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INTRODUCTION

During the last decade, considerable research has been devoted to
modeling the linkages within the national economy in a more disaggregate
fashion. In addition to more detailed industry models, a number of mui
tireglonal models have been constructed to capture the Nation-to-region,
region-to-Nation, and region-to-region linkages in an economy. Both mui
tireglonal input-output (I/O) and muitireglonal econometric models have
been developed for the U.S. and other countries for this purpose.^

Applications of I/O models have typically been in providing detailed
interindustry impacts of final demand changes without reference to the
time paths of those impacts. In contrast, typical applications of muitireg
lonal econometric models have been in providing the dynamic time paths
of regional variables at a relatively industrially-aggregate level. While
there is considerable demand for both types of models independent of one
another, there are cases where I/O and econometric models can be used in
a complementary fashion, where the advantages of both are combined.^
This is particularly true for impact analysis where, for instance, industry-
specific final demand changes (usually unaccounted for in econometric
models) are translated into information that is acceptable to an economet
ric model. Thus, both intertemporal and detailed interindustry impacts
are modeled.

Except for some national models and a few single-region models, very
little research hai^ been conducted on using I/O and econometric models in
a complementary fashion for impact analysis. Accordingly, the purpose of
this paper is to demonstrate how such an integration may be accomplished
at the multiregional level. After reviewing two possible approaches to
I/O-econometric model integration, we present a methodology that has
been developed at the Bureau of Economic Analysis (BEA) that can be
used to link I/O and econometric models for use in impact analysis. The
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general multiregional modeling methodology, is available from the authors on request.
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methodology uses three models: a regional I/O model (RIMS II—Regional
Input-Output Modeling System), a national I/O table (BEA I/O), and a
multiregional econometric model (NRIES—National Regional Impact
Evaluation System). In addition to discussing the methodology of integrat
ing the three models, we describe the RIMS II and NRIES models, and
present an application of the methodology.

INTEGRATING EGONOMETRIC AND INPUT-OUTPUT MODELS

Embedding Approach

One approach to integrating I/O and econometric models is to embed
intermediate demand relationships within an econometric model. This
approach takes advantage of the characteristics of an I/O model—where
intermediate demands and final demands are identified and sum to gross
output—and the characteristics of an econometric model—where the
econometric model has the ability to forecast final demand. The embed
ding approach can be viewed as composed of two distinct aspects. In the
first aspect, econometrically estimated forecasts of final demand become
the exogenous inputs into an I/O model. In the second aspect, selected
output variables of an I/O model serve as some of the inputs to an
econometric model.

To illustrate the first aspect of the embedding approach, we begin with
the I/O accounting identity that intermediate plus final demand equals
gross output:

Xi = S Xu + S Yis (I)
j  s

where Xi is total gross output for industry i; Xy is the intermediate
demand for the i"^ industry's output by the industry; and for the P
industry's output, Yis is final demand in sector s, (s = consumption
(Gi), investment (fi), government (G;), and exports (EO ). An equation
similar to (I) holds for total output and total final demand.

X. = X X, + X Y.S (2)

where the dot (.) refers to summing over the subscript.
Dividing intermediate demands (Xy) by column-total output (Xj)

yields the direct, or technical coefficients (aij) and equation (I) may be
rewritten as,

Xi - X aii Xj = Yis (3
j
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This equation forms the logical basis for the first aspect of the
embedding approach. In particular, an econometric model is used to
forecast the levels of the components of total final demand, as in the
following equation:

Y.s = fs (Zsi, Zs2. ■ • • , Zsn) (4)

where the s subscript again refers to consumption, investment, etc., and
theXs's are exogenous variables used to predict total final demand in sector
s.

Frequently, industry-specific final demand is then predicted by using
base-year ratios of industry-specific to total final demand obtained from
either a survey-based or a nonsurvey based I/O table in the following
manner:

Yis = gs (Y.S, (Yis/Y.s)"-^'^) (5)

where equation (5) often takes the simple multiplication form, that is,
Yis = Y.S X (Yis/Y.s)^^^'^ (6)

Having thus specified interindustry relationships (au's) and forecasted
final demand components (Yis, s = Q, fi, Gi, Ei), industry-specific output
forecasts can be made through the following equation:

Xi = hs (ay, Yis) (7)

Equation (7) highlights the procedures of the first aspect of the embedding
approach: econometric forecasts of final demand and interindustry rela
tionships are used to forecast industry output.
The second aspect of the embedding approach uses some of the output

information from the I/O model in constructing the explanatory variables
(the2 variables) in equation (4). For example, several embedded-approach
models estimate income and employment as functions of I/O-estimated
output; in turn, the income and employment estimates are used as
exogenous variables in the econometric model to estimate a final demand
component (e.g., consumption) for the next iteration of the overall model.
This makes the model simultaneous in its input-output and econometric
aspects.

