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50.

With the addition of equations (42.29) - (42.32), the number of
equations relating to tilde variables has increased by 2M* + 3y~
to equal the number of variables. We assume that our expanded 37.

equation system has a unique solution for the tilde variables. It

Contents

Introduction

38. The LMPST Model in the Multi-Regional
is easy to check that this solution must be Input-Output Framework
wﬁcv = xﬁou 39. The LMPST Method Modified for use with ORANI
Ly (LD
m 4 39.1  The regional allocation of activity levels
M M in national industries
o=z 39.2 The regional balance equations for local
commodities
Ty T Yy (a) Regional investment
- = (b} Household consumption at the regional
YN YN level
~(3) 3 [ (42.33) (c)  Other final demand at the regional level
chmv = xﬁ:mu (d) International exports from regions
~(5) (s) (e) The commodity composition of the outputs
xacmu = xmcmv of local industries
- 39.3 Solving for the regional outputs of local
xﬁau = xﬁau commodities
(u1) [U23)]
and v 40. Implementation of the Modified LMPST Method
X .
(g+1, DK = th+u.uux 40.1  General comments on data requirements
40.2  The construction of the parameter matrices for
(42.33) satisfies (42.22), (42.23), (42.26), (42.28) and (42.29) - implementation of equations (39.29) and (39.30)
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where we assume that REGIONAL DISAGGREGATION OF RESULTS FROM

ORANI 78 ; THE UNDERLYING THEORY"
T

- H = =
momcmu = mw » ul, s=1,2, r=1,...,R , by
i.e., we assume that region r's share in aggregate household Peter B. Dixon, hwwgﬁovm University

consumption of each commodity is equal to the region's share in B.R. Parmenter, Industries Assistance Commission

the economy-wide wage bill.

Equation (39.18) yields the following expression for the
37. Introduction

LHS of condition (42.9)

. 1) T T (r T o 42.24 s . . <
v o= W wmx whw+uuu.uw Wy mw + W xwm xﬁm+u.uux sx mm . ( ) The model described in the previous chapters is capable
of producing results only at the national level. For many policy
Note that WX ST is the share of the economy's wage bill which is purposes some regional disa .Ho ation may be required. Users of
x “9 ggreg
accounted for by industry %k in region T . An alternative ORANI might, for example, be interested in the likely implications
expression for this is zx WM where WM is defined as the share of tariff reform (say) for employment at the regional as well as the
of region r in the aggregate wage bill of industry k . Thus, national level. In order to meet such needs we have developed a
by using (39.21), we can write (42.24) as regional disaggregation programme which can be run sequentially with
~ the main ORANI programmes, The regional disaggregation programmes
v = M W, ﬁmuv + xmuv + M W M 2f 8L -z, | . (42.25) progr & g P
ox Kk U(g+1,1,)k (g+1,1,)% k k"k Tk S .
keK keK T take ORANI results at the Australia-wide level as an input and produce
results for each of the six Australian states as an output.
If we assume that
wm - mww , KeN ™) The method we have used is an adaptation of nvwn;vuowomam
i by Leontief, Morgan, Polenske, Simpson and Tower (1965) (hereafter
an
=T oF %
mx = m»x B ke , *)
P . . * This is a draft chapter for a book on the ORANI model being
i.e., that regional shares in industry wage bills equal regional prepared by P.B. Dixon, B.R. Parmenter, J.M. Sutton and
L. D.P. Vincent. Consequently there are occasional references to
shares in industry outputs, then (42.25) becomes other chapters. The first two sections of the paper (sections 37
and 38) can be read independently of any other material. For a
~ ~ ) detailed understanding of the rest of the paper, readers would
vo= v [ow Tw - N& . (42.26) need to be familiar with the theory of ORANI 78 (see Dixon, P.B.,
kekK "The Theoretical Structure of ORANI 78", IMPACT Preliminary

Working Paper No. OP-27, IMPACT Research Centre, Melbourne
University, June 1980).

