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PREFACE

This working note was prepared for the Office of Policy Develop-

ment and Research, U.S. Department of Housing and Urban Development.

It explains an inexpensive and convenient procedure for obtaining

nearly unbiased estimates of certain population parameters from a

biased sample, with only small losses in the efficiency of the esti-
mates. The method is now employed by analysts in the Housing Assistance
Supply Experiment (HASE) to weight usable survey records for estimating
‘population characteristics.

The formal method was developed in respcnse to recurring infer-
ence problems facedkby HASE analysts.* The author has benefited
greatly from discussions with Timothy M. Corcoran, Larry A. Day,
Lawrence Helbers, Mark David Menchik, and C. Peter Rydell.

Drafts of this note were reviewed by Stanley C. Abraham, C. Peter
Rydell, and Ira S. Lowry. Rose-Marie Vigil prepared the draft type—
script and tables; Christine D'Arc edited the revised draft and super-
vised production of final copy. 7

This report was prepared pursuant to HUD contract H-1789, as part
of Rand's general responsibilities for developing analytical methods

under Task 2.2.

“See C. Peter Rydell and Richard E. Stantom, 4 Plan for Analyzing
Nonresponse Bias: Survey of Landlords, Baseline, Site I, The Rand
Corporation, WN-9211-HUD, August 1975.
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SUMMARY

This note explains an inexpensive and convenient procedure for
obtaining nearly unbiased estimates of certain population parameters
from a biased sample, with only a small loss in the efficiency of the
estimates. The method is explained in the context of the Housing
Assistance Supply Experiment (HASE) and is applied to estimating
problems faced by HASE analysts. However, it is widely applicable,
especially to data derived from survey research.

Such data are usually obtained through a variant of stratified
random sampling; because of interview nonresponse or other field
problems, only a subset of the full sample produces usable records.
In the HASE surveys, the efficient procedure of recursive stratifica-
tion and sample selection led to unequal selection probabilities for
sample elements within a given stratum. Some strata show strong evi-
dence of interview nonresponse bias, the usable records being a non-
random subset of the full-stratum sample.  Rigorous sampling proba-
bilities are therefore not calculable. Both problems are common in
survey research.

Classical methods for estimating population parameters from -
sample data require either a random sample (whose elements all have
equal selection probabilities) or one in which the selection proba-
bilities may differ but all are known. In the latter case, the
greater the variance in probabilities, the less efficient the estimates.
Classical methods offer little guidance when selection probabilities
are i1l defined.

In modern statistical theory, however, both Bayesian and likeli-
hood principles identify two phases in statistical inference: model-
ing and extrapolation. The modeling phase treats the population of
interest as one formed by an explicit probability process. It identi-
fies that process and its parameters, prescribes methods for estimating
the parameters efficiently, and estimates them from sample data. The
extrapolation phase entails estimating the parameters of the popula-

tion itself rather than of its formative process. The appropriate
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estimator of a population parameter is its conditional expected value,
the conditions being the process parameters. In some cases, the con-
ditional expectations coincide with classical estimates (and are
simple weighted averages of sample values); in others they differ
from classical estimates.

The following procedure for estimating y, the population mean of
y (a specified variable for which sample data are available), conforms
to the theory outlined above. First, specify and estimate the param--
eters of a linear regression model of the form y = R’z + e, where x
is a vector of independent variables that account for a substantial
part of :the variance of y and whose population means are known or can
be reliably estimated. Second, estimate §'= b"xz, where b is the regres—
sion estimator of B and x is a vector of population means for the in-
dependent variables.

That method has the virtues of known assumptions (model specifi-
cations) and is insensitive to nonresponse bias in the sample distribu-
tion of y. However, it is difficult and expensive for large samples,
and the modeling phase must be repeated for each population parameter
to be estimated.

This note demonstrates that the simple weighted mean of y is a
nearly equivalent estimator, provided that the weights are chosen to
equate sample and population means of the vector x described above.
Once chosen, the weights are reusable for estimating the population
means of other variables. A small price is paid in the reduced
efficiency (increased variance) of the estimator.

In HASE samples, as in most survey data bases, either the sampling
frame itself enumerates the values of a suitable vector x so that x is
known, or sample selection produces large and virtually random samples
from which x can be reliably estimated. By repeated substratification
of the analysis sample and the population, strata can be found in which
(sample Eé) ~ {population Eé), whereupon appropriate weights are readily

calculated.
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I. INTRODUCTION

The Housing Assistance Supply Experiment is desigmed to test the
response of a metropolitan housing market to a full-scale housing
allowance program. The experiment is being administered in two sites:
Brown County, Wiscomsin (Site I), and St. Joseph County, Indiana (Site
II). In each case, the program's effects on the local housing market
and the community are being monitored through an annual cycle of field
surveys addressed tb a marketwide sample of residential properties.
This note explains‘a statistical procedure for estimating the county-.
wide population means aﬁd sums. - Though developed for thé HASE!con—
text and applied to estimation problems faced by HASE analysts, the
method is widely applicable, especially to survey data, where sample
selection procedures, interview nonresponse, and other factors often
yield nonrandom samples. | |

The sampled population in each HASE site consists of about 4,300
properties surveyed at baseline (before the program began) and, from
the complete baseline responses, a five-year permanent panel of some

2,000 properties. We sought a probability sample with explicit tar-

Sk
Y

gets for the number of properties in each of 18 well-defined strata.
Had we been able initially to stratify all properties in the popula-
tion, and had we not required that panel-eligible properties have com-
plete baseline records, we could have readily obtained a random sample

of properties within each stratum. The task of generalizing to the

“For Site I, baseline data were collected in 1973; for Site II,
1974,

*k

For an extensive discussion of the logic of the sample design,
see Timothy M. Corcoran, Eugene C. Poggio, and Tiina Repnau, Sample
Design for the Housing Assistance Supply Bxperiment, The Rand Corpora-
tion, WN-8029-HUD, November 1972. Subsequent general decisions on
stratification and sample sizes are reflected in Daniel A. Relles,
Selecting the Baseline Sample of Residential Properties: Site IT, The
Rand Corporation, WN-9027-HUD, October 1975; Timothy M. Corcoran,
Survey Sample Design for Site I, The Rand Corporation, WN-8640-HUD,
March 1974; and Eugene C. Poggio, Selecting the Baseline Sample of
Residential Properties: Site I, The Rand Corporation, WN-8645-HUD,
March 1977.
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county would then have been straightforward.* But our stratification

information sources were far from perfect, and our criteria for record
completeness left barely enough panel-eligible properties to meet our

needs.

First, to economize on costs, the baseline sample was gathered
from a well-defined sampling frame in three phases, each phase adding
more information about fewer properties. From the records, we deter-
mined the final selection probability of each property, and by over-—
sampling properties that had been undersampled at an earlier phase,
we attempted to equalize the probabilities within strata. But final
selection probabilities varied considerably within strata, in some
cases by factors of 50. Therefore, the classical prescription of
weighting each property by the inverse of its selection probability
often yielded weighted estimates with4intolerably large variances.

Second, the criteria for record completeness were stringent and
required respondents' cooperation. For a rental property, a complete
baseline record consists of a completed landlord interview, at least
one completed tenant interview (or a vacancy report), and a residential
building report for each building containing a sampled unit. For an
ownership property, a complete record comnsists of a completed home-
owner interview and a residential building report. Only about half
the properties in the baseline sample met the criteria.

Although some completeness criterion is needed to create a file
of analytically usable data, the process that generates complete
records is unlikely to be random with respect to all variables of
analytical interest. 1In other words, the last step in sample selec—
tion introduces strong possibilities of nonresponse bias.

Classical procedures for estimating population parameters from
probability samples provide little guidance for dealing with the
variance or bias problems in our data. However, recent advances in

KA

“For a stratified random sample, each record is weighted by the
inverse of its selection probability. See, for example, William G.
Cochran, Sampling Techniques, John Wiley and Sons, Inc., New York,
1962, pp. 65-67.
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the theory of sampling from finite populations suggest appropriate

Lo

~

guidelines.

Both Bayesian and modern likelihood principles identify two
phases in statistical inference: modeling and extrapolation, The
modeling phase treats the population of interest as one formed by
an explicit probability process. It identifies that process and its
parameters, prescribes methods for estimating the parameters effi-
ciently, and estimates them from sample data. The extrapolation phase
entails estimating the parameters of the population itself rather than
of its formative process, The appropriate estimator of a population
parameter is its conditional expected value, the conditions being the
process parameters. In some cases, the conditional expectations co-
incide with classical estimates (and are simple weighted averages of
sample values); in others they differ from classical estimates.

The following procedure for estimating g} the population mean of
y (a specified variable for which sample data are available) conforms
to the theory outlined above. First, specify and estimate the param-
eters of a linear regression model of the form y = B“x + €, where x
is a vector of independent variables that account for a substantial
part of the variance of y and whose populition means are known or can
be reliably estimated. Second, estimate y = b”x, where b is the re-
gression estimator of B and z is a vector of population means for the
independent variables.

That method has the virtues of known assumptions (model specifi-
cations) and is insensitive to nonresponse bias in the sample distribu-
tion of y. However, it is difficult and expensive for large samples,
and the modeling phase must be repeated for each population parameter
to be estimated.

This note demonstrates that the simple weighted mean of y is a
nearly equivalent estimator, provided that the weights are chosen to

equate sample and population means of the vector x described above.

“See, for example, William A. Ericson, "Subjective Bayesian Models
in Sampling Finite Populatioms," Journal of the Royal Statistical
Soctety B, Vol. 31, 1969, pp. 195-233; or Richard Royall, "An 01d
Approach to Finite Population Sampling Theory," Journal of the Amer-
iecan Statistical Association, Vol. 63, 1968, pp. 1269-1279.
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Once chosen, the weights are reusable for estimating the population
means of other variables. A small price is paid in the reduced effi-
ciency (increased variance) of the estimator.

