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INTRODUCTION
       Population estimates have been and are routinely used by the Illinois Department of Public Health as denominators in various rate calculations.  Birth and death rates are prime examples.  Population estimates are also used to determine target populations.  For example, the Illinois Department of Public Health’s Facilities Development Division has a certificate-of-need process that uses population estimates in assessing bed needs in hospital planning areas.  Population estimates are also used as controls in producing more detailed population estimates, such as by age and sex.  In addition, grant applications for proposed health-related projects often require population figures.  Accurate population estimates are also vital to the work of other health and social service agencies, both public and private.  

     Post-censal population estimates can be produced through sample surveys and/or through analytic techniques.  Availability and quality of data, level of accuracy required, the amount of time, funds, and trained personnel available are other factors that need to be considered when choosing method(s).  In general, averaging methods improves accuracy of estimates                     (Rosenburg 1968).  Keeping these requirements in mind, we review two methods for producing post 2000 county population estimates in Illinois.  We plan to produce population estimates for April 1, 2000 and will evaluate them against the April 1, 2000 census counts.  Our objective is to find out which method(s) we should be using for producing post 2000 county population estimates in Illinois.  We will use controlled and uncontrolled population estimates to compare with the census counts.

METHODOLOGY AND DATA 
          Our first method of estimating population for counties will be the Administrative Records Method (also known as the Tax Returns method).  We will produce population estimates for age groups 0-64 and 65 years and over separately.  In fact, this is the method we are currently using to produce post 1990 annual county population estimates in Illinois.  The formula for producing April 1, 2000 population estimates is as follows:

Population (0-64) for April 1, 2000    = Estimate (0-64) for April 1, 1999 + Births (1999-2000)






 - Deaths (1999-2000) 






+ Change in Population in Group Quarters (1999-2000)






+ Change in Military Barracks Population (1999-2000)

+ (0-64) Non-Group Quarters Internal Net Migration          (1999-2000)






+ Net International Migration (1999-2000)

In one set, county estimates will be controlled to the state population estimate provided by the Census Bureau and in the second set, uncontrolled county estimates will be added to get the state level estimate.  In Illinois, group quarters (GQ) population consists of residents in prisons, college dormitories, and state and veteran hospitals.  Unlike the Census Bureau, we do not collect or use nursing home population as a component of group quarters population.  We make the assumption that all GQ and military populations are under age 65 years. An important assumption in the procedure to estimate internal migration is that persons not covered by the matched IRS returns (those not matched or persons not filing) migrate in the same patterns as the matched population.  Unlike the Census Bureau, we do not use any extrapolated values for input data.  

Estimate for population age 65 and over in 2000 = Population age 65 and over in 1999







 + change in medicare enrollees (1999-2000)

    We make the assumption that net international migration is zero for the age 65 and over population and internal net migration is reflected in the change in medicare enrollees.  We will control one set of the age 65 and over estimates to the state age 65 and over estimate and in the other set uncontrolled county estimates will be added to get the age 65 and over population at the state level.  

     We will obtain data on migration, military barracks population, residents in veteran hospitals, and medicare enrollees from the Census Bureau, and the rest of the data will be available from state sources.

     Our second method will be ratio-correlation.  In the ratio-correlation method to estimate the parameters, the dependent variable will represent the ratio of a county’s share of the state population in 1990 to its share in 1980.  The independent variables of resident births (two-year average), school enrollment (grades1-8), passenger car registration and federal income tax exemptions (1979 and 1989 tax years) will be expressed in a corresponding manner.  We will use the ratio-correlation method to produce estimates for household population for age group 0-64 years only.  We will add GQ population to these estimates to obtain the total population.  The regression equation will be



Yi = α + β1X1i + β2X2i + β3X3i + β4X4i + εi


where Yi = (Percent of Illinois population in county i in 1990)/



      (Percent of Illinois population in county i in 1980)



α = Intercept



X1i = (Percent of State births in county i in 1990)/



         (Percent of state births in county i in 1980)


             X2i = (Percent of state passenger cars registered  in county i in 1990)/



          (Percent of state passenger cars registered  in county i in 1980)



X3i = (Percent of state school enrollment in grades 1-8  in county i in 1990)/



          (Percent of state school enrollment in grades 1-8  in county i in 1980)



X4i = (Percent of state federal income tax exemptions  in county i in 1990)/



          (Percent of state federal income tax exemptions  in county i in 1980)



εi = random error of the ith observation

       After estimating the parameters, estimates for 2000 would be prepared by substituting in the equation appropriate data for 2000.  For example, the value X1i for a given county for 2000 would be computed as:



(Percent of state births in county i in 2000)/



(Percent of state births in county i in 1990)

Values for other independent variables would be computed in a similar fashion.  When the equation is solved for each county, the results would represent estimates of the following form:



(Percent of Illinois population in county i in 2000)/



(Percent of Illinois population in county i in 1990)

These percentages would then be applied to the estimated resident population for Illinois for 2000, yielding an estimate of the resident population of each county on April 1, 2000.  

