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SPATIAL DISAGGREGATION OF ORANI RESULTS :

A REGIONAL BALANCE METHOD

Peter B. Dixon, B. R. Parmenter and John Sutton

1. INTRODUCTION

ORANI is a disaggregated general equilibrium model of the

Australian economy.1 It is a multi-purpose model and recent applica-

tions have included the following2 :

(i) a simulation of the effects of a devaluation on
industry outputs, employment, the price level and the
balance of trade under conditions of 70 per cent wage
indexation ,

(ii) a simulation of the effects of a uniform across the
board increase in tariffs on industry outputs,
employment, etc.,

{iii) a simulation of the effects of increased export
revenue (resulting from the mining boom) on
industry outputs, employment; etc.,

(iv) a simulation of the effects of the wage explosion and

equal pay for women on industry outputs, employment, etc.,

ORANI is fully described in Dixon, Parmenter, Ryland and Sutton
[1977], hereafter DPRS. It has been developed as part of the
IMPACT Project. For a complete but mon-technical description of
IMPACT, see Powell [1977].

Applications of ORANI are reported in DPRS, Dixon, Harrower and
Powell [1977], Dixon, Parmenter and Sutton [1977a and 1977b],
Parmenter [1977], and Industries Assistance Commission [1977].
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(v) a simulation of the effects of changes in Australia's

terms of trade on industry outputs, employment, etc..

In all of thesc simulations, results have been reported at
the national level only.l This paper proposes a method for allocating
the national results to the states.2 For example, in its present form,
ORANI allows us to analyse the effect of tariff changes on the Australia-
wide demand for labour by occupation. With the extension proposed here,

we will be able to look at the effects of tariff changes on occupational

labour demands at the state level.

Our method for regionalizing the ORANI results is adapted
from the work by Leontief, Morgan, Polenske, Simpson aad Tower [1965]
(hereafter LMPST). The main advantage of the LMPST approaéh is that it
is very economical in its data demands. In particular it avoids ' the -

necessity for detailed information about inter-regional trade flows.

The paper is organized as follows. Section 2 describes
the theory of our regional computations. Section 3 outlines the
construction of the necessary data base and section 4 reports an illustra-
tive application. The results in section 4 are concerned with the
implications for employment and output in each state of a 25 per cent
increase in all tariffs. It will be clear, hqwevef, that our results
are‘preliminary and that the emphasis of the paper is on the development of

the method and data for regionalizing ORANI results.

1. Industries Assistance Commission [1977] is an exception. It contains
some preliminary regional results derived from ORANI computations.

2. In our applied work we aggregate the Northern Territory with South
Australia and the Australian Capital Territory with New South Wales.



2. THE MODIFIED IMPST METHOD

A method for estimating the regional effects of an economic
disturbance using a minimum of regional data is suggested in IMPST. Tech-
nology within an industry is assumed not to depend on regional location so
that only national I-0 data is required. Industries are divided into
two distinct groups, national industries and lgggihindustries, on the
basis of the degreec of inter-regional trade in their products. National
industries produce goods which are readily transferable between regions -
steel for example. No intra-regional balance between demand and production
is required for national goods. Commodities produced by local industries
are non-transferable between regions so that the demand within a region for

local goods must be met by production within that region. Services such as

retail trade are the most obvious examples. The base period shares of each
region in the aggregate output of national goods are required data for the
IMPST method.  The adaptation of the method to be presented here requires

this information for local industries as well.

The computation suggested by LMPST proceeds in three stages.
First, the national effects of an exogenous cha;xge1 are commuted via a con-
ventional I-0 model. This gives the new economy-wide output levels
of all (national and local) industries. Next, the new outputs of the nation-
al industries are allocated to the regions in the same proportions as were
evident in the base period. Finally, the new regional levels of output for
the local industries are computed in a second I-0 calculation which imposes
regional balance between demand for and local output of local goods subject

to regionalized exogenous changes in non-household final demand and

1. In LMPST the change considered is a reduction in military spending compen-
sated (in terms of its aggregate employment effect) by an increase in non-
military final demand.



to the changes in the regional output of national goods determined at stage
two of the calculation. At this final stage households are trcated as a
local industry and the relevant I-0 matrices are augmented to include a
household row (wages)and column {personal consumption). Regional consump-
tion is thus forced to change in the same proportion as regional labour

income.

The LMPST method has three principal advantages. Firstly,
the computations proceed sequentially so that no direct modification to the
national model is required in order to facilitate the regional disaggregation
of its results. Secondly, the regional data requirements are minimal :
they certainly fall far short of the necessity for a complete set of regional
I-0 tables. Thirdly, the method possesses the attractive aggregation
property that the sums of the regional results are always equal to the

national results.

In this paper, the I-0 model used as the national model by LMPST
is replaced by the ORANI model. The regional allocation of changes in the
outputs of the national industries is made on the same proportional assumption
as is employed by LMPST. Their basic method for regionalizing the effects
on the local industries is also retained althpugh modifications are introduced
to allow greater flexibility in the treatment of the houschold sector and to
make this final computation compatible with input from ORANI. Unlike the
national I-0 model used in IMPST, ORANI is solved in the percentage.changes
of its variables.? If the model is used to simulate the effects of a

hypothetical policy change (a tariff cut, for example) = the results include

1. The Appendix is a discussion of the aggregation properties of the modified
LMPST method described in this paper.

2. Sece DPRS, ch. 2, section 1.
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projections of the consequent percentage‘changes in the output levels of
each of the model'sindustries1 as well as percentage changes in the final
demands for all commodities. Our modification of the IMPST procedure
enables an estimate to be made of the percentage change in the output of

each industry in each region.

2.1 Notational Conventions

In the algebraic description of our modified LMPST method,

the following notational conventions are employed :

J is the set of all industries .
L is the set of local industries .

N is the set of national industries .

For vector or matrix variables the upper case
subscripts J, L and N are used to denote
sets of components for all industries, local

industries and national industries respectively .

Bracketed superscripts are "usage" indicators :

(1) denotes intermediate usage ,
(2) denotes capital formation ,
(3) denotes houschold consumption ,

(4) denotes international exports ,

1. The data base for the current version of ORANI is the ABS 1968-69
I-0 tables. These tables distinguish 109 industries.



1
(5) denotes "other'" final demand .

The unbracketed superscript, r , denotes region,
r taking the values 1 to R . . The omission of
a regional superscript indicates that the variable
in question refers to an aggregate for Australia as
a_uhole. Values for such aggregates are obtaincd

from the national ORANI computations.

Upper case symbols for variables indicate that the
.relevant units are levels. The corresponding
lower case symbols indicate the appropriate percentage

change variable? .

Thus, for example,

X§3)r the household consumption of good i
in region v ,
x£3)r the percentage change in x£3)r s
and
3z s .
Xy is a vector of percentage changes in house~

hold consumption of‘local pgoods in region r ,
i.e., x{S)r is the vector formed from the

xﬁs)’ for iel .

1. This system is used in most of the ORANI documentation. Sec, for
example, DPRS.

2. This system is used extensively in the ORANI documentation.
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2.2 Algebraic Representation of the Modified LMPST Method.

2.2.1 Balance equations for national and local goods

We first assume that

T T '
(1) X“ = Xn Dn forallneNand r =1, ..., R,
where
Xi is the output of industry n in region r ,
xn is the aggregate output of industry n ,
and
D; is the base period proportion of the aggregate output

of industry n which is produced in region r .

