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I. T H E  P R O B L E M  

In 1980, the Census Bureau  spent  $I.1 bi l l ion on the 
census, more  than  four  t imes the ac tua l  cost and  twice 
the i n f l a t i o n - a d j u s t e d  cost of  the 1970 Census. The 
pol icy of the Bureau  was to make  every  a t t empt  to 
a t t a in  Complete coverage ,  and  several  coverage  
i m p r o v e m e n t  p rograms  were  inc luded  in the census 
plan. Some of these, l ike h i r ing  add i t i ona l  s t a f f  in 
d is t r ic t  of f ices ,  were  i n t ended  to make  the whole  
census opera t ion  bet ter .  Others ,  l ike the Vacan t -  
Delete  Check  or the Non-househo ld  Sources Program,  
were focused  on speci f ic  coun t ing  problems.  

Compar ing  1970 and  1980, the Bureau  did appea r  to 
improve  the count.  The net  unde rcoun t ,  or d i f f e r e n c e  
be tween  omissions and  e r roneous  enumera t ions ,  d ropped  
f rom 2.9 pe rcen t  in 1970 to 1.4 percen t  in 1980. The 
Black u n d e r c o u n t  also d ropped  f rom 8.0 percent  in 1970 
to 5.9 pe rcen t  in 1980. Even so, serious quest ions  
r ema i ned  about  the accu racy  of the count.  If  the 
Bureau  had  r educed  omissions,  or people imprope r ly  
exc luded  f rom the count ,  the u n d e r c o u n t  would  have  
been r educed  and  the census improved .  On the o ther  
hand,  if  there  was no change  in omissions but  
e r roneous  enumera t ions ,  usua l ly  dup l i ca t ions  or 
f ab r i ca t ions ,  had  increased ,  the net u n d e r c o u n t  would  
have  been r educed  but  the census made  worse. 

Accord ing  to a Census Bureau  repor t  (1988, ch. 3), 
much of the a p p a r e n t  i m p r o v e m e n t  was due to an 
increase  in dup l i ca t ions ,  though t  by the Bureau  to be 
few in n u m b e r  in 1970. If  we use the Bureau ' s  best 
es t imate  of 2.5 mi l l ion  dupl ica tes ,  the i m p r o v e m e n t  
f rom 1970 to 1980 was only 600,000 people. I f  we add  
the 2.5 to 3.5 mi l l ion  e r roneous  enumera t i ons  other  
than  dupl ica tes ,  the i m p r o v e m e n t  fal ls  to zero or 
perhaps  becomes negat ive .  E v a l u a t i o n  da ta  f rom the 
1970 and  1980 censuses ind ica t e  tha t  the omissions ra te  
at least  r e m a i n e d  cons tan t  but  p robab ly  increased  
be tween  1970 and  1980 (U.S. Bureau  of the Census,  
1975, 1982). At best, by spending  more money  in 1980, 
the Census Bureau  s l ight ly  r educed  the u n d e r c o u n t  
problem. More l ikely ,  it c rea ted  the i l lusion of 
i m p r o v e m e n t  whi le  the p rob lem in fac t  got worse. 

In any  event ,  a subs tan t ia l  u n d e r c o u n t  d i f f e r e n t i a l  
be tween Blacks and  non-Blacks  remained .  In 1980, the 
non-Black  ra te  was 0.7 percent ,  5.2 percen tage  points  
lower than  the Black rate.  In 1970, the co r respond ing  
d i f f e r e n t i a l  was a s l ight ly  h igher  5.8 percent .  In its 
report ,  the Bureau  states tha t  it r educed  the 
u n d e r c o u n t  more  in the South than  in o ther  areas.  
Because census - tak ing  problems appea r  to be worse in 
large cities, it is l ikely  tha t  Blacks and  o ther  
minor i t ies  were  h a r d e r  to count  there.  Many large 
n o r t h e r n  and  wes te rn  cities have  subs tan t ia l  minor i ty  
popula t ions ,  and  t he r e fo r e  p robab ly  had much larger  
unde rcoun t s  than  the rest of the count ry .  This 
ev idence  of a d i f f e r e n t i a l  u n d e r c o u n t  creates  pol i t ica l  
pressure  for  ad jus tmen t .  

The p rob lem is tha t  the da ta  which  might  be used 
to ad jus t  the count  are  imper fec t .  Demograph ic  
analys is  p rov ides  na t iona l ,  but  not local, est imates.  
While Schi rm and Pres ton (1987) have  demons t r a t ed  
that  syn the t i c  es t imates  based upon app ly ing  na t iona l  
race-spec i f ic  u n d e r c o u n t  rates  to local areas  are l ikely 
to improve  upon the raw count ,  such syn the t i c  
ad jus tmen t s  would  not a l te r  the f igures  very  much.  
Because it is h a r d e r  to count  Blacks and other  

minor i t i es  l iv ing  in poor ne ighborhoods  of large cities, 
the syn the t i c  a d j u s t m e n t  is not l ike ly  to go f a r  
enough.  

Survey  da ta  f r o m  the Census Bureau ' s  Post 
E n u m e r a t i o n  P rog ram (PEP) are  a be t te r  da ta  source. 
The sample  sizes were  large enough tha t  separa te  
es t imates  of the net  u n d e r c o u n t  were  p roduced  for  the 
50 states,  23 me t ropo l i t an  areas,  and  16 cen t ra l  cities. 
The d i f f i c u l t y  is that ,  for  an i m p o r t a n t  par t  of the 
sample,  the Bureau  could  not tell if  people were 
coun ted  or missed (Cowan and  Bett in,  1982). The 
omissions ra te  es t imates  were  based on the Apr i l  and  
Augus t  ed i t ions  of the C u r r e n t  Popu la t ion  Survey.  
These samples  were  m a t c h e d  aga ins t  the census to 
es t imate  the p ropor t ions  of people who were omit ted.  
In some cases, the CPS address  could not be found  in 
the census; in o ther  cases, e i ther  the CPS or the 
census da ta  were  so poor tha t  no one could tell if  
there  was a match.  For  about  fou r  percen t  of cases, 
there  was no conclus ive  d e t e r m i n a t i o n ,  and  impu t a t i on  
was requ i red .  Abou t  one - th i rd  of cases u l t ima te ly  
c lass i f ied  as "omitted" had  this s tatus assigned by 
imputa t ion .  The p rob lem is serious because the sorts 
of people less l ike ly  to be coun ted  in the census are 
also less l ike ly  to p rov ide  good da ta  to the CPS 
in te rv iewer .  Cha rac t e r i s t i c s  da ta  such as race and  the 
na tu re  of household  a t t a c h m e n t  which  might  be used to 
f i nd  a donor  for  i m p u t a t i o n  are measured  inexact ly .  
Such people are  also less l ike ly  to be a round  when  the 
fo l low-up  in t e rv i ewer s  f r o m  the Census Bureau  go to 
the f ie ld  to t ry  to resolve d i sc repanc ies  be tween  the 
Census and  the CPS. 

This creates  a tough choice.  We are con f id e n t  tha t  
an u n d e r c o u n t  exists,  and  it is a lmost  ce r t a in ly  
d i f f e r e n t i a l .  At the same time, the da ta  which  we 
might  use to es t imate  these d i f f e r e n t i a l s  are  imper fec t .  
How might  we eva lua t e  all the da ta  to come to an 
a p p r o p r i a t e  s ta t i s t ica l  pol icy? In this paper ,  I will  
a rgue tha t  we must  eva lua t e  the l ikely  na tu re  of e r ror  
in both the Census and  eva lua t i on  da ta  to develop a 
good policy.  In the sections below, I will  b r i e f ly  
descr ibe  how the census works.  Next ,  I will descr ibe  
how omissions and  e r roneous  e n u m e r a t i o n s  occur  and 
present  ev idence  of the i r  d i s t r ibu t ions .  F ina l ly ,  I will  
descr ibe  how s ta t i s t ica l  models  might  be used in 
mak ing  the decision.  

