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Outline 

 History & Design Decisions 
 Multiple Imputation Approach 
 SSB data sources 
 Production Overview 
 SSB Research 
 How to use the SSB 
 Future Plans 
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SSB History 

 1999-2000: Census, SSA, and IRS engage in 
negotiations about the use of administrative 
data by Census 
 February 2001: Federal Regulation published 

authorizing sharing of data items from W-2 tax 
forms 
 Data arrives at Census shortly thereafter 

 Goal:  Use these data to improve the SIPP 
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SSB History 

 Committee convenes with representatives 
from IRS, Census, SSA, and CBO 
 Decision to pursue a new SIPP public use file 

that contains the administrative data linked to 
the survey data 
 Challenge:  Confidentiality 
 Solution: Data Synthesis 
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Design Decision: Data Sources 
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Design Decisions: 
Confidentiality Protection 

 Chosen Method:  Partially Synthetic Data 
 Keep a few key variables unchanged 

 Gender and link to spouse 

 Replace all values of every other variable with draws from an 
estimated distribution 
 Covariate relationships among variables must be preserved 

 Choose list of variables that is: 
 Long enough to be useful (emphasis on retirement and disability 

research) 
 Short enough to be created and protected in a “reasonable” amount 

of time 

 
6 



Release History 
 Version 4: Spring 2007 

• 1990, 1991, 1992, 1993, and 1996 panels 
• People age 15+ 
• Gender, spouse link, OASDI benefit not synthesized 

 Version 5: Fall 2010 
• Add 2001, 2004 panels 

 Version 5.1: May 2013 
• Corrections for error in underlying earnings data 
• Add SIPP arrays, state 
• Synthesize OASDI benefit 

 Version 6.0: March 2015 
• Added 1984, 2008 panels 
• All individuals regardless of age included 
• Added disability application history variables and SSI history 
• Base weight added 
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Multiple Imputation Approach 
 Underlying data presents two problems 
 Missing Values 
 Disclosure Risk 

 We attempt to solve both problems with multiple 
imputation 
 Estimate joint distribution of all variables 
 Take multiple draws from estimated distribution to fill in 

missing values resulting in multiple, completed data sets 
(completed implicates) 

 Take multiple draws from estimated distribution to replace 
sensitive values resulting in multiple, synthetic data sets 
(synthetic implicates) 
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Why Multiple Imputation? 
 Easy for analyst to use 
 On any given implicate, analyst can use any estimation 

technique that one would use on a dataset with no missing 
data 

 Data user only needs to know how to generate the 
estimand of interest and its measure of uncertainty on a 
single dataset, and then plugs the multiple estimates into a 
simple formula (which we provide) 

 Variance estimation in multiple imputation setting 
works with almost any conceivable analysis (is not 
tailor made to a specific estimand) 

 Provides a very natural way of uncovering true variance 
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Easier said than done. How do 
you estimate joint distribution? 
 Can we use?: 
𝑝𝑝 𝑥𝑥1, … , 𝑥𝑥𝑛𝑛 = 𝑝𝑝 𝑥𝑥1 𝑝𝑝 𝑥𝑥2 𝑥𝑥1 …𝑝𝑝(𝑥𝑥𝑛𝑛|𝑥𝑥1, … , 𝑥𝑥𝑛𝑛−1) 

 Monotone missing data: 
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Missing Data Pattern 
Usually Not Monotone 

Var1 Var2 Var3 Var4 

X X X 

X X 

X X 

X X 

X X X 

X X 

X 

X X 

X X X 
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Sequential Regression Multiple 
Imputation (SRMI) 

 Iterative approach developed by Raghunathan 
et al (1998) that converges to joint distribution 
 For a list of variables 𝑥𝑥1,…, 𝑥𝑥𝑛𝑛, we sequentially 

estimate: 

 𝑝𝑝(𝑥𝑥𝑗𝑗|𝑥𝑥1
𝑙𝑙 , … , 𝑥𝑥𝑗𝑗−1

𝑙𝑙 , 𝑥𝑥𝑗𝑗+1
𝑙𝑙−1 ,…, 𝑥𝑥𝑛𝑛

𝑙𝑙−1 ) 
 Use this estimated conditional marginal to 

impute missing values of 𝑥𝑥𝑗𝑗, update to be 𝑥𝑥𝑗𝑗
𝑙𝑙 , 

then move on to 𝑥𝑥𝑗𝑗+1 
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SRMI Visual for a Single Record 

Iteration # Var1 Var2 Var3 Var4 

1 X X 

2 X X 

3 X X 
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Iteration # Var1 Var2 Var3 Var4 
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Multiple Completed Implicates 
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Synthesize Data 

 Take each completed implicate, and do 
another round of multiple imputation this 
time replacing all values 
 Since completed data has no missing values, 

for synthesis we can treat this as a monotone 
missing data pattern: 