Thus we are assuming a fixed regional distribution of the outputs of national

industries and equatian (1) implies

(1a) x = X, for all neN, r =1, ..., R .

Equations (1) and (1a) correspond to equation (7) in LMPST. If there is a
one per cent increase in the economy's aggregate output of steel (say),
output of steel in all steel producing regions is assumed to increase by one

per cent.

Next we impose balance constraints between the regional

outputs of and the regional demands for local goods,

T 1) ,r (1) ,x (2) yr (2) ,r (3 , (5T
@ X = nzn ApT X +£ZL AL’ Xy +'n§~ A Yn+£§L Apy’ Yy +X770T + Xg s

for all deL, r =1, ..., R,



where
Y§ is the investment by industry j in region v ,
3 X . .

Xl is the houschold consumption of good £ in region r ,

x(S)r . " o s .

. is the "other" final demand for local good 2 in
region T ,

Ag;) is an element from the local industry rows of the
national matrix of I-0 cosfficients. It shows the
intermcdiate input of good i required per unit
output of good j ,

and

Agg) is an element from the local industry rows of the national

matrix of investment coefficients, i.e., A£§) is the

input of good 1 required per unit of investment for

industry j .

The RHS of equation (2) sums the various categories of demand (intermediate,
capital, consumption and'bther'final demand) for local good i in region T .
The absence of a regional superscript on the I-0 and investment coefficients

reflects the assumption that technology is independent of region.2

1. The 'other" final demand category employed in ORANI is defined in DPRS,
sections 7 and 16.4(c). It consists primarily of current government
expenditure and is usually exogenous in ORANI solutioms.

2. Therc are no theoretical difficulties in adding an r superscript to the
A coefficients. We préfer, however, to write the theory close to the
level of generality of our empirical application (see sections 3 and 4).



9,

Assuming constant I-O and investment coefficients,1 the

percentage changé form of equation (2) is

r (Dr _r r _r (2)r .r (r T
Ra) x; = nZN Bin’ %t sz Big X * ngw Bin "n zZL Bie® Yo

O LI L IO IO for all ieL ,
i i i ‘

i h
r=1, ..., R.

The "B" coefficients in equation (Za] are shares of the various categories
of demand in the total demand for local good i in region T . The
coefficient Bg;)r , for example, shows the share accounted for by inter-

mediate demand from industry j .

The following assumptions are now made about the investment,

consumption and "other" demand variables on the RHS of equations (2) and (2a).

2.2.2 Investment at the regional level

3) Y,o= YnD: , forallaneN, r=1, ..., R,
and
- Y T
{4) Yl = /X Xz , for all gL , =1, ..., R,
- 2
where

1. In general, ORANI allows changes in the coefficients via substitution
between import and domestic sources of good i . However, where good i
is a local good, no substitution takes place since imports are zero.
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Yj and Xj are the cconomy-wide aggregate investment and

current output of industry j .

Equations (3) and (4) impose the same type of condition on regional invest-
ment for local and national industries. In both cases the aggregate
investment in an industry is allocated to regions in the same proportions as
is the current output of that industry. The percentage change forms of

equations (3} and (4) are

(3a) n = Y, for all neN , r=1, ..., R,
and
T r
(4a) Yo = ¥ + X = X for all %eL , v =1, ..., R.
2.2.3 Household consumption at the regional levcl
We assume that there is a link between regional houschold con-
sumption of local gcods1 and labour income2 in each region. In particular
we assume
ey 3)r (Bl (3 v
5) Xg = £, X7, T /y| forall feL, r=1, ..., R,
where

1. A similar relation might be assumed to hold in the case of national goods.
However, the model does not require the determination of regional con-
sumption levels for national goods.

2. An alternative treatment might relate regional consumption to total
factor payments in the region rather than to labour income alone. How-
ever, the cmployment of non-labour factors in the region does not
necessarily generate income payments in that region. In any case,
movements in labour income and in total income are likely to be similar.
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ng) is the economy-wide aggregate consumption of local good £ ,
is the total wage bill in region = , and

Vv is the economy-wide aggregate wage bill .
The percéntage change form of (5} is

(5a) ng)r = az ng) + y; (vr -v) , for all 2L, =1, ..., R .

where

ai is the elasticity of region r's consumption of good 2
with respect to the aggregate consumption of 2 , and
Yz is the elasticity of region r's consumption of good 2
with respect to the share of region r in the economy's
aggregate wage bill,
In our computations we assume
(sb) u;: = 1
and for all 2eL and T =1, ..., R,
T
(5¢3 Y, = Ey, O0<svs1l
where
1

E  is the expenditure elasticity of demand for good £ , and

vy is a parameter whose value reflects the dependence of

aggregate regional consumption on regional income .

1. These parameters have been estimated for ORANI from a linear expenditure
system. See DPRS, section 16.5(g).
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If we set y =1, and E£ happens to be 1, say, then

(5a) - (5¢) mean that the pecrcentage increase in the consumption of good £
in region r will exceed the percentage increase in the consumption of
good £ mnationally by the same margin as the percentage increase in wage
income in region r exceeds the national percentage increase in wage
income. This is very close to the LMPST case. In fact, it is the LMPST
case if

v = xés) for all feL

Then with v = Eg =1, (5a) reduces to

xés)r = v' for all 2¢L, r=1, ..., R,

i.e., consumption of each local good in region T expands proportionately
with wage income in region r . However, (5a) - (5¢) allow for other cases.
For example, if we set vy = 0 , then we would simulate a situation in which
consumption in region T wés independent of wage income in region r . This
might be a suitable assumption for a short-run simulation where the effects
of fluctuations in wage income on consumption are moderated by changes in

social security payments and savings.

We next explain the wage bill variables, which appear in equations
(5) and (52), in terms of wage rates and industry specific employment levels.
First, the regional wage bills, Vr, are
r=1, ..., R,

r T
© VoL P ey

where
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1

p(g+2)1j is the cost of a unit of laboux to industry j, and

T ' : . ..
X . is the employment of labour by indust Jin
(g+2)1j ploym Y Yy 3

region r..

In percentage change form, (6) becomes

(6a) v r=1, ..., R,

g W
J'EJ Pe2)1j * *ge213| 5

where
the weights, N§ , are the shares of the industries in the

regional wage bills.

Second, the national wage bill is
N vV = § P . X .
jes (@213 “(g*2)1]
and in percentage change form, we have
7a = P X A
(72) v JEJ P(g+2)13 A(g+2)13} i

where )
the variables and weights have interpretations analogous

to those for (6) and (6a) except that they refer to the

nation rather than to the regions.