II.  HOW THE CENSUS WORKS 

Given  the cost, the Decenn ia l  Census is obvious ly  a 
complex process. To th ink  in te l l igen t ly  about  
ad jus tmen t ,  we need to u n d e r s t a n d  how the Census 
works,  and  I a t t emp t  a shor t  descr ip t ion  in this 
section. There  were  bas ica l ly  three  steps. 

The f i r s t  step was to compile  the Master  Address  
Regis ter  (MAR),  done in essent ia l ly  two ways. In 
u rban  areas,  the Bureau  ob ta ined  commerc ia l  address  
lists and  u p d a t e d  them by using i n f o r m a t i o n  f rom the 
Post O f f i c e  and  by sending  f i e ld -checke r s  out to the 
local areas.  In less u rban  areas  where  commerc ia l  lists 
were not ava i lab le ,  census e n u m e r a t o r s  compi led  the 
in i t ia l  list by observa t ion ,  and  this was checked  for  
completeness  by la ter  f i e ld -check ing .  The MAR's  were 
used in 95 pe rcen t  of  the count ry .  In the r ema in ing  
f ive  percent ,  gene ra l ly  sparse ly  popu la t ed  ru ra l  areas  
located west of the Mississippi River ,  no Master  
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Address Regis ter  was compiled,  but area maps were 
prepared  for  the enumera t ion .  

The second step was to mail the census forms out 
and have households mail them back. In 1980, 
83 percent  of households did so, but these rates var ied  
by area. In many suburban  and other less urban  areas, 
mai lback rates were well above 90 percent ,  but in poor 
minor i ty  ne ighborhoods  of cities like Chicago and 
New York,  rates were of ten  below 70 percent ,  and 
sometimes well below. In convent iona l  areas, there 
was no mai l -out  of census forms. Instead,  enumera tors  
went  to the f ie ld  with their  maps, listing addresses and 
count ing people th rough  personal  interviews.  

The th i rd  step was to "fol low-up" at those 
households who did not mail their  forms back in. This 
is a d i f f i cu l t  par t  of census-taking,  as many people are 
hard  to f ind  at home, good enumera tors  are scarce in 
many areas and some neighborhoods  are dangerous.  
Because of the var ia t ion  in mai lback  rates, the volume 
of work was much greater  in some neighborhoods  than 
others, e.g., in a ne ighborhood  with a mai lback rate of 
60 percent ,  there was four  times the amount  of fol low- 
up work as in a ne ighborhood  where the rate was 
90 percent.  

Census- takers  were told to make several at tempts to 
contact  and enumera te  each household. If, a f te r  
several at tempts,  no contact  was made, the "close-out" 
procedure  was used with i n fo rma t ion  obta ined f rom 
neighbors or passersby. In the extreme case, when no 
one was found  to provide the in format ion ,  the 
o c c u p a n c y / v a c a n c y  status of a housing unit  was 
imputed by computer  and if deemed to be occupied, the 
number  and character is t ics  of the occupants  were also 
imputed by computer .  Combining "close-out" and "no 
in fo rmat ion"  cases, a total of 3.3 mill ion people were 
imputed into the census, 1.47 percent  of the total. 

The Bureau,  at a cost of $69.75 million, used a 
number  of coverage improvement  programs in 1980, 
increasing the count  by 2.6 mill ion people. The 
major i ty  of these were added by the Vacant -Dele te  
Check, in which every housing unit  in i t ia l ly  listed as 
vacant  was re-checked to de termine  whether  it was 
real ly vacant.  The Bureau estimates that  1.7 mill ion 
people were added by this procedure.  The other  
coverage improvement  programs were less successful,  
the d i f f i cu l t i e s  of ten  due to the lack of wel l - t ra ined 
census personnel  to car ry  the programs out proper ly  
(General  Account ing  Off ice ,  1980; U.S. Bureau of the 
Census, 1987). 

III .  O M I S S I O N S  

The Census Bureau (1988) estimates the net 
undercoun t  of the 1980 Census to be 3,171,000. When 
we add the 3.3 mill ion imputa t ions  and f ive to 
six mill ion erroneous enumera t ions  to this f igure,  we 
est imate the total number  of omissions to be between 
11.5 and 12.5 million. Why did they occur in such 
large numbers? 

Missed housing units are part  of the problem. 
According to a Census Bureau study (Fein and West, 
1988), 39 percent  of 1980 Census omissions occurred 
because the ent i re  housing unit  was missed and 
probably  lef t  o f f  the Master Address Register.  Such 
omissions are l ikely to be concent ra ted  in cities and 
rural  areas. In cities, housing units are f r equen t ly  
hard  to f ind  in s i tuat ions where  a single fami ly  house 
has been broken into apar tments ,  but only a single 
door, bell, and mai lbox are visible, or where a p r imary  
fami ly  rents out par t  of its house. While the 
s t ructure  is visible, the census- taker  does not iden t i fy  
and list all housing units. In rural  areas, housing 

such as that  for  migran t  workers  is of ten not visible 
f rom a road. Moreover,  census-takers  sometimes have 
d i f f i cu l t i es  reading  maps and do not canvas their  areas 
completely.  If  the housing unit  is not included in the 
Master Address Register ,  it will not be sent a form,  
and it is much less l ikely that  it will be included in 
the census. According  to a survey of New York City 
residents concerning their  par t ic ipa t ion  in the 1980 
census, only 32 percent  of persons who said they did 
not receive a census fo rm could remember  being 
contacted or visited by a census- taker  (Schoen, 1980). 

The Census Bureau reports  that  the major i ty  of 
missed persons live in housing units where others are 
counted. Recent  studies (Fein and West, 1988; Boone, 
1987) have focused on the question of who gets missed 
within  households. Each study relied on a survey of 
missed people l iving in urban  minor i ty  neighborhoods.  
Missed people were more l ikely to live in large 
households and were less l ikely to be in the nuclear  
f ami ly  of the household head. For  example,  cousins, 
g randch i ld ren  and unre la ted  boarders  were more l ikely 
to be missed. Recent  immigrants ,  persons not speaking 
English well and we l fa re  recipients  were also hard  to 
count. There  was a small amount  of purposefu l  
concealment .  The main result  is that  people l iving in 
small nuclear  famil ies  are more l ikely to be counted 
than are people whose fami ly  a t tachments  are less 
strong. Unconven t iona l  l iving a r rangements  are more 
f r equen t  in poor ne ighborhoods  of large cities. 

This combina t ion  of factors  has caused omission 
rates to be much higher  in large cities than elsewhere. 
According to the PEP Series 3, usual ly relied upon by 
the Census Bureau in its research on the undercount ,  
the omissions rate for  16 large cities (e.g., New York,  
Los Angeles and Chicago) was 9.7 percent.  In 
20 states and state remainders  (excluding the 
16 cities), where  at least 10 percent  of the popula t ion  
was Black or Hispanic,  the omissions rate was 
6.2 percent.  In the p redominan t ly  White remainder  of 
the country ,  the omissions rate was 3.5 percent.  The 
chances of omission are clearly greater  in large cities 
than elsewhere. A Nat iona l  Academy of Science panel 
analyzed the data  another  way. They found  omissions 
rates to be highest  among Blacks and Hispanics l iving 
in areas where  over 35 percent  of people fa i led to mail 
their  forms back in (Nat ional  Research Council,  1985, 
p. 227). Such areas are almost exclusively found  in 
central  cities. 

