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Part 1 ï Small area estimation (background) 

Spatial allocation of microdata 

Dasymetric modeling under uncertainty  

Limitations in validating results 

Part 2 ï Validation of spatial allocations 

Running allocation models on 1880 historical census data 

A systematic validation approach 

A proposed strategy for CRDC visits 

Conclusions and future work 

Outline 
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ñConstructing a Geography for 

Census Microdataò  

(NSF; BCS 0961598) 
Author Team: M. Ruther, G. Maclaurin, B.P. 

Buttenfield, and N.N. Nagle 

Microdata allocation 

Dasymetric modeling & uncertainty 

Demographic processes at local scales 

(crime, exposure) 

Improve small area estimates by not 

corrupting anonymity of PUMS 

Putting People in Their Place 
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Small Area Estimation & Uncertainty 

ï 
A Dasymetric Model Framework Based on Spatial 

Allocation of Microdata 



Tract 2 Tract 3

Tract 1

Public Use Microdata Sample (PUMS 5%) 

ČAttribute richness but coarse resolution 

 

Census Summary Files: 

ČFewer attributes but finer resolution   

Weights imputation (probabilistic) using Maximum 

Entropy (reweighting) 

Allocate microdata households to tracts: Construct 

small area populations for all microdata attributes 

d=7 

d=16 

d=14  

HH # Black Low $ Med $ High $ Food HH Weight 

1 1 0 1 0 0 7 

2 1 1 0 0 1 16 

3 0 1 0 0 1 14 

Tract 2 Tract 3

Tract 1

PUMA with tracts 

? ? 
? 

? 

HH # Black Low $ Med $ High $ Tract 1 Tract 2 Tract 3 

1 1 0 1 0 1.00 4.75 1.25 

2 1 1 0 0 2.64 2.15 11.21 

3 0 1 0 0 2.40 6.35 5.25 

  HHs Low $ Med $ High $ 

Tract 1 315 61 66 188 

Tract 2 331 54 243 34 

Tract 3 354 141 201 12 

Constraints (will 

be preserved in 

allocation) 
+ + 
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Household-level characteristics (e.g., race, income):  

 xik, k = 1,é, K for each household hi, i = 1,é, I, in the PUMS  

Tract-level summary statistics:  

 xjk, k = 1,é, K for each census tract tj, j = 1,é, J,  

Iterative Proportional Fitting, IPF using maximum entropy: 

max 
i Î PUMS

I

å wij log
j Î Tracts

J

å
wij

dij

æ

è
çç

ö

ø
÷÷

subject to wij xik = xjk

i Î PUMS

å for all j,k

wij   household-tract specific sampling weight (i.e., how many 

households of type hi can be expected in each tract) 

 dij   prior weight as derived from Census provided sampling weight 

  HHs Low $ Med $ High $ 

Tract 1 315 61 66 188 

Tract 2 331 54 243 34 

Tract 3 354 141 201 12 

HH # Black Low $ Med $ 

High 

$ Tract 1 Tract 2 Tract 3 

1 1 0 1 0 1.00 4.75 8.08 

2 1 1 0 0 2.64 2.81 11.21 

3 0 1 0 0 8.40 6.77 5.25 

Survey Data Reweighting 

Tract 2 Tract 3

Tract 1
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ÅConstructing fine resolution 

enumerations of population for: 

- any PUMS variable (even if there is 

no Census summary table) 

- combinations of PUMS variables 

(joint enumerations) 

- a variety of geographies 

SF3 Tract Summaries Revised 

% Owners 

dav_join_GAfinal

nInc50K

11.4 - 24.3

24.4 - 29.2

29.3 - 37.2

37.3 - 53.4

53.5 - 62.8

62.9 - 83.5

11.4 - 24.3

24.4 - 29.2

29.3 - 37.2

37.3 - 53.4

53.5 - 62.8

62.9 - 83.5

3-bedroom
households (%)

Households with
income > $50K (%)

What We Are Aiming Foré 

ÅModel uncertainty  

 
ÅValidation of model performance?  

Access to confidential spatial identifiers only 

available at a CRDC é and then? 
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Validating Spatial Allocation  Models 

 ï  

Using Historical Census Data 



The 1880 Census as a  ñProxyò 

Å100% count of the population publicly 

available 

ÅFull demographic detail & similar set of 

attributes (no income and education) 

ÅSpatial identifiers for household location 

(district) 

ÅComparable spatial structure to 

contemporary censuses: 

     State Economic Area (SEA) å PUMA 

     Enumeration District (ED) å Census Tract 
Tract 2 Tract 3

Tract 1

Ӻ 
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ÅMeasuring overall performance 

ÅSetting up validation procedure at a 

Census Research Data Center (CRDC) 

ÅUnderstanding tests done without access 

to a CRDC 

ÅParameter sensitivity 

Motivation & Goals 
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Source:  Urban Transition Historical GIS Project 

Data & Setting 

Hamilton County, Ohio 
Households:  68,160 

Enumeration Districts:  135 

Constructing ED summary tables from 

100% microdata 

Constructing synthetic PUMS:  

5% random sample from 100% microdata 

(design weight=20) = 3,408 households 

Selecting constraining variablesé 

 

Age 

Gender 

Race 

Marital Status 

Nativity 

Presence of Children 

Occupational Status 

Group Quarters 

Urban Status 

Farm Status 
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Five constraining variables were selected 

 

Four separate models to assess how changing 

number of constraints affects model performance 

 

: 

2-Constraint Model: Urban and Group Quarters 

3-Constraint Model: é. add Occupational Status 

4-Constraint Model: é. add Foreign Born 

5-Constraint Model: é. add Race  

Different Model Specifications 

max 
i Î PUMS

I

å wij log
j Î Tracts

J

å
wij

dij

æ

è
çç

ö

ø
÷÷

subject to wij xik = xjk

i Î PUMS

å for all j,k
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  Allocated Actual 

ED 1 110 110 

ED 2 152 150 

ED 3 127 140 

Total 389 400 

Comparing the allocated estimates for each enumeration district (ED) 

to the 100% (actual) counts for each ED, for each benchmark variable 

Error Assessment 
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Constraints 

Urban 

Group Quarters 

Occupation 

Foreign Born 

Race 

Errors in Margin 
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5 Constraints 

Urban 

Group Quarters 

Occupation 

Foreign Born 

Race 

N = 87 

N = 219 

Total Allocation Error 
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Total Allocation Error: Models Compared 

Validation on Historical Census Data 


