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1 I n t r o d u c t i o n  

In 1990, the U.S. Census Bureau used a 'capture- 
recapture' or dual system estimation (DSE) 
methodology to estimate total population including 
those missed by the census. The two 'systems' are 
the census and a Post Enumeration Survey (PES) 
(Hogan and Wolter 1988). One of the assump- 
tions underlying use of the DSE to estimate popu- 
lation size is that  within each posts tratum (defined 
by some set of geographic and demographic vari- 
ables), being in the census is independent of being 
in the PES. When these events are not indepen- 
dent, there is a 'correlation bias' which typically 
leads to underestimation of the number of people 
who are in neither the census nor the P ES. Reasons 
for the possible failure of this assumption of inde- 
pendence have been discussed (Hogan and Wolter 
1988). One method of checking this assumption, 
or indeed of estimating the statistical dependency 
between the census and PES, makes use of a third 
source of names and addresses - an alternative list 
(Marks, Seltzer and Krotki 1974, chapter 7D; Za- 
slavsky and Wolfgang 1993). By using a third in- 
dependent source of names and addresses, the 2 x 2 
table underlying the DSE can be expanded into a 
2 x 2 x 2 table in which only one of the 8 cells is 
unknown. Estimates of the unknown cell and of 
total population may also be calculated under suit- 
able assumptions. Zaslavsky and Wolfgang (1993) 
discuss a number of methods to estimate this cell. 
In this paper we focus on two of these estimates, 
' D S E : ( E U  P ) x A' and 'DSE: (EAP)  x A'. 

One such alternative list may be formed by com- 
bining several administrative lists. A list consisting 
of portions of lists from the Employment Security, 
Internal Revenue Service, Selective Service, Vet- 
eran's Administration, and driver's licence records 
was used in the 1988 Administrative List Supple- 
ment program conducted by the Census as part of 
the PES test in St. Louis, Missouri (Zaslavsky and 
Wolfgang 1993). For further discussion of the use 
of administrative lists, see also Alvey and Scheuren 
(1982), Citro and Cohen (1985, chapter 4), and 
Thurston and Zaslavsky (1994). 

Alternative lists may also be compiled by ethno- 

graphers (Vigil 1988; Brownrigg and de la Puente 
1992, de la Puente 1993, Martin and de la Puente 
1993). Ethnographers work intensely in an area, 
and by getting to know individuals in the neigh- 
borhood, compile lists of names which may be 
more complete than the census or PES address list 
(Hamid 1992, Lerch 1992, Wingerd 1992a, Vigil 
1988). In the 1990 evaluation programs using ethno- 
graphers, the ethnographers had connections to the 
people in the area, either by having worked with 
members of the community, or in living nearby. The 
ethnographers typically collected data from May 
through July. 

One of the challenges posed by triple system es- 
t imation is proper cross-classification of cases by 
inclusion/exclusion in each of three sources. Im- 
proper classification may bias the subsequent pop- 
ulation estimates. In addition, movers and non- 
movers may have different coverage rates in each 
of the sources. Consequently, calculations based 
on considering movers separately from non-movers 
are likely to be more accurate than estimates in 
which movers are either dropped from the triple sys- 
tem estimates, or are combined with non-movers. 
In general, movers may either be over- or under- 
counted at a different rate than non-movers (Citro 
and Cohen 1985, chapter 5) and it is often harder to 
match movers than non-movers with census records 
(Schafer 1991). 

In this paper, we discuss methods of estimat- 
ing the number of movers and non-movers, cross- 
classified by inclusion in census, PES, and alterna- 
tive list (administrative or ethnographer 's lists). We 
discuss how these estimates can be used to give to- 
tal population estimates, and the relative merits of 
each estimate. These methods are applied to two 
sites in which data were collected by ethnographers. 
One site was a rural site in North Carolina, while 
the other site was an urban site in Florda. We also 
discuss ways to estimate the statistical dependency 
of the census and PES, and apply these to the two 
sites. 