1. The notation is that used in DPRS where the subscript (g+2)1 refers to
the primary factor (denoted by (g+2)) labour (denoted by 1). The
absence of a regional subscript on P(g+2)1j indicates an assumption

that wages do not vary regionally although they do vary across industries.
Hence the j subscript.
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The variables P(g+2)1j and %(g+2)1j are outputs of the

national ORANI computation. But the use of (6a) requires employment by
region as well as by industry. We assume that

{6b) X X, for all jeJ, =1, ..., R,

& . S, _
(e+2)13 73 (e+2313 75

i.e., the percentage change in employment per unit of output in industry j
in each region r is the same as the percentage change in employment per
unit of output in industry j for the nation. This assumptioﬁ is
clearly more satisfactory for long-run analysis than for short-run. In

the short-run, we could 3xpect exogenous shocks, such as tariff changes,

to have different impacts on capacity utilization.and labour output ratios
in different regions. For example, industries supplying local goods in
regions which benefited from an exogenous shock, could, in the shoxrt-run, be
éxpected to move towards higher capaéity utilization (and higher labour out-
put ratios). Labour-output ratios in similar industries in regions in
which activity is depressed by the exogenous shock would move in the
opposite direction. In the long-run, however, capital is inter-
regionally mobile. If, as we have -already assumed, wage rates move
uniformly across regions, it’is reasonahle to assume that in the long-run,

labour-output ratios move uniformly across regions.

To summarize, (6b) appcars 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., jeN). On the other hand, for short-run analyses, the use of (6b)
may lead to some underestimation of the employment created in regions where

the expansion of local industries is greater than for the nation as a whole.
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This is becauée 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 (5a) will lead to overestimates of household dgmand for good £ in
region 1 if the expansion of industry £ in region r is greater than
the national average for industry 2 . (5a) ignores short-run increases,
relative to the nationa’ average for industry £ , in the production costs
and output price of industry £ in region r induced by industry 2's
greater than average expansion in region 1 . While keeping these biases
in mind, for simplicity, we adopt (6b) even for local industries in short- .

run analyses.

On substituting from (7a) into (5a) , from (6b) into
(6a) and then into (5a) , mdmﬁﬂm (1a) , (5b) and (5¢) , we

obtain

®r | O = M ] r(r’ ]
Gd) % | Xg o+ Byy J.ZJ{“J' 1P T M +sz Wol%e - %ef|

for %eL, =1, ..., R .

2.2.4 "Other' final demand at the regional level

Equation (8) describes the regional allocation of Yother' final

demand for local goods.
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(8) xgsn = X,ES) QG ., fel, T=1,...,R,
vhere
Qz is the share of "other" final demand for local

_good £ which is purchased from region T .

The im?lied percentage change form of (8) is
{8a) xgs)r = xés) + qz , for feL , r=1, ..., R.

qz » the percentage change in region r's share of "other" demands for

local good % , will normally be set exogenously at zero.

2.2.5 Solving for regional outputs of local goods

The six equations (1a), (2a), (3a), (4a), {5d) and (8a) summarise

our regional model. They are repeated below in matrix notation for region r.
T
(1a) Xy T Xy
T r _x Dr _r 2)r . r @)r . r
(2a) KL OB Xyt BpL xRy Yyt B v
aBr  (3)r , 2(5)r _(5)r
M A ;
(3a) Yy = Yy i
(4a) Yy = Yy, + X - x
L L L L’
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Gy _ (3 e ! A .
(5d) X = x70 4y {WJ - w&}(p(g+2)1J +~%(g+2)1J] + W [xL XL} H

(8a) xéS)r = xES)

T
*

I
As explained in section 2.1, upper case subscripts are used for matrices of
variables and parameters. The prime (') indicates transposition of
a column to a row vector and the circumflex (~) denotes a diagonal matrix. The
dimensions of vectors and matrices are implied by the sizes of the sets

referred to by the upper case subscripts.

Equations (la), (3a), (4a), (5d) and (8a) are substituted into (2a)

and the system is solved for x{ , yielding

© <F - w{ B(l)r x, * [~ ijlr (3)r B wr} x, * 8(2)r Yy

'

I SV ICLE

} . B(S)r (5) (S)r r}

l
] [ Plge2)1s

g+

where

-1
T r (2 “(3)r Tt
b, = E' B < By - YBLT By NL:} .
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Equations of the form of (9) are the ;olution equations for the regional
computation. They express the percentage changes in regional outputs of
local goods as functions of percentage chaznges in the aggregate output,
investment and employment levels of local and national industries,
percentage changes in aggregate houschold and "other" final demands for
local goods and the percentage changes in the national costs of labour.
All of the variables on the RHS of equation (9) are either outputs of the
national ORANI computation or are exogenously determined. Equation (la)
provides the percentage changes in the regional outputs of national
industries. Thus (la) and (9) together are sufficient to describe, via
ORANI, the effects of national policy changes on all industry outputs at
the regional level. Other variables which are of interest in describing
the regional impacts of national policy can be derived by simple calcula-
tions. Equations (3a) and (4a) give us regional investment by industry.

We could also compute, for example, regional employment and income changes,
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3. EMPIRICAL IMPLEMENTATION

3.1 General Comments on Data Requirements

Inter-regional input-output models can absorb information on
commodity flows from each industry in each region to each industry in each
region, i.e., OQR)Z intermediate flows in all where N is the number of
industries and R is the number of regions.1 In addition, data on
final demands and primary input flows can be required. Figure 1
illustrates an “"ideal" data base for a two region model, showing all inter-
industry and inter-regional flows. While pioneering work on
the construction of such data sets for the United States has been completed
by Polenske2 et al [1972-1978], no similar results are available for
Australia.3 Therefore, for practical applications in Australia, we

must rely on regional models which have very modest data requirements.

The main virtue of our modified LMPST model is that the
regional data requirements are in fact very modest. For those industries
which we classify as local, we assume that all sales are to local users.

Using the notation of Figure 1, we are saying that Xi; X{i and FD{s
3

are zero for all r #s . For those industries which are classified as

An example of a model requiring such data is given by Liew [1977].

1.
2. The Polenske study covers 80 industrig§ for 51 states for three years.

N
b

There have been several input-output studies for Australia

at the state and substate level. [xamples are reported by Parker
[1965], Edwards [1977], Jensen [1976], Dickinson [1977] and
Mandeville [1977]. Hopefully, in the not too distant future, these
and other studies will provide a starting point for the creation of a
detailed and consistent set of accounts describing commodity and
service flow within and betwecen the states.
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Figure 1 : Ideal Data Base for a 2 Region
Input-Output Model
Intermediate  Flows Final Demands
Total
Region 1 Region 2 Region 1 Region 2 Usage
jeL ! jeN jeL . jeN :

i
R |
E _')EL 1
g !
I e T
0 i
L
N jeN i
1 1,
R
E jel
G !
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0
N ;
jeN

2
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national, we do not require informstion on their sales patterns, i.e., our

: rl rl R
model does not use the rows of matrices XNL R XNN s eaey FDN .

simply assume that irrespective of its sales pattern, the national industry j

We

in region r maintains its share in the cconomy-wide output of industry j .
Thus only the intra-regional sales patterns of local industries are required

data, that is the matrices Xzi N X§§ and FD{r 5 which are not cross-

hatched in Figure 1. Notice that data on inter-regional commodity flows is

largely unnecessary. It is true that industries must be assigned to

national and local categories on the basis of whether significant inter-
regional transfers of their products can occur. This assignment can be
accomplished however without any detailed knowledge of the origins and destina-
tions of inter-regional flows. For technological and/or institutional
reasons some industries 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 industries.
The general criterion is that we wish to treat as local industries those
industries for which an increase in demand within any region will be met mainly

by an increase in production within that regionm.

3.2 The Construction of the Parameter Matrices for Implementation of

Equation (9) N

The parameter matrices, B{i)r, Bfi)r, etc,, appearing in
equation (9) and the definition of w: all refer to the sales pattern of local

goods in region 1 . In the ideal data base the B8's could be constructed

from the data contained in the rows of matrices of the form Xiz, X{§ N

FDir » (see Figure 1). In the absence of consistent regional
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B(Z)r .