In HASE samples, as in most survey data bases, either the sampling
frame itself enumerates the values of a suitable vector x so that x
is known, or sample selection procedures produce large and virtually
random samples from which x can be reliably estimated. By repeated
substratification of the analysis sample and the population, strata
can be found in which (Sample-gé) A'(population E;), whereupon appro-
priate weights are readily calculated.

Although the theory helps identify the propérties and implica-
tions of a given set of weights, it by no means specifies them
uniquely. The analyst has considerable latitude in determining a
rule for assigning weights and judging whether the corresponding
weights adequately serve his purposes.

This note is organized as follows. Section II reviews HASE sample
selection procedures and uses sampling history to describe various
populations of interest to HASE analysts: properties, buildings,
dwellings, landlords, and households. It also indicates what kinds
of data are gathered for each population., Section III discusses the
"formal" estimator of a population mean, as suggested by modern sampling:
theory, including the computational problems it introduces. Section IV
derives the "modified" estimator advocated for most HASE applications
and explains the record-weighting principles it employs. Section V
describes how the permanent panel samples in each site were weighted
according to those principles and shows the extent of precision lost
using the modified rather than the forﬁal estimator. Section VI pre-
sents the conclusions of the study.

Appendix A outlines a practical method for bounding the wvariance
of the modified estimator. Appendix B describes the computer program
that generates record weights and diagnoses their statistical

properties.
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II. HASE SAMPLE SELECTION

This section reviews HASE sample selection procedures to explain
how the weighting problems arose, to provide background for the in-
ference problems faced by HASE analysts, and to identify the data
available for solving them. For each site, those data have been
assembled in a "baseline weighting file'--a source of large and vir-
tually random samples but on a limited number of variables. We use
the files to estimate the sizes of the various populations surveyed:
landlords, residential buildings, and dwellings and their occupants.
The role of sample selection information in estimating population

characteristics from survey records is described in later sections.

PROPERTY SELECTION PROCEDURES

The sampling unit for the baseline and all subsequent surveys

is the "HASE property," the smallest unit of real estate for which
an owner maintains separate accounts.* The sémpling frame consists
of the property records for all tax parcels: 61,791 in Brown County
(Site I), 98,019 in St. Joseph County (Site II). The sampling goal
was to seleect a stratified probability sample of residential proper-
ties at baseline and, from the complete baseline recoxrds, a permanent
panel of properties to be surveyed annually.

To stratify the baseline property list, we had to obtain the

following information for each property:

. Its location, urban or rural.
® Its use, residential or nonresidential.
° If residential, whether it is occupied exclusively by its

owner or contains some rental units.

>\At first the tax parcel was considered the sampling unit, but

in several cases owners of two or more adjacent tax parcels maintained
only a single set of records and could thus provide information about
the group but not about individual parcels. See Relles, Selecting

the Baseline Sample of Residential Properties: Site II, p. 52.



® The number of residential units on the property, and how
many are mobile homes or rooming houses,
e TFor ownership properties, their market value; for rental

properties, their gross rent per unit.

Baseline sampling targets were set by first determining the de-
sired reliability of certain parameter estimates, then by calculating
how many properties would be needed to meet that criterion. The im-
plied stratum sampling rates ranged from 1.0 (complete enumeration)
to about .0l. In selecting the properties, economy was important.

We could tell whether a property should be eligible for inclusion in

a particular stratum only by gathering information about its character-—
istics. Better decisions could be made with better information, but
only at greater expense. Thus, we chose to select the baseline sample
in three phases, with additional information gathered about fewer
properties at each phase.

The first phase coarsely classified all properties as either
urban or rural (according to political subdivision), and as rental
or nonrental, the latter including nonresidential properties and owner-—
occupied homes. Unimproved properties, easily identifiable from the
tax records in Site II (assessed value of improvements equal to zero),
were immediately -excluded from further investigation. -All other proper-
ties in both sites were sampled and divided into four strata: urban
rental, rural rental, urban nonrental, and rural nonrental.

The second phase continued the classification of the properties
by residential status, number of units on each property, and average
assessed value per unit. The information was drawn from the tax
assessors' property records. The earlier list of properties was re-—
sampled to produce a field list for the screening survey, a short
interview to obtain information on the characteristics of dwellings
and households.

In the third phase, we substituted rent information gathered in
the screening survey for the assessed value of rental properties. As
a result, the properties in the screening sample were regrouped into

about 20 strata. (Rooming houses and mobile home parks identified



-7-

during the screening survey were assigned their own special strata.)
By resampling those strata, we formed the final baseline sample list
of properties scheduled for detailed field observation and lengthy
interviews with owners and occupants.

In neither site did the baseline sample meet the targets for
sample size in all 20 strata, and selection probabilities varied con-
siderably within strata. Since a record has been preserved of the
sampling history of each property in the baseline sample, we can specify
its exact probability of inclusion in the sample and thus weight the
data gathered by the inverse of the selection probability. However,
most strata contain a few high-weight properties, and weighted means
within those strata virtually ignore the data from low-weight proper-
ties. 1In prior experience with weighted means, HASE analysts had
found strata containing more than 100 usable records in which 10 or
fewer properties completely dominated inferences. Clearly, we could
not afford to throw away that much information.

In selecting the permanent panel, we first restratified the en-—
tire baseline sample to reflect the baseline survey findings, and then
specified record-completion criteria for panel eligibility. We divided
the baseline sample among 18 strata (11 rental, 5 homeowner, and 2
special) and found that to meet the panel design targets most eligible
properties would have to be admitted (some even under relaxed criteria).
The size of the panel settled at roughly 2,000 properties in each site,
a little shy of targets but the best we could do under the circum-—
stances. Several strata, for example those consisting of large multiple-
unit properties, fell short of panel design targets because the targets
were larger than the corresponding populations. Other strata, especially
single-family, low-rent properties, underran sampling targets because
of insufficient field-complete baseline records. Of course, the fore-
going procedures for determining panel eligibility introduced nonrandom
selection in the samples, so procedures to correct for nonresponse bias

would have to be used in analyzing the HASE data.

BASELINE WEIGHTING FILES

Before action can be taken to correct for nonresponse bias, the

information obtained during sample selection must be assembled. For



each site, we compiled a baseline weighting file. Sample selection
records were reviewed; the data files that had potentially useful
analytical variables were identified; and new variables were re-
constructed where necessary. The resulting machine-readable file
contains most of the important variables that are available for the
entire baseline list, along with sampling history weights that might
be used to estimate various population control totals.

The definitive source of baseline information for each site was
the panel selection file, which contained stratum numbers for each
phase of sampling and could therefore be used to construct exact
sampling history weights;* It also contained equalized assessed
value, political subdivision codes, residential unit counts, occu-
pancy and subsidy status information, and panel selection indicators.
Each of those variables was potentially useful for weighting future
analysis samples. The panel selection files were audited, compared
with other HASE sample selection and analysis files, and cleaned as
necessary, yielding the files described in Tables 2.1 and 2.2. The

baseline weighting file for Site I contains 4,413 records, the Site

IT file, 4,307 records.

POPULATIONS SURVEYED

The baseline weighting files reflect what we learned about each

site during sample selection. In particular, they show the number of
residential properties, buildings, and units (occupied or vacant) in
each sampling stratum. The totals in Table 2.3 for both sites indi-
cate the size and composition of the target populations for each major
HASE survey: landlords, residential buildings, and tenants and home-

owners.

Landlords

Excluding specialized housing (strata 17 and 18), Site I contained

pOS

“See Timothy M. Corcoran, Selecting the Permanent Panel for Resi-

dential Properties: Site II, The Rand Corporation, WN-9577-HUD, April

1977, pp. 37-69, and Timothy M. Corcoran, Selecting the Permanent Panel
for Residential Properties: Site I, The Rand Corporation, WN-9575-HUD,
forthcoming.
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about 6,700 rental properties and Site II, 9,800. Site I had a heavier
concentration of rural (11 versus 8 percent) and large urban (4 versus
2 percent) rental properties, whereas the majority of the Site II
rental properties were single-family.

The survey of landlords is the basis for inferences about those
rental properties. The survey interview, lasting about 90 minutes,
obtains data about the landlord's rental revenues and outlays for build-
ing maintenance and operations during the preceding year, including de-
tailed accounts of repairs and improvements and their costs. It also
seeks data on mortgage financing, property ownership and management,
proferty and tenant characteristics, landlbrd—tenant relations, plans
for the property, and the landlord's impressions of the allowance pro-

gram and how it affects him.

Residential Buildings

Site I contained about 40,000 residential buildings and Site 1T,
69,900. The vast majority of properties contained a single owner-—
occupied building.

The survey of residential buildings is the basis for generalizations
about all residential buildings in each site. Each sampled property is
visited to record the physical characteristics of its residential build-
ings and of the immediate neighborhood. The instrument is designed to
enable the detection of alterations or improvements, changes in the
physical condition or use of the property, and changes in the neigh-

oo
~

borhood between surveys.

