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Improve small area estimates by
corrupting anonymity of PUMS
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A Dasymetric Model Framework Based on Spat
Allocation of Microdata



Public Usklicrodat&ample (PUMS 5%)
¢ Attribute richness but coarse resolution

CensuSummary Files
¢ Fewer attributes but finer resolut

HH # Black |[Low $ Med $ High $ Food HH Weight HHs | Low$ | Med$ | High $
1 1 0 1 1 o | o - Tract1 315 | 61 66 | 188
> | 1 1 o | o | 1z 16 Tract2| 331 | 54 | 243 | 34
3 0 1 0o | o /x 14 Tract3| 354 | 141 | 201 & 12

o PU MA with tracts 1
d=7 o T“”““ Constraints (will
@ d=14 -+ be preserved in
d=16 allocation)

Weights imputation (probabilistirg) Maximum

Entropy (reweighting) -
HH # Black |Low $| Med $ |High $| Tract1 | Tract 2 | Tract 3
1 1 0 1 0 1.00 | 475 | 1.25
2 1 1 0 0 264 | 215 | 11.21
3 0 | 1 0 0 | 240 | 635 | 525 Tract 1 %%%

Allocatenicrodata households to tracts: Construet
small area populations for all microdata attributes




Survey Data Reweighting

Householdevelcharacteristi¢ag., racejncome) 5
X, kK=1,e , Kforeachhousehold,i=1,¢ , I, inthePUMS

Tractlevelsummarsgtatistics |
%o k=1,e ,Kforeachcensusract, j=1.¢ , J, s e

Iterativéroportion&itting|PFusingnaximunentropy

d J aQVo
max a a w; log

il PUMS i Tracts i ﬂ

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

1 1 0 1 0 1.00 475 8.08

subjectto g W, %, = X, for all |,k 2 1 1 o o o 2w ua

~ 3 0 1 0 0 840 6.77 525
il PUMS

W househotttact specific sampling weight (i.e., how ma rect 1 95
households of typean be expected in each tract) ‘

d; prior weight as derived from Census provided sampl gﬁ
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AConstruct_lng fine resolut_lon e Tt S
enumerations of population for: A % ouners

- any PUMS variadeen if there is
no Census summary table)

- combinations of PUMS variable
(Joint enumerations)

- avariety of geoqgraphies

AModel uncertainty

AValidation of model performance?
Access to confidential spatial identifiers only
avall able at a CRDC é and the
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The 1880 Census

avallable

A Full demographic detail & similar setof @
attributes (no income and education) @

A Spatial identifiers for household location
(district)

A Comparable spatial structure to
contemporary censuses:

State Economi c Ar e

Enumer ati on DI stri-
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Validation on Historical Census Data



Motivation & Goals

A Measuring overall performance

A Setting up validation procedure at a
Census Research Data Center (CRDC)

A Understanding tests done without access
to a CRDC

A Parameter sensitivity

Validation on Historical Census Data



Data & Settin

Hamilton County, Ohi
Households: 68,160
e 10laal=) ¢z (iTeJa M DIEY (glei k3l < ource: Urban Transition Historical GIS Project

Constructing ED summary tables from
100% microdata

Constructing synthetic PUMS:
5% random sample from 100% microdata
(design weight=20) = 3,408 households

Selecting constraining var

Validation on Historical Census Data



Different Model Specifications

Five constraining variables were selected

Four separate models to assess how changing
number of constraints affects model performance

2-Constraint ModdlrbarandGroup Quarters
3-Constraint Modet: .  @Qadupational Status
4-Constraint Moc Roceidin Born
5-Constraint Moo
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Error Assessment

Comparing the allocated estimates for each enumeration distric
to the 100% (actual) counts for each ED, for each benchmark v

Allocated Actual
ED 1 110 110
= DI 152 150
ED 3 127 140
Total 389 400

Allocated Total — Actual Total |389—400| — 0.03

Errorin Margin= [——mMmmm——————| =
or in Margin 200

Actual Total

. 1ALL d ED; —Actual ED;
TAE = Total Allocation Error = LjlAllocated ED; —Actual ED| _ % = 0.04

Actual Total

AE = Allocation Error (ED;) =

Allocated ED; — Actual ED; |127 140| 0.09
Actual ED;




Number of Households

Errors In Margin

— Actual Total
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‘Allocated Total

60,000 -
Allocated Count 0.1% Constjaé,nts
[ 0 1.2% o rnan
50,000 - gitetel / et Group Quarters
’ Occupation
Foreign Born
Race
40,000 -
30,000 -
0.7%
2.5%
20,000 - 1.4% .
9.1%
10,000 - 277
2.1% '
6.5% .
0+ - . . . .
A x &) X Q 6 6
’ 9-) > Q Q (& -Q,
Q ) %) 2 D O (K\ O\Q O\Q ,0’3\.
& ¢ & & RS R




Total Allocation Error

Total Allocation Erro
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Total Allocation Error: Models Com

1.00 Number of Constraints
0.90 2 (Urban + Group Quarters)
B3 (Urban + Group Quarters + Occupational Status)
0.80 "4 (Urban + Group Quarters + Occupational Status + Foreign Born)
0.70 5 (Urban + Group Quarters + Occupational Status + Foreign Born + Race)
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