2 Triple System Estimation using 
Ethnographers,  with movers 

We follow the notation of Zaslavsky and Wolfgang 
(1993), in which the number of people in a given cell 
is denoted by Zepa, where e = 1 for people in the 
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census (in the PES block or elsewhere) or 0 other- 
wise, and p and a are likewise 1 for people in the P ES 
or alternative list respectively, or 0 otherwise. Post- 
stratification is implicit here, so all relationships are 
assumed to be within a single posts t ra tum (see Diff- 
endal (1988) for details about poststratification used 
in the PES). In order to distinguish between non- 
movers, people who move into PES blocks between 
census and PES days ('in-movers'), and people who 
move out of PES blocks between census and PES 
days ( 'out-movers'),  when needed we add a fourth 
subscript, n, i, or o for non-movers, in-movers, and 
out-movers respectively. 

Zaslavsky and Wolfgang propose a number of es- 
t imators using administrative list data. We re- 
strict consideration to the 'DSE:(EUP ) x A' and 
' D S E : ( E A P )  x A' estimates because they are based 
on explicit assumptions about comparability of cov- 
erage rates in different subpopulations. Both of 
these estimators are DSEs in which the census 
and PES are treated as a single source. The 
'DSE:(E U P)  x A' estimate is based on the assump- 
tion that  the event of being in neither the census nor 
PES is independent of the event of being in the alter- 
native list. This gives an estimate of the unknown 
cell as 

 ooo = x + + + + 

X011). 
The 'ratio D S E : ( E A P )  x A' estimate is based on 

the same assumption applied to the subpopulation 
of people who are in either the census or_PES, but 
not both. The rationale is that  people captured 
in both census and PES are "easy to count" and 
therefore least comparable to those omitted in both. 
This gives the estimate 

~ooo = xoo~ x (zloo + zolo)/(xlol + xoi~). 
Once this cell is estimated, the correlation bias 

between the census and the P ES can be calculated, 
as can coverage rate and total population size es- 
timates. Note that  people omitted from both the 
census and the PES are more likely to be omitted 
from the alternative list than those included in the 
census and/or  the PES. Thus both estimates of z000 
are likely to be underestimates. 

In making these estimates, we consider the sample 
of interest either to be PES-A (those residing in the 
sample blocks on Census day, i.e. the non-movers 
plus the out-movers), or PES-B (those residing in 
the sample blocks at PES time, i.e. the non-movers 
plus the in-movers). In principle PES-A and PES-B 
are both samples of the same population, and cov- 
erage rates for either are estimators of population 
coverage rates. 

When movers are included in the estimates, we 

subdivide each cell (which has been cross-classified 
by inclusion in census, PES, and administrative 
list sources) into non-movers, in-movers, and out- 
movers. Estimates of z000 involve adding the 
number of in-movers or out-movers (depending on 
whether PES-A or PES-B is the sample of interest) 
to the number of non-movers, in each of the eight 
cells of the 3-way table. 

People who move out of PES blocks after census 
day but before the PES (out-movers) are not di- 
rectly seen by the P ES, but through interviewing of 
current residents and neighbors, information about 
these people is collected by the PES. Ethnographers 
also gather information about peoplw who move out 
of the block, so when PES-A is the sample of inter- 
est, the estimate z000 using the D S E : ( E U P  ) x A 
estimator is: 

~000 = ~000. + ~000o = (x001. + x001o) x (x l l0 .  + 
xlloo + z ioo. + xlooo + ZOlO. + xOlOo)/(xl ii. + xlllo + 

Zl01n "~ Zl01o -~" Z011n + Z011o). 
With the DSE: (EAP)  x A estimator, 

XO00 = ~O00n -{" XO00o = (ZOOln + ZO01o) X (=lOOn "~- 
~glO0o + XOlOn "~- XOlOo)/(XlOln ~- XlOXo ~" ZOlln ~- XOI io). 

When PES-B is the sample of interest, the situ- 
ation is somewhat more complicated. Not only do 
we have no direct information as to the number of 
people who are in none of the three sources (z000n, 
zoooi, and zoooo) but we also do not know the num- 
ber of in-movers who are in the census, but not in 
the PES or ethnographers'  lists (zt00i). The latter 
cell can not be observed because the only informa- 
tion about the addresses for these people is their 
census day address, which is not in the PES sample 
block. Under the stated assumptions, it is possible 
to count the number of people in all the remaining 
cells. When administrative lists are used, the counts 
in several additional cells are not observable. 

