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Abstract*

Public Use Microdata Samples (PUMYS) files are
data files that contain individual housing unit and
person records with their associated
characterigtics. To protect confidentiality,
identifying information and detailed geography is
excluded. To alow data users to produce any
tabulations of interest and to conduct detailed
analyses, such as regresson andysis and
investigation of the relationships among
variables, the U.S. Census Bureau creates PUMS
files from decennia census results. Subject to
the limitations on sample size and geographic
identification, the user may generate tabulations
interrelating any desired set of variables. This
paper presents the statistical methodologies used
in sampling, disclosure avoidance, and variance
estimation for the United States, Puerto Rico,
Guam, and U.S. Virgin Idands Census 2000
PUMSfiles.

[. Introduction

Every person and housing unit in the United
States was asked basic demographic and housing
questions (for example, race, age, and
relationship to householder). A systematic
sample of addresses received a long form
(sample) questionnaire in Census 2000 which
asked more detailed questions about items, such
as income, occupation, and housing costs. The
sampling unit for Census 2000 was the housing
unit, including all occupants.

Estimates derived from the census sample files
are expected to differ from the 2100-percent
figures because they are subject to sampling and
nonsampling errors.  Sampling error in data
arises from the selection of people and housing
units included in the sample. Nonsampling error
affects both sample and 100-percent data and is
introduced as a result of errors that may occur
during the data collection and processing phases
of the census.

Data tabulations based on a sample survey often
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provide most access to the data required by data
users. However, some uses such as regression
analyses, calculation of correlations, and detailed
tabulations, require access to detailed microdata.
As access to the raw data is often restricted,
Public Use Microdata Sample (PUMYS) files are
often created for data users from sample survey
results to fulfill this need. The PUMS files for
Census 2000 were chosen from the universe of
long form records.

In the PUMS, the basic unit is an individua
housing unit and people living in occupied
housing units or group quarters (GQ). However,
microdata records in these samples do not
contain names or addresses.  The PUMS
methodology for Census 2000 is similar to that
used for the 1990 Census as described in [1].

The following sections provide an overview of
the long form statistical methodologies and
describe the statistical methodologies used for
the U.S,, Puerto Rico, Guam, and U.S. Virgin
Idands PUMSfiles.

[1. United States and Puerto Rico PUM S

A. Overview of Long Form Statistical
Methodology

1. Sampling

The addresses that were to receive the long form
guestionnaire were chosen by taking a
systematic, variable rate sample of addresses.
The ultimate goa was to sample roughly 17
percent of all addresses nationwide. This was
achieved through appropriate application of the
selected sampling rates to each collection block
based on the size of the governmental unit or
census tract in which the block was located.
Application of the rates for Census 2000 was
based on the interim census tract delineation, as
updated census tracts were not yet available.
Governmental units were defined as states,
counties, cities, incorporated places, school
districts, American Indian Reservations, Tribal
Jurisdiction Statistical Areas (now known as
Oklahoma Tribal Statistica Areas), minor civil
divisions in selected states, and census
designated placesin Hawaii.

The rates used were: 1-in-2, 1-in-4, 1-in-6 and 1-
in-8, and were applied based on a governmental
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unit's or tract's predetermined measure of size.
The estimated number of occupied housing units
was used as the measure of size.

The sampling rates were applied at the collection
block level. For blocks that fell into more than
one sampling stratum (such as a smal
incorporated place in a large county), we applied
the higher sampling rate.

The sampling strata and their cutoff points were:

e 1-in-2 for governmental units < 800 housing
units;

¢ 1-in-4 for governmental units between 800 and
1200 housing units;

if not 1-in-2 or 1-in-4 then

¢ 1-in-6 for census tracts < 2000 housing units;
and

¢ 1-in-8 for census tracts > 2000 housing units.

The following rates were used for certain data
collections and special populations:

a. People living in GQ were sampled at a 1-in-6
rate.

b. Service Sites (shelters and soup kitchens)
were sampled at a 1-in-6 rate.