The embedded approach has been employed at the national level for the
U.S., Mexico, and Canada, for example—Almon, et al. (1974), Preston
(1972 and 1975), Sequy and Ramirez (1975), and Bodkin (1976)—and at
the single-region level for the States of Washington, Ohio, and
Massachusetts—Bourque, et al. (1977), L'Esperance (1975), and Treyz, et
al. (1980). The technique of embedding I/O relationships into an
econometric model at the multiregional model has only recently been
proposed by Treyz (1980), in part based on a methodology developed by
Stevens, et al. (1980).
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Linking Approach

A second approach to integrating I/O and econometric models is to link
I/O model outputs to an econometric model.^ This approach also takes
advantage of the characteristics of both types of models, but, unlike the
embedded approach, it has no econometrically-driven aspect. That is, the
linking approach is not simultaneous in its input-output and econometric
aspects. However, as will be argued later, this is an advantage of the
approach, particularly for impact analysis.
To illustrate the linking approach, equation (3) may be rewritten in

matrix notation as,

X - AX = Y (3')

or, utilizing the identity matrix,

(I - A) X = Y (3")

Letting B denote (I — A)"\ and solving for changes in output in terms of
final demand changes yields,

AX = B-AY (8)

The linking approach uses a regional I/O model to estimate the total
requirements (with total final demand, including households, exogenous)
matrix B, and then solving for AX provides industrially-disaggregated
estimates of the initial changes in output resulting from any final demand
change. The second step involves the conversion of the output changes to
changes in value added.^ This is accomplished by obtaining value added-
to-output ratios, and premultiplying the right-hand side of (8) by these
ratios:

AQ = R•B•AY

where;

R-^^ ~ X

Q = output (GNP or value added definition)
X = output (I/O definition)

The third step in the linking approach involves aggregating the initial
changes in value added to the industrial detail of the econometric model,
and using them, in combination with certain exogenous assumptions, as
inputs into the econometric model. Finally, two solutions of the economet
ric model are completed—one where normal growth trends in the regional
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economies are forecasted and one where adjustments (AQj) are incorpo
rated into the model to provide an impact solution. The values of major
aggregates of the two solutions are then compared to assess the total
impacts of the exogenous final demand changes.
The linking approach thus differs from the embedding approach in an

important aspect. Since the initial impacts from the I/O model are esti
mated using the B matrix with households exogenous, and since
econometric models typically do not contain detailed interindustry link
ages, the I/O and econometric models complement each other in a fashion
that avoids double counting. That is, each model independent of one
another represents an incomplete set of regional accounts. The I/O model
has no interregional linkages, investment and household spending are
exogenous, and intertemporal effects are unaccounted for. It does, how
ever, provide a fairly complete and detailed set of interindustry linkages,
and does translate final demand changes into value-added changes. The
econometric model completes the accounting framework by providing the
induced, interregional, and intertemporal aspects. The implications of
other differences between the two approaches are discussed below.

Advantages and Limitations of the Approaches

There are two major advantages of the embedded approach in specify
ing multiregional models. First, forecasts of (and impacts on) output,
income, and employment can be made for a larger number of industries
than with most purely econometric models. Second, the industrially dis
aggregated forecasts require estimating only four variables (C., I., G., and
E.). However, several models do disaggregate final demand components
into subcomponents in order to estimate better the aggregate component;
for example, in Bourque, etal., total investment is the sum of the following
separately estimated subcomponents: residential investment, nonresiden-
tial investment in structures, investment in equipment, and inventory
change.®
The several potential limitations of the embedded approach (especially

its econometrically driven I/O aspect) for multiregional modeling can be
viewed as arising from the following three factors:

(1) stability of technical coefficients (ay's);

(2) availability of regional final demand data (Ci, etc.); and

(3) emphasizing average rather than marginal relationships.