Using ethnographers lists, z l00~ is the only cell 
which is not directly observable. One method of es- 
t imating this cell relies on two assumptions" (1) the 
number of people who move into the P ES blocks 
is equal to the number of people who move out of 
the PES blocks in the period between census day 
and the PES, in each poststratum; and (2) census 
coverage of in-movers is equal to census coverage 
of out-movers. Both of these assumptions reflect a 
view that  the size and characteristics of the post- 
s t ra tum are unchanging, i.e. that  in-movers are nu- 
merically and qualitatively similar to out-movers. 
Under these assumptions, the number of in-movers 
in the census equals the number of out-movers in the 

census, so Xll lo  "[- XlOlo • XllOo "+ XlO0o ~ Xl l l i  
ZlOli "+- ZlIOi -[- ZlO0i. Then 

;~100i -- (~glllo + XlOlo -[- XllOo -[- XlO0o) 
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--(ZXlli + Xl01i + x110i). (1) 

Another method of estimating this cell relies on 
the assumption that  among people in the census, 
PES coverage for non-movers is the same as PES 
coverage for in-movers. Since in-movers cannot be 
on the administrative lists, the appropriate refer- 
ence group for them is all non-movers regardless 
of whether or not they were on an administra- 
tive list. Under this assumption we have (Zllln + 

• ~ 0 . ) / ( ~ 0 1 .  + ~100.) = ( ~ 1 ~  + ~ 0 ~ ) / ( ~ 0 ~  + 
~100i)) SO 

~oo~ = ( ( ~ ~  + ~ o ~ )  × ( ~ o . ,  + ~ o o . ) /  
( ~ .  + ~ 0 . ) )  - ~0~,. (2) 

The D S E : ( E L J P  ) x A estimate for z000 using 
PES-B is: 

~000 = a~000. + ~000i = (z001. + z001i) x (x110. + 
ZllOi + zloo,, + ~1ooi + zo lo .  + zo lo i ) / ( z111 .  + z111i + 
z l o l .  + z lo l i  + zo11,~ + ZOlli). 

The D S E : ( E A P ) x A  estimate for z000 using PES- 
B is: 

~000 = ;gOOOn "4" ;gO00i "- (ZOOln + ZO01i) × (ZlOOrt q" 
~OOi + zo~o. + zo~oi) / (z~ol .  + z~ou + zoo1,, + zo~li). 

Results  from Two Ethnographers '  
Sites 

There were 29 sites used in the 1990 ethnographic 
evaluation program, of which 28 were in the con- 
tinental US. All sites were selected to be in ar- 
eas which were difficult to enumerate, and which 
had a large concentration of minorities, including 
Blacks, Hispanics, Asians, and American Indians 
(de la Puente 1993, Martin and de la Puente 1993). 
Each site consisted of about 100 housing units, usu- 
ally in 1 or 2 blocks. Four of these sites were put 
into the PES and PES data were collected, but the 
four sites were not actually used for PES evaluation. 
It should be noted that  ethnographic sites were se- 
lected in areas where the ethnographers already had 
a relationship with people in the area. Since this 
was neither a random sample of the country nor a 
random sample of areas with high undercount, re- 
sults from these sites may not be generalizeable to 
a population. 

In one of these sites, the ethnographer did not 
proceed far enough with the coding to allow for 
quantitative estimates. In a second site, some miss- 
ing coding has lead to uncertainties in the data, and 
we did not a t tempt  to resolve these uncertainties. 
We have examined the data from the remaining two 
sites. 

The first site is in rural North Carolina, and is 
part of the community of the Waccamaw Siouan In- 
dian tribe (Lerch, 1992). Eighty-seven percent of 

the residents were Indian and the remaining 13% 
were white spouses and children. A household in 
this site does not consist of a stable set of people 
separate from people in other households. Rather, 
households form and then regroup as people move 
to other addresses (Lerch 1992). Adult children of 
residents in the site often live in mobile homes or 
newly-built houses close to the house of their par- 
ents. Mail is delivered to numbered mailboxes along 
the side of the road, and most of the mailboxes serve 
more than one household. 

