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1. Introduction

The purpose of this report is to provide detailed information about the multistage area-probability sample
design used for the Residential Energy Consumption Survey (RECS). It is intended as a technical report, for
use by statisticians, to better understand the theory and procedures followed in the creation of the RECS
sample frame. For a more cursory overview of the RECS sample design, refer to the appendix entitled "How
the Survey was Conducted,” which is included in the statistical reporis produced for each RECS survey year.
The most recent reporis in the RECS series include:

@ Housing Characteristics 1990, DOE/EIA-0314(50), May 1992 (GPO Stock No. 061-003-00754-6)

® Household Energy Consumption and Expenditures 1990, DOE/EIA-0321/1(90), February 1993 (GPO
Stock No. 061-003-00795-3).

Overview of the Residential Energy Consumption Survey

The Energy Information Administration (ELA) is mandated by Congress to be the agency that collects,
analyzes, and disseminates impartial, comprehensive data about energy; its users, and the purposes for which
it is used. To comply with that congressional mandate, EIA collects energy data from the following sectors:
residential, commercial, manufacturing, and transportaiion. The RECS is used to collect data from the
residential sector. The Energy Policy Act (EPACT) of 1992 directs EIA to conduct a residential survey at least
once every 3 years.

The RECS provides information on the use of energy in residential housing units in the United States. This
information includes the physical characteristics of the units, the appliances utilized, the occupants, the types
of fuels being used, the amount of energy used, and other energy usc characteristics.

Because the RECS cannot survey every household in the Nation, a statistical sample representing all U.S.
households is chosen. The RECS sample design was initially developed during 1979 and 1980, and was used
in the 1980, 1981, and 1982 RECS. The sample design was updated in 1984 and 1993 using the results of the
1980 and 1990 Censuses, respectively. This report, therefore, distinguishes between the three basic sample
designs (1980, 1984, and 1993}, and the nine RECS fieldings (1978, 1979, 1980, 1981, 1982, 1984, 1987, 1990,
and 1993).

The RECS sample design has always been a national multistage area-probability cluster-sample design. The
basic sampling principles followed are in accord with recommendations in standard sampling texts, which
evolved from sampling theory.) Many of the national surveys of households or housing units that are
conducted by the Federal government use the same type of design as used for RECS. In particular, the design
for RECS and the design for the Current Population Survey (CPS) are based on the same sampling
principles.?

lCochran, W.G.: Sampling Techniques, 3rd Ed. New York, NY, John Wiley & Sons, 1977; Hansen, M.H., Hurwitz, W.N. and Madow,
W.G.: Sample Survey Methods and Theory, Vols. 1 and 1f, New York, NY, John Wiley & Sons, 1953; Kish. L.: Survey Sampling, New York,
NY, John Wiley & Sons, 1965.

% The Technical Paper 40, "The Current Population Survey Design and Methodology,” Department of Commerce, Bureau of the
Census, January 1978.
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With this type of multistage area-probability cluster-sample design every occupied housing unit in the country
has a known chance of being selected for RECS, yet the design does not require the use of a comprehensive:
up-to-date list of all housing units in the country. Such a list would be very costly to develop and maintair.
(According to the 1990 Census, there were 91,947,410 occupied housing units in the country.) The Bureau
of the Census and the U.S. Postal Service are currently developing such a list as part of the planning for the
2000 Decennial Census. The Bureau of the Census plans to maintain and update the list. Consequently, the
Iist will be available for use in the development of the sample design for post-2000 household surveys
conducted by the Bureau of the Census. EIA is hopeful that the next major revision of the RECS sampls
design (following the 2000 Census) can utilize this valuable resource.

With a multistage area-probability cluster-sample design, the interviews are geographically clustered. 'The
clustering reduces both design and interviewing costs, though designs with less clustering would result in mors
precise estimates. For each stage of the design, the procedures for (1) defining the sampling units, (2)
stratifying the sampling units, and (3) selecting the sampling units, are chosen in an attempt to balance
between reducing survey costs and meeting the precision requirements for national, regional, and Census
division data.

The dual objectives of reducing survey costs and minimizing the variance of survey estimates (maximizing the
accuracy of the estimates), pull in opposite directions. The more the interviews are clustered, the lower the
survey costs. On the other hand, for a fixed sample size, the more the interviews are clustered, the larger the
variance of the survey estimates. Procedures for optimizing a survey design to balance the two objectives wers
used in the development of the RECS sample design’.

History

The RECS has had four different sample designs since the survey began in 1978, This report will focus on
the four designs, and the individual surveys will be grouped by their sample: design year, as presented in the
following sections.

National Interim Energy Consumption Survey and the Household Screener Surveys

Interim versions of RECS were conducted in 1978 and 1979. The 1978 survey was called the National Interirn
Energy Consumption Survey (NIECS), and the 1979 survey was called Household Screener Survey (Screcrer).
The sample design for the NIECS and the Screener was the same, a multistage area-probability cluster-sample,
which was the property of the survey contractor. The NIECS used a multi-purpose sample design, one ncit
specifically developed to collect energy-related data, and which had been used in non-energy-related surveys.
It covered the 48 contiguous States and the District of Columbia, but did not cover Hawaii and Alaska. The
NIECS supported estimates at the Census region level, but not at the Census division level.

The 1980 Sample Design (1980, 1981, and 1982 RECS)

The sample design for the RECS was expressly developed to collect energy-related data in the residential
sector. The RECS design is the property of EIA and is used only for RECS or other EIA energy-related
surveys. This design covered all 50 States and the District of Columbia, and supported estimates at the Census
division level. Other EIA surveys based on the RECS design include Residential Transportation Energy
Consumption Survey (RTECS) and Commercial Buildings Energy Consumption Survey (CBECS). A brief
description of these designs will follow later in this section on the history of RECS.

% Hansen, Hurwitz, and Madow, Sample Survey Methods and Theory Volume I Methods and Applications, John Wiley & Sons, 1932
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The 1984 Sample Design (1984, 1987, and 1990 RECS)

In addition to the 1980 Census results, the 1984 design incorporated changes in the definitions of Metropolitan
Statistical Areas (MSA’s), and changes in the priorities of the survey. The sample design for the 1984 RECS
also contained a longitudinal panel and an incoming panel. The longitudinal panel was taken from the 1980
sample design, and the incoming panel of sample households was taken from the 1984 design. (See Chapter
7 for more details on longitudinal and incoming panels.) The 1987 RECS was the first to employ the 1984
sample design for all observations. This design was also used in the 1990 RECS.

The 1993 Sample Design (1993, 1996, and 1999 RECS)

The 1993 revision of the RECS sample design incorporated changes in the definitions of MSA’s, and
improvements in the stratification of the sampling units in all stages. In developing this sample design,
additional energy-related characteristics of the population (such as estimated energy expenditures) were used
in the stratification and selection procedures. The primary stage for the 1993 RECS used the new design.
However, while the initial plan was to completely redevelop all three stages of the sample design for the 1993
RECS, in order to lower costs for some primary-stage units, their respective secondary stages were carried over
from the 1984 design. (See Chapter 6 for more details.)

Current plans call for the 1996 RECS to use the full 1993 sample design. All secondary-stage units to be used
for the 1996 RECS will have been sclecied during the 1993 design effort. Mo secondary-stage units will be
carried over from the 1984 design to the 1996 RECS. The 1993 design will also be the basis for the 1999
RECS.

Residential Transportation Energy Consumption Survey (RTECS)

The sample design for the RTECS involves selecting a subsample of the respondents from the RECS of the
previous year. Therefore, any change in the sample design for RECS automatically applies to the RTECS.

Commercial Buildings Energy Consumption Survey (CBECS)

The primary stage for the 1984 RECS sample design was also used as the primary stage in the 1986 CBECS
sample design. However, the secondary stage and the elementary-unit stage in the 1986 CBECS sample design
were totally different than those used in the 1984 RECS. The CBECS sample design will be updated prior
to its use in 1995. During this redesign effort, the decision on the feasibility of using the same first-stage
design for both RECS and CBECS will be reviewed.

Organization of this Report

The RECS design is not static, it changes as priorities change. The following chapters present summaries of
the details and changes in the sample design throughout the development of the RECS.

Chapter 1 gives a brief overview of the RECS. Chapter 2 gives a summary of the multistage area-probability
design that is used for the RECS. Chapter 3 discusses the objectives of the RECS sample design, and the
constraints under which it was developed. Chapter 4 discusses the optimization analyses that were performed
prior to the 1980, 1984, and 1993 RECS. Chapters 5 and 6 present details on the primary and secondary
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stages of the sample, respectively. Chapter 7 presents details on the elementary-unit stage, and discusses
additional features of the RECS design, including the longitudinal component, the low-income supplement,
the new construction supplement, and the new construction update procedures. Chapter 8 presents a
discussion of the reasons for periodically revising the RECS sample design. Appendix A shows the ning
Census divisions and the ten Federal regions and maps. Appendix B presents detailed instructions to Zeld
workers on the housing unit definition. Appendix C presents the strata listings by Census division.
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2. Multistage Area-Probability Design

It is necessary to select a sample of houscholds for the RECS because the cost and burden of interviewing
every household in the United States would be prohibitive. The RECS sample design has always been a
national multistage area-probability z;iusi’ex-sample design. This type of design is used for many of the national
surveys of households or housing units that are conducted by the Federal government. The following is a
description of the multistage area-probability design with specific details about the RECS design.

In each RECS cycle, the sample design is divided into a primary stage, a secondary stage, and an elementary-
unit stage. These three stages are briefly outlined in the box below.

- Stages of RECS Sample Design

~In this stage, ana?y ; nling Units (PSH’S},: re defined, grouped into
d for the design. ’I'hc prﬁcsdares in this stage can E}e divided into three

dation Procedures: Coumtes -independent cmes, and other county-like
a{eas are used to form 3‘{}’“_

lation Procedures: The,:?SU’s are grouped into strata.

n Procedures: OBe‘:"VPS" is selected from each stratum.

ge. In this stage, the ?SU’S that were selected in the primary stage are
' - Mumpie SSU’s are selected from each PSU,
ments, with one listing segment selected per
5& mic} five groups:

mmﬁlanm Procedures: Census geﬁgra;:hlc units such as Census tracts, enumer-
-districts, block groups, and individual blocks are used to form SSU's.

Selection Procedures: The 'SSU’S are ordered or stratified. The selection proce-
antee that these sample: SSU’s reflect the dxstnbutmn of the values of the
used in the ordering or stratification.

~qummg Frocedures: Fot the larger SSU’s selected in the secondary stage, field
ers canvass the SSU by automobile or on foot, recardmg gross estimates of the
of‘heus ng units on each E%ack face.

ment Formulation Procedures:. The SSU’s selected in the secondary stage are
ed into listing segments using the rough counts of housmg units. Smaller SSU’s
?'-"deﬁned as single listing segments.

“l‘ecaon Procedures: A single listing segment is selected for each SSU
L,,ﬂ;chosen in ihe secondary stage.
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Stages of RECS Sample Design (Continued)

e  Elementary-Unit Stage: Housing units make up the most elementary units in the
RECS. In this stage, housing units are selected from their respective listing segments and
given to the field workers for their interviewing assignments. The elementary-unit stage can
be subdivided into three groups of procedures:

L Field-Listing Procedures: For each listing segment selected, field workers canvassed the
segment on foot, identifying and listing the address of all housing units. The lists
prepared by the field worker are used by central office workers to develop a
comprehensive list of housing units in the segment.

2. Penultimate Cluster Selection Procedures:: From ¢ach listing segment a single
penuliimate cluster is selected. If the listing segment is not too large, the penultimate
cluster will equal the listing segment. If the listing segment contains t00 many
housing units, the penultimate cluster will be made up of a subset of these units.

3. Interviewer Assignment Procedures: An ultimate cluster of approximately five housing
units is selected from each penultimate cluster. The housing units in the ultimate
clusters make up the sample in which the field workers conduct their occupant
interviews.

It may be argued that the penultimate clusters are the actual secondary-stage units. If this is true, then it
follows that the ficld-listing procedures and the penultimate cluster selection procedures are really part of the
secondary stage. However, EIA has chosen to place the field-listing procedures and the penultimate cluster
selection procedures in the elementary-unit stage, because these procedures deal with the elementary units.

Design Considerations

The number of PSU’s selected in the primary stage, the number of SS1J’s (or listing segments) per PSU, and
the number of observations in the ultimate cluster, are chosen according 0 survey design principles. Thes:z
decisions are made with the two-fold goal of reducing survey costs, and minimizing the variance of survey
estimates.

The first two stages in the design (primary and secondary), are used to select a sample of listing segmen:ts.
The size of the listing segmenis is determined by two goals:

1. The approximate number of housing units in a listing segment should be small enough so that a
comprehensive list of these units can be developed by field workess at a reasonable cost

2. Alisting segment needs to contain a sufficient number of housing units to cover the needs of several
cycles of the RECS survey.

During the initial RECS design effort, as well as during the 1984 design update, the minimum size of a listing
segment was 25 housing units. For the 1993 design, the minimum size was expanded to 50 housing units for
the core sample, and 96 housing units for SSU’s in a new construction supplement. The minimum size fcr
the core sample SSU’s was increased to give more flexibility in the elementary-unit stage not only for the 1993

Energy Information Administration/Energy Consumption Series
6 Sample Design for the Residential Energy Consumption Survey




RECS, but also for the 1996 and 1999 RECS. The 1980 and 1984 designs called for the listing segments and
penultimate clusters to be periodically replaced. If a 1993 RECS SSU does not experience substantial new
residential construction, current plans call for using the corresponding 1993 penultimate cluster in the 1996,
the 1999, and perhaps in the 2002 RECS. The expanded minimum size for the penultimate clusters ensures
that they will contain enough housing units for four RECS cycles, as well as provide for an oversampling of
low-income areas and new housing units. The expanded minimum size also allows for an increase in the core
sample size for future RECS. The minimum size for SSU’s in the new construction supplement is larger than
that of core sample SSU’s, due to the higher sampling rate for new housing units.

The penultimate cluster selection procedures are incorporated into the design as a cost-saving feature. Only
the housing units in the penultimate cluster are keyed into the data base used to select the ultimate cluster.

In addition, apart from major design revisions, or the occurrence of significant new construction (see
Chapter 7), the list of housing units is updated only for the compact area covered by the penultimate cluster.

The most expensive parts of the design effort are the rough-counting procedures of the secondary-unit stage,
and the field-listing procedures of the elementary-unit stage. Both of these procedures require the use of field
workers in order to obtain data, and central office staff to edit, clean, and process the data. In the rough-
counting procedures, field workers are used to obtain an approximate number of housing units by block face
in the selected SSU’s. In the field-listing procedures, field workers are used to prepare the comprehensive lists
of housing units in the selected listing segments. The entire primary stage, and the SSU formulation and
selection procedures of the secondary stage, can be done in a central office using maps, computer software,
and data bases obtained from vendors and from the Bureau of the Census. Similarly, the segment formulation
and selection procedures, the penultimate cluster selection procedures, and the interviewer assignment
procedures, can be done in a central office using the rough counts and comprehensive lists prepared by the
field workers.

If a SSU is small enough to economically list all of its housing units, then the rough-counting procedures, the
segment formulation procedures, and the segment selection procedures are not needed. In this case, the SSU
is not divided into listing segments. The entire SSU is defined as a single listing segment and is automatically
selected.

The target number of housing units in a SSU for the 1980 and 1984 designs was 400. All of the SSU’s for
these designs, therefore, were much larger than the minimum size. Consequently, the rough-counting
procedures, the segment formulation procedures, and the segment selection procedures were necessary for all
of the 1980 and 1984 SSU’s.

In the 1993 design, the target number of housing units was reduced to a quantity that was much closer to the
minimum size. In the 1993 RECS, the core SSU’s were defined so that their projected minimum number of
housing units was 50, and the new construction supplement SSU’s were defined so that their projected
minimum number of housing units was 96. As a result, the proportion of SSU’s in which the rough-counting
procedures, the segment formulation procedures, and the segment selection procedures were necessary, was
much smaller. This resulted in a cost savings for the design phase.

In summary, the number of cases where rough counting was necessary was substantially reduced in the 1993
design. This was possible because the minimum size for a listing segment was increased for the 1993 design
cffort, while the size of the SSU’s was reduced. Prior to the 1990 Census, the Bureau of the Census divided
the entire country into Census tracts and divided all Census tracts into blocks. This enabled the 1993 survey
design team to use smaller Census units to define SSU’s in rural areas. In the 1980 Census, the smallest
Census unit in many rural areas was an enumeration district.
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3. Objectives and Constrainis
to the RECS Sample Design

The RECS was designed to collect data on energy-related characteristics, both of housing units and the
households living in these units. Consequently, the RECS elementary-sampling units were occupied housing
units. The RECS was further restricted to housing units that are the primary residence of the occupants. As
a result, there is a one-to-one correspondence between households and occupied primary-housing units. Since
the elementary-sampling units for the CPS are households, its design was used as 2 model for the development
of the sample design for RECS.

The CPS is mainly concerned with demographic and labor-force statistics, while the RECS is concerned with
energy characteristics. Also, while the sample size for the CPS is approximately 60,000 observations, the
sample size for RECS is approximately 5,000 observations. Because of these variations, there are differences
between the sample designs for RECS, and the design for the CPS. For example, the number of PSU’s and
SSU’s used for RECS will be smaller than the number used for the CPS. In addition, the variables used to
stratify or order the sampling units for the three stages of the sample design will not be the same for RECS
as for the CPS.

1980 Sample Design

4

The 1980 RECS sample design was limited by the following constrainis®

e Data are to be statistically reliable for nine Census divisions and ten Federal regions. (These are
discussed in Chapter 5.)

e A self-weighting national sample should be included as the core of the total design; the balance of the
sample is to be allocated so that, as a minimum, a specified level of precision is achieved for each
Census division and Federal region

@  Sample households are to be selected from as many States as possible; inclusion of some sample units
in Alaska and Hawaii is to be assured

® In addition to regional geographic factors, stratification modes should be based, to the extent possible,
on principal home heating fuel and climatological factors

® As a quality control factor, a2 minimum of two interviewers should be available for data-collection
activity within reasonable travel distance of each cluster of sample households.

These additional constraints also affected the design:
9 The design must provide for the contingency that RECS may have to be ficlded every 6 months
o The design must provide for the contingency of including a longitudinal component in future RECS

@  The 1980 Census population data, and data on the number of households, were not available during
the design phase. The 1970 Census data were available, but were outdated for some localitics

4 Residential Energy Consumption Survey, Sample Design and Methodology National Household Surveys: 1980, 1981, and 1982,
Response Analysis Corporation, Princeton, New Jersey, August 1983.
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The most recent definitions of Metropolitan Statistical Areas--issued by the Office of Management
and Budget formerly known as Standard Metropolitan Statistical Areas--were those as of 1980, and
developed prior to the completion of the 1980 Census

The 1980 RECS was designed to produce 5,000 completed observations

The design must provide for the contingency that would extend the survey to produce State-level data.

1984 Sample Design

In the 1984 RECS redesign effort, the following changes were made in the design constraints:

The mandate requiring the 1984 RECS to provide statistically reliable estimates for each of the ten
Federal regions was eliminated. As a result, the number of strata used in the first stage of the design
was reduced. The mandate requiring the 1984 RECS to provide statistically reliable estimates for each
of the 9 Census divisions was observed

The 1980 Census data would be available for the design effort

The June 1983 definitions of MSA’s (developed following the 1980 Census) would be available for the
design effort.

1993 Sample Design

In the 1993 RECS redesign effort, the following changes were made in the design constraints:

The 1990 Census data would be available for the design effort

The June 1990 definitions of MSA’s would be available for the design effort (developed prior to tas
completion of the 1990 Census)

The design was required to have the capability to oversample newly constructed housing units.

The following changes were made to the RECS sample design as a result of the 1993 redesign effort:

10

The number of strata of PSU’s was reduced primarily because of larger increases in the PSU-leve.
survey costs (for example, administrative costs, and the cost of recruiting and training intervievers),
in contrast to SSU-level survey costs and the elementary-unit level costs, which showed smalley
increases

The stratification procedures used in the primary stage were changed in order to use more energy-
related characteristics

The SSU’s for metropolitan PSU’s were stratified by energy-related characteristics and geography.
For nonmetropolitan PSU’s, the SSU’s were stratified by geography alone

A new construction supplement was incorporated into the sample design. Part of the supplement v
the selection of 150 SS1U’s, which were expected 1o include high percentages of new homes

The number of PSU’s and SSU’s assigned to each Census division was altered to more closely reflec:
the relative 1990 Census population of each Census division.
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4. Optimization Analysis

Prior to each major revision in the RECS sample design, an optimization analysis is conducted to determine
the optimum number of PSU’s, SSU’s per PSU, and observations per SSU. The results of this analysis are
used to guide decisions concerning the number of strata in the primary stage, the number of SSU’s per PSU
in the secondary stage, and the size of the ultimate clusters in the elementary-unit stage.

