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3  Input-Output Models at the
Regional Level

31 Introduction

Originally, applications of the input—output model were carried out at national levels —
for example, o assess the impact on the individual sectors of the US economy of a
change from war 1o peacetime production as the end of World War 1 appreached. Over
time, interest in economic analysis at the regional level — whether for a group of states
{asin a federal reserve district), an individual state, a county or a metropolitan area — has
led to modifications of the input—output model which attempt to reflect the peculiarities
of a regional (subnational) problem. There are at least two basic features of a regional
economy that influence the characteristics of a regional input—output study.

First, although the data in a national input—output coeflicients table are obviously
some kind of averages of data from individual producers located in specific regions,
the structure of production in a particular region may be identical to or it may differ
markedly from that recorded in the national input—output table. Soft drinks of a particu-
lar brand that are bottled in Boston probably incorporate basically the same ingredients
in the same proportions as are present in that brand of soft drnk produced in Kansas
City or Atlanta or in any other bottling plant in the United States. On the other hand,
electricity produced in eastern Washington by water power {Coulee Dam) represents
quite a different mix of inputs from electricity that is produced from coal in Pennsyl-
vania or by means of nuclear power or “wind farms™ elsewhere. For these reasons, the
early methodology for regional input-output applications — which used national input
coeflicients with some minor modifications — has given way to coefficients tables that
are tailored to a particular region on the basis of data specific Lo that region.

Secondly. it is generally true that the smaller the economic area, the more depen-
dent that area’s economy is on trade with “outside™ areas — transactions that cross the
region’s borders — both for sales of regional outputs and purchases of inputs needed for
production. That is, one of the elements that contributed to the exogenous final-demand
sector in the model described in Chapeer 2 — exports — now will generally be relatively
much more important and a higher proportion of inputs will be imported from pro-
ducers located outside of the region. To exaggerate, a one-world economy would have
no “foreign trade,” since all sales and purchases would be internal to the worldwide
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T0 Inpui—Chuiput Models at the Regional Level

“region,” whereas an urban area depends very much on imports and exports {imports
of components to aircraft production and exports of Boeing airliners from the Seattle
areal,

In this chapter we will explore some of the attempts that have been made to incorpo-
rate these features of a regional economy into an input—output framework. Suchregional
input—cutput models may deal with a single region or with two or more regions and
their interconnections, The several-region case is termed imterregional input—output
analysis (in one version) or multirepional input—output analysis {in another version).
We will examine each of these kinds of regionalized inpui—output models, as well as
what is known as the balanced regional model.

There has been an encrmous amount of inpult—output work at the regional level.
Examples of some of the earliest single-region applications are found in Moore and
Petersen ([955), Isard and Kuenne (1953), Miller (1957}, and Hirsch (1959), A very
thorough discussion and documentation of the details involved in producing & regional
input—output table during the early period in the development of this area of application
is provided by Isard and Langford (1971) — in this case the region was the Philadelphia
Standard Metropolitan Statistical Area — and in Miernvk ef al. (1967) for Boulder,
Colorado, and Miemyk ef al. (197(1) for West Virginia. Overviews of early regional
input—output models can be found in Polenske { 1 980, Chapter 3 ) and in Miernyk ( 1982),
For an idea of the large amount of continuing work in this area. the reader is referred
to annual indexes in such journals as Economic Svstems Research, Journal of Regional
Science, Iternational Regional Science Review and Papers in Regional Science.' In
addition, many regional input—output tables and studies using these tables have been
published by the appropriate sub-national agencies (state and local governments or
their counterparts outside the USA) for whom the analysis was done, or by universities
where the work was done.

In section 3.6 we indicate some examples of how the geographic scale of connected-
region models has evolved in both the micro- and macroscopic directions from these
earliest applications — down to models of as small an area as an inner-city neighborhood
and op te what are often referred 1o as “world” models, encompassing several blocs
of mega-nations. Examples of regional applications will also be discussed in Chapter
fi on multipliers and in Chapler 8 on estimating regional data. Much of the material
on regional and interregional input—outpul models in this chapter and several chapters
fater in this book is covered (in less detail) in Miller {1992,

32 Single-Region Models

3.2.1  National Cocfficients
Generally, regional input—output studies attempt 1o quantify the impacts on the pro-
ducing sectors located in a particular region that are caused by new final demands for

! ther relevant joumals include Exvinmonent and Planming A, Amals of Regfond Science. Regfonn! Studfes.
Growth and Change, Urban Stwdies, Land Econowmics, Regionol Science and Urbwan Ecoromics. Regional
Science Perspectives, and Ecomowic Geograply,

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 70.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=104

Copyright © 2009. Cambridge University Press. All rights reserved.
May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable
copyright law.

2 of 50 04/01/2011 14:43



Input-Output Analysis : Foundations and Extensions http://site.ebrary.convlib/mitlibraries/docPrint.action?encrypted=alb803...

3.2 Single-Region Models 71

products made in the region. Early regional studies (Isard and Kuenne, 1955 Miller,
1957y used a national table of technical coefficients in conjunction with an adjust-
ment procedure that was designed to capture some of the characteristics of the regional
economies, since specific coethicients tables for the particular regions did not exist,”

We usen superscript r to designale “region " in the same way that subscript i denoted
“sector i in the discussion in Chapter 2, Thus, just as x; was used to denote the gross
output of sector i, let x" = x| denote the vector of gross cutputs of sectors in region
r. Similarly, I = [f;"] represents the vector of exogenous demands for goods made in
region r. For example, if r denotes Washington State, one element of £* could be an
order from a foreign airline for commercial aireraft from Boeing in Washington.

The problem in these early regional studies was that only a national technical coeffi-
cients matrix, A, was available, but what was needed, essentially, was a matrix showing
inputs from firms in the region to production in that region. Denote this unknown matrix
by A = laj |. where aff is the amount of input from sector i in r per dollar’s worth of
output of sector § in r. (This anticipates notation later for many-region models. where
we will need two superscripts to identify orgin and destination regions, just as ¢ and j
are origin and destination sectors.) Assume, in the absence of evidence to the contrary,
that local producers use the same production recipes as are shown in the national coef-
ficients table, meaning that the techrolopy of production in each sector in region r is
the same as in the nation as a whole. Nonetheless. in order to transkate regional final
demands into outputs of regional Arms (X}, the national coefficients matrix must be
modified o produce A" (locally produced goods in local production).

Early studies carried out this modification through the use of estimated regional
supply percemtages. one for each sector in the regional economy, designed to show
the percentage of the totz] required outputs from each sector that could be expected
to originate within the region. One straightforward way to estimate these percentages,
using data that may often be obtainable at the regional level, requires knowledge of
i 11 total regional output of each sector i, &}, (2) exports of the product of each sector
from region r, ¢, and {3) imports of good [ into region r, m{. Then. one can form an
expression for the proportion of the total amount of good § available in region r that
was produced in r (the regional supply proportion of good [). We denote this by pf,
where

o Ed)
! (] —&f +mf}
The numerator is the locally produced amount of § that is available 1o purchasers in
r; the denominator is the fotal amount of { available in r, either produced locally or
imported. (Thus p} = 1N is an estimate of the regional supply percentage for sector i
in region r — the percentage of good { available in r that was produced there.)

Assuming that we can estimate such proportions for each sector in the economy,

each element in the fth row of the national coefficients matrix could be multiplied by

2 The “regions” were the Greater Mew York—Philedelphia urhon-industrial region {consisting of 2 counties in
Conmecticut, 11 in New York. 19 in New Jerscy, ond 3 in Peansylvania) in the first case and the states of
Washington, Orezon, and Idaks in the second,
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72 Input—Chuiput Models at the Hegional Level

pi to generate a row of locally produced direct input coefficients of good { to each local
producer. If we arrange these proportions in an r-eglement column vector, p. then our
working estimate of the regional matrix will be A™ =p"A. For a two-sector model,

this is
AT =Bk pi O (lan aiz| _ | plan plaiz
0 pillan an piazl phain

For any [ we could then find x" = (I — p" A}~ '17. This uniform modification of the
elements in a row of A is a strong assumption. It means, for example. that if the aircrafi.
kitchen equipment, and pleasure boat sectors in Washington all use aluminum (sector
i) as an input. all three sectors buy the same percentage. pf, of their total aluminum

needs from firms located within the state.
d50:258

20 .05
a national table, and that we want to create A" from it, and that there 1s no evidence
that the basic structure of production in the region differs from the national average
structure reflected in A. The unique features of the region, however. are captured in the
regional supply percentages. Using regional output, export and import data. suppose
we estimate that 80 percent of sector | goods will come from firms in that sector within
the region. but only 60 percent of sector 2 goods can be expected to be supplied by

In the two-sector example in Chapter 2 we had A = i| - Assume that this is

regional firms in sector 2, sop’ = |:2:| . Suppose that the projected (new) final demand

in the region is " = |: } (this is the final demand vector that was used for some of

600
1500
the numerical examples in Chapter 2). Then

80 8 07[.15 257 _[.12 20
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and using this regional inverse directly.
1169 0241 600 106290
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This tells us that the total output that will need o be produced in the region by sectors
1 and 2 is 51062.90 and $1678.50. respectively.

In more recent regional input-output analyses, attempts have been made o model
the characteristics of a regional economy more precisely. We examine these briefly in
the following section. and we return to the “regionalization” problem in Chapter 5.

3.2.2  Regional Coefficients
We noted above that electricity produced in Washington will most likely have a dif-
feren! production recipe (column of technical coefficients) from electricity made in
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Pennsvivania. These regionally produced electricities are really two different prod-
ucts — “hydroelectric power” and “coal-fired electrical power.” As another example,

consider the aircraft sector. In a national table, this would include the manufacture of

a mix of commercial, business, and personal aircraft. One input to this sector would
be the huge jet engines used on Boeing commercial airliners. On the other hand, the
atreraft sector in a regional table for the state of Florida might reflect the manufacture
of small personal aireraft, for which the jumbo jet engines are not an inpuot at all; in a
Washington table. however, jet engines are an extremely important input.