15214/80—2
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46.

giving us (42.12). For readers who wish to check the other relation-
ships, it might be helpful to recall that in deriving our regional
sales share matrices, we not only assumed that industry technology

is the same for all regions, but also that household consumption
patterns are identical across regions. Thus, in deriving (42.16), it
is valid to equate mMA:mV for all u and s with region r's

share in total consumer spending. By using (42.12) - (42.18) we

simplify (42.11) to

O Y : ORI
xan =L mmrz uwa v 1 erz wws Zn
neN

2 N
(h)* ~(h) (4)* (4)
R ﬁmrhcmuwwmcwv Xusy * 1 ﬁwrﬁcHuu»c Xtal)

h=3,5 uel s=1 uel
for all ieL , (42.20)
where, as mentioned before m % wﬁcu etc. are the LHS's of
> » n? n’ AMHV-

(42.1), (42.2), (42.3), etc..

To derive an expression of the LHS of (42.4), we use

(39.28). This gives

, -(0)
= xms.uu y meM, m'el (42.21)
where m' is the local product

produced by local industry m .

38. The LMPST Model in the Multi-Regional Input-Qutput Framework

The regional model devised by LMPST can be represented as a
multi-regional input-output (hereafter MRIO) model. MRIO models
express  outputs by commodity, industry and region
as linear functions of regional final demands. A general form of
MRIO models for an economy of U commodities, K industries and
R regions can be written

X = BZ+Y , (38.1)
vhere X is a (UR x 1) vector of outputs by commodity and region,
i.e., a vector composed of R regional subvectors each of U
commodity output levels; Z is a (KR x 1)} vector of outputs by
industry and region; Y is a (UR x 1) vector of final demand for
commodities distinguished by region of production; and B is a

matrix of coefficients whose typical component, b is the

urks
input of commodity u frdm region r required per unit output of
industry k in region s .H We have assumed, consistent with

ORANI, that technology is industry, rather than commodity, specific.

The industry output vector (2} can be expressed as a
function of the commodity output vector by assuming that, within
regions, industries maintain constant shares in the total outputs of

nosgomwnwww.w i.e., by defining

Z = DX (38.2)

1. Alternatively X, Z and Y can be interpreted as vectors of changes
in commodity outputs, industry outputs and final demand. Corres-
ponding reinterpretations of the coefficient matrices (B, D and <)
are, of course, necessary for the incremental form.

2. In ﬁ,m special case where all industries produce only one commodity
and each commodity is produced by only one industry, K =U and D
is an identity matrix.
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We begin by applying equation (39.8) to expand the LHS

of equation (42.3), obtaining

MO
*Gn

1
xS
e
ey
w
[ and
2
-
L]
*
Le——
[y
=
[<2]
Ly
e
™
=
+
o3
f ]

(1)*
&wrz in 531 "n

(2)r* b (2)r* . o
) Mz erz w»u Sy Yt L ] erz w. 533 In
T meM

m
+ 4 Q&H* H. Q&H
Wm“m W :Wc mmH ﬁwrﬁcMuwwc mwwxﬁzmu

ﬁbuH* aﬁbu . -
+ W ch erﬁcpuwwc muw X1y Hmr,a;uﬁ...~x“

vhere xMMWV denotes the LHS of (42.3), i.e.,

~(0) - (0)r or
X1y F W Xei1) Sz -

(We will be using z, to denote the LHS of (42.1), Ya to denote
the LHS of (42.2), etc..) Equation (42.11) can be simplified by
using various relationships derivable from equations (40.1) - {40.7).

These imply that

{(r* T (1)* T .

ﬁmwz in 538 % By Jin St o i€l meN
(1) roo (1~ T .