In each case, the optimization analysis only considered the effect of the sample design on the precision of
national level statistics. It would be possible to expand the optimization analysis to cover the effect for
subnational level statistics, but the vast number of subnational level statistics that are of interest implies that
it would be very difficult and time consuming to conduct an optimization analysis that covers the effect on all
statistics of interest. Consequently, each optimization analysis was restricted to covering the effect on the
precision of national level statistics. Hence; the results of the optimization analysis are not completely
followed in determining the sample design parameters. The results are used as a guide for determining the
design parameters.

In a multi-stage sample design, the level of precision is affected not only by the total number of sample
households, but also by the interaction of all the design features: the number of PSU’s, the number of SSU’s,
the average size of an ultimate cluster, the "within" versus the "between" PSU variance, and the effectiveness
of stratification, etc. The interaction between the level of precision and the design factors is approximated
by the following formula®:

V2 = VE[I/mnq][8;nq + 1 + 3,(q - 1)] 1)

where: vz is the relvariance of an estimated mean or percentage derived from the survey results

V2 is the unit relvariance in the universe

m is the number of sample PSU’s

n is the expected value of the average number of SSU’s per sample PSU

q is the expected value of the average number of elementary units in an ultimate

cluster that result in completed interviews
8, is the "within" PSU measure of homogeneity
8, is the "within" SSU measure of homogeneity.

Note that the product of m, n, and q is the total sample size.

The values of V% 8,, and 8, are estimated using survey data. For the optimization conducted prior to the
development of the 1993 design, 1990 RECS data were used to estimate the values for these parameters.

5 Hansen, Hurwitz, and Madow, Sample Survey Methods and Theory Volume I Methods and Applications, p 403, John Wiley & Sons,
1953.
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In order to determine the optimum set of values for m, 1, and q, where the total sample size is held fixed,
it is necessary to approximate the survey costs (i.e., design, data collection, and data processing costs) as a
function of m, n, and q. The following simple cost function was used to zpproximate the relationship®:

C = Cm + Cmn + Cynng (2)

where: C is the portion of the total survey cost associated with "volume related” activities
C, is the cost per selected PSU
G, is the cost per SSU
C, is the cost per completed interview.

If the sole purpose of RECS was (o produce a national estimate of a single statistic, such as the number of
housing units in the country using electricity as a primary heating source, or the average electricity
consumption per housing unit, then the design should agree closely with the results of the optimization
analysis. However, since RECS is & multi-purpose survey, the data obtained through it will be used to produce
estimates for many housing-unit characteristics. In addition, EIA is interesied in producing not only nationa?
estimates, but also estimates by Census division, by housing-unit type, by houschold income, as well as raany
other categories of residential energy use. As a consequence of the multipurpose nature of RECS, the value
of its design varies depending on the characteristic of interest. This particular design will produce moie
precise estimates for some characteristics and less for others.

The optimization analysis in the 1993 design is conducted on 1990 RECS data, as this represents the latcst
data available. Figure 1 defines the parameters used in the optimization analysis, and Table 1 lists these
parameters along with their resulting optimal values. The cost per primary stage unit (C;) is $3,095.50, the
secondary stage cost per unit (C,) is $368.50, and the cost per observational unit (C,) is $184.00. The opti-
mization analysis was based on the assumption that the core sample size would be 5,095 observations. If the
optimization analysis had been done with a fixed cost (that varied from the final effective cost) instead of a
fixed sample-size, it would have called for a different value of m.

In an attempt to generalize the specific results contained in Table 1, the iwenty-three ratio estimates were
grouped into four classes: (1) consumption and expenditure variables; {2) housing unit characteristic variables;
(3) variables relating to appliance ownership; and (4) demographic characteristics of home owners. Within
each of these four classes, average values of intraclass correlations were computed. The class averages for the
intra-class correlation statistics were then used to compute optimal allocation solutions for each general ciass
of variables. Table 2 provides the optimal allocation results for the resulling grouped computations.

The values that were used for the 1993 RECS sample design were m = 116, n = 12.6, ¢ = 4.11, and the core
sample size was equal to 6,000 cbscrvations. Chapters 5 and 6 will discuss in detail, the number of PSU’s and
the number of SSU’s that were actually used in the 1993 RECS sample design.

The number of PSU’s (m) used in the 1993 RECS sample design does fall within the range indicated by the
optimization analysis. However, the average number of SSU’s per PSU (1) used, and the average number nf
observations per ultimate cluster {q), differ substantially from that indicated by the optimization analysis. in
particular, the average number of SSU’s per PSU is smaller than that indicaied by the optimization analysis,
while the average number of observations per ultimate cluster is larger.

¢ Hansen, Hurwitz, and Madow, Sample Survey Methods and Theory Volume I Meihods and Applications, p 408, John Wiley & Sors,
1953,
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Figure 1. Description of Ratio Statistics Used In the 1990 RECS Components of Varlance Analysis

Description

Mean Elecinclty Consumption per HouseMld in Btu

Mean N‘atur'al»Gas'Consumption per Household in Btu
Mean Annual Hbusehold Expenditure For Electricity in Dollars
Mean Anr_igél Household Expenditure For Natural Gas in Dollars
Mean’ T'otjé_! ;Ejriargy Consumption per Hous;ahotd in Btu
Mean Toiai én,aréy Expenditure per Househéid in Dollars
Proportion {ofi‘Hbc';using Units with Window Awnings

Mean Nuﬁjgér éf Bedrooms per Househdd

Proporﬁo‘n'ro'f Housing Units with Window Blinds or Drapes
Proportiéﬁ of Housghoids with a Clothes Washer

Proportion of Households with a Dishwasher

Mean Number of Licensed Drivers per Hdpseho!d
Proportionof Households with an Electric Clothes Dryer
ProportionirotfHouseholds with a Male Head

Mean Nu;;nber of Square Feet of Space per Household
Proponioﬁ ’okaduseho!ds with Annual income Cver $35,000
Propqrtiénéyf Households Owned by the Current Resident
Mean-Number of Bathrootns per Housing Unit

Mean Cubic Feet of Refrigerator Storage Space

Mean Number of Stories per Housing Unit

Mean Nuniber of Color Televisions per Household

Mean 'Nurﬁbér_ of Cars and Trucks per Household

Mean Square Feet of Window Space per Household

Source: Energy Information Administration, Analysis of Components of Variance for the Residantial Energy Consumption Survey
(Draft), Survey Research Center, Institute for Social Research, University of Michigan (Ann Arbor, Michigan), December 16, 1993.

If the 1993 RECS sample design closely followed the optimization analysis, the average number of observations
per ultimate cluster for the core sample would have equaled approximately 1.5. In order to have 6,000
observations, the total number of SSU’s (m x n) would equal approximately 4,000. To use such a large
number of SSU’s would have substantially increased the design and survey costs. In order to stay within
budget, fewer than 4,000 SSU’s were used.

If q and 1 are within the optimal range, and m is smaller than 116, then the total number of sample SSU’s
would be reduced, while the total core sample size would also be reduced. A design using such values for q,
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1, and m would result in more precise national estimates of energy statistics than the design that was actually
used, but the precision for the corresponding estimates for many subsections of the population would hav:
been lowered.

Table 1. Optimum Muitistage Allocation-Solution Estimates for 1990
RECS Ratio Statistics

Optimat Allocatior:

Variable 8y 5, q n m
Btu Electricity 01241 37094 1.84 1584 174.%
Btu Natural Gas 02278 56636 1.24 14.45 284.7
Dollars Electricity 01308 .33392 200 1464 1741
Dollars Natural Gas 01968 .56296 125 1550 263.6
Total Btu 01271 .56358 125 19.30 212.0
Total Dollars 00287 .41881 1.67 35.02 87.3
Awnings 00036 10751 4.08 50.10 24.9
Bedrooms RORES 89468 0984 2262 2401
Blinds/Drapes 00075 07600 493 29.08 35.5
Clothes Washer 00342 73611 0.85 4252 141.4
Dishwasher 00158 25621 2.4 37.45 56.4
Drivers in HH 00320 27618 229 2693 82.6
Electric Dryer .00660 44753 1.57 23.86 1345.8
HH Sex 00132 .06892 520 2097 46.7
Homearea 01418 68448 086 20.13 265.4
Income $35,000+ 00011 47697 148 18.64 136.9
HU Tenure .00899 .65739 1.02 24.78 201.3
No. Complete Baths 00650 .55433 127 26.78 150.0
Refrigerator Size 00394 34716 194 27.22 86.5
Stories 01403 69230 0.94 20.36 265.2
Color TV 00098 28064 2.38 47.38 451
Vehicles .00445 36352 1.87 26.20 103.8
Windows 00675 62120 1.11 27.80 165.¢

Source: Analysis of Components of Variance for the Residential Energy Consumption Survey,
Sampling Section, Survey Research Center, |nstitute for Social Research, University of Michigan
(Ann Arbor, Michigan), December 16, 1993,

Table 2. Optimum Multistage Sample Allocation Based on Average Values of
Estimates of 3., and 3,

Iptimal Allocation

Variable 8 8, q n m
Consumption and Expenditure Variables .013%822 469427 .50 16.83 201.2
Housing-Unit Characteristic Variables 007711 490072 1.44 23.10 152.8
Appliance Variables .003444 .383903 1.79 30.60 92.9
Demographic Variables .003474 1401091 1.73 31.14 94.6

Source: Analysis of Components of Variance for the Residential Energy Consumption Survey, Sampling Section,
Survey Research Center, Institute for Social Research, University of Michigan (Ann Arbor, Michigan), December 16, 1993,
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Even though the values of q, n, and m that were used in the 1993 RECS design differ from those called for
by the optimization analysis, the precision of the national estimates remains near the optimum (due to the
breadth of the optimum), and the precision of most subnational estimates of interest remains greater than
would those yielded by a design following the results of the optimization analysis.

If the population of households is divided into three income categories (such as low, middle, and high), then
the effective size of q for these categories would be approximately one-third of their original value; hence the
value of q used for the 1993 design would fall in the range called for by the optimization analysis.

The 1980 RECS sample design used 131 PSU’s, and an average of 11.6 SSU’s per PSU. The 1984 RECS
sample design used 129 PSU’s, and an average of 11.8 SSU’s per PSU. The number of observations per SSU
averaged 3.3 for the 1980 through 1990 RECS.

The 1993 RECS sample design resulted in similar values. The number of PSU’s was reduced from 129 in 1984
to 116 in 1993, while the number of SSU’s in the core sample was reduced from 1,516 in 1984 to 1,460 in
1993. The number of observations per SSU was increased from an average of 3.3 to 4.1 for the core sample
of the 1993 RECS. The reduction in the number of PSU’s was due to cost increases at the PSU-level which
outpaced those at the SSU and the elementary-unit levels. The number of observations per SSU was increased
in order to provide a larger sample size, at the most cost-effective level.

There would have been a greater reduction in the number of PSU’s if the 1993 RECS design had not required
the survey to support Census division-level estimates with a specified maximum Relative Standard Error
(RSE), as is discussed below. For this reason, the minimum number of PSU’s in a Census division was set
at 8.

One of the constraints in the 1993 RECS sample design was that the RSE of the estimate for the average
energy expenditures per houschold would be less than or equal to the predetermined levels. The RSE for the
National level estimates would be a maximum of 1.25 percent. The estimates for each Census region would
have an RSE of no more than 2.75 percent, while the estimates for each Census division would have an RSE
of 4.5 percent, or less. These constraints were determined by examining the results of the 1980 through 1990
RECS. Simulations projected that the sample design with the above values for q, n, and m would result in
RSE estimates below the constrained maximum RSE values listed above.
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5. Primary Stage of the RECS Sample Design

During the primary stage, the PSU’s are defined, grouped into strata, and selected for the design. The
following decisions are made during the design and implementation of the primary stage:

@  Whether to select just one PSU per stratum, o1 to select two or more P5U’S per stratum

® How will Census division boundaries and Federal region boundaries constrain the sample design

®  The total number of strata to use in the primary stage

®  Which criteria to use when forming PSU’s
&  Which criteria to use when grouping PSU’s into strata
& How to select PSU’s from strata?

Each of these decisions can be divided into one of the following three procedures: (1) PSU formulation
procedures, (2) strata formulation procedures, and (3) PSU selection procedures. These decisions will be
discussed in detail in the following sections.

Number of Primary Sampling Units’ per Stratum

There are two basic competing sirategies for the primary stage of a multisiage arca-probability sample design:

1. One PSU per stratum strategy: Stratify the sampling units as much as possible, then select only one
sampling unit per stratum

2. Two or more PSU’s per stratum strategy: Restrict the amount of stratification and if a stratum
- . b
contains more than one sampling unit, select at least two of them.

For either strategy, an optimization analysis is used to determine the approximate number of sampling units
that will be selected during each stage of the design.

The main advantage of the one-PSU per stratum strategy is the use of stratification to the fullest extent in
order to improve the accuracy of the survey estimates. Its main disadvantage to survey estimates is the
inability to obtain a pure estimate of the sampling errors. Qtr“fifvfng o the fuilest exient may improve the
estimate, but as a resuly, it is necessary 10 use a variance estimation technique that does not utilize a pure
estimate of the between sampling unit variance.

The main advantage of the two-PSUs per stratum strategy is that it is possible to obtain a pure estimate of
the variance using a two-sampling unit per stratum design. Its main disadvantage is that fewer strata are used,
and as a result, the precision of the estimate is lowered.

An early decision was made to use the one-PSU per stratum strategy for the primary stage. The sample design
for all cycles of RECS have used the one-PSU per stratum strategy, and the 1993 sample design will continue
to use this strategy. The only excepiion, in the 1993 sample design, was that the Fort Worth, Texas MSA, the

"Residential Energy Consumption Survey Primary Stage Sample Design Plon (Third Draft), Sampling Section, Survey Research Center,
Institute for Social Research, University of Michigan (Ann Arbor, Michigan), February 1, 1993,
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San Antonjo, Texas MSA; and the Austin, Texas MSA were placed in the same stratum and two MSA’s we
selected from it. The reasons for using a double strata in this case are discussed in detail in the section titled,
"Number of Strata by Type and Census Division” in this chapter.

Census Divisions and Federal Regions

As mentioned earlier, the 1980 RECS was designed in such a way that its data could be used to estimate
energy characteristics for each of the nine Census divisions and each of the ten Federal regions. This
prevented PSU’s, and the strata used in the primary stage, from crossing the Census division or Federal region
boundaries. However, because the 1984 and 1993 RECS designs were no longer required to produce estimates
for the ten Federal regions, the PSU and strata boundaries could now cross Federal region boundaries (but
they were still unable to cross Census division boundaries). Figure 2 lists the nine Census divisions and ey
Federal regions. They are also illustrated in map form in Appendix A.
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Figure 2. List of the States Within Census Divisions and Federal Reglons

1. New England:

3. East North Central:

9, Paciﬁ_’c:

2. Middie Atlantic:

4. West North Central:

8. Mountaifﬁ:_‘ e

The nine 'C'on_a"i;#'divl'siéniare defined as follows:

Connecticut, Maine;i Massachusetts, New Hamhéhi . Rhode Island, and Vermont
New Jersey, New Y,ork.‘ and Pennsylvania
Hllinois, Indiana, Michigan, Ohio, and Wisconsin

lowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota

Delaware, District of Coiumbta. Florida, Georg;a, Mavyiand Notth Carolina, South
Carolina, Virginia, and West Virginia

Alabama, Kentucky, Mississippl, and Tennessee
Arkansas, Louisaana, Okiahoma and Texas
Arizona, Colorado, idaho, Montana, Nevada, New Mexaco, Utah, and Wyoming

Alaska, California, Hawah, QOregon, and Washington.

are:deﬁned as follows:

Connecticut, Maine Massachuseﬂs, New Hampshlte, Hhode Island, and Vermont
New Jersey and New 'York

Delaware, District 6f"C&iUmbia, Maryland, Pennsylvania, Virginia, and West Virginia

Alabama, Florida, Georgla, Kentucky, M|ss|smppl, North Carolina, South Carolina,
and Tennessee

iliinais, Indiana; Mmhigan, Minnescta, Ohio, and 'W'sconsin

Arkansas, Lowslana lew Moxico, Okiahoma, and Texas
lowa, Kansas, Missoﬁﬂ,:and Nebraska
Colorado, Montana, Ngrlh Dakota South Dakota, Ufah and Wyoming

Arizona, Calrforma. Hawau, and Nevada

Alaska, idaho, Oregon,;and' Washington
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The New England Census division and the 1st Federal region are identical. For all other Census divisions,
there does not exist an identical Federal region. Similarly, for all other Federal regions, there does not exis’

an identical Census division.

The combined boundaries of the nine Census divisions and the ten Federal

regions produce 17 intersections. These intersections are listed in Figure 3. The strata boundaries for ihe
1980 RECS design could not cross the boundaries of the 17 intersections.

Figure 3. State Intersections of Census Divisions and Federal Regions

;::?;:I Census Division Intersection of Federal Region and Csnsus Division
1 New England 1- Connecticut, Malne, Massachusetts, New Hampshire, Rhode
Island, and Vermont

2 Middle Atlantic 2- New Jersey and New York

3 Middie Atlantic Pennsylvania
South Atlantic Delaware, District of Columbia, Maryland, Virginia, and

West Virginia

4 South Atlantic 5- Florida, Georgia, North Carolina, and South Carolina
East South Central 6~ Alabama, Kentucky, Mississippi, and Tennessee

5 East North Central 7- lliinois, Indiana, Michigan, Ohlo, and Wisconsin
West North Central 8- Minnesota

6 West South Contral 9- Arkansas, Louisiana, Oklahoma, and Texas
Mountain 10- Mew Mexico

7 West North Central 11- fowa, Kansas, Missourl, and Nebraska

8 West North Central 12- North Dakota and South Dakota
Mountain 13- Colorado, Montana, Utah, and Wyoming

9 Mountain 14- Arizona and Nevada
Pacific 15- California and Hawaii

10 Mountain 16- ldaho

Pacific 17- Alaska, Oregon, and Washington

Source: Energy Information Administration, Residential Energy Consumption Survey, Sarmple Design and Methodology MNetiora!

Household Surveys: 1980 - 1981, and 1982, Response Analysis Corporation (Princeton, 1J), August 1983.
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Number of Strata to Use in the Primary Stage

The approximate total number of primary stage strata that will be used is determined during the optimization
analysis. The final number of strata reflects decisions made concerning the number of strata per Census
division, and within Census divisions, per strata type (e.g., large metropolitan areas, small metropolitan areas,
non-metropolitan areas, and mixed areas). For each Census division, including the national total, Table 3 is
divided into two parts (a and b), which provides the following data:

® The number of primary stage strata for the 1980, 1984, and 1993 sample designs

® The population: the 1980 design employs the 1978 population estimates, the 1984 design employs the
1980 Census results, and the 1993 design employs the 1990 Census results

@  The average population per primary stage stratum: the average population given in the 1980 design
is the average 1978 population, in the 1984 design it is the average 1980 population, and in the 1993
design it is the average 1990 population

@ The 1990 Census number of houscholds
@  The average number of households per stratum for the 1993 sample design.

The reason for determining the number of households and the average number of households per stratum, is
because the Measure of Size (MOS) used to select the PSU’s changed from PSU population in the 1980 and
1984 designs, to PSU number of households in the 1993 design. (The MOS is discussed later in this chapter.)
From a practical perspective, each of the two variables used for the MOS is equally acceptable in devising a
multipurpose probability-sampling design.

Because the RECS sample design has always used a one-PSU per stratum approach, there is a one-to-one
correspondence between the strata and the PSU’s selected. Therefore, when discussing the design, there is
a tendency to interchange the terms stratum and PSU. To illustrate this, the 1980 sample design used 131
PSU’s; this means that the sample design for the 1980 RECS grouped the PSU’s intc 131 strata and selected
one PSU per stratum, which yielded 131 PSUs.

The 1580, 1984, and 1993 sample designs each determined the set of self-representing PSU’s by a standard
sampling approach; the PSU’s that exceeded in MOS a substantial fraction of the average MOS per stratum
were identified as the self-representing set. Therefore, in each of the three sample designs, the New York
counties of the New York Primary Metropolitan Statistical Area were grouped into two PSU’. New York
City (Bronx, Kings, New York, Queens, and Richmond counties), and its northern suburbs (Putnam, Rockland,
and Westchester Counties), formed one PSU, which was placed into a stratum by itself. This PSU contained
3,252,000 households in 1990, larger than any other PSU. The Long Island counties (Nassau and Suffolk)
formed another PSU that was placed in a stratum by itself. The Illinois region of the Chicago PMSA, as well
as Los Angeles county, were also single PSU’s. These three largest self-representing PSU’s significantly
increased the average number of households per PSU in their respective Census divisions.

