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1. INTRODUCTION

This paper reports methoddogy underlying estimates
for income yea 1993 d income and porverty by state
produwced as part of the Census Bureas's Small Area
Income and Poverty Estimates (SAIPE) projed. The
paper has been prepared for a sesson cevoted to this
projed, following an example set two yeas ago in which
Siegel (1995 reviewed isaues and strategies for courty
estimates, Fay and Train (1995 described methoddogy
to prodwce dired variance estimates through replicaion
for states and resented preli minary modeling results for
per cgpita and median income & the state level, Otto and
Bell (1999 described modeling of the dired variance
estimates at the state level, and Cohen (1995 provided an
initial readion to these preliminary results.

The origina objedives of the SAIPE projed were to
produce estimates for states and courties of ;
total personsin poverty,
related children age 0-4 in poverty,
related children age 5-17 in poverty,
persons age 65 and over in poverty,
median howsehald income, and
. per cepital income.

Initia plans wereto release state and courty estimates of
these six charaderistics every two yeas beginning with
estimates for income yea 1993.

On March 26, 1997the Census Bureau relessed state
and courty estimates for 1993 for three of these
characteristics. total poverty, related children 517 in
poverty, and median income. The etimates and
additional documentation d the projed are available &
http://iww.census.gov/hhes/www/sai pe.html or through
the Census Bureau's web site, http://www.census.gov.
Althowgh state estimates have been produced for the
remaining three @mporents, courty estimates are not
realy for release. There hasbeen arecent redefinition o
the objedives. The Census Bureau how plansto continue
to produce estimates for the three daraderistics aready
released, plustotal poa age 0-17 and median howsehald
income at both the state and courty level, and estimates
of poar age 0-4 at the state level only.

Estimates of poverty for related children age 5-17 have
thus far attraded the most attention. Reauthorization o
the Elementary and Sewmndary Educaion Act (the
Improving Americds Schod Act of 1994 direded the
Seaetary of Educdion to employ upcdated estimates of
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poor children age 5-17 more recent than the 1990census
if suitable estimates could be produced by the Census
Bureau. The legislation further mandated that the
Seaetary of Educaion consult with aspeda pand of the
National Academy of Sciences convened for the purpose
of assessang the acerragy of the estimates. Becaise the
alocaionformulas are spedfied a the wurty and schod
district levels, the panel focused its attention primarily
toward the munty estimates. The panel released bah an
Executive Summary (available a
http://www2.nas.eduw/new/2146.hml) and more recently
an Interim Report (Citro, Cohen, Kdton,and West 1997).
The report was generaly criticd of the 1993 estimates
and could na endarse their dired use, recommending
insteal that the estimated 1993 pwerty rates be averaged
with the 1990 census rates. This recommendation hes
been implemented for Titlel.

This paper summarizes the methoddogy for the 1993
state estimates. It abstrads from adraft report (Fay 1997)
providing further detail. The primary focus of the paper
will beonthe etimates of related children age 5-17 also.
The paper will also comment on hav estimates for this
age groupexemplify the methoddogy for other ages and
summarizethe estimation o median income.

The state estimates combine information from the
Current Popuation Survey (CPS for the target income
yea, information from the previous census, and auxili ary
data through a now relatively well-studied empiricd
Bayes procedure (Fay and Herriot 1979,Ghosh and Rao
1994). The next sedion summarizes fedures of the CPS
and census estimates of poverty and the auxiliary data
used in the models. The third sedion cktalls the
estimator. The fourth sedion summarizes estimation o
median income. The mncluding sedion summerizes the
status of current reseach and isaues requiring further

study.

2. Sources of Data

2.1 Edtimates of Poverty. The March Suppement to the
CPS provides the official estimates of income ad
poverty nationdly. Althowgh the sample size of the CPS
is aufficient for effedive national estimates, generally the
sizeis too small to permit dired estimation o poverty
statistics at the state or substate level (Fay 1997). The
census data has been the only sourcefor such geographic
detail. Comparison d Fig lato 1bill ustrates that state
values from the previous census can be & effedive a
predictor as the dired CPSstate estimates.



Although income and poverty concepts are esentialy
identicd in the CPS and census, there ae some
diff erencesthat aff edt the comparability of estimates from
these two sources (Fay 1997).

Both the CPSand census data may be disaggregated by

agegroupngs. A total of six comporents of the poverty
popuationare cnsidered: 1) related poa children 0-4, 2)
related poa children 517, 3 poa 18-64, 4 poa 65+, 5)
total poor 0-4, and 6 total poa 5-17. (Related poa
children include only children related to the head who are
not the head o spouse of head. Total poa are dl poarin
these age groups, regardiess of relationship) The
estimation strategy prodiced estimates of propation poa
for eat of these aye comporents, enabling totals to be
built up from pieces.
2.2 Auxiliary Data. The Census Bureau employs extrads
from IRS tax return files for a number of statisticd
purposes, including postcensal popuation estimation.
The information avail able to the Census Bureau from
ead return includes the number of exemptions, the
number of child exemptions, the number of exemptions
for 65+, and the aljusted grossincome (AGI).

