,000 ......... 0.15 0.4 0.8 1.2 1.7 1.9
500 ... ... 13.0 | 13.0| 13.0| 13.0} 16.7 19.3| 75,000 ......... 0.10 0.3 0.7 09| 14 1.6
700 ... ... 9.6 9.6 9.6 g8f141] 163]| 100000 ........ 0.07 0.3 08| 08 1.21. .12
1,000........... 6.9 6.9 6.9 g8.2] 11.8]. 137 150000 ........ 0.0 0.2 05| 07 1.0 1.1
2600, .......... 2.9 2.9 3.8 5.2 7.5 86| 200000 ........ 0.04 | 0.2 04| 068 0.8 1.0
5000........... 1.5 1.5 2.7 3.7 5.3 6.1 1 250,000 ........ 0.03 0.2 04] 05 0.7 0.9
10,000 ......... 0.7 0.9 1.9 2.6 3.7 43| 300,000 ........ 0.02 0.2 o3| o5 0.7 0.8

‘Stuﬁdatd arrors are presented to the nearest one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one percentage '

point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimate

the standard errars shown in the table should be multiplied by a factor of 1.1.

s pertaining 1o naw construction and lost unitg,
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15
SMSA’s in this report series (H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey {AHS) which was
conducted by the Bureau of the Census acting as callection agent
for the Department of Housing and Urban Development.

The SMSA’s selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA’s selected for interview during
1981 were interviewed previously in 1974 {1975 for Madison,
Wis.) and 1977 {see the list of SMSA reports from the AHS in
the introduction of this report}.

The three largest SMSA's {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.] in the 1981 group of SMSA's were
represented by a sample size of 15,000 designated housing-units
in the 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA's {Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.} in
the 1981 group were represented by a sample of 5,000
designated housing units in the 1974 (1975 for Madison, Wis.)
and 1977 surveys distributed proportionately between the cen-
tral city and balance of the respective SMSA based on the
distribution of total housing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units being

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
to drop paneis 1, 2, 4, 5,9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA's
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 thraugh November 1281 with one-

“ sixth of the sample housing units being visited each month. The

interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA; 5,134 housing units were eligible for interview.
Of these sample housing units, 137 interviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 5,134 housing units eligible for interview, 362
units were visited but were not eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc.

Designation of sample housing units for the 1381 survey—The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories which are
described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977
survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
(i.e., units eligible to be interviewed) or type B noninterviews
(i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. {For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App-20.) .

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.)

4. All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. (This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.}

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improverment Programs. (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the original AHS-SMSA sample—The sample for the
SMSA s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames— housing units enurmerated

in the 1970 Census of Population and Housing in areas under

the jurisdiction of permit-issuing offices (the permit- issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census ({the new construction universe). In ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame —those housing units located in areas not under the

jurisdiction of permit-issuing offices (the nonpermit universe).

In 1970, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N..J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe.

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA’s, the overall sampling rate differed for the central.éity
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.,
The remaining SMSA's had an averall sampling rate about the
same for the sample selected from bath the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the.balance of the SMSA

according to the distribution of the total housing units in each
sector,

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters,
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the -
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
50 that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
ilustrated by the following table:

Tenure
Household Owner— Renter--
income Family size Family size
12345+ 12345+

Under $3,000 .. ...,
$3,000 to $5,999 . ..
$6.000 10 $9,999 . ..
$10,000 to- $14,999 . - -
$15,000 and over . . . oo

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
either the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of the desired sample size. However, whenever a fecord was
selected to be in sample, the housing unit record adjacent to it _
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size. .

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city and
within the balance of the SMSA. A sarnple of special place
records was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size,

The secgnd frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universe). The sample selection from
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the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the list of permits was chronologically stratified by the date the
permits were issued, and clusters of an expected four (usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices {i.e., the nonpermit universe}. The first step in the
sampling operation for the nonpermit universe was the selec-
tion {using the overall sampling rate) of a sample of census
enumeration districts within these areas. Prior to this sample
selection, the ED's were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size. '

Group quarters population in
1970 census ED
3

Number of housing units in 4
1970 census ED

4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries having an expected size
of four, or a multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-
ple housing units.

The next step was the selaction of one of these segments
within each sample ED. All housing units in existence at the time
of interview in thése selected segments were eligible for sam-

" ple. Thus, housing units enumerated in the 1970 census as well

as housing units built since the 1970 census are included.

1977-1981 additions to the housing inventory—In the permit-
issuing universe, a sample of new construction building permits,
issuad since the 1977 survey, was selected to represent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1970-1977 new construction sample which were
described previously. In the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvement
Program — The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from

the permit-issuing and new construction universes. The coverage

deficiencies included the following units:

1. New construction’ from building permits. issued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

4. Housing units converted to residential use that were
nonresidential at the time of the 1870 census.

p .

5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA's was previously interviewed in 1974
(1975 for Madison, Wis.) and 1977. The Coverage Improvement
Program was conducted as part of the 1377 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA’s receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA'’s, estimates of housing units added by
a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981.

Coverage improvement for deficiency 1- A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMSA’s. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units sefected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1968 permits within each
of the selected permit offices. In the Fort Warth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA's: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining @ SMSA’s, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction {S0CJ,
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 4,544 new construction units to the coverage of the
housing inventory of this SMSA. '

Coverage improvement for deficiency 2—In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by

 the census or established after the census was selected in two

stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 10,615
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures {structures that had no chance of
selection for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use:

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload wouid have been too
great, a representative subsampie of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census. .
2, Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply bath procedures during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s. These SMSA’s did not
receive application of the second procedure. The Dallés, Tex.;
Minneapolis-5t. Paul, Minn.; and Pittsburgh, Pa., SMSA‘s did
not receive application of either procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St, Paul, Minn
Plttsburgh Pa.; and the Spokane, Wash., SMSA’s had the first
procedure completed as part of the 1981 Coverage Improvement
Program. The remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program.

The first procedure added an estimated 13,937 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 488 housing units,
1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventory (i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
either 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1.

ESTIMATION

The 1881 AHS sample produced two types of estimates for
gach SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview {i.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous:
ing units removed from the housing inventory since 1977 (i.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estimation procedures. -

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.: Fort Worth, Tex.; and Madison, Wis.,*
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA’s,
and a three-stage ratio estimation procedure for the remaining
seven SMSA’s.

Prior to the implementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection)
tor each interviewed sample housing unit was adjusted to ac-
count for thé noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Woeighted count of interviewed Weighted count of noninterviewed
housing units + housing units

Weighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was

computed separately for 50 noninterview cells for sample hous-’
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described}. In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview celi for mobile

homes and trailers from both the nonpermit universe and the

coverage improvement universe, and one noninterview cell for
other sample housing units from bath the nonpermit universe
and the coverage improvement universe (if units were not in-
cluded in any of the previous celis).

The following ratio estimation procedure was employed for
all sample housing units fram the permit-issuing universe. This
factor was computed separately for all samplé housing units
within each permit-issuing universe noninterview cell men-
tioned previously. The ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from the permit-issuing universe in the
. corresponding cell .

AHS sample estimate of 1970 housing units from the permit-issuing universe
in the corresponding cell

For each SMSA, the numerators of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight (i.e., the basic weight times the
noninterview tactor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe, Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau survéys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.,; Defro_it, Mich.; Minneapolis-St. Paul, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va.. SMSA’s. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing' units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution. . '

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector (central city or balance of the SMSA).
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housing !
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the proportion of new construction housing units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction (SOC}. The sam-
ple estimates were cbtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA's. This procedure involved the ratic estimation of the
AHS-SMSA weighted sample estimate of the August 1881 hous-
ing inventory in each sector (central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corrasponding sector of the SMSA
The indépendent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight. '

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA's. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demaoli-
tion permits.

The sample estimates of total housing units after the pe‘rmit
new construction ratio estimation (i.e., the existing sample
estimate} were compared to the corresponding independent
astimates for the central city, balance, and total SMSA for each
of the 15 SMSA's and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's.

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA's, the sample
estimate .was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the centra! city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1970 central city/balance SMSA
" definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflacted the 1970 central city/balance SMSA definition were
used.

The computed ratio estimation factors for the central city and

balance of the SMSA's were then applied to the existing weight
for all carresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's. the sample estimates were
used-as the final weight for tabulation purposes. These SMSA’s
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detrait, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's,

The effect of the tota) housing unit ratio estimation procedure,
as wall as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-

tion of the sample differed somewhat, by chance, from the

SMSA as a whale, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1877-1981 lost housing units—The 1977-1981 lost housing’
units (housing units removed from the inventory) estimates:

employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
_ Housing Characteristics for Selected Metropolitan Areas. Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure— This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample The AHS- SMSA
estlmatron procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
" estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Serles H-170 reports for 1977.

r

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys— sampling and
nonsamplmg errors. The following is a descnptlon of the
sampling and nonsampling errors assomated ‘with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the samp|ing
errors associated with the sample estimates from the 1 970 cen-
sus can be found in the 1870 Census of Housmg report, Volume
I, Housing Characteristics for States, Cities, and Counties, Part 1.

Nonsampling errors—In general, nonsampllng errors can be
attributed to many sources: Inability to obtain |nformat|on about
all cases, definitional difficulties; differences in the |nterpreta-
tion of questrons inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not

.unique to sample surveys since they can, and do, occur in com-

plete censuses as well.

Obtaining a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates— ‘‘coverage’’ and ‘‘content’” errors. The ‘‘coverage’”
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously reported. The “‘cantent’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by rernterwews, record checks and other
surveys.

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population ‘and Housing Evaluation and Research Program
Reports, Series PHCIE)-5, The Coverage of Housing in the 1970
Census, and PHC(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA —Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was

_being prepared However, a study was conducted for the 1977

AHS ‘SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, “‘Reinterview Flesults for Annual
Housmg Survey SMSA Sample: 1977."”

Coverage errors—In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional {(non-mobile home) new con-

* struction. Due to time constraints, only those building permits

issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction

in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of th'e survey do not neces-
sarily represent missed housing units. Due to the refatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have been eligible for in-
terview. In addition to these deficiencies, new construction in
special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies, It appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage improvement' section of this
appendix} was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED’s where area sampling-methods

are used. It had been assumed that all housing units located
inside these ED's would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be noted that since
these ED's were recanvassed for the 1981 survey, the number
of missed housing units may be considerably less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned; i.e.,
it adjusts to the best available estimate. However, biases of sub-
totals would still remain. '
Rounding errors —For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significant relative to the
sampling error only for small percentages or small medians when
these figures are derived from relatively large bases (e.g.,
median number of persons per household}. This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey.

Sampling errors for the AHS-SMSA sample— The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the

variation among the estimates from all possible samples and’

thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.

One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systemafic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any "additional non-
sampling errors not measured by the standard error. "The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the

average result of all possible samples with a known 'probabifity.
For example, if all possible samples were selected, each of these
survayed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals frem one

standard error below the estimate to one standard error above

the estimate would include the average result of all possible
samples, o

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possible
samples,

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average result of all possible samples either is or is not

contained in any particular computed interval, However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval.
" The figures presented in the tables that follow (page App-51)
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
also could be pfepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AMS Series H-170 reports for 1977.

Table | {page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units {housing units removed from the inventory). Linear

- interpelation should be used to determine the standard errors

for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
27,555 for the total SMSA, 19,050 for the central city of the
SMSA, and 19,822 for the balance of the SMSA,

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more.

Table Il (page App-B1} presents the standard errors of

" estimated percentages for the 1981 housing inventory as well

as estimated percentages of the 1977-1981 lost housing units
{housing units removed from the inventory). Two-way interpola-,

tion should be used to determine standard errors for estimated.

percentages not specifically shown in table II.
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Included in tables | and Il are estimates of standard errors for estimate lies within the interval from 368,620 to 387,580 hous-
estimates of zero and zero percent. These estimates of standard . ing units with 95 percent confidence.
errors are considered as overestimates of the true standard Table A-1 of part A also shows that of the 378 100 owner-
errors and should be used primarily for construction of confidence occupied housing units, 101,500, or 26.8 perce_nt, had two -
intervals for characteristics when an estimate of zero is obtained. bedrooms. Interpolation using table Il of this '..'append_ix fi.e.,
For ratios, 100 {x/y), where x is not a subclass of y, table Il interpolation on both the base and percent) shows that the.
underestimates the standard error of the ratio when there is standard error of the 26.8 percent is apprommately 0.8
little or no correlation between x and y. For this type of ratio, percentage pomts ‘The following interpolation procedure was
a better approximation of the standard error may be obtained used.
by letting the standard error of the ratio be approxlmataly The information presented in the following table was extracted
equal to: from table II. The entry for “p’’ is the one sought.

Estimated percentage

Base of percentage .
: ' - or 7 26.8 |-
where: x = the numerator of the ratio ; 250r 75 6.8 .5_0
y = the denominator of the ratio .
o thesandard arerof the cenominatr 300,000 |10 S
Y ; , 378,100 .. ........ P
400,000 ...... A 0.8 b 1.0

Hiustration of the use of the standard error tables —Table A-1
of part A of this report shows that in 1981 there were 378,100
owner-occupied housing units in this SMSA. ' Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 4,740. The following

1. The entry for cell “’a’’ is determined by horizontal interpola-
tion between 1.0 and 1.1.

interpolation procedure was used. 7 , 26.8—25.0 = 1.8
The Enformation presented in the following table was extracted 50.0—25.0 = 25.0
from table I. The entry for “’x”’ is the one sought, ' ' 1.8
. 1.0 + 250 (1.1-1.0) =

Size of estimate Standard error ' .
i : ' 2. The entry for cell “’b*’ is determined by horizontal interpola-
tion between 0.8 and 1.0.

345900 .. ............. : | 4,820

378,100 ..o, x’ o 26.8--25.0 = a
400,000 ............... 4,690 50.0-25.0 = 25.0
. 0.8 + ';T'E:) (1.0-0.8) =
The entry of *'x’’ is determined as follows by vertically inter- ’

polating between 4,820 and 4,690.
3. The entry for "'p’’ is then determined by vertucal interpola-

32,200 tion between 1.0 and 0.8
54,100 '

378,100—345,900
400,000— 345,900

-. 378,100—-300,000 = 78,100

4,820 + 22299 (4 690-4,820) = 4,740 - ~ 400,000—300,000 = 100,000
54.100 | 78,100 *
, . 1.0+ (0.8-1.0) =

Consequently, the 68-percent confidence interval, as shown by 100,000
these data, is from 373,360 to 382,840 housing units. ' - :
Therefore, a conclusion that the average estimate of 1981 Consequently, the 68-percent confidence interval, as shown by
owner-occupied housing units (derived from all possible samples) these data, is from 26.0 to 27.6 percent; the 90-percent con-
lies within a range computed in this way would be correct for fidence interval is from 25.5 to 28.1 percént; and the 95-percent
roughly 68 percent of all possible samples. Similarly, we could confidence interval is from 25.2 to 28.4 percent.
conclude that the average estimate derived from all possible .
\samples, lies within the interval from 370,520 to 385,680 hous- Differences —The standard errors shown are not directly

ing units with 90 percent confidence; and that the average applicable to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’s or the dif-
ference between separate and uncorrelated chargctenstlcs in the
same SMSA. If there is a high positive correlation between the

two characteristics, the formula will overest_lmate the' true’

standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA sar:nples a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics. :

fllustration of the computation of the standard error of a
difference — Table A-1 of part A of this report shows thatin 1981
there were 183,300 owner-cccupied housing Units with three
bedrooms in this SMSA. Thus, the apparent diffei’ence, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupied housing units with :three
bedrooms is 81,800. Table | shows the standard error of
101,500 is approximately 3,530, and the standard error of
183,3001is approxlmately 4,350. Therefore, the standard error
of the estimated difference of 81,800 is about 5,600:
1 ]

5,600 = +/ {3,53012 + (4,350)?

0

Consequently, the 68-percent confidence mterval for the 81,800

difference is from 76,200 to 87,400 housing unlts Therefore,

a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range-computed in
this way, would be correct for roughly 68 p_erc'ent of all possi-
ble samples. Similarly, the 90-percent confidence interval is from
72,840 to 90,760 housing units, and the 95-per:cent confidence
interval is from 70,600 to 23,000 housing units. Thus, we can
conclude with 95 percent confidence that the number of 1981
owner-occupied housing units with three bedrooms is greater
than the number of owner-occupied units with two bedrooms
since the 95-percent confidence interval does not include zero
or negative values. "

V- :
Medians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that the avera'ge median from
all possible samples lies within the interval. The following pro-
cedure may be used to estimate confidence limits of a med:an
based on sample data:

1. From table 1, determine the standard error of a 50-percent
characteristic on the base of the median. -

2. Add to and subtract from 50 percent, the standard error
determined in step 1. .

3. Using the distribution of the characterlsth determine
the confidence interval corresponding to the two points

.-

established in step 2. To find the lower endpoeint of the can-
fidence interval, it i8 necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which.interval of the distribution the

b _Lipper percentage limit falls. Note that these two distribution

intervals could be dlfferent arthough this will not happen very
often. .

For about 68 out of 100 possibie_samples; the average median
from all possible samples would lie between these two values.-

A twao:standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values.

fllustration of the computation of the 95-percent confidence in-
terval of a median—Table A-1 of part A of this report shows the
median number of persoﬁs for owner-occupied housing units is
2.4. The base of the distribution from which this median was
determined is 378,100 housing units.

1, lnterpolatién using table Il shows that the standard efror

of 50 pércent on a base of 378,100 is approximately 1.0

.. percentage points.

2. To obtain a 95-percent confidence interval on the estimated
median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 48.0 and 52.0.

3. From the distribution for “‘persons’ in table A-1 of part A,
the interval for owner-occupied housing units with two per-
sons (for purposes of calculating the median, the category
of two persons is considered to be from 1.5 to 2.5 persons)
contains the 48.0 percent derived in step 2! About 60,300
housing units or 15.9 percent fall below this interval, and
137,000 housing units or 36.2 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

15 + (2.5-1.5 289159 _,,
- 36.2

Similarly, the interval for owner-occupied housing units with
two persons contains the 52.0 percent derived in step 2.
About 60,300 housing units or 15.9 percent falf below this
interval, and 137,000 housing units or 36.2 percent fall within
this interval. The upper limit of the 25-percent confidence
interval is found to- be about:

{52.0--15.9)

- —— = 2.
36.2 . 5

1.5 + (2.5—1.5)

Thus, the 95-percent confidence interval ranges from 2.4 to
2.5 persoris. Although it appears that this confidence inter-
val has the same estimate as the lower limit it actually is a
refelction of the rounding -error assaciated-with this median
(see the paragraph on_rounding error in the nonsampling er-
ror section of this appendix). .




1977-1981 Lost Units for the Phoenix, Ariz., SMSA, for the Central City of the SMSA and for the Balance {Not in Central City)
of the SMSA

{68 chances out.of 100G}

Standard error’ : . Standard error’

3

Size of . Size of .
. In Notin . . . B ] Not in
estimate estimate :

. SMSA central . central ] SMSA central central

. city L city - city city

O 150 140 150 | 100,000 ........: L 3,510 3,030 | - 3,210
100, . v ' 150 140 150 | 150,000........:... | . 4,090 3,200 3,510
200. . ... : 170 170 170 | 200,000 ... ......... 4,480 3,000 3,500
BOO . ..o - 270 ‘260 270 | 250,000 . ........... 4,720 2,320 3,170
700 .. ... . 320 310 320 | 296,300 ......... ... _ 4,820 - 2,480
1,000 ... n i innn, 380 370 380 | 300,000............ ' 4,830 | - 2,400
2500 ... . ... .. ... 600 | - 590 600 | 345,900 ... ......... 4,820 — -
5000 ... ... . gs0 | . 820 850 | 400,000............ 4,690 - -
10,000 ... 1,200 1,160 "1,190 | 800,000.. . ... .. ... : 4,020 - -
"2B,000 ... ..., 1,870 1,780 1,830 | 600,000 .....,...... 2,400 - ' —
50000 ............. 2,590 2,400 . 2,490 | 642,200............ . - - -
75,000 ... .... . ‘ 3,110 2,780 2,920

‘
i

'For estimates pertaining to new construction, the standard errors’shown in the table should be multiplied by a factor of 1.1. Standard errors of estimates pertaining
to total housing units for the central city, balance, and total SMSA are assumed to be equal to zero where the estimate for the total SMSA was derived from an inde-
pendent astimate.

TABLE Il. Standard Errors for Estimated Pércentagas of Housing Units in the 1981 Housing Inventory and for Estimated Percentages
of 1977-1981 Lost Housing Units for the Phoenix,:Ariz., SMSA, for the Central City and for the Balance {Not in Central City)
of the SMSA S

(68 chances out of 100)

APPENDIX B—Continued . ‘ ‘ - App51
TABLE |. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventor\} and for Estimated Number of
|
\
|
|
\

. Estimated percentage’’ b Estimated percentage’
Base of Base of
percentage Oor | Tor | 5or [100r|250r | percentage Oor [ 1or | 5or [100r[250rf o
100 29 .95 - 90 75 . 100 -| 99 a5 a0 75 .
100 ... ... ... 59.3 | 59.3 59.3 59.'3 59.3 60.4 | 75,000 ......... 0.2 0.4 1.0] '1.3 1.9 2.2 ‘
200 ... oL 42,2 | 42.2 | 42.2 | 42.2 | 42.2 42.7 | 100,000 ........ 0.16 | 0.4 © 0.8 1.1 1.7 . 1.9 |
800 .. ... ... L. 226 )| 226 | 226 | 226 | 23.4 27.0.] 150,000 ........ 0.10 | 0.3 0.7 0.9 1.3 1.6 |
700 . ... ... 17.2 11721 17.2 [ 17.2 ]| 198 228 200,000 ......... | 0.07 ].0.3 0.6 0.8 1.2 1.3
1000 ... ... ... 127 | 127} 127 |- 127 | 165 19.1 250,000 ........ 0.06 | 0.2 0.5 0.7] 1.0 1.2
2,600........... 5.5 5.5 5.5 7.2 | 10.5 121 300,000 ....._... |1 005] 0.2 0.5 0.7 1.0 1.1
5000........... 2.8 2.8 3.7 5.1 7.4 8.5 | 400,000 ........ 1 004 0.2 0.4 0.6 0.8 1.0
10,000....... . 1.4 14| 26 3.6 5.2 6.0 | 500,000 ........ 0.031 0.2 0.4 0.5 0.7 0.9
26000.......... 0.6 0.8 1.7 2.3 3.3 3.8 | 600,00C ......... 0.021{ 0.2 0.3 05| 0.7 0.8
50,000.......... 0.3 0.5 1.2 1.6 2.3 2.7 | 700,000 ....... 0.02 1 0.14 0.3 0.4 0.6 0.7

'Standard errors are preSented to the nearest;one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one-percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining 1o new construction, the standard
errors shown in the table should be multupl:ed by a factor of 1. 1
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SAMPLE DESIGN

Annual Housing Survey—The estimates for éach of the 15

SMSA's in this report series (H-170-81) are based on data col--

lected from the 1981 Annual Housing Survey {AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.
" The SMSA's selected for the AHS are interviewed on a rotating
" basis. The group of 15 SMSA's selected for interview during
1981 were interviewed previously in 1974 {1975 for Madison,
Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report}. '

* The three largest SMSA’'s {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.) in the 1881 group of SMSA’s were
represemed by a sample size of 15,000 designated housing units
inthe 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s {Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.: Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.; Phaenix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.) in
“the 1981 group were represented by a sample of 5,000
"designated housing units in the 1974 (1975 for Madison, Wis.)
‘and 1977 surveys distributed proportionately between the cen-
tral city and balance of the respective SMSA ‘based on the
distribution of total housing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units being

interviewed each month. Due to budget limitations, pane! 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it alse became necessary
to drop panels 1, 2,4, 5, 9, 11, and 12 from the Boston, Mass.:
Detroit, Mich.;-and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’s
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA’s dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 3,885 housing units. were eligible for interview.
Of these sample housing units, 100 interviews were not
obtained because, for accupied sample units, the occupants
refused to be interviewed, were not at horne after repeated visits,
or were unavailable for some other reason; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 3,885 housing units eligible for interview, 258
units wers visited but were not eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc.