The second site is an urban site in downtown Fort 
Lauderdale, Florida. Haitians comprised about 70% 
of the residents in the sample area, Blacks (African 
Americans) about 25%, and 5% were of other races 
(Wingerd, 1992a). The site is one block away from 
a major drug dealing area, and drug transactions 
were common in the site. There were bullet holes 
and multiple deadbolts on doors, many drawn cur- 
tains, and people carried guns and knives (Wingerd, 
1992b). The Haitians were Creole-speaking recent 
entrants, and often did not speak English. Although 
many of them were undocumented aliens, they were 
more approachable by the ethnographer than were 
the Blacks. There was a high rate of mobility among 
the Haitians, as some found better places to live and 
some returned temporarily to Haiti. The Black resi- 
dents of the site were suspicious of anything relating 
to the government (Wingerd 1992a). Of the 4 cen- 
sus forms filled out from this site, none were from 
the Black community (Wingerd, 1992b). 

The ethnographers consistently found people that 
the census and PES missed. A common theme in 
the ethnographers'  reports was that  the ethnogra- 
phers were able to enumerate hard-to-count people 
because they had gained the trust of the residents 
(Hamid 1992, Lerch 1992, Wingerd 1992a). 

3.1 P o p u l a t i o n  E s t i m a t e s  

In the following discussion we have excluded peo- 
ple who were determined to be erroneously enumer- 
ated. In the first site, 275 non-movers, 3 in-movers, 
and 8 out-movers were found by the census, PES, 
and/or  ethnographers. The DSE:(EL. j P)  x A and 
DSE: (EAP)  xA estimators, under PES-A and PES- 
B, all gave an estimate of the number of people 
missed by all 3 sources as less than 1 person. Be- 
cause 8 people moved out of the site, the PES-A 
population estimate was 283 people, with an esti- 
mated coverage rate of 80%. Under PES-B, ~100i 
= 5 under (1), and ~00i - 0 under (2). Under 
(1), the population estimates were similar to PES- 
A, whereas the population estimate under (2) was 
only 278. The estimated coverage rates in all PES- 
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B cases were similar to those under PES-A. Had 
movers been ignored in the triple system estimate, 
the est imated population size would have been 275, 
with an est imated coverage rate of 80%. 

If the ethnographers had not collected data  in 
these sites and if only non-movers were considered, 
under the assumption of independence of census and 
PES, the DSE would have predicted that  1.28 peo- 
ple were missed by both the census and PES in the 
first site. The population estimate would have been 
268 people under the DSE, with an estimated cov- 
erage rate of 82.5%. 

In the second site, 74 non-movers, 17 in-movers, 
and 1 out-mover were found by at least one source. 
As in the first site, less than 1 person was estimated 
to be missed by all 3 sources, under all estima- 
tors. The D S E : ( E ~ P )  × A and DSE:(EAP)XA 
estimators using PES-A gave a population estimate 
of 75 people, similar to that  had movers been ig- 
nored. The est imated coverage rate was 80% (81% 
if movers were ignored). Because so many people 
moved into the site and so few moved out, when 
PES-B is used, (1) would estimate that  xl00i = - 5 ,  
so we take xl00i to be 0. Under assumption (2), 
xl00i = 1. These gave population estimates of be- 
tween 91 and 93, with coverage rates of about 71%. 

In contrast, a DSE in this site would have esti- 
mated tha t  3.00 people were missed by both census 
and P ES. The population estimate would have been 
69, with a coverage rate of 87%. 

In both sites, the DSE underestimated the popu- 
lation and overstated the coverage rate, when com- 
pared with any of the triple system estimates. In- 
cluding movers into these estimates was one reason 
for the larger population estimates and smaller cov- 
erage rates when compared to a DSE. A second rea- 
son was the greater number of people found by the 
ethnographers who were missed by both the census 
and PES, as compared to the DSE estimate of the 
number missed by census and PES. 