For variance estimation purposes, each self-representing PSU has, within its Census divisions, the approximate
effect of two non-self-representing PSU’s. Moreover, because of their large populations, the New York City,
Chicago, and Los Angeles PSU’s have the effect of three or four non-self-representing PSU’s.
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In general, the convention of treating the very large MSA’s as self-representing PSU’s, and the restriction
treating Alaska and Hawaii as separate strata, means that the 116 strata uscd in the 1993 sample design were,
for variance estimation purposes, more like a design with approximately 150 strata.®

Table 3a. Number of Primary Stage Strata and Population by Census Division for 1980,
1984, and 1993 RECS Sample Designs

Number of Primary Population
Stage Strata (millions)

Census 1980 1984 1993 1980 1980 1990

Division Design Design Design Estimates Census Census
Total ..................... 131 129 116 2181 226.5 2487
New England ............... 10 10 8 12.3 123 13.2
Middle Atlantic . ............. 14 15 13 33.8 36.8 37.6
East North Central ... ...... .. 16 17 17 41.2 1.7 42.0
West North Central ... ...... .. 17 17 8 7.0 17.2 17.7
South Atlantic .. ........... .. 17 19 20 34.6 37.0 43.6
East South Central .. ... .. ... . 13 12 8 14.0 14.7 15.2
West South Central . . ... ..... . 12 12 14 22.0 23.7 26.7
Mountain ................. . 13 11 10 1.3 11.4 13.7
Pacific .............. ... ... 9 16 17 29.8 31.8 39.1

Table 3b. Average Population and Number of Households per Siratum by Census Division for 19810,
1984, and 1993 RECS Sample Designs

Average Population per Number of Households for 1993
Primary Stage Stratum Design (1990 Census Data)
(millions) (millions)
Census 1980 1984 1983 Average
Division Design Design Design Total per Stratur
Total ............... 1.7 1.8 241 91.9 0.8
New England . ... ... .. 1.2 1.2 1.7 4.9 0.6
Middle Atlantic ........ 2.6 2.5 2.9 13.9 1.1
East North Central .. ... 2.6 25 2.5 15.6 0.9
West North Central ... .. 1.0 1.0 2.0 8.7 0.7
South Atlantic . ... ... .. 2.0 1.8 2.2 16.5 0.8
East South Central ... .. 1.1 1.2 1.9 5.7 0.7
West South Central . . . .. 1.8 2.0 1.9 9.7 0.7
Mountain ............ 0.8 1.0 1.4 5.0 0.5
Pacific .............. 1.6 2.0 2.3 139 0.8

Source: Residential Energy Consumption Survey Primary Stage Sample Design Plan {Third Draft), Sampling Section, Survey Research
Center, Institute for Social Research, University of Michigan (Ann Arbor, Michigan), February 1, 1993.

& Residential Energy Consumption Survey Second Stage Sample Design Plan, Sampling Seciion, Survey Research Center, Institute ot
Social Research, page 7, University of Michigan (Ann Arbor, Michigan), June 1, 1993.
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Note that the number of strata for the West North Central Census Division dropped from 17 in the 1980 and
1984 designs, to 9 in the 1993 design. The large number of strata (relative to its population), in this Census
division in the 1980 design, was a result of the stipulation preventing the strata from crossing Census divisions
or Federal region boundaries, as well as the need for the statistical reliability of data for each of these
geographic domains.

The preliminary finding (based on energy data collected prior to 1978) showing the variance of housechold
energy expenditures to be higher in this Census division than in other Census divisions, also contributed to
this large number. The relatively high number of PSU’s assigned 1o this division in the 1980 design was
carried over to the 1984 design. In the 1993 design, the decision on the number of PSU’s 1o assign to each
division was made independently of previous designs. A study of the 1990 RECS results indicated that there
was no significant difference in the variance of household energy expenditures for the different Census
divisions. Consequently, the number of PSU’s assigned to the West North Central Census Division was
reduced in the 1993 design.

If the RECS sample design was optimized to produce the lowest possible variance for the estimated energy
consumption per household in the entire Nation, and if the optimization analysis was developed under the
assumptions that: (1) the sample size was fixed, (2) the standard deviation of household energy consumption
was the same for all Census divisions, and (3) costs was the same for all Census divisions, then the number
of strata in a Census division should be roughly proportional 1o its number of households. Inequalities
occurred for the following reasons: (1) upper boundaries were placed on the variances for the per household
estimates of energy expenditures in each of the Census divisions; and, (2) the convention of treating large
MSA’s as single PSU’s was used. The upper boundaries resulted in the use of extra PSU’s for those Census
divisions with the smallest population. The convention of treating very large metropolitan areas as self-
representing PSU’s meant that their population was much larger than that of other PSU’s.

Table 3 also shows that the average population per stratum for the nine Census divisions is closer in the 1993
sample design than in the 1980 or 1984 sample designs. This improvement followed the elimination of the
ten Federal region estimates, as well as the assumption that the variance of household energy expenditures
is approximately equal for all Census divisions.

Criteria for Forming Primary Sampling Units

The RECS sample designs all used the same overall strategy for defining PSU’s. In metropolitan areas, the
PSU’s are usually defined by the boundaries of MSA’s. In non-metropolitan areas, the PSU’s are usually
individual counties or groups of contiguous counties. This is the same convention that is used for many
national surveys conducted by the Federal government.

In the 1980 and 1584 sample designs, PSU boundaries did not cross State lines, with the exception of the
Washington, DC metropolitan area. The design included this restriction in order to provide for its possible
future expansion to a State-level survey. In the 1993 sample design, this restriction was relaxed to allow PSU’s
to cross State lines in more situations. These exceptions always involved PSU’s in those metropolitan areas
that included counties in two or more States.

In order to provide for the contingency that EIA forecasting models may require energy consumption estimates
for the larger States, PSU boundaries were not allowed to cross State lines in California, New York, Texas,
and Florida.

In all RECS sample designs, the restriction that prevented PSU boundaries from crossing Census division lines
was observed. This restriction reflected the desire to control the effect on the variance in using the RECS data
to make Census division-level estimates. Moreover, in the 1980 design, PSU boundaries did not cross Federal
region boundaries.
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In the 1980 sample design, the 3,141 counties and independent cities in the Unites States were formed into
1,782 PSU’s.® For the 1984 sample design, 1,799 PSU’s were formed. For the 1993 sample design, 1,73
PSU’s were formed. The following areas indicate where the PSU definitions were affected:

®  Changes in the definitions of MSA’s

o  Changes in the treatment of MSA’s that cross State lines

6  Changes in the number of cases where large contiguous MSA’s are combined to form a single P57

Criteria for Grouping Primary Sampling tnits Into Strata

The PSU’s are grouped into strata. Within the Census divisions, there are four types of strata:

1. Self-Representing Strata: Fach of these strata contains only one PSU, and is the geographic ares
corresponding to a MSA that has a large population. These PSU’s are designated as self-representing
or "certainty” PSU’s because they are included in the sample with certainty.

2.  Non-Self-Representing MSA Strata: Each of these strata containg two or more PSU’s. Each P&L
contained in these strata is defined as the geographic area covered by a MSA with a relatively smal
or medium-size population.

3. Non-Self-Representing Non-MSA Strata: Each stratum in this catcgory contains two or more PSLs,
Each PSU in these strata is comprised of a single non-metropolitan county (or similar jurisdiction),
or a group of contiguous non-metropolitan counties.

4.  Non-Self-Representing Mixed Strata: Each stratum in this category contains two or more PSU’s. Oae
or more of the PSU’s is defined as the geographic area covered by a MSA with a relatively small or
medium-size population. One or more of the PSU’s is comprised of a single non-metropolitan count,
(or similar jurisdiction), or a group of contiguous non-metropolitan counties.

Self-Representing Strata

Large MSA’s are designated as sclf-representing or "certainty” PSU’s because their MOS constitutes
substantial fraction of the MOS for their Census Division or "intersection” in the 1980 design. The minimuir
size for self-representing PSU’s varies by Census division or by intersection.

The set of self-representing PSU’s has changed with each major revision in the RECS sample design. 1In
addition, the definition of individual self-representing PSU’s has changed in relation to changes in M4
definitions. The 1980 design uscd the 1980 MSA definitions, the 1984 design used the June 1983 M
definitions, and the 1993 design used the June 1990 MSA definitions. [Figure 4 lists the self-representin;
PSU’s used for the 1980, 1984, and 1993 RECS sample designs.

% Residential Energy Consumption Survey, Sample Design and Methodology National Household Surveys: 1980, 1981, and 1952, p
Response Analysis Corporation (Princeton, New Jersey), August 1983
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Figure 4. Self-Representing PSU’s for 1880, 1984, and 1553 RECS Sample Desig
by Census Division

HES

Self-Representing PSU's

Census Division 1980 Design 1984 Design 1993 Design
New England Boston " Boston Boston
Hartford Hartford Hartford
Providence Providence
Fairfield County, CT Fairfield County, CT
New Haven Mew Haven
Middie Atlantic New York MNew York New York
Philadelphia Philadelphia Philadelphia

Nassau-Suffeik {Long Island)

MNassau-Suffolk {Long island)

MNassau-Suffolk
(Long Island)

Pitisburgh Pitsburgh Pittsburgh
Newark Newark Newark
East North Central Chicage Chicage Chicage
Detroit Detroit Detroit
Cleveland Cleveland Cileveland
West North Centrai Minneapolis Minneapolis Minneapolis
Gt Louis St Louls St Louis
Kansas City Kansas City Kansas City

South Atlantic

Washington, D.C.

Washington, D.C.

Washington, D.C.

Atlanta Atlanta Atlanta
Baltimore Baltimors Baltimore
Tampa Tampa
Miami Miami
East South Central None None None
Woest South Central Houston Houston Houston
Dallas Dallas Dallas
Mountain Phoenix Phoenix Phoenix
Denver Denver Denver
Salt Lake City Salt Lake City
Pacific Los Angeles Los Angeles Los Angeles

San Diego San Diego San Diego
Orange County, CA Orange County, CA Orange County, CA
Seattle Seattie Seatile
Riverside-San Bernardino Hiverside-San
Bernardino
San Francisco-Oakland San Francisco-Oakland San Francisco
Oakland
Portland Sacramento
Tacoma San Jose

Sources: e Energy information Administration, Residential Energy Consumption Survey Primary Stage Sample Design Plan (Third
Draft), Sampling Section, Survey Research Center, Institute for Social Research, University of Michigan {Ann Arbor,
Michigan), February 1, 1993. » The 1984 Residential Energy Consumption Survey Sample Design Procedures Manual, Orkand
Corporation (Silver Spring, MD}, March 1888, = The Residential Energy Consumption Survey, Sample Design and Methodology 1980

- 1981 National Household Survey {Draft Report), Response Analysis Corporation (Princaton, NJ), June 1881,
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Non-Self-Representing MSA Strata

For each RECS design, the non-self-representing MSA PSU’s were grouped into strata. Where possible, eac
stratum consisted of MSA’s of similar size, from the same State (or at least contiguous States), and with 4
common dominate main space-heating fuel. Examples of non-self-representing strata in the 1993 RIZCS
sample design are as follows:

Example 1: (Medium-Size MSA’s in New York)
Buffalo
Rochester
Syracuse

Example 2: (Smaller MSA’s in the northern half of the West North Ceniral Census Division)
Des Moines, Iowa
Duluth, (Minnesota portion)
Cedar Rapids, lowa
St Cloud, Minnesota
Fargo-Moorhead (Both North Dakota and Minnesota portions)
Davenport-Rock Island-Moline (Iowa portion)
Waterloo-Cedar Falls, Iowa
Sioux Falls, South Dakota
Rochester, Minnesota
Towa City, lowa
Bismarck, North Dakota
Dubuque, Jowa
Rapid City, South Dakota
Grand Forks, North Dakota

In Example 2, the Wisconsin portion of the Duluth MSA is not in the West North Central Census Divisica,
hence, it was placed in a non-self-representing MSA stratum in the East North Central Census Divisicn,
Similarly, the Illinois portion of the Davenport-Rock Island-Moline MSA was placed in a non-self-representin
MSA stratum in the East North Central Census Division. However, the entire Fargo-Moorhead MSA. is in
the West North Central Census Division; hence, this PSU was allowed to cross State lines.

Non-Self-Representing Non-MSA Strata

The non-self-representing, non-MSA PSU’s were also grouped into strata. The strata for these PSU’s in ths
1980 and 1984 sample designs were based heavily on the strata for the Current Population Survey, with sorme
adjustments made for climate. As a result, the PSU’s were grouped according to socioeconomic more than
energy-related variables. However, the more important factor observed in devising each design was the need
to have strata of smallest variation in aggregate measure of size for cach Census division or each ’intersecticr’
in the 1980 design. For example, the Monroe County, Florida PSU (The Everglades National Park and the
Florida Keys) was placed in the same stratum as the PSU for Cherokee, Clay, Graham, and Swain countics
in North Carolina (The Great Smoky Mountains National Park and surrounding areas). In the 1993 desizn.
the PSU’s were grouped into sirata using energy-related variables. In particular, climate and main space-
heating fuel where used in forming the strata.

Non-Self-Representing Mixed Strata

All RECS sample designs used some primary stage strata that contained metropolitan PSU’s as well as non-
metropolitan PSU’s. These strata are called mixed strata. The use of mixed sirata does cause problems in thi
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weighting and variance estimation procedures. For this reason, the number of mixed strata was kept at a
minimum.

Because of the unique climates of Hawaii and Alaska, ail RECS sample designs were constructed such that
one PSU from Alaska and one PSU from Hawaii would be selected during the primary stage. This was
accomplished by forming a mixed stratum composed only of PSU’s in Hawaii, both metropolitan and non-
metropolitan, and selecting a PSU from the stratum. Similarly, another PSU was selected from a mixed
stratum composed only of PSU’s in Alaska, both metropolitan and non-metropolitan.

In the 1980 RECS sample design, there were four additional mixed strata. These resulted from the mandate
preventing strata boundaries from crossing any of the 17 intersections defined earlier. The four mixed strata
were formed using (1) all PSU’s in New Mexico, (2) all PSU’s in Idaho, (3) all PSU’s in Minnesota (with the
exception of the Minneapolis-St Paul MSA), and (4) all MSA PSU’s in North Dakota and South Dakota plus,
some non-MSA PSU’s in these two States.

Number of Strata by Type and Census Division

The total number of strata for the RECS sample design reflects decisions made in the following areas:
® The optimization analysis
® The number of large metropolitan areas that are designated as certainty PSU’s
@ The minimum number of PSU’s for the Census divisions

® How well noncertainty PSU’s can be grouped into strata of similar type, size, and energy
characterization.

An additional feature of the 1993 design was the stipulation requiring, for each Census division, the use of
an even number of strata for both the set of noncertainty metropolitan PSU’s, and the set of noncertainty
nonmetropolitan PSU’s. The only exception to this was noncertainty metropolitan PSU’s in the South Atlantic
Census Division. This exception was due to budgetary restrictions.

The reason for adding this feature to the 1993 RECS sample design was to improve the variance estimation
procedures. In particular, the variance procedure used for RECS, the Balanced Repeated Replication (BRR),
requires the noncertainty strata to be paired and treated, for variance estimation purposes, as if the PSU’s
selected from the two strata were a sample size of two from a single large stratum.” Using an even number
of strata for each noncertainty type facilitates their pairing.

In the 1980, 1981, and 1982 RECS, a total of 131 primary stage strata were used. Since the sample design for
the 1984 RECS combined the 1980 and 1984 designs, it contained 153 PSU’s. This breaks down to 107 PSU’s
that were used in both the 1980 and 1984 designs, 24 PSU’s that were used in the 1980 design and the 1984
data collection, but not in the 1984 design, and 22 PSU’s that were used only in the 1984 design. The 1987
and 1990 RECS each used a total of 129 strata. In the 1993 RECS, a total of 116 strata were used.

As mentioned earlier, a double strata were created in the West South Central Census Division in the 1993
RECS primary stage design. The double strata consisted of the Fort Worth, Texas MSA; the San Antonio,

el Kalion, G., "Practical Methods for Estimating Survey Sampling Errors," Bulletin of the International Statistical Institute: 47,3: 495-524,
1977.
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Texas MSA; and the Austin, Texas MSA. Two PSU’s were selected from these strata. The double strata were
created in this situation for the following reasons:

@  The stipulation preventing the primary stage strata from crossing Texas State boundaries
®  The desire to have an even number of non-self-representing MS4. strata in each Census division

@ The desire to place non-self--repreieming MSA’s into strata with MSA’s of approximately the same
size

¢  The desire to use fewer strata for the 1993 RECS design than were used for the 1984 RECS design.

One alternative would have been to define the Fort Worth MSA, the San Antonio MSA, and the Austin M&4,
each as a self-representing PSU. This would have increased the number of strata for the 1993 RECS design
by one. Another alternative would have been to pair each of these three Jarge MSA’s with one or mere
smaller MSA’s, to form non-self-representing strata; but this would run counter to the goal of forming stra(s
with PSU’s of roughly comparable size.

Tables 4, 5, and 6 give the number of primary stage strata by Census division and type of PSU, for the 1980,
1984, and 1993 designs. Appendix C contains the strata listings by Census Division for the 1980, 1984 an:!
1993 sample designs.

Table 4. Number of Strata for PSU’s by Census Division and Type of Strata for the 1980 Design

Non-Self Representing (NSR)

Census Self

Divislon Total Representing MSA Non-MSA Mixed
Total .................... 1314 3 53 L 6
NewEngland .............. 10 5 3 i 0
Middile Atlantic ............. 14 (5] 7 i 0
East North Central .......... 16 3 9 } 0
West North Central . . ...... .. 17 3 <] 2
South Atlantic .. ............ 3 8 5 0
East South Central . ......... 0 6 ¥ 0
Woest South Central . ... ... ... 4 2 6 & o]
Mountain .. ............... i3 3 3 ki 2
Pacific ................... 19 7 6 2

Source: Energy Information Administration, Residential Energy Consumption Survey, "Sample Design and Methodology 1581} -
1981 National Household Survey" (Draft Report), Response Analysis Corporation (Princeton, NJ), June 1981,
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Table 5. Number of Strata for PSU’s by Census Division and Type of Strata for the 1984 Design
Non-Self Representing (NSR)

Census Self

Division Total Representing MSA Non-MSA Mixed
Total ..................... 128 32 54 41 2
NewEngland ............... 10 5 3 2 0
Middle Atlantic . ............. 15 ] 8 2 0
East North Central ........... 17 3 9 5 0
West North Central ........... 17 3 5 a o]
South Atlantic .. ............. 19 5 8 [ 0
East South Central ........... 12 0 6 5] 0
West South Central .. ......... 12 2 6 4 o]
Mountain .................. 11 3 3 & o]
Pacific ........covvevvunn.. 16 6 6 2 2

Source: Energy Information Administration, "1984 Residential Energy Consumption Survey Sample Design Procedures Manual,”
The Orkand Corporation {Sifver Spring, MD), March 1986,

Table 6. Number of Strata for PSU’s by Census Division and Type of Strata for the 1993 Design
Non-Self Representing (NSR)

Census Seif

Division Total Representing MSA Non-MSA Mixed
Total .................... 116 31 51 32 2
NewEngland .............. 8 2 4 2 0
Middle Atlantic . ............ 13 5 5] 2 4]
East North Central . ......... 17 3 10 4 0
Waest North Central . ......... 2] 3 2 4 ¢
South Atlantic .............. 20 5 ] 6 0
East South Central .......... 8 0 4 4 o}
West South Central . .. .. ..... i4 2 8 4 0
Mountain ................. 10 2 4 4 0
Pacific ......covieiniina.. 17 g 4 2 2

Source: Energy Information Administration, 1993 Residential Energy Consumption Survey, Primary Stags Sample Design Plan®
{Final Draft), Survey Research Center, Institute for Social Research, University of Michigan {Ann Arbor, Michigan), June 1993.

Primary Sampling Unit Selection Procedures

For each RECS sample design, a single PSU in each non-self representing stratum was selected using
probability-proportional-to-size (PPS) sampling; a procedure used in many other surveys conducted by the
Federal Government. In PPS sampling, each PSU was assigned a MOS. In the 1980 design, the MOS of a
PSU was equal to 1978 PSU population estimates [CPS, Series P-26, No0.783, issued February 1980}, in the
1984 design, the MOS was equal to the 1980 Census population counts, and in the 1993 design, the MOS was
equal to the 1990 Census count of occupied housing units. Because there is a one-to-one correspondence
between occupied housing units and households, the number of occupied housing units in a PSU is equal to
the number of houscholds.