Designation of sample housing units for the 1981 survey — The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories \}vhigh are
described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1877
survey and’ remained in sample after the 1981 '‘panel
reduction.

2. All sample housing units that were type A noninterviews’

{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. (For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App-20.)

3. Ali sample housing units that were selected from a listing

" of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.}

4. All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. {This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Impravement Programs. (This
sample represented most of the housing units which, until
1977, did,not have a chance of selection.}

Selection of the original AHS-SMSA sample —The sample for the
SMSA’s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames —housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdictibn of permit-issuing offices (the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census (the new construction universe). In ad-
dition, the sample for those SMSA’s which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame—those housmg units located in areas not under the
jurisdiction of permit-issuing offices (the nonpermit universe).
In 1970, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.: Newark, N.J.; Phoenix, Ariz.; and Washingten, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample frorn the non-
permit universe. .
Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance

of the SMSA for each of the sample frames. The overall sam-

pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three 1argest
SMSA’s, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sampie was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA's had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector.

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place -
and group quarters records, and for-the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing -
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 60 strata according to
its tenure, family size, and household income category as
iifustrated by the following table:

Tenure
Household Owner— Renter—
income - Family size Family size
12345+ 12345+

Under $3,000 ......
$3,000 to $5,999 . ..
$6,000 to $9,999 . ..
$10,000 10 $14,999 .
$15,000 and over . ..

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
gither the central city or for the balance, and the vacant hous-
ing unit recards were assigned to 1 of the 4 vacant strata for
either the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
selected to be in sample, the-housing unit record adjacent 1o it
on the file was also selected to be'in sample, thereby insuring
the necessary demgnated sample size.

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city‘and
within the balance of the SMSA. A sample of. special place
records was then selected by a procedure that produced one-

-quarter of the desired sample size. However, at the time of the

survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.
The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970,
{i.e., the new construction universe). The sample selection from
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the Ilst of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the list of permits was chronologically stratified; by the date the
perm:ts were issued, and clusters of an expected four (usualfy
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices li.e., the nonpermit universe). The first step in the
- sampling operation for the nonpermit universe was the selec-
tion {using the overall sampling rate) of a sampre of census
enumeration districts within these areas. Prior to this sample
selection, the ED’s were stratified by census tract:within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size. !

Group quarters population in
1970 census ED

3,

'

Nurmber of housing units in 4
1970 census ED |

4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries having an expected size
ot four, or a multlple of four, housing units. At the time of the
survey, those segmants that did nat have an expected size of
four were further subdivided to produce an expected four sam-
ple housing units,

The.next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumerated in the 1970 census as well
as housing units built since the 1970 census are included.

1977-1981 additions to the housing inventory—{ln the permit-
issuing universe, a sample of new construction building permits,
issued since the 1977 survey, was selected to répresent hous-
ing units built in permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1970-1977 new construction sample, which were
described previously. In the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvement
Program— The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universes. .The coverage
deficiencies included the following units: -

1. New construction from building permits issued prior to

. January 1970, but completed after April 1, 1970.

~2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

. 4. Housing units converted to residential use that were.

nonresidential at the time of the 1970 census.

5. Houses that have been moved onto their present site
since the 1970 census. .

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 16 SMSA’s was previously interviewed in 1974
{1975 for Madison; Wis.} and 1977. The Coverage Improvement
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dalias, Tex.;
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA’s receiving some updating and refining as part
of the 1981 AHS. The followmg discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and -
Spokane, Wash., SMSA’s, estimates of housing units added by
a specific procedure reflect units added-in the prior year as well
as any additions that resulted from the updating and refining in
1881,

Coverage improvement for deficiency 1— A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
16 SMSA's. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units selected from three-or-more-unit structiires were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional ;sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of twa units and a sample of
clusters was selected. This procedure was employed in the
follawing SMSA’s: Anahéim-Santa Ana-Garden' Grove, Calif.:
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla.; Spokane, Wash.;
and Wichita, Kans. ' _

in the remaining 9 SMSA’s, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC}),
a survey of building permits conducted monthly by the Bureau

.of the Census. These units were then sampled at one-third the

rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 2,056 new construction units to the coverage of the
housing inventory of this SMSA.

Coverage improvement for deficiency 2—In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by
the census or established after the census was selécted in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regutar AHS sam-
ple units represented. This procedure added an estimated 3,236
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-8 —The remaining
missad units were sampled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures (structures that had no chance of
selaction for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, ar had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census. '

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24, Then, succeeding
structures in a defined path of trave! to the right of the struc-
ture containing the sampie unit were listed until eight structures
(excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected. ‘ '

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were:

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970,

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing

universe, Second, for the multiunit structure selected above, all-

housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, 8 decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA's. ‘A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.: and Spokane, Wash., SMSA's. These SMSA's did not
receive application of the secand procedure. The Dallas, Tex.;
Minneapolis-$t. Paul, Minn.; and Pittsburgh, Pa., SMSA's did
not receive application of either procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.;
Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had the first
procedure completed as part of the 1981 Coverage Improvement
Program. The remaining 10 1281 SMSA‘s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program.

The first procedure added an estimated 18,898 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 488 housing units.

1970 Census of Population and Housing—The estimates per-
taining to the 1970 housing inventory {i.e.. the housing inven-
tory that existed at the time of the 1970 census) are based on
either 20-, 15-, or 5-percent sample data collected in April 1870
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-

ties, Part 1. -

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview {i.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing'units removed from the housing inventory since 1977 (i.e,,
1977-1981 lost units}. Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madisan. Wis.,
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA’s.

Prior to the implementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio: ’

Weighted count of interviewed Weighted count of noninterviewed
housing units + housing units

Waighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described). in addition, within
sach sactor, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
coverage improvement universe, and one nohinterview cell for
other sample housing units from both the nonpermit universe
and the coverage improvement universe (if units were not in-
cluded in any of the previous cells), )

The following ratio estimation procedure was employed for
all sample housing units from the permit-issuing universe. This
tactor was computed separately for all sample housing units
withir'f eaé.h _permit-issuing universe noninterview cell men-

. tioned pféviously. The ratio estimation factor for each cell was
equal to the following:

1970 census count of housing units from the permit-issuing universe in the
: corresponding cell

AHS sarﬁpla estimate of 1970 housing units from the permit-issuing universe
in the corresponding cell

For each SMSA, the numerators of the ratios were obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumeratad in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight fi.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used

in the sample selection of the permit-issuing universe. Prior to

the AHS sample selection within each SMSA, housing units

already selected for other Census Bureau surveys were deleted -
from the permit-issuing universe. The same probability of selec-

tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection Process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Minneapolis-St. Pauli, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.: Tacoma, Wash.; and
Washington, D.C.-Md.-Va., SMSA’s. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction hausing Units built since
the last survey in permit-issuing areas to an independentiy
derived éstimate of this distribution.

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector {central city or balance of the SMSA).
This ratio estimation factor equaled the following:

‘Independent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
corresponding sactor of the SMSA

Sample estimate of the proportion of new construction housing units
from paermit-issuing areas built since the last survey in the

corresponding sector of the SMSA
i

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Constructjon {SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure invalved the ratio estimation of the
AHS-5MSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector {central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following:

Independent -estimate of the August 1981 housing unit inventory
“for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventogy for the
~ corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight. ‘

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA’s. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and'the 1981
survey. These estimates of change were based on estimates of
hew construction permit authorizations and post-census demoli-
tion permits..

The sample estimates of total housing units after the permit.
new construction ratio estimation (i.e., the existing sample
estimate) were compared to the carresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA's and the estimate which showed the maost likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.:
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's,

The remaining five SMSA’s used a combinatian of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn.. SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates,

For the Oriando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used.

The computed ratio estimation factors for the central city and
balance.of the SMSA's were then applied to the existing weight
for all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SM3A's.

The effect of the total housing unit ratia estimation procedure,
as well as the overall estimation procedurés, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units —The 1977-1981 lost housing
units (housing units removed from the inventory) estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA's and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas, Since
the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
welight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure— This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA's. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1870
Census of Population and Housing. The statistics based on 1 970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Citigs, and Counties, Part 1.

RELIABILITY OF THE ESTHMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A descriptic;n of the sampling
errors associated with the sample estimates from the 1 970 cen-
sus can be found in the 1970 Census of Housmg report, Volume
i, Housing Characteristics for States, Cmes and Counnes, Part 1

Nonsampling errors—In general, nensampling errers can be
attributed to many sources: inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data: other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unique to sample surveys since they can, and do, occur in com-
plete censuses as well.

Obtaining @ measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tien and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates—‘coverage’’ and “*content’’ errors. The “'coverage”
errors determined how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously reported. The ‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errars were measured by reinterviews, record checks, and other
surveys.

The detailed results of these studies, as well as the

" methedology employed, are presented in the 1970 Census of

Population and Housing Evaluation and Research Program
Reports, Series PHC{E)-5, The Coverage of Housing in the 1970
Census, and PHC(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA —Results from the 1981 AHS-SMSA sampie reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, ‘‘Reinterview Results for Annual
Housing Survey—SMS$A Sample: 1977.” -»

Coverage errors—In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional (non-mobile home) new con-
struction. Due to time constraints, on'ly those building permits
issued more than 5 manths before the survey ended were eligi-
ble to be sampled to represent caonventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-
sarily represent missed housing units. Due to tne relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have been eligibte for in-
terview. In addition to these deficiencies, new constructaon in
special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies: It appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage improvement section of this
appendix) was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED's where area sampling methods
are used. It had been assumed that all housing units located
inside these ED's would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of alt housing units in these ED's because they were
not listed during the canvassing. It should be hoted that since
these ED’s were recanvassed for the 1981 survey, the number
of missed housing units may be considerably .less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned ie.,
it adjusts to the best available estimate. However biases of sub-
totals would still remain.

Rounding errors —For ‘errors associated with 'processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the 'statistics being

measured. The effect of rounding is significant relative to the -

sampling error only for small percentages or small medians when
these flgures are derived from reiatively Iarge bases (e.g.,
medlan number of persons per household). This means that con-
fidence intervals formed from the standard errars given may be
distorted, and this should be taken into account when consider-
ing the results of the survey. !
Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been" selected using
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.
One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects

the variation in the estimates due to sampling and nansampling

" errors, but it does not measure as such, any systematrc biases
in.the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any addltronal non-
sampling errors not measured by the standard error. The
sample astimate and its estimated standard error enable one to
construct interval estimatas in which the |nterval includes the

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each. of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples. ‘ : -

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all possnbie
samples.

3. Approximately 95 percent of the intervals from two
standard errars below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible sampies is included in the con-
structed interval. ‘

The figures presented in the tabies that follow (page App-51}
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide rrariety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were' required. As a result, the tables of standard’
errors prowde an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table| (page App-51} presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1877-1981 lost
housing units (housing units removed from the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table, The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
32,009 for the total SMSA, 14,659 for the central city of the
SMSA, and 28,390 for the balance of ‘the SMSA.

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more,

Table Il (page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well-
as estimated percentages of the 1977-1981 lost housing units
(housing units removed from the inventory). Two-way interpola-
tion should be used to determine standard errars for estirated
percentages not specifically shown in table I, e
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included in tables | and 1 are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered -as overestimates of the true standard
errors and should be used primarily for construction of confidence
intervals for characteristics ' when an estimate of zero is obtained.

For ratios, 100 (x/y}, where x is'not a subclass of y, table Il
underastimates the standard error of the ratio when there is
little or-no correlation between x and y. For this type of ratio,
a better approximation of the standard error may be obtained
_ by letting the standard error of the ratio be approximatély
equal to: '

where: x = the numerator of the ratio:
y = the denominator of the ratio
Oy = the standard error of the numerator
a,= the standard error of the denominator

llustration of the use of the standard error tables —Table A-1
of part A of this report shows thatin 1981 there were 580,800
owner-occupied housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard -error of
an estimate of this size is approximately 6,930. The following
interpolation procedure was used.

The information presented in the following table was extracted
from table |. The entry for 'x’’ is the one sought.

Standard ervor
i

Size of estimate

500,000 ........ ... 7,280

580,800 ... ... e . , X
600,000 ... .oiniinn- L . 6,850

The entry of *'x’* is determined as fallows by vertically inter-
polat;n_g between 7,280 and 6,850.

580,800— 500,000 = 80,800
600,000 500,000 = 100,000

v 80,800

7,280 + ——_ {6,850—7,280) = 6,930
: 100,000 ‘

Consequently, the 68-percent confidence interval, as shown by
these data, is from 573,870 to 587,730 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, ligs within the interval from 569,710 to 591,890 hous-

ing units with 90 percent confidence; and that the average

ostimate lies within the interval from 566,940 to 594,660 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 580, 800 owner-
occupied-housing units, 169,800, or 29.2 percent, had two
bedrooms. Interpolation using table 1l of this appendix {i.e.,
interpolation. on' both the base and percent) shows that the
standard error of the 29.2 percent is approximately - 0.9
percentage poirits. The following interpolation procedure was
used, -

The information presented in the following table was extracted -
from-table 1l. The entry for *’p’* is the one sought? -+ "F. w

Estimated percentage

Base of percentage ,

: - .26 0r 75 29.2 50
500,000 . .. :. .. ... : 1.0 a 1.1
580,000 .......... ‘ p
600,000 .. ........ 09 b| - .10,

1. The entry for cell “a’’ is detarmined by horizontal interpola-
tion between 1.0 and 1.1.

29.2—-25.0 = 4.2
50.0—25.0 = 256.0

10 + 4.2

11-1.00 = 1.0
750 ’ :

" 2. The entry for cell *’b’’ is determined by horizontal inter_po!a-’

tion between 0.9 and 1.0.

29.2—-25.0 = 4.2
50.0—25.0 = 25.0
4.2

09 + —

1.0-0.9) =
560 )

3. The entry for *'p'’ is then determined by vertical inierpola—
tion between 1.0 and 0.9.

560,800—500,000 = 80,800

. 600,000—500,000 = 100,000 »
10 + 2989 54 1.0 =
100,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 28.3 to 30.1 percent; the 90-percent ‘con-
fidence interval is from 27.8 to 30.6 percent; and the 95-percent
confidence intervat is from 27.4 to 31.0 percent

Differences - The standard errors shown are not dlrectly
applicable to differences between two sample estimates. The
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standard error of a difference between estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error.of each estimate considered separately. This
tormula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA's or the dif-
ference between separate and uncorrelated characteristics in the
same SMS3A. If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard érror. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when makjng comparisons
between 1977 and 1981 characteristics.

Hiustranon of the computation of the standard error of a
difference—Table A-1 of part A of this report shows that in 1981
there were 291,400 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent difference, as shown
by these data, between oWner-occupied housing units with two
bedrooms and owner-occupied housing” units with three
bedrooms is 121,600. Table | shows the standard error of

169,800 is approximately 5,790, and the standard error of

281,400 is approximately 6,900. Therefore, the standard error
of the estimated difference of 121,600 is about 8,010.

9,010 = +/(5,79012 + (6,900)"

Consequently, the 68-percent confidence interval for the
121,600 difference is fram 11 2,690 to 130,610 housing units.
Therefore, a conclusion that the average estimate derived from
all possible samples, of this difference, lies within a range com-
puted in this way, would be correct for roughly 68 percent of
all possible samples. Similarly, the 90-percent confidence interval

is from 107,180 to 136,020 housing units,-and the 95-percent -

confidence interval is from 103,580 to 139,620 housing units.
Thus, we can conclude with 95 percent confidence that the
number of 1981 owner-occupied housing units with three
bedrooms is greater than the number of owner-occupied units
with two bedrooms since the 95-percent confidence interval
does not include zero or negative values.

Medians—For medians presented in certain tables, the

sampling error depends on ‘the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is

to determine an interval about the estimated median so that there

is a stated degree of confidence that the average median from
all possible samples lies within the interval. The following pro-
cedure may be used to estimate confidence limits of a median
based on sample data:

1. From table il, determine the standard error of a 50-percent
characteristic on the base of the median.

2, Add to and subtract from 50 percent, the standard error
determined in step 1.

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points

astablished in step 2. To find the lower endpoint of the con-
fidence intervai, it is necessary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often.

For about 68 out-of 100 possible samples, the average median
fram all possibie samples wouid lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
sampies would lie between these two values.

Hustration of the computation of the 85-percent confidence in-
terval of a median— Table A-1 of part A of this report shows the
median number of persons for owner-accupied housing units is
2.6. The base of the distribution from which this median was
determined is 580,800 housing units.

1. Interpolation using table Il shows that the standard error
of 50 percent on a base of 580,800 is approximately 1.0
percentage points.

2. To obtain a 95-percent confidence interval on the estimated

- median, initially add to and subtract from 50 percent twice-
the standard error determined in step 1. This yields per-
centage limits of 48.0 and 52.0

3. From the distribution for “persons’’ in table A-1 of part A,

the interval for owner-occupied housing units with three per-

"sons {for purposes of calculating the median, the category
of three persons is considered to be from 2.5 to 3. 5 persons)

" contains the 48.0 percent derived in step 2. About 274,400
housing units or 47.2 percent fall below this interval, and
116,000 housing units or 20.0 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

{48.0—-47.2)

2.5 + (3.56-2.5)
20.0

=25

Similarly, the interval for owner-occupied housing units with
three parsons contains the 52.0 percent derivad in step 2.
About 274,400 housing units or 47.2 percent fall below this
interval, and 118,000 housing units or 20.0 percent falt within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

{62.0-47.2)

5 + (3.5-2.
2 (3.5 5) 20.0

= 2.7

Thus, the 95-percent confidence interval ranges from 2.5 to
2.7 persons. Although it appears that this confidence inter-
val has the same estimata as the lower limit it actually is a
reflection of the rounding error associated with this median
(see the paragraph on rounding error in the nonsampling
error section of this appendix}.
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TABLE [. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Pittsburgh, Pa., SMSA, for the Central City of the SMSA and for the Balance {Not in Central

City) of the SMSA

{68 chances out of 100}

Standard error’ Standard error’
Size of Size' of o
estimate : In Not in estimate In—. H Not ig fIss
SMSA central central SMSA central central
city city city Yty
[0 27 240 230 240 | 150,000 . ... ...... .. 5,620 2,400 5,370
100 . ..o 240 - 230 240 | 179,800............ 5,920 — 5,710
200 . ... 240 230 240} 200,000............ 6,150 — 5,910
BOO ... .o i e 350 340 360 | 250,000 ............ 6,620 — - 6,270
7OO . .. 410 400 410 | 300,000............ 6,960 - 6,480
1,000 ... . 4390 480 490 | 400,000......... ... 7.310 — 6,490
2,600 ... ... ... ... 780 760 780 | 500,000 ............ . 7,280 - 5,930
5000 ..... ... ... 1,100 1,060 1,100 | 600,000............ 6,850.| |, - 4,610
10,000 ... ... ....... 1,860 1,480 1,650 { 700,000 ............ 5,940 - . 600
25000 . ............ 2,440 2,230 2430 701,500, ... ....... 5,920 - ‘ -
50,000 ............. 3,400 2,890 3,370 800,000............ 4,280 — "T
75,000 ... . ... .. 4,100 3,180 4,050 | 881,300............ - - S
100000 ............ 4,660 3.210 4,580

1For estimates pertaining to new construction,
to total housing units for the central city, balance, and tot

pendent estimate.

i

the standard errors shown in the table should be multiplied by a factor of 1.2. Standard errors of estimates pertaining
al SMSA are assumed to be equal to zefo where the estimate for the total SMSA was derived from an inde-

Y

TABLE Il. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages

of 1977-1981 Lost Housing Units
Central City) of the SMSA :

{68 chances out of 100}

for the Pittsburgh, Pa., SMSA, for the Central City and for the Balance {Not :in

Estimated percentage’ Estimated percentage’
Base of ~ Base of - -
percentage 0 or tor | Sor |10 or | 25 or 50 pefcentage Qor 1 or 50or |100r | 25 or 50
100 g9 '|' 95 20 75 100 99 a5 90 75

100 ... ..., 710 7101 MO 71.0| 1.0 78.3 100,000 ... ... .. 0.2 0.5 1.1 1.5 2.1 2.5
200 .. ..o . 561 55.1 55.1 55.1 55.1 56.3 160,000 ........ 0.2 0.4 0.8 1.2 1.7 2.0
800 ... ... ... 329 329 | 329 | 329 | 329 35.0 | 200,000 ........ 0.12 0.3 0.8 1.0 1.5 1.7
700 ... ... 2590 | 259 1.269 | 26.9 | 25.9° 29.6 | 250,000 ... ..... 0.10 0.3 0.7 0.9 1.4 1.6
1,000, .........~ 197 19.7 | 19.7 1 187} 21.4 24,7 | 300,000 ........ 0.08 0.3 0.6 0.9 1.2 1.4
2500........... ' 8.9 8.9 8.9 9.41{ 13.6 15.7 | 400,000 ........ Q.06 0.2 0.5 0.7 1.1° 1.2
BODO. . ... . ..., 4.7 4.7 4.8 6.6 9.6 111 500,000 ........ 0.05 0.2 0.5 0.7 1.0 1.1
10000, ......... 24 2.4 3.4 4.7 6.8 7.8 600,000 ........ 0.04 0.2 0.4 0.6 0.9 1.0
25000.......... 1.0 1.0 2.2 3.0 4.3 4.9 700,b00 ........ 0.03 0.2 0.4 0.6 0.8 0.9
50,000.......... 0.5 0.7 1.5 2.1 3.0 3.6 800,000 ........ 0.03 0.2 0.4 0.5 0.8 0.9
75000.....:.... 0.3 0.6 1.2 1.7 25 291 900,000 ........ 0.03 0.2 0.4 0.5 0.7 0.8

1Standard errors are presented to the nearest one-
point; in those cases, the standard error is shawn to the nearest one-

arrors shown in the table should be multiplied by a factor of 1.2

tenth of one percentage point eéxcept when the standard error is less than fifteen-hundredths of one percentage

hundredth of one percentage point. For estimates pertaining 10 new construction, the standard
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15
SMSA’s in this report series (H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey (AHS) which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development. -

The SMSA's selected for the AHS are interviewed on a rotating
basis. The group of 15 SMSA’s selected for interview during

1981 were interviewed previously in 1974 {1975 for Madison,

Wis.) and 1977 (see the list of SMSA reports from the AHS in
the introduction of this report).

The three largest SMSA's (Boston, Mass.; Detroit, Mich.: and
Washington, D.C.-Md.-Va.} in the 1981 group of SMSA’s were
represented by a sample size of 1 5,000 designated housing units
inthe 1974 and 1977 surveys evenly dlwded between the cen-
tral city and the balance of the respective SMSA The 12 remain-
ing SMSA’s {Anaheim-Santa Ana-Garden Graove, Calif.; Dalias,
Tex.; Fort Worth, Tex.; Madison, Wis.: Minneapolis-St. Paul,
an Newark, N.J.; Orlando, Fla.;.Phoenix, Ariz.: Pittsburgh,
Pa.; Spokane, Wash.: Tacoma, Wash.; and Wichita, Kans.) in
the 1981 group were represented by a sample of 5,000
designated housang units in the 1974 {1975 for Madison, Wis.)
and 1977 surveys distributed proportionately between the cen-
tral city and balance of the respective SMSA based on the
distribution of total housing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housmg units being

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary
todrop paneis 1, 2,4, 5,9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA's and
panels 1 and 2 from the other 12 SMSA's. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’s
and by one-fourth far the other 12 SMSA'’s.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each menth. The
interviewing was done for the remaining 12 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,402 housing units were eligible for interview.
Of these sample housing units, 127 interviews were not
obtained because, for occupied sample units, the occupants
refused 10 be interviewed, were not at home after repeated visits,
or were unavailable for some other reason: or, for vacant units,
nag informed respondent could be found after repeated visits. in
addition to the 4,402 housing units eligible for interview, 337
units were visited but were nat eligible for interview because
they were condemned, unfit, demolished, converted to group
quarters use, etc.