Mmrz in S35 % Py Jim Sam > Beb, meM
(2)r* r o (2)* x :

Mwwz in 530 % (Bin fin S2n o Bel, meN

(42.11)

(42.12)

(42.13)

(42.14)

T th

typical element, 84 s of the r™ such matrix shows the total

input of commodity u required per unit output of industry k

in region r .w € dis a (UR x UR) matrix of sourcing coefficients
arranged in R columns of R, (U x U) diagonal matrices. The
:nr diagonal element of the ﬂmx such matrix in the mnr column,
ncﬁamu » 1s the share of the usage of commodity u in region s

which is sourced from region r . Similarly, we can separate out

-the sourcing assumptions inherent in the vector Y by writing

Y = ¢y (38.5)

where m is an (UR x 1) vector of final demand originating in each
region. Note that in (38.4) and (38.5) we have introduced the
simplifying assumption that all users of any commodity u in
region T draw their supplies from producing regions in the same
proportions. The construction of the matrix € requires estimates
of inter-regional flows but the need for a sector of use dimension

is avoided.

Differences between alternative versions of the MRIO
model often centre on the method employed for conmstruction of the C
matrix. In most cases, available primary data on inter-regional
flows have been insufficient and various secondary methods have been
substituted. The gravity model proposed by Leontief and Strout (1963)

2

is a well known example. It eliminates the need for data on

1. Where region-specific technolegy data are not available, economy-
wide input-output coefficients are usually assumed to apply at
the regional level.

2. lLiew (1980} is an example, in the Australian context, of a model

using the gravity approach to generate inter-regional commodity
flows,

15214/80--3
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42. 7.

identical to the ORANI results? That is, do the following hold : economy-wide production of good h .u Thus under the IMPST
simplifications, the total data requirements for the C matrix can
T T
DIESEE I S S nelN , (42.1)
T be met merely by (i) assigning commodities to the local/national
categories and (ii) projecting regional shares in economy-wide
T T
Lyy Sy = vy o neN , (42.2) )
T production of national commodities.
5 meww mww - xmme , iel , (42.3) Apart from having minimal data requirements, the LMPST
* approach has a second attractive feature. If we make simplifications
M NM MMS =z, meM (42.4) (38.4) - (38.7) and we assume for each industry that there are no
r differencesacross regions in either the industry's technology or
M w% mma =y meM (42.5) its shares in regional commodity outputs, then the solution of the resulting
r MRIO model can be decomposed into a sequence of three steps. This can
M xmuvﬂ I3 - xﬁuu , u e U; s=1,2, (42.6) be illustrated by reference to a 2-region model. Under the LMPST
(us) “6(us) {us)
B simplifications, the two region version of (38.1) - (38.2) can be
(4)r v ~ {4) ) written as
W Xw1) S T X1y weld , (42.7)
MRS = xB) wel; s=1,2 (42.8) u : - L =
b {us) “8(us) (us) xum u c(1) c{1) 8. ar mm xum
£ T T 2.9 L I - a1
v = v, 42.9 .
T 9 xmz c(2) c(2) ay. xmx
(D T = o1
anl.:x Slo,x © Xigr,10% 0 KeK o, (42.10) .
T 1 Y
iL
c(l) e(1)] 1Y
. H (38.8)
where the variables on the LHS's of equations (42.1) - (42.10) are I v * ’
2L

the results from ORES and the variables on the RHS's are economy-

ol

c(2}) c(2) o1
wide ORANI results used as an input to ORES. The $'s are the

T

appropriate weights. For example mus

is the share of region r

1. Of course, the resulting special case of MRIO mmnawawzmm the ]
regional location of the output of national commodities only in
a trivial sense.

