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ABSTRACT « The process of constructing a hybrid regional input-output
model consists of modifying a sequence of intermediate models so that
each member of the sequence improves the representation of the
particular region. The sequence of intermediate models provides a
framework for discussing the relationships among various model
modification procedures and accounting conventions. This property of
hybrid models also makes them well suited to continuous adaptation and
updating. The first part of this paper develops the basis for this
general framework. Then the interdependencies among procedures and
conventions across intermediate models are illustrated with discussions
of separation of technical and trade coefficients, commodity-by-industry
accounts, aggregation levels, and the uses of secondary data. The new
West Virginia Input-Output Model is used as an example of hybrid models.
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One of the perennial issues in regional economics is how best to
construct empirical models. This question is important because these models
are frequently used for policy analysis and forecasting, as well as to further
our scientific understanding of regional economies. For all of these
applications both accuracy and some detail in description are desirable, but
improving these attributes in a model is costly.

Approaihes to constructing regional input-output models have reflected
this dilemma~. Traditional survey models are based on a careful compilation
of results from a costly survey of all the sectors of a regional economy. On
the other hand, non-survey methods use a pre-existing model together with
limited regional data to synthesize estimates of regional input-output
relationships that are less expensive but of questionable accuracy. Hybrid,
or partial-survey, regional input-output models have appeared largely in
response to dissatisfaction with the cost of survey models and the limited
accuracy of non-survey models. These hybrid models are distinguished by the
use of secondary or survey data to modify individual elements of a model whose
other components are derived with synthetic techniques.

The emphasis on hybrid input-output model-building strategies as a
resolution of the problem of data collection costs has diverted attention from
another important aspect. The process of constructing a hybrid regional
input-output model consists of modifying a sequence of intermediate models so
that each member of the sequence improves the representation of the particular
region. In contrast, both survey and non-survey techniques lead to a specific
final product and rarely produce intermediate models that are complete and
logically consistent. While an emphasis on the model construction process may
represent something of a shift from standard boilerplate descriptions of
hybrid models, it is in keeping with the body of work published by those who
have actually engaged in hybrid model construction (Schaffer, Laurent, and
Sutter 1972; West, Wilkinson, and Jensen 1979; West 1980; Morison, West, and
Jensen 1982; West, Morison, and Jensen 1982, 1984; Jensen and West 1988;
Phibbs and Holsman 1982).

This paper elaborates on two reasons why the hybrid process’s sequence
of intermediate models is significant. First, it provides a framework for
discussing the relationships among the various model modification procedures
and accounting conventions used to build hybrid regional input-output models.
These relationships include logical compatibility, complementarities in
improving model accuracy, and effects on data management and collection costs.
The examples in the second half of the paper will illustrate that these
interactions occur across, as well as between, model-building stages.

Lrhis paper will be concerned specifically with building an input-output
model, represented as a matrix or matrices of coefficients, rather than a
table of input-output accounts. It will be argued later in the paper that it
is possible, and sometimes desirable, to construct a regional input-output
model without first constructing the corresponding table. However, several of
the issues discussed will also apply to the construction of input-output
tables.



Second, hybrid model-building strategies are well suited to ongoing
adaptation and updating. Therefore preparation and application of input-
output models for a region can be organized as a continuing enterprise rather
than as a series of discontinuous projects.

Because of the focus on procedures and conventions, this paper is
primarily concerned with the methods used to incorporate data into input-
output models instead of data sources. To emphasize this distinction the
terms classical, synthetic, and hybrid will be used to indicate the major ways
data is used to construct input-output tables and models, regardless of data
sources. In the classical method tables are built a cell at a time, and
table-wide computations occur, if at all, only during reconciliation of the
independently derived entries. The name is taken from Jensen’s (1988) term
describing the period when most such models were built. Synthetic methods
rely on mass processing and handle most or all sectors in an identical
fashion. Hybrid models represent a mix of these pure extremes, since both
types of data manipulation take place.

However, on occasion it will be necessary to refer to types of data
sources. The cost, management, and reliability of data depend on sources in
addition to uses, and procedures and conventions for data use will often
interact with the details of data collection. The expressions survey,
partial-survey, and non-survey will be reserved for references to the mix of
data sources that common usage assigns to each.

The 1982 West Virginia Input-Output Model (WVIOM) (Greenstreet 1987a,
1987b) illustrates the distinction drawn in the previous paragraphs. In its
current condition it does not qualify as partial-survey because surveys
designed specifically for use in constructing the model have not yet been
undertaken. However, it does qualify minimally as a hybrid model, since
technical coefficients for some specific sectors have been modified to match
data for West Virginia industries from the Economic Censuses.

The next section describes how the hybrid model construction process can
be conceptualized in terms of a sequence of input-output models, each building
on elements present in the preceding model of the sequence. This principle
gives a general organizing framework to analyze and compare different specific
approaches to building hybrid models. Subsequent sections will deal with some
of the model design choices that have to be made while building intermediate
models. These sections will pay particular attention to the implications of
these intermediate choices for the following stages of hybrid model building
and draw on experiences with the wisdom.