Designation of sample housing units for the 1981 survey—The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following categories which are
described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977
survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
(i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. {For.a list of reasons for type A and type B noninterviews,

see the facsimile of the 1981 AHS questionnaire, page -

App-20.}

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.]

4. All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. {This
sample represented additions to the housing inventory in
_nonpermit-issuing areas since the 1977 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs, (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.}

Seloction of the oniginal AHS-SMSA sample—The sample for the
SMSA's which, in 1970, were 100-percent permit-issuing was
selected fram two sample frames—housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices (the permit-issuing
universe) and housing units constructed in permit-issuing areas
since the 1970 census {the new construction universe). In ad-
dition, the sample for those SMSA’s which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frarme—those housing units located in areas not under the
jurisdiction of permit-issuing offices (the nonpermit universe).
tin 1970, the following five SMSA’'s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe.

Sampling operations, descrlbed in the following paragraphs,
were performed separately within the central city and the balance
_of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mired by the size of the sample. Thus, for the three largest
SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector. ’

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head (non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
s0 that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table:

Tenure

Household Owner— Renter—
incorne Family size Family size
1234656+ 12345+

Under $§3,000 ......
$3,000 to $5,999. .. -
$6,000 to $9,999 . ..
$10,000 to $14,999 .
$15,000 and over . . .

Thus, for this SMSA, the occupied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the cantral city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
either the central city or for the batance of the SMSA. A sample
selection procedure was then instituted that would produce one-

- half of the desired sample size. However, whenever a record was

selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary de5|gnated sample size.

Before the sample was selected from the group quarters and
special place records the records were stratified by census tract
and census enumeration district {ED) within the centrat city and
within the balance of the SMSA. A sample of specnal place
records was then selected by a procedure that produced one-
quarter of ‘the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new constrq'ction universe). The sample selection from
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the list of new construction building permits was an inde-
pendent operation within this SMSA. Prior to sample selection,
the list of permits was chronologicaily stratified by the date the
perm:ts were issued, and clusters of an expected four {usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

Far those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e., the nonpermit universe). The first step in the
sampling operation for the nonpermit universe was the selec-
tion (using the overall sampling rate) of a sample of census
enumeration districts within these areas. Prior to this sample
selection, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size. ’

,

Group quarters population in
1870 census ED

3

Number of housing units in =~ 4 .
1870 census ED

a4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries havingian expected size
of four, or a multiple of four, housing units. At the time of the
survey, those segments that did not have an expected size of
four were further subdivided to produce an expected four sam-
ple housing units.

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eligible for sam-
ple. Thus, housing units enumerated in the 1970 census as well
as housing units built since the 1970 census. are included.

1977-1981 additions to the housing inventary—In the permit-
issuing universe, a sample of new construction building permits,
issued since the 1977 survey, was selected to represent hous-
ing units built in permit- issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1870-1977 new construction sample which were
described previously. In the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage Improvement
Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sampie from
the permit-issuing and new construction universes. The coverage
deflc:enmes included the following units:

1. New construction from building permits issued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks sither missed during the
1870 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

‘4. Housing units converted to residential use that were
nonresidential at the time of the 1970 census.

5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA’s was previously interviewed in 1974
(1975 for Madison, Wis.) and 1977. The Coverage Impravement
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.:
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA’s receiving some updating and refining as part
of the 1981 AHS, The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.;
Dalias, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA's, estimates of housing units added by
a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981,

Coverage improvement for deficiency 1— A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
15 SMSA's. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (reguiar AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each
of the selected permit offices. in the Fort Worth, Tex., SMSA,
an additional sample of. 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif,;
Fort Worth, Tex.; Madison, Wis.; Orlando, Fla,; Spokane, Wash.;
and Wichita, Kans,

In the rematning 9 SMSA’s, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC),
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 499 new construction units to the coverage of the
housing inventary of this SMSA.

Coverage improvement for deficiency 2—In permit-issuing areas,
a sample of mobile homes placed in a park that was missed by
the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after, the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 405
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure was designed to represent units fram the following
types of missed structures (structures that had no chance of
selection for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use,

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere. '

4. Houses that had been moved onto their present site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1 in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
{excluding the sample unit structure} were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected. _

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were: . :

1. Units missed in the 1970 census.’ )
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970,

First, a subsample of AHS housing units in multiunit.structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above: all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA’s. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash., SMSA’s, These SMSA’s did not
receive application of the second procedure. The Dallas, Tex.:
Minneapolis-St.. Paul, Minn.; and Pittsburgh, Pa., SMSA's did
not receive application of either procedure during the 1977

-

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.;

" Pittsburgh, Pa.; and the Spokane, Wash., SMSA’s had the first

procedure completed as part of the 1981 Coverage Improvement
Program. The remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improvement Program. . )

The first procedure added an estimated 2,670 housing units
to the coverage of the housing inventory of this SMSA.

1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventory (i.e., the housing inven-
tary that existed at the time of the 1970 census)-are based on
either 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1.

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview f{i.e., the 1881 hous-
incj‘ inventory) and estimates pertaining to characteristics of hous-
ing units removed fram the housing inventory since 1877 li.e.,
1977-1981 lost units). Each type of estimate employed separate,
afthough similar, estimation procedures.

1981 housing inventary — The AHS estimates of characteristics
of the 1981 housing inventory were preduced using a 6ne-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fo'rt.Worth, Tex.; and Madison, Wis.,
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA’s.

Prior to the implementation of the ratio estimation procedures,
the basic weight {i.e., the inverse of the probability of selection}
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Waightad count of interviewed Woeighted count of noninterviewed
housing units housing units

Weighted count of interviewed housing units

Within each sector ;f each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permii—issuing universe {where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described). In addition, within
sach sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers frorh both the nonpermit universe and the

coverage improvement universe, and one noninterview cell for’

other sample housing units from both the nonpermit universe
andithe coverage improvement universe {if units were not in-
cluded in any of the previéus cells). '

The foliowing ratio estimation procedure was employed for -

all sample housing units from the permit-issuing universe. This
factor was computed separately for all sample housing units
within each permit-issuing universe noninterview cell men-
tioned previously. The ratio estimation factor for each cell was
equal to the following: t

1970 census count of housing units from the permit-issuing universe in the
corresponding cell .

AHS sample estimate of 1970 housing units from the permit-issuing universe

.in the corresponding cell

For each SMSA, the numerators of the ratios were obtained from
the 1870 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of tht.e ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing weight (i.e., the basic weight times the
noninterview factor}. The computed ratio estimation factor was

then applied to the existing weight for each sample housing unit

within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional'among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.; Detroit, Mich.; Mirneapolis-St. Paul, Minn.: Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and
Washington, D.C.-Md.-Va., SMSA's. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution.

This ratio estimation factor was calculated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector (central city or balance of the SMSA).
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

Sample estimate of the propartion of new construction heusing units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of autharized building permits which were
determined from the Survey of Construction {SOCT. The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample "housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector (central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor equaled the
following: '

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratic are described below:. The
denominator of this ratio was obtained from the weighted
estimate of the AHS-SMSA sample housing units using the
existing weight.

Independent estimates of tota! hausing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA's. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survey. These estimates of change were based on estimates of
new construction permit authorizations and post-census demoli-
tion permits.

The sample estimates of total housing units after the permit
hew construction ratio estimation (i.e., the existing sample
estimate) were compared to the’ corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA’s and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.: Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's. )

The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Orlande Fla.; Phoenix, Ariz.: and Wichita, Kans.,
SMSA’s, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
Ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA's, the lndependeﬂt
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS- SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central cnty/baiance SMSA definition were
used.

The computed ratio estimation factors for the central city and
balarce of the SMSA's were then applied to the existing weight
for ali corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA’'s, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA’s.

Thz effect of the total housing unit ratio estimation procedure,
as wall as the overall estimation procedures, was 10 reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance, from. the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent partions of it, are brought intc agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981 lost housing
units {housing units removed from the inventory) estimates
emploved the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA's and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
desciibed in the 1977 Current Housing Report, Series H-1 70,
Housing Characteristics for Sefected Metropolitan Areas. Since
‘the 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight
was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure—This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a twa-stage ratio estimation
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA's. A detailed descrip-
tion of this ratic estimation procedure can be found in the AHS
Series H-170 reports for 1977,

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventary from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied sepafately for each of the three census samples.
A detailed description of this ratio estimation procedure can he
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

'RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated w1th
estimates based on data from sample surveys— sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling errors associated with
the 1970 census estimates. A description of the sampling
errars associated with the sample estimates from the 1 970 cen-
sus can be found inthe 1970 Census of Housing report, Volume
I, Housing Characteristics for States, Cities, and Counties, Part 1.

Nonsampling errors—In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties: differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unigque to sample surveys since they can, and do, occur in com-
plete censuses as well. ‘

Obtaining a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con- .
sidering the number of poésible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates —‘‘coverage’’ and "‘content’” errors. The *‘coverage”’
errors determined how completely housing unlts were counted
in the census and the extent to which occupancy status was
erroneously reported. The *‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record checks, and other
SUrveys.

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of

_Populatlon and Housing Evaluation and Research Program

Reports, Series PHC{E)- 5, The Coverage of Housing in the 1970
Census, and PHCI(E)-10, Accuracy of Data for Selected Hous-,
ing Characteristics as Measured by Reinterviews.

AHMS-SMSA ~ Results from the 1281 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bursau memorandum, “‘Reinterview Resuits for Annual
Housing Survey —SMSA Sample: 1977.”

Coverage errors—In errors of coverage and gstimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional {non-mobile home} new con-
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-

sarily represent missed housing units. Due to the relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con-
ducted, in which case, they would not have heen ellglble forin-
terview. In addition to these deficiencies, new construction in

special places that do not require building permits, such as

military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
_cies. It appears that the listing procedure used to'correct defi-
ciencies 3-6 {see the coverage improvement section of this
appendix) was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit,

Deficiencies also exist in ED’s where area sampling methods
are used. It had been assumed that all housing units located
inside these ED's would be represented in the sarnple. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 survey, the number
of missed housing units may be considerably less for 1981.

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned: i.e.,
it adjusts to the best available estimate. However, biases of sub-
totals would still remain.

Rounding errors —For errors associated with'processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the statistics being
measured. The effect of rounding is significant relative to the
sampling error only for small percentages or small medians when
these fgures are derived from relatively large bases (e. g..
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the results of the survey.

Sampling errors for the AHS-SMSA sample~The particular
sample used for this survey is one of a farge number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same questionnaires,
instructions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a éurvey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from

a sample approximates the average result of all possible samples.
" One common measure of the sampling error is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its estimated standard error enable cne to
construct interval estimates in which the inteival.incrqdes the

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples.

2. Approximately 90 percent of the intervals from 1.6 standard

- errars below the estimate to 1.6 standard errors above the
astimate would include the aiferage result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average resuit of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of ail possible samples is included in the con-
structed interval. _ . :

The figures presented in the tables that follow (page App-51)
are approximations to the standard errors of various estimates
shown in this report for this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any -
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table | (page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units {housing units removed from the inventory). Linear
interpotation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A- 1, B-1, and C-1 of part A of this report are
5,238 for the total SMSA, 2,963 for the central city of the
SMSA, and 4,319 for the balance of the SMSA,

The reliability of an estimated percentage, computed by
using the 'Sampie data for both numerator and denominator,
depends upon both the size of the' percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the percentages are 50 percent or more.

Table M {page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well
as estimated percentages of the 1977-1981 lost housing units
{(housing units removed from the inventory). Two-way interpola-
tion should be used to determine standard errors for estimated-
percentages not specifically shown in table Il.
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Included in tables | and Il are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered as overestimates of the true standard
errors and should be used primarily for construction of confidence

intervals for characteristics when an estimate of zero is obtained.

Faor ratios, 100 (x/y), where x is not a subclass of v, table 1l
underestimates the standard error of the ratio when there. is
little or no correlation between x and y. For this type of ratio,
a better approximation of the standard error may be obtained
by letting the standard error of the ratio be approximately
equal to:

where: x = the numerator of the ratio
y = the denominator of the ratio
o. = the standard error of the numerator
oy the standard error of the denominator

llustration of the use of the standard error tables — Table A-1
of part A of this report shows that in 1981 there were 87,700
owner-occupied housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 1,040. The following
interpolation procedure was used.

The information presented in the following table was extracted
from table |. The entry for *’x’’ is the one sought.

Size of estimate Standard error

F7,000 ...l 1,090
87,700 . ... .. ... x
100,000 ............... 990

The entry of 'x’" is determined as follows by vertically inter-
polating between 1,090 and 990.

87,700—77,000 = 10,700
100,000—77,000 = 23,000

10,700

1,080 + . ————
23,000

{990—1,090) = 1,040

Consequently, the 68-percent confidence interval, as shown by
these data, is from 86,660 to 88,740 housing units. Therefore,
a conclusion that the average estimate of 1981 owner-occupied
housing units (derived from all possible samples) lies within a
range computed in this way would be correct for roughly 68 per-
cent of all possible samples. Similarly, we could conclude that
the average estimate derived from all possible samples, lies
within the interval from 86,040 to 89,360 housing units with
90 percent confidence; and that the average estimate lies within

the interval from 85,620 to 89,780 housing units with 95 per-
cent confidence.

Tabte A-1 of part A also shows that of the 87,700 owner-
occupied housing units, 24,200, or 27.6 percent, had two
bedrooms. Interpolation using table 1l of this appendix (i.e.,
interpolation on both the base and percent} shows that the
standard error of the 27.6 percent is approximately 0.8
percentage points. The following interpolation procedure was
used. _ '

The information presented in the followin§ table was extracted
from table Il. The entry for *'p’’ is the one sought.

Estimated percentage

Base of percentage
2bor 75 27.6 50
75000 ........... 0.9 a 1.1
87,700 ........... P
100,000 . ....... .. . 0.8 b 0.9

1. The entry for cell “’a’" is determined by horizontal interpola-
tion between 0.9 and 1.1.

27.6-25.0 = 2.6
£0.0—25.0 = 25.0

2.6

09 + —— {1.1-0.9) = 0.9
9 25.0 ( )

2. The entry for cell “‘b’* is determined by hotizontal interpola-

_tion between 0.8 and 0.8.

27.6—250 = 2.6
50.0—25.0 = 25.0
2.6

08 + —

{0.9-0.8) = 0.8
25.0

3. The entry for “'p’* is then determined by vertical interpola-
tion between 0.9 and 0.8..

87,700—75,000 = 12,700
100,000—-75,000 = 25,000
12,700

09 + —— - (0.8-0.9) = 0.8
25,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 26.8 to 28.4 percent; the 90-percent con-
fidence interval is from 26.3 to 28.9 percent; and the 95-percent .
confidence interval is from 26.0 to 29.2 percent.

Differences — The standard errors shown are not diréctly
applicabte to differences between two sample estimates.- The




- App-80

APPENDIX B—Continued

standard error of a difference between estimates is approxi-
mately equal to the square root of the surm of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA's or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. Ifthere i is a high positive correlation between the
two characteristics, the formula will overestimate the true
standard error; but if there is a high 1 negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when making comparisons
between 1977 and 1981 characteristics.

filustration of the computation of the standard error of a
difference—Table A-1 of part A of this report shows that in 1981
there were 36,500 owner-occupied housing units with three
bedreoms in this SMSA. Thus, the apparent difference, as shown
by these data, between owner-occupied housing units with two
bedrooms and owner-occupled housing units with three
bedrooms is 12,300. Table | shows the standard error of 24,200
is approximately 830, and the standard efror of 36,500 is
approximately 940. Therefore, the standard error of the
estimated difference of 12,300 is about 1,250.

1,250 = +/ (830)2 + (940)?

Consequently, the 68-percent confidence interval for the 12,300
difference is from 11,050 to 13,550 housing units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range computed in
this way, would be correct for roughly 68 percent of ali possi-
ble samples. Similarly, the 90-percent confidence interval is from
10,300 to 14,300 housing units, and the 95-percent confidence
interval is from 9,800 to 14,800 housing units. Thus, we can
conclude with 95 percent confidence that the number of 1981
owner-occupied housing units with three bedrooms is greater
than the number of owner- -occupied units with two bedrooms
since the 95-percent confidence interval does not mc!ude Zero
or negative values. .

Medians—For medians presented in certain . tables, the
sampling error depends on the size of the base and on the
distribution upon which the rmedian is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a stated degree of confidence that the average median from
all possible samples lies within the interval. The following pro-
. cedure may be used to estimate confidence limits of a medlan
-based on sample data:

1. From table Il, determine the standard error of a 50-percent
characteristic on the base of the median.

2. Add to and subtract from 50 percent, the standard error
determined in step 1.

3. Using the distribution of the characteristics, determine
the confidence interval corfesponding to the two points
established in step 2. To find the lowet endpoint of the con-
fidence interval, it is necessary to know into which interval
of the distribution the lower percenta‘ge limit falls. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary 10 know into which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median”

from all possible samples would lie between these two values.

A two-standard-errar confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 gut
of 100.possible samples, the average median from all possible
samples would lie between these two vaiues.

Hlustration of the computation of the 85-percent confidence in-
terval of a median— Tabie A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.5. The base of the distribution from which this median was
determined is' 87,700 housing units.

1. Interpolation -using table Il shows that the standard error
of 50 percent on a base of 87,700 is approxlmately 1.0
percentage points.

2. To obtain a 95-percent confidence interval on the estimated
“median, initially add to and subtract from 50 percent twice
the standard error determined in step 1 This yieids per-
centage limits of 48.0 and 52.0.

3. From the drstnbut:on for “’persons’ in table A-1 of part A,
the interval for owner- occupied housing units with two per-
sons (for purposes of calculating the median, the’ category
of two persons is considered to be from 1.5 to 3. 5 persons)
contains the 48.0 percent derived in step 2. About 14,700
housing unitsor 16.8 percent fall below this interval, and
30,000 housing units or 34.2 percent fall within this inter-
val. By linear interpolation, the lower limit of the 85- percent
confidence interval is found to be about:

1.6 + (2.5—1.5 48:0-168 ., ,
34.2

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.0 percent derived in step 2.
About 44,700 housing units or 51.0 percent fall below this
interval, and 14,100 housing units or 16.1 percent fall within
this interval. The upper limit of the 95-; percent confidence
|nterval is found to be about:

(52.0-51.0)
16.1

=26

2.5 + (3.5-2.5)

Thus, the 95-percent confidence interval ranges from 2.4 to
2.8 persons.
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TABLE 1. Standard Errors for E
1977-1981 Lost Units for the Spokan

City) of the SMSA

(68 chances out of 100}

stimated Number of Housir‘\g Units in the 1981 Housing Inventory and for Estimated Number of
e. Wash:, SMSA, for the Central City of the SMSA and for the Balance {Not in" Central

Standard error’ -

Standard error’

Size of o . Size of e . Yo
astimate In Not in estimate fn Not in
SMSA central central SMSA central central
’ city city city city
4 R 30 30 30| 10,000............. 560 530 540
100 . ..o i e it 60 60 60 ] 25000............. 840 740 720
200, . . o 80 80 BO| 50000............. 1,050 750 590
BOO . . ... o 130 130 130 62,700 . ... . ........ 1,090 610 —
700 .. ... 150 160 160 | 75,000 ............. 1,080 250 —
1,000 ... .. n 180- 180 190 77000, . ... .. 1,090 - -
2500 ... e 290 280 2801 100,000............ - 990 - —
5000 ....... ... ... 410 390 400 | 139,700 . ........ ... - - =

. 'For estimates pertaining to new construction, the standard
and for the balance (not in central city) estimates. Standard errors of estimates p

to be equal to zero where the estimate for the total SMSA was derived fram an independent estimate.

TABLE Il. Standard Errors for Estimated Percentéges of Housing Units in the 1
of 1977-1981 Lost Housing Units for the Spokane, Wash., SMSA,

Cantral City) of the SMSA

{68 chances out of 100}

errors shown in the table should be multiplied by a factor of 1.2 for the total SMSA and for the central
ertaining to total housing units for the central city, balance, and total SMSA are assumed

981 Housiﬁg Inventory and for Estimated Percentages
for the Central City and for the Balance (Not in

" Estimated percentage’ Estimated percentage’
Base of i Base of
_perce.ntage 0 or 1 or 5or |100r | 250r 50 parcentage Qor 1 ar S5or | 10o0r| 25 0r 50
100 a9 95 90 75 100 99 a5 90 75

100 ... 0. 25.8 268 | 26,8 | 25.8 | 258 205 | 10,000 ......... 0.3 0.6 1.3 1.8 2.6 2.9
200 ... 14.8 14.8 14.8 14.8 181 20.8 25,000 . ........ Q.14 0.4 0.8 1.1 1.6 1.9
BOO ... 6.5 6.5 6.5 7.9 11.4 13.2 | 50,000 0.07 0.3 0.6 0.8 1.1 1.3
FOO ... 4.7 4.7 4.9 6.7 9.7 1.1 75,000 ......... 0.05]. 0.2 0.5 0.6 0.9 1.1
1.000............ 34 3.4 4.1 5.6 8.1 9.3 ]| 100,000 ........ 0.03 0.2 0.4 0.6 0.8 0.9
2500........... 14 |’ 1.4 2.6 3.5 5.1 59| 150,000 ........ 0.02 0.2 0.3 0.5 0.7 0.8
5000........... 0.7 0.8 ) 1.8 2.5 36 4.2

‘Standard errors are p

point; in thosa cases, the standard error is shown to the nearest one-
errars shown in the table should be multiplied by a factor of 1.2, for the total

rasented to the nearest one-tanth of one percentage point except when the standard error is less than fifteen-hundredths of ong¢ percentage

hundredth of one percentage point. For estimates pertaining to new construction, the standard
SMSA and 1.1 for the central city and for the balance {not in central city}. -
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SAMPLE DESIGN

Annual Housing Survey—The estimates for each of the 15
SMSA’s in this report series (H-170-81) are based on data col-
lected from the 1981 Annual-Housing Survey {AHS} which was
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA's selected for the AHS are interviewéd on a rotating
basis. The group of 15 SMSA’s selected for interview during
1981 were interviewed previously in 1974 (1 975 for Madisan,

1
1
i
'
]
t

Wis.) and 1977 (ses the list of SMSA reports from the AHS in )

the introduction of this report).

The three largest SMSA's {Boston, Mass.; Detroit, Mich.; and
Washington, D.C.-Md.-Va.} in the 1981 group of SMSA's were
represented by a sample size of 15,000 designated housing units
inthe 1974 and 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s {Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; Minneapolis-St. Paul,
Minn.; Newark, N.J.; Orlando, Fla.: Phoenix, Ariz.; Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.) in
the 1981 group were represented by a samfple of 5,000
designated housing units in the 1974 (1975 jor Madison, Wis.)
and 1877 surveys distributed proportionately between the cen-
tral city and balance of the respective SMSA <based on the
distribution of total housing units in each sector.

In the 1874 survey, AHS sample units were divided among
12 panels with one-twelfth of the sample housing units being

v
.

|

i Interviewed each month. Due to budget limitations, panel 3 was
; dropped from all SMSA’s for the 1977 survey. Due to additional
. budget limitations for the 1981 survey, it also became necessary
todrop panels 1,2, 4,5,9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; and Washington, D.C.-Md.-Va., SMSA’s and
panels 1 and 2 from the other 12 SMSA's. The designated sam-
ple size was reduced by two-thirds for the three Iarges't SMSA’s
and by one-fourth for the other 12 SMSA’s.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining 12 SMSA's during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,636 housing units were eligible for interview,
Of these sample housing units, .188 interviews were not
obtained because, for occupied sample units, the occupants
refused to be interviewsd, were not at home after repeated visits,
or were unavailable for some other reason; or, for vacant units,
| na informed respondent could be found after repeated visits. In
’ addition to the 4,636 housing units eligible for interview, 225
i units were visited but were not eligible for interview because
I they were condemned, unfit, demolished, converted to group
| quarters use, stc.