(Dr 8(l)r
IN ? LL ?

input-output tables, we computed the elements of BLL N

Béé)r and E{S)r by applying national technology coefficients to

regional output and consumption data. l We used the formulae
(0 ,r
AYT XD
(SIS 5 N ; .
(10} ﬁij = T s ieL , jeJ ,
X
2
@ Ag) v c Y x5
1y g/t = 2] vhere Y. =-dolo | el jed
ij el j X
i 3
and
3)r
C. X
(12) g o AT, e,
1 %
i

where A§%) , Agg) and Ci are ecconomy-wide coefficients showing,

respectively, the input of good i per unit of output of industry j ,

the input of good 1 per unit of investment in industry j and the

share of houschold expenditure devoted to good i .1 The

x§ s Y? and X(z}r are estimates of the base period values of
output and investment in industry j in region r , and of the base

period level of household consumption in region r .2 The elements

1. These economy-wide coefficients were derived from the ORANI input-
output data base, see DPRS, section 16. The ORANI data basc was
derived from the ABS 1968-69 Input-Output Tables, see ABS [1977].

2. The construction of the regional output and consumption data is
described in section 3.3, Investment in industry j in region r ,
T . : : .

Yj » was computed on the basis of regional shares in national outputs,

see (11), where Yj is national investment in industry j
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of the matrices B{S)r were constructed by using public finance statistics

to assemble an estimated vector of government current expenditure for each
state. These were normalized so that the sum across regions of the

vectors was equal to- the "other" final demand vector from the ORANI data

base, The Bgs)r were then computed as

(13) BgS)r = xBITAT , for all ieL ,
i i i

where X(S)r is an element from the relevant regional data vector.

i
As a check on the calculations described in (10) - (13), we

computed the sums

i = Dr , (@ (3, 5)r ;
(14) Sum (1,1‘) = ;:(Bij + Bij ) * Bi * Bi * iek 3
r=1, ..., R.

For local industries, each of these sums should be 1. We forced this
equality for all r = 1, ..., R and ieL by the obvious proportionate
scaling. However, before we applied the scaling procedure, we used {14)
as a check on the validity of our allocation of indﬁsfries to the local and
national categories. We also found (14) to be a useful check on our

regional output data, the x?'s .

The remaining data required for equation (9) are the vectors
W§ and WJ : the vector of expenditure elasticities , EL , is taken
from the ORANI data base1 and the scalar , vy , is treated at this stage as

a user specified parameter.

1. See DPRS, section 16.5(g).
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Wj is a vector of the shares of industries in the national

wage bill, These shares can be computed directly from the national I-0
data base.1 The W§ are vectors of industrial shares in regional wage

bills. In the ideal data base, Figure 1, they could be formed from the

relevant rows in the value added matrices, (Vf, V;) . Our approach
was to apply the uniform technology assumption. - That is, we estimated the
wage bill in industry j in region r as
T o
15 Z, = Z.X. X. jeJ and
s b JJ/J JET

r=1, ..., R,

where Zj is the national wage bill for industry i. Then we computed

w? as
J

(16) . wj = ¥ /zz , jeJ , and

r=1, ..., R.

3.3 Sources of Regional Data

The only regional data required in the application of formulae
(10) - (13), (15) and (16) are (a) regional outputs for each industry,
(b) aggregate regional household consumptions, and (c) 5other" (i.e.,
mainly government} final demands by commodity and region. For the I-0
level of industry disaggregation even this data is not recadily available in
Australia. There were numerous points at whicﬁ constrained "guesstimates"

on the part of the authors were required to £ill gaps. It is hoped that

1. See DPRS, section 16.4,
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further work will improve the data base but at this stage the data under-
lying the computations presented in section 4 must be regarded as
provisional and the results themselves must be zpproached with correspond-

ing caution.

3.3.1 The agricultural sector outputs

The gross value of Australian production for the rural
industries (1 - 6, 8 and 9) shown in the 1968-69 I-0 tables was disaggrega-
ted using state proportions derived from the value of rural commodities

~given in CBCS Value of Production, 1968-69, Bulletin No. 5 (ref. 10.26).

The required proportions for industry 7 (Services to agriculture} were
computed from the weighted sums of agricultural outputs in each state.
The weights employed were the national I-0 coefficients for the input of

industry 7 into the agricultural industries.

3.3.2 Mining outputs
The gross value of Australian production in the mining
industries (10 - 13) was allocated to states according to the state shares
in the total turnover of the mining industries. The required turnover

statistics were derived from ABS Mining Establishments : Details of Opera-

tions, 1974-75 (ref. 10.60). Where the level of industry disaggregation
available in that source was not appropriate, the data was supplemented

with information on state mineral ﬁroduction from various State Year Bobks.
The state allocation of industry 14 (Services to mining) was made according

to the state shares in aggregate mining industry turnover,
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3.3.3 'Manufacturing outputs

For the manufacturing sector (industries 15 - £0) data

on turnover by I-0 industry by state was derived from ABS, 1974-75
manufacturing census publications.1 Because of confidentiality
problems many ofAthe cells of the required (I-0 industry by state)
turnover matrix are not directly available. In these cases, the
missing cells were filled in by the authors in such a way as to satisfy
the available row and column constraints, For example, where there

was no further available information, if $x was to ve allocated between
industries a and b in region r where the national turnover aggregates of a
vand b are known, we assumed that turnover in a in region r .is given by

$x 'x unallocated turnover in a
unallocated turnover in (a+b)

Turnover (a, rj =

The row proportions of the (industry x region) turnover
matrix eventually estimated were used to allocate the gross value of
Australian production for the manufacturing industnies shown in the I-0

tables.

1. ABS, Manufacturing Establishments, Summary of operations by industry
class; Australia, 1974-75 (ref, 12.23).

ABS (NSW), Manufacturing Estabs,, § Elec, § Gas Estabs., Summary stats.
of opns., 1974.75 (ref. 8201.1).

ABS (Vic.), Manuf. Estabs., Details of opns., 1974-75 (ref. 8201.2).

ABS (Q'land), Manuf. Estabs., Selected items of data classified by
indust. & employt. size, 1974-75 (ref. 82.304).

ABS (SA)}, Manuf. Estabs., Details of opns., 1974-75 (ref. 8202.4).

ABS (WA), Census of Manuf, Estabs , Summary of opns. by indust. class,
1974-75 (vef. 8201.5). ' ‘

ABS (Tas.), Manuf. Estabs., Details of opns. § small area stats, 1974-75
(ref. 8202.6).

ABS, Manuf. Estabs., Northern Territory, 1974-75 (ref. 12.24)
ABS, Manuf., Estabs., ACT, 1974-75 (ref. 12.25).
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3.3.4 Tertiary outputs

Regional data for industries in the tertiary sector is
extremely scanty in Australia, In the absence of more suitable-data, the
state proportions required to split the national output of the tertiary

. industries were based upon data on employment by industry by state compiled

from the 1971 Population Census.

3.3.5 Household consumption

The shares of the states in aggregate consumption were computed
from data on consumption by state for the year 1974-75 given in ABS,

Australian National Accounts, National Income and Expenditure 1975-76 (ref.