However, this change from population to number of households for the MOS of a PSU in the 1993 design,
was instituted because the elementary-sampling unit for all RECS sample designs was a housing unit and not
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a person. While RECS has always used the housing unit as its elementary-sampling unit, previous designs use«l
population as the MOS for PSU’s. There is a strong relationship between the population of a PSU and 1hs
number of occupied housing units in a PSU. As a result, this change has had only a minor effect.

The probability of selecting a particular PSU is proportional to its MOS, more specifically, its MOS divida«
by the MOS total for all PSU’s in the stratum.

In the 1980 design, the PSU’s were newly selected. Controlled selection 'was used to increase the assurancs
of a reasonably close match between the distribution of the sample, and actual population by State.!

As a cost-saving feature in the 1984 design, a Keyfitz-type procedure, developed at the Bureau of s
Census,” was used to ensure that a large percentage of the PSU’s selected for the 1980 design would b
carried over to the 1984 design. In fact, of the 129 PSU’s selected for the 1984 design, 107 of these had beer:
used for the 1980 design, leaving only 22 PSU’s which were not used in the 1980 design. In particular, the 57
non-self-representing PSU’s selected for the 1984 design were chosen in such a way that 76 of these had alsc
been selected for the 1980 design, with 21 having been selected for the first time. Of the self-representing
PSU’s selected for the 1984 design, only one was not used in the 1980 design. The remaining self-representing
PSU’s were used in the 1980 design either as self-representing or non-self-representing PSU’s.  Controlled

selection was also used in the 1984 design to ensure that the PSU’s would be distributed among the States.

The original plans for the 1993 RECS sample design called for the selection of PSU’s to be independent of
the 1980 and 1984 selections. However, due to budget reductions, the plans were changed and again a Keyfitz-
type procedure® was used to ensure that a large proportion of the PSU’s chosen for the 1984 design were
carried over to the 1993 design. In fact, of the 116 PSU’s selected for the 1993 design, 94 of these were user
in the 1984 design, with only 22 having been selected for the first time,

Of the 116 strata used for the 1993 design, 31 contained single self-representing PSU’s, while 85 contained
multiple PSU’s. Of the 31 self-representing PSU’s in this design, 27 were sclf-representing PSU’s, and 2 were
non-self-representing PSU’s in the 1984 design. The remaining 2 self-representing PSU’s in the 1993 desipn
(San Francisco and Oakland) were used in the 1984 design as a single self-representing PSU. The 85 non-self:
representing PSU’s selected for the 1993 design were chosen in such a way that 63 of these had also been
selected for the 1984 design; the other 22 non-self-representing PSTU’s were first time selections.

NGoodman, Roe, and Kish, Leslie. "Controlled Selection: A Technique in Probability Sampling." Journal of the American Statissica!
Association Vol. 45, September 1950, pp. 350-372.

21970 Current Population Survey Redesign: Illustration of Computation of PSU Probabilities Within a Given 1970 Stramu,
Memorandum from W.M. Perkins to J, Waksberg, February 19, 1971, o The 1970 Current Population Survey Redesign: Proposed Metluyi
for Dertving Sample PSU Selection Probabilities Within 1970 Non-Self-Representing Strata, Memorandum from W.M. Perkins to J. Waksaz:y,
August 5, 1970.

Kish, Leslic, and Scott, Alastair, "Retaining Units After Changing Strata and Probabilities." Journal of the American Statistival
Association, Vol, 66, Number 335, Applications Section, September 1971,
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Summary of Primary Stage

For each RECS design, Table 7 summarizes the universe, the number of PSU’s, the MOS used in selecting
the PSU’s, and the basis for the MSA definitions.

Table 7. Comparison of RECS Sample Designs at the PSU Level

Survey Design Measure-of-Size Definktion of
Year Universe Number of Strata for PSi's Msa's
NIECS (1978) and 48 contiguous States 103 1970 Census 1870 Census
Screener (1979) and District of Columbia definitions
1880 50 States and District of 131 1878 population 1880 definitions
Columbia sslimates from
the Bursau of the
Cansue
1984 50 States and District of 129 total Population: 1880 June 1883
Columbia Census definitions
107 retained from
1980 RECS Design
22 selected for the
first time for 1984
design
1883 50 States and District of 116 total Number of June 1880
Columbia houssholds: 1880  definitions

94 refained from
1884 dssign

22 selected for the
first time for 1993
design

Census

Sources: Energy Information Administration, Residential Energy Consumption Survey, "Sample Design and Methodology 1980 -
1981 National Household Survey* (Draft Feport), Response Analysis Corporation {Princeton, NJ}, June 19881, e The National Interim
Energy Consumption Survey, Partl: Methodology on Household and Utility Company Surveys, Response Analysis Corporation
(Princeton, NJ), June 30, 1981. « The 1984 Residential Energy Consumption Survey Sample Design Procedurss Manual, Orkand
Corporation {Silver Sprinig, MD), March 1986.  The 1993 Residential Energy Consumption Survey, Primary Stage Sample Design
Pian" {Final Draft), Survey Research Center, Instituts for Soclal Research, Univarsity of Michigan {Ann Arbor, Michigan), June 1883,
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Design

ie

6. Secondary Stage of the RECS Sam)j

This chapter discusses the secondary stage of the RECS sample design. In this stage, each PSU that was
selected during the primary stage is divided into SSU’s, a sample of SSU’s is selected from the PSU’s, the
selected SSU’s are divided into listing segments, and a single listing segment is selected from each SSU. As
part of the secondary stage the following decisions are made:

®  How to integrate the new construction supplement into the secondary stage
® The number of SSU’s

@ Which criteria are to be used to form the S8U’s

@ How to select the SSUs?

Each of these decisions will be discussed in detail in the following sections.

1993 New Construction Supplement

The 1993 RECS sample design includes a supplemental sample of SSU’s that contain 2 high proportion of new
housing units. For sampling purposes, 2 new housing unit is defined as units that were first occupied within
6 years of the data collection period. From the start of construction to occupangy is typically 6 to 9 months;
hence, for the 1993 RECS, housing units will be defined as new housing units if construction began on or after
January 1, 1987. Because respondents may report the date that the housing units was first occupied instead
of the date construction began, new housing units should closely correspond to those where the respondent
classified the units as being constructed during the January 1988 to December 1993 period. The object of
including a new construction supplement in the 1993 RECS sample design is to increase the number of
interviews for new housing units.

For the 1990 RECS, new housing units were defined as those units where the respondent reported that the
housing units were constructed during the January 1985 to December 1990 period. Because the sampling was
finalized during the summer of 1990 and most interviews were conducted during the fall of 1990, the units that
were first occupied during the latter part of 1990 would be underrepresented in the 1990 RECS.

The 1990 RECS revealed that there were approximately 400 new housing units in its sample of 5,095 housing
units. The 1993 core sample of 5,000 housing units is also expected to have approximately 400 new housing
units. The new construction supplement is designed to increase the sample of new housing units to
approximately 1,200 units.

This supplement will address new construction that is interspersed throughout existing residential areas, as
well as very recent, large-scale construction projects (i.e., subdivisions, apartment complexes, mobile home
parks, etc.). The approach EIA has taken is one that combines an oversampling of new housing units in the
core 1993 SSU’s, with a supplemental sampling of SSU’s from geographic areas showing a high density of new
housing units.

Based on experience with the 1990 RECS, the core sample of 1,460 SSU’s is expected to include about 200
SSU’s that are located in areas with a high density of new housing units. The supplemental sample of 150 new
construction SSU’s will bring the total number of 1993 SSU’s having significant new construction to about 350.
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To reduce SSU listing costs, EIA used existing SSU listings in 30 of the 115 PSU’s. In addition, the complei:
sample of 1,610 new SSU selections would not be fully implemented until just prior to the 1996 data
collection. Consequently, a total of 149 supplemental new construction SSUJ selections were listed for the 1547
sample. Of this total, 105 were supplemental new housing unit selections from PSU’s where all SSU’s, core:
and new construction, were newly listed. The remaining 44 SSU’s were selected from 30 PSU’s where existing
SSU listings were used. The complete 1993 RECS sample includes 348 S51U’s from areas with a high densit;
of new housing units.

Number of Secondary Sampling Units

The total number of PSU’s and SSU’s is determined by an optimization znalysis, by budget constraints, anc
by other factors; determinations are usually made prior to a major revision in the sample design. Also, these
decisions on the number of PSU’s, the average number of SSU’s per P5U, and the average number of housing
units in an ultimate cluster, usually occur simultaneously.

While the total number of SSU’s used in the RECS sample design has remained relatively constani, the
number of SSU’s assigned to some Census divisions has changed. Table 8 is divided into two parts (a ard I},
which lists, by each Census division, the population, the number of 8SU’s, and the average population per
SSU. These data are given for the 1980, 1984, and 1993 designs. For the 1993 design, Table 8 also lists ths
number of households, and the average number of households per SSU for each Census division.

While Table 3 deals with PSU’s and Table 8 deals with SSU’s, they show similar trends. For example, the 193
sample design resulted in fewer PSU’s and SSU’s in the West North Ceniral Census Division. Also, the
differences in the average population per SSU between the nine Census divisions, are smaller in the 199
sample design than in earlier designs.

The average number of SSU’s per PSU has remained relatively constant from the 1980 sample design through
the 1984 and 1993 sample designs; this especially applies to those SSU’s in the core sample. Table 9 lists the
number of core SSU’s, the number of PSU’s, and the average number of core SSU’s per PSU by Census
division, for each major revision of the RECS sample design.

Once the number of SSU’s for a Census division has been determined, they are assigned to PSU’s in a manns:
that is approximately proportionate to the MOS for the corresponding stratum. For example, if Stratum 4
contains 12 percent of the households in the Census division, then approximately 12 percent of the SSLUs
assigned to that Census division are assigned to the PSU that is selected from Stratum A. In the 1993 design,
the number of SSU’s for each stratum was rounded to an even number to make variance calculations easier,
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Table 8a. Number of Secondary Sampling Units and Population by Census Division for 1980, 1984,
and 1993 RECS Sampie Designs

Number of Secondary Popuiation
Sampling Units {miitions}
Census 1980 1984 1893 1980 1980 1980

Division Dasign® Design Design® Estimates Census Census
Total .................... 1,518 1,516 1,460 218.1 226.5 2487
NewEngland .............. 128 122 116 12.3 12.3 13.2
Middie Atlantic ............. 1919 202 202 36.8 36.8 37.6
East North Central .......... 195 202 202 41.2 41.7 42.0
Woest North Central . ......... 172 202 118 17.0 i7.2 17.7
South Atlantic . ............. 178 202 204 34.8 37.0 43.6
East South Central .......... 128 122 118 14.0 14.7 16.2
Woest South Central . ... ...... 128 122 182 22.0 237 26.7
Mountain ................. 153 122 126 10.3 i1.4 13.7
Pacific ......ovviuviiinnn. 242 220 222 29.8 31.8 39.2

Table 8b. Average Population per Secondary Sampling Units and Number of Households by Census
Division for 1980, 1984, and 1993 RECS Sample Designs

Average Population per
Secondary Sampling Unit

Number of Households for 1993

Design® (1990 Census Data)

{millions) {millions)

Census 1980 1984 1993 Average

Division Design® Design Design® Total per SSU
Total ............... 0.14 0.15 0.17 $1.¢ 0.084
New England . ........ 0.10 0.10 0.11 4.8 0.043
Middle Atlantic ........ Q.18 0.18 0.19 13.9 0.069
East North Central . .. .. 0.21 .21 0.21 5.6 0.077
West North Central . . . .. 0.10 0.08 0.18 6.7 0.057
South Atlantic .. ....... 0.18 0.18 0.21 i6.8 0.081
East South Central .. ... 0.11 0.12 0.13 57 0.047
Woest South Central . . . .. 0.17 0.1¢ 0.18 9.7 0.064
Mountain ............ 0.07 0.09 0.1 5.0 0.040
Pacific ........cv..., 0.12 0.14 0.18 13.8 0.083

8Core sample only.

Sources: eEnergy Information Administration, Residential Energy Consumption Survey, Sample Design and Methodology 1980 -
1881 Natlonal Household Survey (Draft Report), Response Analysis Corporation (Princeton, NJ), June 1981, » The 1993 Residential
Energy Consumption survey, Second Stage Sample Design Plan {Final Draft), Survey Research Center, Institute for Social Research,
University of Michigan {Ann Arbor, Michigan), June 1993,
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Table 9. Number of Secondary Sampling Units, Primary Sampling Units, and SSU’s per PSU by
Census Dlvislcn for 1980, 1984, and 1993 RECS Sample [Jesigns

Number of Secondary
Muriber of Secondary Number of Primary Sampling Unlts
Sampling Units Sampling Units per Primary Sampling Lini
Census 1580 1984 1893 1980 1984 1993 1980 1984 1893
Division Design® | Design Design® | Design | Design | [iesign Design® | Design Design’
Total ............. 1,515 1,516 1,460 131 129 118 11.6 11.8 ing
New England ....... 128 122 116 10 10 & 12.8 12.2 145
Middle Atlantic . ... .. 191 202 202 14 15 ik 13.6 13.5 s
East North Central . .. 195 202 202 16 17 ) 12.2 1.9 118
Woest North Central . . . 172 202 118 17 17 g 10.1 11.8 P
South Atlantic . . ... .. 178 202 204 17 18 20 10.5 10.6 e
East South Central . . . 128 122 118 13 12 & 9.8 10.2 147
West South Central . . . 128 122 152 12 12 14 10.7 10.2 108
Mountain .......... 153 122 126 13 11 e 11.8 11.1
Pacific ............ 242 220 222 19 16 1% 127 13.8

& Core sample only.
Sources: ¢Energy Information Administration, Residential Energy Consumption Survey, Sample Design and Methodology 798¢ -
1981 National Household Survey (Draft Report), Response Analysis Corporation (Princeton, NJ), June 1881. e The 1984 Residaniia/
Energy Consumption Survey Sample Design Procedures Manual, The Orkand Corporation (Silver Spring, MD), March 1986, «» The
1993 Residential Energy Consumption Survey, Primary Stage Sample Design Plan (Final Draft), Survey Research Center, Instituie
for Social Research, University of Michigan (Ann Arbor, Michigan), June 1993. ¢ Tha 1993 Fesidential Energy Consumption Survey,
Second Stage Sample Design Plan (Final Draft), Survey Research Center, Institute for Social Research, University of Michigan (A
Arbor), Michigan, June 1993,

Criteria for Forming Secondary Sampling Units

For each RECS design, the S5U’s are well-defined geographic areas whose boundaries correspond to ths
boundaries of small geographic units that were defined by the Bureau of the Census. The 1980 and 1984
sample designs used Census tracts, enumeration districts, individual blocks and block groups. In the 186
RECS sample design, the S85U’s are usually Census blocks or a set of contiguous Census blocks. A Census
block is "An area bounded on all sides by visible features such as streets, roads, streams, and railroad tracks,
and occasionally by nonvisible boundaries such as city, town, or county limits, property lines, and shout
imaginary extensions of streets. Blocks do not cross Census tract or block numbering area boundaries. 4.
block is the smallest geographic tabulation area from the 1990 Census."™

There are several major advantages for using Census units to define SSU’s:
® Census data can be used to define a MOS for the SSU’s
® Small area Census units exist for the entire country

@ Census unit boundaries are well-defined and easy to locate

4 J.8. Department of Commerce. Burcan of the Census, 1990 Census of Population and Housing Tabulation and Publication Prograr:,
July 1989, p. 49.
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® Maps of the Census units can be obtained from the Bureau of the Census, or created, using the
Topologically Integrated Geographic Encoding and Referencing (TIGER) System data files obtained
from the Bureau of the Census.

For the first time in the 1990 Census, the Bureau of the Census defined blocks for the entire country. In the
1980 Census, the smallest Census unit in many sparsely populated parts of the country was an enumeration
district. (Census tracts and blocks were not defined for sparsely populated rural areas.) Consequently, some
rural SSU’s were enumeration districts in the 1980 and 1984 sample designs.

Number of Housing Units in SSU’s

The target number of houscholds in a SSU was different for the 1993 RECS design than for the 1980 and 1984
RECS designs. For the 1993 RECS, the core SSU’s were defined so that their projected minimum number
of housing units was 50, and the New Construction Supplement SSU’s were defined so that their projected
minimum number of housing units was 96. For the 1980 and 1984 RECS sample designs, the SSU’s were
defined so that the target number of housing units was 400.

The 1980 and 1984 RECS used the larger minimum number of housing units in a SSU, in order to facilitate
the new construction update procedures used in RECS cycles between major redesign efforts. For the 1996
and subsequent RECS, the new construction update procedures will cover not only the selected SSU’s, but
may also cover neighboring SSU’s.

The smaller size of the 1993 RECS sample design was used 1o reduce the number of SSU’s in which rough-
counting procedures, segment formulation procedures, and segment selection procedures were necessary. In
fact, for the majority of the SSU’s selected in the 1993 design, these three sets of procedures were not
necessary. Consequently, the majority of the SSU’s in this design were equal to their listing segment.

Secondary Sampling Unit Selection Procedures

The following steps summarize the procedures used in selecting the SSU’s:
@ Assigning a MOS 1o the SSU’s
@ Stratify or order the SSU’s prior to selection

@ Randomly selecting the SSU’s.

MOS for SSU’s

During the secondary stage, the SSU’s are selected using probability-proportionate-to-size sampling (PPS).
In order to use PPS sampling, each SSU is assigned a MOS. The MOS used for the NIECS and Screener was
the 1970 Census population of the SSU. Since the 1980 Census data were not available, the MOS used for
the 1980 RECS sample design was the estimated number of households per SSU. These estimates were
derived by combining information from a number of sources: The 1970 Census results, National Planning
Data Corporation, Reuben H. Donnelly Company’s marketing data on the number of houscholds, and contacts
with local officials.

The SSU’s in the core sample for the 1980 design, along with their selection probabilities, were also used for
the 1981 and 1982 RECS. Similarly, those SSU’s that were carried over from the 1980 design to the 1984
design also carried over with them their original selection probabilities. This differs from the Keyfitz
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procedure used for selecting PSU’s; a procedure which usually altered selection probabilities even whir
original PSU’s were reselected. In those PSU’s that were retained, the SS1J stage, including its probability of
selection, was frequently carried over intact from the earlier design. In those PSU’s that were either altered
to reflect changes in their definition, or were affected when the SSU struciure was totally revised, the MO
used to select the SSU was based on the 1980 Census. In the 1993 RECS redesign effort, the 1990 Censuas
number of housing units was used to obtain the MOS for SSU’s.

SSU Stratification or Ordering Procedures

In all three designs, the SSU’s were ordered or stratified prior to selection. The 1980 and 1984 designs use!
the intermediate step of selecting a Minor Civil Division as an mechanisim for guaranteeing that SSU's are
distributed across the PSU’s. The 1993 RECS design also stratified the SS1s prior to selection. In non-MSa.
PSU’s, the SSU’s were stratified by geographic location. In MSA PSU’s, the SSU’s were first stratified by
predicted energy expenditures, and within these strata, by geographic location. The SSU’s for non-MSA FS1.%s
were not stratified by predicted energy expenditures, because in most of these areas there is too little housing
unit clustering, by variables related to energy expenditures, to justify these procedures.

SSU Selection Procedures for the 1980 and 1984 RECS Sample Designs

The SSU’s for the 1980 and 1984 designs were selected in a two-step procedure:

1. Minor Civil Divisions (MCD) such as cities, towns, and other (Census units were selected from each
RECS PSU

2. Secondary-Sampling Units (SSU’s), which are Census tracts, block groups, and enumeration districts,
were selected from each MCD chosen in the first step. Usually only one SSU was selected, but in some
cases multiple SSU’s were selected. The SSU’s were selected using PPS sampling, in which Census
counts or estimates of the number of households were used as a MOS.

The MCD’s were selected by using a systematic sample, and were intended o stratify the SSU’s into categories
reflecting the size and characteristics of the MCD. For each PSU, this was accomplished in the following
manner:

@ Calculating the sum of the MOS for all MCD’s in the PSU. (For nctational purposes, denote the sum
as ' MOS))

@ Setting the PSU "zone" interval equal to ¥ MOS, divided by the number of SSU’s to be selected from
the PSU. (For notational purposes, denote the "zone" interval as 'W.)