IV. E R R O N E O U S  E N U M E R A T I O N S  

While omissions are concent ra ted  in central  cities, 
it is logically possible that  they would be balanced by 
erroneous enumerat ions .  There  were approx imate ly  
6.5 to 7.5 mill ion of these in the 1980 Census (Cowan 
and Fay,  1984; Fay,  1988a). Some of these, about  
1.5 mill ion, were geocoding errors in which a person 
was counted only once, but in the wrong place. In 
other words, an address was assigned to the wrong 
block, census t ract  or enumera t ion  district.  The 
remain ing  5 to 6 mill ion errors were "people" who 
should not have been included in the count at the 
address where they were listed. These errors are 
divided into two categories,  dupl icat ions  and 
de f in i t iona l  errors. Dupl icat ions ,  by the Census Bureau 
def in i t ion ,  occur when the same person is counted 
twice wi th in  a small geographic  area,  usually a set of 
ne ighbor ing  blocks and enumera t ion  districts. In most 
cases, the dupl ica t ions  occurred  when the same housing 
unit  was counted  twice. For example,  in rura l  areas 
there are no street addresses, and boundar ies  are of ten 
unclear.  A house might  be described in the Master 
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Address Regis ter  by the mater ia ls  it was buil t  from. 
When a fo l low-up  enumera to r  saw the same house, 
perhaps unsure  of its locat ion on a map, (s)he would 
describe it by its color and shape, add the address to 
the MAR, and re -enumera te  the household.  Because 
the descr ipt ions d i f f e r ,  no one would notice the same 
house was listed twice and two census forms would be 
collected. The Census Bureau (1985) reports  that  the 
rate of housing uni t  dupl ica t ion  was almost twice as 
high in rura l  as in u rban  areas. 

Def in i t iona l  errors  fa l l  into two main categories. 
One category consists of fabr ica t ions ,  in which the 
census-taker ,  perhaps  despai r ing  of ever f ind ing  anyone 
at home at a given address,  simply made up the census 
in format ion .  The Bureau estimates that  there were 
just under  a mil l ion of these in 1980. The second 
category includes people who were counted at an 
address other  than the one where they lived on Apri l  
1, 1980. Some of these were fore igners  only visi t ing 
the Uni ted  States. Others  were people who moved 
between Apri l  1 and the end of the census- taking 
period. Data  collect ion lasted several  months,  through 
September or October  in many  areas, so a fami ly  
moving a f t e r  Apri l  1 could be counted at the 
des t inat ion or perhaps  at both origin and dest inat ion.  
Def in i t iona l  errors  also occurred when a person 
main ta ined  two addresses, one perhaps a vacat ion 
home or an apa r tmen t  in a dis tant  city used by one 
m e m b e r  of a c o m m u t e r  m a r r i a g e .  It is also l ikely that  
many college s tudents  were counted both in their  
dormitor ies  and by their  parents  at home. Many of 
the de f in i t iona l  errors  are in fac t  duplicat ions.  They 
d i f f e r  f rom the Census Bureau def in i t ion  of a 
dupl ica t ion  because the two addresses where the person 
was counted are not located close together.  

It should be noted that  the Census Bureau est imate 
of near ly  one mil l ion fabr ica t ions  is an upper  bound. 
The Bureau iden t i f i ed  erroneous enumera t ions  by means 
of a sample survey of 100,000 "counts". If  a 
supposedly counted person could not be found  by a 
survey in te rv iewer  and was not known to ei ther  
neighbors or the local post of f ice ,  (s)he was considered 
to be a fabr ica t ion .  The Bureau fel t  that  some of the 
Post Of f i ce  c h e c k i n g  may have been poor and that  at 
least some of the people listed as fabr ica t ions  were in 
fact  proper ly  counted.  To the extent  this is true, the 
correct  est imate of erroneous enumera t ions  is less than 
6 million. 

Most erroneous enumera t ions  occurred  dur ing  the 
fo l low-up phase of the census. In Table  1, I show 
rates of erroneous enumera t ion  by census- taking 
method. We see that  the rates of erroneous 
enumera t ion  are much lower in convent ional  areas. 
Because no Master Address Register  was compiled in 
advance,  there was much less chance for  housing unit  
dupl icat ion.  In the mai lout  areas, we see that  rates of 
erroneous enumera t ion  are three to four  times as great  
in the fo l low-up phase, where  people were counted by 
enumerators ,  as in the mai lback  phase, where people 
counted themselves. Many of these dupl ica t ions  are 
the result  of "coverage improvement"  activities.  Of  
the 2.6 mil l ion people added through these activit ies,  
an es t imated 420,000 (U.S. Bureau of the Census, 1987) 
were duplicates.  

Rates of erroneous enumera t ion  var ied across 
geographic  areas. In Table  2, I present rates for  
centra l  cities, r emainders  of SMSA, non-met ropol i t an  
urban  areas (populat ions  over 2,500), and non- 
met ropol i tan  rura l  areas. The geographic  pat terns  vary  
by type of erroneous enumera t ion .  Def in i t iona l  errors  
were more l ikely to occur in cities and dupl ica t ions  
were more l ikely to occur in rura l  areas. Combining 

categories,  rates of erroneous enumera t ion  were highest  
in cities and rura l  areas and lower elsewhere. If  we 
limit ourselves to those 16 cities wi th  ind iv idua l  PEP 
estimates where  the combined omissions rate was 
9.7 percent ,  the rate  of erroneous enumera t ion  was 
3.8 percent.  In the 20 states where  at least 
10 percent  of the popula t ion  was Black or Hispanic,  
the rate was 3.7 percent  and, in the remainder  of the 
country ,  it was 2.7 percent.  

In consider ing the non-met ropo l i t an  part  of the 
country ,  it is impor t an t  to separate  convent iona l  f rom 
mai lou t -mai lback  areas. This is especial ly true for  
rura l  areas, but I do not have access to the necessary 
data. Instead,  I have combined non-met ropol i t an  urban  
and rura l  areas to compare  the ef fec ts  of the two data  
collection methods (Table 3). Clearly,  use of the 
mai lou t -mai lback  method in non-met ropol i t an  areas 
increased the incidence of erroneous enumera t ions  
substant ia l ly .  In 1970, almost all of the non- 
met ropol i tan  areas in the Uni ted  States were 
enumera ted  by the convent iona l  method. The change 
in method a r t i f i c i a l ly  in f l a t ed  the 1970-80 growth rate 
in such areas. This is especial ly true for  Blacks where 
the rate of erroneous enumera t ion  in rura l  areas was 
7.1 percent ,  but only 3.3 percent  elsewhere (Woltman, 
Alber t i  and Moriar i ty ;  1988). 

In Table  4, I compare  the d is t r ibut ions  of omissions 
and erroneous enumera t ions  by type of geographic  area, 
re lying on tabula t ions  by Fay  (1988b). I present 
omission rate est imates for  both Apri l  and August,  
using the two series, 3 and 5, with the same strategy 
for  t rea t ing  missing data.  For  erroneous enumerat ions ,  
I exclude those geocoding errors  which are not 
duplicates.  We see in the table that  the dis t r ibut ions  
of omission rates are similar,  so the t iming of data  
collection did not mat te r  very much. Rates of 
erroneous enumera t ion  are consis tent ly lower, and do 
not show a large range of var ia t ion  among areas. For 
omissions, rates are highest  in large centra l  cities and 
lowest in the largely  suburban  "other urban  places" 
subcategory in the remainders  of SMSA. The range of 
rates is 4.7 percent  for  Apri l  and 3.9 percent  for  
August.  For erroneous enumera t ions ,  the corresponding 
range is only 1.4 percent.  I conclude that  erroneous 
enumera t ions  do not balance omissions by geographic  
area. 

