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1. BACKGROUND

This paper discusses the use of confidence
intervals and loss function analyses to evaluate the
Census Bureau' srevised estimates of coverage error in
Census 2000 from the Accuracy and Coverage
Evaluation Survey or A.C.E.(U. S. Census Bureau 2003).
The original A.C.E. estimatesin March 2001 indicated a
1.18 percent undercount in the Census 2000 population
Size of 281,421,906. The Census Bureau discovered that
undetected duplicate enumerations in the census were
a major source of error in the A.C.E. estimates and in
October 2001 produced the A.C.E. Revision Preliminary
estimates, which indicated the net undercount was 0.06
percent (Thompson, Waite, Fay 2001, Mule2002). The
latter estimates included adjustments to account for
duplicate census enumerations and other enumeration
sample (E-sample) measurement errors detected by the
M easurement Error Reinterview (Raglin and Kresa2001)
and the Matching Error Study (Bean 2001).
Subsequently, the Census Bureau devel oped the A.C.E.
Revision |1 estimates, which included an adjustment for
correlation bias and improved adjustments for
measurement error inthe E- sampleandin the population
sample (P-sample) and produced a revised estimate of
-0.49 percent undercount.

The A.C.E. Revision Il estimates are subject to
both nonsampling error and sampling error. Two
methods of summarizing the relative accuracy of the
Census and the A.C.E. Revision Il are confidence
intervals for the net undercount rate and lossfunction
analyses that estimatetheoverall differencein accuracy
betweenthe A.C.E. estimatesand the unadjusted census
estimates of population size (or level) and population
shares. We form the confidence intervals for net
undercount rate using estimates of variance and net
bias for the census coverage correction factors. Inthe
lossfunction analysis, we estimatel oss by theweighted
Mean Squared Error (MSE), with the weight of the
reciprocal of the census count for levels and the

reciprocal of the census share for shares. We estimate
the aggregate loss for levels and shares for states,
counties, and places across the nation and for counties
and places within state.

These methods for eval uating the accuracy of
the census and an adjustment of the census have been
used previously (Mulry and Spencer 1993, 2001; CAPE
1992).

2. METHODOLOGY

The construction of the confidence intervals
incorporates both sampling and nonsampling error.
Since A.C.E. Revision Il incorporates most of the data
available on the biases in the original A.C.E., the
remaining components of bias are relatively few and
include error due to inconsistent reporting of variables
used in poststratification (Bench 2002), error due to
using theinmoversto represent themoversinthe PES-C
formulation of the dual system estimator (DSE)
(Keathley 2002), and error in the identification of
duplicate enumerations in the census as measured by
administrative records (Bean and Bauder 2002). No
estimate of bias from imperfect estimates of correlation
biaswas available for use. The estimate of the variance
in A.C.E. Revision Il used three error components, each
represented by replicates (Mulry and ZuWallack 2002).
These components are the sampling error, the error due
to the choice of the missing datamodel (Kearney 2002),
and the error due to the choice of model for correcting
for P-Sample cases that matched census enumerations
outside the A.C.E. search area, which was based on the
model selected and three alternative models (Davis
2002). Notethat the sampling error component includes
the contribution of variance from adjustment of the DSE
for estimates of measurement error inthe A.C.E.

2.1 Confidence Intervals

Confidence intervals that incorporate the net
bias aswell asthe variance for the net undercount rate
U provide amethod for comparing the rel ative accuracy
of the census and the A.C.E. Revision || estimates. We
construct the intervals by estimating the net bias and
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variance in the census coverage correction factor for
each poststratum. Then we can estimate the bias B and
variance V in the net undercount rate U and form the
95% confidence interval for the net undercount rate for
apoststratum or a group of poststrata by

O&Bea N, 0&Bu ).

Since U™ 0 correspondsto no adjustment of the census,
one comparison of the relative accuracy of the census
and the A.C.E. Revision Il estimates is based on an
assessment of whether the confidence intervals for the
evaluation poststratacover 0andU . (Seesection2.3for
limitations in the scope of V and B.)