In each site, the ethnographers found 8 non- 
movers missed by both census and PES. In the first 
site, the 8 people consisted of 6 households, of which 
2 households (3 people) were missed completely by 
the census and PES, and 4 households (5 people) 
had other members who were found by the census 
and/or  the PES. In the second site, the 8 people 
came from 6 households, of which 5 households (7 
people) were missed completely by the census and 
PES, and 1 household (1 person) had other house- 
hold members who were found by the census and/or  
PES. In addition, in this site the ethnographers 
found 5 in-movers who were missed by both census 
and PES. 

3.2 Stat i s t i ca l  D e p e n d e n c y  o f  the  C e n s u s  
and  P E S  

The odds ratio in the fully observed table of non- 
movers who were on the ethnographers list, was 7.41 
in the first site, and 2.81 in the second site. Un- 
der the assumption of independence of the census 
and PES, this number would be about 1. Ninety- 
five percent confidence intervals for the odds ra- 
tio were generated under 6 methods. Three meth- 
ods modeled the individual as the unit, and did 
not use poststratification. In the first method (a 
parametric bootstrap),  the counts in each of the 4 
cells were modeled as being Poisson random vari- 
ables with means equal to observed counts. One 
observation was drawn from each of the 4 cells, the 
odds ratio for that  table was calculated, and this 
was repeated 100,000 times. The resulting odds ra- 
tios were sorted, and 2.5 percent of the observations 
from each tail were removed. The remaining range 
of the observations gave a 95 percent confidence in- 
terval. 

In the second method (a non-parametric boot- 
strap), a sample was drawn with replacement from 
the observed counts in the fully observed subtable. 
The odds ratio was computed and a 95 percent con- 
fidence interval was created in the manner just  de- 
scribed. The third method was a Fisher exact con- 
fidence interval, calculated using StatXact  (Mehta 
and Nitin 1991). 

In each site, these 3 intervals were very similar 
within each site. In the first site, none of the in- 
tervals included 1 (and in fact none included 2), 
whereas in the second site, the intervals did include 
1. 

There are several reasons why these first 3 meth- 
ods might overestimate the statistical dependency 
of the census and PES. One reason is that  the in- 
dividuals within a site may come from a mixture of 
subpopulations, each with different probabilities of 
capture by the 3 sources. If this is the situation in 
these sites, calculating the odds ratios separately for 
the different subpopulations and then calculating a 
common odds ratio for the subpopulations should 
result in a more accurate estimate. We at tempted 
to address this issue by poststratifying on first 1, 
then 2 variables. 

The fourth method used poststratification on age, 
using year of birth (before 1960, and 1960-1990). 
In each site, this separated the individuals into 2 
nearly equal groups (with 1 missing year of birth in 
the second site). An exact confidence interval for 
the common odds ratio was calculated. The fifth 
method used poststratification on age and race. The 
95 percent confidence intervals for the common odds 
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ratio using 1 or 2 poststratifications were very sim- 
ilar to each other and to the interval when post- 
stratification was not used, although intervals using 
poststratification had a smaller lower endpoint than 
intervals without poststratification. 

A second reason that  the odds ratio may have 
been overestimated is that  individuals within a 
household may not be independent. If one indi- 
vidual is found by all 3 sources for example, it is 
likely that  other individuals in the household were 
also found by all 3 sources. To address this issue, 
the sixth method of generating confidence intervals 
for the odds ratio used the household as the unit 
of analysis. Households were sampled with replace- 
ment from the households within the site, and all 
individuals within each sampled household were in- 
cluded in the sample. The odds ratio for the indi- 
viduals was calculated. This was repeated 10,000 
times, then the odds ratios were sorted and the 
range of the middle 95% of the odds ratio gave the 
95% confidence interval. As expected, the cluster- 
ing of individuals within households gave a wider 
interval. The interval for the first site was (1.52, 
oo), while for the second site it was (0.51, 24.96). 

It should be noted that  while the odds ratios in 
the subtable of people on the ethnographers lists 
may not be 1, the observed odds ratio in the other 
fully observed subtables in both sites are even fur- 
ther from 1. This indicates that  the ethnographers' 
lists are not at all independent from the census or 
PES. 