¢. Remote Alaskawas sampled at a 1-in-2 rate.

d. The Telephone Questionnaire Assistance
operation took incoming calls for requests for
mailing questionnaires and for interviews.
Interviews were done for short forms only and
individuals providing an interview were not
eligible for long form sampling. Individuals who
telephoned to request a questionnaire received
either their designated form type or were subject
to a 1-in-6 sampling rate, depending upon
whether they had their census identification
number.

e. Addresses added to the mailout universe after
the initial sampling were sampled according to
the sampling rate of the stratum that the
addresses block wasin.

Further details on the Census 2000 sampling
process may be found in[2].

2. Weighting

As in every census since 1940, when we first
asked questions in the census on a sample basis,
the iterative proportional fitting methodology
was used in Census 2000 to calculate weights for
estimating characteristics of the entire country
based on the long form sample. We carry out
this methodology, also known as raking, within
weighting aress.
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Weighting areas, the geographic level a which
we conduct the weighting, were formed within
counties. Weighting areas were required to have
a minimum of 400 sampled persons. As
necessary, small counties with fewer than the
prescribed number of cases were alowed to
stand alone as weighting areas.

To ensure that we have a basic minima sample
within the weighting areas, there was
augmentation (imputation of sample information
for selected entire households or GQ people) of
the long form sample using a set of
predetermined rules, as needed. This was done
to attain a minimum observed sampling rate
within each area, reducing the associated
variance. Long form data were imputed based
on the reported short form data for sample
augmentation.  After augmentation, weighting
proceeded separately for people, occupied
housing units, and vacant housing units.

For each sample unit we set an initiad weight
equal to the inverse of the observed sampling
rate (100 percent count divided by the number of
sample cases received, including augmented
cases). We then carried out the iterative
proportional fitting methodology, also known as
raking. Raking was performed in severa stages.

For person weighting, for each weighting area,
we formed a four-dimensiona matrix using
household type and size (such as family with
own children with four people and family
without own children with four people),
sampling rate, whether the person is a
householder, and Hispanic origin by race and
age/sex. For occupied housing units, we used
three dimensions. household type by size; race
and Hispanic origin of the householder by
tenure; and sampling rate. Vacant housing units
were weighted based on a three cell array: “for
sae” “for rent;” and “other.” If a given
classification/cell was not sufficiently large, then
it was collapsed with another classification
following a predefined pattern.

Raking is an iterative proportional adjustment of
the cross-classified cell counts. The interior cell
counts within a classification were multiplied by
the ratio of the 100 percent count (for that
classification) to the initidly inflated sample
total (for that classification). An iteration of the
raking consists of one stage of adjustment for
each dimension. Each stage adjusts al interior
cell counts by the appropriate cdl ratio. The
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raking progressed until a predefined stopping
criterion was reached.

The fina step in the weighting process was to
integerize the post-raking weights using a
controlled rounding procedure.

Further details on the Census 2000 weighting
process may be found in [3].

3. Direct Variance Estimation

For Census 2000, we used the Successive
Difference Replication (SDR) methodology to
calculate direct variances at the weighting area
level. The SDR methodology was developed by
Fay [4], based on the successive difference
variance estimator for systematic samples. A
successive difference estimator calculates the
variance from the sum of sgquares of differences
from overlapping pairs of sample units. This
allows order of selection to be taken into account
when the units' order of selection is maintained
within the calculation.

Replicate weights were calculated using replicate
factors and the integerized fina weights from the
weighting process. Fifty-two replicate weights
were calculated for every housing unit and
person in the observed long form sample.

Standard errors were caculated separately for
characteristics of persons, families, and housing
units/households. Replicate factors were
multiplied by the final weights to produce
replicate final weights. Once replicate fina
weights were produced, the SDR method
estimated the standard error, Sy, Of the
estimate for the t" data item through the formula:

1
4 2 W, 2
SSDR,t:(E -1 P Wm)_xo‘]2)2
Where:
X is the weighted total of the r' replicate

for dataitemt wherer =1, ..., 52;

A is the weighted tota of the sample for
data type ¢ where types are people,
housing units, or families;

W, is the weighted total of the r" replicate
for datatype c; and
Xot is the weighted total of the full sample

for dataitem t.