Sectors in even very disaggregated national inpui—output tables will be made up of

a variely of products — as in the aircraft sector example. And firms within that sector,
located in various regions of the country, will generally produce only a small number
of those products — Boeing in Washington does not produce small propeller-driven

airplanes; Piper in Florda does not produce jet airliners that can carry upwards of

300 passengers. This illustrates the so-called product-mix problem in input-output;
firms classified in the same sector actually produce different sets of products. The most
straightforward way to avoid this problem is to survey firms in the region and construct
what is called a survey-based regional input—output table. In conducting such a survey,
one can pose essentially two variants of the basic question. In asking firms in sector j
in a particular region about their use of various inputs, the question can be:

I. How much sector § product did you buy last vear in making your output? (For
example, how much aluminum did aircraft manufacturers in Washinglon State buy
last vear?), or

2. How much sector { product did vou buy last vear from firms located in the region?
tFor example. how much aluminum used by aircraft producers in Washington was
purchased from producers in Washington 7y

Inthe former case a truly regional techmical coefficients table would be produced; this
would better reflect production practices in the region than does the national table — it
would eliminate the input of large jet engines into the manufacture of private aircraft in
Florida. for example. Butit would not address the question of how much of each required
input came from within the region and how much was imported. On the other hand.
a set of coefficients based on inputs supplied from firms within the region for outputs
of firms in the region would reflect regional production technology. These might be
termed regional input coefficients. They are to be distinguished from regional technical
coefficients since they do not always accurately describe the technology of regional
firms, but rather only the way in which local firms use local inputs. (Intraregional input
coefficients would be an even more precise. although cumbersome, description,*)

Rather than adapt a national coefficients table through application of regional supply
proportions, some regional analysts have tned te derive true regional input coefficient

3 1F it is ulso possible todetermine how much came from firms located uutsidﬂh-:st.ﬁﬂhr:n one |'§£I'1 the bezinnings
of un interregional or mubirepional model. These are discussed below insections 5.7 and 2

4 Tichout (1905, p. 3357 used “direct intraregional interindusiry cocfcicnL” which Lln.umnb:l.c]y precise but also
rather cumbersome,
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74 Inpui—Chuiput Models at the Hegional Level

tables through surveys of regional establishments using variants of guestion 2. A series
of tables for Washington State illustrates this kind of survey-based modeling effort.
specifically for the state for 1963, 1967, 1972, 1982, 1987, and 2002. (There is also
a Washington table for 1997 produced mainly by a nonsurvey estimating technigue;
nonsurvey approaches are explored in Chapters 7 and B, The 1997 and 2002 tables
are available at www.ofmowa.govieconomyfio.) The Washington tables can be found
in Bourque and Weeks (1969), Beyers er af. (1970}, Bourque and Conway (1977},
Bourque (1987), and Chase, Bourque and Conway (1993}, These data have been the
basis of many comparative studies.

To examine this kind of extension, we need more complicated notation, We continue
to use a superscrpt r for the region in guestion. Then let ,:L' denote the dollar low of
goods from sector § in region r o sector j in region 7 Just as the order of subscripts
is “from—to™ with respect to sectors, the order of superscripts indicates “from—to” with
respect to geographic locations. If we had a complete set of data on 77 for all n sectors
in the regional economy. and also data on gross outputs uj-' } of each sector in the region,
a sel of regional input coefficients could be derived as

=T

o il
ay = s (3.2)

x

Let Z™ =[z[/land x" = [x]; then the regional input coefficients matrix is
i 4
R ] {n=ll

S AL (3.3)

{This is what was approximated in the early regional studies described above by p'A.)
Then the impacts on regional production of a final-demand change in region r would
be found as

x =@-A")If (3.4)

3.2.3  Closing a Regional Model with respeci to Households

The Washington State models noted above were closed with respect to households in the
manner described in Chapter 2 —by adding & household consumption column and a labor
input row. One extension to the process of endogenizing households in an input—output
model is to add more than one row and colomn to the direct input coefficients matrix,
This approach is frequently implemented at a regional level, although it can apply
equally well to national models. As usual, the impacts of projected increases in final
demand will be increased sectoral outputs and therefore increased payments for labor
services. The basic ideais thata distinction should be made between consumption habits
ol various kinds of consumers — forexample. at a sub-national level, those of established
residents of the region. who may experience an increase in their incomes ( for example.
due to productivity increases) and the consumption patterns of new residents, who may

3 We need double superscripts becanse loter we will also mensure inlerindustry fiows between regions — os in .'EI.'.
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move into the region in anticipation of employment {new income). This distinction
apparently originated with Tiebout (1969), where they are designated fntensive and
extensive income growth, respectively.

The reason for the distinetion is that current residents may spend each dollar of new
income according to a set of margingl consumplion coefficients, while new residents
may distribute their purchases according to a set of average consumption coefficients.

The presumption should be clear: as new residents move in o 6ill jobs al the same wage rule as
established residents. average consumplion propensities are relevant. Insofar as regional income rises
because of incressed per capita incomes, marginal consumption propensitics apply (Tichouwl. 1909,
p. 3348

If sales, by sector. could be broken down into those to new residents and those to
existing residents. and if labor payments, by sector, could be similarly disaggregated.
then marginal and average household consumption coefficients could be derived. Sim-
ilarly, knowing each sector’s outputs, “old” and “new"” labor inputs per dollar's worth
of output could be found. These would form two additional rows and columns with
which 1o close the model.

In practice, such data are not so conveniently available. Tiebout (1969) describes
the derivation of extensive and intensive coefficients in a regional model for the state
of Washington. Miernyk ef al. {1967) investigate essentially the same issue for their
pioneering Boulder. Colorado, input—output study.” In addition, an attempt was made in
the Boulder study to disaggrepate the income increases 1o existing residents by income
class, with lower marginal consumption propensities in higher income classes. (See
Miernyk et al. 1967, esp. Chapter V.)

Instead of disaggregating households into “old” and “new” residents, Blackwell
{ 1978) proposes a tripartite division into intensive and extensive (current residents and
new residents, respectively, as above) and also redistributive, whichis that portion of any
new income that goes to previously unemploved local residents. The distinction between
currently employed and currently unemploved workers is also explored in some detail
by Madden and Batey {1983, and elsewhere).” The considerable work of Madden and
Batey and their colleagues on “extended” input-output models is representative of a
large body of research linking population and economic models. It 1s summarnzed in
Batey and Madden (1999), which also contains references to a great deal of earlier
work by them and by others. Mivazawa ( 1970) also investigates extensions to multiple
categories of consumption spending and income recipients. We further explore various
maode] closures (including the Mivawaza formulation) in Chapter 6 when we investigate
input—output multipliers.

I Tiehout's contribution in formulating this distinction between extensive and intensive consumplion propensilies

in o region is noted by Miemyk ef al. {1967, p. 104, 0. 0}, A draft of Tichout's poper was completed by 1967
und wus published posthumously in 1969, following his death in Jamsary, 1968,
Other early examples of “extended” maodels with households included {by no means an exhoustive list) include
Schinmar { 1976}, Beyers { 1940), Gordon and Ledent {1941 ), Ledent and Gordon ( |941), and Joun and Conway
{14453}, These combined models are sometimes referned 1o 05 demo-coonomic - or also as eco-demographic,
The demo-cconomic components refect inpuis from various labor (houschold) groups, and the eco-demographic
Componens caplure activity such as consumption by various kousehold tvpes.
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T6 Inpui—Chuiput Models at the Regional Level

3.3 Many-Region Models: The Interregional Approach

Single-region models of the sort described in the previous section represent one
approach to modeling a regional economy in input—output terms. What they fail to do,
howewer, 1s to recognize in an operational way the interconnections between regions.
The one region of interest {in the above. this was region r) was essentially “discon-
nected” from the rest of the country within which it is located. in the sense that its
production recipes are reflected in an intrare gional matrix, A™. For a country made up
of several regions, a number of important gquestions have several-region implications,
Next year's national defense budget might include a large order for a certain type of
aircrafl built in California, the overhaul of one or more ships in ¥irginia, and modern-
ization and upgrading of an army base in New Jersey. Each of these activities can be
expected to have ramifications not only within the region (state, in this example) where
the activity tzkes place. but also in other states. The total economic effect is therefore
likely to be larger than the sum of the regional effects in California, Virginia. and New
Jersey. Firms outside California will produce goods that will be imported to California
for aircraft production; those firms. in turn, may import goods from other states for their
production. Materials for ship overhaul will come to Virginia from suppliers outside
that state. Electronic parts for the base upgrading in New Jersey may be imported from
elsewhere and the electronics frms, in tum, will need both local (wherever they are
located} and imporied inputs. and so on.

A fundamental problem in many-region input—output modeling is therefore the esti-
mation of the transactions between regions. One approach. the inferregional model,
requires a complete {ideal) set of both intra- and interregional data. For the two-region
case, this means knowing x" = ix;']. = [x:TJ. T = [35.’] and £ = |z_:_?|f| along with
Z" = [z}]] - recording transactions from sector { in region r to sector j in region s —
and Z¥ = Iz_,ﬂr] —in which flows from s to r are captured. It is the last two matrices that
cause the most trouble. In practice. it 1s never the case that one has such detailed infor-
mation, and the requirements grow quickly with the number of regions — a three-region
maodel has six interregional matrices, a four-region model has 12, and so on.

Alternative forms of many-region input—output models were created and elaborated
by members of the Harvard Economic Research Project (HERP) under Leontief's direc-
tion, from its inception through the 1960s." Taken chronologically, the interregional
input—output model (IRIO} structure was first described by Isard (1951} and elaborated
in Isard et al. (1960}, (This is often labeled the “Isard model™.) Leontief et af. (1953)
sketched the framework of an intranational input—output model (often referred to as
a “balanced regional model:” section 3.5, below). This was later applied to assess the
secioral and regional impact of a cul in US arms spending in Leontief ef al. {1965 ). The
multiregional input—output model {MRIO) was (almost simultaneously } described in
Chenery ( 1953) (a two-region model for Italy) and in Moses {1955) {a nine-region US
model} — thus the label “Chenery-Muoses model.” Finally, Leontiel and Strout (1963)

% HERF wasstarted uf Harvard by Leonticl in 1948 and continued until 1972, Thorough accounts of this formative
work cun be found in Polenske (1993, 2004),
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Table 3.1 Interindustry, Interregional
Flows of Goods

Purchasing Sector

Region r Region &

Sclling Sector 1 2 3 1 2
Lt -r =& -iT =Tl =y
Regionr L 2fp oy &5 5
] =r = =T - g ) -y

o o Ao - R | Tl -

1 =fr = =T I =y

- i3] =) i3 Fr e

Rc rinn ¥ l ::rr =AF -Ir :.'ll -1
E I "1z "3 1l 2

3 g -4 -ir P 7 4 5y

= o I S i P Y T

proposed a gravity-model approach to estimation of interregional flows in a connected-
region input—output model.” In this section we explore the interregional input-output
(IRIO} model,

3.3.1  Basic Structure of Two-Region Interregionad Inpui-Output Models

Far purposes of illustration, we consider a two-region economy ( For example, in Ialy,
northern ltaly and southern Lialy: or, in the United States. New England and the rest
of the United States), Using r and 5, as before, for the two regions, lel there be three
producing sectors {1, 2, 33 in region r and two (1, 2} in region 5. Suppose that one has
information for region r on both infraregional flows, :E'r.". and interregional fows. 'rjr
There will be nine of the former and six of the later. Suppose. further, that the same
kind of information is available {perhaps through a survey ) on the use of inputs by firms
located in region s. 7 and 7. This complete table of intraregional and interregional
data can be represented as

z I Z ¥
z & z.T.T

I =

Table 3.1 indicates the full set of data, "

In the regional models of section 3.2, we utilized intraregional information only —
as in (3.2), (3.3), and (3.4). We now want to incorporate much more explicitly the
interregional linkages. as represented by information in £™ and Z*".

* Isard eral. {1964, esp. Chapter 11 described gravity models and explosed their potentinl for estimating inter-
regionad interactions (including commeodity flows) in detuil. We explore the gravity approach and others in
section 4.6, below, on estimating interregional flows,

11 To be more consistent with afready-fumilior subscript nodation, one could denote the regions by 1 and 2,
respectively. Then un element such as 73 would be denoted :E' . However, for purposes of exposition it scems
clearer to use bowesease letters to designate regions: for uxamﬁhc:. 50 as to avoid huving ='s with four differem
numbers sttached Lo them
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These off-diagonal matrices need not be square. Here Z™ has dimensions 3 » 2 and
L7 05 a2 % 3 matrix. The on-diagonal matrices are always square; for this exam-
ple. Z7 and Z* are 3 = 3 and 2 x 2, respectively. While the elements in Z™ represent
“exports” from region r and simultaneously “imports™ to region 5, itis usual in regional
input—output work to refer to these as interregional trade (or simply trade) Aows and to
use the terms export and fmport when dealing with foreign trade that crosses national,
not just regional, boundaries.