[ Designation of sample housing units for the 1981 survev‘—- The
| sample housing units designated to be interviewed in the 1981
i
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survey consisted of the following categories which are
described in detail in the succeeding sactions.

1. All sample housing units that were interviewed in the 1977
" survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
(i.e.. units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligible in the future} in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. {For a list of reasons for type A and type B noninterviews,
sea the facsimile of the 1981 AHS questionnaire, page
App-20.)

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel
reduction. (This sample represented the housing units built
in permit-issuing areas since the 1977 survey.) _

4. All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. {This
sample represented additions to the housing inventory in

nonpermit-issuing areas since the 1977 survey.)

§. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. {This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the original AHS-SMSA sample—The sample for the

SMSA s which, in 1970, were 100-percent permit-issuing was
selected from two sample frames—housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices (the permit-issuing
umverse} and housing units constructed in permit- issuing areas
since the 1970 census (the new construction universe). In ad-
dition, the’ sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame —those housing units located in areas not under the
jurisdiction of permit-issuing offices {the nonpermit universe).
in 1970, the following five SMSA’s were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.: Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA’s contain a sample from the non-
permit universe.

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the batance
of the SMSA for each of the sample frames. The overall sam-
pling rate used to select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
‘SMSA's, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA,
The remaining SMSA’s had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tlonately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector. '

The major portion of the sample in each SMSA was selected
fram a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupled hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table: D

Tenure

Household Owner— Renter —
income Family size Family size
12345+ 12345+

Under $3,000 ......
$3,000 to $5,999 ...
$6,000 to §9,999 ...
$10,000 to $14,999 .
$15,000 and over . . .

Thus, for this SMSA, the occupied housing unit records from
the permlt-lssumg universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
aither the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of.the desired sample size. However, whenever a record was
selected to be in sample, the housing unit record adjacent to.it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Before the sample was selected from the group quarters and

‘special place records, the records were stratified by census tract

and census enumeration district {ED) within the central city and
within the. balance of the SMSA. A sample of special place
records was then selected by a procedure that produced one-
quarter of the desired sample size. However, at the time of the
survey, tha housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby irispring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universel. The sample selection from
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the list of new construction building permité was an inde-
pendent operation within this SMSA, Prior to s:a:mple selection,
the list of permits was chronologically stratified by the date the
permits were issued, and clusters of an expected four (usually
adjacent) housing units were formed. These clusters were then
sampled for inclusion at the overall sampling rate.

For those SMSA’s which were not 100-percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e., the nonpermit universe}. The first step in the
sampling operation for the nonpermit universelwas the selec-
tion (using the overall sampling rate} of a sample of census
enumeration districts within these areas. Prior;to this sample
selection, the ED's were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the following measure
of size. : |
Group quarters ‘population in

1970 census ED
3 |

Number of housing units in i
: 1970 census ED

4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries having an expected size
of four, or & multiple of four, housing units. At the time of the
survey, those segments that did nat have an e%pected size of
four were further subdivided to produce an expected four sam-
ple housing units.

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were eldigible for sam-
ple. Thus, housing units enumerated in the 1970 census as weill

as housing units built since the 1970 census are included.
' i

1977-1981 additions to the housing inventory—in the permit-
issuing universea, a sample of new construction bdilding permits,
issued since the 1977 survey, was selected to répresent hous-
ing units built in permit-issuing areas since the 11977 survey.
Sampling procedures were identical to those used in selecting
the 1870-1977 new construction sample, ' which were
described previously. In the nonpermit universe, sample
segments were dependently recanvassed, usingflisting sheets
from 1977, to identify any housing units missed in the- 1977
survey or any housing units added since the 1977 survey.

Sample selection for the 1977 Coverage ilmprovement
Program -~ The Coverage Impravement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universes. The coverage
deficiencies included the following units:

1. New construction from building permits iséued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housing units missed in the 1970 census.

4. Housing units converted to residential use that were
nonresidential at the time of the 1970 census.

i

|
i

E

5. Houses that have been moved onto their present site
since the 1970 census.

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 15 SMSA's was previously interviewed in 1974
(1975 for Madison, Wis.) and 1977, The Coverage Improvement
Program was conducted as part of the 1977 AHS with the
Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.:
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA's receiving some updating and refining as part
of the 1981 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-
cedures. For the Anaheim-Santa Ana-Garden Grove, Calif.:
Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA's, estimates of housing units added by
a specific procedure reflect units added in the prior year as well
as any additions that resulted from the updating and refining in
1981,

Coverage improvement for deficiency 1— A sample of new con-
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
16 SMSA’s, Twa different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and twa-unit |
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the

. second stage was a sample of the 1969 permits within each

i of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. Far the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA’s: Anaheim-Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madisan, Wis.; Orlando, Fia.; Spokane, Wash,;
and Wichita, Kans,

In the remaining 9 SMSA's, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC},
4 survey of building permits conducted monthly by the Bureay
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
! Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement
i the sample descri_bed above. These procedures added an

estimated 2,413 new construction units to the coverage of the
housing inventory of this SMSA.

i Coveraga improvement for deficiency 2—In permit-issuing areas,

a sample of mabile hornes placed in a park that was missed by
;the census or established after the census was selected in two
i stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks missed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
ple units represented. This procedure added an estimated 652
units to the coverage of the housing inventory of this SMSA.

Coverage improvement for deficiencies 3-6—The remaining.

missed units were sampled by one of two procedures. The first
procedure was designed to represent units from the following
types of missed structures {structures that had no chance of
selection for the AHS}L

1. Structures missed in the 1970 census.

2. Structures that were completaly nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
site during the present survey but not occupied on April 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census.

Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1in 24. Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sampie unit were listed unti! eight structures
{excluding the sample unit structure) were found that had been
eligible to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases where the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected. .

The second procedure was designed to represent missed units
from structures represented in the AHS, These missed units
were:

1. Units missed in the 1870 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1870.

First, a subsample of AHS housing units in Multiunit structures
of less than 10 units was selected from the permit-issuing
Oniverse. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash,, SMSA’s. These SMSA’s did not
receive application of the second procedure. The Dallas, Tex.;
Minneapotis-St. Paul, Minn.; and Pittsburgh, Pa., SMSA’s did
not receive application of either procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.;
Pittsburgh, Pa.: and the Spokane, Wash., SMSA's had the first
procedure completed as part of the 1981 Coverage Improvement
Program. The remaining 10 1981 SMSA’s received the full
application of both procedures as part of the 1977 Coverage
Improverment Program.

The first procedure added an estimated 7,382 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 248 housing units.

1870 Census of Population and Housing—The estimates per-
taining to the 1970 housing inventory {i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
either 20-, 15-, or B-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1. - ' )

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview (i.e., the 1981 hous-
ing inventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 li.e.,
1977-1981 lost units). Each type of estimate employed separate,
although similar, estimation procedures.

1981 housing inventory-- The AHS estimates of characteristics
of the 19881 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.: Fort Werth, Tex.; and Madison, Wis.,
SMSA’s, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA’s,
and a three-stage ratio estimation procedure for the remaining
seven SMSA's.

‘Prior to the implementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection)
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant '
housing units. The noninterview adjustment factor was equal
to the following ratio:

Waeighted count of intarviewed Weighted count of noninterviewed
housing units housing units

Weighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 50 noninterview cells for sample hous-
ing units from the permit-issuing universe {where the cells con-
sisted of ane or more of the different strata used in the stratifica-
tion of the universe as previously described). In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construqtion sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one naninterview cell for mobile
homes and trailers from both the nonpermit universe and the

coverage improvement universe, and one noninterview celf for’

other sample housing units from both the nonpermit universe

and the coverage improvement universe (if units were nat in-

cluded in any of the previous cells). !

The following ratio estimation procedure was employed for
all sample housing units from the permit-issuing universe. This
factor was computed separately for all sample housing units
within each permit-issuing universe noninteiview cell men-
tioned previously. The ratio estimation factor fbr each cell was
equal to the following: 3

1970 census count of housing units from the permit-issuing universe in the
: corrasponding cell

AHS sampie estimate of 1970 housing units frorn the perinit-issuing universe
in the corresponding cell ,

For each SMSA, the numerators of the ratios were obtained from
the 1870 Census of Population and Housing 20-percent file of
housing units enumerated in areas under thé jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHSsample housing
units within the corresponding ratio estimation categaries
using the existing weight {i.e., the basic weight times the
noninterview factor). The computed ratio estimation factor was
then applied to the existing weight-for each samptle housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced to correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing upiverse. Prior to
the AHS sampie selection within each SMSA, housing units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then app!fed to the remaining units to sefect the AHS

-sample. Since the number of housing units deleted from the AHS
universe frame was not necessarily proportional 'among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass,; Detroit, Mich.; Minneapolis-St, Paul, Minn.; Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma, Wash.; and

Washington, D.C.-Md.-Va., SMSA’s. This procedure was utilized

to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution. '

This ratio estimation factar was calculated separately for the
central city and balance of each $MSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector {central city or balance of the SMSA),
This ratio estimation factor equaled the_folloWing:

Independent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
' corresponding sector of the SMSA |

Sample estimate of the proportion of new construction housing units
from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA ,

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction (SOC}). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedure. The computed ratio estimation factor was

.then applied to the existing weight for all sample housing units

classified within the corresponding ratio estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector [central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratic estimation factor equaled the
following:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing inventory for the
corresponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described below. The
denominator of this ratio was obtained from the weighted
estimate of the AMS-SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA’s. These astimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survay. These estimates of change ‘were based on estirnates of
new construction permit authorizations and post-census demoli-
tion permits.

The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estimate) were compared to the corresponding independent
estimates for the central city, balance, and total SMSA foreach
of the 15 SMSA's and the estimate which showed the most likely
level of net growth since the 1980 census in both the central
city and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these independent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's.

The remaining five SMSA's used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the tota! SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing' units given by the independent
estimates. '

For the Orlando Fla.; Phoenix, Ariz.: and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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. boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1970 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970, centrai city/balance SMSA definition were
used. . ‘ ¥

The computed ratio estimation factors for the central C|ty and
balance of the SMSA’s were then applied to the existing weight
for all correspanding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA’s
included Anahegim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;

Detroit, Mich.: Fort Worth, Tex.; and Madison, Wis., SMSA’s. |

The effect of the total housing unit ratio estimation procedure,
as waell as the overall estimation procedures, was to reduce the
sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the
invarse of the probability of selection. Since the housing popula-
tion of the sample differed somewhat, by chance from the
SMSA as a whole, it can be expected that the sarnple estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estlmates of the SMSA housing population.

1977- 1981 lost” housing units—The 1977 1981 lost housing
_ units {housing units removed from the mventory] estimates
employed the one-stage ratioc estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing’inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Métropoliran Areas. Since

the 1977-1981 lost housing units existed, by definition, in the

1977 housing inventory, there was a1977 housing inventory
waight associated with each 1977-1981 lost unit. This weight

was used to tabulate the estimates of the charactenstncs of the

1977-1981 lost housing units.
. E - -

1977 estimation proc.edure—,This report presents data on.the
housing characteristics of the 1877 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimatian
process for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remannmg SMSA’s. A detailed descrip-

tion of this ratio estimation procedure can be.found in the AHS

Saries H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Pobu_lation
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statlstlcs based on 1970

census sample data employed-a ratio estimation procedure WhICh )

was applied separately for each of the three census samples
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume 1, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated. with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-

SMSA sample and of the nonsamplmg errors assoclated with

the 1970 census estimates. A descnption of the samp}mg
errors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume
|, Housing Characteristics for States, Cities, and Counties, Part.1.

Nonsampling errors—In general, nonsampling errors can be.

attributed to many sources: inability to obtain information about

all cases, definitional difficulties; differences in-the interpreta- ’

tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
‘and estimation for missing-data. Nonsampling-errors are not
unique to sample surveys since they can, and do, occur in com-
plete censuses as well..

Obtaining a measurement of the total nonsamplmg error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1970 Census of Popula-
tion. and Housing and the 1977 AHS-SMSA sample.

1970 census —A number of studies were conducted to measure
two types of general errors associated with 1870 census
estimates~‘‘coverage’’ and * ‘content’’ errors. The *’coverage’’
errors daterrnmed how completely housing units were counted
in the census and the extent to which occupancy status was
erroneously raported The *‘content’” errors measured the ac-
curacy of the data collected for enumerated housing units. These
erfors were measured by reinterviews, record checks ..and other
surveys.

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1870
Census, and'PHC{E}-10, Accuracy of Data for Selected Hous-

" ing.Characteristics as Measured by Reinterviews.

+

AHS-SMSA —Resdlts from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was

"being prepared. However, a study was conducted for the 1977

AHS-SMSA sample, and the results are presented in the Cen-

- sus Bureau memorandum, -‘’Reinterview Results for Annual

Housing Survey—SMSA Sa'mp‘!e: 1977.7" .

Coverage errors—In errors of coverage and estimation for miss-
ing data, the AHS new ‘construction sample had deficiencies in
the representatlon of conventlonal {non-mobile home) new con-

struction. Due to time constralnts, only those building permits

issued more than 5 months before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas.for.this SMSA. However, the permits
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issued during tha last 5 months of the survey do not neces-
sarily represent missed housing units. Due to the relatively short
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the s.'urvey was con-
ducted, in which case, they would not have beén eligible for in-
terview. In addition to these deficiencies, new construction in
special places that do not require building permits, such as
military bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cies. It appears that the listing procedure used: to correct defi-
ciencies 3-6 (see the coverage improvementisection of this
appendix) was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deficiencies also exist in ED’s where area sarinpling methods
are used. It had been assumed that all housing units located
inside these ED's would be represented in the sample. However,

ithas been estimated that the 1977 AHS sample missed as much )

as'2 percent of gll housing units in these ED’s because they were
not listed during the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 surviey, the number
of missed housing units may be considerably less for 1981,

The final ratio estimation procedure corrects for these defi-
ciencies as far as the count of tota! housing is ¢oncerned; i.e.,
it adjusts to the best available estirmate. However, biases of sub-
totals would still remain, - ‘ !

Rounding errors —For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the étatistics being
measured. The effect of rounding is significantl relative to the
sampling error oniy far small percentages or small medians when
these figures are derived from relatively large bases (e.g.,
median number of persons per household}. This rﬁeans that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into account when consider-
ing the resuits of the s(.lrvey.

Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the same sample design. Even if the same q'uestionnair_es,
instryctions, and interviewers were used, estimates from each
of the different samples would differ from each other. The
sampling error of a survey estimate provides a measure of the
variation among the estimates from all possible samples and
thus, is a measure of the precision with which anjestimate from
a sample approximates the average result of all possible samples.
One common measure of the sampling ‘etror is the standard
error. As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estin|1ates depends
on both the standard error, biases, and any additional non-
sampling errors not measured by the standard error. The
sample estimate and its as'tim_ated standard error enable one to
construct interval estimates in which the interval includes the
i -

average result of all possible samples with a known probability.
For example, if all possible samples were selected, each of these
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calcutated from
each sample, then:

1. Approximately 68 percent of the intervals from one
standard error below the estimate to one standard error above
‘the estimate would include the average result of all possible
samples, '

. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.5 standard errors above the
estimate would include the average result of all possible
samples.

- Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average resuit of alt
possible samples. ‘

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval. .

The figures presented in the tables that follow {pages App-51
and App-52) are approximations to the standard errors of various
estimates shown in this report for this SMSA. In order to derive
standard errors that would be applicable to a wide variety of
items and also could be prepared at a moderate cost, a number
of approximations were required. As a result, the tables of

il standard errors provide an indication of the order of magnitude

of the standard errors rather than precise standard errors for any
specific item. Standard errorg applicable to estimates of
characteristics of the 1977 housing inventory can be found in
’ the AHS Series H-170 reports for 1977.

Table | {page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1877-1981 tost
housing units ihousing units removed from the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
5,989 for the total SMSA, 3,661 for the central city of the
. SMSA, and 4,740 for the balance of the SMSA,

The reliability of an estimated percentage, computed by
using the sample data for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the correspending
estimates of the numerators of the percentages, particularly if
the percentages are 60 percent or more. S

Tables | and Il (pages App-51 and App-52} present the
standard errors of estimated percentages for the 1981 housing
inventory as well as estimated percentages of the 1977-1981
. lost housing units {housing units removed from the inventory).
Two-way interpolation should be used to determine standard
| errors for estimated percentages not specifically shown in tables
Al and M.




APPENDIX B—Continued

App49

Included in tables 1, Ii, and Il are estimates of standard errors
for estimates of zero and zero percent. These estimates of
standard errors are considered as overestimates of the true
standard errors and should be used primarily for construction
of confidence intervals for characteristics when an estimate of
zero is obtained.

For ratios, 100 [x/y), where xis not a subclass of y, tables
Il and lll underestimate the standard error of the ratio when there
is little or no correlation between x and y. For this type of ratio,
a better approximation of the standard error may be obtained
by letting the standard error of the ratio be approximately
equal to: ’

" where: x = the numerator of the ratio
y = the denominator of the ratio
Oy = the standard error of the numerater .
oy = the standard error of the denominator
{llustration of the use of the standard error tables —Table A-1
of part A of this report shows that in 1281 there were 111,700
owner-occupiad housing units in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 1,550. The following
intarpolation procedure was used.
The information presented in the following table was extracted
" from table I. The entry for "'x’’ is the one sought.

Size of estimate Standard error

100,000 .........0nnnn 1,680
111,700 ... o Cox
122,800 ...............

The entry of ’'x’’ is determined as follows by vertically inter-
polating between 1,580 and 1,620.

11,700

111,700—100,000 =
122,800— 100,000 = 22,800
1,680 + 799 (4 520_1,580 = 1,550
22,800

Consequently, the 68-percent confidence interval, as shown by
these data, is from 110,150 to 113,250 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units {derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 109,220to 114,180 hous-
ing units with 90 percent confidence; and that the average

1,620

estimate lies within the interval from 108,600 to 114,800 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 111,700 owner-
occupied housing units, 27,800, or 24.9 percent, had two
bedrooms. Interpolation using table Il of this appendix (j.e.,
interpolation on both the base and percent} shows that the
standard error of the 24.9 percent is approximately 1.0
percentage points. The following interpolatioh procedure was
used. o

The information presented in the following table was extracted
from table Il. The entry for “p'’ is the one sought.

Estimated percentage

Base of percentage
10 or 80 24.9 25 or 75
100,000 .. ........" 0.7 a 1.0
111,700 ... ....... p
180,000 .......... 0.6 b 0.8

1. The entry for cell “‘a’’ is determined by horizontal interpola-
tion between 0.7 and 1.0,

249-10.0 = 14.9
25.0—-10.0 = 15.0
14.9 {(1.0-0.7) = 1.0

0.7 +°

15.0

2. The entry for cell *“b’’ is determined by horizontal interpola-
tion between 0.6 and 0.8.

24.9-10.0

- 14.9
25.0-10.0 = 15.0
06 + &9

{(0.8—0.6}) = 0.8

3. The entry for ‘p is then determined by vertical interpola-
tion between 1.0 and 0.8.

111,700-100,000

! = 11,700
150,000~ 100,000 = 50,000
11,700 ‘
1.0 + —— (0.8~1.0) = 1.0
50,000 ' !

Consequently, the 68-percent confidence interval, as shown by
these data, is from 23.9 to 25.9 percent; the 90-percent con-
fidence interval is from 23.3 to 26.5 percent; and the 95-percent
confidence interval is from 22.9 to 26.9 percent:

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates. The

K
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standard error of a difference between estin‘iates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimate considered separately. This
formula is quite accurate for the difference befween estimates
of the same characteristics in two different SMSA’s or the dif-
ference between separate and uncorrelated characteristics in the
same SMSA. If there is a high positive correlat{'on between the
two characteristics, the formula will overes'timate the true
standard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when maklng comparisons
between 1977 and 1981 characteristics.

t

fllustration of the computation of the standard error of a
difference —Table A-1 of part A of this report shows that in 1981
there were 57,100 owner-occupied housing unlts with three
bedrooms in this SMSA, Thus, the apparent dlfference as shown
by these data, between owner-occupied housmg units with two
bedrooms and owner-occupied housing ur?its with three
bedrooms is 29,300. Table | shows the standard error of 27,800
is approximately 1,110, and the standard error of 57,100 is
approximately 1,440. Therefore, the standard error of the
estimated difference of 29,300 is about 1,820.

= (1,110)? + (1,440)2

1,820

Conseqguently, the 68-percent confidence interva‘:wl for the 29,300
difference is from 27,480 to 31,120 housing units. Therefore,
a conclusion that the average estimate derived from all possi-
ble samples, of this difference, lies within a range computed in
this way, would be correct for roughly 68 percent of all possi-
ble sampies. Similarly, the 90-percent confidence interval is from
21,390 to 32,210 housing units, and the 85-percent confidence
interval is from 25,660 to 32,940 housing umts Thus, we can
conclude with 95 percent confidence that the number of 1981
owner-occupied housing units with three bedrpoms is greater
than the number of owner-occupied units with' two bedrooms
since the 95-percent conf:dence interval does not include zero
or negative values.

Medians—For medians presented in certain tables, the
sampling error depends on the size of the bése and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the esﬁmated‘med,ian so that there
is a stated degree of confidence that the’ average median from
all possible samples lies within the interval. The following pro-
cedure may be used to estimate confidence |ImItS of a median
based on sample data: ‘ ]

1. From tables Il and ill determine the standard error of a
50-percent characteristic on the base of the median.

2. Add to and subtract from 50 percent, the standard error |

determined in step 1.

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established in step 2. To find the lower endpoint of the con-
fidence interval, it is nacessary to know into which interval
of the distribution the lower percentage limit falis. Similarly,
to find the upper endpoint to the confidence interval, it is
necessary to know inta which interval of the distribution the
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often.

For about 68 out of 100 possible samples, the average median
from all possible samples would lié between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possible
samples would lie between these two values.

llustration of the computation of the 95-percent confidence in-
terval of a median—Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.8. The bhase of the distribution from which this median was
determined is 111,700 housing units,

1. Interpolation using table I} shows that the standard error
of 50 percent on a base of 111,700 is approximately 1.2
percentage points.

2. To obtain a 95-percent confidence interval on the estimated
median, initially add to and subtract from 50 percent twice
the standard error determined in step 1. This yields per-
centage limits of 47.6 and 52.4.

