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Introduction

The American Community Survey (ACYS) is a
monthly survey conducted by the Census Bureau
that collects demographic and socioeconomic
data about households and persons and is
intended to replace the decennial census long
form. Testing of the ACS began in 1996, and is
now in 36 counties. In 2000, an additional 1,201
counties were added in what was known as the
supplementary sample. The ACS instrument and
data collection methods were used in these
counties, but using a much smaller sampling rate
than in the 36 counties. National and state level
ACS estimates published by the Census Bureau
are produced using the data from the 36 counties
and the supplementary sample. The ACS is
scheduled for full implementation in every
county in the United States beginning in January
of 2005.

An issue of considerable concern about the ACS
estimates is that the estimates of occupied
housing units do not equal the estimate of
householders. The householder is also referred
to as the reference person. He/she is the person
who islisted first on the questionnaire, and is the
person living or staying in the housing unit in
whose hame it is owned or being rented. If there
is no such person, the householder can be any
adult living or staying there (1).

The differences described in the previous
paragraph are due to the weighting methodology
that the ACS uses for weighting housing units,
which is known as the principal person method.
A working group was formed at the Census
Bureau to investigate possible ways to correct
this discrepancy (Love 2003). One dternative
that is being considering is the weighting method
used by the New York City Housing Vacancy
Survey (NYCHVS). This method will produce
estimates of householders that agree with the
estimates of households and occupied housing

units. It will also produce estimates of married
women and men that agree when the universe is
restricted to housing units where both a husband
and wife reside. This paper examines the effect
of the NYCHVS weighting on other ACS
housing unit and population estimates.

M ethodology

Current Weighting M ethodology

The current method of weighting uses what is
known as the principal person method
(Alexander 1987). It isimplemented asfollows:

e After noninterview adjustments, the HU
weights are adjusted to agree with
independent HU control totals.  These
weights are then assigned to each person in
the HU to obtain person weights.

e The person weights are then adjusted to
agree with independent population controls
by race, age, and sex. There are 6 race
groups and 26 age/sex groups (156 total
cells). Collapsing of these cells is done to
ensure that each cell has at least 10 sample
persons.

e The HU is then assigned the weight of the
principal person, which is defined to be the
female spouse of the householder or the
householder if no female spouse exists.

e The HU weights are then adjusted again to
make the total HU estimate agree with the
independent controls.

NY CHV S Methodology

Estimates of householders and occupied HUs are
made equal by a different method of post-
stratification:

e We begin with the same HU weights that are
computed with the current methodology as
described in the first bullet of the previous
section.  But then the weights of the
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householder and spouse/ unmarried partner
of the householder are not adjusted (for
convenience, these three categories of
people will be called reference
persons).Post-gratification adjustments are
only made to persons who have a different
relationship to the householder. The
weights of these remaining persons are
adjusted to the difference between the
population control and the edtimate of
reference persons.

o No further adjustments to HU weights are
made.

Under this method, the total population will still
be controlled. Also, al estimates of occupied
HU characteristics will be the same regardless of
whether the HU weight or householder weight is
used since they are the same.

Use of this method often required further
collapsing of race/age/sex cells. Most of this
additional collapsing is of age/sex cells within
race. It was relatively uncommon to further
collapse across race. There are three situations
where further collapsing was required:

e The adjustment factor is negative. This
happens when the egtimate of reference
personsis larger than the population control.
It turned out to be afairly common situation.

e Everyone in a cell is a reference person.
Thus no one in the cell would get an
adjustment and the population estimate of
the cell would not be controlled.

e The adjustment factor is too large or too
small, violating maximum/minimum weight
rules. This will happen more often than
under the current weighting method.

The three situations described above will cause
more collapsing than under the current method.
In some sites there will be only a small amount
of additional collapsing, but in other sites the
opposite will be true. For example, Bronx
Borough, NY required relatively little additional
collapsing. At the other extreme is Vilas
County, WI, which required nearly all the
age/sex groups to be collapsed. This additional
collapsing creates the potential for estimates of
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population characteristics, and their variances, to
be seriously affected.

