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Accuracy and Coverage Evaluation 2000:

Demographic Analysis Results
Prepared by J Gregory Robinson

EXECUTIVE SUMMARY

Introduction

Demographic Analysis (DA) is a well developed tool for evaluating coverage of the national
population that has been used extensively at the Census Bureau for every census since 1960. The
demographic approach. which 1s largely based on admuinistrative records. differs fundamentally
from the survey-based Accuracy and Coverage Evaluation (A.C.E.).

This report focuses on one of the principal purposes of DA 1n census evaluations, namely
assessing the survey-based A.C.E. coverage estimates at the national level. Because DA and the
A.C.E. use entirely independent methodologies, any differences between them are important to
understand.

Three hhmitations on the use of DA must be acknowledged. First, the major DA estimates are
available only at the national level and only for two broad race categories: Black and All Other
Races Combined. The latter is referred to as “NonBlack™ in this report.

Second. the DA estimates contain some uncertainty because the aggregate administrative data
used to construct them are corrected for various types of errors and some components must be
estimated. We were particularly concerned about the reliability of the immigration components
and conducted a sensitivity analysis in response. This analysis led to the incorporation of an
“alternative” set of DA estimates to allow for the possible understatement of immigration
(specifically, undocumented immigration) in the “base” DA components of growth.

Third, the effect of the new “mark one or more” nstruction for the Census 2000 question on race
complicates the traditional comparison of DA estimates by race with census race tabulations. In
fact. the Census 2000 tabulations do not include a category “Black™ that 1s comparable to 1990 or
earlier census tabulations. Consequently, two tabulations for Black respondents were used: one
reflects the number of people who reported Black only, the other reflects those who reported
Black whether or not they reported any other races. These two approaches are referred to as
Model 1 and Model 2. The tables and figures also show the average of the two model estimates
for comparison with the historical DA estimates and 2000 A.C.E. results.

The inconsistencies in the race data place even more importance on the use of sex ratios for
making inferences about coverage by race in Census 2000. And, in fact. the sex ratios for people
who reported Black only are nearly identical to the sex ratios for people who reported Black
whether or not they reported any other race.

An important distinction between DA and the A.C.E. estimates is that DA covers the total



population while the A.C.E. 1s limited to the household population. The difference between
these two universes is the Group Quarters (GQ) population. Because the census counts of the
group quarters population tracked the available independent benchmarks reasonably well, this
report assumes that the two universes can be made consistent by adding the GQ population to the

A.C.E estimates.

Due to the uncertainty in the estimates of undocumented immigration, DA uses a low and high
range for making comparisons with the census and A.C.E. results. The “base” DA set of
estimates assumes that the net increase in the number of undocumented immigrants during the
1990-2000 intercensal decade was 2.8 million; the “alternative™ set doubles the assumed increase
in undocumented immigrants to 5.5 million. Doubling undocumented immigration implies that
11.1 percent of the population was foreign born in on April 1. 2000, compared with 10.9 percent
in the reweighted March 2000 Current Population Survey, and that 12.7 percent was Hispanic,
compared with 12.6 percent in the unadjusted Census 2000 results.! Until we can obtain more
complete data about the foreign born from Census 2000 sample data to recalibrate the DA in
detail. this alternative assumption appears to be a reasonable higher estimate of the total net flow
of undocumented immigrants during the 1990s.*

Results

DA measures a lower net undercount than the A.C.E., according to either of the two sets of DA
estimates developed. The “base™ DA estimates a net overcount of 1.8 million—that is. a net
undercount rate of -0.65 percent in 2000.* The “alternative” DA. which assumed additions to the
flow of undocumented immigration in the 1990's. gives a net undercount of 0.9 million. or 0.32
percent. Comparatively, the A.C.E. estimates a net undercount of 3.3 million, or 1.15 percent,
for Census 2000.

'Starting in 1994, the March Current Population Survey asked about country of birth and,
for those born outside the United States, year of entry to the United States. The published
March 2000 Current Population Survey (CPS) data were controlled to age, race, sex, and
Hispanic origin estimates based on the 1990 census. For the ESCAP deliberations, the CPS data
were recalculated using aggregate Hispanic origin data from Census 2000. Subsequently. the
CPS data were further refined by recalculating using more detailed age. race, sex, and Hispanic
origin counts from Census 2000 and the formal weighting procedures of the CPS. These results
(which are included in this report) are slightly different, but lead to the same conclusions.

*There are a number of other components in international migration that will need to be
examined 1n future analyses including changes in emigration and in temporary legal residents,
but increasing these components would also tend to produce a percent foreign born that is greater
than the March 2000 Current Population Survey estimate.

In Table A, net overcounts are denoted by a minus sign.
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The DA and A.C.E. estimates both measure a reduction in net undercount in Census 2000
compared with the 1990 census, but DA implies a greater change (see Table A). Under the base
set, the estimated DA net undercount rate fell by 2.5 percentage points from 1.85 percent in 1990
to -0.65 percent (an overcount) in 2000. Under the alternative DA set, the net undercount rate
was reduced by 1.53 percentage points from 1.85 percent in 1990 to 0.32 percent in 2000. In
contrast, the A.C.E. estimate of 1.15 percent net undercount in 2000 was 0.43 percentage points
lower than the 1.58 percent in 1990.

Additionally, both DA and the A.C.E. measure a reduction in the net undercount rates of Black
and NonBlack children (aged 0-17 years) compared with 1990. Both methods also measure a
reduction in the net undercount rates of Black men and women (aged 18 and over).

DA and A.C.E. estimates disagree in that DA finds a reduction in the net undercount rates of
NonBlack men and women 1n Census 2000 compared with the rates of previous censuses. The
reduction is larger under the base DA set than under the alternative DA set. The A.C.E. indicates
no change or a slight increase in undercount rates for NonBlack adults as a group.

Other demographic benchmarks support the DA finding of a large reduction in net undercount in
Census 2000 compared with 1990 and previous censuses. The comparisons of census counts to
auxiliary data sets (such as school enrollment data for children and Medicare enrollment for the
population 65 years an over) are consistent in indicating Census 2000 has more complete
coverage than the 1990 census.

Finally, an important question for the A.C.E. methodology is whether the group of people not
counted by the Census is also less likely than the remainder of the population to be included in
the A.C.E. survey. This phenomenon is called “correlation bias.” Comparisons of the DA and
A.C.E. sex ratios show that correlation bias in the survey estimates was not reduced for Black
men between 1990 and 2000. The A.C.E. sex ratios (ratio of men per 100 women) for Black
adults are much lower than the “expected’ sex ratios based on DA, implying that the A.C.E. is
not capturing the high undercount rate of Black men relative to Black women. The size of this
bias is about the same as in the 1990 Post Enumeration Survey (PES).



Table A -- Estimates of Percent Net Undercount, by Race, Sex, and Age:

(a minus sign denotes a net overcount)

1990 and 2000

Demographic Analysis PES/A.C.E
2000 Change:1990-2000] PES  A.C.E. | Change:

Category 1990 | Base Alternative; Base Alternativej 1990 2000 [1990-2000
H’rotal 1851 -0.65 0.32} -2.50 -1.53 1.58 118 -0.43
Black

D-17 5.93 1.69 2.00| -4.24 -3.93 7.05 293 -4.12
Male, 18+ 9.79 6.89 7.79]1 -2.90 -2.00 3.76 2.10 -1.66
Female, 18+ 168 0.06 0.92] -1.62 -0.76 2.64 1.28 -1.36
NonBlack

D-17 1.61 -0.61 0.29| -2.22 -1.32 2.46 1.27 -1.19
Male, 18+ 2141 -0.94 0.23| -3.08 -1.91 1.19 1.44 0.25
Female, 18+ 0.28{ -180 -0.84] -2.08 -112 0.34 0.44 0.10

Source: U.S. Census Bureau, Population Division.
Note: Estimates by race shown for 2000 are based on the "average” of Mode!l 1 and Model 2
estimates described in the text.




Introduction

Demographic Analysis (DA) 1s a well developed tool for evaluating coverage. DA is an analytic
approach that has been extensively used at the Census Bureau to measure coverage of the
national population in every census since 1960 (see Siegel and Zelnik, 1966: U.S. Bureau of the
Census, 1974, 1988: and Robinson et al. 1993a for the demographic evaluations of the 1960-

1990 censuses).