First, since forecasts within an econometric and an embedded
econometric model are typically made for 5-to-IO year periods, changes in
technical coefficients should he expected. At the regional level, annual
output, annual industry-specific price change, and annual final demand
data are seldom available to address this difficulty. For example, Bourque,
et al. were fortunate to have three years (1963, 1967, and 1972) of data in
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order to incorporate some State-specific coefficient changes into the
Washington Projection and Simulation Model. At the multiregional level,
projections of coefficient change would have to rely on national projec
tions that might be inappropriate for a given region.®
Second, although historical data on industry-specific income are avail

able even at the county level, time-series estimates of final demand, either
at the aggregate level (Y.) or at the industry-specific level (YO, are not
available for most regions. Furthermore, generating an historical time
series for the components of final demand (Ci, f, Gj, and Ei) may be even
more difficult than for total final demand.

Third, when used in impact analysis, the embedded model relies on the
average relationships between final demand and intermediate output. For
example, if a policy change has the effect of marginally increasing personal
income, and therefore consumption, the total consumption change (AC.)
and the industry-specific consumption changes (AGO may not he distrib
uted in the same relative way that average total consumption (G.) and
average industry-specific consumption (GO are distributed. As a specific
example, if income rises due to policy changes, households could save
more than average, or households could spend less on food and more on
recreation. In the case of consumption, the divergence between marginal
and average relationships occurs because the income elasticity of demand
is not equal to one for each industry-specific output. To varying degrees,
the same divergence can arise in the other components of final demand.
The major advantage of the linked approach for the multiregional

modeling of the impacts of policy changes is that the three major limita
tions of the embedded approach, to a large extent, are overcome. First,
since the technical coefficients are used only in estimating initial industry-
specific stimuli, the stability of the coefficients over the entire forecast
interval is not an issue. Second, final demand data, often unavailable in a
consistent, accurate, time series at the State level, are not necessary in the
linked approach. Third, the nonunitary elasticities in the multiregional
econometric model permit an estimation of the impacts of policy changes,
which are not dependent on the average relationships between final de
mand and intermediate output, when compared to the impacts estimated
in the embedded approach.^
The major disadvantage of the linked approach is that some of the

industrial detail of the pure I/O model is lost. This occurs because the
I/O-estimated initial impacts must be summed to the industrial detail of the
usually more aggregated econometric model; therefore, it is not possible to
forecast economic activity for each of the individual industries in the I/O
model. However, this disadvantage is to some extent mitigated in the
RIMS II-NRIES linked model, which estimates initial impacts (often 50
percent of total impacts) for up to 496 industries. The following section
describes the RIMS II-NRIES linked model in detail.

RIMS II-NRIES LINKING APPROAGH

To illustrate the RIMS II-NRIES linking approach, an application
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where a single-region I/O model is linked with a multiregional economet
ric model of the U.S is described. As indicated in the introduction, this
application uses three models developed at BEA—the RIMS II regional
I/O model, the BEA national I/O tables, and the NRIES multiregional
econometric model. Since the RIMS II and NRIES models comprise the
basis of this linking technique, a brief overview of their structures is useful
before describing the application. A description of the BEA national I/O
tables may be found in Ritz (1980).

Overview of the Models

In response to the growing need for improved techniques for regional
impact analysis, the Regional Industrial Multiplier System (RIMS) was
designed in the mid-I970's to estimate multipliers for use in determining
the secondary single-region impacts of public and private economic de
velopment policies on county-defined study areas.® RIMS was capable of
providing reliable multiplier estimates without the high cost of gathering
survey data. The Regional Input-Output Modeling System (RIMS II) is a
refinement of RIMS. The basic differences between RIMS II and RIMS

are the use of a more recent national I/O table, the use of more detailed
data for regionalizing the national I/O table, and improved economic and
statistical techniques for estimating multipliers. These improvements have
increased the accuracy of the estimated multipliers, have provided greater
flexibility in the presentation of results, and have extended the range of
applications of the multipliers. For example, for a given industry-specific
initial stimulus, while the original RIMS could estimate only the total
output and earnings impacts, RIMS II can estimate impacts on 496 af
fected industries. The capability of RIMS II to estimate the full multiplier
matrix (rather than just its column sums as in the original RIMS) is crucial
for the various linkages of RIMS II and NRIES discussed below.®
The RIMS II estimating procedure can be viewed as a three-step pro