V. THE P A T T E R N  OF NET U N D E R C O U N T  

As Table  4 suggests, to complete the study of 
geographic  unde rcoun t  d i f f e ren t i a l s ,  we must consider 
erroneous enumera t ions  and imputa t ions  as well as 
omissions. Some erroneous enumera t ions  and 
imputa t ions  balance  omissions. One person may be 
curbs toned (erroneous enumera t ion)  into a unit  where 
three ac tua l ly  live (omissions). One unit  in a duplex 
may be counted  twice while the other  is missed 
entirely.  A mover  may be counted at the des t inat ion 
(erroneous enumera t ion)  ra ther  than the origin 
(omission). A passerby may say that  four  people 
( imputat ions)  live in a house when the correct  number  
is three (omissions). However ,  for  erroneous 
enumera t ions  and imputa t ions  to cancel out omissions, 
they must balance in every area. To examine the 
extent  to which this has happened  I present (Table 5) 
net unde rcoun t  rates based on data  f rom PEP 
Series 3-8. Net unde rcoun t  rates separa t ing  all centra l  
cities and remainders  of SMSA f rom non-met ropol i t an  
areas were unava i lab le ,  but I could def ine  four  types of 
area: 
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a. Sixteen large cen t ra l  cities; 
b. R e m a i n d e r  of  the SMSA's of these cities; 
c. Seven a d d i t i o n a l  SMSA's where  separa te  

resul ts  for  cen t ra l  cit ies were  not ava i lab le ;  
and,  

d. The r e m a i n d e r  of  the coun t ry  sepa ra ted  by 
region.  

The resul ts  show a subs tan t i a l  net  u n d e r c o u n t  in 
cen t ra l  cities,  but  ra tes  in o ther  areas  are  cons is ten t ly  
low, r is ing above  one pe rcen t  only  in the seven 
SMSA's (1.1 percen t )  and  the West (1.9 percent) ,  where  
the conven t i ona l  me thod  was used ex tens ive ly  
(18 pe rcen t  of the popula t ion) .  

Why does the pa t t e rn  exist? It is pa r t ly  due to the 
concen t r a t i on  of minor i t i es  in cen t ra l  cities. Nea r ly  
ha l f  (45 percen t )  of  the combined  popu la t ion  of the 
16 cities is e i ther  Black or Hispanic ,  compared  to 
15 pe rcen t  e lsewhere .  Blacks and  Hispanics  are also 
h a r d e r  to count  in the cities. For  Blacks,  the net  
u n d e r c o u n t  was 9.1 pe rcen t  in the cities and  
4.3 percen t  e lsewhere .  The co r respond ing  rates  for  
Hispanics  were  7.9 and  3.4 percent .  This shows tha t  if  
a syn the t i c  a d j u s t m e n t  is l ike ly  to improve  the census, 
we can do even be t te r  wi th  a survey  based a d j u s t m e n t  
recogniz ing  h igher  m ino r i t y  u n d e r c o u n t  rates  in cities. 

VI. THE P O S S I B I L I T Y  OF A D J U S T M E N T  

The resul ts  so f a r  c rea te  a desire  for  ad jus tment .  
The ques t ion  is w h e t h e r  ava i l ab l e  da ta  will  suppor t  it. 
To ad jus t  the 1980 Census,  we must  rely upon PEP 
da ta  which  are  a d m i t t e d l y  impe r f ec t  and t roubled  by 
missing i n fo rma t ion .  

For  4 pe rcen t  of cases in the PEP omissions 
samples,  Bureau  s ta t i s t ic ians  could not decide whe the r  
a person was coun ted  or omit ted .  For  these cases, a 
coun t /omis s ion  s tatus was impu ted  by computer ,  and  a 
subs tan t ia l  p ropor t ion  of the missing da ta  cases were 
deemed to have  been omit ted.  To u n d e r s t a n d  the 
e f f ec t  of  this, we need to rev iew the PEP p rocedure  
which  inc luded  three  steps. Firs t ,  sample  members  of 
the Apr i l  and  August ,  1980 edi t ions  of the Cur ren t  
Popu la t ion  Survey  were  ma tched  agains t  the census. 
Match ing  cases were  assigned a f ina l  s tatus of 
"counted". Othe r  cases were not assigned a f ina l  
status,  and  a f ie ld  check was manda ted .  Bureau  
in t e rv i ewer s  t r ied  to visit  each unreso lved  case to 
de t e rmine  w h e t h e r  the person had in fac t  been 
counted.  The in t e rv iews  were not a lways  successful ,  
due to bad addresses ,  people moving  away,  or unwi l l ing  
respondents .  In the th i rd  step, f ina l  s tatuses for  cases 
still un reso lved  were assigned by imputa t ion .  Donors  
for  i m p u t a t i o n  were  cases wi th  s imi la r  demograph i c  
cha rac te r i s t i c s  who had  been unreso lved  at the end of 
the f i r s t  step but  were  resolved in the second. Since 
many  of the donors  were omissions,  51 percent  of the 
unreso lved  cases in the Apr i l  sample  were impu ted  to 
be omissions as well. The co r re spond ing  p ropor t ion  for  
the Augus t  sample  was 42 pe rcen t  (Cowan and Bett in,  
1982). Looking  at it ano the r  way,  35 percen t  (Apri l )  
or 28 pe rcen t  (August )  of  the all omissions rece ived  
this s tatus by impu ta t ion .  

The main  a l t e rna t ive ,  known  as "Series 14" was to 
d i scard  the un reso lved  cases f rom the analys is  and to 
ad jus t  for  nonresponse  by increas ing  the weights  
assigned to resolved cases. This had the same e f f ec t  
as ass igning the s ta tus  of "omitted" to 5 percent  of 
the un reso lved  cases and  the s tatus of "counted" to 
r ema in ing  95 percent ,  and  it r educed  the omissions ra te  
f rom 5.40 to 3.66 percent .  To compare  net  u n d e r c o u n t  
rates,  we use the "Series 8" assumpt ions  for  e r roneous  

enumera t ions .  Subs t i tu t ing  PEP Series 14-8 for  3-8, 
the net  u n d e r c o u n t  ra te  for  the na t ion  fel l  f r om 0.8 to 
-1.0 percent ,  an overcount .  

The Bureau  in fac t  made  f ive  d i f f e r e n t  assumpt ions  
for  omissions and  three  d i f f e r e n t  assumpt ions  for  
e r roneous  enumera t ions .  As shown by Er icksen ,  
K a d a n e  and  T u k e y  (1987), the choice be tween  
omissions Series 3 and  14 is the one tha t  rea l ly  
mat ters .  Choices  among assumpt ions  for  e r roneous  
enumera t i ons  had  l i t t le  e f fec t .  Select ing a PEP series 
has been a subject  of con t roversy ,  both at the 1984 
New York  Census t r ia l  and  a f t e r w a r d  ( F r e e d m a n  and 
Navid i ,  1986). We bel ieve tha t  the assumpt ions  for  
Series 3 are  reasonable  and  take  hear t  f r om the fac t  
tha t  the na t iona l  u n d e r c o u n t  rates it p rovides  are close 
to these ob ta ined  by d e m o g r a p h i c  analysis .  For  the 
total  popu la t ion ,  demograph i c  analys is  provides  an 
es t imate  of  1.4 percent ,  and  for  Blacks,  5.9 percent .  
For  PEP series 3-8, the co r respond ing  rates are  0.8 
and 5.2 percent .  The Black rate  for  Series 14-8 was 
0.7 percent .  