     We will have a set of estimates for evaluation controlled to state level age 0-64 population.  An inherent assumption in the ratio correlation method is the observed statistical relationship between the independent and dependent variables in the 1980-1990 intercensal period will persist in the post 1990 period.  Also, deficiencies in coverage in the basic data series will remain constant, or will change very little, in the post 1990 period.  We will also estimate another set of regression coefficients using 1990 and 2000 input data and compare the R2s of both sets.  If R2s are high in both sets, with all assumptions remaining the same, this would indicate stability in the relationship  between dependent and independent variables.

     Also, we will calculate a set of regression estimates on the basis of stratified counties.  The criteria for stratification (Pursell 1970, Rosenburg 1968) will be whether the population growth rate of a county is higher than the state growth rate for the same period (1980-1990).  Data for all the independent variables, except federal income tax exemptions and the denominator of the dependent variable, will be available from state sources. 

      We will have the following four sets of controlled county population estimates for 2000:


(1) using only ADREC method,


(2) using only Ratio Correlation method,


(3) averaging (1) and (2), and


(4) using each stratum of the Ratio Correlation method.

We will have another set for the ADREC method not controlled to any estimate. In general, this will show whether a top-down (controlled to the state total) or a bottom-up approach (sum of uncontrolled county totals equal the  state estimate) produces more accurate estimates.

PLAN FOR ANALYSIS 


     We reviewed different measures of accuracy (Armstrong 1985) and for our purposes have chosen mean absolute percentage error (MAPE), median absolute percentage error and mean algebraic percentage error (MALPE) on the basis of scaling requirements, not unit dependent, closely related to decision making and easy to understand.  Also, these measures have been used by other researchers ( Namboodiri 1972, Smith 1987, Smith and Mandell 1984, Smith and Shahidullah 1995).  Mean absolute percentage error is the average error when only the magnitude of the error is considered.  It is computed as




MAPE = Σ( # Et  - Ct #/Ct)*100




Where Ct = Census count at time t





Et = Estimate at time t  

MAPE is dimensionless. It provides a measure of precision.  It is helpful in making comparisons of the results found by different methods.  Median absolute percentage error is defined as the amount of error at which 50 percent of the errors are below and 50 percent of the errors are above. The proportion of absolute errors less than 10 percent and greater than 25 percent will be used to define the frequency of small errors and large errors.

      Mean algebraic percentage error is the average error when magnitude as well as direction of the error is considered.




MALPE = Σ( (Et  - Ct) /Ct)*100

  It is also unit free.  It gives an estimate of bias.  Because a few extreme errors in one direction can disproportionately affect the sign of the MALPE, we will use the proportion of positive errors (% POS) as another measure of bias.  Also, we will compute MAPE and MALPE controlling for population size in 1980 and population growth rate during 1980 to 1990.

    Since there may be problems of undercount in the decennial census, our base population for comparison purposes may not be accurate.  Because of this, we may not be measuring actual error between a census count and an estimate.  We are planning to adopt the following three approaches (Byerly 1993) to evaluate the estimates:

(1) we will use 2000 census counts and the 2000 estimates as computed,

(2) we will add the estimated 1990 undercounts by county to the 2000 estimates to approximate          the 2000 census levels, and

(3) we will control the 2000 county estimates to the 2000 census counts for Illinois rather than to        the 2000 state estimate.

DISCUSSION
     We expect estimates produced averaging the ADREC and Ratio Correlation methods will be more accurate  than any other set of estimates.  Also, estimates for larger counties will be more accurate than estimates for smaller counties.  We are aware of the fact that regardless of what methodology we use for producing population estimates, our estimates will only be accurate if the underlying assumptions hold and the input data are correct (Long 1993).  Unforeseen circumstances may affect these situations.  However, we are determined to pursue our research to ensure a sound methodology, stable assumptions and correct data for producing our county estimates for post 2000 census years.
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