7.1). These shares were used to split the aggregate consumption from the

1968-69 I-0 tables into the X(s)r's used in equation (12).

3.3.6 "Other" final demands : government current expenditure

The data for the computation of the nglr's required in

equation (13) were derived from ABS, Public Authority Finance, Local

Authorities, 1975-76, No. 14 (ref. 5.12) and ABS, Public Authority Finance,

State and Local Authorities, 1974-75 (ref. 5.43). These publications
contain tables of government final consumption by purpose. A mapping from
the "purpose™ categories to industry of supply has been made in the IMPACT-
pfoject. The state and local authority data is already disaggregated by
state. Disaggregation of the federal authority expenditure for each

industry of supply was achieved via the employment data used for the tertiary
industry output disaggregations (see section 3.3.4).1 The proportions across

the industry by state, government current expenditure matrix derived from

1. Note that all the relevant supplying industries are treated as local
industries.
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- these data were used for regional disaggregation of the Yother" final

demand vector from the 1968-69 ORANI I-0 tables,



29.

4.. THE REGIONAL EFFECTS OF ‘A 25 PER CENT

INCREASE IN ALL TARIFFS

4.1 The National Results

In DPRS we made an illustrative application of the ORANI
model by simulating the effects on industry outputs and employment of a
uniform percentage change in all tariffs.1 The extreme right column
of Table 1 reproduces the DPRS results where the uniform change in tariffs
is an increase of 25 per cent.2 ’ For example, in the DPRS simulation, a
25 per cent increase in all tariffs led te a 1.2689 per cent reduction in
the output of the sheep industry. In this section, we illustrate our
modified LMPST -method by applying it to the DPRS simulation. That is, we
allocate the national results for a 25 per cent tariff increase to the
states,

While we hope that our actual results are of interest, our
principal focus, for this paper, is on our modified LMPST method. We
investigate the properties of the method by running equation (9) under
alternative assumptio?s concerning the division of industries between locgi
and national and with alternative values for the parameter y , see sub-
section 2.2.3. However, before we turn to our examination of the

performance of the LMPST method, it will be helpful to review the national

results to which we are applying it.

The most important assumptions underlying the DPRS simulation

are that the tariff changes take place in an environmert where

1. See DPRS, section 21.2,

2. In DPRS the uniform percentage increase was 1 per cent. ORANI is
linear in percentage changes. For this paper, we have multiplied
the DPRS results by 25,
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:  EXPERIMENT 1, ALL INDUSTRIES
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ASSIGNED TO THE NATIONAL CATEGORY
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TABLE 2 : 28 INDUSTRIES IN
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(1) the exchange rate is fi#ed R

(2) the level of domestic absorption (public and
private consumption and investment) is maintained
independently of changes in tariffs ,

(3 labour markets are slack and producers can find
as much labour as they want at a constant real’
wage,l and

(4) capital stocks in each industry are fixed .

Notice that the fourth assumption implies that the DPRS results are short-
Tun. These results indicate the changes in the levels of production and
employmenﬂ which could be expected to occur (as a result of the tariff
changes) over a period of time which is sufficiently short that changes
(induced by the tariff changes) in each industry's capital stock may be
ignored. - It will be recalled from subsecction 2,2.3 that there are theo-
retical probiems with using our moéified LMPST method for the regional
disaggregation of short-run national results. Qur present application
will give us an opportunity for commenting upon the practical significance

of those problems.
Very briefly, the highlights of the DPRS results are :

(1) . The principal export industries (1, 2, 9, 10, 11, 12, 15,
22, 27, 60 and 61) and industries whose major customers
are export industries (3, 4,YS, 6, 7, 46 and 73), are the
main losers from a uniform tariff increase. Export industries
are in a weak position to pass on cost increases -~ -

tariff increases impose cost increases especially via their

1. All wages are indexed 100 per cent to the ORANI consumer price index.
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effects on the general price level and thus on money

wages,

2) The main gainers from thg tariff increases are the import
competing industries (18, 21, 25, 28 - 36, 38, 40 -43,
45, 47 - 49, 51, 52, 54, 62, 64, 65, 69 ~ 72, 75 - 80).
The tariff increase improves their competitive position

vis-a-vis imports, allowing import replacement.

(3) Employment generated in the import competing industries
is not sufficient to offset the loss of employment in
export and export related industries, The 25 per cent
tariff increase leads to a small reduction (.1309 per cent)
in the economy-wide real wage bill (see the extreme right
column of the "Employment Matrix" in Table 1.) The losses
-in employment opportunities, especially for "rural workers,"
more than counter-balance the increased employment

opportunities for other occupational groups.

4.2 The Regional Results

Regional disaggregétions of thg national results from the
25 per cent tariff increase simulation are presented in Tables 1 - 3.
Each table refers tu the operation of the modified LMPST method under a
different set of assumptions. The results in Table 1 were‘generated using
the model with the assumption that all industries are national. That is,
Table 1 is based on regional output changes produced from equation (la)

alone. Hence, the different regional effects of the national policy



42.

change depend purely upon thé different industrial structurc of the
regions. - Table 2 contains results from the model with 28 industries
(matked "L" in the tables) specified as local industries. For these
results the parameter y is set to zero so that regional household
consumption of local goods does not respond to regional wage income,1

(see equations (52) - (5¢)). The results in Table 3 are generated with
the same assignment of national and local industries as for Table 2, but
with the parameter vy set equal to one. Thus in Table 3, variations

in regional wage income are fully reflected in regional household consump-

tion levels.

4.2.1 The contribution matrices

The first matrix in each table is the contribution matrix,
These show the effects of the tariff increase on Gross State Products (GSP).

th elements are the percentage effects on value added in region T

The ir
arising from the change in output in industry i in region r . For
example, in Table 1 we see that the 25 per cent tariff increase produces a
1.2689 per cent reduction in the output in the sheep industry. This
represents a .0295 per cent reduction in Australian value added OT GNP
(The sheep industry accounted for 2.32 per cent of GNP in our base period
data and - 1,2689 %.0232 = -.0295.) Since we classify sheep as a
national industry, we assume that output is reduced by 1.2689 per cent in

all states. In Western Australia, where sheep account for 4.53 per cent

of total value added, the effect is a .0575 per cent reduction in GSP

1. Since in Table 1 there are no industries in the local set, these
results are independent of the value of vy .
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(- 1.2689 x ,0453= - ,0575). By comparison, a 1.2689 per cent
reduction in sheep output produceﬁ a .0221 per cent reduction in the

GSP for Victoria, where sheep account for only1.74 per cent of GSP. In
Tables 2 and 3, the rows of the contribution matrices for the national
industries would be identical to those in Table 1. Therefore, in the
interests of saving space, we have omitted them. For the local
industries, however, variations across the rows in Tables 2 and 3 reflect
not only variations in industry shares in GSP's (as in Table 1), but also
variations in the percentage changes in outputs induced by variatioﬁs in
the regional impacts of the tariff changes on demands for local goods.
The column totals of the contribution matrices are the aggregate changes

in the GSP's.