Few serious s tuden ts  of the u n d e r c o u n t  would  opt 
for  Series 14. Even  so, many  feel  uneasy  about  the 
data ,  because  so many  omissions were  assigned by 
imputa t ion .  Some observers  are unce r t a in  even about  
the ma tch ing  decis ions tha t  were made  in the f ie ld  
wi thou t  impu ta t ion .  A l though  in te rv iews  were taken ,  a 
ce r ta in  a m o u n t  of  inexactness  arises f rom the fac t  tha t  
the f ie ld  check was made  several  months  a f t e r  both 
the Census and  the CPS had  taken  place. 

We could  take  the a t t i t ude  tha t  we expect  
m e a s u r e m e n t  to be most d i f f i c u l t  among the ha rd- to -  
count.  Recen t  research  (Boone, 1987; Fein  and  West, 
1988) shows tha t  people wi th  weaker  a t t a c h m e n t s  to 
those they live wi th ,  e.g., d i s tan t  re la t ives  or boarders ,  
are less l ike ly  to be counted.  It s tands to reason tha t  
such people might  also be missed on the CPS or the 
f ie ld  check,  un re so lved  at the end of the second step, 
and p roper ly  impu ted  to be omit ted.  Moreover ,  some 
of the census "matches" occur r ing  on the f i r s t  step 
could be mis takes  which  would  incor rec t ly  de f l a t e  the 
es t imated  omissions rate.  

A second,  con t r a ry ,  a t t i t ude  points  out tha t  
ma tch ing  is especia l ly  d i f f i c u l t  in poor ne ighborhoods  
of large cities. I f  it is more  d i f f i c u l t  to ma tch  than  
to count  in such areas,  then  many  people ac tua l ly  
inc luded  in the census count  would  be mis labeled  as 
"unresolved" a f t e r  the second step. I f  such people 
l ived in a suburb  or ru ra l  a rea  they would  p roper ly  be 
ma tched  to the census. This  bias has the e f f ec t  of 
ove re s t ima t ing  the n u m b e r  of unreso lved  cases in 
cities, consequen t ly  i n f l a t i ng  the f ina l  omissions ra te  
est imate.  Because this bias is less ev iden t  in suburbs  
or ru ra l  areas,  use of the Series 3 impu ta t i on  s t ra tegy  
would  ove res t ima te  the u n d e r c o u n t  d i f f e ren t i a l s .  

To my knowledge  no one has s tudied  the 
d i f f e r e n t i a l  a ccu racy  of ma tch ing  and i m p u t a t i o n  across 
areas. T o d e c i d e  about  ad ju s tmen t  in 1980, we must  
l imit  ourselves  to robustness  tests. Do the var ious  
PEP series, wh ich  hope fu l l y  span the range  of 
reasonable  missing da ta  s t rategies ,  lead to about  the 
same resul t?  I f  all PEP Series, regardless  of the 
missing da ta  assumpt ions ,  show h igher  u n d e r c o u n t  rates  
in cities,  then  some a d j u s t m e n t  is cal led for.  This is 
especia l ly  t rue  for  m ino r i t y  popula t ions ,  since the 
White u n d e r c o u n t  rates  are  not especia l ly  va r i ab le  
across geograph ic  areas. In Table  6, I compare  the 
minor i ty  u n d e r c o u n t  rates  in cities and  e lsewhere  for  
all 12 PEP Series. 

We see tha t  regardless  of the PEP series chosen, 
Blacks and  Hispanics  were  h a r d e r  to count  in cen t ra l  
cities than  elsewhere.  The range  of d i f f e r e n c e  varies,  
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f rom 6.05 pe rcen t  for  Series 2-20 to 0.79 percent  fQr 
Series 14-8, but  all results  lead to the same conclusion.  
Minor i ty  popu la t ions  are  more d i f f i c u l t  to count  in 
cities, and  we would  improve  upon the results  of a 
syn the t i c  es t imat ion  by t ak ing  this into account .  The 
r ema in ing  ques t ion  is how much ad ju s tmen t  should 
there  be? For  this, we need to use subjec t ive  
j udgemen t  in two ways,  to select ( 1 ) a  PEP series or 
combina t ion  of series; and  (2) a model  for  es t imat ion.  

VII .  M O D E L I N G  THE A D J U S T M E N T  

Many  s ta t i s t ic ians  have  expressed concern  about  
how to model  the a d j u s t m e n t  because there  are too 
many  choices. As N a t h a n  K e y f i t z  put  it in the New 
York Census tr ial :  

" [A]djus tments  could be devised,  any  one of 
which  might  make  the f igures  be t ter  overal l .  
And  in tha t  lies the p r inc ipa l  d i f f i cu l t y :  There  
is no way  of choosing among the methods,  and  
each would  lead to d i f f e r e n t  results  for  the 
50 states and  39,000 local areas  in compet i t ion  
for  congress ional  seats and  f ede ra l  funds  (1983, 
p. 5)." 

U n d e r c o u n t  research  is a new f ie ld ,  and s ta t i s t ic ians  
have  not yet  devised  a method  for  se lec t ing  one best 
ad jus tment .  As a problem,  ad jus t ing  the census should 
be no more d i f f i c u l t  than  it is to es t imate  compl ica ted  
quan t i t i e s  such as the Consumer  Price Index,  postcensal  
changes  in per cap i ta  income and popu la t ion ,  imputed  
values  for  missing da ta  i tems on the census, and  the 
n u m b e r  of u n d o c u m e n t e d  al iens l iving in the Un i t ed  
States. For  such projects ,  some recourse  to 
subs tan t ive  knowledge  and  subjec t ive  j udgemen t  is 
needed.  Ad jus t ing  the census is no d i f f e r e n t .  

In the p a r a g r a p h s  below, I descr ibe  some of the 
model ing  a l t e rna t ives ,  i nd ica t ing  s t rengths  and  
weaknesses.  The da ta  are  sample  es t imates  of 
u n d e r c o u n t  f o r  66 a reas ,  16 c e n t r a l  ci t ies ,  
12 r ema inde r s  of states in which  the cities are located 
and the 38 o t h e r  whole  states. One possibi l i ty  is to 
use the sample  est imates.  I d i scard  this for  two 
reasons: (1) we would  l ike to reduce  the sampl ing  
error ,  and  (2) we would  like to know that  our 
es t imates  are consis tent  wi th  some theory  of the 
unde rcoun t .  For  Series 3-8, the sample  es t imate  for  
South Caro l ina  was 6 percen t  and  for  Boston, it 
showed a 1 percen t  overcount .  These seem implausible .  

A second a l t e r n a t i v e  is to use the combined  sample  
es t imates  shown in Table  5, ca lcu la t ing  one ad jus tmen t  
for  cen t ra l  cities,  and  one each for  the six other  areas  
indica ted .  There  are two problems wi th  this approach:  
(1) count ing  condi t ions  in cen t ra l  cities o ther  than  the 
16 with  separa te  PEP es t imates  might  also be d i f f i cu l t ,  
and (2) we wan t  to give some weight  to un ique ly  local 
condi t ions.  The sample  es t imate  for  South Caro l ina  
might  be out of line, but  un ique  problems in the 
census of f ices  located  there  could have  caused the 
u n d e r c o u n t  ra te  to be somewhat  h igher  than  in 
ne ighbor ing  states. 