Dwellings and Their Occupants

Site I contained about 48,000 housing units; 47,000 were occupied,
two—thirds by owners. Site II had about 80,000 housing units, of which
76,000 were occupied, also two-thirds by owners. )

The survey of households (formerly the survey of tenants and home-

owners) is the basis for inferences about the characteristics of housing

L

"Originally we planned to survey residential buildings annually.
Less frequent surveys are now planned, for reasons explained in the
Second Annual Report of the Housing Assistance Supply Experiment,
The Rand Corporation, R-1959-HUD, May 1976, pp. 145-146.
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units and their occupants. For rental properties in the sample, we
seek annual interviews with the occupants of (usually) up to four
housing units on each property. Each household head is asked to
describe the interior features and condition of his dwelling and to
report his contract rent and other housing expenses. He is also asked
his views about his dwelling and the neighborhood. As background for
analysis, he is also asked about household composition and family
characteristics, income, education, and occupation. The interview
for homeowners is similar and includes detailed questions on mortgage
financing and housing expenses like those addressed to landlords.
Depending on analytical needs; the foregoing populations can be
reclassified in various ways-~for example, by property size, political
subdivision, and vacancy status. Though the baseline weighting files
sometimes yield acceptable estimates of the size of such groups, cther
data are often required, especially from the surveys themselves, As
survey data are not available for all (or even half) of the properties
in the baseline weighting files, we must turn to statistical theory

for guidance on how to combine sample selection and survey information.
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ITI. FORMAL ESTIMATING PROCEDURES

The previous section identified the populations to which each HASE
survey is addressed. Inferences about those populations are usually
expressed as population-wide means (e.g., for rental properties, aver-
age gross rent or the fraction containing only one dwelling) or sums
(e.g., the total number of rental properties). This section develops
the statistical theory underlying the procedures required for estimat-
ing population means and sums. The theory provides a general method
for analyzing the extent of and compensating for biases in the data:
(including biases due.to nonresponse), but dit introduces numerous com-

putational problems.

ESTIMATING POPULATION MEANS

The inferences made about the populations of properties, resi-

dential -buildings, housing units, and households present similar esti-
mation problems. Therefore, the following exposition treats properties
as representative of all other populations.

Let 7 represent the index elements of a population of properties:
=1, 2, ..., N. Assume a sample of n properties (corresponding to
=1, 2, ..., n) drawn from that population and observe a number of
their characteristics. Let Yy, denote the characteristic of interest
(e.g., annual maintenance expenses).

Now, suppose a vector of characteristics is available that de-
scribes each property in the sample (e.g., permanent panel stratum
number, number of housing units). It is assumed below that yi is
linearly related to certain of those property characteristics and that
the means of those characteristics for all IV properties in the target
population can be estimated from a separate source (e.g., sample selec~
tion records, local information). Population means are then estimated
in a two-stage procedure: first, specifying and obtaining a linear
model for Yo and second, using the model's parameters to ''predict”
the population mean g-at the population mean of the independent

variables.
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Stage One--The Linear Model

The basic assumption is

Y. = B'xi e =1, 82, ..., N, (3.1)

where B = a (p X I) vector of regression coefficients,

a (p X 1) vector of characteristics of property %, and

8
i

random error for property 7, mean zero and variance O,

and independent across properties.

The implications of the assumptions above are spelled out in. the
statistical literature. According to the Gauss-Markov theorem,:the

best linear unbiased estimate of B is

b= (xx) lxy (3.2)
where b = the (p X 1) vector of least-squares regression coefficients,
X = the (n X p) matrix (xl, Los wees xn)’, and
y = the (n x 1) vector (yz, Ygs o> yn)’.

. . 2 . .
An unbiased estimate of ¢°, the variance of the error term, is

g 2

6% = . (3.3)
n-p
Finally, the variance of b is
var b = o> ("), (3.4)

which can be estimated by substituting 82 from Eq. (3.3).

The formal estimation procedure first requires such a regression
analysis. This note does not explain how it is done--numerous text-
books and articles have been written on the subject. However, the

requirements of the analysis are no less severe just because obtaining
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regression estimates is not the central goal. As in all regression
applications, care must be exercised in selecting the form and number
of independent variables, in seeing that neither independent nor
dependent variables admit outliers, that the residuals appear to be
randomly distributed about zero, and so on.

For units and buildings on the same property, the independence
assumption may be less realistic than one that recognizes positive
correlation. Ignoring such a correlation biases the variance esti-
mates (Egs. (3.3) and (3.4)) and produces less efficient though still
unbiased estimates of B (Eq. (3.2)), Because B is unbiased, and be-
cause HASE surveys usually produce only one record per property, the
use of procedures to correct for correlation would make cenly minor

differences; they are ignored here.

Stage Two--Prediction

If X, were available for every one of the N properties in the
target population, the natural procedure for estimating g.would be to

predict each y,; as
y, = bm, , (3.5)

then compute their average:

— '“ 3.6
Y i ( )
But because yi and xi are linearly related,

“Alternatively, the predictions might be carried out only for the
unsampled elements of the population (¢ =#xn + I, ..., V), the first =
treated as fixed. That yields the same point estimate of 7 but a
reduced variance estimate, similar to the "finite-population correc-
tion" results of classical sampling theory.
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bw , (3.7)

it

where = = the (p X 1) vector of mean property characteristics for the

target populatioﬁ. Of course, Eq. (3.4) can be used to show that

z” var (b) x

i

var (gj

etz . (3.8)

1l

Thus, only the population mean of the xi's is needed, not the xi's
individually.

At first glance, that estimate of Q} the target population mean,
may not seem useful, since it requires that the population mean of
the p independent variables be supplied. But HASE data provide for
certain natural choices of independent variables whose population
means can be estimated from sample selection records. Examples are
indicators of permanent panel strata, number of units and number of
residential buildings within strata, residential density indicators,
subsidized housing indicators, resident landlord indicators, and
assessed value. Estimates of their population means are preferred
because not only are they available for all records in the baseline
sample (a probability sample not contaminated by nonresponse) but also
they are based on a larger number of records--often the entire base-

line list of more than 4,300 properties in each site.

TLLUSTRATION OF THE PROCEDURE

Assume that

. = " - L= PP 3~
Y B T, + e, =1, , N, (3.9)
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where B = an (I8 X 1) vector of regression coefficients,
x, = an (18 x 1) vector of permanent panel stratum indicators
(zero-one dummy variables), and
€, = random error for property %, mean zero and variance G ,

and independent across properties.

Then the least-squares estimate of § is
b = (yl’ .7:/29 ) .y]g) >

where 2; = mean of the yi's within permanent panel stratum s, and

the population mean: of the independent variable vector. is,

— (Nl’ Ng, ey N]B)
X = >

where NS = number of target population properties in permanent panel

stratum 8. The population mean estimate then reduces to

18
~ g NSyS
Y= , (3.10)
with variance
18
2
Ll Wi /m)
var y = l————ii——~—~ s (3.11)
N
where ng = the number of sampled properties in stratum s.

The foregoing closely resembles the formula for the variance of
a
a population mean from a stratified random sample. One difference
. 2 . .
is that a constant 0~ is used here; another, that the index of summa-

tion ranges over permanent panel strata, within which sampling was not

“See Cochran, Sampling Techniques, pp. 65-69.
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. 2 .
strictly random. The constant ¢° assumption can be relaxed, though
it is retained here for expositional simplicity. And most con-
temporary sampling theorists agree that departures from strict random

sampling are unimportant, given the assumption expressed in Eq. (3.9).

COMPUTATIONAL PROCEDURES

The popular social science computing packages (e.g., SPSS,
DATATEXT, BMDP, SAS) do not compute the values needed to solve Egs.
(3.7) and (3.8), which summarize knowledge about the parameter of
interest (y). Even if those procedures did become available, a user
might be unwilling to bear the additiomal computational costs they
would entail. For every population mean td be estimated, one must
calculate a new set of regression coefficients besides supplying a
set of population means from perhaps another scurce. Given the iarge
number of means to be estimated, the cost in human and machine time
would be enormously high for HASE or a comparable experiment.

An alternative procedure is suggested by examining Eq. (3,10).
1f one assumes the validity of the model described in Eq. (3.9), the

estimate of g is simply a weighted average of the yi‘s, where

N
v, = -2 (3.12)
7 n

s

for all 7 in stratum s. Thus the desired estimate of g_can be obtained
by placing the weight defined in Eq. (3.12) on each record and by ask-
ing the statistical program to compute means using its ''weighting'
option. The corresponding weighted variances do not resemble the de-
sired variance in Eq. (3.11), but that may not matter if they are small
enough, which often happens. 1In any event, the standard computer out-

put may be used to derive an upper bound on the variance (that proce-

dure is explained in Appendix A).

)

“See Ericson, "Subjective Bayesian Models in Sampling Finite Popu-
lations,'" or Royall, "An 01d Approach to Finite Population Sampling
Theory."
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One computing strategy is therefore to identify population sub-
groups for which Eq. (3.9) may be reasonable, then to compute and
store with the data the weights of Eq. (3.12). HASE analysts follow
essentially that practice, although they employ variations necessi-
tated by assuming somewhat richer classes of models, as in Eq. (3.1)
with its continuous as well as zero-one independent variables. The
actual HASE procedure and its justification are described in the next

section.
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IV. COMPUTATIONALLY SIMPLE ESTIMATING PROCEDURES

The previous section demonstrated that, according to modern sta-
tistical theory, population means can be estimated as predicted walues
from a regression model. The procedure has the virtues of known
assumptions (model specifications) and of being insensitive to non-
response bias in the sample distribution of y. However, it is diffi-
cult and expensive to apply.

This section considers a "modified' method--the simple weighted
mean--which slightly reduces efficiency (through increased variance)
but is considerably easier to compute. The following paragraphs show
that the weighted mean can be viewed as the result of a two-stage:
procedure. It is similar to the one described in Sec. III, but the
regression coefficients are obtained by weighted least—squares and
the weights are chosen to equate sample and population means of suit-—
able independent variables. On balance, the computational savings

favor using the modified estimators.

ESTIMATING POPULATION MEANS

Stage One--The Linear Model

Assume that

Yy = Bxp +es T=1, 2 ..., ¥, (4.1)

where 8 = a (p X 1) vector of regression coefficients,
r. = a (p % 1) vector of characteristics of property %, includ-
ing a constant term, and
e; = random error for property 7, mean zero and variance 62,

and independent across properties.

In addition, let

W.
7

W

a weight for the <th property, 7 =1, 2, ..., 1,

the (n % n) diagonal matrix of the Wi's s
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and assume that the weights satisfy the equation

r = — . (4.2)

Then, the weighted average of the independent variable vector for the
sample equals, or provides an acceptable estimate of, the population
mean vector of the independent variables.