4.2.2 The employment matrices

The second matrix in each table shows the percentage changes
in employment by occupation and region. The Australia-wide figures were
taken from the DPRS simulation. (For example, the DPRS simulation implied
that a 25 per cent uniform tariff increase reduces employment in the
"professional' category by .0740 per cent.) Then the regional figgres
were calculated by (1) applying equation (6b) to obtain che percentage

changes in employment by industry and region (the x§g+2)ljts)’ (2} by

assuming that employment for each occupation in each industry in each
region moves with total regional employment in each industry, and

(3) by assuming that the occupational composition of employment in each
industry is regionally invariant. Under thesé assumptions we can comp-

ute the mrth element, &; , of the employment matrices according to

the formula

o
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XL .
21‘ = Z ___2_.‘.“.:]_ XI(~ 2)1.
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where Lmj is the.national coefficient {(available in the ORANI data
base) showing the labour hours used from occupation m per unit of
output in industry j . The final row in each employment matrix gives
the percentage changes in the total real wage bill in each state. Since
the national simulation was conducted under the assumption of fixed real
wages, movements in the total regional real wage bills reflect movements
in total regional employment. Consequently, the entries in the last row
of the employment matrix may be computed as weighted averages of the
entries in the columns where the weights are occupational shares in the

regional real wage bills.

4.2.3 A survey of the results for Gross State Products and Regional
Occupational Employment

All three tables rank the states in the same order with
respect to the effect of a uniform tariff increase on their GSP's. The
column totals of the contribution matrices show that the ovrdering is (from
gainers to losers) Victoria, South Australia, New South Wales, Tasmania,
Queensland and Western Australia. Within this ranking, Victoria is an
outstanding gainer and Queensland and Western Australia are outstanding
losers.

The explanation for these results is found in the bodies of the
contribution matrices. Victoria's economy is relatively intensive in
highly protected manufacturing industries. Following an increase in
protection, these industries make large positive contributions to the

change in the state's GSP. Industries 28, 29, 35, 36, 64, 65 and 70 are
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leading examples, At the same time, Victoria is not heavily depend-
ent on export related industries. Thus the reductions in the output
of the export industries are gemerally less severe in their effects on

the GSP of Victoria than they are on the GSP of the other states.

The position of South Australia as the state second most
favourably affected by the tariff increase is almost entirely explained
by the contribution of the heavily protected motor vehicle industry
{industry 65), The contractionary effects on total value added of
decreases in the outputs of the export related industries are, in several
cases, stronger for South Australia than for Australia as a whole {see,
for example, industries 1, 2 and 60). However, the boost derived from
the increase in value added in industry 65 is sufficient to ensure that
the overall effect of the tariff increase on South Australia is relatively
favourable,

The results for New.South Wales- are fairly close to those for
Australia. The NSW economy represents a large share of the nation's
economy and is diversified in its industrial structure. Both export-

related and import competing industries are well represented.

Tasmania suffers, under the influence of the tariff increase,
from a general lack of import competing manufacturing industries {excep-
tions being textiles, 28 and 29, and .paper, 41}, In addition, the state's
GSP is reduced to an approximately average extent by the contraction of the
. rural industries, and to a more than average extent by the contraction of

the metal processing industries (60 and 61).

The two big losers from tariff increases, Queensland and
Western Australia, both have a heavy concentration of export related

industries.  For Queensland, the impacts of the tariff increases on the
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outputs of the beef industries (3 and 15), some mineral related
industries (11, 12 and 61) and sugar (22) have a strong depressing
effect on GSP. For Western Australia, the contraction of the sheep
and wheat industries (1 and 2) and the mineral industries (10, 11, 60

and 61) are responsible for the relatively large reduction in GSP.

When we turn to the employment implications of the
25 per cent tariff increase, we see that these follow from the GSP
effects.  For each table, the aggregate employment effects (as measured
by the percentage changes in the real wage bills) exhibit the same rank-
ings as the GSP effects : Victoria, South Australia, New South Wales,
Tasmania, Queensland and Western Australia, In Table 1, where the
percentage changes in the regional industrial outputs are assumed to be
the same as the percentage changes in the Austrdalian industrial outputs,
the variations across the occupational rows of the employment matrix
reflect regional variations in the industrial employment pattern of-the
occupational groups. For example, rural workers in WA are particularly
heavily concentrated in industries 1 and 2, two of the heaviest losers
from the tariff increase. Consequently, the percentage reduction in
employment opportunities for rural workers is greatest in Western Australia.
In Tables 2 and 3 the employment matrices are influenced by regional
variations in the percentage changes in the outputs of local goods. This
does not have much effect on the employment results for rural workers who
are predominantly employed in national industries. However, for occupa-
tions (e.g., white-collar, skilled) where employment is concentrated in
local industries, the results vary considerably as we move from Table 1 to
Tables 2 and 5, i.e., as we allow for intra-vegional mu;tiplier effects
arising from regional differences in the impact effects of the tariff

increase.
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4.2.4 A comparison across experiments

On comparing the regional GSP and employment results across
the three tables, we find a steady accentuation of the regional differences.
The regions which tend to gain most siénificantly,as compared with the
national results (Victoria and South Australia), increase their relative
gains and the biggest losers (Queensland and Western Australia) do worse.
The impact effects of the tariff change in altering the shares of the states
in the overall economic activity of the nation are reflected in Table 1,
Moving to Table 2 we are allowing the impact effects to be multiplied in
the regions‘via intermediate and investment demands for local goods. Moving
to Table 3 we are introducing additional multiplier effects by forcing

regional consumption for local goods to follow regional labour income.

The comparison across tables highlights the problem referred to
in the discussion of equations (6b) and (5a) in subsection 2,2.3, concerning
sho&t—run applications of our modified LMPST method. Notice the results
for industry 100, ownership of dwellings. The primary factor input for
this industry is entirely fixed capital.l Therefore, in the short-run,
there can be no change in its output. This explains the 0.0000 entry for
the DPRS output result in the 100th TOW of Table 1. When we reach Table 3,
however, we find non-zero entries across the 100th row of the contribution
matrix, Since there has been no change in the nation's stock of houses,

the conclusion must be that we are allowing houses to move between

1. The output is the annual rental value of the nation's stock of houses.
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regions. Inter-regional capital mobility is implied in Tables 2 and

3 because we allow for the tariff increase to have regionally

different impacts on . the outputs of local goods.1 At the same

time we are holding constant the national capital stocks in each
industry and failing to allow the tariff changes to have regionally
different dimpacts on industry labour-output (and hence capital-output)
ratios.

Further evidence of the role of inter-regional capital
mobility is provided by the relationships between the GSP and real wage
bill results in the three tables. In Table 1 we observe that for
Australia as a whole, the ratio of the percentage change in total value
added to the percentage change in the real wage bill (or employment) is
about .6, (i.e., .0779/.1309). This ratio is approximately maintained
across the state results, varying from a low of .51 for South Australia to
a high of .78 for Victoria. The value .6 reflects the approximate wage
shares in the GSP's. It is to be expected, theretfore, that under
conditions of fixed capital stocks, a 1 per cent increase in employment
will be associated with a .6 per cent increase in value added. Now
comparing Tables 1 and 2, we see that for Victoria, for example, the
percentage change in GSP has gone from .0904 to .1777, i.e., an increase
of .0873 per cent. This is very similar to the percentage change in
total employment which has gone from .1147 to ,1991, an increase of
.0844 per cent. The reader will find, if he makes the calculations,
that the movement from Table 1 to Tables 2 and 3 implies approximately
balanced changes in the GSP and total cmployment results for all states.
The explanation is that the changes in the outputs of the local industries
which occur between Table 1 and Tables 2 and 3, are achieved witl balanced

changes in both capital and labour inputs.