A th i rd  poss ibi l i ty  is to use a simple empi r ica l  
Bayes procedure .  Here  we take  a group of areas  where  
census- tak ing  condi t ions  are s imi lar  and ca lcu la te  the 
mean sample  est imate.  I f  we assume tha t  the sample  
es t imates  X i es t imate  the co r respond ing  popula t ion  
values 0i, and  that:  

a. The G i a r e  d i s t r ibu ted  no rma l ly  wi th  mean la 
and va r i ance  cy 2, and 

b. The X i a re  d i s t r i bu t ed  no rma l ly  wi th  m e a n  0 i 

and  va r i ance  Z 2, 

then we can es t imate  the sum of o 2 + z z wi th  
V 2 = r. (X i - ~ ) 2 / ( p .  3), where  p is the numbe r  of 
local areas.  To es t imate  the u n d e r c o u n t  for  a rea  i, we 
ca lcu la te  a we igh ted  ave rage  of X and  X i. If  we wr i te  
s 2 as the sample  es t imate  of cr z, then  the weight  for  

is s2/V 2, and  the weight  for  X i is (V 2 - s2)/V 2. We 
can see tha t  where  sample  es t imates  are imprecise ,  and  
s 2 is large,  more  of the weight  will  be a t t ached  to the 
mean est imate .  Where the sample  es t imates  are 
precise,  there  will  be l i t t le  a d v a n t a g e  to pooling in 
this manner .  

The me thod  can be i l lus t r a t ed  for  the 16 cent ra l  
cities, where  a pooled es t imate  for  s z is (.02) 2 -  .0004. 
For  the da ta  shown in Table  5, V 2 - -  .000599, and  the 
weights  are  .668 for  the mean  and  .332 for  the sample  
est imates.  The composi te  es t imates  preserve  the r ank  
order ing ,  but  all es t imates  are sh runk  toward  the mean,  
sometimes by subs tan t i a l  amounts  as in Boston and  San 
Diego. 

This app roach  preserves  all local id iosyncrac ies ,  and  
requi res  only one s imple assumpt ion ,  tha t  the 16 areas  
have  common census - tak ing  condi t ions .  The s impl ic i ty  
of the a s sumpt ion  crea tes  its own d i f f i c u l t y .  We need 
to a rgue  tha t  the 16 cities are  the proper  set. Why 
not separa te  the 11 cit ies where  the p ropor t ion  Black 
or Hispan ic  is more than  40 percent?  A l t e rna t ive ly ,  
why  not inc lude  the 16 r e m a i n d e r s  of SMSA a t t ached  
to these cities, since they are h igh ly  u rban  areas  (See 
F r e e d m a n  and Nav id i ,  1986)? J u d g e m e n t  is r equ i r ed  to 
select the p roper  set, and  the con t roversy  s u r r o u n d i n g  
the a d j u s t m e n t  issue makes  some s ta t i s t ic ians  hes i ta te  
to use the i r  judgement .  The choice of areas  mat ters ,  
as I show in Table  7. The es t imates  ob ta ined  for  
cities when  we pool across 32 areas,  the 16 cent ra l  
cities and  16 r e m a i n d e r s  of SMSA, are cons is tent ly  
lower wi th  the ave rage  r educed  to 2.61 f rom 3.50. 

T h i n k i n g  about  fac tors  causing the u n d e r c o u n t  
d iscourages  the use of the s imple empi r i ca l  bayes 
procedure .  It is appea l ing  to th ink  of the u n d e r c o u n t  
as sys temat i ca l ly  re la ted  to common causes, such as 
the percen t  minor i ty ,  the con f luence  of d i f f i c u l t  l iving 
condi t ions  r ep resen ted  by a high cr ime rate ,  or the 
m a n n e r  in which  the census is taken.  These 
hypotheses  led Er icksen  and  K a d a n e  (1985; 1987) to 
suggest using a h i e r a r c h i c a l  Bayes p rocedure  in which  
a regression es t imate  is subs t i tu ted  for  the mean 
es t imate  just  discussed.  The resul t ing  composi te  
es t imate  averages  the regress ion and  or ig ina l  sample 
est imates.  Use of these es t imates  requi res  a longer  
list of assumpt ions  (see F r e e d m a n  and  Navid i ,  1986 for  
a c r i t ica l  review),  but  they  also permi t  us to see 
whe the r  the u n d e r c o u n t  rates  are  sys temat ica l ly  re la ted  
to condi t ions  though t  to re f lec t  d i f f i c u l t  count ing  
condi t ions .  We d r a w  comfo r t  f rom the fac t  tha t  among 
large cities,  those wi th  more Blacks and Hispanics  have  
h igher  sample  es t imates ,  and  tha t  c r ime rates,  
p ropor t ion  of persons wi th  l anguage  d i f f i cu l t i e s ,  and 
the concen t r a t i on  of pove r ty  are all sys temat ica l ly  
re la ted  to the u n d e r c o u n t  rates. Er icksen ,  K a d a n e  and 
Tukey  (1987) ob ta ined  a good regression f i t  wi th  just 
three  i n d e p e n d e n t  var iab les ,  and  the regression 
es t imates  got much  larger  weights  than  the sample 
es t imate  when  the composi tes  were  ca lcula ted .  

R e f e r r i n g  to Table  7, we see tha t  the h i e r a r ch i ca l  
Bayes p rocedure ,  here  ca l cu la t ed  over all 66 local 
areas,  preserves  the overa l l  mean for  the 16 cities 
(3.57 compared  to 3.50). Even so, the es t imates  
sometimes d iverge  grea t ly  f r om both the sample 
es t imates  and  the empi r i ca l  Bayes est imates.  The three  
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pred ic to r  va r i ab les  in the regress ion equa t ion  are  the 
cr ime ra te  and  the percen tages  mino r i t y  and  
convent iona l .  Cit ies l ike Boston and Saint  Louis,  
where  c r ime rates  are  especia l ly  high,  have  high 
composites ,  a l t hough  the sample  es t imates  are low or 
modera te .  In cont ras t ,  Chicago and  Ph i l ade lph i a  have  
low cr ime rates,  and  the h i e r a r ch i ca l  Bayes es t imates  
are much  lower  than  e i ther  the sample  es t imates  or 
empi r i ca l  Bayes est imates.  

The two models  d ive rge  because  they  depend  on 
d i f f e r e n t  i n f o r m a t i o n .  In the empi r i ca l  bayes case, I 
g rouped  areas  wh ich  seemed to have  s imi la r  
census- tak ing  condi t ions ,  name ly  large cit ies wi th  many  
minor i t ies .  In the second case, I e s t ima ted  an equa t ion  
in which  the d o m i n a n t  p red ic to r  va r i ab l e  was the cr ime 
rate,  h igh ly  va r i ab l e  among the 16 cities, and  re la ted  
to the u n d e r c o u n t  rates  of  the 50 states outs ide  the 16 
cities. A be t t e r  s t ra tegy  would  be to s t r a t i f y  the 
sample  by the same va r i ab les  you would  use in the 
regress ion model.  This  was not possible in 1980 given 
the design of the PEP samples  and  ava i l ab le  p red ic to r  
var iables .  In 1990, there  is a good chance  tha t  the 
p rob lem will  be cor rec ted ,  because  the PES sample  is 
being s t r a t i f i e d  by va r i ab les  shown to be re la ted  to 
u n d e r c o u n t  rates  (Woltman,  Albe r t i  and  Mor ia r i ty ,  
1988). 