In addition, standard errors were caculated
assuming a 1-in-6 simple random sample (Sgzo)
for each, t", dataitem asfollows:
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If X, < 0.98 W,, then

SSRS,t = (5x,[1-(x,/ Wc)])l/2 5
eseif x, > 0.98 W, then

Ssrsy = (5%, - 0.98])2 .

A design factor (DF) was calculated from these
standard errors for the t" data item at the
weighting arealevel as. DF = Sgyr, / Sk -

The DFs reflect the effects of the sample design
and pat of the complex ratio estimation
procedure used for the Census 2000 sample data.

Further details on the Census 2000 variance
estimation process may be found in [5].

4. Generalized Variance Estimation

The long form sample can be the basis of a
myriad of estimates calculated a many
geographic levels. The Census Bureau has a
commitment to provide estimates of sampling
error for al estimates and to minimize burden on
data users by not overwhelming them with
volumes of error estimates. Thus, we provided a
st of 59 generalized DFs to approximate
sampling errors.

DFs were caculated for selected data items
within each weighting area.  Due to space
limitations, generalized DFs were made available
across four percent-in-sample categories or
intervals. <15, >15-<25, »>25-<35, 35+. The
percent-in-sample was defined at the weighting
area level to be the observed unweighted sample
count divided by the 100 percent count, which
was equa to the final weighting area observed
sampling rate multiplied by 100. The count was
of persons for population characteristics and of
housing units for housing characteristics.

Data items were arranged into groups and
subgroups based on characteristic. For each
state, the Digtrict of Columbia, and Puerto Rico,
generalized DFs for each group and subgroup
were caculated over each of the percent-in-
sample intervals as a weighted average DF.
They were also calculated at the national level.

Data item groups were examined for
homogeneity of variance. Specific dataitem DFs
which were determined to be outliers were
down-weighted.
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Further details on the Census 2000 generalized
variance estimation process may be found in [6].

B. Sampling

Two PUMS files were created, a 1-percent and a
5-percent sample. A dratified systematic
selection procedure with equal probability was
used to select each of the PUMS. The sampling
universes were defined as al occupied housing
units including al occupants, vacant housing
units, and GQ people in the census sample. The
sample units were stratified during the selection
process. The dratification was intended to
improve the reliability of estimates derived from
the PUMS by defining strata within which there
is a high degree of homogeneity among the
census sample households with respect to
characteristics of major interest.

The occupied housing unit dtratification was
performed using a matrix containing 34,080 cells
made by combining 71 race groups, 5 Hispanic
origin groups, 3 family types, 2 tenure groups, 4
groups based on maximum age of household
members, and the 4 long form sampling rates. In
the case of occupied housing units the primary
sampling unit selected by the systematic
selection process was housing units and dll
person records were extracted after the housing
units were chosen. Therefore, the race and
Hispanic origin correspond to the householder.
The maximum age variable, in contrast, could
come from any household member.

The vacant housing unit stratification was
performed within a matrix consisting of 12 cells
made by combining the four long form sampling
rates with three vacancy statuses.

The GQ dratification used a matrix of 2,840
cells made by combining 71 race groups, 5
Hispanic origin groups, 4 age groups, and 2 types
of GQ. For GQ people, the race, Hispanic
origin, and age were those of the individua GQ
person.

The sample selection procedures were performed
separately for each of the three subsampling
universes. occupied housing units (including all
people in them), vacant housing units, and GQ
persons, as follows. The number of 1-percent
public use microdata samples for a given state
was determined by the full census sample size
for that state. For instance, if the full census
sample for a state was 20 percent, then the
census sample was divided into 20 subsamples of
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approximately equal size. The 1-percent public
use microdata sample was designated at random
from the 20 subsamples. From the remaining 19
subsamples, five 1-percent subsamples were
designated at random and merged to produce the
5-percent public use microdata sample.

During the sample selection operation,
consecutive two-digit subsample numbers from
00 to 99 were assigned to each sample case as it
was selected for the 5-percent or 1-percent
sample to allow for the designation of various
size subsamples and, as discussed in section I1.D,
to alow for the calculation of standard errors.
As an example, for a 1-percent public use
microdata sample, the choice of records having
subsample numbers with the same "units' digit
(e.g., the two "units" digit includes subsample
numbers 02, 12, 22, ...., 92) will provide a 1-in-
1000 subsample.