® Ordering the MCD's; first order the MCD by type, then by size (MOS) or by geographic location

® Using the ordered MCD’s and their MOS to create "paper” zones for the PSU. Each "paper” zone
contains W households. The first zone extended from the "first” household in the PSU to the W-th
household. The second zone extended from household W + 1 to household 2W. Any MCD migh:
lie entirely in a single zone, overlap a "paper” zone boundary and be partly included in two zones, 2
extend through all or part of three or more zones

#® For each zone, select a random number between 1 and W, For zone i denote the random number 26
K. The MCD corresponding to the Ki-th household in the i-th zone is thereby selected.
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The definitions for types of MCD’s, and the procedures for ordering the MCD’s within type classes, are given
below:

@ The MCD’s for central cities are first. Within this group, MCD’s are ordered by their MOS (largest
to smallest)

@ Other MCD’s in urbanized areas follow. Within this group MCD’s are ordered by geographic location

@ Those MCD’s, the majority of whose population lies in urban areas, form the next class. Within this
group, the MCD’s are ordered by their MOS (largest to smallest)

® All other MCD’s follow. These MCD’s are ordered by geographic location.
This ordering also guarantees that those selected represent the different types of MCD'’s.

Any MCD that is placed in two or more "paper” zones could be selected from each zone. This is most likely
to happen to MCD’s that have a large MOS, in particular, to MCD’s that are central cities in MSA's,

SSU Selection Procedures for the 1993 RECS Sample Design

Beginning with the 1993 RECS sample design, a substantial change was made in the SSU selection procedures.
A decision was made to stratify and/or order the SSU’s according to their energy-related characteristics and
geographic location. (The 1980 and 1984 designs used urban/rural status as well as geographic location.) Using
predicted energy expenditures to stratify the SSU’s prior to selection will increase the precision of energy
expenditure estimates, as well other energy-related estimates.

Within the PSU’s selected for MSA strata (including certainty PSU’s), the SSU’s are first stratified by
predicted energy expenditures. Within the strata determined by predicted energy expenditures, the SSU’s are
ordered geographically by county, Census tract, or block group. Within the PSU’s selected for non-MSA
strata, the SSU’s are ordered geographically, as they are not first stratified by energy-related characteristics.

Respondents’ estimates of energy expenditures were collected in the 1990 Census long form, but this
information was not used to stratify the SSU’s. The Census energy expenditure data only covered expenses
incurred by the household; it did not take into account expenses that were included in the rent. In order to
make full use of the Census data on expenditures, it would be necessary to estimate the energy expenditures
in those households where utilities are included as part of the rent. An additional problem arises in cases
where the rent includes only part of the utilities. It would be difficult to accurately detect these cases using
Census data, or to calculate the energy expenditures included in the rent. Finally, Census expenditure data
are known to be upwardly biased.

The predicted energy expenditures were determined by an equation that was developed using data from the
1950 RECS. The independent variables used in the equation were available from both the 1990 RECS data
base and the 1990 Census. Census data was used to determine the values for the predictor variables. This
equation was applied at the Census tract level and, consequently, all SSU’s (usually blocks) in the same tract
were placed in the same stratum, having the same predicted average energy expenditures.
The energy expenditures model used the following four variables:

AVEHI = Average Household Income for Households in the Census Tract (in thousands of dollars)

AVENHM =  Average Number of Household Members for Households in the Census Tract
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PSFDHU = Proportion of Single-Family Detached, Housing [Jnits among all Housing Units in tus
Census Tract

AVENR = Average Number of Rooms for Occupied Housing Units in the Census Tract.

A regression procedure was used to develop the following equation, which predicts a log of the encigy
expenditures (LNEXP) based on the above four variables:

LNEXP = 61384 + (09179 x AVENR)
+ (06765 x AVENHM)
+ (00678 x PSFDHU)
+ (00485 x AVEHI)

This equation was used to predict the average energy expenditures for each Census tract in the MSA-PSLI™
sclected for the 1993 RECS redesign. effort. The predicted energy expenditures that resulted were used i
divide the SSU’s into strata. These strata correspond to the upper, middle, and lower third percentiles /'
energy expenditures in each Census division.

The low-expenditure stratum contained those SSU’s in Census tracts where the regression estimate of the
average predicted energy expenditures for households fell below the 33.33rd percentile. The middle-expendituge:
b

stratum contained those 8SU’ in Census tracts where the estimate fell between the 33.33rd and 66.6
percentiles. The high-expenditure stratum contained those SSU’s in Census tracts where the estimate (il
above the 66.67th percentile.

Within the low, middle, and high-expenditure strata, the SSU’s were ordered by geographic characterisiics
(county, tract, and block group). This ordering is used in the same way that siratification is used to distribuic
the selected SSU’s geographically.

The geographic ordering of SS1’s occurs first by county, within counties they are ordered by tract, and finally.
within tracts they are ordered by block. For MSA PSU’s, the counties are crdered from the center of the M54
to the peripheries, keeping adjacent counties together. Most non-MSA FPSU’s consist of a single county, o
very few counties. Hence, the ordering for non-MSA PSU’s may be purely arbitrary. The tract and blach
numbering systems assigned by the Bureau of the Census orders the tracts geographically within a county, 2
orders the blocks geographically within the tracts.

A systematic selection procedure (similar to the procedures used to select S8U’s for the 1980 design) is use:
to select the SSU’s in the non-MSA PSU’s and in each energy expenditure stratum in the MSA PSU’s. i
particular, the total MOS for each PSU or stratum is calculated (denote the total MOS by YMOS), the 'zous
interval is calculated (denote the "zone" interval by W), and a random start is chosen. The total MOS i ar.
estimate of the total number of households in the PSU or stratum. W equals ¥MOS divided by the numier
of SSU’s that are to be selected from the PSU or stratum. Assume that for each SSU we have a lisi
households, these lists are combined to form a list for the PSU or stratum using the ordering of the S5L.0s,
The PSU or stratum is divided into paper "zones" where the first "zone" contains the first W househclds i
the list, the second "zone" contains the second W households in the list and, so forth. If K is the random sz,
then the SSU corresponding to the K-th household in each "zone” is selecied. (For the 1980 design, a separain

\

random value (K,) was selected for each "zone." This was a minor change, which made processing easier.)

Additional Details of Secondary Stage for Each RECS

The 1980 RECS sample design used a total of 1,667 SSU’s. 1,515 SSU” were in the core sample, and 152
SSU’s were selected to be used in a reliability study. Initial planning called for the housing units selected fio-
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these 152 SSU’s to be interviewed twice for the 1980 RECS. This would have enabled EIA to analyze the
reliability of the data collected for RECS. However, the plans for the second interview were eliminated for
budgetary reasons. These 132 SSU’s were used only for the 1980 RECS.

The sample design for the secondary stage to the 1981 RECS was the same as the sample design for the 1980
RECS, except that 152 SSU’s originally incorporated into the 1980 RECS design for use in a reliability study,
which were eliminated.

The secondary stage for the 1982 RECS was the same as that for the 1981 RECS.

As a result of the overlap in PSU’s for the 1980 design and the 1984 RECS design, 1,249 of the 1,516 SSU’s
selected for the 1980 design were also used for the 1984 design. The SSU’s in those PS1U’s that were selected
for the first time in the 1984 sample design, were newly developed. However, these SSU’s were not necessarily
used in the 1984 RECS. Because a longitudinal design was incorporated in the RECS design (see Chapter
7), the SSU’s assigned to the returning panel were not used until the 1987 RECS. The returning panel used
SSU’s from the 1982 RECS, even when those SSU’s were in PSU’s that were eliminated from the 1984 RECS
design.

The secondary stage developed during the 1984 RECS design effort was used in its entirety for the first time
in the 1987 RECS.

The secondary stage for the 1990 RECS is the same as that used for the 1987 RECS.

In some PSU’s that were used in both the 1984 and the 1993 designs, the corresponding SSU’s that were
selected for the 1984 design were also used in the 1993 RECS. This was done for economic and expediential
reasons. In fact, of the 1,460 SSU’s in the core sample for the 1993 design, 281 were first selected for the 1980
design, 78 were first selected for the 1984 design, and 1,101 SSU’s were initially selected for the 1993 design.

The SSU’s that were selected during the 1993 design effort will be used for the 1996 RECS. All of the SSU’s
that were selected for the 1984 design will be eliminated.
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Summary of Secondary Stage

Table 10 lists the number of S81J’s and the MOS for the SSU’s.

Table 10. Comparison of RECS Sample Designs at the SSU Level

Number of 5SU's

Survey Number of SSU'’s per PSU Measgure-of-Size for SSU’n
NIECS (1978) and 456 4.4 1870 Census population for 400 $81.1'x
Screener (1979) and amount of new

construction for 56 SSU’s

1980 RECS Sample 1,667 total: Total sample: 12.7 Estimated number of households ir 1851
Design Darived from a combination of 1970
1,515 S5U's in core sample Core sample: 11.6 Ceansus data, National Planning Corprre-

tion estimates, and other acurces.
152 SSU's in supplemental
sample selscted for
reliability study

1984 RECS Sample 1,516 totai: 11.8
Design
1,249 retained from 1980 1984 SSU’'s retained from the 1$80 oo
design cors sample sample: estimated number of houssheine
in 1980 (same MOS used in 1880Q)
267 soalected for the first 38U's selacted for the first in 1584
time for 1984 Dasign astimated number of households ir 1581
Derived from a combination of 198(:
Census data, National Planning Daiga
Corporation estimates, and other scuiuis
1983 RECS Sample 1,610 Total: Total sample:13. Number of housing units from 1980}
Design Census
1,460 for core sample Core sample: 12.5

150 for New Construction
Supplement

Sources: eEnergy information Administration, Residential Energy Consumption Survey, Sample Design and Methodology 1981 -
1981 National Household Survey (Draft Report), Response Analysis Corporation {Princeten, NJ), June 1881. sThe National Interir
Energy Consumption Survey, Part |: Methodology on Housshold and Utility Company Surveys, Response Analysis Corporation
(Princeton, NJ), June 30, 1881. ¢ The 1993 Residential Energy Consumption survey, Secorid Stage Sample Design Plan (Final Liral),
Survey Research Center, Institute for Social Research, University of Michigan {Ann Arbor, Michigan), June 1993,
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7. Elementary-Unit Stage

During the elementary-unit stage of the RECS sample design, field workers compile lists of all housing units
in the listing segments selected during the secondary stage. From these lists, a penultimate cluster of housing
units is selected for each listing segment, and the ultimate cluster is selected from the penultimate cluster.

When an SSU is selected for the first time, the elementary-unit stage must be developed from the beginning,
This includes the field-listing procedures, the penultimate cluster selection procedures, and the interviewer
assignment procedures. For RECS cycles between major revisions, the elementary-unit stage may or may not
be redeveloped, and in fact, with the majority of SSU’s, it is not. Instead, the listing of housing units in the
penultimate cluster is updated to account for new construction, demolitions, and other changes in the housing
stock. If properly implemented, these new construction update procedures should hot produce biased results,
but rather, may yield a high variance for new home statistics. In addition, the provision of a longitudinal panel
ensures that the ultimate clusters from one-half of the SSU’s will be carried over from one RECS to the next.
In the 1980 through 1990 RECS, these new construction update procedures were coordinated with the design
of the longitudinal panel in order to keep the sample current, as well as to maintain continuity between RECS
cycles.

The 1993 RECS included a new construction supplement, the effect of which, was to sample recently built
housing units at a higher rate than older housing units. The sample design for this supplement involved both
the secondary stage and the elementary-unit stage,

The elementary-unit stage is also designed to accommodate a low-income oversample, as well as to handle the
existence of additional housing units discovered during the interviews.

Basic Elementary-Unit Stage
The following decisions are made at the elementary-unit stage:
@ The instructions to the field workers for the field-listing procedures
¢ The maximum size for penultimate clusters
@ How to select the penultimate clusters from the housing units found during the field-listing procedures
® The number of housing units to select from each penultimate cluster to form the ultimate clusters
@ How to sample the housing units from the penultimate clusters for the ultimate clusters

® How to handle housing units in the penultimate clusters that were not listed during the field-listing
procedures.
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Instructions for Field Workers (Definition of Housing Unit)

The field workers are provided a map of the listing segment and are instructed to list all housing units the:
discover. These instructions define a housing unit® as follows:

A house, an apartment, a group of rooms, or a single room if it is
either occupied, or intended for occupancy, as separate living quarters
by a family, an individual, or a group up to nine unrelated persons.
Separate living quarters means the occupant(s): (1) live and eat
separately from other persons in the house or apartment and (2) have
direct access from the outside of the building or through a common
hall -- that is, eniry or exit can be made without entering someone
else’s living quarters. Housing units do not inciude group quarters
such as prisons or nursing homes where ten or more unrelated petsons
live. A common . dining area used by residents is an indication of
group quarters. Hotel and motel rooms are considered housing units
if occupied as the usual or permanent place of residence.

Appendix B contains the detailed instructions given to field workers to heip them determine what constitutes
a housing unit.

Maximum Size of Penultimate Clusters

The SSU’s are typically larger in size than is desired for the penultimate clusters. The larger size of the SS1."
makes the new construction update procedures used between major design years more effective, but using the
full SSU adds costs in other areas. However, since the penultimate clusters are subsets of the SSU’s, their nse,
for example, in computerizing and later rechecking the housing lists, reduce costs.

In the 1984 design, the maximum size for a penultimate cluster was 25 housing units. For the 1993 design this
was increased to 50 housing units for the core SSU’s, and 96 units for the new construction supplement ¢!
SSU’s.

Selection of Penultimate Clusters

The penultimate clusters represent a compact geographic area within the SSU’s, which are defined by the
addresses of the housing units they contain. This means that a set of 2, 50, or 96 consecutive addresses defin:
a compact geographic area or penultimate cluster. The penultimate clusters are established by selecting
single housing unit from the complete list of SSU housing units, and then defining this cluster as the next 2
50, or 96 housing units which follow the single unit selected. The housing unit list is created in a circulza:
manner. This refers to the process of returning to the beginning of the list, when its end is reached, in crler
to obtain the remaining units for the penultimate cluster.

Number of Observations in an Ultimate Cluster

The approximate number of housing units per ultimate cluster has consistently been close to four or five for
each RECS. This corresponds to the results of the optimization analysis, which has called for a smal
number of observations in the uliimate clusters. The divergence between the actual number used ard the

B'This definition is taken from the 1993 RECS Instructions for Interviewers’ Manual--Glossary, p. 8.
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number specified by the optimization analysis is discussed in Chapter 4. The average number of observations
in the ultimate clusters for each cycle of RECS, is increased or decreased to reflect the target number of
completed observations.

Selection of Housing Units for the Ultimate Clusters

The housing units in the ultimate clusters are selected from those in the penultimate clusiers using simple
random sampling without replacement. In the 1980 through 1990 RECS, the housing units in the penultimate
clusters were not divided into strata prior to the selection of the ultimate clusters. Consequently, within
SSU’s, the selection probabilities were not dependent on housing-unit characteristics, but did vary between
SSU’s according to the number of available housing units in the penultimate cluster, and the target number
of housing units in the ultimate cluster. This target number was higher when the SSU’s were designated as
part of a low-income oversample. In the 1993 RECS, the housing units in the penultimate clusters were
divided into two strata using the estimated age of the housing units prior to the selection of the ultimate
clusters. The housing units in the stratum composed of units judged by the field workers to be newly
constructed were sampled at a higher rate than those in the stratum composed of older units.

The number of housing units in the penultimate cluster that are available for selection to the ultimate cluster,
varies according to the status of the corresponding SSU and listing segment. If the listing segment is to be
used for the first time, all housing units in the penultimate cluster are available. If the SSU is part of the
longitudinal panel (see discussion below), the available housing units are from an ultimate cluster chosen in
a previous RECS. (An ultimate cluster used in a longitudinal panel is generally the equivalent of one used in
a previous RECS.) If a SSU (or listing segment) is designated as part of the incoming panel, only those
housing units in the penultimate cluster that have not been selected for a previous RECS are available.

In previous RECS cycles, there have been listing segments where the target size of an ultimate cluster exceeds
the number of available housing units. This has occurred in two situations. In the first situation, when a SSU
is part of the incoming panel (see below), and its corresponding penultimate cluster has been used in several
previous RECS samples, it is possible that previous RECS cycles have used up almost all of the housing units
in the penultimate cluster. In this case, those housing units that have not been used earlier are placed in the
ultimate cluster, and the remaining housing units needed to complete the ultimate cluster are selected from
those used in previous surveys.

A second situation occurs when a SSU is part of a longitudinal panel, and the target number of housing units
for the ultimate cluster exceeds the number used earlier when the SSU was part of the incoming panel. In
this case, the additional housing units needed for the ultimate cluster are selected from those in the
penultimate cluster, which have not been used in a previous RECS.

Treatment of Housing Units Discovered During the Interviews

Even with the use of field workers, the list of housing units in the listing segments is incomplete. Some
housing units are missed. Many missed units are separate living quarters within structures that contain other
housing units (e.g., a basement apartment rented to an unrelated individual), or houses that are hidden from
view.

Housing units that are missed during the listing phase are sometimes discovered during the RECS interviews.
If a housing unit is discovered during these interviews, there are rules to follow for determining if it should
be included in the ultimate cluster. For example, if a housing unit that is selected for the ultimate cluster
happens to be two units, then both units are included. Also, if an unlisted single-family home is found and
its listing would immediately follow a housing unit in the ultimate cluster, it too is added to the ultimate
cluster. On the other hand, if the unlisted home follows a housing unit that is not in the ultimate cluster, then
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this home is not added to the ultimate cluster. Additional rules handle more complicated situations, such a:
cases where a set of four or more units have been left off the housing-unit list.

Longitudinal and Incoming Panels

The provision for a longitudinal panel was incorporated into the sample design for the 1980 RECS. Tn
particular, the 1980 RECS sample design divided the SSU’s selected during the secondary stage into four
panels. Each of the four panels could be used as a national sample by itself. This feature was incorporaia:.
into the RECS sample design for the following reasons:

@ The RECS could be fielded every 6 months, by interviewing a samp!z of housing units from two cf the
pancls

® With the 6-month rotation, each housing unit would be interviewed twice. The original plans callz
for each 6-month cycle of RECS to consist of two panels: one panel where the housing units are
interviewed for the first time, and another panel in which the housing units were interviewed 2 years
earlier.

The RECS was never fielded every 6 months. Therefore, the 1980 RECS included all four panels and all of
the housing units were interviewed for the first time. This was repeated in the 1981 RECS. Beginning witl:
the 1982 RECS, the panels were divided into incoming panels and longitudinal panels. The housing uniis 1
the incoming panel were selected for the first time, while the housing units in the longitudinal panel had either
been selected for the 1980 RECS, or added to the sample as part of the new construction update. Hence,
slightly less than one-half of the housing units for the 1982 RECS had also been selected for the 1980 RECE
This longitudinal rotation of the sample was made a part of the 1984, 1987, and the 1990 RECS.

In the 1984 RECS, it was necessary to use the longitudinal panel from the 1980 design. The incoming panel,
however, was developed in the 1984 design. This complication added higher costs to the 1984 RECS because
it meant working in both new and old PSU’s.

The 1993 RECS did not include a longitudinal panel. One reason for its climination was to avoid the exirs
costs like those incurred in the 1984 RECS.

In the 1982 RECS, the longitudinal panel included housing units that were selected for the 1980 RECS. In
the 1984, 1987 and 1990 RECS, the longitudinal panel included housing units that were initially chosen ia the
previous RECS (i.e., in the 1982, 1984, and 1987 RECS, respectively).

The primary objective of the longitudinal rotation plan (or longitudinal sample design), was to provide ¢
subsample where changes occurring in the same group of housing units during the period between two RECS
data-collection cycles could be analyzed. The period was 2 years for the 1932 and 1584 RECS and 3 years for
the 1987 and 1990 RECS. This objective was accomplished using rotation groups. Systematic rard
procedures were used to divide the total set of SSU’s into four subsamples, designated in Table 11 as C, [,
E,and F.
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Table 11. Overview of Longitudinal Sample Deslgn for the 1982, 1984, 1887, and 1990 RECS

Rotation Group 1982 1984 1987 1990
[ R s* R N
D B N2 R 8
E ) RP N? R
F N RP g* R

8 pSU's selected during the primary stage for tha 1984 redesign were used for the first time.

b pgU's selected during the primary stage for the initial 1980 design ware used for the returning panels for the 1984 RECS.

R = Housing units return from preceding survey.

S = Selected housing units from the same penultimate clusters that had been usad in the preceding survey.

N = Selected new listing segmenis from the SSU’s used in the preceding survey.

Source: Energy Information Administration, Office of Energy Markets and End use, the 1982, 1984, 1987, and 1980 Residential
Energy Consumption Surveys.