Demographic Analysis represents a macro-level approach for estimating the net undercount by
comparing aggregate sets of data or counts. The demographic approach differs fundamentally
from the survey-based Accuracy and Coverage Evaluation (A.C.E.). The traditional DA
population benchmarks are developed for the census date by analysis of various types of
demographic data essentially independent of the census, such as administrative statistics on
births. deaths. immigration, and Medicare enrollments, as well as estimates of legal emigration
and net undocumented 1mmigration. The difference between the DA benchmarks and the census
count provides an estimate of the census net undercount. Dividing the net undercount by the DA
benchmark provides an estimate of the net undercount rate.

Internal consistency is an important aspect of DA. The foundation of the demographic method 1s
the longitudinal consistency of the underlying demographic data. DA follows the process of
population change as it occurs, starting with births. then incrementing or decrementing cohort
size with subsequent information on mortality and net migration. The administrative data for DA
have no sampling error and are available annually for the core components of births, deaths,
immigration, and Medicare enrollments.

Demographic Analysis estimates serve two principal purposes 1n census evaluation:

1) DA estimates provide an independent benchmark to assess completeness of coverage in the
current census and document changes in coverage from previous censuses. The national DA
estimates have become the accepted benchmark for tracking historical trends in net census
undercounts and for assessing coverage differences by age, sex. and race. As in past censuses.
DA estimates provide a new independent assessment of coverage in Census 2000 to add to the
historical time series. (See Robinson et al, 2000, for a discussion of the DA program for 2000).

2) The independence and internal consistency of the DA estimation process allow us to check the
survey-based A.C.E. coverage estimates; in particular, we can assess the consistency of the age-
sex results. As noted above. DA and A.C.E. use entirely different methodologies. Because the
sources and patterns of errors 1n the two estimates are sufficiently different. any disagreement 1n
the results is important to understand.

This report focuses on the second use of DA, that is, to assess the consistency of the DA and
A.C.E. coverage results.



Background

The Demographic Analysis coverage benchmarks provide a useful assessment of the accuracy of
the A.C.E. results. DA estimates have some limitations and some differences in the population
whose coverage is being measured. however. They are discussed below.

Limited detail of DA estimates

The major DA estimates are available only at the national level and only for two broad race
categories: Black and All Other Races Combined.® The latter is referred to as “NonBlack” in
this report. Because independent DA benchmarks are not available for the specific A.C.E.
poststrata cells, we compare the DA results to the A.C.E. results after aggregation across

postsirata.

Uncertainty in DA estimates

A concern regarding DA estimates is the uncertainty of the measured undercounts. The aggregate
administrative data and estimates used to construct the DA benchmarks are corrected for various
types of errors. There are assumptions in this estimation process, some of which can be validated
and some of which are based on quite limited information.

Births are by far the largest component of population change in the DA system: thus, even
relatively small errors in the estimates of births and the assumptions used to correct for
underregistration of births can have significant effects. The potential error would be greatest for
the cohorts born prior to 1950, where adjustments for birth underregistration are largest. DA
estimates for race groups are affected by the differences in the classification of births by race
used in the registration system with race classifications in the census. Race at birth is assigned
on the basis of the race of the parents, and different algorithms can lead to different race
assignments for births to mixed-race couples. While not affecting DA totals. this uncertainty
affects DA race estimates principally for the cohorts born after 1980. (See Robinson, 1991, for a
discussion of errors in the births estimates. and Robinson and Lapham, 1991, for a discussion of
the inconsistency in race classifications.)

Immigration and emigration. while smaller overall components than births, are subject to greater
relative error because of the greater uncertainty of some specific estimated elements (especially
emigration and net undocumented immigration). (See Woodrow. 1991a and 1991b. for
discussions of sources of error in these components.) As will be discussed later in this report.
we are particularly concerned about the reliability of the immigration components as they affect

* Throughout this report the term Black is used to refer to the Black or African American
population.



the DA estimates of net coverage in 2000. We conducted a sensitivity analys:s to assess the
possible impact of error in the emigration and net undocumented immigration components. This
analysis led to the incorporation of an “alternative” set of DA estimates to allow for the possible
understatement of net undocumented immigration in the DA components of growth.

For the first time. the national DA estimates in 1990 were accompanied by quantifiable measures
of error (Das Gupta. 1991). Appendix Table 4 shows the uncertainty measures for the 1990 DA
undercount rate estimates. This research demonstrates that DA estimates are subject to less error
1 terms of measuring differences in coverage according to age. sex, and race than in terms of
measuring absolute coverage levels. Many of the errors in the estimates are consistent and hence
tend to "cancel” 1n comparisons across sex, race, and time. For example, the DA sex ratios (ratio
of men to women) are less error-prone than the DA undercount estimates (see Robinson et al.,
1993a). The uncertainty measures also indicate that the DA estimate might tend to understate the
“true” population. As shown in Appendix Table 4, the mid-point of the intervals for individual
age-sex-race groups are almost always higher than the observed estimate.

We will develop a set of uncertainty measures for the 2000 DA estimates 1n later research. We
need to understand more about possible biases in the components of change from 1990 to 2000.
n particular the immigration component. We will carefully evaluate the Census 2000 sample
data on nativity, place of birth, and year of immigration for this purpose.

Inconsistencies in race classifications

The race categories in the DA estimates largely reflect the race assigned in the particular
administrative record at the time of the event (birth, death, or enrollment in Medicare). The DA
estimates of net undercount will be biased if people who are classified as a particular race in DA
(e.g.. Black) report as a different race in the census.

The effect of the new “mark one or more” instruction for the Census 2000 question on race
complicates the traditional comparison of DA estimates by race with census race tabulations. In
fact. the Census 2000 tabulations do not include a category “Black” that is comparable to 1990 or
earlier census tabulations. Tabulations for the Black population for 2000 contain tabulations of
the number of people who reported Black only and tabulations of the number who reported Black
whether or not they reported other races.

To deal with the reporting of more than one race, we present alternative DA estimates using two
models: (1) Model 1 compares the 2000 DA estimates for Blacks with Census 2000 tabulations
for people who reported Black only, (2) Model 2 compares the 2000 DA estimates for Blacks
with Census 2000 tabulations for people who reported Black whether or not they reported any
other race. At the youngest ages the differences are the greatest. The tables and figures also
show the average of the two model estimates for comparison to the historical DA estimates and
2000 A.C.E. results. These averages are not point estimates; research on the detailed

Census 2000 race and ethnicity data to be conducted later this year (Baumgardner et al.. 2001)
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may provide a basis for determining at which point along the Model 1 to Model 2 range of census
race tabulations the DA estimate might best be compared.

A final inconsistency affects race comparisons of the DA and A.C.E. estimates. In 1990, the 9.8
million people (mainly Hispanics) who reported their race as “Other Race-Not Specified” in the
census were redistributed (for DA estimation) to the categories White: Black; American Indian,
Eskimo, or Aleut: and Asian or Pacific Islander so that the census counts were consistent with

the race categories of the historical demographic estimates. A similar “modification” to make the
census race categories more comparable with the historical demographic data was again used in
2000 for the DA estimation.

The inconsistencies in the race data place even more importance on the use of sex ratios for
making inferences about coverage by race categories in Census 2000. Specifically, to the extent
that the inconsistencies in reporting and the numbers marking more than one race are about the
same for men and women, the inconsistencies will tend to cancel out in the calculation of sex
ratios. We found this assumption held true: in Census 2000, the sex ratios for people who
reported Black only are nearly identical to the sex ratios for people who reported Black whether
or not they reported other races.

DA and A.C.E. universe differences

An important distinction between DA and the A.C.E. estimates is that DA covers the total
population while the A.C.E. is limited to the household population. The difference in the
universes is the Group Quarters (GQ) population. The GQ population is included in the DA
estimates, and cannot be separated. The GQ population is excluded from the A.C.E. universe.

The A.C.E. approach essentially assumes that coverage of GQs in the census is the best we can
achieve. Differential coverage of the household and GQ population could affect the comparisons
with the DA estimates, especially for population subgroups where the GQ population 1s relatively
large.

We assess the impact of GQ population coverage in two ways. First, the GQ population’s share
of the total population of each of the A.C.E. age-sex-race groups can be determined from
Census 2000 data. This points to the subgroups that may be affected by the presence of
differential coverage of GQs (if it exists) and identifies other groups where the GQ population is
so small that it has hittle effect on the estimates. The GQ population’s share of the total
population is more than 5 percent for five of the broad A.C.E. race-sex-age categories—men and
women aged 18-29 (both race categories) and Black men aged 30-49. The GQ percent exceeds
15 percent for Black men 18-29; the coverage estimates for this group may be affected in
particular by the presence of any differential coverage of GQs.

Second. we compared rough benchmarks of the GQ population by type (e.g., correctional
institutions. nursing homes. military quarters, college dormitories) to Census 2000 results to



broadly assess coverage completeness of GQs. The benchmarks of the GQ population generally
agree with the Census 2000 results.

