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Abstract

This paper reviews the volume, Advances in Input-Output

Analysis, edited by Polenske and Skolka and published by Ballinger.
The volume contains proceedings of the most recent international
conference on input-output techniques. Contributions to the volume
are appraised in assessing extension of the input-output approach
into the areas of short-run forecasting, regional analysis,
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The integration of the input-output model into more sophisticated
economic models is then considered. The required improvements in the
specification of the trade sector, the demand side, supply constraints

and technology are discussed.
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Advances in Input-Output Analysis :

An alternative approach is that suggested by Wigley [40] A Review Article

and described in the P-S volume by Duval, McNeill and Jeantet [11].

b
Wigley's method, which is employed by the Cambridge Growth project, y

. A ) Peter B. Dixon
attempts to model embodied technological change of the type assumed in 4
an

vintage production functions. B. R. Parmenter

La Trobe University and Industries Assist-

4. CONCLUSION ance Commission

This review has concentrated on the input-output method V 1. INTRODUCTION

as a tool for applied economic analysis. The stark assumptions of

: . c s The appearance of a volume of proceedings of the Sixth
the input-output approach are unnecessarily restrictive from the

A . i . International Conference on Input-Output Techniques [29] held in Vienna
point of view of pure theory. The importance of input-output

in 1974 provides an opportunity for the reappraisal of the usefulness
economics is that it provides a vehicle for the empirical P PP 7 PP

. . e of input-cutput models. The twenty-nine papers reproduced in the
implementation of much of general equilibrium theory.

volume (hereafter referred to as P-S) present input-output techniques

A necessary feature for empirical models is that their applied to a wide range of problems. Some studies use input-output

solutions be computable. Computing limitations are proving to be analysis alone; others embed an input-output module in a more elaborate

increasingly transitory in the face of technological change. As ‘economic model.
the editors of the P-S volume point out in their introduction, for

Consider Leontief's original formulation of the basic, open,
linear models problems of obtaining a solution are no longer serious.
static input-output model [19] ,
For large models with fine sectoral disaggregation, especially when

new dimensions, regional or environmental for example, are added, X = AXX+Y . (1.1)

problems of data storage and handling may arise. Hoffman and Kent [14]
A vector of gross outputs (X) by n industrial sectors is determined as a
discuss aspects of these issues. Many of the developments discussed
function of a vector of final demands (Y) taking account of the inter-
above, especially in section 3, involve non-linear elements in the th
dependence between sectors through intermediate inputs. The 1ij
structural forms of input-output based models : neo-classical
celement of the matrix A shows the input from sector 1 required per
production functions for example. Non-linear solution algorithms '
unit output of sector j . In the basic model A is a parameter
for general equilibrium models are of course available but may impose
and Y is exogenous.
limits on the size and scope of the model unacceptable from the point

of view of policy analysis. Some of the contributions to the P-$ volume,



.mmwam;m U8 TOTFFo0d o Juriepow snousfopus
ueyl Ieyied soTIeueds ASoyouyoel snousdoxe yo uorirsodut oyl Aq palpury aq
aydtw Aey3 3Byl 3ng paxoufT aq jou pINOYS SIULTOHTFFoon AFoTouysei ur safuwyd
1BYL 9( 03 SWASS UOTSNIIUOD JYJ *UOSPTBASS AQ POULITIUOD OSTEB ST 1[NSaX
3seyl SIY] *SI0300S ]SOW IOF SPUSI] PIBMUMOD POUTIOP [1oM ATITBI ITQIUXd
SJUSTOTFFO00 INOQeY IBYI PUR SIUSTOTFJO0D STBIIoYew ur sofueyd ueyl uwirodut
oxow axe s3ueTdIyyeod ndutr Axewrad ut seBueys eyl S+ oyl xoy [g] aezxed
FO SUOTISTITOUOD ISTIIBS 2yl WITFuod AJyeiousd s3insex sty  reiep andano-indur
asouedep owos UT 93UBYD QUSTOTFFO0D FO JUIXO oyl selefriseaur [gz] TyeZO
*93eINDOR 93Inb aaw suorzosfoad puesmep Teuly XToyl ‘peissl poryad oyl xoy ‘eyd
I9A9MOY POIOU BQ PINOYS 1] ‘1opout NAYOANI 2U3 YITM SUOTIBTMMIS UT SIOIID
Jutonpax ur ‘suoridefoxd puewep TeRUIF UT Sjuswesoxdut 031 sATleyex ‘iupixodut
e sjudwisnipe JUSTOTFFOO0D IBY] PUIly J033e] Y]  -Xxrairew LForouyrsl ayi ug
sofueys 03 srepow 3ndino-indur woXy $3TNSOX FJO AITATITSuoS oyi oredrisoaur [v]
PIOqUTSY pue UTIBWTH ‘xapyong pue [6¢] FFoysstom yiog ‘uotisenb sTy1 03
JUBADTOX 9DUOPIAS SUTBIUOD OS[E SUMIOA §-4 9YJ  'OWI1 ISAO0 JURISUOD DOWNSSE
2q 03 3y8no s3usTITFFo0d Tedt8oTouysal 1wy ABS 03 J0U ST STYL
‘InFIINIFUn 9q
03 L1911 oae sootad aATiIBTSX UuT soSueyo o3z osuodsor UT UOTINITISANS SIBIIOIRBW
/steraetew Tspow ol sidweile eyz A7dmr sifnsex sty - saedunpoxd oy uorl
-dumsse SurzTwrulw 3500 e Aq parydur oq pinom se sa0Txd eATimIeX UT sefumyd 01
poiBIox AT9SOID oIB SIUATITIFO0d ASoyouydel ut sadueys 3wyl ®BOPT oyl s3defex
oy ‘so1gqel indino-indut ueiSemioN Jo sotaes owry Juol ® Jursp ‘uot3sonb