3. From the distribution for "persons’’ in table A-1 of part A,
the interval for owner-occupied housing units with two per-
sons {for purposes of calculating the median, the category
of two persons is considered to be from 1.5 to 2.5 persons)
contains the 47.6 percent derived in step 2. About 15,800
housing units or 14.1 percent fall below this interval, and
38,500 housing units or 34.5 percent fall within this inter-
val. By linear interpolation, the lower limit of the 85-percent
confidence interval is found to be about:

147.6—14.1)

1.6 + {2.5-1.5
( : 34.5

=25

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.4 percent derived in step 2.
About 54,300 housing units or 48.6 percent fall below this
interval, and 21,100 housing units or 18.9 percent fall within
this interval. The upper limit of the 95-percent confidence
interval is found to be about:

{52.4—-48.6}

25 +(3.5—-25
3 ) 18.9

= 2.7

Thus, the 95-percent confidence interval ranges from 2.5 to
2.7 persons.
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TABLE |. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Tacoma, Wash., SMSA, for the Central City of the SMSA and for the Balance {Not in Central
City) of the SMSA e

{68 chances out of 100)

Standard error’ ' . Standard error’
ize 0 Size of
eit.imatfe . In Not in estimate In Not in
SMSA central central SMSA . centrai central
- city ' city : - city city
O - . BO 40 .. 60| 25000............. 1,070 810 1,040
100. ... e 70 60 | e 70| so000. .. ... ..., ‘ 1,390 750 1,270
200......... R 100 | 90 | 100 | 69,200.....: e 1,620 — 1,280
BOO .. . _ 160 140 160 | 75,000............. 1,550 | - 1,260
700 ... . ., 190 170 | 190 | 100,000 ........ ... 1,680 R -+ 1,010
1000 ... ... nnn - 230 200 2301 122,800...... R 1,520 — -
2,500 ... . 360 310 370 | 1580,000............ " 1,310 — -
5000 .......couvnnn 510 440 C 510 192,000............ — - : -
10,000 .. ... 700 590 | - 710 )

'For estimates pertaining to new construction, the standard errors shown in the table should be muttiplied by a factar of 1.2 for the total SMSA, 1.0 for the central
city, and 1.2 for the balance {not in central city) estimates. Standard errors of estimates pertaining to total housing units for the central city, balance, and total SMSA
are assumed to be equal to zero whaere the estimate for the total SMSA was derived from an independent. estimate.

s

TABLE Il. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages
of 1977-1981 Lost Housing Units for ‘the Tacoma, Wash., SMSA and for the Balance (Not in Central City} of the
SMSA : ‘ ) ' '

. {68 chances out of 100)

Estimated percentage’ . . Estimated percentage’
Base of ' A - . Base of

percentage 0 or 1 or Sor [ t0or | 25 or. 50 percpntage 0 or lor | 50or |100r | 25 0r 50

100 29 95 20 75 100 99 | 95 90 75 :
100 ............ 35.3 | 35.3| 35.3 | 35.3 | 35.3 36.9 | 10,000 ........ . 0.5 0.7 1.6 2.2 3.2 3.7
200 ........ ..., 214 | 214 | 21.4 | 21.4 | 226 26.1 | 25,000 .:....... 0.2 0.5 1.0 1.4 2.0 23
800 ............ 9.8 9.8 9.8 9.9 14.3 16,6 | 50,000 ......... 0.11 0.3 0.7 1.0 1.4 1.7
700 ..... e 7.2 7.2 7.2 84| 121 | 138 75000 ......... 0.07 0.3 0.6 0.8 1.2 1.3
1,000........ . 5.2 5.2 5.2 7.0 | 101 11.7 | 100,000 ........ 0.05 0.2 0.5 0.7 1.0 1.2
2,600........... 21|24 3.2 4.4 6.4 7.4 ] 160,000 ........ | 0.04 0.2 0.4 0.6 0.8 1.0
65000........... 1.1 1.1 23 31| 45 52| 200,000 ........ | 0.03 0.2 0.4 0.5 0.7 0.8

15tandard errors are presented to the nearest one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction, the standard
arrora shown in the table should be multiplied by a factor of 1.2, :
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> 1 ) . _ _
TABLE lll. Standard Errors for Estimated Percentages of Housing l.llnits in the 1981 Housing Inventory and for Estimated Percentages of
1977-1981 Lost Housing Units for the [Csntral City of the Tacoma, Wash., SMSA

(68 chanctfns out of 100}

!

Estimated percf:enu_nge’ ! Estimated percentage’
Base of ; ; Base of
percentage 0 or 1 or 5 or 10: or | 25 or 50 | percentage 0or 1 or S5or {10or | 250r 5
100 99 a5 80 75 | 100 99 95 90 75 0

! 1
J00 ... ... ... 290 298.0 | 28.0| 29.0| 29.0 31 .Bi 5000 .......... 0.8 0.9 2.0 2.7 3.9 4.5
200 ....... IR 169 169 | 169 | 16.9 | 19.6 22.6 ] 10,000 ......... 0.4 0.6 1.4 i.9 2.8 3.2
600 ............ 7.5 7.5 7.5 B.6 | 12.4 14..’:\| 25,000 ......... 0.2 0.4 09| 1.2 1.7 2.0
700 ... ... ... 5.5 55 5.5 7.2 | 10.5 121 50,000 ......... 0.08 0.3 0.6 0.9 1.2 1.4
1,000........... 3.9 3.9 4.4 | 6.1 8.7 10.1 75,000 ......... 0.05 0.2 0.5 0.7 1.0 1.2
2500........... 1.6 1.6 2.8 3.8 5.5 6.41

- 1
'Standard errors are presented to the nearest one-tenth:of one percentage poir
point; in those cases, the standerd error is shown to the nearest ene-hundredth

]
it axcept when the standard error is less than fiteen-hundredths of one percentage
ot one percentage point.




Washington 1981



App-42

Appendix B

Sourpe and Reliability of the Estimatbs

!

- }t,.' -

I
|
T
i

|

SAMPLEDESIGN. .. ............ App-42 Coverage improvement for Coverage errors ............ App-47
Annua! Housing Survey . ....... App-42 deficlencies 3-8 ........... App-45 Rounding arrors ... ......... App-48
' 1970 Census of Population and :
Designation of sample housing . Housing - g App45  Sampling errors for the AHS-
units for the 1981 survey. ... .. CApp-a2 7 TEEEEIE e Tt SMSA sample .............. App-48
Selection of the original . ESTIMATION ... .. T App-45 Mustration of the use of . ;
AHS-SMSA sample .......... App-43 1981 housing "‘""“;‘"V """" App-45 the standard error tables . . . . . App-49
1977-1981 additions to the |1977-1981 lost housing unita ... App-47 Ditferences . ............... App-49
housing invehtory. . .......... App-44 1977 estimation procedurs. . ., .. App-47 filustration of the computa-
S . Ratio estimation procedure of tion of the standard emor
Sample salection for the 1977 ‘
Cm‘:ernge Improva:nant - the 1970 Census of Population of a difference . _.......... App-50
Program .« . .. .o vovrennnnn.. App-44 and Housing. . . .. R LR App-47 Medians ................ - App-50
Coverage improvement for RE"!ABIL'TY OF THE ESTIMATES . App-47 (llustration of the computa- .
doficiency 1 .............. App-44 \Nonumpllng erors ........... App-47 tion of the 95-percent con-
Coverage iImprovement for . . 1970census. ............. .. App-47 fidence interval of a median .. App-60
deficlency 2 .............. App-44 C AHS-SMSA . ............... App-47 Standard error tables. .. . .. . App-51

SAMPLE DESIGN

Annual Housing Survey—The estimates for sach of the 15
SMSA’s in this report series (H-170-81) are based on data col-
lected from the 1981 Annual Housing Survey (AHS) which was |
conducted by the Bureau of the Census acting as collection agent
for the Department of Housing and Urban Development.

The SMSA’s selacted for the AHS are interviewed on a rotating
basis. The group of 15 SMSA’s selected for intarview during
1981 were interviewed previously in 1974 and 1977 (see the
list of SMSA reports from the AHS in the introduction of this
report).

The three Iargest SMSA's {Boston, Mass Detrout Mich.; and
Washington, D.C.-Md.-Va.} in the 1981 group of SMSA's were
represented by a samiple size of 15,000 designated housing units
inthe 1974 end 1977 surveys evenly divided between the cen-
tral city and the balance of the respective SMSA. The 12 remain-
ing SMSA’s {Anaheim-Santa Ana-Garden Grove, Calif.; Dallas,
Tex.; Forth Worth, Tex.; Madison, Wis.; Mlnneapolls St. Paul,
Minn.; Newark, N.J.;: Orlando, Fla.; Phoenix, Arlz Pittsburgh,
Pa.; Spokane, Wash.; Tacoma, Wash.; and Wichita, Kans.) in
the 1981 group were represented by a sampla of 5,000
designated housing units in the 1974 and 1977 survaeys
distributed propor‘tlonately betwsen the central city and balance
of the respective SMSA based on the d|stnbut|on of total hous-
ing units in each sector.

In the 1974 survey, AHS sample units were divided among
12 pansis with one-twgffth of the sampie housing units being

interviewed each month. Due to budget limitations, panel 3 was

dropped from all SMSA’s for the 1977 survey. Due to additional
budget limitations for the 1981 survey, it also became necessary

todrop panels 1, 2, 4, 5, 9, 11, and 12 from the Boston, Mass.:

Detroit, Mich.; and. Washington, D.C.-Md.-Va., SMSA’s and

panels 1 and.2 from the other 12 SMSA’s. The designated sam-

ple size was raduced by two-thirds for the three largest SMSA's

and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA s dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each month. The
interviewing was done for the remaining T2 SMSA’s during the
period April 1981 through December 1981 with one-ninth of the
designated housing units visited each manth, .

In this SMSA, 5,288 housing units were eligible for interview.
Of.these sample housing units, 269 interviews were not obtained
because, for occupied sample units, the occupants refused to
be interviewed, were not at home after repeated visits, or were
unavailable for some other reason; or, for vacant units, no in-

. formed respondent could be found after repeated visits. In ad-
. dition to the 5,288 housing units eligible for interview, 509 units -

were visited but were not eligible for interview because they
waere condemned, unfit, demalished, converted to group quaners
use, -atc.

: Designation of sample housing units for the 1981 survey—The

; .sample housing units designated to be interviewed in the 1 981
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survey consisted of the following categories which are

described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977
survey and remained in sample after the 1981 panel
raduction. ‘ :

2. All sample housing units that were type A noninterviews
{i.e., units eligible to be interviewed) or type B noninterviews
{i.e., units not eligible for interview at the time of the survey
but which could become eligitle in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. {For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS questionnaire, page
App:20.) . .

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and rermained in sample after the 1981 panel
raduction. {This sample represented the housing units built
in permit-issuing areas since the 1977 survey.) '

4. All 'sample housing units that were added to sample
segments in the nonpermit'hniverse since the 1977 survey
and remained in sample after the 1981 panel reduction. {This
sample represented additions to the housing inventory-in
nonpermit-issuing areas since the 1977 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage improvement Programs. {This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the original AHS-SMSA sample—The sample for the
SMSA's which, in 1970, were 100-percent permi_t-issuing was

selected from two sample frames — housing units enumerated  ~

in the 1970 Census of Population and Housing-in areas under
the " jurisdiction ‘of permit-issuing offices (the*permit-issuing
universe}.and housing units constructed in permit-issuing areas
since the 1970 census (the new construction Universe). in ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
frame—those housing units located in areas not’under the
jurisdiction of permit-issuing offices {the nonpermit universe).
In 1970, the following five SMSA’s were 100-percent permit-
jssuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.: Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-

Va. The remaining 10 SMSA’s contain a sample from the non-

permit universe. . ‘
Sampling operations, described in the following paragraphs,
ware parformed separately within the central city and the balance

of the SMSA for each of the sample frames. The overall sam- -
pling rate used to select the sample for each SMSA was deter-’

mined by the size of the sample. Thus, for the three largest
SMSA’s, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA’s had an overall sampfing rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA
" according to the distribution of the total housing _uhits‘in each
_sector. :

The major portion of the sample in each SMSA was selected
from a file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separatsly for the spécial place
and group quarters records, and for the occupied and vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head {non-Black/Black)
and the vacant records were stratified into four categories per-.
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
s0 that each unit was assigned to 1 of 60 strata according 1o
its tenure, family size, and household income category as
illustrated by the following table:

Tenu'r_'e_'('“,.w )
Household owner— |7 ;.:;ﬁéﬁte_r'—,—
income Family size _ Family size
12345+ 12345%

Under $3,000 . .....
$3,000 to $5,989 .
$6,000 to $9,999. ..
$10,000 to $14,999 .
$15,000 and over . . .

Thus, for this SMSA, the occupied housing unit records from

. the permit-issuing universe were assigned to 1 of 100 strata for

either the central city or for the balance, and the vacant hous-
ing unit records were assigned 1o 1 of the 4 vacant strata for
eithar the central city or for the balance of the SMSA. A sample
salection procedure was then instituted that would produce one-

' half of the desired sample size. However, whenever a record was

selected to be in sample, the housing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size. ’

Before the sample was selected from the group quarters and
special place records, the records were stratified by census tract”
and census enumeration district (ED) within the central city and
within the balance of the SMSA. A sample of special place
records was then selected by a proce&ure that produced one-
quarter of the desired sample size. However, at the time of the -
survay, the housing units at gach of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated samplé size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits igsued since 1970
(i.e., the new construction universe). The sample selaction from

_the list of new construction building permits was an inde-

pendent operation _within this SMSA. Prior to sample selection,
the list of permits was chronologically stratified by the date the’
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. [l
permits werae issued, and clusters of an expected four {usually i
adjacent) housing units were formed. These clusters were then |

aamplad for inclusion at the overall samphng rate. .
For those SMSA's which were not 100- -percent permit-issuing,
the remainder of the AHS sample was selected from a frame
consisting of areas not under the jurisdiction of permit-issuing
offices (i.e., the nonpermit universe). The first step in the
samplmg operation for the nonpermit universe was the selec-
tion (using the overall sampling rate) of a sample of census
eniumeration districts within these areas. Prior to this sample

selection, the ED’s were stratified by census tract within the cen-
tral city and within the balance of the SMSA. The probability

of selection of an ED was proportionate to the followrng measure
of size.

r

Group quarters population in
1970 census ED

3

Nurnbar of housing units in  +

1970 census ED

-4

The sample ED’s were then divided into segments; i.e., small
land areas with well-defined boundaries having an expected size
of four, or a multiple of four, housing units. At the time of the
survey, fhos_e segments that did not have an expected size of
four ware further subdivided to produce an expected four sam-
ple housing units. ‘

The next step was the selection of one of these segments
within each sample ED. All housing units in existence at the time
of interview in these selected segments were éligible for sam-
ple. Thus, housing units enumerated in the 1 979 census as well
as housing units built since the 1970 census are included.

1977-1981 additions to the housing Inventory —in the permit-
issuing universe, a sample of new construction building permits,
issued since the 1977 survey, was selected to represent hous-
ing units buult in-permit-issuing areas since the 1977 survey.
Sampling procedures were identical to those used in selecting
the 1970-1977 new construction sample, which were
described previously. In the nonpermit universe, sample
segments were dependently recanvassed, using listing sheets
from 1977, to identify any housing units missed in the 1977
survey or any housing units added since the 1977 survey,

Sample selection for the 1977 Coverage lmprovement
Program—The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the permit-issuing and new construction universes. The coverage
deficiencies incluhed the following units:

1. New construction from building permlts |ssued prior to
January 1970, but completed after April 1, 1970

2. Mobile homes placed in parks etther massed during the
1970 census or established since the 1970 census,

3. Housing units missed in the 1970 census.

4. Housing units converted to residential use that were
nonresidential at the time of the 1970 census. .

5. Houses that have been moved onto their present site
since the 1970 census.

]

i

6. Mobile homes placed outside parks since the 1970 census
or vacant at the time of the 1970 census.

Each of the 156 SMSA's was previously interviewed in 1974
and 1977. The Coverage Improvement Program was conducted
as part of the 1977 AHS with the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul, Minn.; Pitts-
burgh, Pa.; and Spokane, Wash., SMSA’s receiving some up-
dating and refining as part of the 1981 AHS. The following
discussion appligs to both the prior year 1977 and the 1981
coverage improvement procedures. For the the Anaheim-Santa

" Ana-Garden Grove, Calif.; Dallas, Tex.; Minneapolis-St. Paul,
Minn.; Pittsburgh, Pa.; and Spokane, Wash., SMSA's, estimates
of housing units added by a specific procedure reflect units added
in the prior year as well as any additions that resulted from the

.updating and refining in 1981.

Coverage improvement for deficiency 1—A sample of new can- .
struction units, whose permits were issued before January 1970,
but completed after April 1970, was selected for each of the
16 SMSA’s. Two different procedures were used. For the first
procedure, the sampling was carried out in two stages for one-
and two-unit structures and in three stages for three-or-more-
unit structures. Sample units selected from one- and two-unit
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample (regular AHS units), while
sample units selected from three-or-more-unit structures were
sampled at one-half the rate of regular AHS units.

The first stage was a sample of permit offices, and the
second stage ‘was a sample of the 1969 permits within each
of the selected permit offices. In the Fort Worth, Tex., SMSA,
an additional sample of 1968 permits for three-or-more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were dividad
into clusters of an expected size of two units and a sarriple of
clusters was selected. This procedure was employed in the
followmg SMSA’'s: Anaheim- Santa Ana-Garden Grove, Calif.;
Fort Worth, Tex.; Madison, Wis.; Orlando Fla.; Spokane, Wash.;
and Wichita, Kans.

In the remaining 9 SMSA's, units whose permits were issued
before January 1970, but which were completed after April
1970, were identified from the Survey of Construction (SOC},
a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not available for
all sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana Garden Grove, Calif., SMSA to supplement
the sample described above. These procedures added an
estimated 9,726 new construction units to the coverage of the

. housing inventory of this SMSA.

Coverage improvement for deficiency -2—In perm|t~rSSU|ng

. areas, a sample of mobile homes placed in a park that.-was missed .
' by the census or established after the census was selected in

two stages. First, a sample of tracts was selected and canvass-
ed. Ail parks were listed and then.matched back to the 1970

. census to identify parks missed by the census and parks estab-
, lished after the census. Second, the parks were divided into

i .
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clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units

represented the same number of units that the regular AHS sam- -

ple units represented. This procedure added an estimated 1,184
units to the coverage of the housing inventory of this SMSA.,

Coverage improvement for deficiences 3-6 —The remaining
missed units were sampled by one of two procedures. The first
prbcedur_e was designed to represent units from the following
types of missed structures (structures that had no chance of
selection for the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completsly nonresidential in the 1970
census.but now contain units converted to residential use.

" 3, Mobile. homes that had been placed outside parks since
the 1970 census and have a utility hookup, or were on the
-site during the present survey but not occupied on April 1,
1970, or had no utlllty hookup but were occupied by persons
"with a usual res:dence elsewhere.

4. Houses that had bean moved onto their present ‘site since
the 1970 census.

lnmally, a subsample of AHS sample units was selected from
the permlt-lssumg universe at a rate of 1in 24, Then, succeeding
structures in a defined path of travel to the right of the struc-
ture.containing the sample unit were listed until eight structures
{excluding the sample.unit structure) were found that had beén
eligibls to be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within.these structures were interviewed.

In cases where the interviewer workload would have been too’

great, a representative subsample of units within these struc-
tures was selected. :

The sacond procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were: ’

. ) '

1. Units missed in the 1970 census.

2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970,

First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were listed and matched to the 1970 census. Any
missed housing units were then assigned for interview.
Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage improvement
Program to all SMSA's. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Calif.; and Spokane, Wash.,
.not receive application of the second procedure. The
Dallas, Tex.; Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa.,

SMSA’s did not receive application of either procedure during ‘

the 1977 Coverage Improvement Program. The Anaheim-Santa
Ana-Garden Grove, Calif.; Dallas, Tax.; Minneapolis-St. Paul,

SMSA’s. These SMSA's did-

Minn.: Pittsburgh, Pa.; and the Spokane, Wash., SMSA's had
the first procedure completed as part of the 1981 Coverage Im-
provement Program. The remaining 10 1981 SMSA’s received
the full application of both procedures as part of the 1977
Coverage Improvement Program. % :

The first procedure added an estimated 22,331 housing unlts
to the coverage of the housing inventory of this SMSA, while
the second procedurs added an estimated 842 housing ‘units.

1970 Census of Population and Housing— The estimates per-
taining to the 1970 housing inventory (i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
gither 20-, 15-, or 5-percent sample data collected in April 1970
for the Decennial Census of Population and Housing. A detailed
dascription of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-

" ties, Part 1.

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA: Estimates pertaining to characteristics of the hous-
ing inventory at the time of the interview {i.e., the 1981 hous-
ing |nventory) and estimates pertaining to characteristics of hous-
ing units removed from the housing inventory since 1977 l(i.e.,
1977-1981 lost units). Each type of estimate employed separate,_
although similar, estimation procedures.

1981 housing inventory — The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Worth, Tex.; and Madison, Wis.,
SMSA’s, a two-stage ratio estimation procedure for the Detroit,
Mich.; Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA’s.

Prior to the implementation of the ratic estimation procedures,

" the basic weight (i.e., the i r_nverse of the probability of selection}

for each interviewed sample housing unit was adjusted to ac-
count for the neninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Weighted count of nomnterwewad

Woeighted count of interviewed
housing units ~

housing units

Weighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separatsly-for 50 noninterview cells for sample hous- '
ing units from the permit-issuing universe (where the cells con-
sisted of one or more of the different strata used in the stratifica-
tion of the universe as previously described}. In addition, within
each sector, separate noninterview factors were computed for
one noninterview cell for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile- |

homes and trailers from both the nonpermit universe and the

coverage improvement universe, and one non'intarwew cell for .

other sample housing units from both the nonperm:t universe
and the coverage rmprovement universe (if unlts were not in-
cluded in any of the previous cells). e

The following ratic estimation procedure was employed for
all sample housing units from the permit-issuing uhiverse. This
factor was computed separately for all sample housing units
within each permit-issuing universe nonintérview cell men-
tioned previously. The ratio estimation factor for each cell was
aequal to the following:

19870 census count of housing units from the permit-issuing universe in the
corresponding cell

AHS sample estimate of 1970 housing units from tha permit-issuing universe
in the corresponding cell i

For each SMSA, the numerators of the ratios w;ere obtained from
the 1970 Census of Population and Housing 20-percent file of
housing units enumerated in areas under the jurisdiction of
permit-issuing offices. The denominators of the ratios were ob-
tained from weighted estimates of all the AHS sample housing
units within the corresponding ratio estimation categories
using the existing waeight (i.e., the basic weight times the
noninterview factorl. The computed ratio estimation factor was
then applied to the existing weight for each sat:nple housing unit
within the corresponding ratio estimation category.

This ratio estimation procedure was introduced ta correct the
probabilities of selection for samples in each of the strata used
in the sample selection of the permit-issuing universe. Prior to
the AHS sample selection within each SMSA, housing units
already salected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tion was then applied to the remaining units to select the AHS
sample. Since the number of housing units deleted from the AHS
univarse frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

The next ratio estimation procedure was applied in the Boston,
Mass.: Detroit, Mich.; Minneapolis-St. Paul, Mlnn Newark, N.J.;
Pittsburgh, Pa.; Spokane, Wash.; Tacoma Wash.; and
Washington, D.C.-Md.-Va., SMSA's. This procedure was utilized
to adjust the central city/balance distribution of the welghted
sample estimate of new construction housmg units built since
the last survey in permit-issuing areas to an independently
derived estimate of this distribution.

This ratic estimation factor was calculated separately for the
central-city and balance of each SMSA and was applied to all

.Mew construction housing units from permit-issuing areas within
the corresponding sectar {central city or balance of the SMSA.
This ratio estimation factor equaled the following:

Independent estimate of the proportion of new construction housing
units from permit-issuing areas built since the last survey in the
corresponding sector of the SMSA :

Sample ¢stimate of the proportion of new construction housing units
from permit-issuing sreas built since the last survey in the ~ -
corresponding sector of the SMSA,

t

'

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction {SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratio
estimation procedura. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classified within the corresponding ratio estimation cell.

. The next ratio estimation procedure was applied in 10
SMSA’s. This procedure involved the ratio estimation of the
AHS-SMSA weighted sample estimate of tha August 1981 hous-
ing inventory in each sector {central city and balance) for each
SMSA to an independent estimate of total housing units for the
corresponding sector. This ratio estimation factor aqualed the
following:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA

AHS-SMSA sample estimate of the housing lnvemory for the
corresponding sector of the SMSA |
The independent estimates of total housing units that were
used as the numerator of this ratio are described below, The -
dengminator of this ratio was obtained from the wsighted
estimate of the AHS-SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1881 SMSA’s. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between the 1980 census and the 1981
survay. These estimates of change were based on estimates of
new construction psrmit authorizations and post-cénsus demoli-
tion permits. :

- The sample estimates of total housing units after the permit
new construction ratio estimation (i.e., the existing sample
estimate) were compared to the corresponding independent
estimates for the central city, balance, and total SMSA for each
of the 15 SMSA’s and the estimate which showed the most likely
lavel of net growth since the 1980 census in both the central
city.and balance as well as the total SMSA were used in this
ratio estimation. As a result of this analysis, these indepaendent
estimates were used in the Newark, N.J.; Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.; and Washington, D.C.-Md.-
Va., SMSA's.