Equation (4.1) differs from Eq. (3.1) only in the recuirement
that x include a ccnstant term (or equivalently that
c’x ='¢'x2 = ..., = c'xﬁ = ] for some ¢).. The requirement guarantees

1 ;
that the weighted sum of residuals from the weighted regression of

Y;

form for ?ﬁ

on x . will be zero--a fact used later in derviving a simplified

Although the Gauss-Markov theorem proves that the most efficient
estimator under the present assumptions is Eq. (3.2), let us use
weighted least-squares to obtain

b, = &0 Ky (4.3)

where X, W, and y are as defined after Eq. (4.1) and in Eq. (3.2). The

regression coefficient vector bw is an unbiased estimate of B, although

£ 2

5% - (4. 4)
n-p
must still be used to estimate 02. Furthermore,
var b= o° i W o T (4.5)

The matrix var (bw) is larger than var () in the sense that all

linear combinations of bw have larger variances than the corresponding
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linear combinations of b. Formally,
var (bwc) = ¢~ var (bw) e
> ¢” var (b) ¢ = var (b7¢) (4.6)
for all c.

Stage Two-—~Prediction

Following the-same line of reasoning as before, take

.. x = the (p * 1) vector of mean property characteristics

for the target population,

and compute

y =bzx . (4.7)

The result is an unbiased estimate of the population mean with variance

var g& x” var (bw)g

oZx” (X’WX)"ZX’WZX(X’WX) pl (4.8)

~

The reason for considering the use of @& becomes clear when Eqgs.

(4.7) and (4.8) are reexpressed in computationally convenient forms:

n
- § Wiyt
Yy = s (4.9)
LW
1
n
Wi
7

(4.10)
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The reduction to Eq. (4.9) is a simple consequence of the well-known
fact that in weighted least-squares regression with a constant term,

the weighted sum of the residuals is zero, so that

R N
SE
YA
SQ

]
ot
\

8

The last step follows from the equality of the population mean vector
with the sample weighted average, Eq. (4.22. Equation (4.10) may be
derived immediately from Eq. (4.9), since g@ is expressed simply as a
weighted sum of independent random variables. '
The equality of Egs. (4.7) and (4.9) implies that if omne computes
standard weighted means of the yi's, where the weights are chosen to
equate population and sample means of certain independent variables,
one obtains estimates identical to those of a two-stage procedure in
which a regression model is fit to those independent variables by
weighted least-squares, and the independent variable means are plugged
into the resulting prediction formula. Estimates of B produced by
fitting the weighted least-squares are less efficient than those pro-
duced by ordinary least-squares, but it is possible to learm how much
the estimate of y is degraded by comparing var (b;i) (Eq. (4.10)) with
var (b"x) (Eq. (3.8)). A useful measure of efficiency is the ratio of

the two standard errors:
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off (b D) = ‘/M
w’ —
var (wa)

B 7 [n 2
[e" X)) x| ] W,
- 1 . (4.11)
T o2
]
i

The ratio is independent of_c2 and, for a given set of weights, de-
pends only on the assumed model. 1In-~Sec. V, the ratio is examined
in discussing the permanent panel analysis weights. 1In most cases,

its value is close to 1.0.

POTENTIAL BIASES

The estimator derived in Eq. (4,9) follows from explicitly assum-

ing the form of the regression model and requiring the weights te
neutralize differences in sample and population means of the inde-
pendent variables. Still, other potentially useful independent vari-
ables may exist for which the differences are not‘negligible after
weighting. The implications of siuch a case are examined below. =

- Let = be a vector of characiteristics that should have been in- «:
cluded along with x in Eq. (4.1). Assume that E} the population
mean of the Zi's, differs from the weighted mean of the zi's. If the
two—-step estimation procedure above is executed, the short-cut Eq.

(4.9) will no longer apply. Instead, the estimate of y will be

g -— (4.12)

where y = the estimate of y in Eq. (4.9), and
b_ = the regression coefficient vector for 2 obtained in a

weighted regression of y. on x. and z..
7 7 7
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Thus, the bias in the simple estimate in Eq. (4.9) is related to the
difference between the sample weighted mean of the zi's and the popu-
lation mean z. The difference vector is weighted by the regression
coefficients on the components of zZ; themselves.

Thus, any set of weights carries certain assets and liabilities.
Its assets are the independent variables for which it reconstructs
population means: Whenever weighted means are computed, the results
are the same as if a regression equation were fit to those independent
variables and predictions made by plugging in their population mean.
Its liabilities are the independent variables for which it does not
yield acceptable weighted estimates of population means: If those
variables are important in the regression of yi, the simple weighied
mean will be biased by the dot product of the regression coefficient
vector and the difference between the independent variable sample and
population mean vectors. Thus, if factors can be identified for which
the chosen weights do not equate the sample and population means, one
ought to consider whether those factors are important to the quantity
being estimated, i.e., whether they will have large regression coef-
ficients. 1If they are, the weighté should probably be replaced by

ones that can remove those differences.
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V. WEIGHTING PROPERTIES IN THE PERMANENT PANEL

The previous section justified the use of simple weighted means
for estimating population characteristics. This section describes
how the weights might be obtained and analyzed in practice, giving
general guidelines and, as an illustration, constructing property
weights for the permanent panel sample in each HASE site. The proce-
dure has three steps: identifying sample populations and the kinds
of inferences required of them; specifying rules for constructing
the weights; and judging whether the weights effectively neutralize
differences between sample and population mesrs while keeping vari-
ances small. In the subsections below, each :tep is first described
and then carried éut for the HASE data. Appe dix B presents a coem-

puter program for performing the required computations.

IDENTIFYING TARGET AND SAMPLE POPULATIONS

General Guidelines

Here the sample population consists of all records that provide
usable data for a particular analysis. Becau 2 each identifiable
sample requires its own set of weights, omne should consider discard-
ing records that are usable for only a limited class of analyses.

The next task is to specify the kinds of inferences required of
the sample, naming population characteristics to be estimated and the
populations of interest. For example, one might wish to count land-
lords by permanent panel stratum, dwellings by political jurisdiction,
or vacant properties by urban/rural location.

Finally, one must identify "control' variables related to the
characteristics of interest whose population means or sums can be
estimated from a separate credible source as well as from the weighted
sample. As Sec. IV showed, if the derived weights equate the inde-
pendent estimates, they also produce unbiased estimates of character-
istics that depend linearly on the control variables. Only a small

set of such variables should be selected, however, for the weights
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cannot satisfy too many constraints without becoming highly unequal
within strata and thus yielding weighted means with unnecessarily
large variances.

Ideally, control variable parameters would be estimated from the
baseline weighting files, which contain virtually random samples and
many more records than most other HASE files. But the small number
of variables in those files often makes it necessary to estimate from
weights that are themselves derived from the baseline weighting files,
for example, weights attached to the permanent panel samples in each
site., The present application develops those permarent :anel weights,
Because stratification information is updated annuzlly for the entire
panel, estimates of stratum size produced_with’thosevweightS'for post-—

baseline survey waves are probably the most accurat: available.

Application ..

The Site I permanent panel initiaily contained 1,945 properties.*
They were selected from the baseline list of 4,413 properties, which
according to the estimates in Table 2.3 represent 38,361 residential
properties containing 39,682 residential buildings and 48,037 resi-
dential units. The panel selection indicator, taken from sample selec~
tion,records, is described in Table 2.1. The weights will be used: in
future survey waves to generate up-to-date counts of properties, resi-
dential buildings, dwellings, households, and landlords. They should
accurately reproduce most of the Site I half of Table 2.3, which con-

tains similar counts at baseline.

oot
~

S

The Site IT permanent panel initially contained 1,987 properties.
They were selected from the baseline list of 4,307 properties, which
according to Table 2.3 represent 65,802 residential properties con-

taining 68,936 residential buildings and 79,670 residential units. The

“In survey wave 2, 68 properties with newly constructed buildings
were added and one of the original properties was split, making 2,014
properties altogether. We expect similar changes in the permanent
panel's composition each year.

JOWN
LAY

In wave 2, no new construction was added, but five properties
were split or merged and three rooming hotels were added, making 1,991
properties altogether.
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panel selection indicator, also taken from sample selection records,
is described in Table 2.2. The weights will serve the same purposes
as those for the Site I data and should reproduce the Site II half of

Table 2.3.

SPECIFYING WEIGHTING RULES

General Guidelines

Recall that classical sampling theory prescribes computing and
inverting probabilities of sample selection, whereas the theory de-—
scribed inJSec.yiV allows any set of weights that’ reproduce control
variable populatign characteristics without much loss «of efficiency.

It seems reasonable in practice to compromise between those
principles. On the one hand, the weightg should be interpretable as
inverses of selection probabilities from some well-defined, parsi-
monious, and plausible model. For example, the probability of selec-
tion for the permanent panel equals the probability of baseline s2lec-
tion times a-stratum-specific constant, the constant being the
probability of meeting all panel-eligibility and selection criteria.
But if that model yields weights that estimate certain control vari-
able population characteristics with glaring biases or inefficiencies,
the weights ought to be modified. '

Common HASE models group the sample elements according to panel
stratum, subsidy status (in Site II), and property size, the last
differentiating mainly within strata containing five or more housing
units. Subsidy status and size must be considered separately because
if they are not, subsidized and large properties are heavily over-
counted, panel selection procedures having included special efforts
to admit them.* Within those groupings, sample elements--properties,
residential buildings, dwellings, landlords, or households--are fre-—
quently assumed randomly selected from their corresponding populations.

“See Corcoran, Selecting the Permanent Panel for Residential
Properties: Site I, and Corcoran, Selecting the Permanent Panel for
Residential Properties: Site II.
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The resulting weights are constant within groupings and equal the
ratios of substratum population totals to sample record counts. An
alternative procedure begins with the well-defined baseline selection
probability (for properties, the inverse of the baseline sample weight
from the weighting files), assumes that selection probabilities are
constant within groupings, and thus assigns weights that are propor-
tional to the baseline weights and that reproduce substratum popula-
tion totals. In either case, substratum population totals are fre-

quently estimated from the baseline weighting files.