1. The problem of inter-regional capital mobility does not arise in
Table 1 where all goods are treated as national.
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5. CONCLUDING REMARKS

In this paper we have described a method of deriving the regional
implications of projections obtained at the national level from the ORANI
model. The method owes much to earlier work by LMPST. However, for our
purposes, it was neccessary to modify the LMPST approach to make it
compatible with a national model in which the variables are in percentage
changes rather than levels. We also generalized the LMPST treatment of

household demands.
We chose the LMPST approach for three reasons :

(1} It is sequential. First we obtain projections from the
national model. Then we apply our modified LMPST computations. Regional
results are achieved with no modifications required to the existing
national model, and there are no potentially computationally difficult

feedbacks from the regibnal model to the national model.

(2) As with the original IMPST computations, our modified

LMPST approach possesses attractive aggregation properties.  The
Appendix shows that (under empirically relevant conditions) the modified
LMPST method produces regional projections which are consistent with the
national projections from which they are derived. For example, if the
national ORANI computation indicates a 10 per cent increase in employment
in the bread industry, then the appropriately weighted average of the
regional projections for changes in employment in the bread industry will

also equal 10 per cent.
(3) The IMPST approach makes mintmum demands for regional data.

In subsection 3.1 (especially Figure 1) we found that our modified LMPST

method could be implemented with only a small fraction of the information
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containcd in a complete integrated set of regional inter-industry
accounts. In particular, the need for information on inter-regional
commodity flows is largely avoided. For Australian applications, data
economy is a key gdvantage. As can bé seen in subsection 3.3, even the
assembly of production data, at the state level and on the ABS Input-
Output industrial classification, was a difficult task. It was made

very frustrating by gaps in the published statistics caused by

the application of ABS confidentiality rules.

Despite the virtues listed in the previous paragraph, perhaps the
fairest assessment that can be made of the LMPST approach is that it is a
sensible way to use limited data. It takes into account two of the phenomena - -
differences across regions in the industrial composition of their Gross Regional
Products, and intra-regional multiplier effects - - which we believe are
important in explaining differences across regions in the impact of national
economic policies. On the other hand, it has some obvious deficiencies. Among

these we can mention :

(1) It requives a judgmental categorization of industries
as either local or national. We cannot expect regional industries to
fall neatly into two groups; one group having 100 per cent of its sales
within its own reéion, the other group having its sales determined completely
independently of fhe regional locations of the demands for the types of
products it prodﬁces. The truth must be that the sales of industry i
in region r depend to varying extents on shifts in the demands for
good i in the different regions. For example, shifts in demand in
region r or in regions physically close to region T are probably more

influential in determing the sales from region r than demand shifts in
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distant regions. Unfortunately, however, in the absence of inter-
regional commodity flow data it is not clear that we can improve

significantly upon the local-national dichotomy.1

(2) = The LMPST method does not allow for regional variations
in the tmpact of ehanges in national economic policies on factor prices.
In the long-run, it may be accepfable to assume that factors move.(or
accumulate at different rates) so that national policy changes affect
factor prices equally across regions (i.e., the price of labour of
type m vrises by 5 per cent in all regions, the rental value of houses
falls by 2 per cent in all regions, etc.). As we discovered in
section 4, difficulties arise when regional variations in the percentage
changes in factor prices are ignored in the short-run. For example, in
the short-run we expect that the rental price of houses in Victoria,
R(VIC), would rise relative to that in Western Australia, R(WA), as a
result of a 25 per cent tariff increase, This is because our computa-
tions (Table 3) implied that income and aggregafe consumption expenditure
in Victoria would rise relative to that in Western Australia. However,
it will be recalled from section 4 that our computations failed to choke
off the relatively stronger Victorian demand. (There was no short-run
increase in R{VIC)/R(WA).) They allowed, instead, the increased demand
in Victoria and the reduced demand in Western Australia to be satisfied by

a transfer of houses out of Western Australia and into Victoria,

1. One possibility is to estimate inter-regional commodity flows from a

' knowledge of (a) regional commodity absorptions, (b) regional
commodity productions, and (c) inter-regional distances or preferably
inter-regional transport costs. A suitable technique was proposed
by Leonticf and Strout (1963) and it would be useful to investigate
the feasibility of applying their method with Australian data.
L. H. Liew proposes to do this work as part of his current Ph.D.
assignment at Monash University.
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The problem is only serious for highly capital intensive
industries assigned to the "local" category.1 Apart frﬁm industry
100, the iny other such industries under our current assignment are
industries 24 (beer and malt), 81 (electricity) and 83 (water and
sewerage).2 Ad hoc procedures (manual over-ridihg of the rcsults
for these industries or reassignment of them to the national category)
could be employed for short-run amalysis. We have chosen, in this
paper, not to implement any ad hoc corrections; our objective has been
to illustrate our modified TMPST method, revealin~ its weaknesses as
well as its strengths. The alternative to an ad hoc correction would
be to expand our regional theory to allow short-run rcgicnal variations
in factqr scarcities to generate short-run regional variations in the
percentage changes in factor prices. We expect, however, that our
modified LMPST method will be of most use in application to long-run
analyses. Our results indicate that, with suitable short-run assump-
tions about the responsiveness of regional consumption to regional
income, the operation of the method produces results close to those
obtained under the assumption that all industries are national. The
results in Table 1, that is, are relatively close to those in Table 2.
It is only when long-run assumptions about consumption are introduced
(see Table 3)3 that the modified LMPST method dramatically magnifies

the regional consequences of the national policy change. For these

1. As explained in section 4, the problem of short-run inter-regional
capital flows arises only for local industries - - industries for
which the LMPST approach allows regional variations in percentage
output changes,

2. Industry capital intensities are deducible from the V2 series in
DPRS, pp. 271-273. V2 is defined in DPRS, p. 236.

3. Recall that the results in Table 3 assumed y = 1 so that changes
in regional consumption fully reflect changes in regional income.
As suggested carlier this would appear to be a suitable long-run
assumption.
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reasons the development of a complete short-run version of the model

is not considered a high priority in our research strategy.

The concentration in this paper has been on methodological
issues. Therefore methodology has also been the principal concern of
this concluding section. However, while the actual results reported
in section 4 must be considered to be preliminary, we find them to be
encouraging.  Their main implication was that Victoria is the only
state which clearly gains in terms of overall economic activity from
general increases in protection, while Western Australia and Queensland
clearly lose. This result was both robust under wide variations in
key parameters of our modified IMPST model and was easily interpretable
in terms of what we know about the comparative industrial structures of

the states of Australia.
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APPENDIX

The Compatibility of Regional and National

Computations

Qur introductory remarks to section 2 listed, among the
advantages of the LMPST approach, that it produces regional results which
are compatible with the national results, The purpose of this appendix
is to establish the conditions under which this aggregation property is

retained by our modified LMPST method.