Results

Development of “Alternative” DA estimates based on benchmark
analysis

Demographic Analysis provides historical measures of total and differential undercount based on
demographic measures of components of population change — births, deaths, immigration, and
(for the elderly) changes in Medicare enrollment. Most of these components are well measured
(especially for recent decades) but several components of immigration have considerable
uncertainty, Among the latter components are net undocumented immigration, legal emigration.
and the change in the number of temporary legal migrants. Net undocumented immigration is
especially subject to uncertainty and must be estimated by comparing detailed data from
successive censuses with administrative data on legal immigration. For the 1990 to 2000 period,
the net flow of undocumented immigration was estimated at 2.8 rmllion.

For the total population, the preliminary DA results (referred to as the base DA estimates) imply
a net overcount of 1.8 million. or 0.65 percent in Census 2000. The overcounts in the base DA
estimates are especially large for NonBlacks, in particular NonBlack men aged 18-29. Upon
further examination of the results, we realized that the understatement of immigration.
particularly undocumented immigration, could be a reason for these unexpected results. We
conducted a systematic analysis using “error of closure™ and other analytic methods that led to
the development of the alternative DA set of estimates that incorporated an allowance for a
higher estimate of net undocumented immigration. We use this alternative set, in addition to the
current or “base” set. in the discussion of the DA coverage results and comparisons to the A.C.E.
results. Before presenting those results, we describe the analysis that led to the development of
the alternative DA set.

Census-level error of closure

As part of the Census Bureau’s ongoing population estimates program. the 1990 census
population for race groups (White: Black: American Indian. Eskimo, or Aleut: Asian and Pacific
Islander) and for Hispanics are carried forward each year based on estimates of components of
change since 1990. Estimates of the April 1, 2000 population are available. Differences from
the Census 2000 counts provide an “error of closure,” which measures the net effect of
differences in coverage in 1990 and 2000, and errors in the measurement of the components of
change (1990 to 2000), for the detailed demographic groups. Although very crude, these error of
closure measures, when supplemented by the DA results, provide a way to assess the overall
consistency of the census, A.C.E., and demographic estimates. Major deviations could signal a
serious error 1n one of the systems, which should be investigated. (See Robinson et al, 1993b. for



an example of the error of closure analysis of the 1990 census results.) In particular, we can
check 1f the pattern of deviations by demographic characteristics such as age and sex provides
clues to the possible understatement of immigration as suggested by the unusually large
overcounts shown by the base DA estimates for NonBlacks aged 18-29.

Table 1 presents error of closure measures for the total population. Hispanics, and NonHispanics.
The overall census result is 2.8 percent above the demographic benchmark for males and 2.2
percent above for females, implying higher net coverage in Census 2000 relative to 1990 and/or
an understatement of the components of change (causing the 2000 DA estimate to be too “low™).
The error of closure is relatively small and uniform across age-sex groups for the NonHispanic
population. This may suggest that the 1990-2000 coverage change was relatively uniform by age
and sex for NonHispanics, or that the error in component estimation did not disproportionately
affect specific NonHispanic groups. The Black population falls mostly in this category.

On the other hand. the error of closure is around 10 percent for the total Hispanic population, and
very different by age and sex. The error exceeds 30 percent for Hispanic men aged 18-29 (31.5
percent). Since coverage for this group probably did not improve by 31 percent relative to 1990,
some of the error 1s Iikely caused by the understatement of growth (possibly through
undocumented immugratton). Hispanics are largely classified in the NonBlack category for DA,
so this large relative bias for Hispanic men aged 18-29 is a factor leading to the large DA
overcounts for NonBlack men aged 18-29 shown in Table 7.

Other comparisons

In addition to the error of closure analysis, we can also examine the estimated changes between
1990 and 2000 in the Hispanic population and the foreign born population. If immigration is
understated in the estimated components of change, then the percent of the population that is
Hispanic. and the percent of the population that is foreign born, should both be understated
relative to Census 2000 results.

The best data for addressing these questions would be demographic analysis estimates for the
Hispanic and foreign born populations and the detailed Census 2000 sample data on country of
birth and period of entry cross classified by age, sex, race, and other characteristics.
Unfortunately, none of these data are currently available, However, we can make some
preliminary assessments by developing an estimate of the Hispanic and foreign born populations
in 2000 1implied by DA. Additionally, we can develop an estimate of the foreign born population
in 2000 by recalculating data from the March 2000 Current Population Survey (CPS) using the
Census 2000 counts of detailed age, race. sex, and Hispanic origin populations and the formal
weighting procedures of the CPS.

Tables 2A and 2B show the percent of the population that is Hispanic and the percent of the

population that is foreign born, measured or implied by the census, DA, and the A.C.E.
According to census results, the percent of the population that is Hispanic increased from 9.0
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percent 1n 1990 to 12.6 percent in 2000. Under the base DA, the implied percent Hispanic 1n
2000 is only 12.1 percent. Table 2B shows that in 1990. 8.0 percent of the total population was
foreign born. 35.8 percent of the Hispanic population was foreign born. and 5.3 percent of the
NonHispanic population was foreign bomn. The March 2000 CPS indicates that the foreign born
make up 10.1 percent of the total population, 38.4 percent of Hispanics. and 6.7 percent of
NonHispancis. Comparing these data to the percents implied by the base DA provides further
evidence of an understatement in the immigration component.

The immugration component is basically a compilation of many subcomponents—some of which
are better measured than others. Because of the lack of data, the estimates of the undocumented
immigration component, as well as the estimates for legal emigration and temporary migration,
are subject to a greater amount of uncertainty. We have examined the results of assuming
various mixtures of increasing undocumented immigration and decreasing emigration. We are
continuing to explore the effects of changing levels of legal temporary residents and other
smaller immigration components. Given the large proportion of Hispanics among undocumented
immigrants and the implied deficit of Hispanics in the base DA estimates. we chose to increase
the undocumented immuigration component in specifying the assumptions for the alternative DA.

Setting the Alternative DA assumptions

How much should we increase net undocumented immigration? Adopting a simple approach, we
first estimated the additional number of undocumented 1mmigrants that would be necessary to
reach the A.C.E. 2000 results. To do so, we would have to increase the net flow of
undocumented immigrants during the decade from the assumed amount of 2.8 million to 8.0
million, almost triple the level. As indicated in Tables 2A and 2B, this assumption results in a
percent Hispanic that 1s higher than in Census 2000. 13.2 percent compared to 12.5 percent.
Additionally, the implied percent foreign born would climb to 11.9 percent for the total
population and 42.9 percent for the Hispanic population, both substantially above the reweighted

CPS estimates.

Balancing the percent Hispanic and the percent foreign born to be close to the CPS estimates
requires a much smaller increase in undocumented immigration than 8§ million. A doubling of the
net increase in undocumented immigrants during the 1990 to 2000 decade, from 2.8 million to
5.5 million. would result in an estimated 12.7 percent Hispanic in 2000, slightly above Census
2000-and an estimated percent foreign born of 11.1, which is above the CPS estimates. This
leads us to believe that any further increase in the assumed net flow of undocumented immigrants
during the decade would likely be too high. In other words, to provide a reasonable upper
estimate of undocumented immigration, we chose to assume a doubling of the net flow of
undocumented from 2.8 million to 5.5 million.
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Comparison of 2000 A.C.E. coverage patterns with Base and
Alternative DA estimates and historical trends

This section compares the base and alternative DA estimates to Census 2000 counts and the
A.C.E. results. Tables 3 to 8 present the summary results. The base DA estimates represent the
estimates developed using the currently available demographic components of change, where as
the alternative estimates include a doubling of the estimated net number of undocumented
immigrants during the 1990's. The Appendix Tables provide additional information.

Total population

The Census 2000 count of 281.4 million is 1.8 million higher than the base DA estimate of 279.6
million (Table 3). Relative to DA. the difference implies a net overcount of 0.65 percent, which
is often expressed as a net undercount of -0.65 percent. This net coverage 1s dramatically
different from that in the 1990 or any other previous census. In 1990, the net undercount
estimated by DA was 4.7 million or 1.85 percent.

The alternative DA estimate is 282.3 million, 0.9 million above the Census 2000 count of 281.4
million. With the higher alternative estimate, DA measures a net undercount (0.32 percent).

The alternative DA estimate measures a lower level of net undercount than the A.C.E. estimate
of 3.3 million (1.15 percent). Either of the two DA sets imply a greater reduction in net
undercount from 1990 than the A.C.E. (Table 4). Under the base set, the estimated DA net
undercount rate fell by 2.5 percentage points from 1.85 percent net undercount in 1990 to -0.65
percent in 2000. Under the alternative DA set, the net undercount rate is reduced by 1.53
percentage points from 1.85 percent in 1990 to 0.32 percent in 2000.