2. In LMPST the nvmwu.m were projected to remain at their base
period values.
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40.

might be located in Queensland, say) and 95 per cent of SA-steel
is located in South >cmﬁwmpwmg then the poor performance of the
NSW-steel industry compared with that of the SA-steel industry
will induce a relatively poor performance in local industries in
New South Wales compared with those in South Australia. As well
as allowing us some insights to the regional allocation of steel-
industry activity, the inclusion of the two steel producers in.our
economy-wide model would make possible the analysis of regionally-
based steel policies. For example, we would be able to simulate
the effects of subsidizing the NSW industry without subsidizing

the SA industry.

v With the currently operational version of ORANI, we have
taken a first step towards the introduction of regional industries
into our economy-wide model. At present, w:m regional industries
are all in the agricultural sector. With sufficient research
resources and appropriate data, perhaps from regional input-output
studies, regional industries could be defined for non-agricultural
activities. This would not involve any theoretical problems. The
introduction of further regional detail into ORANI computations
could be made without changes in either the theoretical structure

of our economy-wide model or in our regional disaggregation method.

xﬂm

c(r) ﬁmm.a X, mmsu

and therefore, in view of (38.12), we have

l. mz ‘
x&: = cfr) xm , r=1,2 . (38.13)

Equation (38.13) confirms the interpretation, following (38.7), of
the n:mnu.m as regional production shares. Finally, we can

rewrite {38.9) as

xﬂr = a, mr xwr + <Mr R r=1,2 , (38.14)
where

- ew  °

<wr = 3, m: c(r) xm + <ﬁr . (38.15)

Equations (38.12), (38.13) and (38.14) show the three-step decom-
position. In the first step we use the conventional economy-wide

input-output model (38.12) to compute X% as

sz

"

a-ad v oL (38.16)

In the second step we allocate the economy-wide outputs of the
national commodities to the regions in exogenously determined
proportions, i.e. we compute xﬁ: , r=1,2 , according to (38.13).
In the final step we first compute the «mr.w by using (38.15).
Then we complete our solution to the MRIO model (38.8) by obtaining
the regional outputs of local commodities by single-region input-

output computations

-1 i
X = (I - a d <ME , r=1,2 . (38.17)

rL rw

This three-step procedure is exactly the computational method

employed by LMPST.

15214/80—4
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38.

model to generate economy-wide results. Then the regional computation
disaggregates these results to the state level. The disaggregation

is consistent with the initial economy-wide computation in the sense
that a reaggregation of the state-level results reproduces the

initial economy-wide results.

Our regional computations capture two aspects of the
differential impact across the states of economy-wide disturbances.
First, they reflect variations in industrial composition. For
example, in Chapter 7, we argue that general increases in tariffs
are likely to reduce economic activity in Queensland and Western
Australia because of the comparatively heavy concentration of
those states on exporting industries. On the other hand, Victoria,
the home of much of Australia's import-competing industry, is
projected to benefit from tariff increases. The second ingredient
in our regional computations is the local multiplier effects.
Stimulation of the automobile industry, for example, will have a
greater effect on employment and income in South Australia than in
o:mmzmwmsa.u This in turn will stimulate "local' industries
(service industries and producers of perishables) in South Australia

relative to those in Queensland.

Two limitations of ocur existing regional model should be
pointed out. First, it is necessary to fix by an (arbitrary)

exogenous assumption the regional location of output changes for

1. Much of Australia's automobile production is located in South
Australia and comparatively little is located in Queensland.

11.

39. The LMPST Method Modified for use with ORANI

In the last section we saw how the LMPST computations were
decomposed into three parts. Regional ORANI computations can be con-
ducted in the same three-part way. The first part, which has already been
described in the previous chapters, consists of using the ORANI
model to project the economy-wide effects of the exogenous shock
under consideration. In the second part, the economy-wide activity
levels in dindustries producing national commodities are allocated
to the regions in exogenously given proportions. In the third part we
set up and solve a system of commodity-balance equations for each
region to obtain projections of regional outputs of local goods.

Given our allocation rule for projecting regional activity in
industries producing national goods, it will be obvious that our
regional projections for these industries are consistent with the
ORANI economy-wide projections. For the outputs of local goods,
however, the establishment of consistency between our regional and
economy-wide projections requires a little more effort. The relevant

proposition is proved in section 42.