By surveying firms i both regions on their purchases of locally produced mmputs
and inputs from the other region, one would accumulate the data shown in the vanous
celimns of Table 3.1, On the other hand, the data in Table 3. could also be gathered by
asking firms in each region how much they sold to each sector in their region and how
much they sold to sectors in the other region. This would generate the figures shown
in the various rows of Table 3.1.'1

Consider again the basic equation for the distribution of sector i's product, as given
in equation (2.1) of Chapter 2:

si=mtmtootitotmmtf

One of the components recorded in the final-demand term was exports of sectori goods.
In the two-region interregional inpul—output model, that part of f; that represents sales
of sector i"s product to the productive sectors in the other region {but not to consumers
in the other region) is removed from the final-demand category and specified explicitly,
For our two-region example, the output of sector | in region r would be expressed as

T 7 ) -y r =
-'l| + i +£.'|2 + _,|rj [_3.:”
—e e —
Sevtew | intarceginml, Sevtew | imtrrn il
inlerindusiry sales inrmehisiry s wabes i Hnal desnsd

There will be similar equations forxd and «f. and also for x] and 3. The regional input
coefficients for region r were given in {3.2). There will also be a set for region .

P

3.6)

Interregional trade coefficients are found in the same manner. where the denominators
dre gross outpats of sectors in the receiving region. Here these are

I5 =

ry i g
ajj = — and :.rL =—F 3.7
e X

Using these regional input and trade coefficients, (3.5} can be re-expressed as

& = afjay +ahed +alid +agiag +eha (3.8

11 Usually, one has some (oot comgplete) information on purchases and also some (ol complete) information on
sales, The problem then is to produce a table from possibly inconsistent data. This reconciliution problem is
discussed in section &9,

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 78.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=112

Copyright © 2009. Cambridge University Press. All rights reserved.
May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable
copyright law.

10 of 50 04/01/2011 14:43



Input-Output Analysis : Foundations and Extensions

11 of 50

3.3 Many-Region Models: The Inferregional Approach 79

Again, there will be similar expressions for 17, x{, x, and . [Compare the equations
{2.4) in Chapter 2. where there was no regional dimension — no superscripts + and s —
and where there were i sectors.] Following the same development as in Chapter 2, by
moving all terms involving x© or x° to the left (2.8) becomes

(1 —aljla] —afhad — afsal —afje] —afad =F (3.9

There are similar equations with f7, ff, f{. and f5* on the rght-hand sides.
For the present example, A™ [(3.3)] is

I o
aj) O @y

r .
AT = | af] afy afy

I T
fy) O33 33

Also, for this example, A* = Z¥(%")~". and the two trade coefficients mairices are
AT = 7%~  and A* = Z77(%)~ . Using these four matrices, the five equations
of which (3.9) is the first can be represented compactly as

(IT—ATIX" — AFx '
aror L3 S 4 ¥ (3.14)
— AT +{I-AYx'=F
where ' is the three-element vector of final demands for region r goods, and 7 is the
two-element vector of final demands for region 5 goods.
We define the complete coefficients matrix for a two-region interregional model as

consisting of the four submatrices

Arr An’.‘f

A=
A.‘.‘r AM

For the current example, this will be a 5 = 5 matrix. Similarly, let

1 0
x" £ (3% 3) e B’
T . E= . I=
x* i ] 1
(2x3) (22}

Then {310} can be expressed as
1—Ax=t (311

as in {210} in Chapter 2. To highlight the structure of (3,01}, it can be expressed less
compactly as
I 0 AT AR x "
= = (3.1
{' I A.TJ' AJ’.'I' !.'| {I
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Mote that in using an interregional model of this kind for analysis, not only is stability
of the (intrajregional input coefficients necessary (the elements of A™ and A*), but
also interregional input coefficients in A™ and A™ are assumed unvarying over time.
Thus both the structure of production in each region and interregional trade patterns
are “frozen” in the model. For a given level of Ainal demands in either or both regions,
the necessary gross outputs in both regions can be found in the usual input-output
fashionasx = (I—A)~'f. As isclear from {12}, this complete (1 — A} matrix will be
larger than that for the single-region model — if both regions are divided inte »n sectors,
ihe single-region matnx would be of size i = » and the full two-region interregional
model would be 2n = 2n, which means four times as many (possible) elements of
information are needed (many of which may be zero, of course). However, aside from
these dimensionality effects, the analysis proceeds along similar lines.

The advantage is that the model captures the magnitude of effects on each sector
in each region: interregional linkages are made specific by sector in the supplyving
region and by sector in the receiving region. The accompanying disadvantages are
primarily the greatly increased data needs and the necessary assumptions of constancy
of interregional trading relationships. If it is not always easy to accept the idea of
constant input coefficients in general. in the national input—output model. it may be
even more difficult to believe that imports of good § per dollar’s worth of sector § output
in a specific region remain constant. no matter how much sector [’s output changes.

3.3.2  Interregional Feedbacks in the Two-Region Model
Consider anincrease in the demand by a foreign airline for commercial aircraft produced
in Washinglon State (region r). Certain subassemblies and parts will be purchased from
sectors outside the region (for example, jet engines from Connecticul. region 5). This
stimulus of new output in Connecticut because of new output in Washington is often
called an interregional spillover. The increased demand for aircrafi will increase the
demand for engines and consequently for all of the direct and indirect inputs (o the
manufacture of jet engines, one of which might be extruded aluminum components
made in Washington, This ides is illustrated in Figure 2.1,

The downward arrow connecting Washington output to Connecticut output represents
an imterregional spillover effect: the upward arrow from Connecticut to Washington

| Increased Demand for Washington Aircraft

¥

| Increased Output of Washington Sectors

| Increased Output of Connecticut Seclors

Figure 3.1 Increases in Washington Final Demands Affecting Washington Outputs via Connecticut
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is also an interregional spillover — the first originates in Washington (r — 5, the
second originates in Connecticut (s — r). The loop (two arrows ) connecting Wash-
ingten output to itself, via Connecticut cutpul, represents an interregional feedback
effect {r — r); in other words. Washington needs more inputs from Connecticut and
therefore Connecticut needs more inputs from everywhere, including Washington. The
interregional moedel in its two-matrix-equation form [in (2. 107] allows one to isolate
exactly the magnitude of such interregional feedbacks.

Suppose, in (310}, that we read x", x*, f' and f* as “changes In” — that is,
Ax', Ax®, AF', and AP, Given a vector of changes in final demands in the wo
regions, we can find the consequent changes in gross outpuls in both regions. Assume,
for simplicity, that AF* =1 we are assessing the impacts in both regions of a change
in final demands in region r only. Under these conditions, solving the second equation
in (2.10) for x¥ gives

X =I— A”h_lﬁuxr
and putting this into the first equation, we have
(I—AT)x" — A - A% A =" (3.13)
r

Note that a single-region model {for region #J, as in (3.4), would be (I — A" x" =",
The “extra” (second) term, subtracted on the left in {(3.13),

AJ’.H{] —Aﬁ']'lh”xr (314

represents exactly the added demands made on the output of region r because of inter-
regional trade linkages: it is an interregional feedback term. Consider the various pans,
starting at the right: (a) A™x" captures the magnitude of Aows from x to r because
of increased outpot in r [the value of engines that are shipped from Connecticut to
Washington for installation in the new airplanes], (b) (I — A™)~ AT« then wanslates
these flows into total direct and indirect neads in & to produce the required shipments
from ¥ {Connecticut production in all sectors needed to supply the engines for ship-
ment o Washington), (¢) A" (1— A®) ' A" x" indicales the magnitude of the additional
sales from r 1o 5 that will be necessary to sustain the total 5-based production found in
ih) [mew outputs from Washington sectors to satisfy Connecticut demand for inputs to
Connecticut production guantified in (b)]."

Thus the strength and importance of interregional linkages depend not only on the
elements of the interregional input coefficients matrices — A™ and A™, in this example —
but also on the full set of regional input coetficients in the other region. as represented
by (I — A™) =l Itis precisely these kinds of spatial linkages that distinguish complete
interregional models from single-region models, Since the feedback term is subtracted
from (I—A™)x" in {3.13), a given value of f" will generate a larger x” than in a single-
region analysis in order that the required shipments to region & can be met. as well

12 The arrows in Figure 3| indicate the disections of transmission of demands to producers. The outpul responses
1o those demands travel in the opposite direction along the amows,
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Table 3.2 Flow Data for a Hypothetical
Two-Region Interregional Case

Purchasing Sector

Hegion r Region »

Selling Sector | 2 3 1 2
Regiomr 1 1500 500 50 125 5
2 200 100 400 200 1K
3 00 500 0 60 40
Regioms | T5 100 60 208 250
2 50 25 25 150 100

as the usual intraregional shipments, A™x". In terms of outputs, the single- and two-
region models will generate " = {1 — A™) "' and x" = (1 — A™ — AVL7AT) 17,
respectively.

3.3.3  Numerical Example: Hypothetical Two-Region Interregional Case
To illustrate for the two-region case. suppose that the figures in Table 3 2 represent the
data in Table 3. |, Also. let

20
& 100
. 0 : 515 : 50
= 1000 | andf* = 450 . sothat f = =
Sk ' 515
450
Thus
1000
2000
i ;
o [200] Eiaan X 1000
x' = | 2000 |, x* = ,and x = =
1000 B x7
1200
SO0
and A" is found to be
150250 050
AT =] 200 050 400
300 250 050
Similarly,
02 3
AT [.1667 .3135] AT 'fgﬁ? '{S:-,ﬁ A [.mju 0500 _r}ﬁ[}ﬂ]
= |12 211 ] A et (L = | nsor 5 07
2500 1250 0500 0500 D500 0125 0250
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S50
[ 0.1500 02300 0.0500  0.0208 0.0938
AT AT 0.2000 0.0500 04000 01667 0.1250
A= [ :| — | 0.3000 02500 0.0500  0.0500 0.0500
£r 55

AT A L0730 0.0500 00600 01667 0.3125
| L0500 000125 0.02500 0.1250 0.1250

and define

M 14234 04652 02909 0.1917 0.3041
L L 0.6346 14237 06707 0.4092 0.4558
[ 1 ”:| 06383 05369 1.3363  0.2501 0.3108

L21 L»

0.2672 0.2000 01973 1.3406 0.5473
0.1468 0.0908 0.0926 02155 1.2538

We use Lyj. Lz and so on because later it will be necessary to refer to these individual
submatrices in L, and they are to be distinguished from L™ = (1—A™)"'and L* =
(T — A™)~! which are often used to denote Leontief inverses associated with regional
direct input coefficients matrices.