The A.C.E. estimate of 1.15 percent net undercount in 2000 was 0.43 percentage points lower
than the 1.58 percent in 1990.

Sex

Both the base and alternative DA estimates show a relatively large reduction in the net
undercount of both males and females. though a smaller decline is indicated by the alternative
DA. According to the alternative set. the male net undercount drops from a rate of 2.8 percent in
1990 to 0.9 percent in 2000 (Table 4 and Figure 1). For females, the net undercount of 0.9
percent 1 1990 falls to -0.3 percent (an overcount) in 2000. The drop was greater for males,
reducing the male-female differential from 1.9 percentage points in 1990 to 1.2 percentage points
in 2000.

The A.C.E. measures a much smaller reduction in the net undercount rates from 1990 than the
base or alternative DA. The alternative DA net percent undercount for males in 2000 is 0.6
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percentage points below the A.C.E. estimate of 1.5 percent; the alternative DA estimate for
females is 1.0 percentage point below the A.C.E. estimate of 0.8 percent.

Sex and age

The more detailed estimates for sex and age groups continue to reveal the pervasiveness of the
change in coverage from 1990 to 2000 as measured by DA. The alternative DA estimates for all
age-sex groups continue to display lower levels of net undercount in 2000 than 1n 1990. The
2000 estimate 1s much lower for children (aged 0-17) and lower for adults of both sexes (Table 5
and Figure 2). though the reduction with the alternative set is less than indicated by the base DA

estimates.

Under the altemnative DA set. only 2 of the 8 age-sex groups show net overcounts. compared with
5 of the 8 groups using the base set. Note in particular the large change between the two sets in
the estimated net undercount rate of men and women aged 18-29. The male rate switches from
-2.6 percent (an overcount 1n the base set) to a 0.3 percent undercount (alternative set), and the
female rate 1s reduced from -3.1 percent to -0.7 percent. The change in the net undercount rates
for those aged 18-29 from 1990 to 2000 is more consistent with the pattern of change for most
other age-sex groups under the alternative DA.

The alternative DA net undercount rates are 1.0 percentage points or more below the
corresponding A.C.E. estimates for 3 age-sex groups (0-17 for males and 18-29 for both sexes).
The alternative DA estimate for men is higher than the A.C.E. estimate for ages 30-49 (the base
DA estimate was lower) and the alternative DA estimates for the population aged 50 and older
(both sexes) resemble the A C.E. results.

Unlike either of the DA sets. the A.C.E. does not indicate any improvement in coverage for adult
men and women in 2000 compared with the rates of 1990 (Figure 2). Both DA sets agree with
the A.C.E. in finding an appreciable reduction in the net undercount of children.

Race and sex

For the 2000 base DA estimates classified by race, three different sets are presented: (1) Model 1,
which compares the 2000 DA estimates for Blacks with Census 2000 tabulations for people who
reported Black only, (2) Model 2. which compares the 2000 DA estimates for Blacks with
Census 2000 tabulations for people who reported Black whether or not they reported other races,
and (3) an average of the estimates from the two models (Table 6 and Figure 3).

For both the base and alternative DA. the net undercount rates of Blacks are lower 1n 2000 than
1990 under both models. with the reduction being much greater under Model 2. For Black
males. the group with the highest net undercount rates historically, the average rate of 5.1 percent
for 2000 from the base DA is 3.4 percentage points below the 1990 estimate of 8.5 percent. For
Black females, the average rate of 0.6 percent in the base DA is appreciably lower than the 1990
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estimate of 3.0 percent (a drop of 2.4 percentage points).

The overall patterns of coverage in 2000 and changes from 1990 and earlier censuses as
measured by the base DA for Blacks are repeated for the alternative set. with the reduction being
slightly less under the alternative set. Nonetheless, the undercount rate of Black males (average
rate of 5.8 percent for alternative DA) remains considerably higher than for Black females or
NonBlack males or females.

Both DA sets are consistent with the A.C.E. results indicating a sharp decrease in the net
undercount rate for Blacks in Census 2000. The DA estimates give a different sex structure to
the undercount, however. DA measures a higher net undercount of Black males than does the
A.C.E.. but a lower net undercount rate for Black females. As will be noted 1n the discussion of
sex ratios. the higher DA percents for Black males than for Black females are indicative of
correlation bias in the A.C.E. results.

Moving from the base to the alternative DA has a greater effect on the estimates for NonBlacks
than for Blacks. because few undocumented immigrants are thought to be Black. The alternative
set modifies the undercount patterns for NonBlacks, reducing the relatively large net overcounts
indicated by the base DA set. The net undercount of -0.9 percent (an overcount) for NonBlack
males (average estimate) measured by the base DA set becomes a 0.2 percent net undercount
under the alternative set. while the -1.4 percent net undercount for NonBlack females is reduced
to a net undercount of -0.5 percent.

Both the base and alternative DA net undercount rates for NonBlacks fall below the A.C.E.
estimates, with the difference being much less for the alternative set. The alternative DA rate for
NonBlack males (average estimate of 0.2 percent) is 1.2 percentage points less than the A.C.E.
rate of 1.4 percent and the average rate for NonBlack females (-0.5 percent) is 1.1 percentage
points less than the corresponding A.C.E. estimate of 0.6 percent. Under either DA. a relatively
large improvement in coverage from 1990 to 2000 is measured. The A.C.E. results show
improvement in coverage for NonBlacks of a much smaller magnitude than the DA findings.

Race, sex, and age

Compared to historical DA trends, the DA estimates for 2000 reveal a broad decline in net
undercount rates for almost all race-sex-age categories (Table 7 and Figure 4). The estimated net
undercount rates for Black males and females in 2000 are lower than the corresponding 1990
rates for most of the age-sex comparisons under both the base and alternative DA and for both
Models 1 and 2. Using the average of Model 1 and Model 2 estimates. and examining both the
base and the alternative DA. the 2000 rate exceeds the 1990 rate only once—for Black males aged
18-29 (8.1 percent under alternative DA compared with 7.7 percent in 1990). As in previous
censuses, the undercount rates of Black men aged 18-29 and 30-49 in 2000 are substantially
higher than the estimates for any other race-sex group.
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The A.C.E. finds a large reduction in the net undercount rate of Black children and most Black
adult age categories compared with the 1990 PES estimates. This overall reduction is consistent
with the results indicated by the range of DA estimates for Blacks, except for ages 18-29. The
A.C.E. estimates a Black male net undercount rate that is essentially the same as the Black
female rate, while the alternative DA estimates a Black male rate that is much higher than the
Black female rate (about 8 percent average rates and under 2 percent average rates, respectively).

Both DA sets agree with the A.C.E. results in finding a broad-based improvement in coverage for
Blacks from 1990 to 2000 (see Figure 4), although both DA sets measure a much higher net
undercount rate for Black males aged 18-29 and 30-49 than the A.C.E. For Black females, the
range of 2000 DA estimates is Jower than the A.C.E. estimates for ages 18-29; however. the DA
rates bound the A.C.E. estimates for ages 30-49 and 50 and older.

For NonBlacks, the estimated net undercount rates of both DA sets continue to show a relatively
large improvement in coverage from 1990, though the change is less under the alternative DA
set. In particular. the estimated net overcount of NonBlacks ages 18-29 under the base DA was
reduced considerably under the alternative DA.

In 1990. both DA and the PES generally measured undercounts for all age groups within the
NonBlack population, the exception being that the PES measured an overcount for both older
men and older women. In contrast, for 2000, both the base and the alternative DA generally find
overcounts except for NonBlack men aged 30-49 and NonBlack girls aged 0-17. while the A.C.E.
continues to measure undercounts except for those aged 50 and older.

Comparison of sex ratio results

The base DA “expected” sex ratios for adult Blacks are much higher than the corresponding sex
ratios from Census 2000 or the A.C.E. estimates (Table 8 and Figure 5). This finding is
indicative of the higher undercount rate of Black men relative to Black women measured by DA.
It is important to note that these findings are the same whether using Model 1 or Model 2. The
“gap” in the sex ratios for NonBlacks is much smaller, reflecting the smaller male-female
difference in estimated undercount rates.

These results imply that the A.C.E. understated the net undercount of adult Black men (the well-
known “correlation bias”). As illustrated by the sex ratio comparisons for 1990. correlation bias
(relative to DA) is consistently found in the results of previous coverage measurement surveys.