1sel STYl 03 IUBASTOX 9oUSPTAe swos soptaoxd [zg] uospieass

rA1r8I0Ual axow STopow
andino-3andutr o3ur poonpoxjur aq Arqertroxd pined uorinitasqns ndut
Ioy3laym O3 SB SosTIR uoTisenb oyl pue uvoIIedIFTTAUTS JUSTOTIFOOD POXTF

o413 Jutuopueqe UT POATOAUT ALIBOID OIB SIS0 *ad431 xea3el Byl JO

‘gt

8Jae SUOTSUSIXd dsayly ~N UOTI38S 03 3SBIJUOD U] “POISPTSUOD 3B FI18S3T

SINIOMIYS [BOTISIOBY] 8YJ 03 SUOTSUSIXD .3®ﬂ>®H Yl FO ¢ UOTIDSS Ul

‘eAoqe pautirano welsds oyduts oyl Lq poessaippe jou swsyqoxd yo stsdreue

343 Ul pre ue se poyjeu ndino-andut 2yl esn o3 2xr1sap oYl Aq pseieariou

ol® PUTY STYL JO SUOTSULIXF  'STsATBUB DTweudp pue UOTINGTIISTP SWODUT
f5ONSST [RIUSWUOITAUS ‘sTsATeue TBuOoI8sa ‘BuUT1SEBOOIOF WLIS3-3IOYS @ SBOIR SATJ
ojut £Bojopoyreuw jndino-jndur syl yo sunioa §-4 9Yyz ur peirodel SUOTSUSIXD

JO opeWt ST JUBMSSOSSE UB STOTIIR MOTARI STYJ JO 7 UOTIDOS UJ

‘A3txerndod Burnurjuod

$3T x0F 3aed UT SIUNOIDE IQNOP OU PIpUSIX? 0§ aq ued yoeoxdde yeTiuo0s7]

21SBG Y3 JOo adods syl YITYM YITM asBO QY] ‘uotyeoridde s1t Fo adoos

33 puslXs 3Ing ISPOW DISBG dY3 FJO SINIDINIS [BULIOT SY3 UTBISI SIdyjo Auepy
‘souemioyaasd yiamoId uedTy 0lIONg FJO UOTIOASSTP [BOTIOLISTY ue usAtf o3 Topow B
yons sosn osrdwexs 107 [6¢] FFoxnssTON ‘pautopeun 1souie (I°71) OYII Sispow
asn oumyoa oyl ur sxeded swmog *stsdteue teorardws ur petidde A1epIa

I1T3s ST ‘pro sieed L3103 ueyl sxow mou ydnoyile ‘welsds SISeq §,FSTIUCST JO

2IN10NI1S [EOTISIO0AYT 9Y3 IBYI ST SUMTOA §-4 9YJ JO SOUSPIAD Y

*[¢] urypog ‘Fo ‘xrajeu AFojouydel ieindupidex ® olepountodde 03 pue sindino
AIISNpUT pue SITITPOUMOD USIMIAG SnxXou paTrdur syl YeaIq o031 pezIileisuss
aq ued (Z'1) pue ([°I) wo3sAs 9yl ‘9Inlonils [eOT3ILI09YL ITSBQ syl SurSueyo
INOYITH ‘snouafoxe Se ue¥el ST A pue Xajowexed B ST 7 [ xo3d0es

ut 3ndano 3tun xod pesatnbax ¥ xo3oer Arewrad jo andur oyl ST YOTYM

30 JuSWSTd :pmﬂ 9yl Xtxjew B ST 7 pue sootxd pappe an[eA JO 103094

e ST A fsindino 103095 ayy yo seorxd 1Tun Jo Io3oea B ST d  oxoym

(z'n) S A vd o= d

ST 1epom adtad pejeIdOssE BYY



22.

produced in Barker's model by an increase in government spending.

