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Small Area Estimation

Motivation: Small area estimation is important in light of a continual demand by data users for finer geographic detail of published
statistics and for various subpopulations. Traditional demographic sample surveys designed for national estimates do not provide
large enough samples to produce reliable direct estimates for small areas such as counties and even most states. The use of valid
statistical models can provide small area estimates with greater precision; however, bias due to an incorrect model or failure to
account for informative sampling can result.

Research Problem:

Development/evaluation of multilevel random effects models for capture/recapture models.

Development of small area models to assess bias in synthetic estimates.

Development of expertise using nonparametric modeling methods as an adjunct to small area estimation models.
Development/evaluation of Bayesian methods to combine multiple models.

Development of models to improve design-based sampling variance estimates.

Extend current univariate small-area models to handle multivariate outcomes.

Development of models to improve uncertainty estimates for design-based estimates near boundaries (e.g., counts near 0,
rates near O or 1).

Development of formal methodology for generating small area applications by screening variables from Census Bureau and
other federal statistical sample surveys for concordance with American Community Survey variables.

Potential Applications:

Development/evaluation of binary, random effects models for small area estimation, in the presence of informative sampling,
cuts across many small area issues at the Census Bureau.

Using nonparametric techniques may help determine fixed effects and ascertain distributional form for random effects.
Improving the estimated design-based sampling variance estimates leads to better small area models which assumes these
sampling error variances are known.

For practical reasons, separate models are often developed for counties, states, etc. There is a need to coordinate the resulting
estimates so smaller levels sum up to larger ones in a way that correctly accounts for accuracy.

Using the American Community Survey to improve the precision of estimates from other smaller surveys.

Accomplishments (October 2017 - September 2018):

Developed a Multinomial-Dirichlet to model school district pieces population counts from county population totals and
compared results against a Generalized Poisson small area model.

Obtained several new results, both theoretical and empirical, related to the understanding of functional and structural
measurement error Fay-Herriot models, as well as of naive models that ignore measurement errors.

Obtained several new results on the properties of confidence intervals for proportions for complex surveys, including the
addition, testing, and analysis of the logit interval to our factorial simulation design, the analysis of the mean squared error,
variance, and bias of the proposed effective sample size estimator, and the development and testing of user-friendly R
functions associated with this work.

Extended previous work on loglinear models for longitudinal estimators of quarterly changes in labor force status and

healthcare coverage to gross flows with multiple outcome categories, using fixed-effect models to exhibit small argasgsii@rdstul? X

for smaller gross flows, by state (chapter to appear in 2019 edited book on Longitudinal Surveys). By Q
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Short-Term Activities (FY 2019): No

e Rebuild the design-based samples from the Artificial Population dataset (ACS 2008-2012) to allow for both area- and unit-
level models to be evaluated.

+ Develop generalized variance functions for count estimates for school district population and poverty estimates from the ACS.

e Develop a small area model for small sample R x C tables over areas (i.e. counties) using spatial effects to capture similarities
of neighboring areas.

e Finding examples of using the American Community Survey to improve the precision of estimates from other smaller surveys.

o Extend work on small area analysis of gross flows in longitudinal surveys to random-effect models; this research involves
extension of model-assisted pseudo-likelihood estimation to random-effect generalized logistic regression models.

Longer-Term Activities (beyond FY 2019):

* Develop models to simultaneously estimate population and poverty in subcounty areas such as school districts and census
tracts.

o Incorporate spatial modeling into the small area effects and develop tests for their necessity.

* Develop methods for estimating the change over time of small area parameters and for constructing interval estimates for this
change.

o Develop a standard approach to modeling sampling variance for rate and count estimates based on small sample sizes from
complex surveys.
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Funding Sources for FY 2018:

e 0331 - Working Capital Fund / General Research Project
Various Decennial, Demographic, and Economic Projects
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