Other demographic coverage benchmarks

This section compares the available demographic benchmarks for subnational areas with to the
Census 2000 and A.C.E. results. Although these benchmarks have noticeable limitations, they
provide additional consistency checks to inform the previous demographic findings on Census
2000 coverage and changes from previous censuses.



During the 1990s, we developed a set of illustrative coverage indicators for subnational areas and
used them to broadly evaluate coverage in the 1995 Test Census and 1998 Dress Rehearsal
(Robinson. 1996: Robinson et al. 1999). The indicators include mdependent benchmarks for the
total population, housing units. and various age segments of the population. The benchmarks for
the population aged 7 to 14 are based on school enrollment data and the benchmarks for the
population 65 and over are based on Medicare data. We examine the overall consistency of these
benchmarks with the census results. If inconsistences are found (e.g.. an indicator suggests a
decline or increase in coverage from the previous census), then coverage 1n the data sets or the
census has changed. This analysis can provide a crude assessment of the overall agreement of
the census, demographic benchmarks, and A.C.E. results.

Table 9 presents coverage ratios in 1990 and 2000 for county aggregations implied by three
different data sets: population estimates to assess relative coverage of the total population in
1990 and 2000; school enrollment data to infer relative coverage of the population aged 7 to 14;
and Medicare data to assess relative coverage of the population 65 and over. The county data
are aggregated first into regions, then sorted by the percent of their population that is not
NonHispanic White (minority concentration). and finally sorted by Hard-to-Count scores. The
comparison of ratios for the total population and each age group are consistent 1n indicating an
increase in coverage from 1990 to 2000-1n all regions of the country, and among all groups
examined here. In fact, the ratios suggest that coverage change was greater in areas with higher
minority concentrations. This result is consistent with the national DA and A.C.E. results that
show relatively greater reduction in net undercount from 1990 to 2000 for Blacks (and for other
minority groups using the A.C.E.).

For example, Table 9 shows that the total enumerated population relative to the population
estimate increased from 98.4 in 1990 to 101.0 1n 2000, an increase of 2.6. This measure for the
187 counties with more than 50 percent minority concentration registered a greater increase—from
96.7 to 100.3, or by 3.6. For the 1,767 counties with less than 10 percent minority concentration,
the 1990 to 2000 increase is 1.4. The pattern of change is similar for the measures based on the
school enrollment and Medicare enrollment data. They increased for all county groupings—but
tended to increase more for the areas with greater minority concentrations and higher hard-to-
count scores. These findings of “universal™ coverage change from 1990 to 2000 are consistent
with the DA estimates in Tables 4 to 7 that indicate a large decline in net undercount—for
NonBlacks as well as Blacks, and for older ages as well as younger ages.
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Table 1--Comparison of Census 2000 Counts with Demographic-based Population
Estimates (2000 Population estimates are based on 1990 census benchmarks carried
forward with estimates of components of change for 1990 to 2000)

2000 Estimate 2000 Census 2000 Census minus 2000 Estimate
Amount Percent
Male |  Female Male | Female Male | Female Male Female
TOTAL
Total 134,289,122  140,319.224] 138,053,563 143,368,343] 3,764,441 3,049,119 2.80 2.17
0-17 36,062,099 34,344,874 37,059,196 35,234,616 997,097 889,742 2.76 259
18-29 22,418,204 21,942,596 23,672,589 22,852,201 1,254,385 909,605 5.60 4.15
30-49 41,724,771 42 515,455 42,659,073 43,092,246 934,302 576,791 2.24 136
50+ 34,084,048 41,516,299 34,662,705 42,189,280 578,657 672.981 1.70 162
HISPANIC
Total 16,173,101 16,004,873 18,161,795 17,144,023] 1,988,694 1,139,150 12.30 7.12
0-17 5,814,029 5,549,484 6,334,844 6,007,415 520,815 457,931 8.96 8.25
18-29 3,364,576 3,159,992 4,424,498 3,704,716] 1,059,922 544,724 3150 17.24
30-49 4,735,952 4,562,559 5,207,769 4,821,610 471,817 259,051 9.96 5.68
50+ 2,258,544 2,732,838 2,194,684 2,610,282 -63,860 -122.556 -2.83 -4.48
INONHISPANIC
Total 118,116,021 124,314,351} 119,891,768 126,224 320} 1,775,747 1,909,969 1.50 1.54
0-17 30,248,070 28,795,390 30,724,352 29,227,201 476,282 431,811 157 1.50
18-29 19,053,628 18,782,604 19,248,091 19,147,485 194,463 364,881 1.02 1.94
30-49 36,988,819 37,952,896 37,451,304 38,270,636 462,485 317,740 1.25 0.834
50+ 31,825,504 38,783,461 32,468,021 39,578,998 642,517 795,537 2.00 2.05

Source: U S. Census Bureau, Population Division.
See Appendix B for description of methodology for the 2000 population estimates.



Table 2A. Percent of the U.S. Population that is Hispanic
According to Census Counts, DA and A.C.E. Estimates

% Hispanic
1990 census 8.99
Census 2000 12.55
2000 A.C.E. 1276
Implied by Base DA (assumes 2.77 12.13
rllion net undocumented migrants)
Implied by Alternate DA 12.72
(assumes 5.53 million net undocumented
migrants)
Implied by controlling to A C.E ! 1320
(assumes 8 02 million net undocumented
migrants)

Source: U S. Census Bureau, Population Division.

! Undocumented mu gration 18 increased to 8.02 nullion,

the amount necessary to reach the A.C.E. population total in 2000,
starting with the 1990 Census adjusted by the PES and using the
remaining components from the Base DA



Table 2B. Percent of the U.S. Population that is Foreign Born
According to Census Counts, CPS, DA and A.C.E. Estimates

Total Hispanic  NonHispanic

1990 census 7.95 35.81 5.26
Revised March CPS 2000 10.86 39.42 6.75
Implied by Base DA 10.26 36.52 6.63

(assumes 2.77 million net
undocumented migrants)

Implied by Alternate DA 11.13 40.05 6.92
(assumes 5.53 million net
undocumented migrants)

Implied by controlling to A.C.E.? 11.89 42.94 7.16
(assumes 8.02 million net
undocumented migrants)

Source: U.S Census Bureau, Population Division

! The published March 2000 Current Population Survey (CPS) data were controlled to
age, race, sex, and Hispanic origin estimates based on the 1990 census. For the ESCAP
deliberations, the CPS data were recalculated using aggregate Hispanic origin data from
Census 2000 Subsequently, the data were further refined by recalculating using more
detailed age, race, sex, and Hispanic origin numbers and the formal weighting procedures
of the CPS These results, which are included 1n this report, are slightly different, but
lead to the same conclusions.

2 The undocumented population 18 increased by the amount necessary to reach the A.C.E.
population estimate.



Table 3-- Census Count, Base and Alternative Demographic Analysis (DA)
Estimates, and Accuracy and Coverage Evaluation (A.C.E.) Estimate for the U.S.

Resident Population: April 1, 2000

(a munus s1gn denotes a net overcount)

Count or Estimate

1. Census Count 281,421.906

2. DA Estimate

a. Base Set 279,598,121
b Alternative Set 282,335,711
3. A.CE Estunate 284,683,782

Dafference from Census Count

4. DA Estimate

a Base Set (=2a-1) -1,823,785
b Alternative Set (=2b-1) 913,805
5. A.C.E Estimate (=3-1) 3,261,879

Percent Dafference

6. DA Estimate

a. Base Set (=4a/2a%100) -0.65
b. Alternative Set (=4b/2b*100) 0.32
7. A.CE Estimate (=5/3*100) 1.15

Source: U.S. Census Bureau, Population Division.

Note:The DA estimates for ages under 65 are based on components of population change (births, deaths,
legal immugration and estimates of emigration and undocumented immgration.)

The DA estimates for ages 65 and over are based on 2000 Medicare data, adjusted for underenrollment.
DA Base Set - DA estimates without alternative assumptions (see components 1n Table Al1).

DA Alternative Set - DA base estimates with alternative assumption that doubles the estimated net number
of undocumented immugrants entering during the 1990's.



Table 4--Estimates of Percent Net Undercount by Sex, Using Two DA Sets of Estimates: 1940 to 2000

(a minus sign denotes a net overcount)

Demographic Analysis Survey-based
2000 PES {A.C.E.
Category 1940 1950 1960 1970 1980 1990] Base DA jAlt DA 1990 2000
Fotal Population 5.38 4.14 3.08 2.7 1.22 1.85 -0.65 0.32 1.58 1.15
Male 5.75 4.45 3.51 3.45 2.20 2.79 -0 13 0.91 1.93 1.51
Female 500 3.84 266 1.99 0.28 0.94 -1.16 -0.25 1.25 0.79
Male.Female Daff. 0.75 0.61 085 1.46 1.92 1.85 103 116 0.68 0.72

Pct. Net Undercount

Source. U.S. Census Bureau, Population Division.