Variance Estimation

Fay's method of replicate weighting (Fay 1989)
is used for variance estimation in the ACS, using
the same basic approach outlined by Dippo, Fay,
and Morganstein (1984). . Itisalso used in other
surveys the Census Bureau conducts, including
the Current Population Survey and the Survey of
Income and Program Participation. For each
sample case, 80 replicate weights are computed.
These replicate weights are then used to compute
80 replicate estimates of a given characteristic.
For a characterigtic X, the estimated variance is
given by:

4 & »
Var (X)=— X: =X
(X) 80;( = X)
where X; is the estimate based on the ith
replicate sample.

Comparisons
We reweighted the 2002 ACS data using the

NYCHVS methodology. Estimates and their
variances were then compared to those that were
obtained with the current methodology. In this
paper, we focus on estimates for relationship to
householder, age, marital status, and race.

We compared estimated totals for characteristics
by examining the changes in the estimated totals
and the changes in the characteristic’s percentage
of the population distribution (i.e. percent white,
percent black, etc). For a given characteristic,
the null hypothesis was that there is no
difference in estimates produced by the two
weighting methods. The test statistic was the
difference between the two estimates. The
variance of this difference was estimated with
the variance formula given in the previous
section. The replicate estimates for the
difference ae given by D; =Xy —Xgi,
i=1,2...80, where Xy and Xo; are the i replicate
estimates from the NY CHV S weighting method
and the origina weighting respectively.
Significance testing for differences was then
done using Bonferonni’s method at an overall
significance level of 0.10. For example, when
testing for differences in estimates for race
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(seven categories), each category was tested at
the 0.0071 level.

We looked at the estimated coefficients of
variation (CV) to compare the variability of
estimated totals produced by the two weighting
methods,. The CV is defined as the square root
of the variance divided by the estimate. We
decided to compare CVs because estimates
produced by the two methods can be
significantly different which would affect the
relative sizes of the variances. We did not
perform any significance testing on the
difference in CVs, but rather used our own
subjective standards. Generally, we consider a
difference of three or more percentage points to
be large.

Results

We made the decision not to implement the

NY CHV S methodology at this time because it
would significantly affect the estimates and
distributions of important demographic
characteristics and cause variance estimates to
increase. Theincreasein variance estimates is
the largest reason for our decision, although
changes in the estimated totals for characteristics
also played arole.

The characteristics that were most affected by
the NY CHV S method were relationship to
householder, age, marital status, and race. This
was expected since these variables are the ones
that are most related to weighting. The results
described in this section will focus on those
characteristics.

Effect on Distributions

Tables 2 through 5 (in the appendix) show the
national level distributions for relationship, age,
marital status, and race. They also show the
percentage change in the estimated totals. The
percentage change is defined as

100+ (Xy —Xo)! Xo , Where Xy is the estimated
total with the NY CHV Sweighting and X, isthe
original estimated total. The last two columnsin
Tables 2 through 5 show whether the difference
in the estimated totals was significant and the
number of states where there was a significant
difference. Tables2athrough 5a (inthe
appendix) show quantiles for the percentage
changes for estimated totals at the state level.
For example, consider the relationship category
‘Child.” Table 2a shows the percentage change
in the state level estimates range from —5.07% to
11.94%, with a median percentage change of
3.09%.
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Table 2 shows the distributions for Relationship.
This was the characteristic whose distribution
was most affected by using the NYCHVS
weighting method. The difference in estimates
for each category was significant at the national
level and in alarge number of states. Estimates
of reference persons are lower under the
NYCHVS method. Most of the post-
stratification factors were greater than 1.0 under
the current weighting methodology. But in the
NY CHV S method, weights for these persons are
equal to the HU weight (post-stratification factor
set to 1.0). Personsin the other relationship
categories absorb the differences since we are
still controlling the population estimates. Soin
general, the estimates for householders, spouses,
and unmarried partners are lower, while
estimates for children, other family, and
nonfamily members are higher. This pattern can
be seen in the percentage changes in state level
estimates shown in Table 2a.

Distributions for age categories are shown in
Table 3. State level percentage changes are
shown in Table 3a. There were significant
differencesin the national level estimatesfor
seven of the 13 age groups. The age groups 25-
34, 35-44, and 65-74 were most affected.
However, the age group 15-19 was the one with
the largest number of states showing a
significant difference.