Government services are typically of above average labour intensity.

A similar result is evident in the pollution model presented by Thoss [35].
Again labour is the only factor assumed to be scarce and the solution of
the model subject to full employment and pollution constraints generates a
large increase in the generation of electricity from hydro-electric sources.
It is unlikely that this result would be robust under the imposition of

relevant capital and natural resource constraints.

Contributions to the P-S volume demonstrate clearly the importance
of specifying acceptable supply constraints for input-output models and in
particular the need to avoid specifications which lead to spurious results
from implausible changes in factor proportions. Important elements of
costs, such as capital, should not be implicitly assumed zero. A specifi-
cation involving aggregate labour and capital constraints, neo-classical
production functions and exogenous relativities between sectoral rates of

return would seem to be a sensible combination for long-run simulations.

3.4 The technological specification

The fixed coefficient technology assumption is the most obvious
simplification introduced by the input-output representation of the economy.
This assumption rules out all substitution in industries' input structures
in response to changes in relative input prices. In input-output based
general equilibrium models it is now quite common for this assumption to be
relaxed with respect to primary input substitution (cf. {[34]) and substitu-
tion between alternative sources, (i.e., foreign versus domestic) of inputs
of the same commodity classification (c¢f. [1]). The models described by

Barker [2] and by Petri [30] both implicitly incorporate input substitution

attempts to overcome perceived shortcomings in results generated from
simple input-output models under the standard interpretation, The
exogeneity of final demand and the stark technological assumptions of the
basic model are obvious weaknesses. More important is the lack of an
explicit supply side. Primary factor constraints are entirely absent from
models like (1.1). Similarly the exogeneity of primary factor prices

in (1.2) implies perfectly elastic supplies of primary factors. The
importance of appending a fully specified supply side to input-cutput models

is emphasized in section 3.

2. EXTENDING THE SCOPE OF THE BASIC LEONTIEF

MODEL

2.1 Short-term forecasting

The standard interpretation of an open static input-output system
such as (1.1) and (1.2} is that it provides medium or long-term projections.
The system amounts to a single period model in which changes in demand are
fully accommodated by changes in output and in which prices respond completely
to changes in costs. Essentially the same interpretation is adopted in many
of the more elaborate, input-output based models. In the P-S volume, the

model described by Barker [2] is an example.

In its basic form the input-output system is not suitable for short-
run (say, quarterly) forecasting of output and price responses. For that
purpose explicit modeling of inventories as a buffer between demand and output
and of the lags in the response of price changes to cost changes is essential,
Purely statistical studies of these short-run timing phenomena are common,
especially in the literature surrounding awmeCWwachs macroeconomic models.

Forecasting models based on this type of analysis can often be shown to track
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20.

is to be used to produce plausible projections, relevant supply side
constraints must be appended. Weisskoff [39] in his model of the

Puerto Rican economy, for example, explicitly assumes that labour is in
excess supply and imposes neither an aggregate capital constraint nor a
balance of payments constraint. The sectors of the economy are, there-
fore, in no way competitive on the supply side and any increase in demand,

a program of import replacement for example, will increase aggregate
employment.  The implausible implication is that, even in the long runm,
employment creation is just a matter of demand stimulation. In a simil-
arly unconstrained model of the Philippines, Paukert, Skolka and Maton [27]
derive an essentially Keynesian increase in GDP and employment from an
egalitarian redistribution of income which reduces the average savings

ratio. Such an implicitly short-run analysis of a long-run phenomenon -

a change in income distribution - does not seem of great interest. Its
shortcomings are revealed by complementary results presented in the same
paper which indicate that, by reducing the investible surplus, the redistri-
bution lowers the available rate of growth. Other problems of interpreting
input-output models with no supply constraints have already been referred to
in the context of key sector appraisal [31], [18], and regional modeling [7],

[14], [37], [28].

For long-~run models supply constraints are generally essential.
Employment constraints, in the absence of well defined theories of labour
supply, are generally regarded as exogenous. Capital constraints may be
endogenous in models which explicitly accumulate through time. Investment
is then both a demand and a supply side variable. Ivanov [15] for example
incorporates such a structure. In single period, '"snapshot" long-run

models the capital constraint is best imposed exogenously. Investment

5.

for all sectors and for this reason they treat some prices as exogenous.
For both these reasons a sectoral approach using an input-output framework
may be the appropriate level at which to pursue attempts to impose better
theoretical structures on short-term forecasting exercises even where the

overall concern is with macro aggregates.