cess. In the first step, the national I/O coefficient matrix is made region-
specific by using corresponding 4-digit SIC location quotients (LQ's). The
LQ's are used to estimate the extent to which requirements are supplied by
firms within the region. For this purpose, RIMS II employs LQ's based on
two types of data. According to this mixed-LQ approach, BEA county
personal income data, by place of residence, are used for the calculation of
LQ's in the service sectors, while BEA earnings data, by place of work, are
used for the LQ's in the nonservice sectors. The next step involves estima
tion of the household row and the household column of the matrix. The

household-row coefficients are estimated based on value added-to-gross
output ratios from the national I/O table and are introduced into each
industry's coefficient column. If it is appropriate to endogenize the house
hold sector, a household column is constructed, based on national con
sumption and savings rate data, and national and regional tax rate data.
The last step in the RIMS II estimating procedure is to calculate multip
liers by the Leontief inversion of the previously estimated direct require-
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ments coefficient matrix. This inversion process produces output and
earnings multipliers for up to 496 additionally affected industries.
NRIES^" is a multiregional econometric forecasting and impact model

composed of 51 individual State econometric models," a national sub
model, and explicit interregional linkages. Its primary use is to estimate
through time the spatial distribution of impacts resulting from policy
alternatives. The model may be used also for medium-range (5-12 year)
forecasts of regional economic activity. Within each State model, there are
230 variables estimated annually using ordinary least squares. These in
clude output, employment, wage and nonwage sources of income. State
and local government expenditures and revenues, population by age
group, and retail sales. Economic activity in a particular State is generally
expressed as a function of three types of variables: economic activity in
related sectors of the State, economic or demographic interaction among
States, and certain nationally determined levels of economic activity.
Examples of the first type of variable include the use of disposable

income in an output equation for a local consumption-oriented industry,
or the use of output in an employment equation. These types of variables
form the internal linkages within each State, similar to single-region
econometric models. Interregional linkages among States are explicitly
incorporated into the NRIES model through a set of interaction indexes.
Based on the gravity-potential concept, these interaction variables repre
sent distance-deflated economic or demographic activity in all States.
There are two subcategories of the remaining type of variable in the
NRIES model: those national variables that typically exhibit no regional
variation and are therefore estimated at the national level ("top-down"
element), and those national variables that are expressed as the sum of the
variables in the 51 States.

The second type of national variable, the aggregated-State variable,
represents a unique feature of NRIES—its "hottom-up" element. Most
single-region econometric models are constructed as "satellites" to na
tional econometric models and there is, therefore, a unidirectional rela
tionship between the national economy and the State economy. Changes in
economic activity of a particular State have no effect on the national
economy. Similarly, in many multiregional models, a top-down approach
is often taken, where regional attractiveness variables are used to "share-
out" national control totals. Thus, for example, analyzing the impact of
alternative distributions of a given amount of Federal aid or expenditures
is difficult in the top-down multiregional models since the national control
totals remain the same. In contrast to the unidirectional focus of most
other single-region and multiregion models, national and State economic
activity in NRIES is simultaneously determined. Regional economic activ
ity determines some national economic activity, which in turn has a sec
ondary effect on regional activity.

Overview of Application

RIMS II and NRIES were used to determine the impacts of Local Public
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Figure 1. Derivation of the Spatial Distribution of Impacts ofLocal Public Works Expenditures in
Colorado
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Works (LPW) expenditures in the Denver SMSA on the economies of
Colorado and the Nationd^ The LPW expenditures in the Denver SMSA
by project type were obtained from the Economic Development Admini
stration; these expenditures are tabulated by I/O-defined construction
activity. The majority of these expenditures were associated with con
structing new sewer facilities. Figure 1 depicts the process by which
economic impacts of the LPW expenditures were derived. The LPW
expenditures were used as inputs into RIMS II and the national I/O tables,
and then expenditure-to-output conversion equations were used to derive
industry estimates of the change in output produced by the LPW expendi
tures. These first-round or initial changes in output for Colorado were
used as inputs into NRIES to determine the total impact on Colorado,
while a gravity concept was used to allocate these output changes for the
rest of the U.S. to the remaining 50 States. NRIES was run over a 1978-84
forecast period with these adjustments, to provide estimates of the total
impacts of the LPW expenditures on Colorado and the remainder of the
United States. The following discussion describes this procedure in detail.