4 Discussion 

Some aspects of the ethnographic study contributed 
to initial errors and uncertainties in the data. In 
particular, the coding required of the ethnographers 
was very meticulous, making room for errors, and 
errors were made. The error rate may be reduce- 
able in future years if the coding were simplified. 
Also, the ethnographic data was linked to the census 
and P ES data at a later time, so the ethnographers 
were unable to comment on some uncertain PES 
cases. In addition, the ethnographers did the initial 
3-way matching, but they are not trained matchers 
and the results didn' t  necessarily agree with the re- 
sults that  trained matchers would have obtained. It 
should be noted that  after the initial matching by 
ethnographers, some of the data was then clerically 
matched, and the entire data set was then reviewed 
and corrections were made. 

In estimates based on PES-B, whether based on 
administrative or ethnographic lists, z l00i is unob- 
servable and must be estimated. The assumption 
underlying estimator (2) is not likely to be accurate, 

as we would expect that  the PES coverage rate for 
in-movers is smaller than that  for non-movers. This 
has the effect that  our estimates of xl00i and ulti- 
mately of x000 are too small. One of the assump- 
tions underlying estimator (1), that  the number of 
in-movers equals the number of outmovers between 
census day and the PES, may be inaccurate, es- 
pecially when the number of movers in an area is 
small. This was the case for the second ethnographic 
site examined here. However, unless there are sys- 
tematic population shifts between Census and PES 
time, (1) i s  likely to be less biased than (2) on the 
average. 

Both PES-A and PES-B estimates using ethnog- 
raphers' lists may lead to underestimation of z000 
(Thurston and Zaslavsky 1994). It should be noted, 
however, that  PES-A data were not considered crit- 
ical in the 1990 ethnographic program. Conse- 
quently estimates based on P ES-A may be less reli- 
able than those based on PES-B. 

Census experience shows that  the non-match rate 
among movers is typically much greater than among 
non-movers (Schafer 1991). Although a large part 
of the reason for this high non-match rate is due to 
matching error, movers may be more prone to both 
over and undercounting (Citro and Cohen 1985, 
chapter 5). One way to improve the population es- 
timates may be to consider movers separately from 
non-movers, drawing inferences about movers only 
from the mover population. In areas with a large 
number of movers, a separate triple system esti- 
mate for movers, combined with a triple system es- 
t imate for non-movers, may lead to more accurate 
estimates. However, when the number of movers is 
small, we would expect a large sampling variability 
from estimates based on movers alone. In this case, 
some way to pool estimates of movers across similar 
poststrata would be desirable. 

5 Conclusions 

Use of a triple system estimator is likely to lead to 
more accurate estimates of population and of cen- 
sus coverage rates than are possible using a DSE. 
In addition, an estimate of the statistical depen- 
dency of the census and PES is possible using triple 
system estimation. Proper consideration of movers 
may give more accurate estimates of population and 
coverage rates than when movers are dropped from 
the roster. 

Estimates based on PES-A and estimates based 
on PES-B are both likely to give underestimates of 
x000. If the coverage rate among people in the PES 
is of interest, estimates should be based on PES-B 
so that  movers are included in this estimate. 
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Since estimates based on administrative lists tend 
to underestimate x000 to a greater extent than esti- 
mates based on ethnographers lists for both PES-A 
and PES-B (Thurston and Zaslavsky 1994), using 
ethnographers' lists is preferable to using admin- 
istrative lists when possible. A larger sample size 
within each site would be desirable in order to ob- 
tain more precise estimates, and some form of ran- 
dom selection would be necessary if estimates are 
desired for a larger population. Due to the difficul- 
ties in collecting and processing ethnographic data 
however, it may be necessary to use administrative 
lists or some other source of names and addresses 
when large sample sizes are needed. Using an up- 
dated administrative list containing changes to the 
earlier version for a follow-up at a later time should 
help to improve the accuracy of estimates based on 
administrative lists. 

Including movers did affect estimates of popula- 
tion and coverage rates in the two ethnographic sites 
considered here. Evidence from one of these sites 
strongly suggests that the census and P ES are not 
independent. In both sites, using a DSE instead of 
a triple system estimator would have led to an un- 
derestimation of the population and overestimation 
of the census coverage rates. 
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