VII I .  S U M M I N G  UP 

The d ive rgence  be tween  empi r i ca l  and h i e r a r ch i ca l  
Bayes results  will  cause some s ta t i s t ic ians  to hes i ta te  
to choose be tween  them. To reduce  the possibi l i ty  for  
con t rove r sy  in 1990, I have  three  suggest ions to make,  
some of which  have  a l r e a d y  been adop ted  by the 
Census Bureau.  

The f i r s t  is to increase  the sample  sizes for  local 
areas. The Bureau  has a l r e a d y  proposed a na t iona l  
sample  size of  300,000 for  the 1990 Post E n u m e r a t i o n  
Survey,  nea r ly  three  t imes the size of  the 1980 PEP 
samples.  This  inc reased  sample  size will  have  at least  
three  bene f i c i a l  results:  (1) the local es t imates  will  be 
more precise,  r educ ing  sh r inkage  toward  a common 
mean or regress ion es t imate  and  giving grea te r  weight  
to id iosyncrac ies  in local coun t ing  condi t ions;  
(2) separa te  es t imates  can be c rea ted  for  a la rger  
n u m b e r  of  areas,  e.g., mode ra t e ly  large cen t ra l  cities, 
and  (3) there  will  be f ewer  anomalous  results  l ike 
those observed  in 1980 in Boston and  South Carol ina .  

The second is to c rea te  more homogeneous  sampl ing  
units.  Most states are  he te rogenous  areas  wi th  a wide 
va r i e ty  of  coun t ing  condi t ions .  New Jersey,  for  
example ,  inc ludes  the d i f f i c u l t - t o - c o u n t  mino r i t y  
ne ighborhoods  in Camden ,  Jersey  City,  and  Newark ,  
large number s  of a f f l u e n t  suburbs ,  and  many  small  
towns and  ru ra l  areas.  By c rea t ing  more homogeneous  
sampl ing  units ,  wh ich  do not necessar i ly  lie wi th in  
state lines, we can be t te r  i d e n t i f y  those fac tors  which  
a f f e c t  the unde rcoun t .  This  proposal  has also been 
adop ted  by the Census Bureau  (Woltman,  Alber t i  and  
Mor ia r i ty ,  1988). 

The th i rd ,  d iscussed above,  is to s t r a t i f y  the 
sampl ing  uni ts  by va r i ab les  re la ted  to coun t ing  
condi t ions .  Examples  of s t r a t i f y i n g  va r iab les  are  
locat ion in cit ies,  suburbs ,  or ru ra l  areas,  w h e t h e r  the 
conven t iona l  or m a i l o u t - m a i l b a c k  method  is used, the 
expec ted  ma i lback  rate ,  w h e t h e r  the census o f f i ce  is 
cen t r a l i zed  or decen t r a l i zed ,  and  the p r e d o m i n a n t  type 
of housing.  The s t r a t i f y i n g  va r iab les  can be used 
e i ther  to de f i ne  subsets of  areas  for  empi r i ca l  Bayes 
es t imat ion  or to serve as i n d e p e n d e n t  va r iab les  in 
regression.  

To make  an in te l l igen t  decis ion on a d j u s t m e n t  we 
need to take all ava i l ab le  i n f o r m a t i o n  into account ,  
giving g rea te r  weight  to the things we th ink  we know 
best. Hav ing  r ev i ewed  the Census Bureau  repor ts  on 
the subject ,  I be l ieve  we are qui te  cer ta in  of the 
fol lowing:  

a. The net  u n d e r c o u n t  in 1980 was substant ia l .  
If  we assume tha t  there  were  be tween  2 and  
4 mi l l ion  u n d o c u m e n t e d  al iens,  the ra te  was 
be tween  0.9 and  1.8 percent .  

b. The u n d e r c o u n t  was d i f f e r e n t i a l ,  wi th  Blacks 
and  Hispan ics  being missed at rates  much  
h igher  than  Whites. 

c. Omissions and  e r roneous  enumera t i ons  have  
d i f f e r e n t  geographic  d is t r ibu t ions .  

d. Use of a syn the t i c  es t imator  based on age, 
race,  and  B l a c k / n o n - B l a c k  status improves  
upon the u n a d j u s t e d  census. 

e. Blacks and  Hispanics  had h igher  u n d e r c o u n t  
rates  in large cities than  they  did elsewhere.  

We are less ce r t a in  of the fo l lowing  proposi t ions:  

f. PEP Series 3 can be used to compute  local 
es t imates  of net unde rcoun t .  

g. We can select a model  wi th  which  to ad jus t  
the census. 

I f  we can agree to s ta tements  f and g, then  we 
would  opt to ad jus t  the census. We would  like to have  
more i n f o r m a t i o n  on errors  in the PEP da ta  and  a good 
theory  of the u n d e r c o u n t  to base the select ion of a 
model  upon. To date,  no one has made  a s tudy  of bias 
in the use of i m p u t a t i o n  on the PEP. The robustness  
of the i m p u t a t i o n  rules could be tested by va ry ing  the 
ma tch ing  va r i ab les  and res t r i c t ing  donors  to those 
cases resolved wi th  greates t  ce r ta in ty .  

The more in te res t ing  ques t ion  for  s ta t i s t ic ians  
concerns  the select ion of a model.  The model  should 
be consis tent  wi th  a theory  of the unde rcoun t .  The 
p rob lem is tha t  few s ta t is t ic ians ,  inside or outs ide  the 
government ,  have  rea l ly  t r ied  to develop a theory.  
Much of the r e l evan t  research  has only been recen t ly  
done and  is not wide ly  known.  This theory ,  though :, 
should be used to de f ine  the sampl ing  for  the Post 
E n u m e r a t i o n  Survey  and  the g roup ing  or i n d e p e n d e n t  
va r iab les  for  ca l cu l a t ing  est imates.  When this is done,  
it is l ike ly  tha t  the results  of an empi r ica l  bayes 
analys is  sh r ink ing  es t imates  t oward  a group mean would  
bet ter  agree wi th  the results  of a h i e r a r ch i ca l  bayes 
model  sh r ink ing  t oward  a regression est imate.  
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TABLE 1 

RATES OF ERRONEOUS ENUMERATIONS BY TYPE 
BY CENSUS-TAKING METHODOLOGY 

Type of Erroneous 
Enumerat ion 

Enumerator  Mailout 
Mailed Back Collected Area 

Questionnaires Questionnaires Total Conventional  
- (Percent). 

(1) (2) (3) (4) 

Duplications 0.79% 2.87% 1.17% 0.21% 

Defini t ional  Errors 1.06 4.36 1.65 1.12 
Post Office Cases 1 0.20 1.61 0.45 0.24 
Other 2 0.86 2.76 1.20 0.88 

Total 1.85 7.24 2.82 1.34 

Total Including Geocoding 
Errors 2.47 8.22 3.50 1.65 

Sources and Notes 

1 Consists of cases where no one, including Post Office contacts, knew of the person 
included in the census. It is thought that the majori ty of these cases are 
fabrications.  