Impacts on the sectors in both regions of various new final-demand vectors in either
or both regions can now be found. For example, with new demand of 100 for the output
of sector 1 in region r, (F*") =[100 0 0 0 0], and, using L, above,

142.34
. 63.46
e
K |:i‘xl:]”e“.:| — Lfrew — | 63.83
el 26.72
14.68 J

The new outputs in region 5 of sectors 1 {26.72) and 2 (14.68) that result from the new
demand in region r reflect inferregional spillovers — economic stimulus in a region
other than the one in which the exogenous change occurs (in this case spillovers from
region r to region 5.

[t is to be emphasized that the final demands in the interregional input—output model
are for outputs produced in a particular region. That is, f;" = 100 means that there is a
final demand of 100 for sector 1 goods that are produced in region r. If sector 1 were
aircraft production and region r were Washington, new orders from a foreign airline
for Boeing commercial airliners would be represented in the value for .

Using these hypothetical data, we can illustrate the differences between the results
from a single-region model for region r alone and the results from this two-region
interregional model. From the information on A" alone we find

1.3651 4253 2509
LT={I—AT)"' = | 5273 1.3481 .3954
5698 4890 I_EBSSJ
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]EI.']—I
Using this single-region model with (f7)"" =1 0 | and ignoring interregional
0 |
linkages, as in (3.4), we have
1.3651 4233 2509 100 136.51
xp=L"f" = | 5273 1.3481 5934 0 | =| 5273
5698 4890 1.2BRS 0 56.99

We use a subscript § to make clear that these are outputs in the single-region model,
and we drop the superscript “new.” With the complete two-region model we had. for
region r,
142.34
xp = | 0346
63.83 J

Here, x} reminds us that these are outputs in the rwo-region interregional model. The
difference in results for region r is seen to be

142.34 136.5 1“ 5.83 “
xp—xf=| 6346 | —| 5273 | =| 1073
63.83 56.99 6.84

Each region r output is larger in the interregional model because the interregional
feedbacks are captured in that model. One measure of the “error™ that would be involved
in ignoring these feedbacks — in using a single-region model as opposed to an interre-
gional model — would be given by the percentage of total output in region r that one
fails to capture when using a single-region model only. Total output over all sectors
in region » in the two-region model is i’x’]'— = 260.63. Total output estimated in the
single-region model is i'x§ = 246.23. By this measure, the underestimate that occurs
in using the single-region model is i’x’]'r—i’xg = 2340, or (23 40/269.63) =« 100 =87
percent of the total true (two-region model) output. Formally, this overall percentage
error measure is found as

OPE = [{i'x} — i'xg)/i'xT] = 100 = [i'(x] — x{)/i'xT] = 100

It thus becomes an interesting empirical question to try to assess the importance of
interregional feedbacks in real-world regional input—output models. If it turned out that
the error caused by ignoring interregional linkages when assessing the impact of new
region r final demands on region  outputs was quite small, then one might argue that {at
least for such questions) the apparatus of an interregional model would be unnecessary.
The answer will depend, in part, upon the relative strengths of the interregional link-
ages: in the two-region model this means on the magnitudes of the elements in A™ and
A, Precisely this question has been investigated; however, the results are inconclu-
sive. The conclusion from an early set of experiments was that interregional feedback
effects were likely to be very small (less than one half of one percent, using the overall
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percentage error measure presented above for illustration). (See Miller, 1966, 19659,)
Other studies have tended to confirm the relative smallness of interregional feedback
effects by comparing output multipliers from single- and many-region input—output
models. (Chapter 6.) There has bean work on derivation of upper limits on the percent-
age error that could be expected in certain interregiona! input—output models when the
interregional feedbacks are ignored (in particular, Gillen and Guccione, 19850; Miller,
{Us6; Guecione et al, 1988},

The error caused by ignoring interregional feedbacks 1s strongly influenced by the
level of seif-sufficiency in region r — whether or not region r 1s refatively dependent on
inputs from region 5. This is because higher dependence is rellected in larger coefficients
in A" which, again as in{2. 14}, generate a larger feedback term. Self-sufficiency is also
a function of the geographic size of the region. In a two-region model with Nebraska
{region r) and the rest of the United States (region 5), the average element in A™ will
be larger than in a two-region model in which region r is the United States west ol
the Mississippi and region 5 is the United States east of the Mississippi. However, in
the Mebraska (r Mrest-ol-the-United States () example, the elements in A™ (reflecting
rest-of-the-United States dependence on inputs from Nebraska) will be generally much
smaller than in the United States West (r /United States East (5) example. Thus it 1s not
easy o generalize on how the geographical size of the respective regions ultimately
influences the size of the interregional feedbacks.

In any case, a single-region model. by definition. cannot capture effects outside of
that region (spillovers) in regional/sectoral detail. and there are many kinds of eco-
nomic impact questions that have important ramifications in more than one region of
a national economy. In these cases, some kind of connected-region model is essential.
The interregicnal input-output framework provides one such approach. Feedbacks and
spillovers in input—-cutput models will be examined again in Chapter & when we discuss
multiplier decompositions.

Some analysts (for example, Qosterhaven, 1981 ) suggest that measurement of feed-
back effects should be based not on total impacts {direct and indirect) but rather should
be found as percentages of indirect impacts only — withoul the first term in the power
series or with T netted out from gross outputs in OPE = [(i'xy — i'x5)/i'xT] = 100,
This means

OPE" = ([(i'xp —i'f) — (i'xy — D) /('xp — D)) = 100

= [(i'x} — i'x5) /(i'xy — 1)) = 100

This “net” measure is larger than OPE (except in the trivial case when £=0);
, " _ (i o ] Fxr \_ s,
namely OPE" ={0OPE) (I_:'r_—ﬁ'} In our numercal example, (i_:'l-_—ﬂ') = 1.39 and

o e y o Fap—iry . .
OPE" = 13.5. Alternatively, 100 x (QPE/OPE"y = 10 x (_ﬁ’r_] indicates the per-
centage of the net measure that is captured by the original measure. [n the example,

this is 63 percenL
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3.3.4  Interregional Models with more than Two Regions

The fundamental structure of models with more than two regions is identical to the two-
region case in section 3.3, 1, although the numbers of matrices and their sizes increase:
The objective is to capture explicitly the varions economic connections between and
among the several regions in a multiregional economy. For example, ina three-region
model (regions 1, 2, and 3}, the complate coefficients matrix would be

’—AII All Al.”-—|
A=A AT AP (3.13)
AY ARl 4
and the parallel to (3.10) s
M—AMx! — Al _ A3l
A AT - AR = (3.16)

2

— AN — AR 1A =P

x! f! 100
Withx=| x* [.F=| 7 | andI=| 0 [ 0 |.thecomplete three-region interregional
3 3
X - LI |

input—output model is still represented as (I — Ajx = f. The underlying logic is the
same as that for the two-region model, and the equations in {3, 16) can be built up in the
same way as were those in (3.10), Also, the magnitudes of the interregional feedback
effects can be made specific.

The extension to a p-region model is straightforward. (For example. there are nine-
region models for Japan, noted in section 3.3.5, below.} The parallel to (3,16} is

M—AMx! — Al2x2 — ... — Aligr =f!
: 3.17)
— APyl — AP22 (- AP = 7

(The interested reader can construct the paralle]l expressions for A, L Fand x.)

The data requirements increase quickly with the number of regions, Assuming that
all regions are divided into p sectors (nol a necessary requirement al all — each region
could have a different number of sectors), a complete two-region interregional model
requires data for four coeflicients matrices of size n = 0. a three-region model contains
nine 1 x 1 matrices, a four-region model has sixteen such matrices, and a p-region
model has p* such n = n matrices. However. interregional models with a refatively
small number of regions may be useful. since one region can always be defined as the
“rest of the country™ or the “rest of the world.” A three-region mode] might concentrate
on a particular county, region 2 could be the “rest of the state” and region 3 the “rest
of the nation” {outside the state},
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3.3.5 Implementation of the IRIO Mode!

Clearly. the interregional input—output model requires a large amount of detailed data.
For this reason, there have been few real-world applications. Perhaps the most ambitious
attempts at implementation are contained in the impressive series of Japanese survey-
hased interregional tables, with nine regions and {ultimately) 23 sectors, beginning with
1960 and updated every five years. [See Ministry of International Trade and Industry
{MITL), various years: this was reorganized as the Ministry of Economy, Trade and
Industry (METT) in 20001, | This very rich data source has generated o number of Japanese
comparative regional studies (see, for example, Akita, 1994, 19949 Akita and Kataoka.
20062},

34 Many-Region Models: The Multiregional Approach

While a complete interregional model of the sort described 1n section 2.3 1s generally
impossible o implement for very many regions and/or sectors because of the enormous
amounts of data that it requires, the approach has inspired modifications and simplifi-
cations in the direction of a more operational framework. One attempt in this direction
uses the “Chenery—Moses"” approach {noted in section 3.2, above) for consistent esti-
mation of the intra- and interregional transactions required in the IR1O0 model. It has
come to be known as a multiregional input-output model. It contains counterparts to
the regional input coefficients matrices — as in A" — and the interregional input (trade)
coeflicients matnices — as in A™. In both cases the attempt has been to specify a model
in which the data are more easily obtaimed.

Polenske examined and implemented three versions of the MRIO model — the
Chenery-Moses version {also known as a “column-coefficient” model for reasons that
will become clear below). an alternative row-coefficient version, and one using the
gravity model approach of Leontief and Strout (1943)." Problems with the latter two
approaches ultimately precluded their use, and the column-coefficient model was cho-
sen as the structure on which to develop the US MRIO model. [Polenske, [970a, 1970b,
1980, 1995 {section 2), 2004 (section 8); Bon, 1984.]

3.4.1 The Regional Tabfes

The multiregional input—output model uses a regional fechnical coefficients matrix. A",
in place of the regional input coefficients matrix, A™. These regional technical coeffi-
cients., a; can be produced from responses to the question “How much sector i product
did you buy last year in making your output?” [Question (1) in section *.2], where they
were conlrasted with the regional input coethicients. u";r Information regarding the
region of origin of a given input is ignored: one only needs information on the dollars’
worth of input from sector § used by sector § in region r. These transactions are usually

13 | pomticf and Strout {1967 “divised the multirczions] inpul-output {MRIO) sccounts” (Pobenske and Hewings,
2004, p. 274
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denoted by zl']-r, where the dot indicates that all possible geographical locations for sector

i are lumped IUEEIhET.H These coefficients are defined as af; = f.— and A" = [af;].
. .-'

In practice. when actual regional data on technology are not available, estimates
of regional technical coefficients matrices are sometimes made using what is known
as the product-mix approach. The basic assumption is that inputl requirements per
unit of output are constant from region to region at a very fine level of industrial
classification. but that an important distinguishing characteristic of production at the
regional level is the composition of sector outputs, when one is dealing with more
aggregate sectors. To return to our earlier illustration of the preduct-mix problem,
when two-engine commercial jets are made in Washington (or anywhere else), they
use, among other things. two jet engines as inputs: when single-engine propeller-driven
private aircraft are made in Florda or in any other state, they use one propeller engine as
one of the inputs to production. But the important Fact 1o capture is that the output of the
sector designated “aircraft” ina Washington table is composed of o vastly different mix
of products (commercial jets) than the “aircraft” sector in Florida (privatedcorporate
airplanes).