Samples of any size between 1/20 and 1/10000
may be selected in a similar manner by using
appropriate two-digit subsample numbers
assigned to either of the microdata samples.
Care must be exercised when selecting such
samples. If only one "units' digit is reguired, the
units digit should be randomly selected. If
multiple “units’ digits are required, then the first
should be randomly selected and the others
should be appropriately spaced to maximize the
spread. For example, if two "units' digits are
required, the first should be randomly selected
and the second should be either 5 more or 5 less
than the first. Failure to use this procedure, e.g.,
selection of records with the same "tens' digit
instead of records with the same "units' digit,
would provide a 1-in-10 subsample but one that
would be somewhat more clustered and as a
result subject to larger sampling error.

Further details on the Census 2000 PUMS
sampling procedures may be found in [7].

C. Weighting

The weights that appear on the PUMS files are
the product of the long form weight and the
PUMS sampling weight. The long form weights
were obtained from the procedure described
above in Section IILA.2  resulting in the
assignment of a weight to each sample person
and housing unit record. The PUMS sampling
weight was the inverse of the sampling rate used
for a given state equivalent area. These weights
were then integerized using a controlled
rounding procedure.
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D. Variance Estimation

Variances are calculated for PUMS estimates by
calculating an unadjusted standard error and then
multiplying the result by the appropriate
generalized DF calculated as described, above, in
Section 11.A.4. For estimated totals, the formula
for the unadjusted standard error for the 1-
percent PUMSis:

P
SE(Y)=,| 99" N)

Where:
Y = estimate of characteristic total and
N = size of geographic area.

For estimated percentages, the formulais:

SE(p)=\| 5 5 (100-p)

Where:
p = estimate of percentage and
B =sdzeof base

For estimates from the 5-percent file, the “99"
would be replaced with “19.” Asan aid to users,
a table of unadjusted standard errors is provided
for selected estimated totals (percentages) and
geographic area (base) sizes.

Use of tables or formulas to derive approximate
standard errors is simple and does not
complicate processing. Nonetheless, a more
accurate estimate of the standard error can be
obtained from the samples themselves, using the
random group method [8]. Using this method it
is aso possible to compute standard errors for
means, ratios, indexes, correlation coefficients,
or other statistics for which the tables or
formulas do not apply.

The random group method does increase
processing time since it requires that the statistic
of interest, for example a total, be computed
separately for each of up to 100 random groups.
The variability of that statistic for the sample as a
whole is estimated from the variability of the
statistic among the various random groups within
the sample.

To obtain the random group standard error for an
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etimated total, X , theformulais:
. t . 1 N
var®) = (——) Y Ix, - — Q. x)P
-1 g=1 t g=1

or the computational formula:

t
t E: 2 =2
x°- - tx
l)g:I b4 £

var(®) = (-
It is suggested that t = 100 for estimating the
standard error of a total since, as discussed in
section 11.B, each of the sample records was
assigned a two-digit subsample number
sequentially from 00 to 99. The two-digit
number can be used to form 100 random groups.

For example, a sample case with 01 as the two-
digit number will be in random group 1. All
sample cases with 02 as the two digit number
will be in random group 2, etc., up to 00 as the
one-hundredth random group. The reliability of
the random group variance estimator is a
function of both the kurtosis of the estimator and
the number of groups, t. If t is smadl, the
coefficient of variation will be large, and
therefore, the variance estimator will be of low
precision. In general, the variance estimator will
be more reliable with alarger t.

Percentage estimates of zero and estimated totals
of zero are subject to both sampling and
nonsampling error. While the magnitude of the
error is difficult to quantify, users should be
aware that such estimates are nevertheless
subject to both sampling and nonsampling error
even though in the case of zero estimates the
corresponding random groups estimate of
variance will be zero.

Also, the standard error estimates obtained using
the random groups method do not include dl
components of the variability due to
nonsampling error that may be present in the
data. Therefore, the standard errors calculated
using the methods described in this section
represent a lower bound for the total error. Data
users should be aware that, in general,
confidence intervals formed using these
estimated standard errors do not meet the stated
levels of confidence. Data users are advised to
be conservative when making inferences from
the data provided in this data product.