In this section, we give the equations for the second and
third parts of an ORANI regional computation. In presenting this
material, we attempt, as far as possible, to keep the notation consistent
with that used in the description of the main ORANI model. An additional
unbracketed superscript, r

, 1s used to denote region.

We will not always define symbols for regional concepts where the
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36.

zm is a vector of the shares of industries in the

ational wage bill. These shares can be computed directly from

the national input-output data base. The W. are vectors of

K

industrial shares in regiomal wage bills. Given the ideal data

base, figure 40.1, they could be formed from the relevant rows in

the value added matrices, ﬁ<m , <mw . Our approach was to apply
the uniform technology assumption. That is, we estimated the
base-period wage bill in industry k in region T , QM , as
BT
= Y h -,
U = - s r=1,...,R, keK , (40.9)
2y

where cx

is the base-period, national wage bill for industry k .
W

Then we computed ﬁzxww as

?&w = QM\M O,  r=1,...,R, keX . (40.10)

13.

constant, equation {39.1) wsw_wmmu

2, = N: for all neN and r=1,..,.,R . (39.2)

If there is a one per cent increase in the economy's aggregate
output in a national industry (pastoral-zone agriculture, say), then
the output of this industry is assumed to increase by one per cent

in each region.

Tt is worth emphasizing that in regional ORANI compu-
tations, it is regional shares in the outputs of national industries
which are assumed exogenous, not regional shares in the outputs of
national commodities. This leaves us free to assume (if we zwm:vw
that the commodity composition of output in national industries is
constant across regions. In ORANI, the assumption of constant
regional shares in the outputs of national commodities would be in-
appropriate. For example, consider a situation in which the ORANI
economy-wide projections indicate an increase in beef production by
industry 4 (northern beef) and a decrease in beef production by
industry 3 (high-rainfall-zone agriculture). Industry 4 is located
principally in Queensland while industry 3 is located in the southern
states. Thus, an attempt to exogenize state shares in beef production

is likely to be incompatible with the ORANI economy-wide results.

1. For compatibility with ORANI, we must express the equations for
the regional extension in percentage change form. As usual we
use the convention that the lower case symbol represents the
percentage change in the variable denoted by the corresponding
upper case symbol.

2. An explicit assumption on the commodity composition of national

industry output at the regional level is reguired only if we
wish to project regional commodity outputs for national commodities.

15214/80--5
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where mwm is as defined in (40.5). The A's appearing in these

formulae are economy-wide base-period coefficients derivable from

the ORANI input-output data files. >meVm is the use of good (el) per
unit output (h=1) or investment (h=2) in industry f . >mewms

is the use of good (el) as a margin service per unit flow of

good (us) to industry f for use as an intermediate input (h=1) or

3y _
>ﬁmmv is household con

(£fs5)3
Men)

as an input to capital creation (h=2} .
sumption of good (fs) per unit of aggregate consumption,

is the use of good (el1) as a margin service per unit flow of

(£f1)4
Ae1)

good (el) as a margin service per unit export of good (f1) .

good (fs) to the household sector and is the use of

«m is the base period economy-wide investment in industry £ .

MMMW% N MM ) (3 and MMMWW are estimates for region r for

the base period of, in turn, the regional output of domestic

commodity e , the regional output of industry £ , aggregate
regional consumption and regional exports of the mﬁj commodity.

The derivation of these estimates is described in Lawson and Parmenter

(1979) and Lawson and Vincent (1979). In equation (40.7), Mmmvﬂ

(el}
is an estimate of regional ''other" final demand for domestic
commodity e in the base period and the mmwwwma‘m are estimates

of regional usage of commodity ({el) as a margin on "other" final
demand.  Again the derivation of these estimates is described in

Lawson and Parmenter (1979) and Lawson and Vincent (1979).

15,

AD)

where (i1)k is the direct input of domestically produced commodity

i required per unit output (h = 1) or capital formation (h = 2) in

(us)kh .

industry k , >mwpu is the input of domestic commodity i

required as a margins service per unit direct flow of commodity u.

from source s to industry Kk for purpose h , and >meww is
the input of domestic commodity i required as a margins service
per unit direct flow of commodity u from source s to final demand

category h .