In section 2 we introduced regional variables for the percent-
age changes in industry outputs, industry investments, industry employment,
household consumption for local goods, "other" demands for local goods, and
total wage bills. Each of these variables has an economy-wide counterpart
in a national ORANI simulation. When we apply the modified LMPST method
to the results of an ORANI simulation, can we be sure that the appropriate

weighted averages over the regional results return us to the ORANT results

which we are seeking to disaggregate? In particular, can we be sure that
. T T
(i) i X, S(Xn) = X neN ,
as T T . s
(ii) i X S(Xi) = X5 iel ,
iy T gx®n o & iel ,
y i i i
w2 xPTsan o B iel
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™) iy;sai) =y meN
v Iyisep =y el ,
(vii) svisWhy = v o,
r
G TGy S T iy 0 3

where the variables on the left are regional results computed via the
modified LMPST method applied to an ORANI simulation from which the

variables on the right are an output? The S's are the appropriate

weights. For example, S(Xz) is the share of region r in the national
output of good n , S(x§g+2)lj) is the share of region r in national

employment in industry j , etc..

Equations (i) and (v} follow immediately from (la) and (3a), and

from (8a) we obtain

5)r Gy, _ (5] r (8)r
i Xy S(Xz ) = X0 i q, scxz ) 2el .

Hence, (iv) is valid provided that we set the qz so that
1 T (5T
*) £q, S(x,>’) = o gel .
)

Obviously q; =0 for all r and £ is an acceptable set of values.

Unfortunately, to establish the remaining aggregation conditions

@ii), (iii), (vi), (vii) and (viii)) a simultaneous, rather than a sequential

1. {*) will be used to indicate the assumptions which are needed to establish
the agpregation conditions.
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approach, is required. In what follows we use equations (2a),
Gﬂ%&L(%L(&L(%)mdﬁﬂin&whpwm%ﬁms&rme
IHS's of (ii), (iii), (vi), (vii) and (viii} . Then we establish

(ii), (iii), (vi), (vii) and (viii) by considering our expressions for

their IHS's as a set of simultancous equations. We start with the LHS
of (ii). Equation (2a) implies that

. r : S Mr (Or T, T
(ix) ixi 5(x;) = )j XB S(x) x + Z ZB,,,_ S(X;) x,

o § 18T s L Zs(z)rsc ) v;

neN r

N Z 8§3)r S(X;) x§3)r . Z BiS)r S(Xz) x§5)r ,
T T

for all ielL .

On using (i), (v) and (iv) (these have already been established as valid},

and on recognizing that

AL yTl x7

T Ay T
PYSOLITo ) Y e s § e M A s s
b1 X1 x X X 13 J
i i i 3

for all i and j ,

@ yr yr A@y T
(Z)r s = B 5 N R S * H: B AP €0 B YO )
Fij x§ X, S & 1) J

for all i and j ,



(3) x3r B (5 3 (B
T sl i oM i 8 sx (37
i <X 3 x i 1
1 h 3 2 1
for all i ,
and
(s)yr ,r (S)r (5]
X X &It x
s el - A L. 4 = si(s) scxi(s)r)
X x> x

for all i ,

where sgi) y ng), ﬂ§3) and B£S) are sales shares at the national level

for good i , we can rewrite (ix) as

) 5(2)

in n

@ R 115,

1 £

neN feb neN

+ ) Bgz) ;2 + B§3) ;§3) + Bis) x£s) . iel

£l
wvhere
Xj = f.XJ S(X) 3 j€L >
y; o= iyjsm ., jeL
and
;§3) = T x§3)r S(K§3)r) . jeL .
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Equations (5a) - (5¢) imply that the LHS of (iii) is

given by

(3T

N y - v) for all 2L .

. (BT o e(Dry, _ (3 T
(xi) L Xy S(Xﬂ y o= Xy + Ezy(z v S(X
r r
If we assume that
*) sax{DT) = s(v"), forall el andall T,

ji.e., region r's share in aggregate household consumption of good £

equals its share in the economy-wide wage bill, then (xi) becomes

i 3 . (3 S
(xii) x, = x,70 + Eylv-v) ,
for all =&l ,
vhere
v = s .
b
For the LHS of (vi), we use equation (4a).

sas r T T T

(xiii) . ﬁ Yy S(Yg) = Yy +§ Xy S(Yl) - X, for all 2eL .

If we assume that

% o
sexp

* : T
*) S(Y))
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i.e., the share of rcgion r in the total investment in industry £
cquals the share of region r in the total output of industry £ ,

then (xiii) becomes

{(xiv) Yo = Y, + X, - X, for all felL .

The LHS of (vii) follows from equations (62), (6b) and (7a).

T T T T T ko T
Ev S(V) = I I p LW, 8(V) + X T ox W sS(wvy .
r rjes  (8F2)13 73 rjes (821
That is ,
o r,r T
v = L p W+ I ox W+ T L ox W, S(V)
jed (g+2)1] 7j jed ()13 73 L .0y 73 3
- I x, W,
jEJ J J
That is,
{xv) ; = v+ I W‘(i. - x.)
jeL A J

In deriving (xv) we recognize that W? S(Vr) is the share of the economy's
wage bill devoted to industry j in region r . Hence, W§ S(Vr) cquals

Wj multiplied by S(Z?) , the share of region r in industry j's national
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wage bill. Then (xv) follows if we apply (i)} and assume that
) scx?; = S(z§) for all jeJ ,

i.e., the share of region r in the national output of industry j
equals the share of region r in the total wage bill of industry j .

Our final expression is for the LHS of (viii). It follows
from (6b) that

(xvi) I x5
r

r _ T r _
(215 S&g2)15) = F(gezy1; * E X SK )= x5

r (g+2)1j 3

for all jeJ .

If we assume that

* . T = T .
) SX{guzy1y) = SEP

i.e., the share of region r in the totel employment in industry j equals

the share of region Tt in the total output of industry j , then (xvi)

reduces to
x(g+2)1j = x(g+2)1j, for all jeN ,
{xvii)
“ea1 T Ny TN X foratlie
vhere
i T r
. = . 8 ).
*@1; = I X1y S gy
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Now we examine the five sets of equations (x), (xii), (xiv},

{xv) and (xvii). We consider the unknowns in these equations to be :
- >(3) - .
X5 Xs and Y for iel ,
Vo,
and
x(g+2)lj fqr jed .

* *
Thus we have a system of (3L + 1 + J ) lincar equations in the same number
* *
of unknowns where L and J are the numbers of elements in L and J .
We assume that system has a unique solution. Then it is easy to check that

the solution must be

X = % for iel ,
-3 3 )
x§ ) = x§ ) for iel ,
(xviii) % Y5 =y for ielL ,
. -y
and
Y1y T Xy T
(xviii) satisfies (xii), (xiv), (xv) and (xvii) trivially. It also

satisfies (x) because ORANI computations are constrained by the equations
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w,

- (1
X, = 2 B2 X+ £ZL 811 .

in
neN n

2 @
+ ] By + ] o8y
neN in n 2el. ig £

+ g3 x§3) . B§5) xgsl ,

i

That is, ORANI computations satisfy the constraint that the percentage
change in the output of good i equals the appropriately weighted
average of the percentage changes in demands for good i . ¥hen we turn

o ses . ~(3) - - > .
back to the definitions of Xg s X570, Y5 . ¥ and x(g+2)lj , We see
that (xviii) has established (ii), (iii), (vi), (vii) and (viii) .

In summary, what we have done in this appendix is to prove that
under the conditions marked by (*)'s,.the modified LMPST method preserves the
aggregation conditions (i) - (viii) . A check through sections 2 and 3
reveals that the (*)-conditions are all compatible {or even explicitly

assumed} in our empirical implementation of the modified IMPST computations.
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