The remaining five SMSA's used a comblnatlon of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minnaapaolis-St. Paul, Minn., SMSA's, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central city/balance
distribution of total housing units given by the independent
estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total

" SMSA. For the sectors, the independent estimate of the total

SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous-
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
astimate did not reflect the 1970 central crtw’balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/batance SMSA deflnmon were
used.

The computed ratio estimation factors for the central city and
balance of the SMSA’s were then applied to the existing weight
for all corresponding samplé units in these 10 SMSA's, and the
rasulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes, These SMSA’s
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.; and Madison, Wis., SMSA's,

The effect of the total housing unit ratio estimation procedure,

as well as the overall estimation procedures, was to reduce the :

sampling error for most statistics below what would have been
obtained by simply weighting the results of the sample by the

invarse of the probability of selection. Since the housing paputa-

tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing popullatlon

1977-1981 lost housing units—The 1977-1981 lost housing
units (hodsing units removed from the inventory) estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
estimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since

the 1977-1981 lost housing units existed, by definition, in the

1977 housing inventory, there was a 1977 housing inventory
waeight associated with each 1977-1981 lost unit. This weight
was usad to tabulate the estimates of the characteristics of the
1977-1981 lost housing units. '

1977 estimation procedura— This report presents data on the

housing characteristics of the 1977 housing inventary from the

1977 Annual Housing Survey SMSA sample. The AHS-SMSA
estimation procedure employed a two-stage ratio estimation
process-for the Pittsburgh, Pa., SMSA and -a one-stage ratio
estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977. '

Ratlo estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be

found in the 1970 Census of Housing report, Volume |, Hous-

ing Characteristics for Statas, Cities, and Counties, Part 1.

.

RELIABILITY OF THE ESTIMATES

There are two' f'vbeé of possible errors associated with .

estimates based on data from sample surveys— sampllng -and
nonsampling errors. The followrng is a description of the
sampling and nonsampllng errors. associated with the AHS-

SMSA sample and of the nonsamptmg errors associated with -

the 1970 census astlmates A description of the sampling
errors associated W|th the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housmg report, Volume
1, Housing Characteristics for States, Cities, and Counties, Part 1.

*

Nonsampling errors—In general, nonsampling errors can be

attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingriess of respondents to

provide correct information; mistakes in recording or coding the -

data; other errors of collection, response, processing, coverage;

and estimation for mlssmg data. Nonsampling errors are not

umque to sample surveys since they can, and do, occur |n com- T

<

plete censuses as well.

Obtaining a measurement of the total nonsamplmg error -

associated with the estimates from a survey is very dafflcult con-
sidering the number of possible sources of error. However an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1870 Cansus of Popula-

o

tion and Housing and the 1977 AHS- SMSA samp_le

1970 census—A number of studies were conducted to méasure

two types of general errors associated with 1870 census

estimates— ‘"coverage'’ and *‘content’’ errors. The “coverage’’
errors determined how completely housing units were counted
in the census and the extent to which accupancy status was
erronaously reported. The *‘content’’ errors- measured the ac-

curacy of the data collected for enumerated housmg units. These "

errors were measured by reinterviews, record checks, and other

surveys.
The detailed results of these studies, as well as the

methodology employed, are presented in the 1970 Census of |

Population and Housing Evaluation and' Research Program

Reports, Series PHC(E)-5, The Coverage of Housing in the 1870~

Census, and PHC(E)-10, Accuracy of Data for Seiected Hous—
ing Characteristics as Measured by Hemterwews '

AHS-SMSA—Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977
AHS-SMSA sample, and the results are presented in the Cen-
sus Bureau memorandum, ‘‘Reinterview Results for Annual
Housing Survey —SMSA Sample: 1977."

Coverage errors —In errors of coverage and estimation for miss-
ing data, the AHS new construction sample had deficiencies in
the representation of conventional (non-mobile home) new con-
struction. Due to time constraints, only those building permits
issued more than 5 manths before the survey ended were eligi-
ble to be sampled to represent conventional new construction
in permit-issuing areas.for this SMSA. .Howaver, the permits
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issued during the last 5 months of the survey do not neces- .
sarily represent missed housing units. Due 1o the relanvely short .
time span involved, it is possible that construction of these hous-
ing units was not completed at the time the survey was con- i
ducted, in which case, theay would not have been eligible for in-
terview. In addition to tkese deflc:enmes new constructlon in
special places that do not require bmldmg permns, such as

military bases, are also not adequately presemed |

The Coverage tmprovement Program also had certain deficien-
. P .- q .
cies. It appears that the listing procedure used to correct defi-

ciencies 3-6 (see the coverage improvement section of this |

appendix) was not very effective in finding nonresidential con-
versions. Such conversions were primarily in business districts,
whaereas the listing procedure started from a residential unit.

Deficiencies also exist in ED’s where area sampling methods
are used. It had been assumed that all housing units located
inside these ED’s would be represented in the sample. However,
it has been estimatad that the 1977 AHS samplé missed asﬂ’nuch
as 2 percent of all housing units in these ED’s because they were
not listed during the canvassing. It should be noted that since
these ED's were recanvassed for the 1981 survey, the numbaer
of missed housing units may, be-considerablyjless for 1981.

The final ratio estimation precedure corrects for these defi-
clencies as far as the count of total housing is concerned; i.e.,
it adjusts to the best available estimate. Howevér, biases of sub-
totals would still remain.

Rounding errors—For errors associated with processing, the
rounding of estimates introduces another source of error in the
data, the severity of which depends on the ‘statistics being
measured. The effect of rounding is signifjcaqt refative to the
sampling error only for small parcentages or small medians when
these figures are derived from relatively targe bases fe.g.,
median number of persons per household). This means that con-
fidence intervals formed from the standard errors given may be
distorted, and this should be taken into accounf when consider-
ing the results of the survey.

Sampling errors for the AHS-SMSA sample—The particular
sample used for this survey is one of a large number of possible
sampfles of the same size that could have been selected using
the same sample design. Even if the same questionnaires, in-
structions, and interviewers were used, estimates from each of
the different samples would differ from each other. The
sampling error of a survey estimate provides a'measure of the
variation among the estimates from all possib[e samples and
, thus, is a measure of the precision with which an estimate from
a sample approximates the average result of all possible samples.

One common measure of the sampling errorlis the standard
error. As calculated for this report, the standa:rd error reflects
the variation in the estimates due to sampling ahd nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard 'error, biases, and any ‘additional non-
sampling errors not ‘measured by the standard error.’ The
sample estimate and its estimated standard error enable one to
construct interval estimates in which the interval includes the
average result of all possible samples with a known probability.

e et

For example, if all possible sample§ were seleéted, each of thesa
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then:

1. Approximately 68 percent of the

standard error below the estimate to one standard error above

the estimate would include the average result of all possible

samples. l

Approximately 90 percent of the intervals from 1.6 standard

errors below the estimate to 1.6 standard errors above the

estimate would include the average result of all possible
samples.

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average result of all possible samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average result of all possible samples is included in the con-
structed interval.

The figures presented'in the tables that follow (pages App-51
through App-52} are approximations to the stahdard errors of
various estimates shown in this report for this SMSA. |n order
to derive standard errdrs that would be appllcable t0 a wide
variety of items and also could be prepared at a moderate cost,

a number of approximations were required. As a result, the tables . '

of standard errors provide an indication of the order of magnitude
of the standard errors rather than precise standard errors for any
specific item. Standard errors: ‘applicable to estimates of -
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table | {(page App-51) presents the standard errors applicable
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 lost
housing units (housing units removed fram the inventory). Linear
interpolation should be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing units
shown in tables A-1, B-1, and C-1 of part A of this report are
46,150 for the total SMSA, 13,660 for the central city of the
SMSA, and 43,890 for the balancé of the SMSA,

The reliability of an estimated percentage, computed by
using the sample déte_: for both numerator and denominator,
depends upon both the size of the percentage and the size of
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages, particularly if
the pérceniages are 50 percent or more.

Tables H through |V {pages App-51 through App-52) present
the standard errors of estimated percentages for the 1 981 hous-
ing inventory as well as estimated percentages of the 1 977 1981
lost housing units (housing units removed from the inventory).
Two-way interpolation should be used to determine standard
errors for estimated percentages not specifically shown in tables
It through IV.

intervals from one .
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Inctuded in tables | through IV are estimates of standard

arrors for estimatas of zero and zero percent. These estimates

of standard errors are considered as overestimates of the true
standard errors and should be used primarily for construction
~ of confidence intervals for characteristics when an estimate of
zero is obtained.
For ratios, 100 {x/y), whers x is not a subclass of y, tables
il through IV underestimate the standard error of the ratio when
there is little or no correlation between x and y. For this type
of ratio, a better approximation of the standard error may be ob-
tained by letting the standard error of the ratioc be
approximately equal to:

(100) (i)

. Y

where: x =the numeratof of the ratio
y = the denominator of the ratio

0, = the standard error of the numerator
-ov = the standard error of the denominator

litustration of the use of the standard error tables —Table A-1
of part A of this report shows that in 1981 there were 596,300
owner-occupied housing units, in this SMSA. Interpolation
using table | of this appendix shows that the standard error of
an estimate of this size is approximately 8,770. The following
interpolation procedure was used. '

The information presented in the following table was extracted |

from table I. The entry for ‘'x’’ is the one sought.

Size of estimate Standard -error

500,000 ......oonun... 8,670
696,300 ............... : X
600000 ... 8,770

The entry of *'x’’ is determined as follows by vertically inter-
polating between 8,670 and 8,770.

596,300 — 600,000 = 96,300
600,000, 500,000 = 100,000

96,300
100,000

8,670 + {8,770—8,670} = 8,770

Consequently, the 68-percent confidence interval, as shown by
these data, is from 587,630 to 605,070 housing units.
Therefore, a conclusion that the average estimate of 1981
owner-occupied housing units (derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from all possible
samples, lies within the interval from 582,270 to 610,330 hous-
ing units with 90 percent confidence; and that the average

estimata lies within the interval from 578,760 to 613, 840 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 596, 300 owner-
occupied housmg units, 84,500, or 14.2 percent, had two
bedrooms. Interpolatlon using table Il of this,appendix (i.a.,
interpolation on both the base and percent) shows that the
standard error of the 14.2 percent is approximately 0.7
percentage points. The following interpolation procedure was
used. ’

The information presented in the following table was extracted
from table |l. The entry for “'p’’ is the one sought.

Estimated percentage

Base of percentage
10 or 90 14.2 250r 75
500,000 .......... : - 071 a 1.0
696,300 .......... - p
600,000 .......... 0.6 b 0.9

1. The entry for cell "'a’’ is determined by horizontal interpola-
tion between 0.7 and 1.0.

14.2-10.0=4.2
25.0-10.0=15.0
0.7+ _4_3 11.0-0.7} =
15.0

2. The entry for cell “'b"" is determined by horizontal interpola-
tion between 0.6 and 0.9.

14.2-10.0 =4.2
25.0-10.0 = 15.0

0.6+ c09 0.6} =
15.0

3. The entry for “‘p'' is then determined by vertical interpola-
tion between 0.8 and 0.7.

596,300 — 500,000 = 96,300
600,000 — 500,000 =100,000-
0.8+ 253% 57 0.8 =
100,000

Conseaquently, the 68-percent confidence interval, as shown by
these data, is from 13.5 to 14.9 percent; the 90-percent con-
fidence interval is from 13.1 to 15.3 percent; and the 95-percent
confidence interval is from 12.8 to 15.6 percent.

Differences —The standard errors shown are not directly
applicable to differences between two sample estimates. The
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standard error of a difference between.estimates is approxi-
mately equal to the square root of the sum of the squares of
the standard error of each estimaté considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’s or the dif-
ferance between separate and uncorrelated characteristics in the
same SMSA,. If there is a high positive corrsla'tion between the
two characteristics, the formula will overestimate the true

standard error; but if there is a high negativé correlation, the for-

mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
correlation should be expected when making comparisons
betwaen 1977 and 1981 characteristics.

Hiustration of the computation of the standard error of a '

difference—Table A-1 of part A of this report shows that in 1981
there were 264,000 owner-occupied housing units with three
bedrooms in this SMSA. Thus, the apparent dlfference as shown
by these data, between owner-occupled housmg units with two
bedrooms and owner-occupied housing. units with three
bedrooms is 179,500. Table | shows the standard error of
84,500 is approximately 4,520, and the standard error of
264,000 is approximately 7,320. Therefore, the standard error
of the estimated difference of 179,500 is about 8,600.

v (4,520 + (7.320)7

'

8,600 -

Consequently, the 68-percent confidence ‘interval for the

179,800 difference is from 170,900 to 188,100 housing units.
Therefore, a conclusion that the _average estimate derived from
all possible samples of this dlfference lies within a range com-
puted in this way would be correct for roughly 88 percent of
all possible samples. Similarly, the 90-percent confidence interval
is from 165,740 to 193,260 housing units, and the 95-percent
confidence interval is from 162,300 to 196,700 housing units.
Thus, we can conclude.with 95 percent confidence that the
. number of 1981 owner-occupied housiﬁg units with three
bedrooms is greater than the number of owner-occupied units
with two bedrooms since the 95 percent confidence interval
does not include zero or negatwe values.

Medians—For medians presented in certain tables, the
sampling error depends on the size of the base and on the

distribution upon which the median is based. An approximate -

method for measunng the rellabrllty of the estimated median is
to determine an interval about the estimated medlan so that there

is a stated degree of confidence that the average median from .
all possible samples-lies within the interval. The following pro- °

cedure may be used to estimate confldence I:mns of a median
based on sample data: -

1. From tables Il through IV, determine the standard arror of

8 50-percent characteristic on the base of 'the median.

" 2. Add to and subtract from 50 percent the standard error
determined in step 1. oo

3. Using the distribution of the characteristics, determine
the confidence interval corresponding to the two points
established in step 2. To find the lower endpoint of the con-
fidence interval, it is neces'sary to know into which interval
of the distribution the lower percentage limit falls. Similarly,
to find the upper endpoint to.the confidence interval, it is
necessary to know-into which interval of the distribution the .
upper percentage limit falls. Note that these two distribution
intervals could be different, although this will not happen very
often. :

For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values.

A two-standard-error confidence interval may be determined
by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible samples, the average median from all possnble :
samples would lie between thase two values,

Hiustration of the computation of_'tha 95-percent confidence in-
terval of a median— Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.8. The base of the distribution from which this median was
determined is 596,300 housing units.

1. Interpolation using table [l shows that the standard error -
of 50 percent on a base of 596,300 is approxlmately 1.0
percentage points.

2. To obtain a 95-percent confidence interval on the estlmated
median, initially add to and subtract from 50O percent twice
the standard error determined in_step 1. This yields per-
centage limits of 48.0 and 52.0

3. From the distribution for “‘persons’’ in table A-1 of part A,

. the interval for owner-occupied housing units with three per-
sons (for purposes of calculating the median, the category
of three persons is considered to be from 2.5 to 3.5 persons)
contains the 48.0 percent derived in step 2. About 260,200
housing units or 43.6 percent fall below this interval, and
117,200 housing units or 19.7 percent fall within this inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence interval is found to be about:

(48.0—43.8)
$19.7

2,5 + (3.5—2.5) = 2.7

Similarly, the interval for owner-occupied housing units with
three persons contains the 52.0 percent derived in step 2.
About 260,000 housing units or 43.6 percent fal below this
interval, and 117,200 housing units or 19.7 percent fall within -
this interval. The upper limit of the 95-percent confidence in-
terval is found to be about:

(52.0—43.6)

2.5 + (3.5-2.5) =29

19.7

Thus, the 95-percent confidence interval ranges from 2.7 to
2.9 persons. - : ‘
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TABLE |. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Numbaer of
1977-1981 Lost Units for the Washington, D.C.-Md.-Va., SMSA, for the Central City of the SMSA and for the Balance (Not in

Central City) of the SMSA

{68 chances out of 100}

Standard error’ Standard esror’
ize of Size of . -
:stimate ) In Not in estimate . In  Notin
; SMSA- central central SMSA . central central
city city : city T ety

O, e 260 130 | 330 | 200,000............ 6,590 . 2,770 7.180
100................ 260 130 330 | 250,000............ - 7,180 1,900 7,730
ZOQ ................ 260 160 330 | 280,400............ 7.480 —_ 7,990
BOO....... voivvunn 360 260 410 | 300,000... e 7,650 - . 8,130
700 ... ... e 430 310 480 | 400,000............ 8,310 - 8,570
1,000 .............. 510 360 580 500,000 ............ 8,670 — 8,560
2500 ... .. ... ... .. 810 580 910 | 600,000 ............ " 8,770 - .8,100 o
§000 .............. 1,140 810 1,280 | 700,000........ S 8,610 - 7.120
10,000 ............. 1,610 - 1,130 1,810 | 800,000............ - 8,180 — . 5,310
25000 ... ......... 2,530 1,740 72,840 | 895,300............ 7,480 - S
50,000 . ............ 3.540 2,340 ' 3,860 | 900,000 ............ - 7,430 - -—
76,000 ........... 0. 4,290 2,710 4,770 | 1,000,000-.......... 6,250 - -
100,000 ....!....... 4,890 2,930 5,430 1,100,000 .......... 4,310 - -
180,000 ............ 5,850 3,050 6,440 | 1,175,700 .......... - -

For estimates perteining to new construction, the standard arrors shown in the table should be multiplied by a factor of 1.4 for the total SMSA, 1.1 for the characteristics
pertaining to renters in the central city, 2.1 for all other characteristics in the central city, and 1.3 for the balance {not in central city} estimates. Standard errors of
astimates pertaining 10 total housing units for each of the central city, balance, and total SMSA are assumed to be equal to zero where the estimate for the total SMSA
was derived from an independent estimate, :

TABLE Il Standard Errors for Estrmsted Percenteges of Housing Units in the 1981 Housing Inventory and for Estimated
Percentages of 1977-1981 Lost Housing Units for the Washington, D.C.-Md.-Va., SMSA

(68 chances out of 100}

Estimated percentage’ : ) .Estimated percentage® -
- Base of : Base of

_percentage G or 1 or Sor |10 o0or | 25 or 50 percentage 0 or 1or S5o0or |100or | 25 or 50

100 a9 a5 20 75 100 99 95 a0 75 i
200 ... ... ... 66.7 | 56.7 | 566.7 | 56.7 | 56.7 §7.2 | 200,000 ........ 0.13 | 0.4 o8] 1.1] 186 1.8
600 ... ......... 344 | 344 | 344 | 344 34.4 36.2{ 250,000 ........ 0.1¢ | 0.3 0.7 1.0 1.4 1.6
700 ... ... 27.2 | 27.211 27.2 | 27.2 | 27.2 30.6 | 300000 ........ 0.09] 0.3 0.6 0.9 1.3 1.5
1,000........... 20.7 | 20.7 | 20.7 | 20.7 | 22.2 25.6 | 400,000 ........ 0.07 | 0.3 0.6 o8] 11 1.3
2,500........... 9.5 9.5 9.5 9.7 | 14.0 16.2 [ 500,000 ........ "0.05 | 0.2 0.5 67| 1.0 1.1
5000........... 5.0 5.0 5.0 6.9 9.9 11.4 | 600,000 ........ 0.04 ] 0.2 0.5 061 -09 1.0
10,000, ......... 2.6 2.6 35| 4.9 7.0 8.1 | 700,000 ........ 0.04.| 0.2 0.4 0.6 0.8 1.0
25,000.......... 1.0 1.0 2.2 31| 4.4 5.1 800,000 ........ 0.03 ]| 0.2 0.4 0.5 0.8 0.9
60,000.......... 0.5 0.7 1.6 2.2 3.1 3.6 | 900,000 ........ 003] 0.2 0.4 05| 07 0.9
75000.......... 0.3 0.6 1.3 1.8 2.6 3.0 ] 1,000000...... . {003] 02 0.4 0.5}f. 07 .0.8
100,000......... 0.3 0.5 1.1 1.6 2.2 26 ] 1,100000....... 002102 0.3 05F 0.7 Q.B
180,000......... 0.2 0.4 0.9 1.3 1.8 2.1 1,200,000. ... ... .| 0.02 1§ 0.15 0.3 0.4 06| .07

1Standard errors are presented to tha nearest one-tenth of one percentage point except when the standard error is less than fifteen-hundredths of one percentage
paint; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For astimates pertaining to new construc_tion, the stend-
ard errors shown in the table should be multiplied by a factor of 1.4, .
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TABLE )ll. Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Parcentagee ol’
1977 1981 Lost Housmg iUnits for the Central City of the Washmgton D.C. Md -Va., SMSA

Co

{68 chances out of 100}

Estimated percentage’

v

Estimated 'p'ercentage‘

|
Base of . i Base of
- 1 1
percentage Oor | 1or | Bor [100r|250r 50’ percentage Oor |1 or [ 5or {100r | 25.0r |- 50
100 | 99 95 90 75 . i 100 | 99 95 90 75
; } 1 | -
100 ............ §7.2 | 67.2 (. 567.2 | 67.2 | 67.2 57. é 25,000 ......... 0.5 0.7 . 1.6 2.2 3.2 3.7
200 ... ... 40.0 | 40.0 | 40.0 ] 40.0 | 40.0 40.9 ( 50,000 ......... 0.3 0.5 1.1 1.6 2.2 2.6
500 ............ 211 211 21.1 ?1.1 22.4 25.8 75,000 . ... ..., 0.2 0.4 0.9. 1.3 1.8 2.1
700 .. ... L., i6.0 | 16.0 | 16.0 16.0 | 18.8 21.8 100,000 ...... .. 0.13 0.4 0.8 1.1 1.6 1.8
1,000, .......... 11.81 11.8 1 11.8 }1.8 15.8 18.3 150,000 ... .. .. | 0.09 0.3 07]. 08 1.3 1.5
2500........... 5.1 5.1 5.1 6.9 10.0 '11.“6, .200,000 ..., ..., 0.07 0.3 0.6 o8] 11 1.3
5000........ e 2.6 2.6 3.6 ‘4.9 7.1 8.2 ?50,000 ........ 0.05 02| 05 0'.7 ) 1‘.0 . 1._2
10,000.......:.. 13] 131 25[35] 50 58| 300000 ...0....J004f 02| osf 06| 09| .11

Standard errors are presented to the nearest one- temh of one percentage pount axcept when the standard error is less_than fifteen-hundredths of one percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one parcentage point. For estimates.pertaining to new construction, the stand-
ard errors shown in the table should be multiplied by a factor of 1.1 for the charactenstlcs pertaining to renters and 2.1 for all other characteristics.

i
b

i
|
|
i
1
1

Fl

!
|
|
1

TABLE IV, Standard Errors for Estlmated Percentages of Housmg Units in the 1981 Housing fnventory and for Estimated
_Percentages of 1977-1981 Lost Housing Umts for, the Balance (Not in Central City) of the Washington, D.C.-Md.-Va., SMSA

P
f [68 chances out of 100)
|
I

. ' | .
Estimated percentage‘

Estimated percentage’

Base of ‘ Base.of
pereentege _Qor | 1or | 5or 1p or | 25 or 50 } ] percantage Oor | 1or | Bor | 10o0r{250r 50
100 | 98 95 90 75 - r 100 | 99 95 a0 75
200.. .. ... ... .. 62.4 | 62.4 | 62.4 | 62.4°| 62.4 [ 644 | 150000 ...... ooz 05| 10| 14] 20 24
OO ..........%. .39.9| 39.9( 39.9| 39.9 | 39.9 40.7 | 200,000 ........ 0.2 cal 09| 1.2) 1.8 2.0
700 ........... 32.2'| 322 32.2| 32.2| 32.2] 344 | 250,000 ........ 013| 04| o8] 11 1.6 1.8
1,000........... 249 249 249 | 249 | 249 288 300,000 ........ 011} 03] 07| 10| 1.4 1.7
2600, .. ... ..., 1.7 117117 11.7| 1568 18.2 | 400,000 ........ 008| 03| o8] o8] 1.2 1.4
5000........... 6.2| 62| 62| 77| 1.2 12.9°'| 500,000 ........ 007| 03] o06] 08| 1.1 1.3
10,000.......... 32| 32| 40| 58] 7.9 9.1 | 600,000 .:...... 0oo6| 02| os5] 07 1.0 1.2
25,000.......... 13| 13| 28| 2385 50 58| 700,000 ... ... 0os| 02| os]| 07| o9 1.1
50,000.......... 07| o8] 18| 24| 35 4.1 | 800,000 ........ oo04| o2)| oca| 06| o9 1.0
75,000.......... 04] 07| 14] 20| 29 3.3 | 200,000 ........ 004| 02| 04| 06| o8 1.0
100,000......... 0.3 06| 13f 17| 25 2.9 ' o

1

’ ‘Stenderd errore are presented to the nearest ong- tenth of one percentage point except when tha standard error is less than fifteen-hundredths of one percentage
point; in those ceses, the standard error is shown to the nearest- one-hundredth of one percentage point. For-estimates pertaining to new constructlon the stand-
ard errors shown in the table should be multiplied by a factor of 1.3. . .

r
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SAMPLE DESIGN

Annual Houslng Survey—The estimates for each of the 16
SMSA s in this report series (H-170-81) are based on data col-
Iected from the 1981 Annual Housing Survey (AHS) which was
conducted by the Bureau of the Cansus acting as collection agent
fof the Department of Housing and Urban Development

The SMSA’s selectad for the AHS are interviewed on a rotatmg
basis. The group of 15 SMSA’s selected for interview during
1981 were interviewed previously in 1974 {1975 for Madison,
Wrs ) and 1977 (see the list of SMSA reports from the AMS in
the |ntroducnon of this report).