 
𝑝𝑝 𝑥𝑥1, … , 𝑥𝑥𝑛𝑛 = 𝑝𝑝 𝑥𝑥1 𝑝𝑝 𝑥𝑥2 𝑥𝑥1 …𝑝𝑝(𝑥𝑥𝑛𝑛|𝑥𝑥1, … , 𝑥𝑥𝑛𝑛−1) 
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Start with a completed implicate 
Var1 Var2 Var3 Var4 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 
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Var1 Var2 Var3 Var4 
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X X X X 

X X X X 
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X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

Var1 Var2 Var3 Var4 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

Var1 Var2 Var3 Var4 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

Var1 Var2 Var3 Var4 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

Estimate p(x1) & impute Estimate p(x2|x1) & impute Estimate p(x3|x1,x2) & impute Estimate p(x4|x1,…,x3) & impute 



Multiple Synthetic Implicates per 
Completed Implicate 
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Intuition behind multiple 
implicates 

 Multiple Completed Implicates 
 A single imputation disguises the uncertainty caused by 

missing data 
 The different imputations generated by different draws of 

model parameters from one implicate to the next gives a 
natural way to measure that uncertainty 

 Multiple Synthetic  implicates 
 Multiple synthetic implicates for each completed implicate 

gives way to measure uncertainty introduced by synthesis 
 Variation between the sets of synthetic implicates allows  

us to correct variance without double-counting uncertainty 
introduced by data completion 
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Content Overview 
What is currently on SSB? 

 Many have been involved SSB decisions: 
• Government agencies (SSA & CBO), academic 

researchers, Census researchers & staff 

 Variables added from user suggestions: 
• State, disability application/rejection/approval, life 

insurance history, education history 

 Variables we are considering/developing: 
• Self-reported health status, field of graduate degree 

 Your suggestions? 
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Source Data:  
Census Bureau Sources 

 SIPP panels 
• 1984, 1990, 1991, 1992, 1993, 1996, 2001, 2004, 2008 

 Crosswalks 
• Link SIPP respondents SSN  by pane 
• Not all individuals link 
• Match/PIK rate by SIPP panel:   

 1984=75% 
 1990s = 78%-84% 
 2001 = 47% 
 2004 = 72% 
 2008 = 82% 
 2014 = 89% 
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Content:  
Administrative Data Sources 

 Master Earnings File:  Summary Earnings Record (SER) 
Extract  
• Person-level file 

• Annual total FICA covered earnings 1951-2011 
• Annual quarters of coverage (i.e. credits needs to 

qualify for benefits)  
• SSB variables: 
 Total annual SER earnings 
 Annual Total Covered Quarters of Work 
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Content:  
Administrative Data Sources 

 Master Earnings File: Detailed Earnings Record Extract (DER) 1978-2011 
• Person-job-year file:  unique identifier for each employer (EIN) 
• Uncapped Wages, Tips, and other compensation (Box 1 Form W-2) 
• Deferred Wages (Box 13 Form W-2) – e.g., 401(k) contributions 
• FICA covered earnings (Box 3) – earnings up to FICA taxable maximum 
• Self-employment earnings from schedule C:  total and FICA-covered 
• What is missing – Medicare wage (health insurance premiums) 
• SSB variables:  sum total earnings across all jobs 

 Annual total FICA wages from the DER 
 Annual total non-FICA wages from the DER 
 Annual total deferred FICA wages from the DER 
 Annual total  deferred non-FICA wages from the DER 

• Editing process for reconciling DER/SER and dealing with data error in 
both sources 
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Content:  
Administrative Data Sources 

 Master Beneficiary Record (MBR) 1962-2012 
 Old Age, Survivor, Disability Insurance (OASDI) program 
 Complicated file with 8000+ variables 
 Goal: make benefit history that is useable  

 MBR variables on the SSB:   
 Retirement, widow/spouse, and aged spouse benefits 
 Whether a benefit was received 
 Start date of benefit 
 Total monthly amount of benefit 
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Content:  
Administrative Data Sources 

 Master Beneficiary Record (MBR) 1962-2012 
• Social Security Disability Insurance (SSDI) 
 Date of disability onset 
 Date applied for SSDI 
 Disability adjudication date 
 Date of entitlement to disability 
 Date of disability benefits cessation 
 Total benefit amount 
 Disability diagnosis 
 Up to 4 disability applications:  always kept first ever, last 

ever, first in SIPP panel, last in SIPP panel;  if more 
applications than these, delete older rejections, then older 
accepts. 
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Content:  
Administrative Data Sources 

 Payment History Update System (PHUS) 1984-
2012 
• Records actual payments made to beneficiaries 
• Relatively simple file with payments by date 
• SSB variables: 
 Dummy variable for receipt 
 Benefit start date 
 Total amount of benefit 
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Content:  
Administrative Data Sources 

 Supplemental Security Record (SSR): 1974-2012 
 Supplemental Security Income (SSI) program 
 Slightly less complicated file with only 6500+ variables 
 SSB variables: 
 Dummies for applied, received, or ceased receiving benefits 
 Application date 
 Amount received 
 Type of benefit 
 First/last payments 
 Diagnosis type 
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Content: SIPP Variables 