2.2 Loss Functions

Theloss function analysis uses the estimated
bias and varianceto estimate an aggregate expected loss
forthe censusandthe A.C.E. Revision |1 for population
levels and shares for counties and places across the
nation and within state. The loss function is the
weighted squared error, which also may be described as
the weighted Mean Squared Error (MSE). The weight
for both the censuslossand the A.C.E. Revision || loss
calculation is the reciprocal of the census count (for
levels) or thereciprocal of the census share (for shares).
The motivation for the selection of the groupings of
areas for theloss functions was the potential use of the
coverage error estimates in the postcensal estimates

program.

2.3 Limitations

The estimated bias B does not account for all
the sources of bias and may fail to accurately estimate
the nonsampling biasesthat wereincluded. For example,
this could be a problem for some of the estimates
derived from Censusand Administrative Records Study
(CARDS) (Bean and Bauder 2002). There were
discrepancies between CARDS and another evaluation
of the identification of census duplicates, the Clerical
Review of CensusDuplicates(CRCD) (Byrne, Beaghen,
and Mulry 2002). Due to time limitations, estimates of
ratio-estimator bias were not included. More important
is that estimates of correlation bias used in the A.C.E.
Revision Il are assumed to be without error.

The estimated variance in the A.C.E. Revision
Il estimates \7may not account for all the sources of
variance or may not account for the included
nonsampling error componentswell, especially for error
from choice of model for accounting for duplicates.

Synthetic error, which is not directly included
in the loss function analysis, may arise from two
sources. One source of synthetic error involves
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correcting the individual post-stratum estimates for
errors estimated at more aggregate levels (such as the
corrections for correlation bias and coding errors).
Another source of synthetic error isvariationsof census
coverage within post-strata (something not captured by
synthetic application of post-stratum coverage
correctionfactorsfor specific areas). To assesswhether
omission of resulting synthetic biases from the loss
function analysistilted the comparisonsinonedirection
or another, analyses based on artificial popul ationsthat
simulated patterns of coverage variation within post-
strata were done. These analyses, athough limited in
some respects (Griffin 2002), did not in general change
the loss function results, though they had some
limitations. Synthetic error is believed to be more
important for smaller areas whose estimates are being
compared. Thus, any limitations of the loss functions
regarding synthetic error would be more important in
analyses of accuracy for small places or counties than
for large places or counties.

The construction of the bias-corrected
confidence intervals and the loss function analysis
excludes consideration of thefollowing errors: synthetic
estimation error, response error and coding error in
A.C.E. Revision || P-Sample residency and match status
and E-Sample correct enumeration status (e.qg.,
conflicting cases), response error and coding error in
A.CE. Revision Il P-Sample mover status, error in
Demographic Analysis sex ratios for correlation bias
estimation, error due to the model used to estimate
correlation bias from Demographic Analysis sex ratios,
error due to the model for estimating the effect of E-
Sample cases with duplicates outside the A.C.E. search
area.

The effect of omitting avariance component (if
the corresponding error is uncorrelated with other
random effects) would be to overstate the accuracy of
the A.C.E. Revision |l estimate and to understate the
accuracy of the census. The effects of neglecting bias
components are more difficult to predict for two
reasons: (1) positive biases may cancel with negative
biases, and (2) omitting biases affects the estimates of
accuracy of both the A.C.E. Revision Il estimates and
the census. Thedirection of the effect of omitted biases
on the comparison of accuracy depends on the sign of
a weighted sum of products of neglected biases and
expected val ues of theundercount estimates ( Mulry and
Spencer 2001, p.6). Thelimitation of omitted biasesdoes
not predictably tilt thelossfunction analysisto “favor”
either the A.C.E. Revision Il estimates or the census
estimates in the comparisons of accuracy.



2003 Joint Statistical M eetings - Section on Survey Research M ethods

3. RESULTS

3.1 Confidence Intervals

Table 1 showsthevariance componentsfor the
A.CE. Revision|l estimatesof net undercount rate at the
national level and for ownersand renters. The sampling
variance was estimated using an alternative variance
estimatorthat treatsthe correl ation bias correction factor
as a scalar. Table 2 displays 95 percent confidence
intervals for the net undercount rate for groups defined
by race/Hispanic ethnicity and tenure. Recall that the
census corresponds to an undercount rate of 0.

Table 1. Variance componentsfor the A.C.E. Revison
Il estimates of under count rate (per cent)

group UC SE* SEimpute SEdup
Rate samp model model
Total -0.49 0.19 0.10 0.18
Owner -1.25 0.19 0.07 0.16
Renter 114 0.35 0.18 0.21

*The standard error for sampling uses an alternative
variance estimator.