E. Disclosure Avoidance
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Disclosure avoidance is the process for
protecting the confidentiadlity of data A
disclosure of data occurs when someone can use
published or released satistical information to
identify an individual who provided information
under a pledge of confidentiaity. Title 13,
United States Code, Section 9, prohibits the
Census Bureau from publishing results in which
an individua can be identified. Since microdata
records are the actual housing unit and person
records, the Census Bureau takes steps to prevent
the identification of specific individuals,
households, or housing units by modifying or
suppressing some data on the PUM Sfiles.

The Census Bureau's internal Disclosure Review
Board sets the confidentidity rules for al data
releases. Using disclosure avoidance procedures,
the Census Bureau modifies or removes the
characteristics that put confidential information
a risk for disclosure. A checklist is used to
ensure that all potential risks to the
confidentidity of the data are considered and
addressed.  Although it may appear that the
PUMS files show information about a specific
individual, the Census Bureau has taken steps to
disguise the original data while making sure the
results are still useful. The techniques used by
the Census Bureau to protect confidentiaity in
tabulations vary, depending on the type of data.

Data swapping is a method of disclosure
avoidance designed to protect confidentidity in
data (the number or percentage of the population
with certain characteristics). Data swapping is
done by editing the source data or exchanging
records for a sample of cases. A sample of
households is selected and matched on a set of
selected key variables with households in other
geographic areas that have similar
characteristics. Data swapping procedures were
first used in the 1990 census and aso were used
for Census 2000.

A major disclosure avoidance method used is to
limit the geographic detail shown in the files. A
minimum threshold of 10,000 for the national
population was set for identification of groups
within categorical variables in the state- level
PUMS files. A geographic area must have a
minimum of 100,000 population to be fully
identified in the 5-percent file, and 400,000 for
the 1-percent file. Furthermore, certain variables
are topcoded where the actual values of the
characteristics are replaced by a descriptive
statistic, such as the mean of al vaues above a
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set value.

Further details on the disclosure avoidance
methodologies used for Census 2000 and how
they differed from 1990 may be found in [9].

I1l. Guam and U.S. Virgin ISands PUMS

A. Sampling

For the 2000 Guam and U.S. Virgin Idands
Census, every person and housing unit received
the same questionnaire with detailed content
guestions. There were no separate short and long
form questionnaires.  Thus, there were no
sampling, weighting, or variance estimation
methods required analogous to the U.S. and
Puerto Rico long form methodologies.

A stratified 1-in-10 systematic selection
procedure with equal probability was used to
select the Guam and U.S. Virgin Isand PUMS
to create a 10-percent PUMS file. The sampling
universe was defined as al occupied housing
units including al occupants, vacant housing
units, and GQ persons in the census. The sample
units were stratified during the selection process.
The stratification was intended to improve the
reliability of estimates derived from the 10-
percent sample by defining strata within which
there is a high degree of homogeneity among the
census households with respect to characteristics
of major interest.

First, the units were divided into three mgjor
groups. occupied housing units, vacant housing
units, and GQ population. For Guam, a total of
99 dtrata were defined: 72 strata for occupied
housing units, 24 strata for GQ people, and 3
strata for vacant housing units. For the U.S.
Virgin Idands the comparable number of strata
were: 195, 144, 48, and 3.

The occupied housing unit universe was
stratified by: family type, race or ethnic origin of
the householder, tenure, and maximum age in the
household for Guam. For the U.S. Virgin
Islands, “race or ethnic origin of the
householder” was replaced by “race and
Hispanic origin of the householder.” The vacant
housing unit universe was stratified by vacancy
status for both areas. Finaly, the GQ population
was dratified by GQ type (institutional,
noninstitutional), race or ethnic origin, and age
for Guam. For the U.S. Virgin Idlands, “race or
ethnic origin” was replaced by “race, Hispanic
origin.”
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During the sample selection operation,
subsamples were identified as described for the
U.S. and Puerto Rico PUMS files. As a result,
samples of any size between 1/10 and 1/1000
may be selected by using appropriate two-digit
subsample numbers assigned to the microdata
samples.