Distributions for marital status are shown in
Table 4. State level percentage changes are
shown in Table 4a. Marital status was analyzed
separately for males and females. Estimates for
males were affected more than they were for
females. For males, there was a significant
difference in national level estimates for every
category except widowed. And alarge number
of gtates had significant differencesin the
married, never married, and divorced categories.
For females, only the married and widowed
categories had significantly different estimates at
the national level. There were very few
significant differences at the state level except
for the married category. In addition, the
estimates for married males and married females
are much closer to each other when using the
NY CHVSmethod. Differencesin these
estimates are due to housing unitsin which a
married person does not reside with their spouse,
or when a husband and wife reside together but
neither one is the householder.

Distributions for race are shown in Table 5.
State level percentage changes are shown in
Table 5a. Race was divided into seven
categories: six single-race categoriesand a
multiple race category (two or more). Only the
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black and multiple race categories showed a
significant difference in national level estimates.
Estimates for the minority race groups were
generally more affected than for whites. Thisis
especially apparent in Table 5a, which shows a
wide range of percentage changesin state level
estimates for minorities, but only asmall range
of changes for whites.

Even though differencesin national and state
level estimates for a characteristic may not be
significant, there can be very large differences at
lower levels of geography. One example of this
isin Ventura County, California. In this county
the estimate of Blacksis about 50 percent |ower
using the NY CHV S weighting method. But
there was relatively little change in the
distribution of race for Californiaasawhole.
The table below shows the distribution for race
in Ventura County under each method.

Race Current NYCHVS
Estimate Method
White 597,681 599,080
Black 8,515 4,209
AIAN? 4,468 4,128
Asian 42,499 47,103
NHOPI? 1,301 1,262
Some other race 79,960 78,918
Two or more races 36,234 35,958

TAmerican Indian/Alaska Native
2Native Hawaiian/Other Pacific |slander

Another example can be seen in Vilas County,
Wisconsin. Thedistribution for age was
seriously affected. Estimates were much lower
for younger age groups much higher for older
age groups using the NY CHV S method. The
table below shows the distribution for agein
Vilas County under each method.

Age Current NYCHVS
Estimate Method

Under 5 640 850
5t09 719 352
10to 14 1500 635
15t019 1099 606
20to 24 505 241
25t034 2314 2,022
35to44 3081 3,147
45t054 3349 2,784
55t0 59 1627 2,047
60 to 64 1729 2,175
65to 74 2719 3,531
75t0 84 1923 2,753
85 and over 137 199
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Effect on Variances

The NY CHV S weighting method produced
unacceptable increases in the variances of
estimates for many characteristics. The
coefficient of variation (CV), expressed asa
percentage, was used to compare the variances.
There were many estimates where estimated CVs
increased by as much as three percentage points
or more. There were also cases where the CV
under the NY CHV S method is actualy lower.
Differences between the CV estimates produced
by each weighting method are shown in Tables
6athrough 6d. These tables show the CV
increases, in percentage points, for the state level
estimates in each of the categories for the
characteristics age, relationship to householder,
marital status, and race. The increaseis defined
as the difference between the new CV estimate
and the original CV estimate. For example,
consider the 20-24 age group. Table 6b shows
that the CV estimate increased by at least two
percentage pointsin 25 percent of the states, with
the largest increase being 7.29 percentage points.
These four characteristics are where large
increasesin the estimated CV's were most
common. With other characteristics, the
increasesin the CVswere mostly small with
only afew large increases.

Increases in estimated CVs for relaionship
categories are shown in Table 6a. CVsfor
householder estimates were |east affected while
those for ‘other relatives' and nonrelatives were
most affected.

Table 6b shows the estimated CV increases for
age. The age groups that were most affected
overall were the older groups 65-74, 75-84, and
85+. The least affected groups were 0-5, 5-9,
and 10-14 where nearly al states had estimated
CVsincrease less than one percentage point.

Table 6¢ shows estimated CV increases for
marital status estimates among males and
females. There was little overall differencein
estimated CV increases between males and
females. The ‘married’ category was least
affected. Although as seen in the previous
section, the estimated totals were gresatly
affected.

Table 6d shows the estimated CV increases by
race. Whites were |least affected, where
increasesin most states were less than one
percentage point and only one state’ s increase
was greater than two. But there were many large
increases among minority racial categories, some
being more than 10 percentage points. Thisis
especially discouraging because variances for
minority estimates tend to be larger than those
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for whitesto begin with, and this gap is being
made wider.