Two points regarding (39.3) can be noted immediately.
First, the coefficients A do not carry regional subscripts.
This reflects the assumption that each industry's technology is

independent of its regional chmﬁwoa.u Second, (39.3) implies that

the use as a margin service of local good i produced in region =t
is entirely in facilitating commodity export flows and commodity

flows to users within region r . Such an assumption would not be
reasonable if 1 were a transport service. On the other hand, the
asswmption is reasonable for wholesale and retail trade. Thus, in

applications of our regional model, the latter services are classified

. < s . 2
as local, whereas transport services are classified as national.

1. This does not mean that we assume that there are no regional
differences in production technologies for particular commodities.
For example, ORANI has several beef producing industries. Beef
in the northern states is produced mainly by the capital-intensive
technique of industry 4 (northern beef). In the south, beef
production is concentrated in industry 3 (high-rainfall-zone
agriculture), a comparatively labor-intensive industry.

2. This classification for transport services is just the less
inappropriate of the available alternatives. It is not entirely
satisfactory to assume that the regional allocation of the
production of transport services is independent of the regional
allocation of the demand for transport services.
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32.

assigned to the national and local categories on the basis of whether
significant w:nmﬂ|wmmwonw~ transfer of them can occur. This assign-
ment can be accomplished, however, without any detailed knowledge

of the origins and destinations of inter-regional flows. For techno-
logical and/or institutional reasons some commodities can be assigned
a priori to the local category. As explained below, manipulation

of our data on regional production and absorption of commodities
yields relevant empirical evidence for some other cases. The general
criterion is that we wish to treat as local those commodities for
which an increase in demand within any region will be met mainly by

an increase in production within that region.

40.2 The construction of the parameter matrices for implementation
of equations {39.29) and (39.30)

The B* matrices appearing in equations (39.29) and
(39.30) all refer to the sales patterns of local goods in region T .

Given the ideal data base, the B*'s could be constructed from the

information contained in matrices of the form XI% R p , FDT T N
LM LN L
(see figure 40.1). 1In the absence of consistent regional input-
output tables, we computed preliminary estimates of the @mnw elements
(> (2)r* (3)r* (5)r*
f =
[} wrn and mrx for « =M and N, of wEACmv and wrmcmu for
- (4)r* .
s=1,2, and of wrﬁcuu« according to the formulae
(1 2 (us)f1) =r
Aepe * L T Agyy | 7%
ﬁmﬁpuuﬁw - uel s=1 s (40.1)
Lk ef MAOVH
(e1)

k= M,N, 1=1,...,R, eel, feK ;

17.

as local, no substitution takes place since imports are zero. In

the case of the margins-related, coefficients, >MMwa: and

>Mwwwr » ORANT recognizes technical change as the only source of

variation (see section 17).

Further simplification is possible if we assume that

(us)khr (u-Jkhr _(h)r . -
Bin) = Bi1)  Susyx o iek, uel, =12,

keK, h=1,2, r=1,...,R . (39.5)

With (39.5) we are saying that, in the base vmawom“p the relative
quantities of good (il) used in facilitating the domestic (s=1) and
import (s=2) components of each commodity flow to each industry in
each region reflect the relative values of these components. If two-~
thirds of the costs of the steel input to the automotive industry
in region r are accounted for by domestic steel and one-third by
imported steel, then under (39.5) we assume that two-thirds of the
wholesale margins involved in mmuw<wuw=m steel to the automotive
industry in region r are associated with the delivery of domestic
steel and one-third is associated with the delivery of imported steel.
If we now assume that (12.23) and (13.4) are valid at the regional

level, (i.e., with superscript r's appended), then, in the absence

1. It is only in a Johansen-style computation that we can take
advantage of particular relationships (such as (39.5)) between
base period cost and sales shares. In an Euler-style com-
putation we must recognize that these relationships need not
remain valid as cost and sales shares move away from their
base period values.