Neither the census nor A.C.E. Revision Il
estimatefor Non-Hispanic Blackslieswithintheinterval.
(Remember that both the interval and the A.C.E.
Revision || DSE are adjusted for estimated correlation
bias.). Thereasonfor therelatively large estimated bias
in the DSE is unclear — additional tabulations by
enumeration and residency status by domain would
indicate whether it arisesfrom the effect of undetected
duplicates inthe P-Sample or the E-Sample. For example,
duplicationsof erroneous enumerationsinthe E-Sample
would tend to bias the A.C.E. Revision Il estimate
downward, and if the evaluation found large numbers of
such cases, alarge B could occur. Theinterval does
include the Demographic Analysis estimate of a 2.78
percent undercount rate for Blacks ( Robinson and
Adlaka 2002). The census estimate for Non-Hispanic
Whites does not lie within the interval although the
A.CE. Revisionll estimatedoes. Theintervalsfor all the
other domains cover both the census and the A.C.E.
Revision |1 estimate.

Neither the census nor the A.C.E. Revision Il
estimates for Black Owners and for Black Renters lie
within the 95 percent confidence intervals. Additional
tabulations by enumeration and residency status by
domain and tenure could shed light onthereason for the
large estimates of biasin the DSEs. Theintervalsfor all
other groupsinclude the A.C.E. Revision I estimate.

The census numbers for all Owners,
NonHispanic White Owners, Hispanic Owners, and
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Asian Owners do not fall within their intervals. The
intervals for the other groups do encompass the census
with the exception of Black Owners and Black Renters
mentioned in the previous paragraph.

Table2. 95% ConfidenceIntervalsfor Undercount

Rate (percent)

Domain & bias- Lower Upper
tenure UC corrected SE bound bound

group raie UCrate (UC)

Total US -0.49 -033 028 -089 022
Owner -1.25 -089 026 -141 -037
Renter 114 086 044 -002 174

AIAN on -0.88 -141 229 -600 318

Res
Owner -0.74 -149 254 658 360
Renter -1.17 -123 248 -619 373

AIAN off 0.62 -049 143 335 237

Res
Owner -1.53 -291 195 -681 098
Renter 354 279 221 -162 720

Hispanic 071 -018 049 -116 080
Owner -1.08 -163 054 270 -055
Renter 235 115 066 -017 247

Non-Hisp 134 356 042 272 440

Black
Owner 0.56 283 049 184 381
Renter 3.06 427 056 316 539

NHPI 212 030 223 -416 476
Owner 0.67 -182 333 -847 484
Renter 364 249 291 -333 832

Asian -0.75 -083 068 -219 054
Owner -1.71 -1.73 085 -344 -002
Renter 0.68 053 09 -140 245

Non- Hisp  -1.13 -104 027 -158 -050

White
Owner -1.46 -1.19 026 -1.70 -0.68
Renter -0.07 -057 048 -153 038

3.2 LossFunctions

The loss function analyses are availablefor all
groups except the within-state shares for all places, an
analysis that was planned but not completed. The
analyses were based on the estimates B,V,and U as
discussed in section 2. Tables 3 and 4 contain results.

The results indicate smaller expected loss for
the DSE than the censusfor all of the shares considered,
and smaller expected loss for al of the levels except for
all places with population greater than 100,000.
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Table 3. Lossfunction resultsshares

Table4. Lossfunction resultslevels

Geographic No. Cen DSE Cen Geographic No. of | Cen DSE | Cen
Group of Loss Loss Loss/ Group Areas | Loss Loss | Loss/
Areas | x1000 | x2000 DSE DSE
Loss Loss
St Share All 3141 | 1.716 0.590 2908 Counties<= 2617 15514 | 3730 | 4.158
counties 100,000
US Share 595 | 0.060 0.016 3.665 Counties >= 524 | 21810 9258 | 2.355
Places > 100,000
25,000 and <
50,000 Counties > 490 16779 | 5726 | 2.929
100,000 &
US Share 322 | 0.04 0.014 3851 <1 million
Places >
50,000 and Counties> = A 5031 | 3531 1424
<100,000 1 million
US Share 230035 |0009 |3783 Places> 595 2785 966 2883
Places>= 25,000 and
1m,(m < 50,000
US Share 51| 0023 |0005 | 4442 Places> S22 23| 1070 2371
All states 50,000 and
<100,000
Forinsight, consider thefollowingtotals for all Places > = 223 51| 4271 0761
places with population of at least 100,000 as estimated 100,000
by the census, the A.C.E. Revision II DSE, and the
Target, which is equal to the DSE minus its estimated Places > 214 2573 2671| 0963
bias: 100,000 and
Census 71,829,465 <1 million
A.C.E. Revisonll 71,967,488
Target 71,512,212. Places>= 9 678 | 1600 | 0424
1 million