Conclusions and Further Research

We decided not to implement the NYCHVS
weighting method at this time because the effects
on distributions and variances described in the
previous section are unacceptable to us. We plan
to revisit this research after the ACS is fully
implemented, assuming that we do not develop
another solution. We will have a much larger
sample with full implementation, which may
produce more favorable results. This will be in
2006, when we will have the 2005 data to work
with.

There were other aternatives proposed by the
working grouped mentioned in the introduction
of this paper. We will continue to explore these
alternativesto eliminate or mitigate the problem.
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Current  Percent NYCHVS Percent  Percentage Significant Stateswith
Relationship Estimate of Dist. Method of Dist. Increase Difference Sig. Diff.
Householder 111,019,533 39.6% 107,034,980 38.2% 221%  Yes 33
Spouse 56,245,791 20.0% 54,453,546 19.4% -263%  Yes 23
Child 83,343,016 29.7% 85,963,808 30.6% 3.46%  Yes 27
Other relatives 16,473,514 5.9% 18,761,102 6.7% 488%  Yes 16
Nonrelatives 13,458,476 4.8% 14,326,894 5.1% 461%  Yes 13
Unmarried partner’ 5,465,733 40.6% 5,112,593 35.7% -6.46%  Yes 36

TUnmarried partner is also included in the Nonrelatives category. Significance tests for this category were

at the 0.10 level.

Table 2a. Quantiles of PercentageChangesin State L evel Relationship Estimates
Relationship Min 5th 10th  25th  50th  75th 90th 95th Max
Householder -9.73 -6.35 -517 -415 -3.08 -203 -1.05 -0.37 1.80
Spouse -8.81 -5.87 -536 -414 -283 -192 -1.10 0.48 2.05
Child -5.07 -0.29 067 175 309 438 6.06 8.26 11.94
Other Relatives -1.75 4.66 532 856 1365 1711 2244 2472  43.15
Nonrelatives -3.48 -1.24 059 320 637 894 1139 13.38 19.67
Unmarried Partner  -14.76 -11.78 -10.63 -838 -6.38 -387 -0.34 -0.20 0.34
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Table 3. National Levd Distributionsfor Age
(Overall a=0.10, Bonferonni ¢=0.0038)

Current  Percent NYCHVS Pecent  Percentage Significant States with
Age Estimate  of Dist. Method of Dist. Increase Difference Sig. Diff.
Under 5 19,526,670  7.0% 19,605,590 7.0% 040% Yes 2
5t09 19,874,923 7.1% 19,917,826 7.1% 022% No 3]
10to 14 21,090,854  7.5% 21,112,478 7.5% 010% No 7
15t019 18,750,668  6.7% 19,014,687 6.8% 141% Yes 12
20to 24 18,610,949  6.6% 18,356,125 6.5% -137%  No S
25t034 38,742,608 13.8% 38,146,658 13.6% -154%  Yes S
35t044 44,266,171 15.8% 43,494,027 15.5% -1.74%  Yes 8
451054 39,733,607 14.2% 39,934,297 14.2% 051% No 1
55to 59 14,865,650 5.3% 14,941,734 5.3% 051% No 1
60 to 64 11,488,377 4.1% 11,557,983 4.1% 0.61% No 1
65 to 74 17,961,629 6.4% 18,420,286 6.6% 255% Yes 2
75t084 12,189,823  4.3% 12,479,060 4.4% 237% Yes 3
85 and over 3438401 1.2% 3,559,579 1.3% 352% Yes 0
Table 3a. Quantiles of Percentage Changesin State L evel Age Estimates
Age Min 5th 10th  25th  50th  75th 90th 95th Max
Under 5 -1.84  -0.74 -0.37 -004 037 071 1.19 145 2.66
5t09 -4.41 -3.32 141 -026 044 111 2.52 3.52 7.07
10to 14 -7.17 -3.30 -146 -020 029 0.80 2.03 2.40 7.69
15t0 19 -10.65 -6.78 -1.75 -050 156 445 5.77 838 26.71
20to 24 -8.32 -7.27 -641 -444 -120 085 4.35 6.45 10.75
25t034 -8.12 -6.13 -539 -392 -226 -0.29 1.87 3.39 4.42
35t044 -6.36 -5.48 -516 -340 -1.78 007 1.56 259 293
45t0 54 -6.30 -2.49 -205 -098 -005 144 2.79 3.32 851
55t0 59 -8.76 -5.14 -238 -071 083 276 4.09 4.77 11.38
60 to 64 -6.01 -5.21 278  -114 077 299 4.03 5.44 10.00
65to 74 424 -214 -161 087 275 463 8.77 9.35 14.83
75t0 84 -7.37 -2.73 -186 -019 230 383 6.43 7.49 14.29
85 and over -15.30 -5.31 -232 167 347 621 9.17 10.63 12.65
Table4. National Level Distributionsfor Marital Status
(Overall a=0.10, Bonferonni a=0.01)
Current  Percent NYCHVS Pecent  Percentage Significant States with
Marital Status Estimate of Dist. Method of Dist. Increase Difference Sig. Diff.
Males
Never married 31,947,159 30.1% 33,280,989 31.4% 418% Yes 27
Married" 60,392,481 56.9% 58,555,803 55.2% -3.04% Yes 27
Separated 1,895,600 1.8% 1,991,090 1.9% 503% Yes 1
Widowed 2,579,299 2.4% 2,692,938 2.5% 440%  No 2
Divorced 9,288,132 8.8% 9,636,205 9.1% 3.74% Yes 0
Females
Never married 27,872,375 24.5% 28,232,329 24.8% 129%  No 7
Married" 59,026,540 51.8% 57,962,903 51.0% -1.80%  Yes 19
Separated 3,058,428 2.7% 3,075,768 2.7% 0.57%  No 0
Widowed 11,149,354  9.8% 11,503,625 10.1% 318% Yes 3
Divorced 12,838,515 11.3% 12,972,786 11.4% 105% No 0
"Excludes separated
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Table4a. Quantiles of Percentage Changesin State Level Marital Status Etimates