The three largest SMSA's (Boston, Mass.; Detrcut Mich.; and
Washington, D.C.-Md.-Va. Jin the 1981 group of SMSA’s were

represented by a sample size of 15,000 designated housing units

inthe 1974 and 1977 surveys evenly divided between the cen-
tral cny and the balancs of the respective SMSA. The 12 remain-
ing SMSA’s (Anaheim- Santa Ana-Garden Grove Calif.; Dallas,
Tex.; Fort Worth, Tex.; Madison, Wis.; aneapolls-St Paul,
Mrnn Newark, N.J.; Orlando, Fla.; Phoenix, Ariz.; Pittsburgh,
Pal; Spokana Wash.; Tacoma, Wash.; and Wichita, Kans.) in
the 1981 group were represented by a sample of 5,000
demgnated housing units in the 1974 (1975 for Madison, Wis.)
and 1977 surveys distributed proportionately between the cen-
tral csty and balance of the respective SMSA based on the
dlstrlbutlon of total housing units in each sector.

in the 1974 survey, AHS sample units were divided among
12 panels wath one- twelfth of the sample housing units being

£
N

interviewed each month. Due to budget limitations, panel 3 was
dropped from all SMSA's for the 1977 survey, Due to additional
budget limitations for the 1981 survey, it also became necessary
todroppanels 1, 2,4, 5, 9, 11, and 12 from the Boston, Mass.;
Detroit, Mich.; .and Washington, D.C.-Md.-va.,” SMSA’s and
panels 1 and 2 from the other 12 SMSA’s. The designated sam-
ple size was reduced by two-thirds for the three largest SMSA’ $
and by one-fourth for the other 12 SMSA's.

The interviewing was done for the three largest SMSA's dur-
ing the period June 1981 through November 1981 with one-
sixth of the sample housing units being visited each maonth. The
interviewing was done for the remaining 12 SMSA's during the
period April 1981 through Decemnber 1981 with one-ninth of the
designated housing units visited each month.

In this SMSA, 4,339 housing units were eligible for interview,
Of these sample housing units, 103 interviews were not
obtsined because, for. occupied sample units, the occupants
refused to be interviewed, were not at home after repeated visits,
or were unavailable for some other reasan; or, for vacant units,
no informed respondent could be found after repeated visits. In
addition to the 4,339 housing units eligible for interview, 229
units were visited but were not eligible for interview because
they wers condemned, unfit, demolished, converted to group
quarters use, etc.

Dasignation of samp}e housing units for the 1981 ‘survey.— The
sample housing units designated to be interviewed in the 1981
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survey consisted of the following  categories which are
described in detail in the succeeding sections.

1. All sample housing units that were interviewed in the 1977

survey and remained in sample after the 1981 panel
reduction.

2. All sample housing units that were type A noninterviews
{i.e., units efigible to be interviewed) or type B noninterviews
{i.e., units not ehglble for interview at the time of the survey
but which could become eligible in the future) in the 1977
survey and remained in sample after the 1981 panel reduc-
tion. {For a list of reasons for type A and type B noninterviews,
see the facsimile of the 1981 AHS gquestionnaire, page
App-20.)

3. All sample housing units that were selected from a listing
of new residential construction building permits issued since
the 1977 survey and remained in sample after the 1981 panel

reduction. {This sample represented the housing units built

in permit-issuing areas since the 1977 survey.)

4. All sample housing units that were added to sample
segments in the nonpermit universe since the 1977 survey
and remained in sample after the 1981 panel reduction. {This
sample represented additions to the housing inventory in
nonpermit-issuing areas since the 1977 survey.)

5. All sample housing units that were selected as part of
the 1977 and 1981 Coverage Improvement Programs. (This
sample represented most of the housing units which, until
1977, did not have a chance of selection.)

Selection of the original AHS-SMSA sample — The sample for the
SMSA's which, in 1870, were 100-percent permit-issuing was
selected from two sample frames—housing units enumerated
in the 1970 Census of Population and Housing in areas under
the jurisdiction of permit-issuing offices i(the  permit-issuing
universe] and housing units constructed in permit-issuing areas
since tha 1970 census {the new construction universe). In ad-
dition, the sample for those SMSA's which were not 100-percent
permit-issuing in 1970 included a sample selected from a third
trame —those housing units located in areas not under the
jurisdiction of permit-issuing offices (the nonpermit universe).
In 1970, the following five SMSA's were 100-percent permit-
issuing: Anaheim-Santa Ana-Garden Grove, Calif.; Boston,
Mass.; Newark, N.J.; Phoenix, Ariz.; and Washington, D.C.-Md.-
Va. The remaining 10 SMSA's contain a sample from the non-
permit universe.

Sampling operations, described in the following paragraphs,
were performed separately within the central city and the balance
of the SMSA for each of the sample frames: The overall sam-
pling rate used 1o select the sample for each SMSA was deter-
mined by the size of the sample. Thus, for the three largest
SMSA’s, the overall sampling rate differed for the central city
and the balance of the SMSA, since the sample was divided
equally between the central city and the balance of the SMSA.
The remaining SMSA's had an overall sampling rate about the
same for the sample selected from both the central city and the
balance of the SMSA, since the sample was distributed propor-
tionately between the central city and the balance of the SMSA

according to the distribution of the total housing units in each
sector. )

The major portion of the sample in each SMSA was selected
from a-file which represented the 20-percent sample of hous-
ing units enumerated in permit-issuing areas of the SMSA dur-
ing the 1970 Census of Population and Housing. This file con-
tained records for occupied housing units, vacant housing units,
and housing units in certain special places or group quarters.
Sampling operations were done separately for the special place
and group quarters records, and for the occupied and-vacant
housing unit records. Before the sample was selected from the
occupied and vacant housing unit records, the occupied hous-
ing unit records were stratified by race of head (non- Black/Black)
and the vacant records were stratified into four catégories per-
taining to the value or rent associated with the vacant housing
units. The occupied housing unit records were further stratified
so that each unit was assigned to 1 of 50 strata according to
its tenure, family size, and household income category as
illustrated by the following table: '

Tenure
Household Owner— Renter—
income Family size Family size
12345+ 123456+

Under $3,000 ......
$3,000 to 5,999 . ..
$6,000 to $9,899 . .. )
$10,000 to $14,999 . o
$15,000 and over . .. :

Thus, for this SMSA, the occﬁpied housing unit records from
the permit-issuing universe were assigned to 1 of 100 strata for
either the central city or for the balance, and the vacant hous-
ing unit records were assigned to 1 of the 4 vacant strata for
either the central city or for the balance of the SMSA. A sample
selection procedure was then instituted that would produce one-
half of the desired sample size. However, whenever a record was
salected to be in sample, the hausing unit record adjacent to it
on the file was also selected to be in sample, thereby insuring
the necessary designated sample size.

Befors the sample was selected from the group quarters and
special place records, the records were stratified by census tract
and census enumeration district (ED) within the central city and
within the balance of the SMSA. A sample of special place
records was then selected by a procedure that produéed one-
quarter of the desired sample size. However, at the time of the
survey, the housing units at each of the special places were listed
and subsampled at a rate which produced an expected four sam-
ple units, thereby insuring the necessary designated sample size.

The second frame from which this SMSA sample was selected
was a list of new construction building permits issued since 1970
{i.e., the new construction universe). The sample selection from

PR R R A
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the list of new construction building permits was .an inde-
pendent operation within this SMSA. Prior to sample selection,
, the list. of permits was chronologically stratified by the date the

» permlts were issued, and clusters of an expected four (usually .

. adjacent) housrng units were formed. These clusters were thep
sampled for inclusion at the overall. sampling rate. ‘

: For those SMSA's which were not 100-percent permit- rssumg,
the1 remamder of the AHS sample was selected from a frame
consrstmg of ‘areas not under the jurisdiction of permit- issuing
offlces li.e., the nonpermit universe). The first step in the
samphng operatfdn for the nonpermit universe was the selec-
tlon {using_.the overall samphng rate} of a sample of census
enumaratlon districts within these areas. Prior to this sample
selectlon, the ED’s were stratified by census tract within the cen-
tral _City and within the balance of the SMSA. The probability
of selection of an ED was proportionate to the foliowing measure
of size. )

: Group quarters population in
1970 census ED
3

. Number of housing units in |
!' 1970 census €D

4

4

sTha sample ED’s were then divided into segments; i.e., small
Iand areas with well-defined boundanes having an expected size
of four or a multiple of four, housrng units. At the time of the
survey, those segments that did rot have an expected size of

-four were further subdivided to produce an expected four sam-

ple;housrng units. .

The next step was the selectlon of one of these segments
wrthln each sample ED. Ail housing units in exrstence at the time
of interview in these selected segments were eligible for sam-

ple. Thus, housing units enumerated in the 1970 census as well .

. @8 housing units built since the 1970 census are included.
1 : ‘ .
1977-1981 additions to the housing inventory—In the permit-
lssumg universe, a sample of new construction building permits,
lssued since the 1977 survey, was selecred to represent hous-
|ng units built in permit-issuing areas since the 1977 survey.
Samphng procedures were identical to those used in selectlng
the’ 1970-1977 new construction sample, whrch were
descrlbed previously.” In the nonpermit universe, sample
segments ware dependently recanvassed using listing sheets
from 1977, to identify any housing units missed in the 1977
sun‘irey or any housing units added since the 1977 survey.

Sarhple selection for the 1977 Coverage Improvement
Prfogram The Coverage Improvement Program was undertaken
to correct certain deficiencies in the AHS-SMSA sample from
the parmit-issuing and new construction universes. The coverage
deflcwncres rncluded the followmg units:

1 New constructron from building permuts issued prior to
January 1970, but completed after April 1, 1970.

2. Mobile homes placed in parks either missed during the
1970 census or established since the 1970 census.

3. Housmg units missed in the 1970 census.

4! Housmg units converted to residential use that were
nonresrdentrat at the time of the 1970 census.

"~ Anaheim-Santa Ana-Garden Grove, Calif.;

- . P

5. Houses that have been moved onto their present sne
since the 1970 census

6. Mobile homes placed outside parks since the 1970 census
or vacant at the tlme of the 1870 census.

¥

Each of the 15 SMSA $ was previously interviewed in 1974
(1975 for Madison, Wis.} and 1977. The Coverage Improvemem
Program was conducted as part of the 1977 AHS with the
Dallas, Tex.;
Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and Spokane,
Wash., SMSA'’s receiving some updating and refining as part
of the 1881 AHS. The following discussion applies to both the
prior year 1977 and the 1981 coverage improvement pro-

" cedures. For the Anaheim-Santa Ana- Garden Grove, Calrf

Daltas, Tex.; Minneapolis-St. Paul, Minn.; Pittsburgh, Pa.; and
Spokane, Wash., SMSA's, estimates of housing units added by
a specific procedure reflect units added in the prior. year as well
as any additions that resulted from the updating and refining in
1981,

Coverage improvement for defrcrency 71— A sample of new con-
struction units, whose permits were issued before January 1970
but completed after April 1970, was selected for each of the
15 SMSA's. Two different procedures were used. For the first
procedure the sampling was carried out in two stages for one-
and two -unit structures and in three stages for three-or-more-
unit structures. Sarnple units selected from one- and two- umt
structures were sampled at one-fourth the rate of units originally
selected for the AHS-SMSA sample {regular AHS units), while
sampie units selected from three-or-more-unit structures were
sampled at one-half the rate of reqular AHS units. Cod
The first stage was a sample of permit offices, and the
second stage was a sample of the 1969 permits within each

" of the selected permit offices. In the Fort Worth, Tex., SMSA

an additional sample of 1968 permits for three-or- more-unit
structures was included in the second-stage sampling. For the
third stage, structures of size three or more units were divided
into clusters of an expected size of two units and a sample of
clusters was selected. This procedure was employed in the
following SMSA's: Anaheim-Santa Ana-Garden Grove,. Callf
Fort Worth, Tex.; Madison, WIS Orlando, Fla.; Sppkane, Wash
and Wichita, Kans.

In the remaining 9 SMSA’s, units whose permits were :ssued

" before January 1970, but which were completed after April _

1970, were identified from the Survey of Construction (SOC),

a survey of building permits conducted monthly by the Bureau
of the Census. These units were then sampled at one-third the
rate of regular AHS units. Since permits were not avallable for
alt sampled offices, this procedure was also used in parts of the
Anaheim-Santa Ana-Garden Grove, Calif., SMSA to supplement

the- sample described above. These procedures added an

estimated 702 new construction. units to the coverage of the
housing inventory of this SMSA

Coverage improvement for defrcrency 2—In permit-issuing areas,
a sample of mabile homes placed in a park that was missed by
the census or established after the census was selected in two
stages. First, a sample of tracts was selected and canvassed.
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All parks were listed and then matched back to the 1970 cen-
sus to identify parks rnissed by the census and parks estab-
lished after the census. Second, the parks were divided into
clusters of an expected size of four sites and a sample of clusters
was selected and interviewed. Each of the sample units
represented the same number of units that the regular AHS sam-
ple units represented. This procedure added-an estimated 1,934
units to the coverage of the housing inventary of this SMS5A.

Coverage improvement for deficiencies 3-6 —The remaining
missed units were sampled by one of two procedures. The first
procedure. was designed to represent units from the following
typas of missed structures [structures that had ne chance of
selection foi the AHS):

1. Structures missed in the 1970 census.

2. Structures that were completely nonresidential in the 1970
census but now contain units converted to residential use.

3. Mobile homes that had been placed outside parks since
the 1870 census and have a utility hookup, or were on the
site during the present survey but not occupied on Aprit 1,
1970, or had no utility hookup but were occupied by persons
with a usual residence elsewhere.

4. Houses that had been moved onto their present site since
the 1970 census. '

- Initially, a subsample of AHS sample units was selected from
the permit-issuing universe at a rate of 1in 24, Then, succeeding
structures in a defined path of travel to the right of the struc-
ture containing the sample unit were listed until eight structures
texcluding the sample unit structure) were found that had been
sligible ta be selected for the AHS. Finally, the intervening struc-
tures that did not have a chance of selection in the AHS were
identified and units within these structures were interviewed.
In cases wheare the interviewer workload would have been too
great, a representative subsample of units within these struc-
tures was selected.

The second procedure was designed to represent missed units
from structures represented in the AHS. These missed units
were: :

1. Units missed in the 1970 census.
2. Units converted to residential use since the 1970 census
in structures that contained some residential units in 1970.

- First, a subsample of AHS housing units in multiunit structures
of less than 10 units was selected from the permit-issuing
universe. Second, for the multiunit structure selected above, all
housing units were fisted and matched to the 1970 census. Any
missed housing units were then assigned for interview.

Based on a cost-benefit analysis, a decision was made not to
apply both procedures during the 1977 Coverage Improvement
Program to all SMSA’s. A partial application of the first pro-
cedure, which did not include structures missed in the 1970 cen-
sus, was instituted in the Anaheim-Santa Ana-Garden Grove,
Cahf and Spokane, Wash., SMSA's. These SMSA's did not
receive application of the second procedure The Dallas, Tex.;
Minneapolis-St. Paul, Minn.; and Pittsburgh, Pa., SMSA's did
not receive application of either procedure during the 1977

Coverage Improvement Program. The Anaheim-Santa Ana-
Garden Grove, Calif.: Dailas, Tex.; Minneapolis-St. Paul, Minn.;
Pmsburgh Pa.: and the Spokane, Wash., SMSA's ‘hadthe first
procedure completed as part of the 1981 Coverage lmprovement
Program. The remaining 10 1981 SMSA's received the full
application of both procedures as part of the 1977 Coverage
Improvement Program.

The first procedure added an estimated 2,504 housing units
to the coverage of the housing inventory of this SMSA, while
the second procedure added an estimated 152 housing units.

1970 Census of Population and Housing—The estimates per-
taining to the 1970 housing inventory [i.e., the housing inven-
tory that existed at the time of the 1970 census) are based on
gither 20-, 15-, o 5-percent sample data collected in April 1 970
tor the Decennial Census of Population and Housing. A detailed
description of the sample design employed for the 1970 cen-
sus can be obtained in the 1970 Census of Housing report,
Volume |, Housing Characteristics for States, Cities, and Coun-
ties, Part 1.

ESTIMATION

The 1981 AHS sample produced two types of estimates for
each SMSA Estimates pertaining to characteristics of the hous-
ing anventory at the time of the interview [i.e., the 1981 hous-
ing inventory) and estrmates pertaining to characteristics of hols-
ing units removed from the housing inventory since 1977 li.e.,
1977-1981 lost units). Each type of estimate employed separate,
aithough similar, estimation procedures. :

1981 housing inventory—The AHS estimates of characteristics
of the 1981 housing inventory were produced using a one-stage
ratio estimation procedure for the Anaheim-Santa Ana-Garden
Grove, Calif.; Dallas, Tex.; Fort Warth, Tex.; and Madison, Wis.,
SMSA's, a two-stage ratio estimation procedure for the Detroit,
Mich.: Orlando, Fla.; Phoenix, Ariz.; and Wichita, Kans., SMSA's,
and a three-stage ratio estimation procedure for the remaining
seven SMSA's. ] '

Prior to the implementation of the ratio estimation procedures,
the basic weight (i.e., the inverse of the probability of selection}
for each interviewed sample housing unit was adjusted to ac-
count for the noninterviews previously mentioned. This noninter-
view adjustment was done separately for occupied and vacant
housing units. The noninterview adjustment factor was equal
to the following ratio:

Waeighted count of interviewed Weighted count of noninterviewed
. housing units + housing units

Waighted count of interviewed housing units

Within each sector of each SMSA, a noninterview factor was
computed separately for 60 noninterview cells for sample hous-
ing units from the permit-issuing universe (where the cells con-
sistad of one or more of the different strata used in the stratifica-
tion of the universe as previously described}. In addition, within

* gach sector, separate noninterview factors were computed for

one-noninterview csll for conventional new construction sam-
ple housing units from both the nonpermit universe and the
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coverage improvement universe, one noninterview cell for mobile
homes and trailers from both the nonpermit universe and the
coverage |mprovement umverse and one noninterview cell for
other sample housing units from both the nonpermit universe
and the coverage improvement universe (if units were not in-
cluded in any of the previous cells).

The following ratio estimation procedure was employed for
all sample ho,usmg units from the permit-issuing universe. This
factor was computed separately for all sample housing units
wnthln each permit-issuing universe noninterview cell men-
tloqed previously. The ratio estimation factor for each cell was
equal to the following: .

1970 census count of housing units from the permit-issuing universe in the
corresponding cell

AHS sample estimate of 1970 housing units from the permit- issuing universe
in the corresponding cell

v

For each SMSA, the numerators of the ratios were obtained from
thel1 870 Census of Population and Housing 20-percent file of
housmg units enumerated in areas under the jurisdiction of
perr‘rut issuing offices. The denominators of the ratios were ob-
talned from weighted estimates of all the AHS sample housrng
units within the corresponding ratio estimation categories

: usung the existing weight {i.e;, the basic welght times the
nomntervuew factor). The computed ratio estimation factor was
then applied to the existing weight for each sample housing unit
w:thln the corresponding ratio estlmatlon category.

;Thls ratio estimation procedure was introduced to correct the
pfobebilities of selection for samples in each of the strata used
in the sample selection of the permit- issuing universe. Prior to
the]AHS sample selection within each SMSA, housmg units
already selected for other Census Bureau surveys were deleted
from the permit-issuing universe. The same probability of selec-
tlon was then applied to the remaining units to select the AHS
sample Since the number of housirig units deleted from the AHS
universe frame was not necessarily proportional among all strata,
some variation in the actual probability of selection between
strata were introduced during the AHS sample selection process.

; The next ratio estimation procedure was applied in the Boston,
Mass Detroit, Mich.; Minneapolis-St. Paui, Minn.; Newark, N. J.;
Psttsburgh Pa.; Spokane, Wash.; Tacoma, Wash.: and
Washlngton D.C.-Md.-Va., SMSA’s. This procedure was utilized
to adjust the central city/balance distribution of the weighted
sample estimate of new construction housing units built since
the last survey in permit- issuing areas to an independently
derrved estimate of this distribution.

‘Th:s ratio estimation factor was cafcufated separately for the
central city and balance of each SMSA and was applied to all
new construction housing units from permit-issuing areas within
the corresponding sector (central city or balance of the SMSAJ.

This ratio estimation factor equaled the following:
H
J

lndependent estlmate of the praportion of new construction housmg
i junits from permit-issuing areas built since the last survey in the

< corresponding sector of the SMSA

'Sample estimate of the proportion of new construction housmg units
1 from permit-issuing areas built since the lasi survey in the
corresponding sector of the SMSA

The independent estimates of new construction were based
upon the number of authorized building permits which were
determined from the Survey of Construction {SOC). The sam-
ple estimates were obtained from the weighted estimate of the
AHS-SMSA sample housing units after the first-stage ratlo
estimation procedure. The computed ratio estimation factor was
then applied to the existing weight for all sample housing units
classifiad within the corresponding ratic estimation cell.

The next ratio estimation procedure was applied in 10
SMSA’s. This procedure invalved the ratio estimation of the
AHS-SMSA weighted sample estimate of the August 1981 hous-
ing inventory in each sector (central city and balance) for each
SMSA to an independent estimate of total housing. units for the
correspondlng sector. This ratio estimation factor equaled the
following:

Independent estimate of the August 1981 housing unit inventory
for the corresponding sector of the SMSA ‘

:

AHS- SMSA sample estimate of the housing inventory for the
corrasponding sector of the SMSA
The independent estimates of total housing units that were
used as the numerator of this ratio are described-below. The
denominator of this ratio was obtained from the weighted
astimate of the AHS-SMSA sample housing units using the
existing weight.