Under some drcumstances, children can file returns and
be damed onaparent’s sngle or joint return aswell. A
questiononthe tax return form asksif thisisthe cae, and
this information is also avail able to the Census Bureau.
For statisticd purposes, the dild's own return is
excluded from analysis, sincethe family circumstances of
the dhild are better represented by the parent’ s return.

Although the definition d census income is diff erent
from AGI reported on IRS returns, defining IRS poa
persons by applying the low income aitoffs for census
poverty to IRS AGI and number of exemptions produces
an effedive auxiliary measure for predicting census
poverty status. The number of poa child exemptions as
afradion d al child exemptionsis used in the model for
related children 517 in poverty. Famili es fili ng returns
but with low income in many cases may represent the
“working poa,” who have limited economic resources
but who cerive some or dl of their income from eanings
rather than ony benefits.

A secondvariable in the model complements the IRS
poor, namely, the number of persons age 0-64 nd onIRS
returns, estimated as the diff erence between the Census
Bureau's postcensal estimate for this age group and the
number of exemptionsfor 0-64. Thisgroupisindicaive
of the size of the popuation dependent on transfer
payments exclusively.

A third variable in the model is the propation d the
popuation receving food stamps. This group partialy
overlaps with the first two, since bath the working poar
and those receving transfer payments are digible. Fay
(1997 further discusses charaderistics of the auxiliary
data.

3. Estimation o Poverty Propations

3.1 Form of the model. For the 1980and 1990censuses
separately, a qosssedional modd was fitted using the
available predictors. The form of the regresson model
was:

Census %poverty = b, + b, (IRS %poor)

+ b, (% IRS nonfilers) + b, (% fs)

The model is crosssediond in the sense of only using
data pertaining to a single income yea. The fit of this
model was relatively goodin bah census yeas.
Nonetheless there was me observed correlation
between the residuals from the fits at the two censuses.
Theresiduals from the aosssedional model were

Census resid. = Census %poverty -

[by + b, (IRS %poor)
+ b, (% IRS nonfilers)

+ by (% 19)]

Addition of the 1979 residual to the model for 1989
poverty substantially improved the fit.

For 5-17, for example, the wefficient on the residual
was .56 with a standard error computed uncer ordinary
least squares (OLS) assumptions of .10. Thus, the
longitudinal equation for 1989was

Census %poverty, 89 = b,

+ b, (IRS %poor, 89)

D
+ b, (% IRS nonfilers, 89)

+ by(% fs, 89 + b, (79 resid)

Fig. 1c comparesthefit of this model to the cansus. The
comparison, d course, isoptimistic sincethe wefficients
of the model are determined from the same census data to
which the fit is compared.

Thefinal step of developing the model is replacement
of the poverty rates from the decennia census with
sample estimates from the CPS in oder to produce
current estimates. Unlike the fit to the census estimates,
which have negli gible sampling error at the state leve, the
CPSmode must distinguish sampling error from model
error. The model-based procedure developed for the
SAIPE can be viewed as a form of empiricd Bayes
estimation, or as an empiricd best linea unhiased



predictor (EBLUP) under amixed linea model (Ghaosh
and Rao 1999.
The small domain estimator is based onthe model:

ﬁ(cps) Xp+b+e 2)
where [ represents a vedor of the regresson
coefficients, which are fixed effeds in the model, b
represents a wlumn vedor of randam eff eds denating the
departure of theindividual true values from the regresson
predictions, and e denotes a @lumn vedor of CPS
sampling errors.

The randaom effeds, b , are sumed nama and to
have mean 0 and a diagonal covariance matrix.

A0 0 ..

0OAO .

AT = 3
00A .. 3

The CPSsampling errors e are ssaumed urcorrelated
with the randam effeds, namal with mean 0 and
diagondl covariance matrix

0 0
0D, 0
0 D

0 D, .. “

Given bath A* and D *, thebest linea unhased estimate
(BLUE) of B is

p =

* *\-1 -1 * *\-14 (5)
(X'(D*+A*) X)X (D" +A* ) 1P cps)

and the BLUE of the expeded values of the CPS
estimates,

Ep(ﬁ(CPS)) = Xp+b, (6)

ﬁ(CPS, comp)

~ .
Xﬁ + A*(D* +A*)7l(ﬁ(cp3) —Xﬁ)
A. in (3) is nat known, havever. Estimation d A.,

followed by use of its estimate in (5) and (6), resultsin an
empiricd BLUP (EBLUP) estimator. MLE was used to

estimate A.

In the norma model, the comporents of (4) are
assumed fixed and known. Because the model involves
proportions, however, the mean and variance ae linked.
The approach taken to this dightly norstandard version
was to modify the comporents of (4) by an adjustment to
refled the underlying expeded values.