Marital Status Min 5th 10th 25th 50th 75th 90th 95th Max
Males

Married -6.91 -6.00 -558 -405 -317 -159 -0.75 -0.29 155
Widowed -5.70 -2.68 -2.47 220 4.33 8.40 9.66 10.62 15.03
Divorced -0.90 0.28 1.05 1.96 3.72 5.79 7.54 8.80 9.48
Separated -9.43 -5.39 -4.58 0.63 4.65 842 1259 16.92 17.67
Never Married -5.62 -0.55 -0.21 243 435 6.54 7.84 10.82 14.79
Females

Married -5.96 -4.48 -390 -249 -189 -1.17 0.04 112 4,16
Widowed -5.88 -1.42 -0.55 1.18 263 4.06 6.55 7.06 11.92
Divorced -4.27 -2.56 -1.39 -0.26 0.79 1.62 3.58 5.19 6.26
Separated -14.36 -7.35 -466 -2.23 0.49 3.85 5.61 8.32 11.86
Never Married -8.72 -6.08 -5.17 -0.78 1.80 343 4.36 7.71 9.34

Table5. National Leve Distributionsfor Race
(Overall a=0.10, Bonferonni a=0.0071)

Current  Percent of NYCHVS Percent Percentage Significant States with
Race Estimate Dist. Method  of Dist. Increase Difference Sig. Diff.
White 212,541,793  77.6% 212,493,286 77.6% -0.02%  No 4
Black 33,768,036  12.3% 33,220,012 12.1% -1.62%  Yes 9
AIAN 1,959,347 0.7% 2,143515 0.8% 9.40% No 6
Asian 11,213,133 4.1% 11,265,372  4.1% 047%  No 3
NHOPI 365,474 0.1% 373,308 0.1% 214% No 1
Some other race 14,187,100 5.2% 14,314,203 5.2% 0.90% No 1
Two or moreraces 6,505,447 2.3% 6,730,634 2.4% 346% Yes 3)
Table5a. Quantiles of Percentage Changesin State L evel Race Estimates
Race Min 5th 10th 25th  50th  75th  90th  95th Max
White -4.07 -1.23 -0.54 -0.16 001 013 035 054 154
Black -26.62 -10.82 -7.00 -398 -093 062 331 891 3731
AIAN -27.18  -12.20 -8.97 -124 771 1929 4696 65.04 90.53
Asian -13.12  -11.03 -9.90 -200 057 6.63 1499 1967 29.17
NHOPI -53.96 -36.71 -2816 -1147 000 896 1919 69.75 143.85
Some other race -13.38 -5.50 -4.68 -150 065 497 1458 1648 3534
Two or more races -13.22 -4.55 -2.64 -0.36 255 7.08 1747 2528 58.17
Table6a. Quantilesof Increasesin State Level Coefficient of Variation Estimates
Relationship Min 5th 10th  25th  50th  75th 90th 95th Max
Householder -0.68 -0.29 -0.19 -0.07 008 0.36 0.79 142 2.86
Spouse -0.20 0.03 012 028 053 082 1.39 221 3.65
Child 0.11 0.20 024 034 058 086 155 2.03 5.67
Other Relatives -0.66 -0.15 009 051 170 404 7.55 8.51 12.39
Nonrelatives -2.68 -0.44 -004 019 058 128 311 5.14 7.98
Unmarried Partner -1.65 -0.80 -036 -022 024 044 1.30 1.67 3.92
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Table6b. Quantilesof Increasesin State Level Coefficient of Variation Estimates