Comparison of the census and the target shows a net
overcount in the census for these areas, but the excess
of the DSE over thetarget and the census indicates that
the DSE estimated anet under count. Thus, theanalysis
indicates that DSE has either overestimated the number
of census misses or underestimated the number of
duplicates or both. A tabulation of the results from the
Census and Administrative Records Study (Bean and
Bauder 2002) would determine if it suggests that the
A.C.E. Revision |l missed|arge numbersof duplicatesin
these areas. When CARDS finds duplicates for
erroneousenumerations, theeffectintheestimationisto
increase the correct enumeration rate.

To gain further insight into the loss function
resultsfor levels for places with population of at least
100,000, we examined loss function results when these
places were separated into two groups, those with
population between 100,000 and 1 million and thosewith
population of at least 1 million. We found that the loss
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functions still indicated smaller expected loss for the
DSE for levels for both groups of counties. For levels
for placeswith popul ation between 100,000 and 1 million,
the ratio of census loss to DSE increased almost to 1.
However, for levels for places with population over 1
million, the ratio of census loss to DSE loss was much
smaller than the ratio for levels for places with
population of at least 100,000. This indicates that the
bulk of theerror inthe A.C.E. Revision |1 for placeswith
population of at least 100,000 appearsto liein the nine
(9) places with population of at least 1 million.
Additional tabulationswould aid in explaining theresult.

L oss function analyses were also carried out
under the assumption that the modeling of the
correction for P-Sample cases that matched census
enumerationsoutsidetheA.C.E. search areawaswithout
error. The latter assumption served to increase the
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estimate of census loss and decrease the estimate of
DSE loss, but the findings were not qualitatively
different than the results discussed above.

We also examined the loss function results
when the Targets include only the bias due to
inconsistent reporting of poststratification variables,
whichis very near zero. Under the assumption that the
remaining variance components aretheonly errors, this
loss function analysis showsthat the A.C.E. Revision||
estimate has less error than the census for levels and
shares for all groups considered, even for levels for
places with population of at least 100,000.

4. CONCLUSIONS

Results of evaluations performed onthe A.C.E.
Revision |l estimates provided data to estimate bias
(systematic error) and variance (random error) for usein
constructing bias-corrected confidence intervals andin
alossfunctionanalysis. Thesourcesof biasweremore
limited than for previousdual system estimates because
data that previously were used to estimate bias in the
origina A.C.E. were incorporated into the A.C.E.
Revision Il estimatesin order to correct for major errors
discovered in the March 2001 A.C.E. estimates.
However, the adjustmentsto reduce biasdid put upward
pressure on the variance. Using the A.C.E. evaluation
data in formation of the A.C.E. Revision |l created
higher quality estimates because of the correction of
major errors in the A.C.E. estimates. Nevertheless,
although the evaluations do account for the variance
arising from the correctionsfor bias, the correctionsfor
biasinthe A.C.E. Revision Il estimates may themselves
be subject to bias, the magnitude of which hasnot been
quantified. Thisis particularly true for the corrections
for correlation biasand for P-Sampl e casesthat matched
census enumerations outside the A.C.E. search area.

Thecorrelation bias correction used theratio of
males to females at the national level from Demographic
Analysis. Since Demographic Analysis uses datafrom
vital records, the information about racial groups is
limited to Blacks and Non-Blacks. The correction
assumed the same error rate within agroup of poststrata
defined by Black and Non-Black and the age groups
Different models that provide the same fit to the data
could have been used to allocate the estimated
correlation bias among the poststrata. However, there
were no data that would indicate which model had the
least bias. Therefore the model with the least variance
was chosen.