2 Consists of cases where people were counted at addresses other than their usual 
place of residence on April 1, 1980. 

Source: Cowan and Fay (1984). 
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TABLE 2 

RATES OF E R R O N E O U S  E N U M E R A T I O N  BY TYPE OF AREA 

Type  of 
E r roneous  E n u m e r a t i o n  

Met ropo l i t an  Areas  
Cen t ra l  Non-Me t ropo l i t an  Areas  
Cities Balance  U r b a n  R u r a l  

(Percent)  
(1) (2) (3) (4) 

Dup l i ca t i ons  1.02% 1.08% 0.94% 1.74% 

D e f i n i t i o n a l  Er rors  2.06 1.36 1.62 1.48 

Post O f f i c e  Cases x 0.78 0.36 0.28 0.13 
Other  2 1.28 1.01 1.34 1.35 

Tota l  3.07 2.45 2.56 3.22 

Tota l  I nc lud ing  Geocoding  
Er rors  3.38 3.17 3.20 4.48 

Sources and Notes 

x Consists of cases where  no one, i nc lud ing  Post Of f i c e  contacts ,  knew of the 
person inc luded  in the census. It is t hough t  tha t  the ma jo r i t y  of these cases 
are f ab r i ca t ions .  

2 Consists of  cases where  people were coun ted  at addresses  o ther  than  thei r  usual  
place of res idence  on Apr i l  1, 1980. 

Source: Fay  (1988a). 

TABLE 3 

RATES OF E R R O N E O U S  E N U M E R A T I O N  IN N O N - M E T R O P O L I T A N  AREAS 

Type  of Er roneous  E n u m e r a t i o n  

Dup l i ca t ions  

D e f i n i t i o n a l  Er rors  

Tota l  

Tota l  I nc lud ing  Geocoding  Errors  

Conven t iona l  Ma i lou t -Ma i lback  Ra t io  
(Percent)  (2)/(1) 

(1) (2) (3) 

0.21% 1.61% 7.7 

1.12 1.66 1.5 

1.34 3.27 2.4 

1.65 4.42 2.7 

Sources and Notes 

Sources: Cowan  and  Fay  (1984); Fay  (1988a). 
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"I~ABLE 4 

D I S T R I B U T I O N S  OF E R R O N E O U S  E N U M E R A T I O N S  AND O M I S S I O N S  
BY TYPE OF AREA 

Omission Rates 
Rates of 

Erroneous  Enumera t i on  
Type of Area Series 3 t Series 52 Series 8 z 

(Percent)  
(1) (2) (3) Centra l  Cities 

Popula t ion  of 
500,000 or more 8.8% 8.7% 3.6% 

Popula t ion  Less 
Than  500,000 6.1 6.7 2.7 

Remainders  of SMSA 

Urban  Places, 
Popula t ion  of 
25,000 or more 4.3 5.1 2.2 

Other  Urban  Places 4.1 4.8 2.3 

Rura l  Balance 4.9 5.7 3.1 

Non-Met ropol i t an  Areas 

Urban  4.7 5.4 2.6 

Rura l  5.3 6.7 3.2 

Sources and Notes 

1 Based on April ,  1980 edit ion of the Curren t  Popula t ion  Survey. 
2 Based on the August,  1980 edit ion of the Curren t  Popula t ion  Survey. 
s Exc luding  geocoding errors which are not duplicates.  

Source: Fay (1988b). 

TABLE 5 

RATES OF NET U N D E R C O U N T  BY G E O G R A P H I C  AREA 

Area Rate  

16 Centra l  Cities 1 

16 Remainders  of SMSA 2 

7 Whole SMSA's 3 

Remainders  4 

Nor theas t  

Nor th  Centra l  

South 

West 

(Percent)  

4.5% 

0.9 

1.1 

Sources and Notes 

-1.1 

0.8 

0.2 

1.9 

1 The cities are Balt imore,  Boston, Chicago, Cleveland,  Dallas,  
Detroi t ,  Houston,  Indianapol is ,  Los Angeles, Milwaukee,  
New York City, Phi ladelphia ,  Saint Louis, San Diego, San 
Francisco and Washington, D.C. 

2 These are the remainders  of SMSA that  are lef t  when the 
cities listed in note 1 are removed. 

3 The SMSA's are At lanta ,  Denver ,  Kansas  City, Miami,  
Newark ,  Pi t t sburgh and Seattle. 

4 Remainders  re fer  to the areas of four  census regions that  
are lef t  when the SMSA's listed in notes 1, 2 and 3 are 
removed. 

Source: Uni ted  States Bureau of the Census (1982), PEP 
Series 3-8. 
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TABLE 6 

M I N O R I T Y  1 NET U N D E R C O U N T  RATES FOR CENTRAL CITIES  
A N D  E L S E W H E R E ,  12 P E P  SERIES 

PEP Series Centra l  Cities 2 Elsewhere  D i f f e r ence  
(Percent)  

(1)-(2) 
(1) (2) (3) 

2 - 8 9.14% 4.27% 4.87% 
2 - 9 10.98 5.14 5.84 
2 - 20 11.56 5.51 6.05 
3 - 8 8.76 3.95 4.81 
3 - 9 10.61 4.82 5.79 
3 - 20 11.19 5.19 6.00 
5 - 8 6.68 4.75 1.93 
5 - 9 8.58 5.60 2.98 

10 - 8 4.80 2.54 2.26 
14 - 8 1.29 0.50 0.79 
14 - 9 3.29 1.38 1.91 
14 - 20 3.91 1.76 2.15 

S o u r c e s  and Notes 

Minori t ies  include Blacks and non-Black Hispanics. 
The cities are Balt imore,  Boston, Chicago, Cleveland,  Dallas,  Detroi t ,  Houston,  
Indianapol is ,  Los Angeles, Milwaukee,  New York City, Phi lade lphia ,  Saint Louis, 
San Diego, San Francisco and Washington, D.C. 

Source: Uni ted  States Bureau of the Census (1982). 

TABLE 7 

ESTIMATES OF NET U N D E R C O U N T  FOR 16 CITIES  BY FOUR D I F F E R E N T  MODELS 

Model 
Empir ica l  Bayes 

Sample Empir ica l  Bayes Cities and Hierarch ica l  
City Est ima tes x Cities 2 Suburbs 3 Ba yes 4 

(Percent)  
(1) (9) (3) (4) 

Balt imore 5.35% 4.11% 3.39% 4.46% 
Boston -1.00 2.01 0.74 4.58 
Chicago 4.36 3.79 2.97 2.92 
Cleveland 4.91 3.97 3.20 4.05 
Dallas 5.93 4.31 3.63 4.77 
Detroi t  3.07 3.36 2.43 4.87 
Houston 4.60 3.87 3.07 3.02 
Indianapol i s  -0.18 2.28 1.08 0.58 
Los Angeles 4.56 3.85 3.06 3.95 
Mi lwaukee  3.14 3.38 2.46 1.74 
New York  City 6.04 4.34 3.67 4.35 
Ph i lade lph ia  4.75 3.92 3.14 2.17 
Saint Louis 3.13 3.38 2.46 5.66 
San Diego -0.96 2.02 0.75 1.78 
San Francisco  4.64 3.88 3.09 3.32 
Washington, D.C. 3.61 3.54 2.66 4.96 
Mean of 16 Est imates  3.50 3.50 2.61 3.57 

Obta ined  f rom PEP Series 3-8. 

S o u r c e s  and Notes 

Obta ined  by empir ical  bayes procedure  over 16 centra l  cities. 
Obta ined  by empir ica l  bayes procedure  of 32 areas - 16 centra l  cities and the 
16 remainders  of SMSA. The grand mean for  all 32 areas was 1.98. 
Obta ined  f rom a weighted  average of sample est imate and regression equat ion 
with  three independen t  var iables  - the crime rate, the percent  Black or Hispanic,  
and the percent  of popula t ion  counted by the convent ional  method. 
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