Application -

Classical sampling theory prescriﬁgs setting .sampling element
weights equal to the inverses of element selection probabilities.
The baseline survey sample weight (BSSW) satisfied that requirement.
However, panel selection.at baseline required various kinds of record
completeness, so the probability that a property fulfilled the eligi-
bility requirements was not well-defined. To overcome that deficiency,
various models were postulated for the latter probability, and they
were tested.by examining the resulting population estimates for bias.
The following paragraphs describe only the first step in that process;
the numerical results on bias are given later in_.this section.

The simplest model in each site assumes that the probability of
panel selection is constant within sampling strata, regardless of prior
sampling history or known property characteristics. Thus, the proba-

bility of pamel selection is proportional to:

P[baseline selection] x P{panel selection|baseline selection]

= [1/BSSW] % [e¢ (stratum number)]

for some constant ¢ depending on panel stratum. Inverting that proba-

bility tells us that the property weights within panel strata are

proportional to BSSW; the constant of proportionality would be chosen

to yield the number of properties shown for Sites I and II in Table 2.3.
Panel survey sampling weights (PSSW) were calculated in that fashion.

Their bias in estimating total residential units proved intolerably large
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in certain strata: in Site I, mobile home properties (4,453 versus
1,006 in Table 2.3); low-tercile, 5+ unit urban rentals (560 versus
499); and middle—tercile, 5+ unit urban rentals (1,761 versus 1,655).
Each of those strata contains very large properties, and complete
records were obtained more often for large than for small properties.
Thus, the assumption that panel selection probabilities were constant
within strata appeared to have undesirable consequences.

The remedy was to subdivide the strata containing large properties
as shown in Tables 5.1 and 5.2. In Site I those strata are subdivided.
by number of housing units, and in Site II, by number of housing inits,
subsidy status, and the presence of resident landlords. The weisht
assignment model assumed that the probability of panel selection,
given baseline selection, was constant within these groupings, and

the weights were computed in the manner described above.-

ASSESSING THE SUITABILITY OF WEIGHTS

General Guidelines

The last step in the procedure examines the weights obtained from
a specific rule for bias and efficiency and determines their suitability
for use. in the intended analyses.

As pointed out in Sec. IV, the potential for bias is greatest when
weighted sample means differ from population means on variables that
explain variation in the characteristic of interest——i.e., that have
large regression coefficients. Unlike the Sec. III procedure, comput-
ing simple weighted means does not correct for bias, so it should not
be used in cases like the one above. Given a table of sample and popu-
lation mean differences for the various control variables, one must
subjectively assess the magnitude of the regression coefficients and
judge, in view of the mean differences, whether simple weighted means
are adequate, whether a regression procedure is warranted, or perhaps
whether new weights should be computed.

Weight efficiencies, defined in Eq. (4.11), indicate the price
(in increased variance) one pays for using the simple weighted mean.

They too should be tabulated and their magnitude assessed. Note that
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Table 5.1

SITE I PERMANENT PANEL WEIGHTS

Total Number of Properties
Number of

Stratum |Residential | Countywide | Baseline |Permanent
Number® Units Estimates Sample Panel
1 1 278 241 117
2 2-4 1,387 446 186
3 5-10 55 45 27
3 11-20 4 4 2
3 221+ 3 3 3
4 1 708 540 242
5 2-4 1,390 464 241
6 5-10 96 92 61
6. 11-20 37 36 31
6 21+ 13 13 8
7 1 750 341 93
8 2-4 1,189 187 76
9 5-10 21 19 11
9 11-20 16 15 12
9 21-40 10 10 5
9 41+ 8 8 4
10 1+ 537 352 139
11 1+ 181 98 36
12 1+ 5,551 390 159
=13 1+ 6,917 462 201
14 1+ 13,208 185 103
15 1+ 3,072 228 100
16 1+ 2,772 116 50
17 1-10 30 27 13
17 11+ 9 7 5
18 1-10 106 33 13
18 11-22 4 4 1
18 23-50 5 5 2
18 51+ 4 4 4
Total, all strata 38,361 4,375 1,945

SOURCE:

“See Table 2.3 for the meaning of pane

numbers.

Site I baseline sample selection records.

1 stratum
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Table 5.2

STRATIFICATION SCHEME FOR CONSTRUCTING
SITE II PERMANENT PANEL WEIGHTS

Number
of Subsidy Total Numbexr of Properties
Number of Owner- Status
Stratum |Residential |Occupied and Countywide |[Baseline | Permanent
Number® Units Units Typeb Estimates Sample Panel
1 1 (e) 0,4,5 1,142 256 111
2 2-4 0 0,4,5 1,136 268 137
3 1-10 All 0,4,5 86 73 42
4 1 (e) 0,4,5 1,917 576. " 294
5 2-4 0 0,4,5 844 362 155
6 Y 1-10 All 0,4,5 48 38 21
7 1 (e) 0,4,5 2,732 644 177
8 2-4 All 0,4,5 427 126 65
9 .1-10 All 0,4,5 14 13 5
10 1-39 All 0,4,5 487 276 135
11 1-39 All 0,4,5 283 123 61
12 1-39 All 0,4,5 10,689 330 149
13 1-39 All 0,4,5 13,538 337 181
14 All All 0,4,5 25,661 147 82
15 All All 0,4,5 2,064 188 90
16 All All 0,4,5 4,051 152 60
17 All All 0,4,5 5 3 2
18 1-10 All 0,4,5 4 3 2
3 11-20 All 0,4,5 9 9 4
3 21-40 All 0,4,5 3 3 3
3 41-100 All 0,4,5 2 2 2
3 101+ All 0,4,5 1 1 1
6 11-20 All 0,4,5 9 S 4
6 21-40 All 0,4,5 2 2 1
6 41+ All 0,4,5 3 3 3
9 11-20 All 0,4,5 5 5 4
9 21+ All 0,4,5 19 19 19
18 11-40 All 0,4,5 5 5 2
18 41-100 All 0,4,5 5 5 5
18 101-120 All 0,4,5 3 3 1
18 121+ All 0,4,5 4 4 3
2 All 1+ 0,4,5 358 86 73
5 All 1+ 0,4,5 223 93 70
10-13 40-250 All 0,4,5 3 3 3
3 All All 1 1 1 1
6 All All 1 1 1 1
3 All All 2 1 1 1
6 All All 2 5 5 5
12 All All 2 1 1 1
13 All All 2 2 2 2
3 All All 3 9 9 9
Total, all strata 65,802 4,187 1,987
SOURCE: Site II baseline sample selection records.
TSee Table 2.3 for the meaning of panel stratum numbers.
bO = not subsidized, 1 = rent supplement, 2 = FHA interest, 3 =
centralized housing, 4 = scattered site, multiple-unit public housing,

5 = scattered site,

“Not applicable.

single-unit public housing.
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efficiencies may vary with the level of reporting. For example,
average occupants per property can be poorly estimated for rooming
houses (a small group of properties) but accurately estimated for
the entire site. If the computed efficiencies are too small for
selected levels of reporting, one should again consider using a re-
gression model or building a new set of weights.

In many HASE analyses, permanent panel stratum numbers are im-
portant predictors of property, building, or housing unit character-
istics. The situation corresponds to a regression model containing
one dummy variable for each stratum (the model specified in Eq. (3.9)),
each dummy vafiable perhaps made to interact with tﬁe number of resi-—
dential buildings, dwellings, occupants, resident landlords, and so on.
Testihg for bias then involves examining the counts or means of those
items by panel stratum. If the discrepanéivs are large in strata that
contain large properties, those strata need to be subdivided, as de-

scribed above.

Application

Tables 5.3 and 5.4 show how baseline and permanent panel weighted
sample means differ for various sample selection variables within panel
strata. The baseline figures, derived from the baseline weighting files
described in Sec. II, are the more accurate because they aré obtained
from a probability saﬁple with well-defined weights. If the permanent
panel weights are doing their job, the corresponding permanent panel
figures should be close. That the differences between alternative esti-—
mates are small confirms that a simple weighted mean whose variation is
explained by the sample selection variables is nearly unbiased (accord-
ing to Eq. (4.12)). Still, if the coefficients of those variables are
expected to be very important in predicting a characteristic, one might
consider using a different weighting scheme or going back to the formal
estimator of Sec. III.

It remains to evaluate the efficiency of estimates based on these
weights. Recall that Eq. (4.11) defines estimator efficiency as the
ratio of the formal estimator's standard error to that of the simple

weighted mean. It also establishes that those efficiencies depend on
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the independent variables in the regression model, not on the par-
ticular characteristic being estimated. Table 5.5 displays the effi-
ciencies for various linear models and for various populations of
interest. The linear models contain stratum dummy variables treated
individually and caused to interact with property-specific counts of
housing units, residential buildings, and occupants. Observe that

the ratio usually exceeds .9, implying that standard confidence inter-
vals for population means can increase by no more than 10 percent when
the modified estimator is used instead of the formal estimator. The
glaring exception is rural rental properties in Site I, where e~"fi-
ciency is around 60 percent. If one were estimating parameter: Ffor
that. population élone, the costs incurred in using the formal esti-

mator might be justified.
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VI. CONCLUSIONS

Statistical theory shows how sample selection and survey informa-
tion can be combined to estimate population means or sums of a speci-
fied variable y. The formal procedure first regresses survey response
variable y on explanatory variables whose population means can be
reliably estimated from sample selection records. Those means are then
plugged into the regression prediction formula., This note has demon-
strated a simpler procedure based on weighted means; whicl are much
easier to compute. 'The theory portrays them as the:outcome of a simi-
lar procedure where_ the regression equation. is fit by weighted least~
squares.. v ‘ ‘ ‘

The‘theory was developed in response to recurring HASE inference
problems and was applied'to‘HASE data. Permanent panel weights were
determined that accurately reproduce population means for sample selec-
tion variables and that entail negligible increases in variance for
other variables, In this applicaticn, the enormous computational sav-
ings cléarly févor‘the simpler estimates. Most other HASE applications
have prbduced similar results.