15214/80—6
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30.

40. Implementation of the Modified LMPST Method

40.1 General comments on data requirements

In section 38 we pointed out that MRIO models can absorb
information on flows of each commodity from each region to each
user (industrial and final) in each region. Figure 40.1 illustrates
an ideal data base for a model with just two regions, showing all
inter-industry and inter-regional flows. Because such a data base
is not normally available, builders of multiregional models
usually adopt various strong assumptions, especially with respect
to inter-regional commodity flows. The assumptions underlying our
modified LMPST method reduce the requirements for regional data to
a very modest level. For those commodities which we classify as

local, we assume that all sales are to local users. Using the

. . ’ R Ts s rs
notation of figure 40.1, we are mwxusm that xbz B xrz and mcr
are zero for all r # s . For those commodities which are classi-

fied as national, we require no information on regional sales

patterns, i.e., our model does not use the matrices xmm R xmm ,
mUMm , T,s=1,2 . We assume that, irrespective of the sales
pattern of its output, the national industry n in region r
maintains its share in the economy-wide output of industry n .

Thus, of the commodity flows shown in figure 40.1, only the intra-

regional sales of local commodities are required data, that is the

Xﬁﬂ

. rr
matrices xwz N N

and mwww , which are not c¢ross-hatched in
figure 40.1. Notice that data on inter-regional commodity flows

are largely unnecessary. It is true that commodities must be

i9.

We will assume that the simplified version, (39.8), of
the regional balance equations for local goods is adequate. No data
is available which would contradict (39.5) and, to date, in ORANI
applications in which the regional dimension has been of interest,
zero technical change has been assumed. We continue the description
of our modified LMPST method by providing in parts (a) - (e) of
this subsection (39.2) equations for variables on the RHS of {39.8) ;

T r T {3)r (5)r {h)r {4)r

o Ype Yo xhwuuu xﬁwuu. NﬁcmV and Mhswu . Notice that

2L has already been catered for by equation (39.2). By expressing

n
each of these variables as functions of (i) variables which are
exogenous at the regional level (usually variables endogenous to a

national ORANI computation) and (ii) regional outputs of local

nossoawﬁwmm‘«im will be able, eventually, to solve (39.8) for

percentages changes in regional outputs of local commodities.

(a) Regional investment

We assume that investment in any industry is allocated to
the regions in the same proportions as current output. This assumption

can be written as

neN, r=1,...,R, (39.9)

and

3
"
3
&~

. " a\Ns , meM, r=1,...,R . (39.10)

The mM , neN , are treated as constants (see subsection 39.1) so
that the percentage change forms of equations (39.9) and (39.10) are

T
%5 =y szn HHH»....N » mmm.uwu
and

Y. o= oy o+ oz -y , meM, =r=1,..,,R. (39.12)
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28.

subvectors.  Finally, note that in the matrix version of equation

;th

T : i . . <
1s & square matrix., Its i row contains zeros in

(39.28), MZr

all positions except for the column corresponding to the commodity

;th

produced by the i~ industry. 1In that column is a one.

Equations (39.2), (39.11), (39.12), (39.22), (39.24) and

(39.26) are substituted into (39.8) and equation (39.28) is used to

eliminate 2% . The system is solved for meww , yielding
xmmww = mmua* Iy * ﬁm wmmvw* -y mmeMN € us) EMMM Iy
L T
' mmmwﬁﬁu@w-smﬁmwf:x+mwr:m
A N T (39.29)
where
WF o= 1 - Mwmmvnw N wmmuu* .y mMWWMw £ cusy W'l st o (39.30)

The set of equations (39.29), for r=1,...,R , are the
solution equations for the regional computation. They express the
percentage changes in regional outputs of local goods as functions
of percentage changes in various economy-wide variables : industry
output levels, industry invesiment levels, industry employment levels

industry wage rates, commodity export demands, commodity demands by

21.