In the 1990 RECS, for example, Rotation Groups E and F were designated as those returning groups,
originally sampled in the previous RECS, which were to be interviewed again. Groups C and D on the other
hand, made up the incoming or new groups, which were included for the first time in the 1990 RECS sample.
Procedures for updating the sample for new construction and for other changes in the housing unit stock, were
incorporated so that each rotation group, as well as the total RECS sample, represented a probability sample
of the survey population.

The sample design for the 1993 RECS did not include a longitudinal panel, though one may be incorporated
into the sample design for the 1996 and/or 1999 RECS. It would be possible to divide each of the ultimate
clusters used for the 1993 RECS into two panels, and institute the longitudinal design at the elementary-unit
level. Alternatively, the SSU’s could be divided into two panels. (Each PSU for the 1993 design contains an
even number of SSU’s.) The longitudinal design could then be instituted at the SSU level, as was done for
the 1980 through 1990 RECS. The exact form of a longitudinal sample design for the 1996 and/or 1999 RECS
will be decided in the future. One complicating factor in developing a longitudinal panel for the 1996 RECS,
is that the 1993 RECS obtained its SSU’s from the second stages of both the 1984 and 1993 designs. Hence,
some PSU’s in the 1996 RECS would use the returning panel from 1984 SSU’s, and the incoming panel from
1993 SSU’s. The need to work with two sets of SSU’s in some PSU’s will add higher costs to any proposal
to incorporate a longitudinal panel into the 1996 RECS sample design.

New Construction Update Procedures

The new construction procedures for the 1982 through 1990 RECS vary by rotation group. The procedures
for the returning rotation groups were different than those for the incoming rotation groups. In addition, the
procedures differed between the two incoming rotation groups. The new construction procedures for the 1990
RECS will be used to describe the procedures in general.

New Construction Updates for Returning Rotation Groups

Groups E and F made up the returning rotation groups for the 1990 RECS. The general plan for the SSU’s
in the returning groups, was to attempt to conduct interviews in the housing units taken from the ultimate
clusters in the 1987 RECS, as well as in a sample of newly constructed units. It should be noted that these
ultimate clusters in the 1987 RECS also included housing units that had been vacant when the interviews were
first attempted, as well as housing units where interviews were attempted unsuccessfully (refusals, not-at-home,
ete.).
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In mid-1990, before the 1990 RECS interview phase was started in Rotation Groups E and F, field workers
made visits to their respective penultimate clusters. During these visits, the 1987 housing units listings were
checked and updated for missed units, new construction, demolition, and structure conversion (i.e., conversion
from one use to another).

A sample of newly constructed units, units converted from nonresidential uses to residential units, and units
missed during the 1987 RECS field-listing procedures, were added to the ultimate clusters for Rotation Groups
E and F. These units were sampled from the updated field listings at the 1990 RECS sampling rate.

New Construction Updates for New Rotation Groups

Groups C and D formed the new rotation groups for the 1990 RECS. Prior to selecting the ultimate clusters
for the 758 SSU’s in these groups, a new construction update procedure was utilized. The update procedure
started with a canvass (primarily by telephone) of local information sources, such as building-permit-issuing
agencies, zoning boards, and tax offices. The objective was to determine whether significant new construction.-
defined as groups of 25 or more new housing units--had occurred within the SSU since 1984. In this canvass,
significant new construction was found in 197 of the 758 SSU’s. The rough-counting procedures, segrnent
formulation procedures, and segment selection procedures of the secondary stage, as well as the entire primary
stage, were repeated for these 197 SSU’s,

In the SSU’s where no significant new construction was found, procedures differed in Rotations Groups C and
D. In mid-1990, field workers also made visits to the penultimate clusters in the SSU’s in Rotation Groun
D. Like the listings checks carried out for Rotation Groups E and F, in these visits, workers checked and
updated the 1987 housing units listings for missed units, new construction, demolitions, and structurs
conversions. In the SSU’s in Rotation Group D, housing units for the 1990 RECS sample were selected fror
among those not selected in the earlier RECS.

For SSU’s in Rotation Group C, a new listing segment was selected for the 1990 RECS using the existing
RECS rough counts. The elementary-unit stage was redeveloped for these new listing segments.

New Construction Update for 1993 RECS

Initial plans for the 1993 design included the complete revision of the secondary stage and, subsequently, ths
development of the elementary-unit stage for those SSU’s selected in the secondary stage. While initially, the
new construction update procedures were not needed, the budget restrictions required some PSU’s to tale
their secondary stages from the 1984 design. For these PSU’s, the new construction update procedures wera
used and were the same as those used in prior RECS for the new rotation groups.

New Construction Update for 1996 RECS
New construction update procedures are included in the plans for the 1996 RECS. The exact form of these
procedures has not been completely specified. It is anticipated that the updates will cover not only the
sampled SSU’s but, also additional Census Blocks that adjoin the sampled SSU’s.

New Construction Supplement for the 1993 RECS
An additional feature of the 1993 RECS design, is an oversample of newly built housing units. The design

of the secondary stage for the 1993 RECS calls for 1,460 SSU’s in the core sample, and 150 supplemental
SSU’s from those Census tracts or block groups with a high percentage of new housing units (i.e., constructed
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in the 6-year period prior to the 1990 Census). In addition, housing units judged to be new by field workers
during the field-listing procedures will be sampled at a higher rate than those judged to be older. The
oversample was included as part of the 1993 RECS sample design because of the importance of obtaining
accurate data on the energy characteristics of new housing units.

One of the reasons for the major revisions in the sample design prior to the 1984 and 1993 REGS, was to
update the sample design for population changes measured by the 1980 and 1990 Censuses. Areas with a large
population increase should have a much higher incidence of new residential construction, than areas with a
smaller population increase, or a decrease in population.

Low-Income Supplement

An additional feature of the 1981, 1984, 1987, and 1993 RECS sample designs, is an oversample of housing
units in SSU’s determined by the interviewers to be low-income areas. Because of the low number of low-
income housing units in the core sample whose main space-heating fuel is electricity, fuel oil, liquefied
petroleum gas, or kerosene, housing units in low-income SSU’s where the main space-heating fuel was
something other than natural gas were sampled at even an higher rate. This low-income supplement was
funded by the Administration for Children and Families of the U.S. Department of Health and Human
Services (HHS). Data collected during the RECS on low-income households are used by HHS o administer
the Low-Income Home Energy Assistance Program.

Summary of Features for the Elementary-Unit Stage

Table 12 lists the sample size, the presence of a longitudinal component, the presence of a low-income
supplement, and the presence of a new construction supplement.

Table 13 summarizes the new construction update/oversampie procedures for the various cycles of RECS.
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Table 12. Features of RECS Surveys

Number of Longitudinal Low-Income New Construction
Survey Observations Component Supplement Supplement
1978 NIECS 3,842 None tNone None
Screener 3,064 None None None
(1979)
1980 RECS 5,804 None None None
1981 RECS 6,269 Nons Approximately 18.4 None
percont of
observations
1982 RECS 4,724 2 of 4 panels None None
carried over from
1980 RECS
1984 RECS 5,682 z of 4 panels Approximately 18.3 None
carriod over from percent of
1982 RECS observations
1987 RECS 6,229 2 of 4 panels Approximately 17.5 None
carried over from percent of
1984 RECS observations
1980 RECS 5,085 2 of 4 panels None None
carried over from
1987 RECS
1993 RECS Approximately None Approximately 850 Approximately 1,200
7,050 observations out of chservations out of
7,050 observations 7,050 observations

Source: Energy Information Administration, 1978, 1979, 1980, 1981, 1982, 1984, 1487, 1990, and 1993 Residential Enarcy
Consumption Surveys.

Table 13. New Construction Updates

Haif-Open Intarval Local Officials Contacted and $5U)'s Ralisted Other New Constructioi

Survey Procedures Used if Large Amount of New Consiruction in SSU Update Procedures
NIECS (1978} and Yos No Selected 56 additional
Scresner (1579) SSU's
1880 RECS Yeos No
1981 RECS Yos Yeos
1882 RECS Yos Yes
1984 RECS Yos Yes, for 8SU’s retained from 1980 design
1987 RECS Yos Yes
1890 RECS Yes Yes
1993 RECS Yas Yes, for SSU's retained from 1984 design

‘Source: Energy Information Administration, 1978, 1979, 1880, 1981, 1882, 1984, 1487, 1990, and 1993 Residential Enery
Consumption Surveys.
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8. Reasons for Revising RECS Sample Design

The RECS sample design will need to be updated/revised/redesigned periodically. The next major revision
is scheduled to take place when the data for the 2000 Census become available. If major additional
demands are placed on the RECS design, such as the capacity tc produce State-level estimates, then it
may need to be substantially revised in order to meet these demands prior to the post-2000 Census
redesign. Even if the primary stage is not revised, the secondary and elementary-unit stages will need to
be periodically revised.

Data from the Decennial Censuses are extremely useful in the development and revision of the sample
design for household surveys. Traditionally, the sample design for household surveys is updated every 10
years when the Census data becomes available. The Census data are used to develop improved definitions
of PSU’s and improved groupings of the PSU’s into strata {both in greater MOS equality and in greater
homogeneity of energy characteristics within strata). Similar measures also are possible in the secondary
stage by improving the definition and stratification of S8SU’s. The use of new Census data to determine
the MOS for PSU’s and SSU’s will reduce the variance of estimates derived from housing-unit surveys,
particularly for estimates concerning new construction.

There are two major reasons for a regular decennial redesign of the RECS sample design:
@ Outdated survey materials and definitions

@ Uneven population growth.

QOutdated Survey Materials and I

efinitions
The following survey materials and definitions may become outdated:

€ Definitions of PSU’s, 88U, and listing segments

@ Maps of S5U’s and listing segments

® Lists of housing units in listing segments.

The definitions of metropolitan PSU’s make use of MSA boundaries. These definitions are periodically revised
by the Office of Management and Budget. The boundaries of MSA PSU’s are brought up to date during the
decennial revisions of the RECS sample design.

The SSU definitions make use of Census blocks and block groups. The listing segment for an SSU is either
equal to the full SSU or only part of the SSU. Maps of the listing segment are used by the field workers to
define the area in which housing units are to be listed, and are also used by interviewers to locate the housing
units in the ultimate cluster. The construction of new roads, new landmarks, and new housing units entails
that these maps will become outdated over time.

The minimum size of the listing segments was chosen, in part, to ensure that the segment wiil contain enough
housing units so that each unit will be selected for no more than two cycles of the RECS. If new listing
segments are not periodically chosen, the housing-unit lists will be exhausted.

Some listing segments will be contained in a single apartment complex. Housing units in this complex will
be sampled for each RECS as long as the listing segment is used.
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Uneven Population Growth

While the national population grew by 9.8 percent from 1980 to 1990, there has been much variation in the
rates of population change within and between Census divisions, States, and counties. This percentage of
population change between geographic locations, can be illustrated by using the 1980 and 1990 Censuses.

Uneven population growth implies that both the primary stage and secondary stage of the design need 0 bi:
periodically revised or updated. The extent and effect of uneven population growth will be briefly discussed
below.

Population Trends by Census Division and State

The U.S. population is regularly enumerated in a Decennial Census. Table 14 shows the national population
and the population by State and by Census division for the 1990 and 1980 Censuses. It also indicates the
percentage change during these years.

All nine of the Census divisions showed a growth in population. This population increase ranges from (.5
percent for the East North Central Census Division, to 23.0 percent for the Pacific Census Division. The twa
fastest growing divisions between 1980 and 1990 were the Pacific and the Mountain Census Divisions, both
of which are in the West Census Region. The slowest growing divisions include the Middle Atlantic, the East
North Central, and the West North Central Census Divisions.

Within Census divisions, the percentage of population increase varies by State. To illustrate an extrems,
within the Mountain Census Division, Wyoming’s population decreased by 3.4 percent, while Nevada's
population increased by 50.1 percent in the same 1980 to 1990 period. Similarly, within the South Atlantic
Census Division, West Virginia’s population decreased by 8.0 percent, while Florida’s population increase:l
by 32.7 percent. The range in population growth was smallest in the East Morth Central Census Division. I
this division, Illinois’ population increased by less than 0.05 percent, while Wisconsin’s population increase:l
by 4.0 percent.

Nevada had the largest percentage of population increase (50.1 percent} of any State in the Union. While the
populations of West Virginia and the District of Columbia decreased by the largest percentage: 8.0 percent
and 4.9 percent, respectively.

Population Trends by County

Within States, some counties lost, while other counties gained in population. Table 15 indicates by State an
by Census division, the number of counties or equivalent areas, which lost or gained in population during the
1980’s. Table 16 shows the minimum and maximum percentage change within counties, State, Census division
and, national total.

Of the 3,141 counties or equivalent areas nationwide, 1,431 or 46 percent of these experienced a decrease in
population from 1980 to 1990. The populations of Platte County in Wyoming, and Lake County in Coloradn
decreased by the largest percentage (32 percent). Flagler County in Florida showed the largest percentage oif
population increase (163 percent).
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Table 14. Population and Percent Increase In Population by State, Census Division, and
Natlonal Total

Population {thousands} Percent
Census Reglons increass in
and Divislons 1980 1880 Population
National Tetal ...................... 248,710 226,546 8.8
NewEngland ............... ... 13,207 12,348 7.0
Maine ..........coiiiainieanen 1,228 1,125 8.2
NewHMampshire .................... 1,108 921 20.5
Vermont . ........ ... 563 511 10.0
Massachusetts ..................... 6,016 5737 4.9
Rhodelsland ...................... 1,003 947 5.9
Connecticut . ..................... 3,287 3,108 5.8
Middle Atlantic . ..................... 37,802 36,787 2.2
NewYork .........c.oiiinnnn 17,890 17,558 2.5
Now Jersey .......cv.cviuernnennn s 7,730 7,365 5.0
Pennsylvania ...................... 11,882 11,884 0.1
EastNorthCentral ................... 42,008 41,682 0.8
Ohio ...t 10,847 10,798 0.5
Indiana ............. ... ... ... ... 5,544 5,480 1.0
flinois . ... 11,431 11,427 0.0
Michigan . ........... ... ....... 8,295 8,262 0.4
Wisconsin ........................ 4,892 4,706 4.0
West Noth Central ................... 17,660 17,183 2.8
Minnesota ........................ 4,375 4,076 7.3
OWEa .. e e e e 2,777 2814 -4.7
Missouri . ........ooiininicen e 8117 4,917 4.1
NorthDakota ...................... 638 653 -2.1
SouthDakota ...................... 696 691 0.8
Nebraska . ..............coovon. 1,578 1,570 0.5
Kansas ........c.cuveiennnnneennnnn 2,478 2,364 4.8
SouthAtlantic ....................... 43,567 36,959 17.8
Delaware . ..........oiviivvnnnnn 666 584 12.1
Maryland . .......... ... ... L 4,781 4,217 i34
District of Columbia ................. 807 6838 -4.8
Virginia ... ... o 6,187 5,347 18.7
WestVirginia .. .................... 1,793 1,950 -8.0
NothCarolina ..................... 6,623 5,882 2.7
SouthCarolina . .................... 3,487 3,122 11.7
GOOgIA ... cv vt 6,478 5,463 8.6
Florfida . ....... .o, 12,838 9,746 327
East South Central ... ... e 15,176 14,666 3.5
Kentucky ............... ... ...t 3,685 3,661 0.7
Tennessee . ..............covcnn... 4,877 4,591 8.2
Alabama ............... ... ... 4,041 3,894 3.8
Mississippi . .......co i 2,573 2,521 241
West SouthCentral .. ................. 26,703 23,747 12.4
Arkansas . ............ .l 2,351 2,286 2.8
Louisiana . ................ ... ... 4,220 4,206 0.3
Oklahoma ............cvivevenn.on 3,148 3,025 4.0
TOXAS . o vt e 16,987 14,228 19.4
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Table 14. Population and Percent Increase In Population by State, Census Division, and
National Total (Continued)

Population (thousands) Percent

Ceonsus Reglons Increase in

and Divislons 1890 1980 Population
Mountain ................ ... . .. ... 13,658 14,373 201
Montana ......................... 798 r8v 1.6
Idaho ............ i i 1,007 944 6.7
Wyoming ........ccoiviiiiiia . 454 470 3.4
Colorado ......... ..o, 3,204 2,890 14.0
NewMexico . ...................... 1,515 1,303 16.3
Arizona ........... .. 3,665 2,718 34.8
Wah ......... v, 1,723 1,461 17.9
Noevada .........c.ocivvineeennnn.. 1,202 801} 50.1
Pacific ....... ..o 39,127 31,800 23.0
Washington . ...................... 4,867 4,132 17.8
Oregon . ...ooviviiinin i 2,842 2,633 7.9
California . ...... o iiiei e, 29,760 23,668 25.7
Alaska . ........... ... .. ... 550 402 36.9
Hawail . ......... .. v, 1,108 265 149

Source: Statistical Abstract of the United States 1993, U.S. Department of Commercs, Bureau of the Census.
(Table No. 31, Page 28.)
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Table 15. Number of Countles Losing or Gaining Population by State, Census Divislon, and
Natlonal Total {Continued)

Number of Countles

Losing Population

Gaining Population or No Change

More 0 % Loss No Change | 11 % Galn | 21 % Gain More
Census Regions than to to %o to Than
and Divisions Total 10 % Loss 10% Loss | 10 % Gair 20 % Galn 40 % Gain 40 % Gain
National Total ....... 3,141 457 974 852 378 262 120
New England ........ &7 4] 3 33 24 7 0
Maine ............ 16 o] 1 7 8 0 0
New Hampshire .... 10 1 1 3 5 0 0
Vermont .......... 14 0 0 7 7 0 0
Massachusetts ..... 14 0 1 10 1 2 0
Rhode Island ...... 5 0 0 4 1 0 o]
Connecticut ....... 8 0 0 4 4 0 0
Middie Atlantic . ...... 150 ) 52 73 15 4 1
NewYork ......... 62 0 16 43 2 1 0
New Jersey .. ...... 21 o] 4 8 6 2 0
Pennsylvania ...... 67 5 32 21 7 i 1
East North Central .. 437 25 193 170 42 7 0
Ohio............. 88 4 35 40 8 1 o]
Indiana ........... g2 0 850 36 5 i 0
Hinois . ........... 102 18 63 14 5] 1 0
Michigan ......... 83 3 26 35 15 4 0
Wisconsin ......... 72 0 19 45 8 4] 0
Woest North Central . . . . 618 238 215 110 36 18 4
Minnesota ., ....... 87 23 26 26 8 4 2
lowa ........00unn 88 50 41 7 1 0 (¢}
Missouri .......... 115 21 31 36 17 8 2
North Dakota ...... 53 34 13 5 1 Ly} 0
South Dakota ., .... €6 30 22 8 5 0 0
Nebraska ......... a3 43 40 8 2 0 0
Kansas ........... 105 37 42 19 4 3 0
South Atlantic .. ...... 591 40 140 165 107 84 55
Delaware ......... 3 0 0 ¢ 3 ¢} 0
Maryland ......... 24 0 3 8 ] 8 2
District of Columbia . . 1 0 1 0 o] 0 0
Virginia . .......... 138 9 46 34 21 17 9
Woest Virginia . ... ... 55 21 23 8 4 1 0
North Carolina . .... 100 4] 20 42 28 7 3
South Carolina ..... 46 5 7 23 & 3 2
Georgia .......... 159 5 38 49 30 22 i5
Fiorida ........... 67 0 2 6 -] 26 24
East South Central . ... 364 121 147 156 22 i6 2
Kentucky ......... 120 9 57 45 8 1 0
Tennessee ........ 95 1 26 54 L] 7 i
Alabama .......... 67 3 32 24 4 3 i
Mississippl ........ 82 8 32 33 4 5 0
West South Central . . . . 470 69 148 140 55 42 16
Arkansas . ......... 75 10 25 29 8 3 0
Loulsiana ......... 64 6 31 21 3 3 0
Oklahoma . ........ 77 15 32 23 5 2 0
Texas ..v.vuviesns 254 38 60 87 39 34 16
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Table 15. Number of Countles Losing or Gaining Population by $tate, Census Divislon, and
National Total (Continued)