Source of DA: 1940-1990-- Robinson, J. Gregory, Bashir Ahmed, Prithwis Das Gupta, and Karen Woodrow,
"Estimates of Population Coverage in the 1990 United States Census Based on Demographic Analysis", Journal of the
Armerican Statistical Association, Vol. 88, No. 423, pp. 1061-1077. Estumates for 2000 - See Appendix Tables 1- 3.

Source of PES / A.C.E. See Appendix Table 1 and 2

Figure 1--Percent Net Undercount by Sex Based on DA or PES/A.C.E: 1990 and 2000
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Table 5--Estimates of Percent Net Undercount by Sex and Age, Using Two DA Sets of Estimates:

Pct Net Undercount

1960 to 2000

(a munus sign denotes a net overcount)

Demographic Analysis Survey-based
2000 PES A.C.E
Category 1960 1970 1980 1990 Base DA | Alt DA 1990 2000

MALE

Total 3.51 3.45 2.20 2.79 -0.13 091 1.93 1.51
0-17 2.82 2.71 0.91 2.16 -0.51 0.27 317 153
18-29 5.85 389 3.27 2.15 -257 034 3.16 3.45
30-49 4.24 5.09 364 3.33 128 2.26 1.85 1.81
50+ 2.22 2.53 1.25 2.72 0.15 0.29 -0 57 -0.24
FEMALE

Total 2.66 1.99 0.28 0.94 -1.16 -025 1.25 0.79
0-17 184 237 0.90 2.43 0.06 0.87 3.20 1.54
18-29 2.76 132 0.43 0.64 -3.07 -0 66 281 2.11
30-49 188 1.25 -0 03 0.50 -0.91 0.04 0.88 0.95
50+ 4.56 262 -017 0.24 -1 43 -1 28 -1.20 -0 76

Source: U.S Census Bureau, Population Division.

Figure 2--Percent Net Undercount by Sex and Age Based on DA or PES/A.C.E: 1990 and 2000
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Pct Net Undercount

Figure 3--Percent Net Undercount by Race and Sex, Based on DA
or PES/A.C.E.: 1990 and 2000
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Note: The ““averages” for the Base and Alternative DA Estimates are plotted in these figures.
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Figure 4--Percent Net Undercount by Race, Sex, and Age, Based on DA or PES/A.C.E: 1990 and 2000
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Note: The “averages” for the Base and Alternative DA Estimates are plotted in these figures.



Table 8--Sex Ratios for the Census, PES / A.C.E., and DA, by Race and Age: 1990 and 2000

(Sex ratios represent males per 100 females)

1990 2000
DA A.CE. Census

[Category DA PES Census Base Alt Model 1 | Model 2 | Model 1] Model 2
BLACK
Total 95.16 90.44 89.59 94 90 94.94 9105 91.19) 90.58  90.66
D-17 102 42 102 37 102 42 102.73 102.68] 103.30 10307] 103.31 10309
18-29 99 27 9213 93.99 100.22 100.32) 94.10 9391 9399  93.74
B0-49 95.92 89.00 86.17 96.47 96 54  89.66 89.65 88353 88 4?j
50+ 78 33 72.08 71 49 76.94 76.921  73.51 73.55 7347 73.44
INONBLACK
[Total 97 19 96.54 05.89 97.66 97 80 97.88 97091 97.15  97.18
P-17 10523 105 51 105.51 104 95 10491} 10550 105.59] 105.53 105.60
18-29 104.94 104 57 103.78 104.8! 105421 106.89 107.03] 105.27 105.38
50-49 102 Q0 100 34 99.59 101.94 101.98] 101.36 101.42( 100.59 100.64
50+ 80.79 79.86 79.38 84.17 84 16 83.54 8357 8310 83.12J

Source: U S Census Bureau, Population Division.

Note. Model 1 compares the 2000 DA estimates for Blacks with Census 2000 tabulations for people who only
reported Black. Model 2 compares the 2000 DA estimates for Blacks with Census 2000 tabulations for people
who reported Black whether or not they reported any other race.

DA, survey, and census data used to compute sex ratios are consistent with data used in Table 7.

Figure 5 --Comparison of Sex Ratios for Black and NonBlack: Census, A.C.E. and DA: 2000
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Table 9. Census Counts Relative to Demographic Benchmarks for County Groupings: 1990 and 2000

Total Population Ages 7-14 Ages 65+

Census compared to Census compared to Census compared (o

population estimates’ school enrollment Medicare enrcoliment

1990 2000 1990 2000 1990 2000
Category Counties | Census Census  Diff Census  Census Diff Census  Census Daff
¢y €y 3 @=321 & 6 (7)=6-5 & 9  (10)=9-8

IRegion
All Counties 3,141 984 1010 2.6 98.6 101.9 33 1030 1059 2.8
Northeast 217 992 102.4 32 99.7 101.1 14 101.9 1045 2.6
Midwest 1,055 99.3 100.8 1.5 100.3 101.9 16 1014 1033 18
South 1,424 97.9 1011 3.2 96.6 101.4 4.8 104.5 107.7 33
West 445 97.5 100 1 26 989 103.4 4.5 1039 1072 33
[Minority Concentration
All Counties 3,138 984  101.0 2.6 98.6 101.9 3.3 103.0 1059 2.8
Minority > 50% 187 96.7 100 3 3.6 95.2 100 4 53 1045 1091 46
Minority 25-50% 553 97.8 101.0 31 97.5 101.4 39 102.3 105.3 3.0
Minority 10-25% 631 98.9 1017 2.8 98.9 1019 3.1 103.6  106.2 27
Minority < 10% 1,767 993 100.7 14 100 8 103.1 2.3 1026 1049 2.3
Hard-to-Count (HTC)
Scores
All Counties 3,138 98.4 101.0 2.6 98.6 101.9 33 103.0 1059 2.8
HTC >=70 415 969 100.2 34 95.8 100.9 5.1 103.3 107.7 4.4
HTC 50-70 620 980 101.6 36 97.9 101.4 3.5 1032 106.6 3.3
HTC 30-50 889 98.9 101.4 2.5 98.8 101.7 29 1026 1049 2.3
HTC < 30 1,214 99.5 100.5 1.1 101.1 103.5 2.4 103.2 1054 22

Col 2 Represents ratio of 1990 census to 1990 PES adjusted population times 100.
Col. 3 Represents ratio of 2000 Census to 2000 population estimate (adjusted for net undercount using the PES times 100 )
Col. 5 Represents rato of 1990 census ages 7-14 to 1989-90 school enrollment (grades 1-8) times 100,
Col. 6 Represents ratio of Census 2000 ages 7-14 to 1998-99 school enrollment (grades 1-8) times 100.
Col 8 Represents ratio of 1990 census ages 65+ to 1990 Medicare enrollment times 100.
Col. 9 Represents ratio of Census 2000 ages 65+ to 1999 Medicare enrollment times 100,

Minority concentration 1s based on 1990 census population of counties, and mcludes all groups other than Non-Hispanic Whates.
HTC Scores are based on 12 specific demographic, housing, and socioeconomic variables that are associated with nonresponse and

undercount (including percent renter, multi-units, lack of telephone, vacancy rates, poverty, not high school graduate, mobility, and language

1solauion) Three counties that do not have demographic data for both 1990 and 2000 are excluded. See appendix B for discussion of

methodology

Note. Numbers may differ 1n last digit due to rounding.

! The population estimates are based on the same assumption as the base DA, but have been calculated for subnational areas.




Appendix A
Description of Methodology for Demographic Analysis

The particular analytic procedure used to estimate coverage nationally for the various
demographic subgroups depends primarily on the nature and availability of the required
demographic data. Two principal demographic techmaques are used to produce the demographic
analysis estimates for 2000. one for the population under age 65 and another for the population
65 and over. Essentially the same methodology was used for the 1990 census. In this section we
describe the age group components. the development of historical estimates, and the limitations

of the estimates.
Age group components

(1) Ages under 65. The Demographic Analysis estimates for the population below age 65 are
based on the compilation of historical estimates of the components of population change: births
(B), deaths (D). immigration (I), and emigration (E). Presuming that the components are
accurately measured. the population estimates (P,,) are derived by the basic demographic
accounting equation applied to each birth cohort:

P,c.=B-D+I-E (1)

The actual calculations are carried out for single-year birth cohorts. For example. the estimate of
the population age 40 on April 1. 2000 is based on births from April 1959 to March 1960
(adjusted for under-registration), reduced by deaths to the cohort in each year between 1960 and
2000. and incremented by estimated immigration and emigration of the cohort over the 40-year

period.