The variancemode of Bell and Otto (1995 was based
on origina propations p,., and provided estimates of
variance D (p,, ). Their findings were generalized to
arbitrary p,,, by asuming a onstant design effed
under abinomia model:

Pst (1 B pst)

D
Post (1~ Pogy) (Post) ©

D (py)

The estimationwas iterative. First, eq. (8) was applied to
the CPSestimates and the resulting variances substituted
into (4). After MLE of A, the resulting regresson
predictions X p were then used in (8). A tota of 6
iterations were performed; examination o the
intermediate results suggested that virtualy al of the
effed of theiteration hed occurred by the end o the first
3cycles. MLE estimate of Awas 0 for related children 5
17. Fig. 1d shows the performance of the resulting
estimates, which approximates the performance of the fit
of the model to the census values, Fig. 1c, andisclealy
better than the previous census, 1a, or the dired CPS
estimates, 1b.

In application to the 1994CPS the estimated value of
A for related children 517 was .37 when the dependent
variable was expressed onthe percent scde (equivalent to
.000037as apropartion).

Estimates of poverty for 0-4, 1864 and 65+ were
obtained similarly. The set of auxili ary predictors for 0-4
and 18-64 was quite similar to those for 5-17; thase for
65+ were somewhat less $mil ar, substituting % receving
Supplemental Seaurity Income for % Food Stamps, for
example. Evauations of the performance of the models
for 0-4, 517 and total poverty were dl encouraging, bu
clea evidence of improvement over previous census
distributions for the 65+ was ladking (Fay 1997). Table
1 gives the estimated coefficients.

4. Estimation d Median Income

Sample etimates of state median incomes from the CPS
are more stable relatively than poverty estimates, and for
a number of yeas the Census Bureau has reported this
variable in an annual pubicaion. Nonetheless
preliminary reseach reported by Fay and Train (1995
suggested the potential improvement from a similar



modeling approach. The model for median income
employed a smaller set of predictors. a @mnstant term,
median income in the previous census, and a predicted
value of median income based oninflating the casus
median by the relative growth in AGI per return from
IRS.

5. Some Remaining Reseach Issues

The SAIPE projed isongoing. Because of the potential
use of the 1993 estimates for a variety of purposes,
documentation and review of the 1993 experience is
important on its own merit. The state methoddogy may
be modified in subsequent yeas by current reseach. For
example, Bell and Otto (1997 discussed the paotential
applicaion d time series methods to the state estimation
problem, but the determining fador in na applying these
methods was the dsenceof key IRS variables for most of
theyeas. Asthis stuation has changed, the question will
require caeful examination.

IRS variables for additiona yeas have recantly become
available. Fitting of the state models for these yeas
would provide alditional evidence on the performance
and stability of the state model.

The NAS report (Citro, Cohen, Kalton, and West 1997
raises anumber of questions abou the performanceof the
estimation procedure, including contrasting strategies
employed by the state and courty models. Further study
iswarrented here, na only for theimportant issue of Title
| dlocaions, bu as an interesting case study in small area
estimation.

! This paper reparts results of reseach undertaken by
staff members of the Census Bureau. The views
expresed are dtributable to the atthors and do no
necessarily refled those of the Census Bureau. The
authors thank Nanak Chand and Mary Ann Cochran for
helpful comments.
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Fig. 1. Comparison of alternative estimates of poverty rates in 1989 (y-axis) and with 1990 census results
(x-axis) for states, for related children 5-17. There is a statistical association between the 1980 and 1990
census values (a.). Direct survey estimates from the CPS (b.) appear somewhat less related to the 1990
census values than the 1980 census, showing that the sampling variability of the direct estimates is so large
as to make the previous census values a better indication of the relative distributions among the states.
When the regression model is fitted to the 1990 census values, the fits are quite good (c.). Fitting the
regression to the 1990 CPS appears to lead to a modest loss of prediction relative to (c.) but the results are
clearly better than (a.) or (b.). The line shown each case is the OLS regression through the origin.



Table 1. Coefficient estimates for the regression fit to 1993 poverty rates from the 1994 CPS. For age 65+,
the equation employs the poverty rate from the 1990 census instead of the 1989 cross-sectional residual.
Standard errors in parenthesis reflect both CPS sampling error and the estimated model variance.

Rel ch 0-4

0-4

Rel ch 5-17

5-17

1989 residual

1.06 (.47)

92 (.47)

1.36 (.39)

1.23 (.41)

% poor exemptions 0-64

65 (.24)

72 (.23)

% poor child exemptions

31(.11)

34 (11)

% nonfilers 0-64

.59 (.20)

.65 (.20)

52 (.13)

55 (.14)

% food stamps

.97 (.33)

.90 (.32)

.98 (.22)

.99 (.23)

Constant

-2.05 (3.31)

-2.02 (3.24)

-3.39 (1.98)

-3.26 (2.08)

1989 residual

.81 (.30)

1989 census %

.80 (.14)

% poor exemptions 0-64

54 (.08)

% poor exemptions 65+

-12 (.29)

% nonfilers 0-64

27 (.08)

% nonfilers 65+

.02 (.09)

% food stamps

37 (11)

% SSI 65+

-.07 (.14)

Constant

-2.59 (1.17)

2.60 (4.40)