PrOVided the weights (1) adequately reproduce the population means
of important predictor variables for y, and (2) yield estimates with
acceptably small variances, the simpler weighted means procedure is
recommended for wider use in estimating population parameters from sur-

vey research data.
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Appendix A

OBTAINING AN UPPER BOUND FOR THE VARIANCES
OF WEIGHTED MEANS

This appendix presents a practical method for bounding the variance
of the modified estimator described in Sec. IV. The standard social
science computing packages provide 'weighting'" options for most calcu-

lations. They compute
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as derived in Eq. (4.10).
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It is shown that if

(A.4)

~

is entered into Eq. (A.2), an upper bound is obtained for var g; the
sharpness of the bound depending on how constant are the B'xi's.

Let

t
0o
s

>

b
Il
NS
@Q
3

and rewrite Eq. (A.2) as
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the last step following after some algebra from the definition of ?l
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By Eq. (4.1), the yi's are independent with mean B'xi and common var-

. 2
iance 0 ; hence the last term is
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and choosing X to equate Eqs. (A.5) and (A.3) produces the desired

%
result.

A

7:Note that if all the W;'s are 1, ?Vis a standard unweighted mean
and Eq. (A.2) reduces to

& =17y - DY - D,

the familiar formula for the variance of a mean.
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The program packages routinely print all the quantities above
except Z? Wg. That is rather easy to obtain. Simply include the
weight variable within the list of variables for which weighted means
are to be calculated, and the computer will print Z? Wﬁ/ﬁ+. The ad-
justment to the variance can easily be done with a hand calculator,

since all variances are multiplied by the same constant,
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Appendix B
COMPUTER PROGRAM FOR GENERATING HASE WEIGHTS

This appendix describes a HASE computer program for producing
weights and illustrates its use in generating the permanent panel

weights described in Sec. V.

PROGRAM DESCRIPTION
The HASE weighting program uses STATLIB, a statistical computing
library developed at Bell Laboratories and at Rand.* The Library

contains FORTRAN-callable subroutines and a command system for ex-

ecuting many of them in a free-form language. The subroutines provide
building blocks for statistical analysis rather than complete
analyses. Thus they are particularly well suited for use in the
application described here, which involves running a nonstandard
sequence of calculations.

The program requires a property information file. The HASE file,
as described in Sec. II, contains a complete record for every property
in the baseline sample, plus a set of weights (e.g., sampling history)
that produces acceptable estimates of population means from the file.
The file also contains sample selection information (e.g., unit and
building counts, urban or rural location, gross rent, and assessed
value) along with information from public records if available (e.g.,

age, lot size, building size, property type, and neighborhood).

*STATLIB contains Bell Telephone Laboratories proprietary soft-
ware and is licensed for use at Rand by the Western Electric Co., Inc.
Its structure is briefly described in William M. Brelsford and Daniel
A. Relles, "Interactive Statistical Computing, with Applications to
Forecasting and Data Analysis," Proceedings of Computer Science and
Statistics: 8th Annual Symposium on the Interface, Western Periodicals
Company, Los Angeles, 1975, pp. 530-533.
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A user starts with a set of analysis-complete records, a subset

of the baseline list. He must then supply three pieces of information:

1. A file identifying the properties in the analysis-complete
sample, including, where applicable, the number of analysis-
complete building and unit records on each property.

2. A logical description of the nominal weighting rule to be
used. ,

3. A logical description of subpopulations and variables to be

tested for bias.

For (2), HASE analysts have alternatively assumed (a) property-
level weights to be constant within panel and baseline stratum com-
binations, (b) unit-level weights to be these property weights divided
by property-specific completion fractioms, (c) property-, building-,
and unit-level weights to be constant within panel strata,

(d) property-level weights to be constant within panel
strata crossed with 100+ unit property indicators, and others. The
program provides complete flexibility in specifying rules.

With (1) and (2) together, it is possible to compute two sets of
means (or totals) for various subpopulations and variables that might
be defined from the property information file. One set uses the entire
baseline list with the sampling history weights, and the other uses
just the analysis-complete records with the nominal weighting rule
supplied. If both sets of estimates come very close to each other,
the weights would have few weaknesses and many strengths, but that
is unlikely initially. Regardless, diagnostic tools are needed to
judge whether the weighting scheme is nearly perfect, good enough for
the limited class of analyses intended, or so deficient as to be
unacceptable.

Thus, (3) is used to diagnose the extent of the bias associated
with the nominal weighting scheme and to judge whether corrective

steps should be taken. The judgment should take into account the
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discrepancies in averages (or totals) of variables thought to be

important determinants of the characteristics under study.

BUILDING THE SITE I PERMANENT PANEL WEIGHTS
Table B.1 shows the program used to generate weights for Site I

data. The following text displays the code (signified by >>) and

explains it line by line.

Job Control Statements
The first eight cards are written in the IBM Job Control

Language.
>> //X0000#S1 JOB (0000,80,X),'RELLES',CLASS=F

The job card identifies the user and bounds the computer resources to

be used in the job.
>> // EXEC ISXG

The EXEC statement invokes the STATLIB subprogram ISX, which
provides for executing STATLIB commands with a free-form language
containing subroutine-generating capabilities. Catalogued procedure
ISXG enables additional, specially written FORTRAN programs to be
mixed with ISX.

>> //SYSLIN DD DSN=R.R2330.A7677 .FTNWGT,DISP=SHR
Data set FINWGT is the source of the extra FORTRAN subroutines that

make up the HASE weighting program; it contains output from the
FORTRAN compiler.
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Table B.1

PROGRAM FOR GENERATING PERMANENT
PANEL WEIGHTS, SITE I

//X0000#81 JOB (0000,80,X),'RELLES',CLASS=F
// EXEC ISXG
//SYSLIN DD DSN=R.R2330.A7677.FTNWGT,DISP=SHR
//FT09F001 DD DSN=R.R2330.A7677.PAR11DC8,DISP=SHR
//FT10F001 DD DSN=R.R2330.A7677.PAR11MF8,DISP=SHR
//FT15F001 DD DSN=R.R2330.A7677.WPROCSRC,DISP=SHR
//FT20F001 DD DSN=R.R2330.A7677.PNL10UT,DISP=SHR
//SYSIN DD *
/PROC INDATA
STDIM S1 19 OBL PSSS BSSW UNITS OCC VAC OWNR RNTR PANL
STSAMP S1 400 400
STRCOD S1 WSTR PSSS 20 20 0
STRCDK S1 WSTR AND 2 PSSS UNITS 3 3 11 20 19 §
33214020 66112021 66218022 99 11 20 23 §
992140 24 99 41 100 25 17 17 11 100 26 §
18 18 11 22 27 18 18 23 50 28 18 18 51 326 29
STFN2 S1 CPROP MLT BSSW PANL
/PROCEND
/PROC OUTDATA
STWRIT S1 2 OBL WGTP (A6,A4)
STPRT S1 3 OBL WSTR WGTP (8(1XA6,F3.0,F6.2))
/PROCEND
STXRGN S1 PSSS 1 18 1
/DEFINE $C-D *
/DEFINE $D-C *
/DEFINE $A1 PROPERTY TOTALS S1 1 5 PSSS OCC VAC OWNR RNTR $
UNITS
/DEFINE $A2 PROPERTY AVERAGES S1 1 5 PSSS OCC VAC OWNR $
RNTR UNITS
/XEQ 15
RUN DATAMTRX S1 WGTVBL BSSW STRVBL WSTR 1 29 1
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>> //FTO9F001 DD DSN=R.R2330.A7677.PAR11DC8,DISP=SHR

Data set PAR11DC8 contains a data item dictionary, providing the

names and locations of the variables shown in Table 2.1.

>> //FT10F001 DD DSN=R.R2330.A7677.PAR11MF8,DISP=SHR

Data set PAR1IMF8 contains the actual data: 4,413 records, one

for every property in the Site I baseline list.

>> //FT15F001 DD DSN=R.R2330.A7677.WPROCSRC,DISP=SHR

WPROCSRC contains ISX subroutines, or "procedures," which greatly

reduce the number of ISX statements required for a given application.

>> //FT20F001 DD DSN=R.R2330.A7677.PNL10UT,DISP=SHR

Data set PNL1OUT is for program output and will contain the
observation labels (ATPs) and the property-level weights that the

program computes.

>> //SYSIN DD *

Finally, the SYSIN card announces the beginning of the ISX

statements for the present application.

Data Input

>> /PROC INDATA

ISX procedure INDATA is defined. HASE weighting program subroutines
call for a matrix of data (the "primary" matrix) from the baseline
weighting file of 4,413 properties. The statements between here and
/PROCEND are executed every time the weighting program requires data
from that file.
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>>  STDIM S1 19 OBL PSSS BSSW UNITS OCC VAC OWNR RNTR PANL

The matrix S1 is set to have 19 variables, the first nine as named,
the remaining ones to be generated by the program. Variable OBL
signifies an observation label in ISX and commonly takes on the

values of variable ATP.
>> STSAMP S1 400 400

From the input data file identified in the FT10F001 card, 400
observations are sampled. The input routine called by STSAMP assumes
that a data item dictionary resides on FT09F001, and on the first
call it determines the column locations and conversion types for
every variable in the STDIM statement that it matches. Only 400
observations are read at a time because of core limitations (350K

bytes is the default).
>> STRCOD S1 WSTR PSSS 20 20 0

PSSS* is recoded to WSTR, with PSSS=20 (nonresidential) changing to
WSTR=0, WSTR=PSSS otherwise. WSTR is to be the weight stratification

variable shown in Table 5.1, taking on values 1 through 29.