The historical data on births come from the vital registration system. These data have been
available for all states since about 1933. The extent of underregistration has been empirically
quantified and correction factors are available. Births represent by far the largest component in
equation 1. The component of deaths is also based on the vital registration system. These
records are relatively complete. Data on legal immigration come from the Immigration and
Naturalization Service. The number of emigrants and undocumented immigrants are estimated
using analytic methods; these two components are subject to the greatest uncertainty.

(2) Age 65 and Over. Administrative data on aggregate Medicare enrollments are used to
estimate the population age 65 and over (P¢.):

Pes, =M +m, (2)

where M is the aggregate Medicare enrollment and m is the estimate of under-enrollment.
Although Medicare enrollment is generally presumed to be quite complete, adjustments are made
to the basic data to account for groups who are omitted. An estimated 3.7 percent of the 65 and
over population 65 and over was not enrolled in Medicare in 2000. (See Robinson, 1991b for a



description of the methodology used to estimate Medicare underenrollment.)

Appendix Table 1 displays the components of change used to carry forward the DA population
from 1990 to 2000 to estimate the population under age 65 in 2000. The table also shows the
estimated DA population 65 and over in 2000 based on Medicare data.

Limitations of the demographic estimates

The aggregate administrative data and estimates that are incorporated in equations | and 2 above
are corrected for various types of errors. Many assumptions go into this estimation process,
some of which can be validated and some of which are based on quite limited information.

Births are by far the largest component of population change involved in the DA system: thus,
even relatively small errors 1n the estimates of births and the assumptions used to correct for
underregistration can have significant effects. The adjustments for birth underregistration are
based on three tests of registration completeness (1940, 1950. and 1964-68). The estimated level
of completeness was 92.5 1n 1940 (81.9 percent for Black births), 97.9 in 1950 (93.7 for Black
births). and 99.2 by 1964-68 (98.0 for Black births). Factors for other years are derived by
interpolation and extrapolation. In particular, the estimated number of Black births depends on
the quality of the adjustment factors. An investigation and subsequent revision of the 1940 birth
registration results led to a downward adjustment to the time series of Black births (1935-1945)
and lowered the estimated net undercount for those Black cohorts (Passel, 1991; Robinson.
1991). See Robinson (1991a) for a discussion of the uncertainty in the birth series used to
construct the demographic estimates.

With the exception of a correction for infant deaths occurring in years prior to 1960. death
statistics are used without any adjustments for misreporting of age. sex, or race or for
underregistration. Immigration and emigration, while overall smaller components than births or
deaths. are subject to larger relative error because of the greater uncertainty of some specific
estimated elements (especially emigration and undocumented immigration). See Woodrow,
1991a and 1991b for a discussion of the uncertainty in the immigration components used to
construct the demographic estimates. We will be conducting extensive evaluations of the
immigration components using Census 2000 data on nativity. place of birth and year of entry.

The overall accuracy of the demographic estimates depends on the quality of the demographic
data and adjustments. The internal consistency of the demographic estimates permits the trends
and changes in net coverage patterns over time to be estimated more precisely than the exact
level of net coverage in any given census (see Robinson et al., 1990: Robinson et al., 1993a).

Another hmitation of the demographic analysis is that the demographic estimates for age, sex,
and race groups only measure net undercount in the census. They do not tell us about the
separate components of net coverage error (omissions, erroneous inclusions) or net content error
(see Hogan and Robinson. 1993).
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Appendix B

Description of Methodology for Other Demographic Benchmarks

Introduction

We supplement the Demographic Analysis results, which are available only at the national level,
with other demographic benchmarks and analytic techniques that provide inferences of coverage
changes for subnational areas.

The use of independent demographic benchmarks to evaluate the census and A.C.E. results relies
on three estimates or data sets. Some of the benchmarks refer to the total population, some
pertain to limited age groups only. Our objective is to see if the different benchmarks can
together provide an independent basis to evaluate the change 1n coverage patterns from 1990 to
2000. Given some uncertainty in the demographic estimates. no one method can stand alone. If,
however, all or most estimates are consistent in pointing to a reduction in the net undercount in
Census 2000, we can have more confidence 1n the results.

Methodology

The three approaches to developing independent demographic benchmarks are as follows:

(1) Independent benchmarks of the total population in 2000.

(2) Independent benchmarks of the population 65 and older based on Medicare data.

3) Independent benchmarks of the school-age population based on school enrollment data.
The development of the above benchmarks is described below.

The methods employed in this project use aggregate level administrative data to produce the
independent benchmarks. Other research is being conducted at the Census Bureau which uses
administrative records at the individual level. That project is not included in this work, but a
comprehensive integrated coverage measurement program in 2000 would draw from both
approaches (aggregate and individual levels).

Independent benchmarks of the total population in 2000

The Census Bureau, as part of its postcensal population estimates program, produces annual
estimates of the total population for states, counties, and places. The estimates for Census 2000
are based on the 1990 census, carried forward with estimated components of change (births,

deaths, net migration). The estimates program represents a cost effective, operationally feasible,
and timely source for providing independent benchmarks for evaluating the results.



To produce the 2000 population estimates. the demographic accounting equation is:

TPZOOO = TC90 + B9O—00 - D9O-00 + M‘)O-OO (1)
where:

tP2000 = "Census-level" estimate for the total population (all ages) in 2000

Co = Census count of the total population 1n 1990

By = Births occurring between the census (1990) and the estimate date (2000)

Dygoo = Deaths to the population occurring between the census (1990) and the

estimate date (2000)
Moggo = Estimated net migration occurring between the census (1990) and the

estimate date (2000) (includes domestic and international migration)

A description of the Census Bureau methodology of producing subnational population estimates
is provided by Batutis (1994). Long (1993) and Sink (1996). An evaluation of the accuracy of
the 1990 postcensal population estimates (compared to 1990 census counts) is provided by Davis

(1994).

For this evaluation, allowance is also made for net under enumeration 1n 1990 (the standard
population estimates are "census level”). This is accomplished by adding a factor for undercount

to equation 1:

P00 = 2000 + 7000 (2)
where:

Pl = Adjusted-level for the total population in 2000

1Ugo Estimate of net undercount in the 1990 census

The factor for undercount 1s based on the 1990 PES and supplemented by illustrative estimates
developed below.



Independent benchmarks of the population 65 and older in 1990 and 2000 based on
Medicare data

Medicare data have been used extensively in the development of demographic analysis coverage
estimates for the nation and in the production of postcensal population estimates for states and
counties. Medicare tabulations at the county level for the most currently available date (1999)
provide independent benchmarks for assessing the Census 2000 results for the population 65 and

older.
We use Medicare data to assess coverage of the population 65 and older as follows:

Ratio, _ P N Y (3)

where:

Ratio Ratio of census population 65 and over to Medicare enroliment for the

population 65 years and over (in 1990 or 2000)

6Py = Census population 65 and over (in 1990 or most currently available for
companson to Census 2000)

M, = Count of the number of persons aged 65 and over enrolled in Medicare (in
1990 or most currently available for comparison to Census 2000)

The ratios of the census population to Medicare enrollment 1n 1990 and 2000 are used to broadly
assess change in coverage. If the ratio in 2000 is greater than the ratio in 1990 we infer an
improvement in census coverage of the population 65 and older; if the ratio in 2000 is lower we
infer a decline in coverage.

The ratios themselves cannot be used as direct measures of coverage because of known
differences between the census and Medicare universes. First, no allowance is made for
underenrollment 1n the Medicare files (estimated to be about 3 percent nationally). Second, the
county of residence in the census could be different than that reported in the Medicare file
(e.g., location of doctor’s office address). As Jong as the underenrollment and residency
reporting remain about the same in 1990 and 2000, the change in the ratios can be used as a
rough indicator of change in coverage. Estimates of national underenrollment imply about the
same relative underenroliment in 1990 and 2000.

Also, since the Medicare data used (1990-1999) represent a 9-year interval, and the census
represents a 10 year interval (1990-2000). the ratios of the two numbers (census /Medicare) will
overstate the 1990 1o 2000 change shown in Table 9. This inconsistency will have less effect on
comparisons of the ratios across groups (e.g., by region, minority concentrations) which is a main
focus of the benchmark comparisons.