RIMS II and National HO Components—The first step in the analysis in
volved the conversion of LPW expenditures as used in the RIMS II model
and the national I/O table into value-added changes by industry to be used
by NRIES. This step was necessary, since the most important measure of
economic activity in NRIES is value added by industry, and the LPW
construction expenditures, by themselves, represent changes in final de
mand sales to the government sector. The following equation shows how
the construction expenditures were translated into national output
changes by industry.

AQ? = (Qi/Xi)"- S hi ■ AYi
j

where:

AQi = national output (GNP definition) change in industry i.

(Qi/Xi)" = national ratio of output (GNP definition) to
output (I/O definition) for industry i.

b". = direct and indirect national requirements for the
output (I/O definition) of industry i used as input for
construction type j.

AYj = dollar amount of final demand change for construction
type j.
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In equation (11), the construction expenditures (AYj) are viewed as a
change in final demand, which increases the level of national output (GNP
definition) or value added (AQ"). The levels of the industry-specific
changes in output were estimated using national I/O coefficients, h§ , and
national ratios of value added (Qi) to output (Xi) from the national I/O
tables.

An equation similar to the above was used to estimate the size of output
changes in Colorado.

A Q? = (Qi/Xi)" • S bVAY^ (12)
j

where:

AQS = Colorado output (CNP definition) change in industry i.

bfj = direct and indirect Colorado requirements for the
output (I/O definition) of Colorado industry i used
as input for construction type j.

In Colorado I/O coefficients, bfj, were estimated by RIMS 11. The other
terms in equation (12) are defined as in equation (11), and the interpreta
tion of the above equation is similar to that for equation (11). The dif
ference between changes in national and Colorado output equals the
output changes in the rest of the United States (AQf). The initial output
changes can be summarized in the following two identities:

S A Yj = X A Q? + IMPORTS

j  i

S A Q° = 2 A + S A
j  i i

The first identity states that changes in construction final demand are
equal to changes in domestic and foreign output, and the second identity
states that changes in national output are equal to the sum of output
changes in Colorado and in the rest of the United States.
NRIES Components—.For Colorado, the inputs into NRIES consisted of
these 1972-dollar changes in output for nine of NRIES' industries. As
inputs into NRIES for the rest of the United States, the RIMS 11-generated
initial changes in output by industry for the rest of the U.S. were aloocated
among the remaining States including the District of Columbia. It was
assumed that two factors determine an individual State's share of the total

rest of U.S. output changes: relative proximity to the point of initial
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stimulus (Colorado), and the relative importance of each State's industries
to the national industry totals. Thus, first, the simple linear distance
between the population center of Colorado and the population centers of
the remaining 50 States was obtained. Second, 1978 output values for nine
industries were obtained for each State and the United States (net of
Colorado) from a NRIES baseline solution. For each industry, the share of
national (net of Colorado) output accounted for by each State was deflated
by the distance factors. These distance-deflated 1978 output values for
each of the nine industries for the remaining 50 States were used as
allocation coefficients to apportion the rest-of-the U.S. output changes
among the 50 States. The following equations depict this procedure:

■*AXi,

Xu/dei

AXij = Ay *AXy rus (16)

AXy, the changes in output for industry i, i=l, . . . , 9 and Statej, j= 1, . . .,
M (j=/=c) is the product of two components. First, the 1978 baseline solution
output values for industry i, Statej (Xy) are deflated by the distance from
Colorado (c) to State j (dcj), and weighted by the sum of the distance-
deflated output values in all States other than Colorado. The result is then
multiplied by the rest-of-U.S. (rus) output changes in industry i (AXi, rus)-
Note that the sum of the allocation coefficients (the Ay's) over the 50 States
equals one, so that the sum of the industry share distance-deflated output
changes over the 50 States equals the total rest-of-U.S. output changes by
industry. That is.

and therefore.