To illustrate, assume that sector 2 is food and kindred products, and that it contains
only three subsectors. which can be designated by their outputs: tomato soup (sector
2.1}, chocolate bars (sector 2.2, and guava jelly {sector 2.3). Assume that the national
technical coefficients from sector 8. paper and allied products, o each of these sub-
sectors are: (LODS, 0.009, and 0.003. (These represent various aspects of packaging —
labels, wrappers, ete, ) Suppose that we want to derive coefhicients for inputs from seclor
B 1o sector 2, agr, for New Jersey (region J ) and for Florida (region F). The data tha
we would need are shown in Table 3.3, where N designates nafional data. The food and
kindred products sector was composed of only tomato soup {$700.000) and chocolate
bars ($300,(00) output (no guava jelly) in New Jersey: in Florida it was made op of
tomato soup (SE0,000) and guava jelly (3420,000)) — no chocolate bars.

Purchases of paper and allied products as inpuls to New Jersey food and kindred
products production over the period covered by the output figures in Table 3.5 are then
assumed to be the sum of

alfy | x| = (.003)(700, 000) = 3500
a, , xd 5 = (.009)(300,000) = 2700
¥y 5385 = (.003)0) =0

for a total of $6200 in necessary inputs from sector 8 to production in sector 2 in New
Jersey. Since ri = .1."1'_1 +.r“£_J +.a‘§_3 = 1,000, 000,

aj, = 620041, 000,000 = 0062

19 sometimes a smull o or a lurger dot is used, primarily becuuse it is easber to read
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Table 3.3 Data Needed for Conversion of National to
Regional Coefficients via the Product-Mix Approach

National Deata

To sector 2: Food and Kindred Products

Subsectors 21 2.2 23
{tomato soup) {chocolate bars) (guava jellv)

From sector 8: Paper and Allied Products

dty 4 = 05 :r|2'3.2= i ity 4 4 = (K13
Regional Data
Outputs (in 1000 dollars) by subsector of sector 2
(Mew Jersev) {Florida)
X, =700 i, =80
ad, =300 gy=0
wy=0 iy =40

Total Cutputs { Sector 2)
o = 1000 o =500

Similarly, for Florida,

ay x| = (.005)(80,000) = 400
ay .38, = (009)(0) = 0

aly 285 = (.003)(420,000) = 1260

The total Florida inputs from sector 8 would be estimated as 51660, Since rg = S00L0040,

we have
at = 1660/500,000 = 0033
Formally,
4 (ags ¥y +ag2ax)y + alyaxds) v [ v [ v [T
gy = P =dga) o tayaa o tagas o

ra .

'3
: X J . J
= e AT S N 21 N .2 N =
e E—— =d +a +a 3
82 -'l';- 821 ( 2F ) 8,21 ( ; ) 8.2.3 ('."IIF )

The regional coefficients derived in this way are weiphted averages of the national
detailed coefficients, where the weights are the proportions of subsector outputs to
total output of the sector (e.g.. .1'%_],-'.1%} in each state.

3.4.2  The Interregional Tables
The interconnections among regions in the multiregional input—output model are cap-
tured in an entirely different way from the interregional input—output framework. Trade
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Table 3.4 Interregional Shipments of
Commodity |

Receiving Region

Shipping Region | 2 .- X .
BT TR il Iy
i ] I ] A (]
5 S .- el A
= i | i i
=rl o] s T
2 ¥ % e e R
ol _ml e o, i
r | ~I, | o
Total T T e TP s N

flows in the multiregional model are estimated by sector, again to take advantage of the
kinds of data likely to be available. For sector i, let 7/ denote the dollar low of good
{ from region » o region §, irrespective of the sector of destination in the receiving
region.'” These flows will include shipments to the producing sectors in region s as
well as to final demand in s. Thus there is, for each sector. a shipments matrix of the
sort shown in Table 3.4,

MNote that each of the column sums in this table represents the total shipments of
good { into that region from all of the regions in the model; this total, for column 5. is
denoted in the table for good i by T7:

TI:‘ ::I:I'T+E;—".+...+:F'I_;...+-'?'t 1_1_”';}

)

If each element in column s is divided by this total. we have coefficients denoting the
proportion of all of good { used in s that comes from each region v {r = L...., p).
These proportions are denoted ¢f*:
-
| e

Ly = —
f 5
T

For later use. these coefficients are rearranged as follows. For each possible origin-
destination pair of regions, denote by ¢ the n-element column vector

5
tn

1% T be consistent with the notation :rZJI' or 2, ubove, this should propery be =™ or 5% However, when the
blank space is in the second subscript position, il is casicr to distinzuish then when it i in the first superscript

position, und so we avoid the double subscript option.
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3.4 Many-Region Models: The Mulliregional Approach L |

These elements show, for region 5. the proportion of the total amount of each good used
in & that comes from region r. Finally, construct €7,

rf 0 .- 0
| T el
e =, (319
0 0l
for .o = L..... p. Note that there will be fatraregional matrices in this set. For
example, there will be a matrix &, namely
{...T.T D 0
0
e B (3.20
a0 0 g

whose elements, of° = 77*/T}. indicate the proportion of good { used in region s that
came from within region 5.

3.4.3  The Multiregional Model'"
Consider 4 small two-sector, two-region example, where

T, r & I
AT i L &S yy g
= r r|* ==, 8 i
o TR b €y
e 0 cf 0
= , o=
0 g 0

Then the multiregional input—cutput model uses the matrix
I o F s g
o B B R

n~ X

C”n‘t' Ze=
X o5 T f
£y @y £33 93

as an estimate of A'™ in the interregional input—output model. Similarly,

ciayy o' ags
25T L 5 =
o= :

ey oy,

in the multiregional mode] replaces A™ in the interregional model. Therefore the mul-
tiregional input—output model embodies the same assumption as was used in the earlier
regional models with estimated supply percentages. Looking at the top rows of the

15 1n this section we emphasize the structurol parmllels between the mubtinegional model and the interregional
model In Appendix 3.1 o this chapter the basic relationships in the multircgional model are derived from
stundard econcmic and input-output theory.
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A" and ¢” A matrices, note that both sectors 1 and 2 in region 5 are assumed to have
the same proportion of their total use of commaodity | supplied from region r. namely
o, and the same proportion supplied from within region § — ¢f*

Suppose that sector 1 in both regions r and & is electricity production and sector 2 in
region s is automobile production, then if ¢ff = 0.6, this means that 60 percent of all
electricity used in making electricity in region s comes from region r and 60 percent
of all electricity used in automobile manufacture in region 5 also comes from region r.
And similarly, since in this two-region model it would be true that ¢ff = 0.4, 40 percent
of the electricity vsed in both electricity production and avtomobile production in 5
comes from within that region.

Since the interregional shipments recorded in Table 3.2 include sales to both pro-
ducing sectors and final-demand users in the receiving region, the final demands in
region s are met in part by firms within the region (¢} and in part by purchases from
firms in region r (€~F). To continue the illustration with ¢}'= 0.6, where sector 1 1s
electricity production, 60 percent of the final demand for electricity in region 5 will
alse be satisfied by producers in region r.

The multiregional input—output counterpart to (2. 10) for the interregional model is

therefore
‘I A E}'J'Ar]xf = EFJA! ¥ S EJ’."["P + Er.'fr.'f
e 3
— A"+ (I — " A" Ix* = &7 + &V G.21)
Let
AT 0 e &7 x" £F
A= L= g ,and f =
u AJ' ESJ' ":.I.T i.\' f.'l'
so that {3.21) can be represented as
(I-CAx=0Cf (3.22)
and the solution will be given by
x=(I-CA)cF (3.23)

The extension to more than two regions is straightforward. Equations for the three-
region model would be

fI—E“J‘.”XI — E!:A:KE = E”A:‘szfilfl +E|:r]+éi."-f3
— @Al 4 (1 e2ANNE — e8A% =&l 4+ 202 4+ 850
| Y L v e +{I— E]-."-,A_\xj g + 2322 4 2333

[Compare (3.16), for the three-region interregional model.] By appropriate extension
of matrices A, C, x, and f to incorporate three regions. the fundamental model is stll
(I — CA)x = CI. as in (3.22}), with solution x = (I — CAY'CF, as in {3.23).
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Purchasing Sector

Region r Region s

Selling Seclor | 2 3 ] 2

235 60 110 325 325
Z50 -1B5. 42> 350 200
325 T 150 360 240

Ll Pl o=

Finally, when there are p regions, let

Al o o0 gl
0 A - 0 &
A= L gl =
0 0 .- AP @

125
270
2000
EH’.‘ Xi i-]
e X F?
= cand F =
- g x*"’J i

Then (E— CAjx = CFand x = (I — CA)~'CF still represents the system and 11s
solution: only the dimensions of the matrices have changed.

344 Numerical Example: Hypothetical
Assume that we have the flow data in Tab
producing sectors in each region, regard]

Two-Region Muliiregional Case
le 3.5, representing total inputs purchased by
ess of whether these are locally produced or

imported from the other region. These are the 2" = l‘,: and Z' = EK,E_;;'J data.

1000

Suppose, further, that x" = | 2000
1000

technical coefficients matrices, A" = [f!EI_-

225 300 1107
AT = .250 063 425

1200

and x* = | BOD |, so that the regional
1500
Jand A = |rr_,‘-;, ], are

83 406 083
AT =202 250 180

325 350 .150

300 300 _]3_’-J

For the trade proportions, we need measures of the total amount of each good. £, that
isavailable in each region — 77 and T7.in(3.18). Table 3.0 provides an example of these
data. (Note that the row sums for each sector in each region must be the total owtput
for that sector in that region, as recorded in the appropriate x vector.) The proportions
—eft =3} T} — are easily found. Here

J21 183 RLFLY 817
=] B12 |, =] 583 |.¢" =] .188 |, and ™ = | 417
A b T8 265 922
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Table 3.6 Interregional Commedity Shipments for the Hypothetical Two-Region
Multiregional Case

Commaodity 1 Commodity 2 Commodity 3
r 5 r H r ¥
r 00 200 1300 T QO 100
5 10 O 300 500 325 1175

T F';’ = 1110 .f}" = 100 Ty = 1e00 3 = 1200 I," = 1225 ]I"" = 1275

Thus the building blocks in this example for the two-region multiregional input—
output model are

225 300 110 0 0 0
250 063 425 0 0 0
A ﬂ—| 325 350 450 0 0 0
A: =
0 A"J 0 0 0 188 406 .083
0 0 0 292 250 .180
0 0 0 300 300 .133
and
72000 0 18 0 0
812 0 0 58 0
& 5”'—| 0 0 735 0 0 078
c= -
&r cﬂJ 279 0 0 817 0 0
0 88 0 0 417 0
0 0 265 0 0 922
Therefore

M1.127 447 300 478 418 153
628 1317 606 552 1115 323
512 526 1101 335 470 247
I-cAay'lc= (3.24)
625 369 250 1224 456 216
238 385 205 278 650 167
AT2 445 589 594 529 1.232

and, for example, the impacts of new final demands of 100 for sector 1 outputs by
consumers in each region — that is, with f* = []EIJ 00 1000 L'I] — are found,
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34 Many-Region Models: The Muolliregional Approach 5
dasim (3,23),
160,50
115040
I 84.70
x=(1-CA) Cf=

184.90
51.60
106.60

160,50 1 84.90

So.x" = | 118.00 | and x* = | 31.60

2470 1 06,60

Similarly, if ' = [ o 0000 L’!]. which represents new final demands of 100
for sector 1 output by consumers in region r only. we find

112.70
6280
51.20

62.50
2380
47.20

62.50
Exactly as in an interregional model, x* = | 23.80 | reflects interregional spillovers
47.20
in the multiregional system, in this case from region r (the location of the final demand
change) to region 5.