A General Framework for Hybrid Model Construction

The sequence of intermediate models that forms the general framework for
hybrid regional input-output model construction depends on the possibility of
performing a group of model-building procedures independently of other
procedures used in the construction process. The varying degrees to which one
procedure can be carried out without regard to the results of another
characterize the extent of independence. At one extreme, there are cases
where it is not necessary to combine the output of procedures performed on
different parts of a model until the final results are presented. Complete



independence occurs, for example, when regional purchase coefficients (RPC's)
are estimated from location quotients while technical coefficients are
modified with superior data, such as regional figures on payroll shares. The
other extreme of complete dependence is elusive, since the close ties require
a single integrated algorithm. It is possible, however, to think of instances
where a single procedure performs two or more functions which might be
performed separately on other occasions. The use of RAS to adjust
simultaneously for trade with data on total sector local inputs (column
totals) and reconcile product demands with total sector outputs (row totals)
in a regional transactions matrix would be an instance of this second extreme.

Intermediate levels of procedure separability include cases where order
independence is present but the results must be combined prior to the
presentation of final results, and cases where one, but not both, of the
procedures requires results from the other. A regional transactions (or
coefficients) matrix that has been adjusted for trade with location quotients
and for regional peculiarities with superior data illustrates the first of
these intermediate cases”. The connection between adjustments for technology
and commodity balance computations of regional trade coefficients is an
important example of one-way dependence. The best possible estimates of
regional commodity demand require use of any superior data on regional
technology that will be incorporated in the model, since that data is a
determinant of intermediate demand. Thus, logical consistency requires that
trade coefficients be recalculated every time superior data is inserted.

The two examples of the previous paragraph lead to an important point.
The particular form of relationship between two model-building functions (for
example, trade estimation) depends on the procedures (for example, location
quotients or commodity balance) used to carry out those functions. Model
accounting structures can also affect the relationship between two model-
building functions. For instance, with commodity-by-industry accounts,
regional intermediate demand by sector, sectoral shares of final demand, and
industry output can be estimated independently without violating consistency
so long as industrg outputs and commodity demands are subsequently reconciled
in the make matrix”.

The influence of specific procedures and accounting structures on
function independence should be a consideration in designing a hybrid model-
building process, because the separability influences the ease with which the
models can be constructed or updated. The general framework illuminates this
consideration. The degrees of separability just discussed determine which

2Sometimes, even when a procedure can be done before or after another step,
the details may vary if the other step has already been performed. With the
example in the text, the handling of superior data for insertion depends on
whether or not the location quotients have already been applied to the table,
but the identification, preparation, and insertion of superior data for
technology can precede or follow calculations of location quotients.

3The total across all commodities of intermediate plus final demands
(including regional exports) must still equal the total across all industries
of regional outputs, since either total equals the sum of all entries in the
make table.



combinations of model-building steps result in logically consistent
intermediate input-output models, as well as which steps can be replaced with
new calculations without disrupting that consistency. Although the details of
a sequence of intermediate input-output models will depend on the details of
the approach to constructing a hybrid model, certain types of interim models
will generally occur. These are illustrated in Figure 1.

Each of the boxes in Figure 1 represents one of the types in the
sequence of models, while the entries to the right indicate the kinds of
information used during the transition from one intermediate model to the
next. A source model comes from some pre-existing table, often national, and
provides the initial broad basis for any hybrid or synthetic model
construction process. The selection of a source model should not be
considered a trivial matter. Much of the data about individually negligible,
but cumulatively important, entries in the final hybrid model will trace back
directly to the source model. Furthermore, the source model’'s accounts
structures, definitions, and conventions constrain the choices on those items
for models later in the process.

Foundation models are essentially the same as synthetic models, the
difference being that in this context they are not a final product, just an
intermediate step. As an intermediate step, they should be evaluated in light
of the construction procedures that will follow. In particular, there should
be some added emphasis on model elements that are not likely to be revised
later on.

After readily available superior data is incorporated, the general
framework arrives at what the GRIT project (West, Wilkinson, and Jensen 1979;
Jensen and West 1988) calls a prototype model. To a limited extent this model
will be hybrid under the definition given above, since some sectors or data
cells will have been individually modified. It may or may not be partial-
survey, as previously illustrated with the 1982 WVIOM. The prototype model is
the most appropriate for analyses guiding the design of primary surveying
activities. Once the results of that surveying and of consultations with
experts on the local economy have been combined with the prototype model, a
final hybrid partial-survey input-output model has been built.

Aside from the specifics of model-construction procedures, there are two
related considerations that may modify the sequence of intermediate models in
Figure 1. Hybrid models are particularly well-suited to an ongoing process of
revision and updating when they are regularly maintained and used for an
expanding variety of applications. The logical relations among model-building
procedures will be important in determining how this updating should be done.
Independent procedures can be redone on separate occasions so that the entire
model need not be reconstructed every time a revision is performed. The
second consideration is the timing of the release of new sets of useful
secondary data and the availability of resources for primary data collection.
In the U.S., various major data sources of interest to builders of regional
input-output models become available in an overlapping, but fairly stable,
pattern. For example, the major economic censuses cover years ending in "2"
or "7," and appear with approximately a four year lag. The full survey BEA
national input-output tables are for the same years and have roughly a seven
year lag. Funding for primary data collection will be most likely in
connection with new specific applications. Therefore, the data accessibility



consideration in scheduling model updates will overlap with the first
consideration, new utilizations.