M
X AXy
j=l

for every industry i, i=l,
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To estimate the impact of the LPW expenditures (converted to 1972-
dollar changes in output) for Colorado, the United States, and the rest of
the Nation, NRIES was first simulated over the 1978-84 forecast period to
produce a "most likely scenario" of economic growth for States in the
United States. This simulation, which will be referred to as the baseline
solution, provided the basis for comparison with an alternative solution in
which the 1978 LPW-generated construction stimulus to Colorado was
introduced. The impacts caused by the LPW construction program were
derived by calculating the differences between the forecasted values of
certain key economic variables in the baseline and alternative solutions for
Colorado, the United States, the remainder of the United States, and for
the eight BEA multistate regions. The resultant impacts reflect the effects
of interregional, as well as dynamic linkages within NRIES.
Table 1 presents the impacts of the LPW construction grants on total

real output in the United States, Colorado, the rest of the United States,
and the eight BEA regions." Lor 1978, the year of initial stimulus, the total
effect on real output in the Nation (GNP) is significantly greater than the
size of the initial LPW stimulus. In particular, a $15.6 million change in
real output for the United States associated with the LPW program in
Denver, produces a national total impact of $24.1 million in economic
activity in 1978. Of that total impact, $23.6 million, or 98 percent, occurs in
Colorado (versus an 83-percent share of the initial change in U.S. output),
while only $0.53 million in economic activity is generated outside Colorado
from a $2.7 million initial change in rest-of-U.S. output. Thus, the size of
the stimulus to Colorado was so great as to induce outmigration from other
States into Colorado.

In 1979, the impact on GNP is about one-eighth as large as in 1978. The
impact on Colorado real output is almost $6.6 million, while the remainder
of the United States actually loses about $3.6 million in output, relative to
the baseline. Throughout the remainder of the forecast period, the total
impact on GNP steadily diminishes, with Colorado returning to its baseline
growth trends beginning in 1981. The total impact over the entire forecast
period, 1978-84, is $31.3 million in the Nation, 97 percent of which occurs
in Colorado.

Table 1 also presents the real output impacts on the eight BEA regions.
As expected, the impact for 1978 is largest in the Rocky Mountain region
(of which Colorado is a part), followed by impacts in adjacent regions: the
Southwest and Plains. The Ear West region, although adjacent to the
Rocky Mountain region, does not experience as great an impact as might
be expected. This is not surprising, however, since industrial structure, as
well as proximity to Colorado, determines the size of the impact, as dis
cussed earlier. California, the largest State in the Far West region, accounts
for a much larger share of the national services industry total than of the
national manufacturing industry total, and the size of the initial change in
rest-of-U.S. output was much greater for manufacturing durables than for
services.



Table 1.

Output Impacts* From LPW Expenditures in Denver**
(Millions of 1972 dollars)

State 1978 1979 1980 1981 1982 1983 1984 Total

United States 24.15 3.04 1.25 1.21 1.00 0.50 0.11 31.27

Colorado 23.63 6.65 1.59 -0.24 -0.54 -0.43 -0.24 30.43

Rest of the U.S. 0.53 -3.62 -0.34 1.45 1.54 0.93 0.34 0.84

BEA Regions
New England -0.26 -0.29 — — — — — -0.79

Mideast -0.92 -2.52 -1.29 -0.54 -0.11 — •—■ -5.31
Great Lakes -0.25 -0.61 -0.19 0.16 0.26 0.23 0.14 -0.26
Plains 0.49 — 0.28 0.26 0.20 0.14 0.10 1.57
Southeast 0.19 -0.76 — 0.44 0.41 0.24 — 0.57
Southwest 0.95 0.40 0.39 0.36 0.24 —■ — 2.46
Rocky Mountain 23.81 6.70 1.64 -0.18 -0.49 -0.40 -0.21 30.87
Far West 0.12 — 0.57 0.76 0.50 0.19 — 2.15

♦Numbers whose absolute value is less than $1 million are not significantly different from zero in the NRIES model.
♦♦These total real output impacts result from initial output changes of $12.9 million in Colorado; of $15.6 million in the U.S.; and of $2.7 million in the rest of the U.S.
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Insignificant impacts occur in the New England, Great Lakes, and
Southeast regions, due to their relative distance from Colorado. Signifi
cant negative impacts occur in phe Mideast region, due hoth to its industrial
structure and to its oversupply of lahor. Finally, over the entire forecast
period, significant positive impacts occur in the Rocky Mountain, South
west, Far West, and Plains regions due to their close proximity to Colorado.