Itis important to bear in mind, from the general statement of the multiregional input-
output moded in (3.22) or (3.23), that both intermediate demands, Ax. and final demand.
f. are premultiplied by the matrix C: this distributes these demands to supplving sectors
across regions. Thus £ and £ represent demands by (shipments to) the final-demand
sectors in regions r and 5 respectively, not final demands for the products of regions
roamd 5 {as in the interregional inpul—output model). The operation CFf converts these
demands into a set of shipments by each region to contribute toward satisfaction of the
final demands. In the two-region model here, £ is satisfied in part by shipments from
sectors in region r, ¢ F" and in part by shipments from sectors in region s, ¢'f". An
example of a typical element in f" might be new energy demands by a state government
resulting from a new state ofhce building in region r in that state. Depending upon the
particular region. some or all of that enargy demand will be mat from within region
r, the rest from outside the region. This is reflected in the appropriate slements in
¢ dnd &',

Thus, if one wants to assess the impacts of new region-specific final demands (such
as from a foreign airline for Boeing airliners, as in the interregional example in section
3.3} it is necessary to replace Cf by, say. £*, which represents the new final demands
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already distributed appropriately to the region or regions of interest, and then to find
x=(I—-CA)'p* (3.25)

This is to be contrasted with (2.23). Continuing with the data for this example,

H63 1483 720 526 600 290

S04 572 1445 24 7145

F.qrﬂ. ATl 359 258 345 _135"
32
(I—CcAay' = {3.26)

314 298 263 1428 676 212
216 167 2N 297 1.326 .162
A09 0 376 329 636 T34 1308

If (3] = 100 represents the value of new foreign airline orders for aircraft produced
in region r. we would find. using (3.25)

146,30
66.80
60.40

31.40
21.60
40.90

345 The US MRIO Models
The first large-scale implementation of the MRIO framework was initiated at the
Harvard Economic Research Project (HERP) and was further developed by Profes-
sor Karen Polenske and her associates at MIT. In its most detailed form, this is a model
for 1963 with 51 regions (the 50 states and Washington, DC) and 79 sectors in each
region. Athorough description of the model and its construction is provided in Polenske
(1980}, There was a second estimation and implementation of the MRIO framework for
the 1977 US economy involving researchers at MIT and also Jack Faucen Associates,
Inc.. an economics consulting firm {see Jack Faucelt Associates, Inc., 1981-1983),
Since then there have been some additional attempts at creating multiregional input—
output models for the USA. Because of widespread use, this system is viewed as an
alternative 1o the IRIO model; as we will see below, it could as well be seen as an
approach to estimating the intra- and interregional elements of an IRIO framework.!”
Most implementations of interregional/multiregional input—output structures in
recent decades have been generated through a combination of technigues and esti-
mating procedures, all designed to estimate the numbers (especially the interregional
transactionsfcoefficients ) needed for the MRIO framework. These zre generally known
as “hybrid” techniques: they are a blend of some survey information, expert opinion
and mechanical approaches. Some of these are explored in more detail in Chapter 5.

1T an carly compgison of the MRIC and IRIO models is provided in Harwick. 1971,
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346 Numericol Example: The Chinese Multirepional Model for 2000
In 2003 the Institute of Developing Economies { Tokyo)in conjunction with the Japanese
External Trade Organization published an ambitious set of multiregional input—output
data for China in 2000, with 30 sectors and eight regions. (See Okamoto and Thara, 2005,
for detailed discussions of wable construction and a number of comparative regional
economic analyses that use the Chinese multiregional input—output framework. )
Tables 3.7-3.% contain data for a highly aggregated version of the Chinese work, with
three sectors and three regions (this is for illustration purposes only ). " The transactions
are denominaied in 10,000 yuan {TYN} [also known as renminbi, meaning “people’s
currency’ {RMB)1."" We can castly trace the effects of hypothesized changes in final
demands throughout the sectors and regions of the Chinese economy in this three-
regional illustration. For example, assume that there is an increase of ¥100,000 in
export demand for manufactured goods from the North. We would use

(Af¥) =[0 1000 000  000]

in conjunction with the total requirements matrix in Table 3.9 to assess the impacts of
this final demand change throughout the economy. We can examine similar implications
of the same amount of increased export demand for manufactured goods in each of the
other regions, using in turn (AFY) = [D 00 0 100 0 0o ﬂl] for export

demands in the South and (AF¥)’ = [0 0 0 aoaq 0 100 0] for export
demands in the Rest of China.

Premultiplying each of these vectors, in tum. by the total requirements muatrix in Table
3.9 produces the results shown in Table 3. 10, The new exportdemand generates differing
own-region economic effects. depending on the region in which the manufacturing
sector experiences the new export demand. When the demand is for manufactured goods
made in the North, the total output of all sectors in that region increases by ¥215 300,
If the demand is for Southern manufactured goods, the toial value of new outputs in
that region 1s ¥236, 100, and when the new demand is for manufactured goods from the
rest of Ching, output of all sectors there increases by ¥203,900, Interregional spillovers
to each of the other regions are indicated by the other entries in the bottom row of
Table 3.10. Adding spillovers to own-region impacts, we see that total national effects
of the ¥100,000 stumulus for manufactures are ¥259.800, ¥268.500, and ¥240.200,
respectively, when the stimulus is in the North. the South, and the Rest of China,
respectively.

Many other observations can be made with the aid of results like these in Table 310,
Forexample. in terms of interregional spillovers. it is clearthat the largest external effect
occurs when the demand is in the North; the ¥40.700 increase in Southern outputs is the
largest effect of any in the bottom row of the table. In this highly aggregated example
from China. it is clear from both the within-South effects (¥268.500) and the North-
to-South spillover effect (¥40.700) that Southern manufacturing occupies a dominant

1% These data are from the Instife of Developing Economies-Tapan External Trade Crganization {IDE-JETRD),

2003, Detuils of the regionul and sectoral azzregations can be found in Appendix 1.0,
19 The symbal usually seen is ¥, although sometimes with just one horizontal stroke. With two lines it is the same
as the symbol for the Japancse yen.
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3.5 The Balanced Regional Model 101

Table 3.10 Region- and Sector-Specific Effects (in ¥1000) of a ¥100,000
Increase in Final Demand for Manufacturing Goods. China, 2000

Produced in the North  Produced in the South Produced in ROC

Seclor MNorth  South ROC North Sowth ROC  North  Sowth  ROC
Nal. Res. 256 (k] 0.8 58 2540 L6 1.6 4.6 27.9
Mfz. &Consl. 1728 0.4 25 il 1wia 4.8 53 0.1 1568
Services lag +5 0.5 3.1 19.2 1.1 09 E%.1 9.2
Toral 2153 HET LR 2449 236.1 1.5 T8 85 2039

position in the economy. We will explore measures of intra- and interregional impacts
in more detail in Chapter &

3.5 The Balanced Regional Model
351 Structure of the Balanced Regional Model

A model that has a different sort of “regional™ character was proposed in Leontiel

et al. (1933, Ch. 4) and has been implemented in specific applications. including an
analysis of the effects in the US economy. on both sectors and regions. of a diversion
of production away from military goods and to nonmilitary consumer goods (Leontief
etal.. 1965). This las been called a balanced regional model (or intranational model).
The basic mathematical structure of this model is identical to that of the interregional
input—output model, but the interpretation of each of the components of the model is
rather different. The entire analytical structure is based on the observation that in any
national economy there are goods with different kinds of market areas. There are some
goods for which preduction and consumption are equal (“balance™ ) only at the national
level. These are goods that have essentially & national (or, indeed, international ) market
area — sectors such as automobiles. atrcraft (total aifliner production in Washington
#= ol demand for aircraft in Washington), furniture, and agriculture. On the other
hand. there are other sectors for which production and consumption tend 1o balance
at a lower geographical level; they serve a regional or local rather than a national
market. Examples might be electricity, real estate, warehousing. and personal and repair
services {the number of shoeshines produced in an urban arez equals the demand for
shoeshines in that area). Clearly there is in reality an entire spectrum of possibilities.
from sectors that serve extremely small local markets (shoe repair) o large national
and international markets (aircraft). To illustrate the model structure with a simple
example, we suppose that all sectors can be assigned to either a national (N) or a
regional (R} category. (One possible criterion for classification of sectors would be the
percentage of interregional as opposed to intraregional shipments of the products of that
seclor.)

Then. from a table of national input coefficients, one can rearrange the sectors so that,
for example, all the regional sectors are listed first and all the national sectors follow.
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o2 Inpui—Chuiput Models at the Regional Level

Let sectors 1,2, ..., r represent the regionally balanced sectors and let sectors r 4+ 1.
... . nrepresent nationally balanced sectors. Then. the rearranged table of national input

coefficients will be
ARR A'RN

= 3
B ANR  ANN (327
Let x* and £ (r-element column vectors) represent total output and final demand for
the regional sectors, and let x and Y, which are (n — r)-element column vectors,

rirrsant rarbit and Baal démand for e nabonal seators, Dafine
represent output and final demand for the national sectors. Define
xF "
X = | and F = .
3 I

Then, in exactly the same spirit as the two-region interregional input-output model,
we have (I — A)jx = f. Here this 1s

(I—ARRpf  ARNN R

_ ANRYN g ANNN N (3.28)

It is important to notice that the & and N superscripts do not refer here to specific
geographic locations of sectors, as in the interregional model. Rather, they serve o
partition the sectors into two lypes — those whose market areas are national and those
whose market areas are regiuna].;" For example, a typical element ::Ef—""f;" of the vector
AR %N i (3 28) records inputs from sector § (in the regionally balanced set of sectors)
to sector § (in the nationally balanced set of sectors). This will become clearer in the
numerical example below.
More compactly. in partitioned matrix form.

