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The Census Bureau has i ns t i t u ted  several 
programs for  measuring the qua l i t y  of the 1980 
census especia l ly  the undercount of the pop- 
u la t ion .  Demographic analysis (DA)  and the 
Post Enumeration Program (PEP) are the two 
major programs to estimate the 1980 under- 
count. However, DA provided population e s t i -  
mates of the legal population at the national 
level (states may be avai lable l a te r )  while PEP, 
a sample survey, was designed to provide pop- 
u la t ion estimates at states and some major 
SMSA's. Using data from DA and the PEP, sev- 
eral methods for adjust ing 1980 census county 
to ta l  population are i l l u s t r a t e d .  

The measurements of the undercount from DA, 
PEP, and d i f f e r e n t i a l  undercount measurements 
from previous censuses (mostly from DA) have 
created i n te res t ,  both p o l i t i c a l l y  and s t a t i s -  
t i c a l l y ,  to adjust the 1980 census of i t s  meas- 
ured er rors .  P o l i t i c a l l y ,  the many lawsuits 
f i l ed  for  adjustment of the 1980 census against 
the Census Bureau are ample evidence. Two of 
the many lawsui ts ,  by Detro i t  and Phi ladelphia, 
are described by Barabba et .  a l .  (1983). Con- 
gress even passed a law s t i pu la t i ng  that the 
Census Bureau could use adjusted census f igures 
in the calculat ions used for the general 
revenue-sharing estimates. S t a t i s t i c a l l y ,  an 
undercount conference was held where many 
papers were presented and models were proposed 
for  adjust ing the census. 

As mentioned, the two ways of measuring the 
undercount are DA and the PEP. DA has pro- 
duced undercount estimates by age-race-sex 
since 195(]. DA is essent ia l l y  an accounting 
technique. I t  estimates the population for  
1980 by taking a previous census (adjusted for  
i t s  undercount) and adding b i r ths ,  subtract ing 
deaths, adding immigrants, and subtract ing emi- 
grants. For the older age groups these e s t i -  
mates are supplemented by social secur i ty  rec- 
ords which are believed to be nearly complete. 
In equation form, DA estimates are 

P1 = PO + B - D + I - E 

where P is for  populat ion, B b i r ths ,  D deaths, 
I immigrants and E emigrants. B i r th  and death 
records are f a i r l y  complete, but the estimates 
of immigrants and emigrants are questionable. 
Legal immigrants estimates can be obtained from 
the Immigration and Natura l izat ion o f f i ce ,  but 
there are an expected large and unknown number 
of i l l ega l  al iens that may not have been count- 
ed in the census. The number of emigrants is 
believed to be small but is also d i f f i c u l t  to 
est imate. The data used in the i l l u s t r a t i o n s  
that  fo l low from DA is broken down by age, 
race (Black, Non-Black) and sex at the 
national level using the estimates from U.S. 
Bureau of the Census (1982). Approximately 
2.5 mi l l i on  i l l ega l  al iens were added to these 
estimates so that  the estimate of the population 
at the national level would equal the PEP es- 
t imates.  Two d i f fe ren t  assumptions of the 
race of the i l l e g a l  al iens were used which w i l l  
be discussed l a te r .  

The PEP estimates are obtained from a sample 

survey that  is matched to the census. Two sam- 
ples were taken, one in Apr i l  and one in Aug- 
ust ,  both were essent ia l l y  CPS samples. Only 
the sample estimates known as 1-7 are used 
here. These are the prel iminary estimates 
derived from the Apr i l  sample before clean- 
up operat ions. The PEP uses a dual system 
procedure in order to estimate the population 
t o t a l .  This procedure requires an assumption 
of independence between the census and the 
PEP, an assumption that may not hold in prac- 
t i c e .  Missing data in the PEP has led to the 
development of several methods for  imputation 
and hence d i f f e r i ng  estimates of the under- 
count. See Cowan and Bet t in  (1982) for  a f u l l  
discussion of the PEP and the assumptions made. 

Unlike DA, the PEP does provide undercount 
estimates of the non- ins t i t u t i ona l  population 
by s tates,  large SMSAs, and some major c i t i e s  
by age-race (White, Black, Other by Hispanic/ 
Non-Hispanic )-sex. Only resul ts using the 
state estimates are presented here. Also, the 
PEP does not require a separate estimate of 
the i l l ega l  populat ion, but i t  does estimate 
the i n s t i t u t i o n a l  population separately with 
less deta i l  than the estimates of the nonin- 
s t i t u t i o n a l  populat ion.  