 Marital history for up to 4 marriages 
 Fertility history 
 Number of own kids (for men and women) 
 First birth year and last birth year for biological 

children (women) 
 Nativity 
 Time period arrived in the U.S. 
 Ethnicity (Hispanic vs. non-Hispanic) 
 Race 
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Content: SIPP Variables 

 Education 
 Level 
 Field of Bachelor’s degree 
 Years started high school and post-high school 

education 
 Years received high school diploma & bachelor’s 

degree 
 Current enrollment in college or high school 
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Content: SIPP Variables 
 Wealth (Home ownership, Home equity, Non-housing 

wealth) 
 Enrollment in pension 
 Defined benefit 
 Defined contribution 

 Industry & Occupation 
 4 category industry (manufacturing, wholesale/retail, 

FIRE/public admin/military, agriculture/mining/construction) 
 3 category occupation (managerial/professional, technical/sales, 

other) 
 Disability 
 Work-limiting 
 Work-preventing 
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Content: SIPP Monthly Variables 

 Income, Earnings, Hours and Weeks worked 
 Layoff indicators 
 Health insurance and if Employer-provided 
 Workers & Veterans compensation (Receipt & 

Amount) 
 Program Participation 
 AFDC/TANF 
 Food stamps 
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Process Overview:  
Harmonize & Model 

 Check availability and standardize across panels 
 Create universe 

• Example:  people age 15+, age 15-65, employed, etc. 
 Account for any other deterministic relationships 
 Distinguish between missing and out of universe, 

and missing to-be-imputed 
 Determine stratifying and explanatory variables 

for the model 
 Data completion is iterative and time-consuming 
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Process Overview:  
Synthesize & Test 

 Synthesis is basically the same as completion 
 Now replace all values with draws from estimated 

distributions 
 Non-iterative; once through list of variables 

 Test synthetic data to see how close it lies to 
the completed data 
 Test for disclosure risk 
 Very conservative approach 
 Public-use SIPP files already available 
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Topics that can be studied 

 Wage Inequality 
 Retirement patterns 
 Disability applications 
 Immigrant outcomes 
 Education outcomes 
 Fertility history questions 
 Spouse behavior 
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Ongoing SSB Research 

 Persistence of breadwinning across couples 
 Associations with graduating during a 

recession 
 Earnings and employment trajectories across 

demographic groups 
 Labor market outcomes for disabled workers 
  Wage mobility among public assistance 

recipients 

34 



Using the SSB:   Requesting 
Validation of Synthetic Results 

 Census will run your programs on the confidential data and 
release these results to you 

 Summary of steps 
 Write code that works on one data set 
 Only piece of your code that will be changed by Census staff is 

file location and file base name; Have this place clearly marked 
 Test this code by running on each synthetic data set 
 Save code in special folder on the SDS server 
 Prepare memo asking for disclosure of results 
 Email memo to Census SSB staff and request validation 

 Can take as little as 2-3 weeks 
 Only works as well as your code  
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Disclosure Review 

 Census reviewer needs to see a person-level 
observation count for every number you 
produce 
 Regression – need sample size 
 Summary Statistics – need sample size of each 

sub-group for each variable 
 If probit or logistic regression, need to see cross-

tab of any independent variables with dependent 
variable 
 Person-year observation counts are not sufficient. 
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Disclosure Review Steps 

 Prepare tables from synthetic data 
 Check these sample sizes 
 Any cell with at least 10 people will be fine 
 Smaller size cells can also be okay but not without 

further review by Census 
 Prepare memo 
 Check code to make sure it will produce a SHORT 

LOG file with printed results and sample sizes.  
Anything above 15 pages will be sent back with a 
request to consolidate 
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Visual Example: Model 

 Estimate regression independently for each 
cell defined by gender and education (5 
categories) 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑋𝑋𝑖𝑖𝑖𝑖𝛽𝛽 + � 1𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑡𝑡 𝛾𝛾𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

2011

𝑦𝑦𝑒𝑒𝑒𝑒𝑒𝑒=1979

+ 𝜀𝜀𝑖𝑖𝑖𝑖 

 Where 𝑦𝑦𝑖𝑖𝑖𝑖 is log real earnings for person, i, in 
period, t.  
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Green = Completed Data 
Red = Synthetic Data 
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Green = Completed Data 
Red = Synthetic Data 
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Future Approach 

 Issues 
 Hard to add new variables to SSB 
 SSB Users have no choice over missing data approach 

 Solution: Synthesize incomplete data directly 
 Implies missing data pattern is synthesized 
 User can choose how to handle missing data 
 Faster to add new variables to synthetic file 
 Fewer implicates in total (r synthetic implicates, 

instead of r synthetic implicates for each of m 
completed implicates) 
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Green = Completed Data 
Red = Synthetic Data 
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Green = Completed Data 
Red = Synthetic Data 
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