1| = ARR'F —ﬁﬂ"l"l XR rﬁ.’
AN o kNN | [N T
and so
K i[— ARR? _ARN =] i
i = ¥ A ' ‘_1_‘19?
x.\ —J'L'I'R {I— A."n't ) f.-‘u

Using regular solution procedures, we find the total outputs of each sector in each
of the two categories, due o an exogenous change in final demand for the outputs
of one or more national sectors and/or one or more regional sectors. For example.
in the arms-reduction study. there was assumed to be a 20 percent across-the-board
decrease in government demand for the output of military-related goods, some of which
were produced by national sectors {e.g., aircraft) and some of which were produced

2 Purtitioning of this sort can be done for o wide varicty of parposes. For example, if one is particularly interested
in encrgy-producing sectors, one mizht want to divide all sectors into two groups — those that produce energy
und those that do not prodece encrey. Partitioned matrices will be employved frequently in the remainder of this
book. Impartant resufts on inverses of partitioned muirices are presented in Appendis A
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3.5 The Balanced Regional Model 103

by regional sectors (e.g., warehousing). and an assumed across-the-board increase in
nonmilitary final demands. Hence, elements in both % and £¥ experienced change.
Thus far, there is nothing explicitly spaiial in the model, The categorization of either

nationally balanced or regionally balanced sectors deals only with the size of the market
areas involved. For regional sectors, we need to have the new final demands, 2, dis-
tributed across regions. That is, we need to have £714) the final demand for regionally
balanced goods in region s, where %~ %) = §%_ In addition, we need, for each region,

£
5. an estimate of the proportion of the output of each nationally balanced sector that is
produced in region 5, namely

Prst
P=|
Pa

The vector p'x" indicates that part of the output of new national goods. x¥ . that must
be produced by sectors r + 1 through a in region 5. Since the elements of p* are the

proportions of total national output that occur inregion s, 3 pf = Lfori=r+1...., n,
¥
ord p' =L
¢
Total output in region s is an #-element vector
Risy
! X
L T |:x"""”:| (3.30

where x®%) contains the outputs of the r regionally balanced goods that are made in
region 5. and x" (= p'x") indicates production of nationally balanced goods that
OCCUTS N region s.

The x**' term involves two components: (1) production in region s to meet region-
specific final demand for regionally balanced goods, P (e.g.. production in Michigan
to satisfy interindustry needs and new final demand in Michigan for electricity produced
in that state) and (2} production in region 5 (o turn out that region’s share of nation-
ally balanced goods, x¥*' (e.o.. Michigan electricity used as an input to Michigan
production of automobiles to satisfy part of the nationwide demand for automobiles).
That is.

le'.'l"l ={I— ARR'—erfsl + {l = ARR]_IAR"‘IX'\I“J 231
=(I- ARR}-I[RM +{1— ARR]—IAR.H']-}HK.'.' (3.31)

=

Remember, from {3.27). that all the coefficients in the A matrices reflect naifonal
technology;: the “R” and “N" serve to partition this national technology into two types of
sectors. Production in each particular region is assumed to utilize this same technology.
as reflected in the (I — A®®) matrix and its inverse. In Appendix 1.3, these results are
derived directly from observations on the inverse of the partitioned matrix in (3.29),

For the allocation of region R's share of production of nationally balanced goods,
found in{3.29), we have

x."'r'l.rl e ﬁlx.’\' (3.32)
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In this way, then, the balanced regional model allocates the impacts of new £% and £V

demand to the various sectors in each region.

3.5.2  Numerical Example

An example will illustrate more exactly how this works. Let

|'.]CI A5
[ARE  ARNT 03 .10
|_}’4.""R ""'NNJ - 12 03

A0 .02

and
100

‘ |:fﬂi| 100
LY T ] 200
200J
Then x is found as in (3.29)

168.30
[xﬂ} 163.40

X= N =
x 325,70
354,70

05 .03]
02 .10
(3.33)
20 .10
25 .15
(3.34)

These figures represent total outputs, throughout the nation, of the four sectors.
Assume that there are three regions in the country and that the region-specific

distribution of final demands £ is

40 2 50 3 10
Rily iy _ Ridy _
= |:3ﬂ} I - [3{}} = [40}

4
and that p! = |:ﬁ'6:| P = |:0'2:| ,and p® = |:D":|. We find (1 — A®%)~! from the

0.3 0.4 0.3

data in A;

(1 — ARR)-1 — |:I.l|]" 186

037 LII?}

Using (3.51).

51.75 52.97

58.65

) _ [614?}1xnﬁ,: [?2?3}1xnm,::[281ﬁ] G39)

[MNote, as must be the case in a consistent madel, that x" in (3341, 15 indeed x
+ %3 ] Using p'. p*. and p°, the distribution of nationally balanced goods

xmz.

Ril) +
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across regions is found as

Nily _ sty _ (193401 winy  oaow | 6504 | iy 3w | 63014
¥ooEe —[mﬁ.em TSP 00 YT TP = 10640

(3.36)
where x" must equal x¥'" 4+ x4+ xV3) because of the way in which the p are
defined.

Putting the results in {3.35) and (3.36) together, as in (3.30), we have

67.47 F2.73 28.035
51.75 - 5297 i 58.63
x! = O ¢ ENh= (3.37)
195,40 H5.14 65.14
106.440 141.90 106.40

The entire cutputs in (3.34) have been allocated across the three regions. As noted,

production in each region is assumed to utilize the same technology, as reflected in
{I — A®), But the model does recognize that production, whether of goods with a
national market area or with a subnational market area, occurs in geographically specific
locations, and the information in the distribution of the £ elements and in the p* vectors
reflects this spatial distribution of production.

3.6 The Spatial Scale of Regional Models

To give the reader a feeling for the vast vanety of geographic scales that have been mod-

eled in “regional™ input-output applications. we list a few (of very many} references,
starting at the micro-spatial end of the spectrum.

& Cole (1957) describes a model for the city of Buffalo, New York, and Cole (1999)
looks at an inner-city neighborhood in Buffalo.

* Robison and Miller {1988, 1991) consider small Idasho tmber economies (log-
ging/sawmills)—in the latter reference consisting of six communities {five containing
sawmills: combined population around 20.000). They term these “community” Input—
output models. In Robison (1997) the model is for a rural two-county region in
central [daho (total population less than 12,000) which was disaggregated into seven
community-cenlered sub-county regions.

® Hewings, Okuyama and Sonis (2001} present i lour-region metropolitan area model.
Three of the regions are sub-divisions of the City of Chicago, and the fourth is
composed of the remaining counties making up the Chicago metropolitan area (six
counties im all).

® Jackson ef al, (2006) and Schwarm, Jackson and Okuyama (2006) suggest a new
approach to generating data for the 51-state US model (as in the US MEIO model
discussed above in section 3.4.5).
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# Richardson, Gordon and Moore (2007, and numerous other citations j create o 5 1-state
US MRIO model.

¢ Boomsma and Qosterhaven (1992) describe a variety of two-region Dutch models
made up of one region of interest and the rest of The Netherlands as the second
regiom.

& West (1900} contains a summary of Australian inpul—output models in single-region

and connected-region frameworks.

Eurostat{ 2002}, Hoen (2082}, These references deal with the construction (and appli-

caiion] of a kind of many-region (or many-nation} model for the EC that lies between

the TIRI0 and MRIO styles:

IDE-JETRO (20016, Here the focus of attention is the Astan “multinational” or “mul-

tilateral” tables conrecting ten countries (China, Indonesia, Japan, Korea, Malaysia,

Philippines. Singapore, Taiwan, Thailand, and the USA). These are produced at

five-yvear intervals.

Leontef (1974), Leonuef. Carter and Petri (1977), Fontana (2(H4) and Duchin

{2004). These references discuss various aspects of what has come to be called the

Leontief world model. Originally this was structured in terms of two “mega-regions”

(developed and less developed countries). In Duchin and Lange (1994) the applica-

tion uses a framework of 16 world regions (aggregations of countries) covering 189
countries.

Inomata and Kuwamori (2007) and Development Studies Center. IDE-JETRO
{2007 ). These references discuss a ten-sector model that combines & multinational
character — China, Japan, ASEANS (Indonesia, Malaysia, the Philippines, Singapore.
and Thailand), East Asia (Korea and Taiwan) and the USA — with regional disaggre-
gations of China into seven regions and Jupan into eight regions. Thus there are 18
geographic areas; some are true sub-national regions (the 15 in China and Japan)
oneis a nation {the USA) and two are multinations] areas ( ASEANS, East Asia). The
originators have called it a transnational interregional input—output { THO) model.

Many of these applications are discussed in Chapler &,

3.7 Summary

In this chapter we have explored some of the most important modifications that need
to be made to the basic input—output model (Chapter 2) when analysis is to be carried
out at a regional level. We have seen that the input—output framework can be used
either to study one single region in isolation. or it can be employed in studying one
or more regions whose economic connections are made explicil in the model. While
the representations of these connected regional models appear quite complicated. the
models are logical extensions of the basic input—ocutput structure that are desipned to{ 1)
reflect possibly differing production practices for the same sectors in different regions
and (2} capture the trade refationships between sectors in different regions.

In more recent decades. work has been carried out with multinatienal input-output
models, where “region” is replaced by “nation” in the framework, These have come
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Appendix 3.1 o7

aboulas a result of the increasing economic interdependence of nations — as exemplified,
forexample, in the European Union. We will explore some of these models in Chapter &,
because they generally involve “hybrid™ approaches to estimation of the necessary data.
Finally, & “global” medel has been proposed as an interconnected set of broad groups
of national economies. In this kind of framework, impacts of zllernative development
policies in less-developed countries can be studied for global impacts. (For example,
Leontief, 1974; Leontief, Carter and Petri, 1977.) This will be explored briefly in
Chapter & also.

Appendix 3.1 Basic Relationships in the Multiregional Input-Output Model

In standiard input-output fashion. the total demand for commodity ¢ in region 5 is given
by

i}
Za,j-_ﬁ +f (A1)

f=1

The total supply of commodily f in region 5 is the total that is shipped in from other

ragions,
P

Z 5 £5)

r=|
plus the amount that is supplied from within the region, z*. This is just T}". the sum of
the elements in column 5 in Table 5.8, as defined in (3.18). Since shipments (supplies)
ocour only to satisfy needs (demands), we have, for each commaodity

"
TP=) aix+ff (A3.1.2)
=1

Total production of { in region r is equivalent to the total amount of { shipped from
r. including that kept within the region

=) (A3.1.3)

From the definition of the interregional proportions in section 3.4.2, off =77/},
(A3.1.3} can be rewritten as

n
=23 iy (A3.1.4)

=l

Putting T}, as defined in (43.1.2), into (A3.1.4)

"

n
X = Z ef Zu}ru‘,{ +f =L, i) (A3.1.5)

5=l i=1
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Using familiar matrix notation, let

o0

.5 &
L TR

o ¥ :
& i J
L *nl iy} L 0 f'”J

The reader should be convinced that the entire set of n equations for outputs of goods
in region r can be expressed as

A £

r /! P
x = Z AT L = ZE."IALI.\' 2 Ei‘”fs (A3.1.6)
z=l] 5=1 s=l
There will be p such matrix equations, one for each region r (r = 1..... p). Again
using matrix notation, as in section 3.4, we can construct

x! B3 G | N |
x=|x"|.F=|F|. A= ] AF 0
x-"J K 0 - 0 - ,q.-f'J
and
_f'!l EI.-. EI,':
G| @ esiigr
E..T" ai': af'ﬂ

Then the p matrix equations in (A3.1.0) can be compactly expressed as
x=ClAx+f) =CAx+ Cf
from which
I-CAx=0Cf (A3 1LT)
and

x=(I-CA)y'of (A3.1.8)

177 1

as in (3.22) and (3.23) in the 1ext.
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Appendix 3.2 I

Appendix 3.2 Sectoral and Regional Aggregation in the 2000 Chinese Multiregional
Model
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Figure A32.1 Rezional Aggregation in the 2000 Chinese Multinegional Model

Table A3.2.1 Remonal Classifications in the 2000 Chinese
Multiregional Model

3-Region
Apgregation Hegpions Provinces und Municipalitics
Morth Mortheast  Heilongjiang, Jilin, Lisoning
MNorih Beijing. Tianjin. Hebei, Shandong
South South Huinan. Guangdoeng. Fujian
Centrul Hunan, Jinngxi, Hubei, Henan, Anhui,
Shanxi
East Tiangsu, Shanghai, Zhejisng