Number of Counties

Losing Population

Galnlng Population or No Change

More 0% Loss No Change | 11 % Gain | 21 % Gain More

Census Regions than to to to fo Than
and Diviglons Total 10 % Loss 10 % Loss 10 % Gain 20 % Gain 40 % Gain 40 % Giaiint
Mountain ........... 281 55 60 62 50 30 24
Montana .......... 57 21 19 ] 9 0 )
Idaho ............ 44 7 1 17 6 3 il
Wyoming ......... 23 9 5 ] 1 1 1
Colorado ......... 63 11 16 2] 12 9 &
New Mexico ....... 33 2 6 2] 11 2 ki
Arizona ........... 18 1 0 1 5 4 I
Wah ............. 29 4 3 14 5 5 o
Nevada ........... 17 0 0 @ 1 6 Hi
Pacific ............. 163 4 16 43 25 57 ik
Washington ....... 39 1 5 18 5 10 il
Qregon ........... 36 3 10 14 7 2 il
California ......... 58 0 0 T 11 30 “fi
Alaska ........... 25 0 0 3 2 13 ¥
Hawali ........... 5 ¢ 1 q o} 2 i

Source: U.S. Bureau of the Census, County Populations, 1990 and 1880 Censuses Renked By 1990 Population Within Statks
U.S. Government Printing Office {Washington, DC), 1991.
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Table 16. Percent Increase in Population, Smallest Percent Increase in Population for a County
and Largest Percent Increase in Population for a County by State, Census Division,
and National

Percent Increase in Smallest Percent Largest Percent
Censue Hegions Population for State, increase in Population Increase In Population
and Divisions Census Division, or Nation | for a County for a County
National Total ........ 8.8 -32.0 163.0
New England ......... 7.0 -4.8 30.2
Maine ............. 9.2 -4.8 18.2
New Hampshire . ... .. 20.5 -0.9 29.2
Vermont ............ 10.0 1.5 17.7
Massachusetits ....... 4.9 -4.0 30.2
Rhode Island ........ 5.9 4.1 17.9
Connecticut .. ....... 5.8 2.5 12.1
Middie Atlantic ........ 2.2 -11.4 53.1
NewYork ........... 25 -4.6 25.9
New Jersey ......... 5.0 -8.6 25.2
Pennsylvania ........ 0.1 -11.4 53.1
East North Central ., . ., 0.8 -16.5 32.8
Ohio .............. 0.5 -13.9 24.3
Indiana ............ 1.0 -10.0 32.8
Winols . ............ 0.0 -16.5 23.9
Michigan ........... 0.4 -13.5 20.5
Wisconsin . ......... 4.0 -8.8 16.5
Woest North Central .. . .. 28 -23.8 47.7
Minnesota .......... 7.3 -20.1 417
fowa .............. -4.7 -17.1 17.6
Missouri ............ 4.1 -20.5 47.7
North Dakota . ....... -2.1 -23.8 16.6
South Dakota .. ...... 0.8 -20.2 15.6
Nebraska ........... 0.5 -22.1 19.3
Kansas ............ 4.8 -18.8 38.8
South Atlantic . . ....... 17.9 -25.4 163.0
Delaware ........... 121 i1.0 15.5
Maryland .. ......... 13.4 7.0 58.0
District of Columbia . .. -4.9 -4.9 -4.9
Virginia ............ 15.7 -22.8 80.3
Waest Virginia . ....... 8.0 -28.4 28,7
North Carclina . ...... 12.7 -8.5 70.0
South Cerolina . ...... 11.7 -7.2 42.0
Georgia ............ 18.6 -22.1 125.6
Florida ............. 32.7 -4.2 163.0
East South Central ... .. 35 -24.0 49.9
Kentucky ........... 0.7 -127 25.6
Tennessee .......... 6.2 -10.5 411
Alabama ........... 3.8 -15.0 49,8
Mississippi .. ........ 2.1 240 29.7
West South Central . . . .. 12.4 -30.2 91.1
Arkansas ........... 28 -18.3 9.9
Louisiana . .......... 0.3 -20.5 30.3
Oklahoma .......... 4.0 -19.6 318
Texas....... e 19.4 -30.2 911
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Table 16. Percent increase in Population, Smallest Percent Increase in Population for a County
and Largest Percent Increase In Population for a County by State, Census Divislon,
and National (Continued)

Percent Increase In Smalilest Percent Largest Percent
Census Regions Population for State, Increase in Population Increase in Population
and Divislons Census Division, or Nation | for a County for a County
Mountain ............ 20.1 -32.0 140.1
Montana ........... 1.6 124.7 17.7
Idaho .............. 6.7 -27.8 37.7
Wyoming ........... 3.4 -32.0 43.7
Colorado ........... 14.0 -32.0 140.1
New Mexico ......... 16.3 -21.6 84.1
Arizona ............ 34.8 -29.8 67.4
Wah .............. 17.8 -19.7 86.3
Nevada ............ 50.1 1.2 86.5
Pacific .............. 23.0 -16.5 122.7
Washington . ........ 17.8 -13.2 37.8
Oregon ............ 7.9 -16.5 26.7
California . .......... 257 1.5 58.5
Alaska ............. 36.9 4.2 122.7
Hawaii ............. 14.9 -8.7 41.7

1Negative number indicates a decreese in population.
Source: U.S. Bureau of the Census, County Populations, 1990 and 1980 Censuses Ranked by 1890 Population Within Siate,
U.S. Government Printing Office (Washington, DC), 1891.

The West North Central Census Division had the highest percentage of counties that lost population {75
percent). The New England Census Division showed the lowest percentage (4 percent).

Among States, Iowa had the highest proportion of counties losing population (92 percent), followed by
Nebraska (89 percent). Outside the Midwest, West Virginia showed 80 percent of its counties losing
population. The District of Columbia, which can be treated as a single county-like area, experienced 2 4.&
decrease in its population.

Conversely, all of the counties in Vermont, Rhode Island, Connecticui, Delaware, Nevada, Alaska, znl
California experienced an increase in population from 1980 to 1990. However, except for California, all of
these States had a relatively small number of counties.

Tables 15 and 16 indicate that even within States, there is a wide range in the percentage of population chan e
among counties. For example, of the 159 counties in Georgia, five of these experienced a 10 percent or racie
decrease, and 38 showed a 0 to 10 percent decrease. Yet, for 22 counties the population increased from 2
to 40 percent, and for 15 counties it increased by more than 40 percent.

When proceeding from larger to smaller segments of the population, the variability in percentage change
between the segments increases. For example, the population change percentage between divisions rangao
from a low of 0.8 percent increase (East North Central), to a high of 23.0 percent increase (Pacific). Betweey
States the range was from an &.0 percent decrease (West Virginia) to a 50.1 percent increase (Nevada), an¢
between counties the range was from a 32 percent decrease to a 163 percent increase. At the Census frzc:
level, a geographic location can experience a 100 percent decrease in popuiation over a 10-year period if all
of the housing units in it are demolished for commercial development (such as in the expansion of an airpor:
or the demolition of a large apartment complex). Conversely, an agriculiural area can experience a growtl
in population ranging from very few to hundred’s, if over a 10-year period a major housing project is built
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The periodic redesign of the RECS is essential if accurate data on new housing units are to be obtained. As
a design becomes older and, therefore, more out-of-date, its ability to support new construction estimates
declines. The periodic redesign of all RECS stages is needed to account for the uneven nature of population
growth. If the secondary stage and elementary-unit stage are not revised, only those new housing units in the
existing sampled SSU’s and listing segments will have a chance of being selected. The selection probabilities
for PSU’s and SSU’s are based on either the population or the number of households at a set point in time.
A nonuniform population increase will not produce biased results from keeping these PSU’s and SSU’s.
However, it will imply that the variance of statistics will be larger than would be the case if the survey was
redesigned. This will be particularly true for new housing units.
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Appendix A

Census Divisions and Federal Regions Maps

Region 1
Northeast

Division 1

(New England)
Connecticut (CT)
Maine (ME)
Massachusetts (MA)
New Hampshire (NH)
Rhode Island (RI)
Vermont (VT)

Division 2
{Middle Atlantic)
New Jersey (NJ)
New York (NY)
Pennsylvania (PA)

Region 2
Midwest

Division 3

(East North Central)
Illinois (IL)

Indiana (IN)

Michigan (MI)

Ohio (OH)

Wisconsin (WI)

Division 4

(West North Central)
Towa (IA)

Kansas (KS)
Minnesota (MN)
Missouri (MO)
Nebraska (NE)

North Dakota (ND)
South Dakota (SD)

U.S. Census Regions and Divisions

Region 3
South

Division 5

{South Atlantic)
Delaware (DE)
District of Columbia (DC)
Florida (FL)
Georgia (GA)
Maryland (MD)
North Carolina (NC)
South Carolina (8C)
Virginia (VA)

West Virginia (WV)

Division ¢

(East South Central)
Alabama (AL)
Kentucky (KY)
Mississippi (MS)
Tennessee (TN)

Division 7

(West South Central)
Arkansas (AR)
Louisiana (ILA)
Oklahoma (OK)
Texas (TX)
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Region 4
West

Division 8
(Mountain)
Arizona (AZ)
Colorado (CO)
Idaho (ID)
Montana (MT)
Nevada (NV)

New Mexico (NM)
Utah (UT)
Wyoming (WY)

Division ¢
(Pacific)

Alaska (AK)
California (CA)
Hawaii (HI)
Oregon (OR)
Washington (WA)
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Region 1

New England
Connecticut (CT)
Maine (ME)
Massachusetts (MA)
New Hampshire (NH)
Rhode Island (RI)
Vermont (VT)

Region 2

New York/New Jersey
New Jersey (NJ)

New York (NY)

Region 3

Mid Atlantic

Delaware (DE)

District of Columbia (DC)
Maryland (MD)
Pennsylvania (PA)
Virginia (VA)

Waest Virginia (WV)
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Region 4

South Atlantic
Alabarna (AL)
Florida (FL)
Georgia (GA)
Kentucky (KY)
Mississippi (MS)

North Carolina (NC)

South Carolina (SC)
Tennessee (TN)

Region §
Midwest
1linois (IL)
Indiana (IN)
Michigan (MI)
Minnesota (MN)
Ohio (OH)
Wisconsin {W])
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Federal Regions

Region 6
Southwest
Arkansas (AR)
Louisiana (LA)

New Mexico (IWNM)

Oklahoma (OK)
Texas (TX)

Region 7
Central

JTowa (1A)
Kansas (KS)
Missouri (MO)
Nebraska (NE)

Region 8

North Central
Colorado (CQ)
Montana (MT)
North Dakota (NI}
South Dakota (SD)
Utah (UT)
Wyoming (WY)

Region 9

West

Arizona (AZ)
California (CA)
Hawaii (HI)
Nevada (NV)

Region 10
Northwest
Alaska (AK)
Idaho (ID)
Oregon (OR)
Washington (WA)



Appendix B

Detailed Instructions to Field Workers on

Housing Unit Definition'®

A housing unit is a house, an apartment, a group of rooms, or a single room if it is occupied, or intended for

occupancy, as separate living quarters by a family, an individual, or a group of up to nine unrelated persons.
In general:

®  a "one-family house” is one housing unit.
o  a "two-family house” is two housing units
®  cach apartment in an apartment building is 2 housing unit

e  a vacant house or apartment is a housing unit (because someone could live there in
the future), and

®  a store or business is not a housing unit, but ... an apartment over or behind a store or business
is a housing unit.

Rules about separate living quarters may be needed to determine the number of housing units to be listed.
Separate living quarters are those where:

®  the occupant(s) live and eat separately from other persons in the building; an
® the occupant(s) have direct access from the outside of the building or through a common hall (that
is, entry and exit can be made without entering someone else’s living quarters).

Kitchen facilities are nor required in order for separate living quarters to be defined as a housing unit.

Group Quarters - Living arrangements for institutional residents or inmates or for other groups of ten or

2 AR

more unrelated persons. Group quarters are not housing units, and you are not to conduct interviews in them.
There are two general types:

@  Group quarters are most frequently found in institutions. Examples are hospitals, nursing homes,
military barracks, college dormitories, fraternity and sorority houses, convents, monasteries, and
penal institutions.

@ A house or apartment is considered to be group guarters if it is shared by the person in charge
and nine or more nonrelatives (a total of ten or more persons). If there is no head of household

or person in charge, the household or apartment is considered group quarters if it is shared by ten
or more unrelated persons.

However, rooms or apartments within a institution that serve as the permanent residence of staff members are
housing units if they satisfy the requirements of separate living quarters.

16 This section is taken from the 1987 RECS Sample Design Procedures Manual, pages F-10 1o F-14,
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Be alert for places that appear to be group quarters but do not contain enough people. For example, suppo::
that a convent turns out to have five nuns living in it. This convent would not be considered group quarters;
it would be a housing unit.

Rooming and Boarding Houses - The rules apply here as applied to housing units/group quarters. The key
items of information needed to determine whether these are housing units are (1) the number of residents and
(2) whether some rooms, or groups of rooms, meet the requirements for separate living quarters.

Example 1: Fewer than nine residents unrelated to the person in charge, and
separate rooms (or groups of rooms) do not meet conditions for separate living quarters.

This house would be treated as a single-housing unit.

Example 2: Nine or more residents unrelated to the person in charge (or a rotal of ten or more unrelated
persons), and separate rooms (or groups of rooms) do nof meet conditions listed for separaie
living quarters.

This house is considered a group quarters. No interview is to be conducted.

Example 3: Some rooms (or groups of rooms) meet the conditions for separate living quarters.

Consider each room (or group of rooms) that is separate living quarters as a separate housing
unit.

Housing Units in Special Cases

Below are some examples of special situations that should be listed as housing units:
Basement or attic apartments which may occur in any type of structure.
Vacant houses or apartments {because they could be occupied in the future.)

Houses and apartments that are under construction - if they are likely io be completed and ready for
occupancy by the time the interviews are started.

Hotel or motel rooms which are (1) occupied by permanent guests, or (2} occopied by employees who have
no permanent residence elsewhere.

Rooms within group quarters or institutions (such as a fraternity house or dormitory) which serve as the
permanent residence of a staff member or person in charge, and which satisfy the requirements of the housing-
unit definition.

A room in a nonresidential structure -- if there is one room in a warehouss which the caretaker uses for his
living quarters, such a room qualifies as a housing unit.

A mobile home trailer that is used as the permanent residence of occupanis and not just as their vacation
residence.

Work camps occupied by seasonal workers.,

Seasonal dwellings, such as summer homes, resort cottages, or other part-tite homes, are considered housiiy
units.
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Boats, tents, ete. Any such quarters that are occupied as someone’s permanent residence are housing units.
If they are used for vacation only, they are not housing units.

Not Classified as Housing Units in Speclal Cases
Below are some examples of situations when housing units should nof be listed as such:

Group quarters--However, you cannot completely ignore such buildings, since some of them may contain the
dwelling unit of a manager, janitor, etc. You should determine whether there are *hidden" housing units in
the building.

Unoccupied buildings that have been condemned or that are bein demolished.

g
1]

Places of business, such as stores, factories, etc.--but be sure to look for hard-to-find living quarters behind or
above or inside business places.
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Appendix C

Strata Listings by Census Division
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RECS 1980

intersection 1: Connecticut, Maine, Massachusetts, Rhode [sland, and Vermont
(10 Strata)

MSA‘s
(8 Strata)

Non MSA's
(2 Strata)

r Self Representing
(% Strata)

Non-self
Representing
(3 Strata)

Non-self
Representing
(2 strata)

Boston

Hartford

Providence

Bridgeport (Conrzcticut Suburbs of NYC)

New Haven

Small and Mediun-Size MSA‘s in ME, NH, and i
New London, CT and Worcester, MA

Springfield and Wew Bedford, MA

Non-MSA Counties in NH, ME, and VT

Non-MSA Counties in NH, ME, VT, CT, RI, and Mi
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MSA’s
(8 Strata)

Non MSA’‘s
{1 Strata)

RECS 1980

Intersection 2: New York and New Jersey
(9 Strata)

Self Representing
(3 Strata)

Non-self

Representing
(5 Strata)

Non-self
Representing
(1 Strata)

New York City
Long Island {Suburbs of NYC}

Newark, NJ (Suburbs of NYC)

Buffalo, Binghamton, Elmira,
and Utica, NY

Rochester and Syracuse, NY

Paterson, Jersey City, and
Phillipsburg, NJ

MSA’s in South and Central NJ

Albany and Poughkeepsie, NY;
and Camden, NJ

Non-MSA Counties in NY and NJ
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MSA's
(4 Strata)

Non MSA‘s
{1 Strata)

RECS 1980
intersection 3: Pennsylvania
(5 Strata)

- Philadelphia
Self Representing

(2 Strata) Pitishurgh
Non-self Johnstown, York, Harrisburyg,
and Scranton, PA
Representing
(2 strata) Smali and Medium-Size MSA's
Non-self
Representing [ Non-MSA Counties in PA
71 Strata)
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Intersection 4: Delaware,

MSA‘s
{4 Strata)

Non MSA's
{2 Strata)

RECS 1880

{6 Strata)

self Representing
(2 Strata)

Non-self
Representing
{2 Strata)

Non-self
Representing
(2 Strata)

District of Columbia, Maryland, Virginia, and West Virginia

Baltimore

Washington, D.C.

Richmond and Virginia Beach, VA

Small and Medium-Size MSA’s in WV,

DE, MD, and VA

Non-MSA Counties in West Virginia,

VA, and Marvland

Non-MSA Counties in Virginia,
Maryland, and Delaware
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RECS 1980

Intersection 5: Florida, Georgia, North Carolina, and South Carolina

{11 Strata)

Self Representing
(1 Strata)
MSA’s
(7 Strata)
Non-self
Representing
(6 Strata)
Non MSA‘s Non-self
(4 Strata) Representing
{4 Strata)

Atlanta

Miami, Fort Lauderdale, and
West Palm Beach, FL

Small and Medium-Size MSA‘s

in GA and SC,

orlande, Lakeland, and Tampa, L

Sma’l and Medium-Size MSA‘s iIn NC,

and SC

small and Medium-

Sme il and Medium-

and GA

Nor -MSaA Counties

Non-MSA Counties
and FL

Non-MSA Counties
and FL

Non~MSA Counties
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Size MSA’s in nc

Size MSA's in T

in NC and SC

in NC, SC, GA,

in NC, SC, GA,

in GA and SC



RECS 1980
Intersection 6: Alabama, Kentucky, Mississippi, and Tennessee
{13 Strata)

Self Representing
(None)
MSA's
{7 Strata)
Louisville and Lexington, KY
Birmingham and Montgomery, AL
Non-self Covington, Kentucky and Memphis, TN
Representing
(7 Strata) Mobile, AL; Biloxi and Jackson, MS
b Knoxville and Nashville, TN
Small and Medium-Size MSA’s in AL,
KY, and MS
Small and Medium-Size MSA‘’s in AL
and TN
Small and Medium-Size MSA’s in KY,
TN, AL, and MS
Small and Medium-Size MSA’s in Ky,
TN, AL, and MsS
Small and Medium-Size MSA's in AL
Non MSA's Non-self and MS
(6, Strata) Representing
(6 Strata) Small and Medium-Size MSA‘s in AL
and MS
Small and Medium-Size MSA’s in KY,
TN, AL, and MS
Small and Medium-Size MSA’s in XY
and TN

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey 73



RECS 1980
Intersection 7: lllinois, indiana, Michigan, Ohio, and Wisconsin
(16 Strata)

— Cleveland
Self Representing
{3 Strata) Chicago
Detroit
MSA‘s
{12 Strata)
Milwaukee, Madlscon, and Appleton, WI
Small and Medium-Size MSA’'s in WI, MI,
and IL
Fori Wayne, Gary, and Indianapolis, 1M
Canton, Youngstown, and Columbus, OE
Non-self
Representing Small and Medium Size MSA’s in MI
(9 Strata)
Smal. and Medium-Size MSA’'s in OH
Small and Medium-Size MSA‘s in MI, 1IN,
and OF
Davien and Cincinnati, OH; and Indians
Suburk of CN
Small and Medium-Size MSA’s in IN and
—
Non-MSA Ccunties in OH, IN, MI, and Ti
Non MSA‘s Non-self Non-MSA ¢cunties in OH, IL, and IN
{4 Strata) Representing
(4 Strata) Non~MSaA Ccunties in IN and IL

Non-MSA ¢Ccunties in IN, MI, and WI
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RECS 1980

intorsection 8: Arkansas, Louisiana, Oklahoma, and Texas

MSA's
{8 Strata)

Non MSA‘s
{4 Strata)

(12 Strata)

- Houston
Self Representing
(2 strata) Dallas

Tulsa and Oklahoma City, OK; Lubbock
and Midland, TX
Small and Medium-Size MSA's in AR
and TX
Non-self New Orleans and Baton Rouge, LA
Representing
{6 Strata) San Antonio, Austin, Waco, and
Wichita Falls, TX
— small and Medium-Size MSA’'s in LA,
0K, and TX
Small and Medium-Size MSA’s in LA,
and TX
Non-M8A Counties in AR, OK, and TX
Non-self Non-MSA Counties in AR, LA, OK,
Representing and TX
(4 Strata} Non~MSA Counties in AR, LA, OK,
and TX
Non-MSA Counties in AR, LA, OK,
and TX
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RECS 1980
Intersection 9: Now Mexico