The count for  the 1980 census was 226.5 
m i l l i on  people. PEP estimates the to ta l  pop- 
u la t ion  to be 228.1 mi l l i on  people. Therefore 
the national undercount estimate used here es- 
t imates the undercount at 1.6 m i l l i on  people. 
Note that  the var iable reported in the discus- 
sion that  fol lows is the population estimate 
divided by the 1980 census counts so the nat ion-  
al undercount ra t i o  for  a l l  methods described is 
I.U07. 

The methods of adjustment used below are 
the synthet ic  and regression methods. The as- 
sumptions of these methods w i l l  be made c lear .  
F i r s t  the DA and PEP populations estimates are 
assumed given at the national and state leve ls ,  
respect ive ly .  Therefore, the r e l i a b i l i t y  of 
the DA national estimates and PEP state e s t i -  
mates should be discussed separately of th is  
work, although the qua l i t y  of the small area 
estimate can be no bet ter  than the DA or PEP 
estimates. 

The synthet ic  est imator,  essen t ia l l y  a 
ra t i o  est imator,  assumes the national ( for  DA) 
or state ( for  the PEP) undercount rates by 
age-race-sex hold at the smaller geographical 
levels by age-race-sex. Mathematical ly, the 
synthet ic  estimator for  DA can be wr i t ten  as 

Pm : ~ C m ( i j k ) [ D ( i , j , k ) / C ( i , j , k ) ]  
( i , j , k )  

where 

D ( i , j , k )  denotes the DA data for  age group i ,  
race j ,  and sex k at the U.S. leve l .  

Cm( i , j , k )  denotes the comparable census to ta l  
for  the m th county. 

C ( i , j , k )  : ~ Cm( i , j , k )  
m 
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where E denotes summation over a l l  counties 
m 

in the U.S. When the PEP data was used D ( i , j ,  
k) is defined for  each state separately and 
applied only to the counties wi th in  a s ta te.  

The regression estimator assumes that a 
l inear  combination of independent variables 
explains the undercount for  the small areas. 
The regression coe f f i c ien ts  that  are calculated 
on state data are assumed to hold for the 
small areas (count ies) .  This is analogous to 
the assumption that national undercount rates, 
for  a spec i f i c  age-race-sex ce l l ,  apply at 
smaller areas for  the synthet ic  est imator.  
Since the PEP is a national sample, t heo re t i c -  
a l l y  we can obtain sample estimates at smaller 
levels of aggregation, such as PSU, counties 
or others for  a sample of such leve ls .  In 
th is  manner the model w i l l  be f i t t e d  on uni ts 
more comparable to uni ts we wish to estimate. 
This approach w i l l  be t r i ed  at a l a t e r  time, 
although there are technical d i f f i c u l t i e s ,  
such as biased estimates, larger variances 
and handling of missing data required for the 
dual system estimate used to estimate the 
undercount. Some of these d i f f i c u l t i e s  may 
prove to be insurmountable. Three d i f f e ren t  
regression estimators w i l l  be discussed: 
ordinary least squares, weighted least 
squares, and a maximum l ike l ihood est imator 
that  accounts for  model and sampling va r i -  
ances. 

Six adjustment methodologies w i l l  be d is -  
cussed: two using DA and four using the PEP. 
Since the two DA estimates and the PEP resul t  
in d i f f e ren t  state estimates the state e s t i -  
mates w i l l  be discussed f i r s t .  Al l  four PEP 
county estimates have the same state t o t a l s .  
The methods are summarized in the Table. 

Method AI is a synthet ic  estimator which 
uses the DA data. Race is defined as Black- 
Non-Black only. The higher undercount for  
Blacks as measured at the national level are 
t rans la ted into higher undercounts for the 
states in the South. Only the states in the 
South have undercount rat ios above 1.01, a l l  
other states are between .99 and 1.01 showing 
l i t t l e  change from the census. I f  we were to 
adjust the 1980 census using Method AI then 
the change in apportionment from using the 
census data for  the House of Representatives 
would be that Georgia would gain one seat and 
New York would lose one seat. 

Method AI assigns the i l l e g a l  al iens to the 
Non-Black race category. This is a major flaw 
of method AI because the major i ty  of the i l l e g a l  
al iens are believed to be Hispanic. Method 
AI-MOD2 assigns 95% of the 2.5 mi l l i on  i l l ega l  
al iens to the Hispanic race category and the 
other 5% to the Black race category (the same as 
Method A I ) .  Therefore, there are now three 
race categories: Black, Hispanic, and Other. 
Some assumptions were made to divide the Non- 
Black category into the Hispanic and Other 
categories. The resul ts show that the lower 
South, the Western states along the Mexican 
border, and New York have undercounts of 1.01 
or higher with Texas and New Mexico over 1.03. 
The Dakotas and most of New England have over- 
counts below .99. I f  Method AI.MOD2 was used 
to adjust the 1980 census, then Cal i fo rn ia  and 

Texas gain one seat each and Ohio and Pennsyl- 
vania would lose one seat each. 