Independent estimates of total housing units were derived for
the central city, balance, and the total SMSA for each of the
15 1981 SMSA's. These estimates were derived by using 1980
census counts in conjunction with estimates of change in the
housing inventory between'the 1980 census and the 1981
survey. These estimates of change were based on estimates of

+ new construction permit authorizations and post-census demoli-

tion permits, .
The sample estimates of total housing units after the pe‘rrr!;it
new construction ratio astimation f{i.e., the existing sample
estimate} were compared to the correspondlng independent
estimates for the central city, balancs, and total SMSA for each
of the 16 SMSA'’s and the estimate which showed the most fikely

. level of net growth since the 1980 census in both the central

city and balance as well as the total SMSA were used in-this
ratio astimation. As a result of this analysis, these independent
astimates were used in the Newark, N.J.: Pittsburgh, Pa.;
Spokane, Wash.; Tacoma, Wash.: and Washington, D.C.-Md.-
Va., SMSA's. ’
The remaining five SMSA’s used a combination of these in-
dependent estimates and sample estimates. For the Boston,
Mass.; and Minneapolis-St. Paul, Minn., SMSA’s, the sample
estimate was used for the total SMSA. For the sectors, the sam-
ple estimate of the total SMSA was proportioned between the
central city and balance according to the central citylbeianc{;e

_distribution of total housing units given by the independent

estimates.

For the Orlando Fla.; Phoenix, Ariz.; and Wichita, Kans.,
SMSA's, the independent estimate of units was used for the total
SMSA. For the sectors, the independent estimate of the total
SMSA was proportioned between the central city and balance
according to the central city/balance distribution of total hous- -
ing units given by the sample estimates. Due to the central city
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boundary definitional changes and central city permit office an-
nexations since 1970 in these SMSA’s, the independent
estimate did not reflect the 1870 central city/balance SMSA
definition. Since the design of the AHS-SMSA sample is based
on the 1970 SMSA definition, independent estimates which best
reflected the 1970 central city/balance SMSA definition were
used. ; )

The computed ratio estimation factors for the central city and
balance of the SMSA's were then applied to the existing weight
for all corresponding sample units in these 10 SMSA’s, and the
resulting product was used as the final weight for tabulation pur-
poses. For the other five SMSA's, the sample estimates were
used as the final weight for tabulation purposes. These SMSA's
included Anaheim-Santa Ana-Garden Grove, Calif.; Dallas, Tex.;
Detroit, Mich.; Fort Worth, Tex.: and Madison, Wis., SMSA's.

The effect of the total housing unit ratio estimation procedure,
as wall as the overall estimation procedures, was to reduce the
sampling error for most statistics below what woutld have been
obtained by simply weighting the results of the sample by the
inverse of the probability of selection. Since the housing popuia-
tion of the sample differed somewhat, by chance, from the
SMSA as a whole, it can be expected that the sample estimates
will be improved when the sample housing population, or dif-
ferent portions of it, are brought into agreement with known
good estimates of the SMSA housing population.

1977-1981 lost housing units—The 1977-1981 lost hodsing
units (housing units removed from the inventory) estimates
employed the one-stage ratio estimation procedure used to pro-
duce the AHS-SMSA estimates of the 1977 housing inventory
for 14 of the SMSA’s and the corresponding two-stage ratio
astimation procedure used for the Pittsburgh, Pa., SMSA as was
described in the 1977 Current Housing Report, Series H-170,
Housing Characteristics for Selected Metropolitan Areas. Since
tha 1977-1981 lost housing units existed, by definition, in the
1977 housing inventory, there was a 1977 housing inventory
weight associated with each 1977-1981 lost unit. This weight

" was used to tabulate the estimates of the characteristics of the
1977-1981 lost housing units.

1977 estimation procedure—This report presents data on the
housing characteristics of the 1977 housing inventory from the
1977 Annual Housing Survey SMSA sample. The AHS- SMSA
estimation procedure employed a two-stage ratio estimation
process: for the Pittsburgh, Pa., SMSA and a one-stage ratio
estimation process for the remaining SMSA’s. A detailed descrip-
tion of this ratio estimation procedure can be found in the AHS
Series H-170 reports for 1977.

Ratio estimation procedure of the 1970 Census of Population
and Housing—This report presents data on the housing
characteristics of the 1970 housing inventory from the 1970
Census of Population and Housing. The statistics based on 1970
census sample data employed a ratio estimation procedure which
was applied separately for each of the three census samples.
A detailed description of this ratio estimation procedure can be
found in the 1970 Census of Housing report, Volume |, Hous-
ing Characteristics for States, Cities, and Counties, Part 1.

RELIABILITY OF THE ESTIMATES

There are two types of possible errors associated with
estimates based on data from sample surveys—sampling and
nonsampling errors. The following is a description of the
sampling and nonsampling errors associated with the AHS-
SMSA sample and of the nonsampling etrors associated with
the 1970 census estimates. A description of the sampling
errors associated with the sample estimates from the 1970 cen-
sus can be found in the 1970 Census of Housing report, Volume
|, Housing Characteristics for States, Cities, and Counties, Part 1.

Nonsampling errors—!In general, nonsampling errors can be
attributed to many sources: Inability to obtain information about
all cases, definitional difficulties; differences in the interpreta-
tion of questions; inability or unwillingness of respondents to
provide correct information; mistakes in recording or coding the
data; other errors of collection, response, processing, coverage;
and estimation for missing data. Nonsampling errors are not
unique to sample surveys since they can, and do, occur in com-
plete censuses as well.

Obtaining a measurement of the total nonsampling error
associated with the estimates from a survey is very difficult, con-
sidering the number of possible sources of error. However, an
attempt was made to measure some of the nonsampling errors
associated with the estimates for the 1870 Census of Popula-
tion and Housing and the 1977 AHS-SMSA sample.

1970 census — A number of studies were conducted to measure
two types of general errors associated with 1970 census
estimates—‘‘coverage’’ and ‘‘content’’ errors. The “'coverage”’
arrors determined how completely housing units were counted
in the census and the extent to which occupancy status was
arronecusly reported. The “‘content’’ errors measured the ac-
curacy of the data collected for enumerated housing units. These
errors were measured by reinterviews, record checks, and other
surveys.

The detailed results of these studies, as well as the
methodology employed, are presented in the 1970 Census of
Population and Housing Evaluation and Research Program
Reports, Series PHC(E)-5, The Coverage of Housing in the 1970
Census, and PHC(E)-10, Accuracy of Data for Selected Hous-
ing Characteristics as Measured by Reinterviews.

AHS-SMSA — Results from the 1981 AHS-SMSA sample reinter-
view program were not available at the time this report was
being prepared. However, a study was conducted for the 1977

‘AHS-SMSA sample, and the results are presented in the Cen-

sus Bureau memorandum, ‘‘Reinterview Results for Annual
Housing Survey— SMSA Sample: 1977.”

Coverage errors—In errors of coverage and estimation for miss-
ing data, the AHS.new construction sample had deficiencies in
the representation of conventional {non-mobile home) new con-
struction. Due to time constraints, only those building permits
issued more than 5 months before the survey ended were eligi-
ble to be sampied to represent conventional new construction
in permit-issuing areas for this SMSA. However, the permits
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issued during the last 5 months of the survey do not neces-
serrly represent missed housing units. Due to the rslatively short
tlme span involved, it is possible that construction of these hous-
mglumts was not completed at the time the survey was con-
ducted, in which case, they would not have been eligible for in-
terview. In addition to these deficiencies, new construction in
spemal places that do not require burldlng permits, such as
mllltary bases, are also not adequately presented.

The Coverage Improvement Program also had certain deficien-
cle's. It appears that the listing procedure used to correct defi-
ciencies 3-6 (see the coverage improvement section of this
appendlxl was not very effective in flndrng nonresidential con-
versrons Such conversions were primarily in business districts,
whereas the listing procedure started from a residential unit.

Deflcmncres also exist in ED’s whére area sampling methods
. are ‘used. It had been assumed that all housing units located
" :nsrde these ED’s would be represented in the sample. However,
it has been estimated that the 1977 AHS sample missed as much
as 2 percent of all housing units in these ED’s because they were
notilisted during the canvassing. It should be noted that since
these ED’s were recanvassed for the 1981 survey, the number
of mlssed housing units may be conmderably less for' 1981,

lT,he final ratio estimation procedure corrects for these defi-
ciencies as far as the count of total housing is concerned; i.e.,
it Bd]UStS to the best available estimate. Howaever, blases of sub-
totals would still remain. :

Rounding errors —For errors associated ‘with processing, the
roundlng of estirmates introduces another source of error in the
deta the severity of which depends on the statistics being
measured The effect of rounding is significant relative to the
sampling error anly for small percentages or small medians when
these figures are derived from relatively large bases [e.g.,
medlan number of persons per household). This means that con-
frdence intervals formed from the standard errors given may be
dlstorted ‘and this should be taken into account when conSIder-

mg the results of the survey..
l

Sar!!'lpling errors for the AHS-SMSA sample—The particular
sarﬁple used for this survey is one of a large number of possible
samples of the same size that could have been selected using
the: same sample design. Even if the- same questionnaires,
lnstructlons, and interviewers were used, estimates from each
of the different samples would differ from each other. The
san’tplmg error of a survey estimate provides a measure of the
varratlon among the estimates from all possible samples and
thus, is a measure of the precision with which an estimate from
a ‘sa"mple approximates the average result of all possible samples.

One’ common measure of the sampling error is the standard
error As calculated for this report, the standard error reflects
the variation in the estimates due to sampling and nonsampling
errors, but it does not measure as such, any systematic biases
in the data. Therefore, the accuracy of the estimates depends
on both the standard error, biases, and any additional non-
salntpling errors not measursd by the standard error. -The
sample estimate and its estimated standard error enable one to

construct interval estimates in which the interval includes the
i

average resuit of all possible samples with a known probability.

For exarnple, if all possible samples were selected, each of thess
surveyed under essentially the same general conditions, and an
estimate and its estimated standard error were calculated from
each sample, then: '

1. Approximately 6B percent of the intervals from one
standard error below the estimate to one standard error above
the estimate would include the average result of all possible
samples. ¢

2. Approximately 90 percent of the intervals from 1.6 standard
errors below the estimate to 1.6 standard errors above the
estimate would include the average result of all posmble
samples. ' i

3. Approximately 95 percent of the intervals from two
standard errors below the estimate to two standard errors
above the estimate would include the average result of all
possible samples.

The average result of all possibie samples either is or is not
contained in any particular computed interval. However, for a
particular sample, one can say with specified confidence that
the average resuht of all possible samples is included in the con-
structed mterval

The figures presented in the tables that follow (page App-51}
are approximations to the standard errors of various estimates
shown in this report far this SMSA. In order to derive standard
errors that would be applicable to a wide variety of items and
also could be prepared at a moderate cost, a number of approxi-
mations were required. As a result, the tables of standard
errors provide an indication of the order of magnitude of the
standard errors rather than precise standard errors for any
specific item. Standard errors applicable to estimates of
characteristics of the 1977 housing inventory can be found in
the AHS Series H-170 reports for 1977.

Table | {page App-51} presents the standard errors applicable -
to estimates of characteristics of the 1981 housing inventory
as well as estimates of characteristics of the 1977-1981 ‘lost
housing units (housing units removed from the inventory). Linear
interpolation shouid be used to determine the standard errors
for estimates not specifically shown in this table. The standard
errors on the AHS estimates of the population in housing unlts
shown in tables A-1, B-1, and C-1 of part A of this report are
8,159 for the total SMSA, 4,724 for the central city of the
SMSA, and 6,562 for the balance of the SMSA.

The .reiiability of an estimated percentage, computed by
using the sample data for both numerator and denommator
depends upon both the size of the percentage and the size ef
the total upon which the percentage is based. Estimated per-
centages are relatively more reliable than the corresponding
estimates of the numerators of the percentages partlcularlyuf
the percentages are 50 percent or more. '

Table il (page App-51) presents the standard errors of
estimated percentages for the 1981 housing inventory as well

' as estimated percentages of the 1977-1981 lost housing units

{housing units removed from the inventory). Two- -way interpola-
tion should be used to determine standard errors for estimated
percentages not specifically shown in table I,

.
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Included in tables | and Il are estimates of standard errors for
estimates of zero and zero percent. These estimates of standard
errors are considered as overestimates of the true standard
errors and should be used primarily for construction of confidence
intervals for characteristics when an estimate of zero is obtained.

For ratios, 100 {x/y), where x is not a subclass of y, table !
underestimates the standard error of the ratio when there is
little or no correlation between x-and y. For this type of ratio,
a better approximation of the standard error may be obtained
by letting the standard error of the ratio be approximately
equal to: : :

where: x = the numerator of the ratio
y = the denominator of the ratio
0, = the standard error of the numerator "
o, = the standard error of the denominator

{llustration of the use of the standard error tables —Table A-1
of part A of this report.shows that in 1981 there were 103,200
owner-occupied housing units in this SMSA. Interpolation
‘using table | of this appendix shows that the standard error of
an estimate of this size is approximately 1,260. The following
interpolation procedure was used.

The information presented in the following table was extracted

from table |. The entry for “’x’" is the one sought.

Size of estimate Standard error

100,000 ............... 1,270
103,200 ... . X
1,210

112,800 . ... ..........

Tha entry of *'x"’ is determined as follows by vertically inter-
polating between 1,270 and 1,210, ’

103,200—100,000 = 3,200
*112,800—100,000 =-12,800

3,200

1.270 +
12,800

{1,210—1,270) = 1,260

Consequently, the 68-percent confidence interval, as shown by
these data, is from 101,940 to 104,460 housing units.
Therefore, a conciusion that the average estimate of 1981
owner-occupied housing units [derived from all possible samples)
lies within a range computed in this way would be correct for
roughly 68 percent of all possible samples. Similarly, we could
conclude that the average estimate derived from afl possible
samplas, lies within the interval from 101,180 to 105,220 hous-
fng units with 90 percent confidence; and that the average

estimate lies within the interval from 100,680 to 105,720 hous-
ing units with 95 percent confidence.

Table A-1 of part A also shows that of the 103,200 owner-
occupied housing units, 32,000, or 31.0 percent, had two
bedrooms. Interpolation using table |l of this appendix {i.e.,
interpolation on both the base and percent) shows that the
standard error ‘'of the 31.0 percent is approximately 0:9
percentage points. The following interpelation procedure was
used.

The information presented in the following table was extracted
from table Il. The entry for “‘p’’ is the one sought.

Estimatmed percentage’

Base of percentage .
250r 75 | © 31.0 50
100,000 .......... 0.9 a 1.0
103,200 . ......... p
160,000 .......... 0.7 b 0.8

1. The entry for cell ’a’" is determined by horizontal interpola-
tion between 0.9 and 1.0. °

31.0-25.0 = 6.0
20.0—-25.0 = 25.0
6.0 -

098+ = {1.0-0.9) = 0.9
. 750 ]

2. The entry for ceil “'b”’ is determined by horizontal interpola-
tion between 0.7 and 0.8. -

31.0-25.0 = 6.0
50.0—-25.0 = 25.0
6.0

0.7 + —_—

0.8-0.7) = 0.7
25.0 t ]

3. The entry for ‘'p’’ is then determined by vertical interpola-
tion between 0.9 and 0.7..

103,200—100,000 = 3,200
150,000— 100,000 = 50,000
3,200

0.9 + 2 (0.7-0.9) = 0.9
50,000

Consequently, the 68-percent confidence interval, as shown by
these data, is from 30.1 to 31.9,percent; the 90-percent con-
fidence interval is from 29.6 to 3?:.4 percent; and the 95-percent
confidence interval is from 29.2 to 32.8 percent.

Differences —The standard errors shown are not directly”
applicable to differences between two sample estimates. The
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standard error of a dlfference between estimates is approxi-
metelv equal to the square root of the sum of the squares of
thel standard error of each estimate considered separately. This
formula is quite accurate for the difference between estimates
of the same characteristics in two different SMSA’s or the dif-
flsrence between separate and uncorrelated characteristics in the
same SMSA, If there is a high positive correlation between the
two characteristics, the formula will overestimate the true
stelndard error; but if there is a high negative correlation, the for-
mula will underestimate the true standard error. Due to the
overlap of the 1977 and 1981 AHS-SMSA samples a positive
corlrelanon should be expected when making comparisons
between 1877 and 1981 characterlstlcs

lllusrratmn of the computat:an of the srandard error of a
dlfference Table A-1 of part A of thls report shows that in 1981
there were 51,600 owner- occupled housmg units with three
bedrooms in this SMSA, Thus, the apparent difference, as shown
by these data, between owner- occupied housing units with two
bedrooms and owner-occupied housing units with three
bedrooms is 19,600, Table ! shows the standard error of 32,000
IS approxlmately 1,000, and the standard error of 51,600 is
approxlmately 1,200." Therefore, the standard error of the
est:mated difference of 19,600 is about 1,560.

o 1,560 ="/ (1,000 + (1,200)

Consequently, the 68-percent confidence interval for the 19,600
ditference is from 18,040 to 21,160 housing units. Therefore,
a concluswn that the average estimate derived from all possi-
ble’ samples of this difference, lies within a range computed in
this way, would be correct for roughly 68 percent of all possi-
ble samples Similarly, the 90-percent canfidence interval is from
17, l1 0010 22,100 hous:ng units, and the 95-percent confidence
interval is from 16, 480 to 22,720 housing units. Thus, we can
. conclude with 95 percent confidence that the number of 1981
owner-occupied housing units with three bedrooms is greater
then the number of ownar-occupied units with two bedrooms
: smce the 95-percent confidence intervai does not include zero
ot negative values.

Msdrens For med:ens presented in certain tables, the
sampllng error depends an the size of the base and on the
distribution upon which the median is based. An approximate
method for measuring the reliability of the estimated median is
to determine an interval about the estimated median so that there
is a'stated degree of confidence that the average median from
: all possnble samples lies within.the interval, The following pro-
cedure may be used to estimate confidence limits of a median
besed on sample data:

1 From table N, determine the standard-error of a 50- -percent
charactenstlc on the base of the median.

2; Add to and subtract from 50 percent the standard error
determlned in step 1.

3 Usmg the distribution of the characteristics, determine

f

|
b
i

' the confidence interval corresponding to the two points

established in step 2, To find the lower endpomt of the con-
tidence interval, it is necessary to know into which interval
of the distribution the lower percentage {imit falls. Slmllarly,
to find the upper endpoint to the confidence interval, it is
necessary to know into which interval of the distribution the

upper percentage limit falls, Note that these two distribution

intervals could be different, although this will not happen very
often.

! i
For about 68 out of 100 possible samples, the average median
from all possible samples would lie between these two values

A two-standard-error confidence interval may be determined’

by finding the values corresponding to 50 percent plus and minus
twice the standard error determined in step 1. For about 95 out
of 100 possible sarnples, the average median from all poss:ble
samples would lie between these two values.

Mustration of the computation of the 95-percent confidence in-
terval of a median—Table A-1 of part A of this report shows the
median number of persons for owner-occupied housing units is
2.5, The base of the distribution fram which this median was
determined is 103,200 housing units.

- Interpalation using table 1l shows that the standard error
of 50 percent on a base of 103,200 is approxnmately 1.0
percentage points.

2. To obtain a 95-percent confldence interval on the estimated
median, |n|t|ally add to and subtract from 50 percent twice

the standard error determined in step 1. This yields per-

centage limits of 48.0 and 52. 0

3. From the distribution for * persons” in table A-1 of ‘part A,
the interval for owner-occupied housing units with two’ per-
sons (for purposes of calculating the median, the category
of two persons is considered to be from 1.5 to 2.5 persons]
contains the 48.0 percent derived in step 2. About 15,100
housing units or 14.6 percent fall below this interval, and
37,600 housing units or 36.4 percent fall within thls inter-
val. By linear interpolation, the lower limit of the 95-percent
confidence‘interval is found to be about:

{48.0—14.6}
36.4

=24

1.5 + (2.56—-1.5}

Simitarly, the interval for owner-occupied housing units with -
three persons contains the 52.0 percent derived in step 2. -

About 52,700 housing units or 51.1 percent fall below'this

interval, and 19,200 housing units or 18.6 percent fall w:thrn '

this interval. The upper limit of the 95- -percert confrdence
interval is found to be about:

(62.0—51.1)
18.6

Thus the 95-percent confidence interval ranges from 2.4 to
2.5 persons. Although it appears that this confidence inter-
val has the same estimate as the upper limit it actually is'a
reflection of the rounding error associated with this medran

T 25 + l3.5-2.5) =25 .

(sse the paragraph on rounding errors in the nonsampllng '

errors section of this appendlxl
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TABLE |. Standard Errors for Estimated Number of Housing Units in the 1981 Housing Inventory and for Estimated Number of
1977-1981 Lost Units for the Wichita, Kans.. SMSA, for the Central City of the SMSA and for the Balance (Not in Central

City) of the SMSA

|68 chancas out of 100)

Standard error’ Standard error’
ize of . Size of -
eitiren:te In Not in estimate In Not in
SMSA central central SMSA central central
city city : . ' ' ' city city
[ 40 40 40l 25000............. 920 880 o
100. ... .. oo : 60 . 60 60 | 50,000...... P 1,180 1,050 " 380
200, . ... i 90 - 80 90 | 54,200............. 1,210 1,060 - -
BOO . .o 140 140 140 175,000 ............ 1,290 1,000 : —
700, ... 170 170 160 | 100,000 ............ 1.270 670 —
1,000 . ... ) 200 200 180 | 112,800............ 1,210. - -
25800 ... 0 310 310 300 150,000, ........... 780 | - —
5000 ........... ... 440 440 410 | 167.000............ - — —
10,000 ............. 610 600 560

‘For estimates pertaining to new construction, the standard errors shown in the table should be multiplied by a factor of 1.2 far the tota! SMSA and the central city
and 1.1 for the balance (not in central city) estimates. Standard errors of estimates pertaining to total housing units for the central city, batance, and total SMSA are
assumed 1o be aqual to 2ero where the estimate for the total SMSA was derived from an independent estimate.

TABLE il Standard Errors for Estimated Percentages of Housing Units in the 1981 Housing Inventory and for Estimated Percentages
of 1977-1981 Lost Housing Units for the Wichita, Kans., SMSA. for the Central City and for the Balance (Not in
Central City) of the SMSA :

{68 chances out of 100)

Estimated percentage’ Estimated percentage’
Base of Base of
percentage Oor | 1or | 6or [100r [250r| o percentage oor [ 1or [ 5or [100r[250r |
100 | 99 95 80 75 ) 100 | 99 95 a0 75
100 .. ... v 28.7 | 28.7 | 28.7 | 28.7 | 28.7 31.7 | 10,000 ......... 0.4 0.6 1.4 1.9 2.7 3.2
200 ... ... 18.7]| 1671 16.7 | 16.7 | 19.4 224 25,000 ......... 0.2 0.4 0.9 1.2 1.7 2.0
BOO ... .ovveenns 7.4 7.4 7.4 85| 123 14.2 ] 50,000 ......... 0.08 | 0.3 06| 09 1.2 1.4
700 ... 5.4 5.4 5.4 7.2 | 10.4 12.0 | 75,000 ......... 0.05 | 0.2 05| 0.7 1.0 1.2
1,000 ... 3.8 3.9 44| 6.0 8.7 10.0 | 100,000 ........ 0.04} 0.2 04} 08| 09 1.0
2600, .......... 1.6 1.6 2.8 3.8 5.5 6.3 | 150,000 ........ 0.03] 0.2 04| 05 0.7 0.8
§,000........... 0.8 0.9 2.0 27| 3.9 45| 200,000 ........ 0.02 | 0.14 0.3 0.4 0.6 0.7

‘Standard errors are presented to the nearest one-tenth of one percentage point except when the standard esror is tess than fifteen-hundredths of one percentage
point; in those cases, the standard error is shown to the nearest one-hundredth of one percentage point. For estimates pertaining to new construction, the standard
errors shawn in the table should be multiplied by a factor of 1.2 for the total SMSA and the central city and 1.1 for the batance (not in central city}.
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