>>  STRCDK S1 WSTR AND 2 PSSS UNITS 3 3 11 20 19 $§
33214020 66 11 2021 66 21 80 22 99 11 20 23 §
9921 40 24 99 41 100 25 17 17 11 100 26 §
18 18 11 22 27 18 18 23 50 28 18 18 51 326 29

The definition of WSTR is completed, and it is further recoded
according to whether the joint values of PSSS and UNITS* fall within

specified intervals.

*See Table 2.1 for a definition of this term.
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>>  STEN2 S1 CPROP MLT BSSW PANL
Variable CPROP is defined as the product of the baseline survey
sampling weight and the panel selection indicator. CPROP has special
meaning to the program, indicating how many properties a priori the
given record represents; the new weights will preserve the relative
importance of properties within weighting strata.

>> /PROCEND

The procedure INDATA is terminated.

Data Qutput

>> [/PROC OUTDATA
The new ISX procedure OUTDATA is called by the weighting program
subroutines after the computed weights have been inserted into the

matrix; the subsequent statements through /PROCEND are then executed

in each case.

>>  STWRIT S1 2 OBL WGTP (A6,A4)
The observation labels (ATPs) and newly computed weights (variable
WGTP, by convention) are written onto the output file identified as
FT20F001.

>>  STPRT S1 3 OBL WSTR WGTP (8(1XA6,F3.0,F6.2))

The observation labels, weighting stratum numbers, and the weights

are shown on the printer, enabling one to scan them for accuracy.

>> /PROCEND

The procedure OUTDATA is terminated.
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Specifying Weighting Program Parameters

>> STXRGN S1 PSSS 1 18 1

STXRGN specifies that in various program analyses PSSS goes from
1 to 18 in steps of 1.

>> /DEFINE $C-D *

The /DEFINE statement in ISX establishes character string
abbreviations. $C-D, a special string, identifies variables to be
transmitted to the primary matrix from a second data matrix
containing "weightable" record indicators (may be property-,
building-, or unit-level). Here, no such matrix is supplied, since
the indicator of weightable records is itself contained in the
primary matrix. The option is provided to avoid the requirement that
the primary matrix file contain these flags, which would involve

unnecessary data processing.
>> /DEFINE $D-C *

$D-C identifies which variables are to be sent back to the secondary
matrix after the weights are computed and inserted into the primary

matrix. Normally it is desirable for building- or unit-level weights
to be written from the secondary matrix, since it contains one record

per analysis-complete sample element.

>> /DEFINE $A1 PROPERTY TOTALS S1 1 5 PSSS OCC VAC OWNR RNTR §
UNITS

A string of variables is set up that describes certain analyses to be
performed. Conditional on the 18 values of PSSS, variables OCC¥,
VAC*, OWNR*, RNTR*, UNITS are to be summed and compared for two

sets of weights-~baseline weights (BSSW*) and permanent panel

*See Table 2.1 for a definition of this term.



- 53.—

weights--to be computed by the program. The analysis prints and
plots them in various ways to aid in detecting discrepancies in the

estimates.

>> /DEFINE $A2’PROPERTY AVERAGES S1 1 5 PSSS OCC VAC OWNR §
RNTR UNITS

A second analysis is defined. It is similar to the previous one
except that all estimates are divided by panel stratum property

counts before analysis.

Running the Program

>> [/XEQ 15

ISX procedures are brought in to run the HASE weighting program. The
ISX statements are read from data set FT15F001, defined above.

>> RUN DATAMIRX S1 WGTVBL BSSW STRVBL WSTR 1 29 1

The program is executed. The primary matrix is identified as S1, the
weighting variable in the matrix is BSSW, no secondary matrix is
named, and finally the weighting stratification variable WSTR takes

on values 1 to 29 in steps of 1.

BUILDING THE SITE II PERMANENT PANEL WEIGHTS
Table B.2 shows the program used to generate weights for Site II

data. The following text displays the code (signified by >>) and

explains it line by line.

Job Control Statements

The first eight cards are written in the IBM Job Control

Language.
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Table B.2

PROGRAM FOR GENERATING PERMANENT
PANEL WEIGHTS, SITE II

//X0000#S2 JOB (0000,80,X) ,RELLES ,CLASS=F
// EXEC ISXG
//SYSLIN DD DSN=R.R2330.A7677.FINWGT,DISP=SHR
//FTO9F001 DD DSN=R.R2330.A7677.PAR21DC4,DISP=SHR
//FT10F001 DD DSN=R.R2330.A7677.PAR21MF4,DISP=SHR
//FT15F001 DD DSN=R.R2330.A7677.WPROCSRC,DISP=SHR
//FT20F001 DD DSN=R.R2330.A7677.PNL20UT ,DISP=SHR
//SYSIN DD *
/PROC INDATA
STDIM S2 25 OBL PSSS BSSW UNITS OCC VAC OWNR RNTR $
PANL BLDGS SUBTYPE
STSAMP S2 400 400
STRCOD S2 SUBTYPE SUBTYPE 4 5 0
STFN1 S2 SUBS NE SUBTYPE 0
STRCOD S2 WSTR PSSS 20 20 0
STRCDK S2 WSTR AND 3 SUBTYPE UNITS PSSS §
0011203319 0021403320 0041 1003 321§
0 0 101 1000 3 322 00 11 20 6 6 23 $
0021406624 00 41 1000 6 6 25
STRCDK S2 WSTR AND 2 UNITS PSSS 11 20 9 9 26 §
21 1000 9 9 27 11 40 18 18 28 41 100 18 18 29 §
101 120 18 18 30 121 1000 18 18 31
STRCDK S2 WSTR AND 2 OWNR PSSS 1 1000 2 2 32 §
1 1000 5 5 33
STRCDK S2 WSTR AND 3 SUBTYPE UNITS PSSS $
0 0 40 250 10 13 33
'STFN2 S2 CPROP MLT BSSW PANL
/PROCEND
/PROC OUTDATA
STWRIT S2 2 OBL WGTP (A6,A4)
STPRT S2 3 OBL WSTR WGTP (8(1XA6,F3.0,F6.2))
/PROCEND
STXRGN S2 PSSS 1 18 1
/DEFINE $C-D *
/DEFINE $D-C *
/DEFINE $A1 PROPERTY TOTALS S2 1 7 PSSS §
0CC VAC OWNR RNTR UNITS BLDGS SUBS
/DEFINE $A2 PROPERTY AVERAGES S2 1 7 PSSS §
0CC VAC OWNR RNTR UNITS BLDGS SUBS
/XEQ 15
RUN DATAMTRX S2 WGTVBL BSSW STRVBL WSTR 1 33 1 SUBTYPE 0 3 1
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>> //X0000#52 JOB (0000,80,X),RELLES ,CLASS=F

The job card identifies the user and bounds the computer resources to

be used in the job.
>> // EXEC ISXG

The EXEC statement invokes the STATLIB subprogram ISX, which provides
for executing STATLIB commands with a free-form language containing
subroutine-generating capabilities. Catalogued procedure ISXG
enables additional, specially written FORTRAN programs to be mixed
with ISX.

>> //SYSLIN DD DSN=R.R2330.A7677.FTNWGT,DISP=SHR
Data set FINWGT is the source of the extra FORTRAN subroutines that
make up the HASE weighting program; it contains output from the
FORTRAN compiler.

>> //FTO9F001 DD DSN=R.R2330.A7677.PAR21DC4,DISP=SHR

Data set PAR21DC4 contains a data item dictionary, providing the

names and locations of the variables shown in Table 2.2.
>> //FT10F001 DD DSN=R.R2330.A7677.PAR21MF4,DISP=SHR

Data set PAR21MF4 contains the actual data: 4,307 records, one for
every property in the Site II baseline list.

>> //FT15F001 DD DSN=R.R2330.A7677.WPROCSRC,DISP=SHR

WPROCSRC contains ISX subroutines, or "procedures," which greatly

reduce the number of ISX statements required for a given application.
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>> //FT20F001 DD DSN=R.R2330.A7677.PNL20UT,DISP=SHR

Data set PNL20UT is for program output and will contain the
observation labels (ATPs) and the property-level weights that the

program computes.

>> //SYSIN DD #*

Finally, the SYSIN card announces the beginning of the ISX statements

for the present application.

Data Input

>> /PROC INDATA

ISX procedure INDATA is defined. HASE weighting program subroutines
call for a matrix of data (the "primary'" matrix) from the baseline
weighting file of 4,307 properties. The statements between here and

/PROCEND are executed every time the weighting program requires data
from that file.

>>  STDIM 82 25 OBL PSSS BSSW UNITS OCC VAC OWNR RNTR §
PANL BLDGS SUBTYPE

The matrix 82 is set to have 25 variables, the first eleven as named,
the remaining ones to be generated by the program. Variable OBL
signifies an observation label in ISX and commonly takes on the

values of variable ATP.

>>  STSAMP S2 400 400

From the input data file identified in the FT10F001 card, 400
observations are sampled. The input routine called by STSAMP assumes
that a data item dictionary resides on FT09F001, and on the first

call, it determines the column locations and conversion types for
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every variable in the STDIM statement that it matches. Only 400
observations are read at a time because of core limitations (350K

bytes is the default).

>>  STRCOD S2 SUBTYPE SUBTYPE 4 5 0

SUBTYPE* is recoded to 0 if 4 or 5 (scattered-site public housing),

and is equated with unsubsidized housing for the present analysis.
>>  STFN1 S2 SUBS NE SUBTYPE 0

A subsidized property indicator is defined according to whether the

recoded SUBTYPE is nonzero.

>>  STRCOD S2 WSTR PSSS 20 20 0

PSSS is recoded to WSTR, and PSSS=20 (nonresidential) changed to
WSTR=0, setting WSTR=PSSS otherwise. WSTR and SUBTYPE are to
define the weighting strata shown in Table 5.2.