where y 1is a user-specified parameter, the value of which reflects
the dependence of aggregate regional consumption on regional income,
and mﬁuwu is the economy-wide household expenditure elasticity

of demand for good u from source s . If, in addition to setting
the a's to unity, we also set y at unity, then changes in
regional consumption levels fully reflect changes in the regional

allocation of labor w:nosm.u

This might be appropriate wow long-run
simulations. At the other extreme, setting y = 0 insulates

regional consumption from changes in regional income. This assumption
might be more suitable for the short run where the effects of fluc-

tuations in wage income on consumption are moderated by changes in

social security payments and in savings.

The wage-bill variables which appear in equations (39.13)

and (39.14) can be expressed in terms of wage rates and industry-

specific employment levels. First, the regional wage bills, VT “

are

ooy e MELE

L (g+1,1)k X(g+1,1)k ° r=1,...,R . (39.17)

Notice that we do not append a regional superscript to the wage-rate

: (1) . .
variable, vmm+uvuux . This reflects an assumption that wage rates
do not vary regionally. In percentage-change form, equation (39.17)
becomes
r (1) (Dr u T
vio= ¥ mn + X W, r=l,...,R, (39.18)
o Ples, 0k T X(gh1, 1k Mk

1. The treatment of consumption in the original LMPST article corres-
ponds closely to this case.

152147807
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26.

39.3 Solving for the regional outputs of local commodities

The eight sets of equations (39.2), (39.8), (39.11),

(39.12), (39.22), (39.24), (39.26) and

core for our regional model. They are

(39.28) are the computational

repeated below in matrix

notation for region r wusing the same equation identifiers as

before. Upper case subscripts U, K, N etc. are used to indicate

that the components of the relevant vectors and

matrices include all

commodities, all industries, all national industries, etc..

SR (39.2)
@r _ () Mr* r (2)r* _r (2)x* _r
xﬁEw, = By Nm VB et By ovywt By vy
(3)r* _(3)r (5)r* _(S)r (Hr* _(Dr |
* O Bwsy *ws) * Biws) Xws) * L Xy o0 (39-8)
N Yy (39.11)
N c N ; 12
Ty T YmtEwoc %y (39.12)
(3r _ (3 ] M (1 g
*usy T *us) T Y fqus) mzx - zxw mﬁﬁm+w.uux Y X(g1,1)K
+ MNH -z H : (39.22)*
Mo w7 By
(5 _ () (58)r |
*ws) T Fsy * sy (39.24)
Hr _ (4
oy T Xy (39.26)
. oY Q)
Nm = Sy X1y - (39.28)

1. The primes

in this equation denote row vectors.

23.

In the long run, however, capital is inter-regionally mobile. If,
as we have already assumed, wage rates move uniformly across regions,
it is reasonable to assume that in the long run, labor-input ratios

move uniformly across regions.

To summarize, (39.21) appears to be satisfactory for
use in a model concerned with the long-run regional implications of
an exogenous shock. Even for the short run, it could be justified
for national goods (i.e., keN) . On the other hand, for short-run
analyses, the use of (39.21) may lead to some underestimation of the
employment created in regions where the percentage expansion of
industries producing local goods is greater than for the nation as a
whole. This is because it fails to allow for declining productivity
associated with the more intensive use of fixed capital stocks. An
offset to this bias, however, is the tendency for our regional model
to overestimate short-run regional output responses. Notice that we
are not allowing for short-run regional variations in product prices
for local goods. Hence the use of (39.14) will lead to overestimates
of household demand for local goods in region r if the expansion
in the production of these goods in region r is greater than the
national average. (39.14) ignores short-run increases, relative to
the national average, in the production costs and output prices of
local commodities in regions experiencing greater than average
increases in activity. While keeping these biases in mind, for
simplicity, we adopt (39.21) even for local industries in short-run

analyses.
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