The PEP state estimates used in the i l l u s -  
t ra t i ons  are the prel iminary estimates based 
on households in the Apri l  CPS sample. The 
resul ts  from the PEP show an undercount in 
almost every state in the West, the middle of 
the country has l i t t l e  change from the census, 
and the South and Northeast areas are mixed. 
The two extreme states with t he i r  undercount 
ra t ios  in parenthesis are South Carolina 
(1.078) and Tennessee ( .97) .  I f  the PEP e s t i -  
mates were used for  apportionment in the House 
of Representatives, then Ca l i fo rn ia  would 
gain one seat and Pennsylvania would lose one 
seat. 

The six d i f f e ren t  county estimates w i l l  now 
be discussed. The Table below summarizes the 
s ix d i f f e ren t  est imators.  Al l  county estimates 
sum to t he i r  state t o t a l s .  That i s ,  the e s t i -  
mators of county population u t i l i z i n g  data 
from the PEP are ra t io  adjusted to the PEP 
state t o t a l .  Since DA and PEP d i f f e r  in 
t h e i r  state estimates, some dif ferences are 
due to the state to ta l s  and not to the metho- 
dology used. 

DA synthet ic  method AI resul ts for  the 
counties are s imi la r  to the resul ts discussed 
previously for  the states.  The counties in 
the South have high undercounts which coincide 
with the counties with high percent Black. 
There is a strong l inear  re la t ionship of per- 
cent Black with the undercount ra t i o .  The 
rest of the country has undercount rat ios 
around 1.00 showing very l i t t l e  d i f ference 
from the census counts. 

DA synthet ic  method AI-MOD2, which uses His- 
panic, Black and Other as the race category, 
resul ts  show that areas with high Hispanic and 
high Black populations have high undercount 
ra t i os .  The counties along the Mexican border, 
Texas, New Mexico, Arizona, and Ca l i fo rn ia  
jo in  the counties in the South with high under- 
count ra t i os .  Some major c i t i es  outside of 
these areas also have high undercount ra t ios ,  
such as Chicago and New York. Many counties 
along the Canadian border and generally the 
Northeast and central plains have  sizable 
overcounts, with undercount rat ios below .99. 

PEP synthet ic  method BI shows resul ts s imi-  
lar  to the PEP state estimates but with more 
di f ferences wi th in  a state than the DA methods. 
Most counties wi th in  Vermont, Connecticut, 
New York, Pennsylvania, Kentucky, Tennessee, 
and Alabama have sizable overcounts with 
undercount ra t ios below .99. Counties in 
South Carol ina, Wyoming, Nevada, and Cal i fo rn ia  
have high undercount ra t ios .  Other counties 
in the West and Maine have f a i r l y  high under- 
count ra t ios ( I .01 to 1.025) except for coun- 
t ies  in Oregon, Utah, and Colorado. The coun- 
t ies  along the Mexican border do show high 
undercount ra t ios ,  even in Texas, which coin- 
cide with method AI-MOD2. Counties in Texas 
not along the border of Mexico have undercount 
ra t ios below 1.01 and some show overcounts. 
This re f lec ts  the d isproport ionate numbers of 
Hispanics in counties along the Mexican bor- 
der. Most other counties in the nation have 
undercount rat ios around 1.00 (or close to 
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census counts) although some are higher or 
lower. 

The PEP regression estimates show a striking 
difference from the synthetic estimates. 
Considerably more var iabi l i ty  exists. PEP re- 
gression Method C1 is a linear regression with 
independent variables chosen by a stepwise pro- 
cedure from a set of 29 variables such as race, 
substitution, allocations, housing, birth, 
death, etc. There are some problems with these 
variables for some counties-recording error and 
variables that are considerably higher or lower 
than any state variable. Most variables are 
expressed in percent form so that the range 
for the states is similar to those for the 
counties. All variables are expressed in a 
form which is independent of level. The est i -  
mated regression equation under model C1 is 

Y = .807 + 1.19.Xl - 5.17-X2 + 2.16 X3 
(.13) (.36) (1.8) (.13) 

where Y is PEP undercount estimate/ 1980 census 
(mean = 1.006), Xl is percent substitution 
(mean = .015), X2 is 1979 deaths/ 1980 census 
(mean = .008) and X3 is 1979 Medicare/1980 
census ages 66+ (mean = 1.04). The values in 
parenthesis below the regression coefficient 
are the standard errors. The estimated model 
variance is .00023. An R 2 = .26 was achieved 
with this model. 