Age Min 5th 10th  25th  50th  75th 90th 95th Max
Under 5 -0.43 -0.16 -012 -006 006 0.23 0.47 0.69 1.53
5t09 -0.31 -0.11 -0.05 002 008 0.19 0.53 0.77 3.09
10to 14 -0.37 -0.12 -010 001 008 0.22 0.71 0.76 091
15t019 -0.33 -0.00 017 040 057 111 1.79 2.89 9.81
20to0 24 -0.35 0.09 041 079 121 203 537 6.51 7.29
251034 0.27 0.57 062 080 142 213 2.57 2.67 4.09
35to044 0.44 0.52 060 090 134 1091 2.33 2.54 291
45t054 0.39 0.62 0.82 113 144 201 2.55 3.02 3.16
55t0 59 -0.10 0.26 036 071 1.09 1.62 2.18 249 2.97
60 to 64 -0.91 -0.13 010 045 098 150 2.14 2.40 5.04
65to 74 0.57 101 134 161 258 367 535 5.62 10.21
7510 84 -2.44 0.56 068 094 158 320 3.86 6.40 8.79
85 and over -2.42 0.02 015 061 150 307 5.66 12.78 20.81

Table6c. Quantilesof Increasesin State Level Coefficient of Variation Estimates

Marital Status Min 5th 10th 25th 50th 75th 90th 95th Max
Males

Never married -1.02 -0.09 0.00 0.16 0.42 0.85 1.69 1.99 5.79
Married -0.28 -0.08 0.04 0.20 0.35 0.63 1.03 1.93 3.20
Separated -4.18 -0.77 0.06 0.86 1.56 2.99 421 5.06 11.55
Widowed -0.64 0.31 0.37 0.82 1.59 2.58 4.25 6.00 16.48
Divorced -0.62 -0.18 0.08 0.34 0.75 111 2.22 3.40 4.86
Females

Never married -0.21 0.04 0.13 0.35 0.67 1.48 2.68 3.76 9.87
Married -0.30 -0.09 0.04 0.11 0.26 0.46 0.94 2.06 3.03
Separated -2.03 -1.31 -0.66 0.23 0.72 1.77 3.11 3.67 5.52
Widowed -0.05 0.28 0.34 0.68 1.19 2.24 4,19 6.76 11.41
Divorced -1.82 -0.22 -0.08 0.24 0.65 0.89 1.34 1.94 5.34

Table6d. Quantilesof Increasesin State Level Coefficient of Variation Estimates

Race Min 5th 10th 25th 50th 75th 90th 95th Max
White -0.02 0.00 0.02 0.06 0.20 0.30 0.56 0.70 2.89
Black -1.27 -1.03 0.00 0.20 0.98 1.80 4.44 5.89 15.11
AIAN -11.39 -5.51 -2.96 -0.94 151 518 1093 1250 51.22
Asian -6.64 -0.49 0.13 0.46 1.30 3.10 743 11.01 15.62
NHOPI -48.93 -7.30 -4.40 -0.11 1.60 496 1657 26.20 45.23
Some other race -1.19 -0.90 -0.70 0.12 0.99 2.59 4.96 7.65 13.19
Two or more races -1.05 -0.60 -0.36 -0.01 0.56 147 2.49 554 9.68
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