School Enrollment Data

Administrative data on school enrollment provide independent benchmarks for evaluating
coverage of the school-age population. The school enrollment data, which are quite complete
(especially for public schools), can be compared with the enumerated school age population to
provide coverage indicators at the time of the 1990 census and Census 2000. This provides an
effective means to measure change in completeness of coverage between the two points in time
(1990 and 2000). 1n a manner similar to the use of the Medicare data for the older population.

We utilize school enrollment data to infer the change in coverage as follows:

Ratio, _ 4P, / SE, €))
where:

Ratio = Ratio of census population to school enrollment (in 1990 or 2000)

P = Census population aged 7-14 (in 1990 or 2000)

SE, = Count of the number of persons enrolled in grades 1 to 8 (in 1989-90 or

1998-99). The enrollment data refer to 1989-1990 (for comparison to the
1990 census) or 1998-1999 (most currently available for comparison to
Census 2000). Both public and private enrollment data are used.

If the ratio in 2000 is greater than the ratio in 1990. we infer an improvement in census coverage
of the school-aged population; if the ratio in 2000 is lower we infer a decline in coverage. As
with the discussion of the Medicare-based ratios, the ratios themselves cannot be used as direct
measures of coverage because of known differences between the census and school enrollment
universes. First, no allowance is made for children not enrolled in school (which would include
those in institutions and schooled at home). Second, the county of residence in the census could
be different than that reported in the school file (i.e., location of school’s address). As long as
the enrollment levels and school districts remain about the same in 1990 and 2000, the change in
the ratios can be used as a rough indicator of change in coverage.

Also, since the school enrollment data used (1990-1999) represent a 9-year interval, and the
census represents a 10 year interval (1990-2000). the ratios of the two numbers (census /school
enrollment) will overstate the 1990 to 2000 change shown in Table 9. This inconsistency will
have less effect on comparisons of the ratios across groups(e.g.. by region or minority
concentrations).



Appendix C

Foreign Born Methodology

The results of the base DA analysis as well as the examination of other demographic benchmarks
led us to examine the demographic components of population change. If immigration is
understated in the estimated components of change. then the percent of the population that 1s
Hispanic and the percent of the population that 1s foreign born should be understated relative to
Census 2000 results.

The best data for addressing these questions would be the demographic analysis estimates for the
Hispanic and foreign born populations as well as the detailed Census 2000 sample data on
nativity. place of birth. and year of entry cross classified by age. sex, race. and other
charactenistics. Unfortunately, none of these data are currently available for this analysis.
However. we can make some preliminary assessments by developing an implied set of
demographic analysis estimates for the Hispanic and foreign born. Additionally, we can develop
implied data on the foreign born in Census 2000 by reweighting data from the Current
Population Survey (CPS) for 2000 to reflect the Census 2000 populations.

For this analysis. several estimates of the foreign born in 2000 were developed using the
traditional demographic component technique. This technique carries a beginning population
forward using estimates of the components of population change ( births, deaths, and
international migration) during the period.

The international migration component is a compilation of measured and unmeasured
subcomponents. The measured components include legal immigration and refugees, legal
emigration. movement between the United States and Puerto Rico, and movement of civilian
citizens between the United States and foreign countries. Because of the lack of “hard” available
data, the estimates of undocumented immigration, as well as the estimates for emigration and
temporary migration, are subject to a greater amount of uncertainty. Various scenarios were
developed that varied the level of undocumented migration and emigration. However, upon
examining the resulting percent of the population that is foreign born and the percent of the
population that is Hispanic. we concentrated on varying the undocumented migration component.

Step one in the development of the estimates of the foreign born began with the construction of
the 1990 foreign-born population consistent with the 1990 adjusted population. This was
necessary because nativity is a sample characteristic, hence the foreign-bom population adjusted
for the net undercount was not available. Two adjusted foreign born populations were developed
- one consistent with the 1990 PES Modified Age, Sex. Race file (MARS) file adjusted
population and one consistent with the 1990 DA population.



For the 1990 PES population, we applied the foreign-born percentages from the 1990 census by
age group. sex, race, and Hispanic origin to the corresponding 1990 population that reflected the
PES adjustment. Once the beginning population was available. it was a straightforward approach
to carry out the demographic accounting process. For this process. we assumed that the relevant
death rates applied equally to the native and foreign-born populations. Since no births can be
“foreign born™ we are left with only the international migration component. Since a small
portion of the emigration component is assumed to be native emigration. we excluded that
portion from the foreign-born calculations and assumed the remaining amounts of international
migration were applicable to only the foreign-born population. In doing this. we did include the
movement between the U.S. and Puerto Rico as well as the movement of civilian citizens in the
foreign born calculations.

In one set of estimates. we used the base set of components of population change and calculated
the resulting foreign-born percentages. In another set. we doubled the number of net
undocumented migrants and calculated the resulting foreign-born percentages. In a third
illustrative set, we increased the number of undocumented immigrants to a level that would
enable us to reach the 2000 A.C.E. population total using the 1990 PES population as the
beginning point with the remaining components of population change at the base level. This
scenario resulted 1n an increase in the undocumented migration component from 2.77 million to
8.02 million.

The estimates of the foreign born using the 1990 DA population as the base were carried out in a
similar manner. The only difference was the development of the base population. Because the
1990 DA population was only available for the Black and NonBlack populations. we calculated
an implied Hispanic DA population first and then developed the relevant foreign-born
population.

To develop the implied Hispanic DA population, we increased the 1990 PES population to
match to the 1990 DA levels. This resulted in raising the 1990 PES adjustment from 4,046,555
to 4,683,913 and ratsing the adjusted Hispanic population by 186,000. We developed the
implied DA NonHispanic population by simply subtracting the implied Hispanic DA estimates
from the totals for DA.

Once we developed the implied DA Hispanic and NonHispanic populations. we developed the
relevant foreign-bom populations and estimates for 2000 paralleling the method for the 1990
PES population. Tables 2A and 2B present the implied foreign-born and Hispanic percentages
resulting from these various calculations.
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Appendix Table 4-- Uncertainty Intervals for the Demographic Analysis Estimates of Percent

Net Undercount by Race, Sex, and Age: 1990

Race, Sex, Percent Undercount 95-Percent Confidence
Age Interval
Observed l Mean lDifference Lower I Upper ] Length
Black male
Total 8.47 9.31 0.84 7.18 11.44 4.25
0-9 8.07 859 0.52 5.96 11.22 5.26
10-14 1.95 2.51 0.56 0.36 4.65 430
20-29 9 09 10.08 0.99 835 11.82 347
3044 12.50 13.55 105 11.63 15.47 3.83
45-64 1187 13.44 1.57 9.15 17.74 8.59
65+ 3.00 2.34 -0.66 -144 613 756
Black female
Total 2.97 4.03 1.06 1.94 6.12 4.18
0-9 7.75 821 0.46 563 10.79 516
10-14 2.13 2.62 049 0.56 4.68 4.12
20-29 347 4.39 092 2.68 6.11 343
3044 255 363 1.08 160 566 4.06
45-64 0.61 2.29 1.68 -2.07 6 64 8.72
65+ -0.95 1.58 253 -1.60 4.76 6.36
Non-Black male
Total 1.94 2.51 0.57 149 3.52 2.04
0-9 2.63 3.19 0.56 2.34 403 1.69
10-14 -0.89 -0.16 0.73 -1.11 0.79 1.90
20-29 1.70 2.68 0.98 147 390 242
3044 289 3.85 0.96 2.70 5.00 2.30
45-64 273 2.93 0.20 087 499 4.12
65+ 142 0.84 -0.58 -1.14 2.83 3.97
Non-Black female
Total 0.61 1.30 0.69 0.29 2.31 2.03
0-9 2.76 333 0.57 2.49 4.16 1.67
10-14 -0.53 017 0.70 -0.73 1.07 1.80
20-29 0.63 1.47 084 042 2.52 2.10
3044 0.22 1.14 0.92 -0.09 2.36 245
45-64 044 070 0.26 -1.45 2.84 429
65+ 040 124 0.84 -043 292 3.35
Total Population
Total 1.83 2.49 0.66 1.63 3.36 1.73
0-9 3.53 4.08 0.55 3.08 5.08 2.00
10-14 -0.28 0.40 0.68 -0.55 1.35 1.90
20-29 190 2.81 091 1.65 397 2.33
3044 2.30 3.25 095 2.14 4.37 2.23
45-64 2.02 2.40 0.38 0.67 4.13 345
65+ 079 114 035 -0 68 297 3.66

Source: Das Gupta, Prithwis, 1991. DA Evaluation Project D10. “Models for Assessing Errors in Undercount Rates
Based on Demographic Analysis”. Preliminary Research and Evaluation Memorandum No. 84, U.S Bureau of the
Census.