Figure 2 is laid out similarly to Figure 1. It represents an actual
plan for a series of revisions to the WVIOM. Of the model versions
represented, the first corresponds to the source model of Figure 1 and the
third is the first in a series of ’'final’ hybrid models. The current version
of the model, the second entry, falls somewhere between idealized foundation
and prototype models, since some, but not all available, sector-specific
secondary data has been incorporated. Note that the main direct surveying is
scheduled to correspond to economic census years, because of complementarities
with the censuses in both the collection and use of survey data. This does
not preclude surveying at other times in conjunction with a particular
application.

The remaining sections of the paper will examine some of the aspects of
designing models that fall between source models and final hybrid models in
the sequences of Figures 1 and 2. These will provide some detailed
illustrations of how the notion of varying degrees of procedure
interdependence should influence decisions on model design and construction
strategy.

Separating Technical and Trade Matrices

Many of the advantages of interregional or multiregional input-output
models have been amply covered in the literature. These include consistency
checks on regional trade estimates, since one region’s exports are another
region’'s imports (Round 1978; Polenske 1980; Begg 1986)). They also include
the ability to model the effects of one region on another, including feedbacks
where the indirect effects loop back into the region experiencing an initial
impact. On the other hand, constructing interregional models requires more
effort, regional trade patterns seem less stable than technical coefficients
(Conway 1975, 1980), and feedback effects are quite small (See the summary of
empirical results in Miller and Blair [1985, p. 127]).

The additional advantages of a model feature that appears in some
interregional models is less commonly discussed. This feature is the separate
representation of technical coefficients and trade patterns. Such a
separation is commonly associated with multiregional models and interregional
models that use Chenery-Moses type trade coefficients. There is no reason in
principle, however, why regional models or interregional models with more
complex trade patterns could not use the same independent storage of trade
coefficients. When the uniformity across purchasing sectors of Chenery-Moses
trade coefficients (or of the regional model equivalent, RPC’'s) 1is not
present, the matrix algebra representation becomes less elegant, because
element-by-element multiplication is required. Nevertheless, the aﬁtual data
processing difficulties for model calculations increase very little .

“The matrix representation of trade in Chenery-Moses type models does not
point to the most efficient way of processing the data. This is evident when
one considers all the trivial computations in multiplying the diagonalized



In contrast to the minimal increase in effort required for final
computations, the separate representation of trade can have substantial
advantages during the construction of a hybrid model. The key is that
technical or trade coefficients can be revised independently of each other.
Therefore, improved data on either set of coefficients can be used even when
corresponding information on the other group of coefficients is absent.
Similarly, a program to construct an input-output model can concentrate on
improving one group of coefficients at a time, if resources are limited or if
the best available intermediate version of the model will be used for pressing
applications.

In the current version of the WVIOM, for example, state-specific data
from the 1982 Economic Census has been used to modify technical coefficient
estimates from the preceding foundation model, even though the_1982 final
demand data needed to modify trade estimates was not available®. In contrast,
the 1982 Economic Census could not be used to modify a regional coefficients
matrix without knowing about the separate effect of trade, since it would be
impossible to determine how much of each discrepancy was due to change in
technology and how much to trade. Instances will also occur when trade
estimates could be modified independently of technology, but only when they
are represented with the separate matrices.

If the ability to update trade and technology separately creates
flexibility in the use of secondary data sources, it can be crucial in
applying data collected from primary surveys for partial-survey models. One
of the main considerations in designing such a survey is what information
respondents are likely to have about their businesses and the form in which
that information is stored. All plant managers are likely to have some
breakdown of the costs of their inputs”, although the level of detail will
vary. On the other hand, because of the complexity of modern distribution
systems, which often have multiple layers of intermediaries, there will be
many instances when an establishment will not know the geographic source (in
the input-output sense of actual producer) for some inputs. It will also be
true for some sectors that producers will have better information than
purchasers on the patterns of regional trade, due to differences in record
keeping or the importance of the transactions to the respective sectors.
Therefore, questions about the type of inputs and the location of suppliers
will almost always be asked separately, and they will often be asked most
effectively of different economic agents (purchasers, distributors,
producers). Consequently, even direct surveys will sometimes generate data
about input mixes or trade without the other. Since it is desirable to
incorporate any reasonably accurate survey data collected, the ability to

trade and technical coefficient matrices. The same issue in the context of
commodity-by-industry accounts is dealt with in Greenstreet (1987b).

The specifics here apply to commodity balance procedures, such as used, with
modifications, in constructing the WVIOM. As mentioned earlier, it would have
been desirable to re-estimate trade after modifying the technical
coefficients, if the other 1982 data, namely gross outputs and final demands
by sector, had been available.

6Ignoring the problem of headquarter activities that involve implicit inputs
for establishments in multi-plant firms. See Greenstreet (1987b).