I t  is d i f f i cu l t  to summarize the patterns 
of the undercount ratios for method C1. There 
is much more var iabi l i ty  of the county ratios 
within a state. Since the counties sum to 
their state totals, states with very high 
undercount ratios (such as South Carolina = 
1.07) and states with low undercount ratios 
(such as Tennessee = .97) generally have county 
ratios around these values. 

PEP regression Method C2 used a weighted 
least squares estimator with the weights being 
the inverse of the sample variance. The est i-  
mated regression equation under model C2 is 

Y = 1 .05- .487-X4  + 4 . 5 0 . X 5 - . 2 5 7 . X 6 - 3 . 2 5 . X 2  
(.017) (.164) (1.38) (.17) (1.37) 

where X2 is 1979 deaths/1980 census, X4 is per- 
cent Hispanic (mean = .042), X5 is percent 
Hispanic allocations (mean = .006), X6 is per- 
cent white Non-Hispanic allocation (mean = 
.074). The variance is E2W where W is the 
inverse of the sampling variance (mean = 
.00012) and E 2 is estimated to be 1.63. 

For method C2 the undercount ratios are 
closer to method B1 although more var iabi l i ty  
does exist. The major difference is that the 
counties along the Mexican border have under- 
count ratios below .99 showing overcounts ex- 
cept in the counties in California which have 
high undercount ratios. 

PEP regression Method C3 is a maximum l ike- 
lihood estimator that assumed the model error 
is additive with the sampling error. An i tera- 
t ive procedure was used which assumes multi- 
variate normality. Since no selection proce- 
dure is available all the variables from 
methods C1 and C2 were used. Note that Method 
C1 assumes no sampling error while method C2 
assumes the model error is multiplicative 

with the sampling error. The estimated regres- 
sion equation under model C3 is 

Y = .816 + 5.94.Xl - 4.19-X2 + .219.X3 

- .503.X4 + 4.60.X5 - .221.X6 

where the terms are defined as before. No 
standard errors of the coefficients are avail- 
able for this model. The error for model C3 
is E 3 + W where W is as before and E 3 is the 
model variance estimated to be .000019. 

The undercount ratios for method C3 appear 
similar to those for method C2 although some 
differences do exist. Except in a few states 
(Maine, South Carolina, Ohio, and Wisconsin), 
many counties not in the West show undercount 
ratios below .99, overcounts. 

In summarizing the county estimates, the 
synthetic estimates resemble fa i r ly  closely 
the results for the states. The regression 
estimates have much higher var iab i l i ty .  

Further Work 

The most questionable assumption made in 
the regression work is calculating the regres- 
sion coefficients from state data and applying 
them to the counties. Work wi l l  be done to 

obtain PEP estimates at PSU, d is t r ic t  off ice, 
and perhaps county level. We have already 
obtained PEP estimates for major central c i t ies,  
large SMSA's, and balance of states. Other 
work contemplated or in various stages of 
completion are using robust regression; using 
prediction sum of squares and Mallows Cp as 
cr i ter ia of selection; obtaining other in- 
dependent variables especially from the census 
long forms; using regression diagnostics to 
find influential data points and for variable 
selection; us ing  principal components for 
reduction in the number of variables and re- 
moving near col l inearity among the variables. 

Can the 1980 census be adjusted? The work 
here is a f i r s t  s tep toward answering this 
question. We do not think any of the models 
presented here are to ta l ly  satisfactory. Even 
i f  a good model could be obtained, how would 
we know i t  is better than the census? Besides 
decisions on adjustment for the 1980 census 
which could bedone for revenue sharing i f  not 
for the published of f ic ia l  figures, this work 
may influence decisions on adjustment for the 
1990 census. I t  may also influence the design 
of a PEP for census adjustment and how the 
census wi l l  be taken in 1990 i f  adjustment is 
an integral part of the enumeration process 
that produces the final published population 
counts. 
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Table. Description of County Adjustment Methods 

COUNTY 
ADJUSTMENT 
METHODS DATA SOURCE ESTIMATOR DESCRIPTION 

A1 demog raphi c synt het i c 
analysis 

race-black, nonblack 

A1-MOD2 " " race-black, 
hispanic, other 

B1 PEP " state 

C1 PEP regression OLS 

C2 PEP " WLS 

C3 PEP " 
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