Further details on the sampling procedures for
the Guam and U.S. Virgin Ilands PUMS files
arein[10] and [11].

B. Weighting

The 2000 Guam and U.S. Virgin Idands PUMS
were self-weighting.  All persons or housing
unitsin the PUMS have aweight of 10.

C. Variance Estimation

Since detailed data was collected for all
addresses in Guam and the U.S. Virgin Islands,
design factors had to be caculated and
generalized for use in calculating standard errors
on PUMS edimates. Design factors were
caculated for each data item in a data grouping
where the data groupings were individua
measures and the data items were the possible
categorical responses or grouped responses. For
example, three of the data groupings were: age,
household income in 1999, and tenure. The
corresponding data items in these groupings
were: age groupings, selected income intervals,
and owner occupied / renter occupied. For
Guam there were 55 groups and 650 items while
for the U.S. Virgin Islands there were 57 groups
and 694 items.

The design factors were calculated by first
calculating estimates of the j™ item total from the
i" potential PUM sample for all i and j using the
following formula:

o
Yij = 10 EYijk
k=1

X=650 for Guam and 694 for the U.S. Virgin

Idands. Where:

n = size of the i sample (either
total number of people,
housing units, or families
depending on the item) and

(i=1,..,10; j=1,..X)

Vi = 1 if the k™ unit in thei®
sample has the
attribute associated
with the j" item;

0 otherwise.

The complex standard error,SEc(?j), of the j"
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item total estimate from the designated PUM
sample, Y., isthen calculated as:

10
SE(Y) = Jlo (X (3 - &%)
Where:
Yy = iYijk = j" item total (j=
k=1 1,...X; X=650 for
Guam and 694 for the
U.S. Virgin Idands)
within the i sample
(i=1,...,10), and
10
Y, = )v; = j" item total across all

i samples (j = 1,...,.X;
X=650 for Guam and
694 for the U.S.
Virgin Idands).

An estimate of the standard error for each data
item assuming SRS based on the sdlected PUMS
was then calculated as:

SE(¥) = 90y, (1 - (¥ /N, ) (=1..%)

X=650 for Guam and 694 for the U.S. Virgin

Idands. Where:

i is fixed and represents the designated
PUM sample, and

N, is the appropriate population total (x = p
for person total, h for housing unit total,
and f for family totals).

An item design effect (referred to as a design
factor) for the j™ item is calculated as the ratio of
the standard error given the PUMS design to the
standard error assuming SRS using the formula

Lm) G=1,....X)
SEM(?J.)

X=650 for Guam and 694 for the U.S. Virgin
Idands.

DF; =

A group design factor (DFg) is calculated for
each data grouping as a weighted average of the
item design factors within the data group.

DF; = Y (W, x DF,) (G=1,...)

JEG
Z=55 for Guam and 57 for the U.S. Virgin
Islands.

The weight applied to each item design factor is
the ratio of the unweighted item total to the sum
of the unweighted item totals within the group
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and is caculated as:

y..
W. = Y
! E Yi
jeG
X=650 for Guam and 694 for the U.S. Virgin
Idands. Where:
i is fixed and represents the designated
PUM sample and
G represents the individual groups (G =
1,...,Z; Z=55 for Guam and 57 for the
U.S. Virgin Idands).

(=1,...X)

Variance estimation for estimates from the Guam
and U.S. Virgin Isands PUMS files is conducted
using the design factors as described for the U.S.
and Puerto Rico in section 11.D with the integer
of “99” (used for the 1 percent sample) replaced
with “9.”

Further details on variance estimation for the
Guam and U.S. Virgin Idands PUMSfiles are in
[12] and [13].

D. Disclosure Avoidance

The methodologies used for disclosure avoidance
in the Guam and U.S. Virgin Isands PUMS are
the same as described above for the U.S. and
Puerto Rico. Since a geographic area must have
a minimum population of 100,000 to be fully
identified, the only geography indicated on the
PUMS are Guam and the U.S. Virgin Idands
themselves.
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