Restof Chine  Northwest  Xinjieng. Qinghai, Gansu. Ningxii,
Shaanxi, Inner Mongolia
Southwest  Tibet, Sichuan, Yunnan, Guichou.
Guangxi, Chongging
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Table A3.2.2 Sectoral Aggregation in the 2000 Chinese
Multiregional Model

3-Bector Aggregation Industry Sectors
Muatural Resources agricullure
minimg & Mrocessing
Manulaciuring & light industry
Construction energy industry

indusgin

hea ustry & chen

construction

Services & Other transportation & telecommunications services
Seclors commercial scrvices
other

Appendix 3.3 The Balanced Regional Model and the Inverse of a Partitioned (1 — A)
Matrix

We use the results from Appendix A on the inverse of a partitioned matrix. For the
balanced regional model. let

(I — A8% = E F § T
(I—A)= > L |= and (1—-A)"! =
—ANE g — AN G H U v

Then, from {3.249)

xf = Sf 4 TPV
N T N (A3.3.1)
x' =Uf" + VI
This generates total output throughout the nation of both regionally balanced goods
ix®) and nationally balanced goods (x").
In this case. using the partitioned inverse results above. we have

S5=(I- AHRJ"I (I+ AH-""U] T— e ARH?—JAR:\-'\_-

U= VAMR(L — ARR) -1 y — (1 — AMN) — ANR(E _ ARR)—1 ARN |1 {A33.2)
Substituting for 8 and T in (A3.3.2), from (A3.3.1},
= (1 — AFF - IpR L — ARRLARN R - vl {A3.3.3)

But x", as in (A3.3.2), is just the (UF® + VI } term on the right-hand side of (43,3 33,
S0

* = (1= AP R = ARR I A RN (A33.4)

T distribute both x® and xV production w individual regions, we need the regional
distribution of final demands for regional goods — £, for each region s — and we need
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the regional distribution of production of each of the nationally balanced goods — p’ -
for each region. Then, to add the spatial dimension, for a specific region s, f% becomes
£ and x becomes V), which is p'x”. Therefore

B — (AR VR g g ARR)—1 RN G5 N (A3.3.5)

This is {3.21) in the text.

Problems

3.1 The data in problem 2.2 described a small national economy, Consider a region within
thal national economy that contains firms producing in each of the three sectors,
Suppose that the technological structure of production of fimms within the region 15
estimated o be the same as that reflected in the national data, but that there 15 need
import into the region (from producers elsewhere in the country | some of the inputs
used in production n each of the regional sectors. In particular, the percentages of
required inputs from sectors 1, 2, and 3 that come from within the region are 60, 90,
and 75, respectively. If new final demands for the outputs of the regional producers
are projected to be 1300, 100, and 2000, what wtal outputs of the three regional sectors
will be needed in order o meet this demand?

3.2 The following data represent sales (in dollars) between and among two sectors in
regions rund s.

r &
r 4 50 30 45
60 10 70 45
i 30 60 0 80
070 00 50

. . 200 L [3007.
In addirion, sales 1o final demand purchasers were [ = [EUU] and I = [JUU] [hese

data are sufficient 1o create a two-region interregional input—output model connecting
regions r and s, If, because of a sumulated economy, household demand increased
by $280 for the output of sector | in region r and by $360 for the output of sector
2 in region », what are the new necessary gross outputs [rom each of the sectors in

: . P - 5 AxT
each of the two regions 1o satisly this new final demand? That is, find Ax = [r‘_\.x‘]
associated with Al
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3.3 Suppose that you have assembled the following information on the dollar values of
purchases of each of two goods in each of two regions, and also on the shipments of
each of the two goods between regions:

Purchases in Region r Purchases in Region x
=g =30 gy, =30 g, =4
S=60 =10 =T0 =4
Shipmentx of Good | Shipmenix of Good 2
oS0 60 =50 =80
AT =T =50 =50

These data are suflicient 1o generate the necessary matrices {or a two-region mulli-
regional input—output model connecting regions r and v, There will be six necessary
matrices — A", A%, €7, ¢, ¢ and . All of these will be 2 % 2 matrices. I the pro-

jected demands for the coming period are " = [;g] and * = [gg} find the gross
outputs for each sector in each region necessary Lo satisly this new final demand: that
is, find x" and x*.

3.4 Alederal government agency [or a three-region country has collected the lollowing
data on input purchases for two sectors, (1) manufacturing and (2) agriculture, for last
year, in dollars. These flows are not specilic with respect (o region of origin; that is,
they are of the = sort. Denote the three regions by A. B, and ¢

Region A Region & Region &

1 2 l 2 1 2

I 20 100 7000 400 w00 o0
[0 100 10 200 00

[

Alsw, gross outputs for each of the two sectors in each of the three regions are known.
They are:

2 . 3
¥l = ?{£i| x = [ghlzj] and x© = [Lllrj}

The agency hires you Lo advise them on potential uses lor this information.

a. Your lirst thought is 1o produce a regional technical coelficients table for each
region. Is it possible 1o construct such tables? If so, doit; if not, why not?

b. You also consider putting the data together to generate a national technical
coellicients table. Is this possible? II so, do itz 1l not, why not?

¢. Why is il not possible to construct Irom the given data a three-region multiregional
input—output model?
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d. I the federal government is considering spending 35,000 on manufactured goods
and $4.500 on agriculwral products next year, what would you estimate as the
national gross outputs necessary to satisly this government demand?

. Compare the national gross outputs for sectors | and 2 found in d, above, with
the original gross outputs, given in the data set from last year. What feature of the
inpul-output model does this comparison illustrate?

=

3.5 Consider the following two-region interregional input—output transactions table:

Marih Houth

Consir, & Conm. &
Agric. (1) Mining(2p  Moanofa3)  Aprcdl) Mming2)  Mamuf. (%) Total Caipat

Norh
Agriculusre 113 I Ao LTI0E1G i I P, 483 30833792
Mining |2} 3y 2412 50,59 15 12 3,921 [EER ]
Construction & 3,956 0,503 6762, T03 45,770 3,440 1550, 208 10,935,024

Manulszuring (3

Scady
Agricufusne (1) TURS £, bR B iEl Leed WY 3687, 202
Mining 2} 1w 92 13,560 363 3, T farll, T oo, 131
Construction d& 7L 7O LUST L7905 36256 3, TR 5386, 73] 14.449.041

Muanafscmring (%)

a Find the final-demand vectors and the techmcal coefficients matrices for each
Tegion.

b. Assume that the nising price of imported oil {upon which the economy 15 99 percent
dependent) has forced the construction and manufacturing industry (sector 3) 1o
reduce total output by 10 percent in the South and 3 percent i the North. What
are the corresponding amounts of output available for final demand? (Assume
interindustry relationships remain the same, that 1s, the technical coefficients matrix
is unchanged. )

c. Assume that tough import quotss imposed in Western Europe and the USA on
this country’s goods have reduced the final demand for output from the country’s
construction and manulacturing industries by 13 percent in the North, What is the
impaet on the cutput vector for the Northregion” Use a full two-region interregional
model.

d. Answer the question in part ¢, above, ignoring interregional linkages, that is, using
the Leontief inverse for the North region only. What do you conclude sbout the
importance of interregional linkages in this aggregated version of this economy”

3.6 Consider the MEIO transactions table for China given in Table 1.7, Suppose all of the

inputs 1o the North region from the South region were replaced with comesponding
incustry production from the Rest of China region. How would you reflect such a
situation i the MEIO model T What would be the impact on total outputs of all regions
and sectors for a final demand of ¥ 100,000 on export demand for manufactured goods
produced in the Nonh?

3.7 Adthree-region, five-sector version of the US multiregional input—outpul economy is

given in Table 441 3 in the next chapter. Suppose that a new povernment military
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project is initiated in the western United States which stimulates new final demand m
that region of (in millions of dollars) Af% = [0 0 100 50 gj]f. What is the impact
on total production of all sectors in all three regions of the United States economy
stimulated by this final demand in the West?

3.8 Consider the three-region, five-sector version of an interregional inpul—output econ-
omy of Japan for 1963 given in Table A4 |1 of Appendix 4.|. Suppose the same
final demand vector given in problem 3.7 is placed on goods and services produced in
Japan’s South region, What is the impact on total production of all sectors in all three
regions of Japan of tis final demand in the Souih?

39 Consider the year 2000 [RIO model for China, Japan, the United States and an aggrega-
tion of other Asian nations including Indonesia, Malaysia, the Philippines, Singapore,
and Thailand provided in the table below. Assume that annual linal demand growth in
China is 8 percent, growth in the USA and Japan is 4 percent, and that of other Asian
nations 15 3 percent. Compuite the percentage growth in total outpul corresponding o
the growth in final demand.

Uil Sleias Rapan s Rk of Ay
i Blamil & Sorsiees Baal Mumiif 8 Servmws Mal Blaniff. & Serisces Ml Bt & Servidas
L TT] B il LT Cimal, Ras Cinnl Huia Lo
L&A
Mal B 18,361 0, 1He 17,500 sl 4, aTa 174 400 1 [T 211} #a
Ml & [ R N r N UG kel 20,002 1,778 a7 B L7 Ay as den Aaul
Lt
Sarviian A, LIS L lan, w3 ous, 18T = [ it 1oi (R 1 e ] wEy
Fapan
Mal. B i 3 w32 Teowsa Ik 200 (E] o0 3 - (ET 3
Wl & LES 41,984 L7 A oesl, 14,07 a8, B2 Peg . 20,943 o 400 PR 4 L
Crriel
Beiviidi L] A, WA L4224 24,00 b2 dee ] 000 AE2 ny 3, e kL] e 11] T Eln I bwu
Clinu
Mel B o] Hi 147 s 2,4ln 229 qu4un bRS, MW |8 LIR @ 2430 uu
Wl A asl 4, 057 0,442 ul I L L oupe wu isd We2 it Ieiwaz 157 1sma Laat
Caml
Setrviidn = 2208 1.ire 17 [ e 2Ew]l 2ldeu | saovel k=] 2008 [R5
LTREN
Mal Fo Ak 1, e T i 11, uie 204 o 1,413 I 1z 155 uzed? A
Wlemiil- & Bl o, 253 IR 129 sis T RE LA |04l dl e doess DhdoT Soe xR lad 4l
Crimd.
Sedrviinin [E5] A, 5713 Lzl al 1,0KE a4t R} LR 422 15 ded 21470 2wooody

TOTAL CAFTELT  doH, U1 8, 860, U85 | Lo, a7 |4, 622, K59, 3584, n8d, (U] i, IS N1, T4 MI2 29K T End, 927, e 1, 228, 40d)

310 Assume that you have & very limited computer that can directly determine the inverse
of matrices no larger than 2 = 2. Given this limited computer, explain how you could
go about determining L for

0 01 03 02 u.z]

01 01 0l 0 0

A=|02 0 o1 03 01}
03 0 0 01 03
03 02 01 01 02
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4. Compute the Leontiel inverse in this manner.
b. What implications does such a procedure have for the computation of very large
malnces (e.8., n = 1000}
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