A magjor concernisthe puzzling inconsistency
between the A.C.E. Revision |1 and the DA estimates of
coverage rates for children aged 0-9. Moreresearch is
needed to understand the cause of thisdifferenceinthe
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egtimates. The loss function analysis did not address
this discrepancy.

Any limitations of thelossfunctionsregarding
synthetic error are expected to be more important when
comparing small places or countiesthan for large places
or counties. The use of different poststrata for the E
and P samples may have reduced synthetic error for
small areas (relative to the synthetic error when the
poststrata are constrained to be identical, as in the
Census Bureau’ s previous applications of dual system
estimation). However, the correction factors were
extreme for some poststrata, leading to increased
concern about synthetic error in the areas with
population concentrations in such poststrata. For
example, undercount rates lower than -10% (i.e.,
overcounts rates greater than 10%) were estimated for
107 of the 19,269 places in the U. S., ) al 107 had
populations under 10,000 and 76 had popul ations under
100. Undercount rates greater than 5% were estimated
for 15 places, all with populationsunder 10,000 and for
which 9 had populations under 100. (U. S. Census
Bureau 2003)

The evaluations detected only a small amount
of bias in the A.C.E. Revision Il estimate of the net
undercount rate at the national level, -0.16 percent. The
small biasthat does seem to be present appearsto arise
from error intheidentification of duplicates; the effects
of the error due to inconsistent post-stratification
variables and theerror dueto usinginmoversto estimate
movers appear very small.

Judging from the bias-corrected 95-percent
confidence intervals, both the census and the A.C.E.
Revision |l estimates are too low for Non-Hispanic
Blacks and both Non-Hispanic Black Owners and
Renters. Theintervals show the censusistoo high for
Non-Hispanic Whites, Owners, White Owners, and
Hispanic Owners. All other censusand A.C.E. Revision
Il estimates are covered by their bias-corrected 95-
percent confidence intervals. The source of most of the
bias estimate is the CARDS evauation of the
identification of duplicates.

Thelossfunctionanalysisexaminestherelative
accuracy by using the estimates of sampling variance
and nonsampling bias and variance to estimate the
aggregate expected loss for the census and the A.C.E.
Revision Il for levelsand sharesfor counties and places
across the nation and within state. The analyses
indicated that the A.C.E. Revision Il is more accurate
than the census for every lossfunction considered with
the exception of levels for places with population of at
least 100,000. The bulk of the error in the A.C.E.
Revision |l for placeswith population of at least 100,000
appearsto liein the 9 places with population of at |east
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1 million. More research is needed to understand the
one exceptional result.

The validity of the conclusions to be drawn
from the loss function analysis depends on the quality
of the estimates of components of error in the A.C.E.
Revision Il, and some of those components are not
accurately quantified. The pressure point seems to be
the bias estimates. If one assumed that the A.C.E.
Revision Il estimates were unbiased and had variances
as estimated, the loss function analyses would find that
the A.C.E. Revision || estimates are more accurate than
the census for all groupings considered, evenfor levels
for places with population of at least 100,000.

Themajor sourceof estimated biasintheA.C.E.
Revision Il is the estimation of census duplicates.
(Imperfect adjustmentsfor correlation biascould also be
amajor sourceof biasinthe A.C.E. Revision|| estimates
but no quantification of the error contribution was
available.) Therearetwo evaluationsof the estimates of
census duplicates, CARDS (Bean and Bauder 2002) and
CRCD(Byrne, Beaghen,and Mulry 2002). Theestimates
of biasused inthelossfunction analysis are based on
CARDS. There are somediscrepanciesin findingsfrom
CARDS and CRCD. If these differences were resolved,
one or more of the conclusions from the outcome of the
loss function analysis could change. Further analyses
assuming larger amounts of bias or a different
distribution of the biaswould increasethe knowledge of
the limitations of the data.

In summary, when viewing the results of the
loss function analysis, one must keep the assumptions
and limitationsin mind, as well as realize that the effect
of any omitted biases could be in either direction
(increasing or decreasing the estimate of the relative
accuracy of the census versus the A.C.E. Revision ||
estimates). While theloss function eval uations suggest
the superiority of the A.C.E. Revision |l estimates,
concerns do remain about whether the bias estimates
used in the loss function analysis are of sufficient
quality to assure the correctness of the results.
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