SUMMARY

The purpose of this paper has heen to describe the various approaches
to combining the advantages of I/O models with those of econometric
models in a multiregional setting. Two approaches and their advantages
and limitations were discussed—that of embedding an I/O model in a
multiregional econometric model, and that of linking an I/O model with a
multiregional econometric model. It was indicated that the embedding
approach contains elements of the linking approach inasmuch as certain
outputs from the I/O model, in combination with various exogenous
variables, do in fact enter into the econometric specifications of final
demand components. However, because of the sparsity of time series
estimates of regional final demand components, and because of the diffi
culty in projecting changes in regional technical coefficients, the embed
ding approach suffers from a number of limitations not shared by the
linking approach.
An application of the linking approach using three models developed at

BFA—RIMS II, the BFA national I/O table, and NRIFS—was described.
This application focused on using a single-region I/O model and a national
I/O table, and linking them to a multiregional econometric model to
evaluate how a program affecting one State impacts on that State as well as
on all other States in the Nation.

An interesting extension of this methodology would he to use 51 RIMS
II I/O models, one for each State and the District of Columbia, and to link
them with NRIFS, to evaluate how a particular multistate program affects
the entire U.S. That is, assuming that the impacts of an exogenous final
demand change occurring in every State are required, a RIMS II I/O
mod^l could he constructed for each State to indicate the initial impacts of
the final demand change at the 496-industry level. Then, aggregating this
information to the industry level of NRIFS, NRIFS could be used to
estimate the total—direct, indirect, induced, and interregional—impacts
of the final demand change over time.

FOOTNOTES

^Bolton (1979) and Bolton and Chinitz (1980) provide
overviews of multiregional modeling. For a description
of various types of multiregional models, see Adams and
Glickman (1980), Dresch and Updegrove (1978),
Holmer (1980), Polenske (1980), and Stevens and
Trainer (1980); for references to regional models in
general, see the bibliographies in Ballard, Gustely, and
Wendling (1980) and Cartwright, et al. (1981).

^Bolton and Chinitz (1980, p. 43) make this point, for
example.

^This approach has been employed at the single-
region level—Glickman (1977, pp. 170-180)—and at the
multiregion level by the authors.
*The need to convert output changes into value-added

changes arises because of the difference in the economic
accounting units used in the I/O and econometric mod-
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els. Output (I/O definition) is similar to total industry
sales; output (GNP definition) is equal to value added,
and therefore, excludes intermediate purchases. In this
paper, the I/O definition of output is denoted by X and
the GNP (value added) definition of output is denoted
by Q-

®In the new version of the Washington Projection and
Simulation Model, consumption is also disaggregated
into four sectors—durables, nondurables, services, and
other.

®The issue of coefficient stability applies as well to
interregional trade coefficients in a multiregional em
bedded approach model. However, this difficulty can be
overcome (as it is in the linked approach) by estimating
dynamic interaction indexes based on a gravity variable.
The weaknesses of the gravity approach are, of course,
recognized.

^Since initial impacts are estimated with an I/O model,
the linked approach is dependent on both the average
interindustry relationships (au) and the average relation
ship between industry-specific output (Xi) and value
added (Qi). However, unlike the embedded approach,
these dependencies hold only for the calculation of ini
tial impacts but do not hold for the entire forecast inter
val.

®For a more complete discussion, see Cartwright, et al.
(1981).

^For the linkages discussed in this section of the paper,
the full multiplier matrix was estimated using a revised
version of RIMS, which used several techniques from
RIMS II. RIMS II had not been completely developed

when research began on linking BEA's regional I/O and
econometric models. In order to simplify the presenta
tion, the term, RIMS 11, has been used throughout this
paper.

'"For a more complete discussion, see Ballard,
Gustely, and Wendling (1980).
'Tor simplicity, the District of Columbia is referred to

as a State.

'^Portions of this subsection were excerpted from Bal
lard, Cartwright, Gustely, andKort (1980). The RIMS II
model, by itself, was used also to estimate the impacts on
Denver County and the Denver SMSA, according to the
methodology presented in Cartwright (1979).
'^Numbers in table 1 whose absolute value is less than

$1.0 million are not significantly different from zero in
the NRIES model. This application of the RIMS II-
NRIES linking methodology incorporates an initial
stimulus, the size of which is perhaps at the lower end of
the threshold level of NRIES' sensitivity to impacts.
While a larger initial stimulus would have produced
more significant impacts outside Colorado, the present
application nevertheless serves to illustrate the RiMS
II-NRIES linking methodology.
"The differences between the RIMS Il-generated ini

tial rest-of-U.S. impact and the final NRIES total impact
reflects interregional linkages in the econometric model.
The increased demand in Colorado in the impact solu
tion relative to the baseline attracts economic activity
away from other States. Since RIMS II is not an interre
gional I/O model, it cannot capture these additional
effects.
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