>>  STRCDK S2 WSTR AND 3 SUBTYPE UNITS PSSS §
0011203319 0021403320 004110033215
0 0 101 1000 3 322 00 11 20 6 6 23 §
00214066 24 00 41 1000 6 6 25

STRCDK S2 WSTR AND 2 UNITS PSSS 11 20 9 9 26 §
21 1000 9 9 27 11 40 18 18 28 41 100 18 18 29 §
101 120 18 18 30 121 1000 18 18 31

STRCDK S2 WSTR AND 2 OWNR PSSS 1 1000 2 2 32 §
11000 55 33

STRCDK S2 WSTR AND 3 SUBTYPE UNITS PSSS §
0 0 40 250 10 13 33

*See Table 2.2 for a definition of this term.
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The definition of WSTR is completed, and it is further recoded
according to whether the joint values of PSS5S, UNITS, OWNR, and
SUBTYPE fall within specified intervals. .

>>  STFN2 S2 CPROP MLT BSSW PANL

Variable CPROP is defined as the product of the baseline survey
sampling weight and the panel selection indicator. CPROP has special
meaning to the program, indicating how many properties a priori the
given record represents; the new weights will preserve the relative

importance of properties within weighting strata.

>> /PROCEND

The procedure INDATA is terminated.

Data Output

>> /PROC OUTDATA
The new ISX procedure OUTDATA is called by the weighting program
subroutines after the computed weights have been inserted into the

matrix; the subsequent statements through /PROCEND are then executed

in each case.

>> STWRIT S2 2 OBL WGTP (A6,A4)
The observation labels (ATPs) and newly computed weights (variable
WGTP, by convention) are written onto the output file identified as
FT20F001.

>>  STPRT S2 3 OBL WSTR WGTP (8(1XA6,F3.0,F6.2))

The observation labels, weighting stratum numbers, and the weights

are shown on the printer, enabling one to scan them for accuracy.



>> /PROCEND

The procedure OUTDATA is terminated.

Specifying Weighting Program Parameters

>> STXRGN S2 PSSS 1 18 1

STXRGN specifies that in various program analyses, PSSS goes from 1
to 18 in steps of 1.

>> [DEFINE $C-D *

The /DEFINE statement in ISX establishes character string
abbreviations. $C-D, a special string, identifies variables to be
transmitted to the primary matrix from a second data matrix
containing "weightable" record indicators (may be property-,
building-, or unit-level). Here, no such matrix is supplied, since
the indicator of weightable records is itself contained in the
primary matrix. The option is provided to avoid the requirement that
the primary matrix file contain these flags, which would involve

unnecessary data processing.

>> /DEFINE $D-C #

$D~C identifies which variables are to be sent back to the secondary
matrix after the weights are computed and inserted into the primary
data matrix. Normally it is desirable for building- or unit-level
weights to be written from the secondary matrix, since it contains

one record per analysis-complete sample element.

>> /DEFINE $A1 PROPERTY TOTALS S2 1 7 PSSS §
0OCC VAC OWNR RNTR UNITS BLDGS SUBS
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A string of variables is set up that describes certain analyses to be
performed. Conditional on the 18 values of PSSS, variables 0CC, VAC,
OWNR, RNTR, UNITS, BLDGS®, SUBS* are to be summed and compared for
two sets of weights--baseline weights (BSSW) and permanent panel
weights--to be computed by the program. The analysis prints and
plots them in various ways to aid in detecting discrepancies in the

estimates.

>> /DEFINE $A2 PROPERTY AVERAGES S2 1 7 PSSS §
N 0CC VAC OWNR RNTR UNITS BLDGS SUBS

A second analysis is defined. It is similar to the previous one
except that all estimates are divided by panel stratum property

counts before analysis.

Running the Program

>> /XEQ 15

ISX procedures are brought in to run the HASE weighting program. The
ISX statements are read from data set FT15F001, defined above.

>> RUN DATAMTRX S2 WGTVBL BSSW STRVBL WSTR 1 33 1 SUBTYPE 0 3 1

The program is executed. The primary matrix is identified as S2, the
weighting variable in the matrix is BSSW, no secondary matrix is
named, and finally the weighting stratification variables are WSTR
(taking on values 1 to 33 in steps of 1) and SUBTYPE (0 to 3 in steps
of 1).

#*See Table 2.2 for a definition of this term.
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HASE WORKING NOTES REISSUED AS RAND NOTES

Most HASE publications that originally appeared as working notes (WN-
series) are now being reissued as Rand notes (N-series) to make them avail;
able to a wider audience. Except as noted in the preface of each reissued
document, its text and pagination are identical with the preceding WN.
Rather than alter text citations of other reissued documents to reflect
their current publication numbers, we provide the following list of corre-
sponding numbers. Interested readers may order publications in the N-series

from The Rand Corporation's Publications Department.

Former Current Former Current Former Current
WN-7711-UI  N-1025-HUD | WN-8684-HUD N-1068-HUD WN-9709-HUD N-1113-HUD
WN-7833-HUD N-1026-HUD | WN-8686-HUD N-1069-HUD WN-9723-HUD N-1220-HUD
WN-7866-HUD N-1027-HUD | WN-8687-HUD N-1070-HUD WN-9724-HUD N-1221-HUD
WN-7883-HUD N-1028-HUD | WN-8688-HUD N-1071-HUD WN-9725-HUD N~1222-HUD
WN-7885-HUD N-1029-HUD | WN-8689-HUD N-1072-HUD WN-9726-HUD N-1223-HUD
WN-7888-HUD N-1030-HUD | WN-8715-HUD N-1073-HUD WN-9727-HUD N-1224-HUD
WN-7895-HUD N-1031-HUD | WN-8809-HUD N-1074-HUD WN-9728~HUD N-1225-HUD
WN-7901-HUD N-1032-HUD | WN-8810-HUD N-1075-HUD WN-9732-HUD N-1115-HUD
WN-7907-HUD N-10G33-HUD WN-8811-HUD ~N-1076-HUD WN-9734-HUD N-1116-HUD
WN-7953-HUD N-1034-HUD WN-8819-HUD N-1077-HUD WN-9735-HUD N-1117-HUD
WN-7974-HUD N-1035-HUD WN-8973-HUD N-1078-HUD WN-9736-HUD N-1118-HUD
WN-7980-HUD N-1036~HUD WN-8974-HUD N-1079-HUD WN-9737-HUD N-1119-HUD
WN-7982-HUD N-1037-HUD WN-8976-HUD N-1080-HUD WN-9738-HUD N-1120-HUD
WN-8025-HUD N-1038-HUD WN-8977-HUD -~ N-1081-HUD WN-9739-HUD N-1121-HUD
WN-8029-HUD N=1040-HUD WN-8978-HUD N-1082-HUD WN-9801-HUD N-1122-HUD
WN-8034-HUD N-1041-HUD WN-8980-HUD N-1083-HUD WN-9802-HUD N-1123-HUD
WN-8054~HUD N-1042-HUD WN-8999-HUD N-1084-HUD WN-9814-HUD N-1124-HUD
WN-8101-HUD N-1043-HUD WN-9015-HUD N-1085-HUD WN-9816-HUD N-1125-HUD
WN-8167-HUD N-1044-HUD WN-9016-HUD N-1086-HUD WN-9895-HUD N-1126-HUD
WN-8174-HUD N-1045-HUD WN-9020-HUD N-1087-HUD WN-9901-HUD N-1127-HUD
WN-8198-HUD R-2630-HUD WN-9022-HUD N-1088-HUD WN-9949-HUD - N-1128-HUD
WN-8201-HUD N-1047-HUD WN-9026-HUD N-1089-HUD WN-9979-HUD = N-1129-HUD
WN-8209-HUD N-1048-HUD WN-9027-HUD N-1090-HUD WN-9980-HUD N-1130-HUD
WN-8218-HUD N-1049-HUD WN-9029-HUD N-1091-HUD WN-10029-HUD N-1131-HUD
WN-8268-HUD N-1050-HUD WN-9051-HUD ~R-2630-HUD WN-10039-HUD N-1132-HUD
WN-8350-HUD N-1051-HUD WN-9070-HUD R-2630-HUD WN-10057-HUD N-1133-HUD
WN-8364-HUD N-1052-HUD WN-9079-HUD N-1094-HUD WN-10073-HUD N-1134-HUD
WN-8396-HUD N-1053-HUD WN-9098-HUD R-2630-HUD WN-10074-HUD N-1135-HUD
WN-8439-HUD N-1054-HUD WN-9211-HUD N-1096-HUD WN-10086~HUD N-1226-HUD
WN-8468-HUD N-1055-HUD WN-9229-HUD N-1097-HUD | WN-10095-HUD N-1136-HUD
WN-8489-HUD N-1056-HUD WN-9292-HUD N-1098~HUD WN-10139-HUD N-~1227-HUD
WN-8547-HUD N-1057-HUD WN-9307-HUD N-1099-HUD WN-10200-HUD N~1137-HUD
WN-8574-HUD N-1058-HUD WN-9390-HUD N-1100-HUD WN-10223-HUD N-1138-HUD
WN-8577-HUD N-1060-HUD WN-9400-HUD N-1101-HUD WN-10293-HUD N-1139-HUD
WN-8588-HUD N-1061-HUD WN-9430-HUD N-1102-HUD WN-10294-HUD N-1140-HUD
WN-8611~-HUD N-1062-HUD WN-9444~HUD N-1104-HUD WN-10422-HUD N-1142-HUD
WN-8612-HUD N-1063~HUD WN-9541~-HUD N-1106-HUD WN-10432-HUD N-1143-HUD
WN-8623-HUD N-1064-HUD WN-9575-HUD N-1107-HUD
WN-8640-HUD N-1065-HUD WN-9576-HUD N-1108-HUD
WN-8645-HUD N-1066-HUD WN-9577-HUD N-1109-HUD
WN-8682-HUD N-1067-HUD WN-9651-HUD N-1112-HUD
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