(1 Strata)
MSA’'s
(None)
Non MSA‘s
{None)
Mixed MSA Non-self
and non-MsA Representing #MSA's and Non-MSA Counties in
{1 strata) (1 Strata) New Mexico
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RECS 1880
intersection 10: Minnesota

(2 Strata)
self Representing Minneapolis, MM
(1 Strata)
MSA's
{1 Strata)
Non-self
Representing
(None)
Non-MSa‘'s
(None}
Mixed MSA Non-self
and non-MsSA Representing small and Medium~-Size MSA and Non-MSA Counties
{1 Strata) (1 Strata) in MN
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MSA’s
(6 Strata)

Non MSA’s
{6 Strata)

RECS 1980

Intersection 11: lowa, Kansas, Missouri, and Nebraska

(12 Strata)

Self Representing
(2 Strata)

Non-self
Representing
{4 Strata)

Non-self
Representing
{6 Strata)

Kansas Clity, MO

3t fouls, MO

D&s Moines, IA and Omaha, NE
Small and Medium-Size MSA's in Ui

small and Medium-Size MSA‘s in MO,
KS, and NE

Kansas City and Wichita, KS

Non-MSA Counties in IA and NE

Noin-MSA Counties in IA, NE, K3,
and MO

Nen-MSA Counties in MO and K8
Non-MSA Counties in MO, KS, and Mi
Nen-MSA Counties in IA and MO

Mon-MSA Counties in MO, KS, and MNi
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RECS 1980

intersection 12: North Dakota and South Dakota

MSA’s

{None})

Non MSA's Non-self

{2 Strata) Representing
{2 Strata)

Mixed MSA's Non-self

{1 Strata) Representing
(1 strata)

(3 Strata)

Non-MSA Counties in ND and SD

Non-MSA Counties in ND and SD

MSA’s in ND and SD

Non-MSA Counties in ND, and SD
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RECS 1980

Intersaction 13: Colorado, Montana, Utah, and /yoming

MSA’s
{4 Strata)

Non MSA’'s
(4 Strata)

(8 Strata)

- Denver
Self Representing
(2 Strata) Salt Lake City
Non-self Small and Medium-Size MSA‘s in O
Representing and MT
{2 Strata)
Small and Medium-Size MSA‘'s in MT,
Co, and UT
F Non-MSA Counties in MT, CO, WY,
and UT
Non-l4SA Counties in MT, CO, WY,
and UT
Non-self
Representing Non-IkSA Counties in MT, CO, WY,
(4 Strata) i and UT
Won-MSA Counties in MT, CO, WY,
and UT
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=

MSA’s
{2 Strata)

Non MSA's
{1 Strata)

RECS 1980
Intersaction 14: Arizona and Nevada
{3 Strata)

Self Representing
{1 strata)

Phoenix

|

Non-self

Representing Tucson, AZ and Las Vegas, NV
(1 Strata)

Non-self

Representing Non-MSA Counties in AZ and NV
{1 Strata)
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MSA’s
(None)

Non-MSA's
(None)

Mixed MSa
and Non-MSA
{1 Strata)

RECS 1980
Intersection 15: idaho
(1 Strata)

Non-self
Representing

MSA’s and Non-MSA Counties in ID
{1 Strata)
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RECS 1980
intersection 16: California and Hawail

(10 Strata)
Los Angles
- San Francisco
Self Representing
{4 Strata) Orange County
San Diego
MSA‘s
{Excluding
Hawaii)
{8 Strata) -
Riverside and San Bernardino, CA
Non-self San Jose and Stockton, CA
Representing
{4 Strata) small and Medium-Size MSA’'s in Ca
- small and Medium-Size MSA‘’s in CA
Non MSA‘s -~
{Excluding Non-self
Hawail Representing Non-MSA Countlies in CaA
{1 Strata) {1 Strata)
Hawail Non-self Honolulu Hawaii and Non-MSA Counties
{MSA's and Representing
Non MSA's) {1 Strata) -
{1 Strata)
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MSA’s
{Excluding
Alaska)

{5 Strata)

Non MSA's

{Excluding
Alaska

(3 Strata)

Alaska

(MSA’s and
Non MSA's)
{1 Strata)

RECS 1880
Intersection 17: Alaska, Oregon, and Washington

(9 Strata)
Seattle, WA
self Representing Portland, OR
{3 Strata)
Tacoma, WA
Non-self Small and Medium-Size MSA‘s in Wi
Representing
(2 Strata) Small and Medium-Size MSA‘s in OR
and WA
L
Non-self Non-M&A Counties in WA and OR
Representing
{3 Strata) Non-M&A Counties in WA and OR
Non-Msa Counties in WA and OR
Mon-self
Representing Anchorage Alaska and Non-MSA Countigs
(1 Strata)
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MSA‘s
(8 Strata)

Non MSA’s
{2 Strata)

RECS 1824

New England Census Division
{10 Strata)

Boston
- Hartford
Self Representing
{5 strata) Providence

Bridgeport {(Connecticut Suburbs
of NYC)

New Haven

r Small and Medium-Size MSA‘s in ME,

NH, and MA

Non-self

Representing New London, CT; Worcester, MA; and

{3 Strata Burlington, VT

Springfield and New Bedford, Ma
-

Non-gself Non-MSA Counties in NH, ME, and VT
Representing
{2 Strata} Non-MSA Counties in NH, ME, VT, CT,

RI, and MA
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RECS 1984

iMiddle Atlantic Census Division

(15 Strata)

[ Self Representing
(5 Strata)
MSA’s
(13 Strata})
Non-self
Representing
{8 strata)
Non MSA's Non-gelf
{2 Strata) Representing
{2 Strata)

New York City

Long Island {Suburbs of NYC)
Newark, NJ {Suburbs of NYC}
?hiladelphia

Pittsburgh

Buffalo, Binghamton, and Utica, N¢
Rochester, Syracuse, and Elmira, v

Paterson, Jersey City, and
Phillipsburg, NJ

MSA’s in South and Central NJ
MSA‘s in NJ (Suburbs of NY City:

Johnstown, York, Harrisburg, and
Scranton, PA

Small and Medium-Size MSA‘'s in P

Albany, Poughkeepsie, Glen Falls,
and Orange County, NY

Non-MSA Counties in NY

Non-MSA Counties in PA

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey



MSA‘s
(12 Strata)

Non MSA's
{5 strata)

RECS 1984

East North Central Census Division

{17 Strata)

Self Representing
(3 Strata)

—

Non-self
Representing
(9 strata}

Non-self
Representing
{5 Strata)

Cleveland
Chicago

Detroit

Milwaukee, Madison, and
Appleton, WI

Small and Medium-Size MSA’s
in WI and IL

Fort Wayne, Gary, and
Indianapolis, IN

Canton, Youngstown, and
Columbus, OH

Small and Medium-Size MSA'’s in MI
small and Medium-Size MSA’s in OH

Small and Medium-Size MSA's in MI,
IN, and OH

Dayton and Cincinnati, OH; and IN
suburk of Cincinnati

Small and Medium-Size MSA‘s in IN
and IL

Non-MSA Counties in OH, IN, MI,
and IL

Non-MSA Counties in OH
Non~MS8A Counties in IN and IL
Non-MSA Counties in MI and WI

Non-MSA Counties in IN, IL, and MI
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MSA’s
(8 Strata)

Non MSA‘s

(8 Strata)

RECS 1984

West North Central Census Divis

(17 Strata)

Self Representing
(3 Strata)

Non-self
Representing
(5 Strata)

fon

Minneapolis, MN
Kansas City, MO

St Louils, MO

Des Moines, IA and Omaha, NE
Small and Medium-Size MSA‘s in A

sma.l and Medium-Size MSA‘s in MC,
KS, and NE

Kansas City and Wichita, K&

Sma’.l and Medium-Size MSA‘s in Mu,
ND, and SD

Representing

Mori-MSA Counties
Norn-MSA Counties

Nor: -MSA Counties
and NE

Nori-MSA Counties
Non-MSA Counties
Nori-MSA Counties
Non-MSA Counties
Non-MSA Counties

Non-¥SA Counties
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in MN
in IA and NE

in IA, NE, K8,

in MO and XS
in MO, KS, and KE
in IA and MO
in MO, KS, and LE
in ND and SO

in MN, ND, and &D



MSA’'s
{13 Strata)

Non MSA's
(6 Strata)

RECS 11984

South Atlantic Census Division
(19 Strata)

Self Representing
(5 strata)

Non-gself
Representing
{8 Strata)
Non-self
Representing
(6 Strata)

Baltimore
Washington, DC
Atlanta

Miami

Tampa

Richmond and Virginia Beach, VA

Ssmall and Medium-Size MSA’s in WV,
DE, MD, and VA

Fort Lauderdale and
West Palm Beach, FL

small and Medium-Size MSA‘s in GA
and SC

Orlando, Lakeland, Ocala, and
Jacksonville, FL

small and Medium-Size MSA‘s in GA,
NC, and sC

Small and Medium-Size MSA’s in NC
and SC

Small and Medium-Size MSA's in FL

Non-MSA Counties in WV, VA, and MD
Non-MSA Counties in VA, MD, and DE
Non-MSA Counties in NC and SC

Non-M8A Counties in NC, SC, GA,
and FL

Non-MSA Counties in NC, 8C, GA,
and FL

Non-MSA Counties in GA and SC
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RECS 1984
East South Central Census Division
(12 Strata)

Self Representing
{None)
MSA's
(6 Strata)
Small and Medium-Size MSA‘s in LY
Small and Medium-Size MSA‘s in &AL
Non-self Small and Medium-Size MSA’s in LY.
TN, and MS
Representing
(6 Strata}) Small and Medium-Size MSA‘s in &L
and MS
- Knoxville and Nashville, TN
Small and Medium-Size MSA's in AL
and TN
Non-MSA Counties in Ky, TN, AL,
and MS
Non-MSA Counties in Ky, TN, AL,
and MS
Non MSA's Non-self Non-MSA Counties in AL and MS
(6,Strata) Representing
(6 Strata) Non-MSA Counties in AL and MS
Non-MSA Counties in KY, TN, AL,
and MS
Non-MSA Counties in KY and TN

Energy Information Administration/Energy Consumption Saries
Sample Design for the Residential Energy Consumpticn Survey



RECS 1984

West South Central Census Division

(12 Strata)

Self Representing
(2 Strata)
MSA‘'s
{8 Strata)
Non-self
Representing
(6 Strata)
Non MSA's Non-self
(4 Strata) Representing
(4 Strata)

Houston

Dallas

Tulsa and Oklahoma City, OK; Lubbock
and Midland, TX

Small and Medium~-Size MSA‘s in AR
and TX

New Orleans, Baton Rouge, and
Houma, LA

San Antonio, Austin, Waco, and
Victoria, TX

Small and Medium-Size MSA’s in LA,
OK, and TX

Small and Medium-Size MSA’s in LA,
and TX

Non-MSA Counties in AR, OK, and TX

Non-MSA Counties in AR, LA, OK,
and TX

Non-MSA Counties in AR, LA, OK,
and TX

Non-MSA Counties in AR, LA, OK,
and TX
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RECS 1984
Mountain Census Division
{11 Strata)

Self Representing
(3 Strata)
MSA's
(6 Strata)
Non-self
Representing
(3 Strata)
Non MSA's Non-self
(5 Strata) Representing
(% Strata)

Denver
Salt Lake City

Phoeanix

Srail and Medium-Size MSA‘s in <0

NM, and NV

Small and Medium-Size MSA‘s in M7
and ID

Co, UT, WY,

Tacscn, AZ and Las Vegas, NV

Nen-MSA Counties

Nen-MSA Counties
and UT

Nen-MSA Counties
and UT

Nen~MSA Counties

Non-MSA Counties

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey

in

in

in

in

in

¥M and <O

MT, CO,

MT, CO,

WY,

WY,

AZ and NV

ID, MT,

and W



MSA's
{Excluding
Hawall and
Alaska)

{12 Strata)

Non MSA's

{Excluding
Hawaii and
Alaska)

(2 Strata)

Hawaii and
Alaska

{MSA’s and
Non MSA’s)
{2 Strata)

RECS 1984
Pacific Census Division
(16 Strata)

Self Representing
(6 Strata)
Non-self
Representing
{6 Strata)
Non-self
Representing
{2 strata)
Non-self
Representing
(2 Strata)

Los Angles

San Francisco

Orange County

San Diego

Riverside-San Bernardino

Seattle

san Jose and Stockton, CA
Napa, Redding, and Sacramento, CA

Ventura, Santa Barbara, Salinas,
and Bakersfield, CA

Portland, OR; Tacoma and
Bremerton, WA

small and Medium-Size MSA’s in OR
and WA

Small and Medium~Size MSA‘s in CA

Non-MSA Counties in CA and OR

Non-MSA Counties in WA and OR

Honolulu Hawaii and Non-MSA Counties

Anchorage Alaska and Non-MSA Counties

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey a3
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—

MSA’'s
{6 Strata)

Non MSA‘s
{2 Strata)

RECS 1993

New England Census Division

(8 Strata -- 4,942,714)

Self Representing
(2 Strata)

Non-self
Representing
{4 Strata)

Non-self
Representing
(2 Strata)

Boston, MA
Hartford, CT

Providence, RI and New Bedford, MA
New Haven and Bridgeport, CT

Worcester and Springfield, MA; Neaw
London, CT

smaller NECMA’s in MA, ME, NH,
and VT

Non-NECMA Counties in ME, Northern
NH, and VT

Non-NECMA Counties in CT, MA, RI,
Southern NH, and VT

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey



RECS 1993
Middle Atlantic Census Division

(13 Strata)
Self Representing New York, NY
(5 Strata)
Philadelphia, PA and NJ
Nassau and Suffolk Counties in NY
MSA's Pittsburgh, PA
{11 Strata)
Newark, NJ
Buffalc, Rochester, and Syracuse, NY
Medium and Small MSA’s in NY
Non-self
Representing Monmouth-Ocean and Middlesex-
(6 Strata) sonerset-Hunterdon, NJ
Bergen-Passaic, NJ and Scranton-
Wilkes-Barre, PA
Medium and Small MSA’s in PA
Medium and Small MSA’s in NJ and PA
Non MSA'‘s Non-self Non-MSA Counties in NY
{2 Strata) Representing
(2 Strata) Non-MSA Counties in PA

Energy Information Administration/Energy Consumption Series
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MSA's
{13 Strata)

Non MSA’s
(4 Strata)

RECS 1993

East North Central Census Division

(17 Strata)

gself Representing
(3 Strata)

Nen-self
Representing
{10 Strata)

Non-self
Representing
{4 Strata)

Chicago, IL

Detrolt, MI

Cleveland, OH

Milwaukee, Madison, and
Appleton, WI

Columbus and Arkon, OH

“ndianapolis, Gary, and
Fort Wayne, IN

Cincinnatl and Dayton, OH

CGrand Rapids, Flint, Lansing,
Saginaw, and Ann Arbor, MI

Toledo, Youngstown, Canton,
Hamilton, and Lorain, OH

East St. Louls, Lake County,
Pecria, Joliet, and Aurora, L

Small MSA’s in IL

Small MSA’s in IN and OH

Small MSA’s in MI and WI

Non-MSA Counties in WI and
Northern MI

Non-MSA Counties in Northern OH and
Southern MI

Non-KSA Counties in Southern CH,
I, and IN

Non-KMSA Counties in Northern
IL and IN

Energy Information Administration/Energy Consumption Seties
Sample Design for the Residential Energy Consumptiorn Survey



MSA's
{5 Strata)

Non MSA's
{4 Strata)

RECS 1993
West North Central Census Division

(9 Strata)
Self Representing Minneapolis, MN
(3 Strata)
St Louis, MO
Kansas City, MO-KS
Non-self
Representing Medium and Small MSA‘s in NE,
{2 strata) and MO
Medium and Small MSA’s in IA,
ND, and SD
Non-gelf Non-MSA Counties in KS and
Representing Southern IA
(4 Strata)

Non-MSA Counties in MN and
Northern IA

Non-MSA Counties in MO

Energy information Administration/Energy Consumption Serles
Sample Design for the Residential Energy Consumption Survey

ks,

MN,

Non-MSA Counties in NE, ND, and SD
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MSA’s
(14 strata)

Non MSA’s
(6 strata)

-

RECS 1993

South Atlantic Census Division

(20 Strata)

Self Representing

(& Strata)

Non-self
Representing
(9 Strata)

Non-self
Representing
(6 strata)

Washington, DC, MD, and VA
Atlanta, GA

Baltimore, MD

Tampa, FL

Miami, FL

Norfolk and Richmond, VA
Charlotte, NC-SC and Greensboro, N
Mediuvm and Small MSA’s in NC and U

Medium and Small MSA‘s in DE, MD.
YA, WV, and NC

Medium and Small MSA’s in SC and Gh

Tort Lauderdale and West Palm
Beach, F1l

Crlardo, Melbourne, and
Lakeland, FL

Jacksonville, Fort Meyers,
Sarasota, Fort Plerce, and
Naples, FL

Medivm and Small MSA’s in Norther:n
and Middle FL

Non-MSA Counties in DE, MD, and WV

Non-MSA Counties in VA

Non-¥SA Counties in Eastern
Carolinas

Non-MSA Counties in Western
Carolinas

Non-MSA Counties in GA

Mon-MSA Counties in FL

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey



MSA‘s
{4 Strata)

Nomn MSBA‘s
{4 Strata)

RECS 19583
East South Central Census Division

(8 Strata)
MSA’'s in TN and AL
Non-self
Representing MSA’s in TH and Northern AL and MS
{4 Strata)
MSA's in KY and TN
MSA's in Southern AL and MS
Non-M8A Counties in KY
Norn-self Non-MSA Counties in Southern TN,
Representing Northern AL, and MS
{4 Strata)

Non-MSA Counties in KY and TN

Non-MSA Counties in Southern AL
and MS

Energy Information Administration/Energy Consumption Series
Sample Design for the Residential Energy Consumption Survey
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MSA’s
(10 Strata)

Non MSA’s
(4 Strata)

RECS 1993
West South Central Census Division

(14 Strata)
self Representing (~ Houston, TX
(2 Strata)
Dallags, TX
DOUBLE STRATA:
Fort Worth, San Antonio,
and Austin, TX
New Orleans and Baton Rouge, LA
Non-self Oklazhoma City and Tulsa, OK
Representing
(8 Strata) Medium and Small MSA‘s in AR and
— Medium and Small MSA’'s in LA
Med:um and Small MSA’s in
Northern TX
Medium and Small MSA‘s in
Southern TX
Non-self Non-MSA Counties in OK and
Representing Northern AR
(4 Strata)
Non-MSA Counties in LA and
Southern AR
Non-MSA Counties in Eastern TX
Non-~MSA Counties in Western TX

Energy Information Administration/Energy Consumption Series
Sample Dosign for the Residential Energy Consumption Survey
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MSA’'s
(6 Strata)

Non MSA’s
{4 Strata)

RECS 1993
Mountain Census Division

(10 Strata)

Self Representing
{2 Strata)

Mon~self
Representing
(4 Strata)

Non-self
Representing
{4 Strata)

Phoenix, AZ

Denver, CO

Salt Lake City, UT and Colorado
Springs, CO

Las Vegasg, NV and Tucson, AZ

Medium and Small MSA‘s Southern half
of the Division

Medium and Small MSA’s Northern half
of the Division

Non-MSA Counties in CO, WY and UT

Non-~MSA Counties in NM, NV, ID, UT
and AZ

Non-MSA Counties in ID and MT

Non-MSA Counties in AZ, NM, and UT

Energy information Administration/Energy Consumption Series
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RECS 1993
Pacific Census Division

(17 Strata)
Self Representing Los Angles, CA
(9 Strata)
San Diego, CA
Riverside-San Bernardino, Ca
MSA's Anaheim~-Santa Ana, CA
(13 strata)
Seattle, WA
Oakland, CA
San Francisco, CA
Sacramento, CA
San Jose, CA
MSA's in the Central Valley of CA
Non-self
Representing Medium and Small MSA‘s in CA
(4 Strata)
Meéium and Small MSA's in WA
MSA's in OR
Non MSA‘s Non-self Non-MSA Counties in WA and OR
Representing
(2 Strata) Non-MSA Counties in CA
Mixed Non-self r-
Non MSa and MSA Representing Honolulu Hawaili and Non-MSA Counties
{2 Strata)
L anchorage Alaska and Non-MSA Counties

Energy Information Administration/Energy Consumption Series
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