2.2 Regional analysis

The input-output method has proved to be particularly attractive
to economists interested in regional analysis. In this context the
method has been applied in two distinct ways : as a framework for the formu-
lation of single region models and in an extended form which accommodates a
multi-regional dimension in a single model. Apart from the problems of
assembling inter-sectoral flow data at the regional level, the basic weakness
of the single region approach is that inter-regional trade cannot adequately
be explained on the basis of developments in a single region. The
regional economy is typically much more open than the national economy.
Since ﬂrm trade sector is therefore so much more dominant in determining the
level and structure of economic activity within the region, the modeling of
inter-regional trade flows is crucial. Simultaneous ﬁammn5m:~ of demand
and/or supply factors in mutually trading regions, that is a multi-regional
approach, would seem to be required. Emerson [12] presents ‘some results
of 2 single region model of Kansas which concentrate on the stability of
import coefficients. No detailed framework for explaining changes in the
coefficients is possible at the single region level and it is difficult to

extrapolate the results beyond their immediate context.

Four examples of multi-regional input-output models are offered
in the P-S volume : [7], [14], [37] and [28]. These models conform

strictly to the theoretical structure of the basic Leontief system
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models proposed by Barker and Petri hinder the application of this more
satisfactory approach. The question of the appropriate supply side

specification is considered in section 3.3 below.

3.2 The final demand specification and “key sector' identification

The basic input-ocutput model, equation (1.1}, takes final demand
as exogenous and is able to trace the implications for gross outputs of
any projected level and composition of demand. The model itself says
nothing about what is the appropriate vector of final demands. The key
sector approach attempts to use the simple input-output model to identify
which sectors in an economy ought to be stimulated. An arbitrary increase
in final demand is hypothetically imposed on each sector in turn and the
effects on various economic magnitudes are computed. The magnitudes typic-
ally chosen are aggregate gross output (via indicators of backward or
forward linkages), aggregate employment, net foreign exchange earnings and
aggregate GDP.  Schultz {31}, for example, produces measures for all of
these. Such measures may account for direct effects only or, more

usually, for direct and indirect effects via the use of the Leontief inverse.

The problem, arising from the exogenous treatment of final demand,
is that, although key sector identification is an attempt to decide how the
sectoral pattern of final demand should be directed, nothing is said about
the relative values to final users of the alternative demand patterns. 1In
addition the usefulness of the key sector approach in conjunction with a
simple input-output model is limited by the weakness of the supply side of
the input-output model. It fails to account for the possibility that
sectors are constrained on the supply side via their competing demands for

scarce factors : land, labour, foreign exchange and especially capital.

7.
7 = cak (2.2.2)
Yooy . (2.2.3)
>w is a block diagonal matrix where the blocks are m (n X n) matrices
of technology coefficients. The wunr element of the mn: such matrix

is mmw 1(Gs) : the total input from sector i required per unit output

of sector j in region s . In multi-regional studies these coefficients
are often assumed equal to national input-output coefficents, (i.e., it is

often assumed that a = 3

(1.)(Gs)

13 for all s ). This assumption however
is in no way essential for models of the form of (2.2.1) and may give mis-
leading results. Polenske [28] for example emphasizes the importance of

allowing for regional variation in the technology of electricity generation

in a multi-regional model of the U.S..

C is a matrix of coefficients which define how regional users of
the output of each sector source their supplies among producing regions.  The
mmmCSﬁﬁwonwmmrmﬁmHv:mmwmomnoEEOQWﬁKwwzwmmwozumﬂmzﬂwmwﬂ

supplies from producing regions in the same proportions. This assumption

removes the need for a sector of use dimension in the required inter-regional

flow data. C consists of m columns of m (n % n) diagonal matrices. The
wm: diagonal element of the Ha: such matrix in the mﬂr of the columns is
given as :
C,. . = . Lx.. .2,
Gnas) = fanes / Eranes (2.2.49

where Nﬁwaum.mv is the total usage in region s of the output of

sector 1 in region T .
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16.

of exports (E) is almost always taken as exogenous. Within the
input-output framework there are two common alternatives for the modeling
of imports, Firstly, imports might be regarded as non-competitive.
Even if the import vector (M) is designated in the same commodity

classification as domestic output (X) , substitution between imports and

domestically produced commodities is ruled out. Such a model might be
written as
X = >ax + <a (3.1.1)
M = >5x * <a s (3.1.2)

where <m and <E are, respectively, vectors of exogenous final demands

for domestic output and imports. The matrices >m and >§ are,
similarly, matrices of input-output coefficients distinguishing between
domestic and imported inputs. This is the approach adopted by Paukert,

Skolka and Maton [27].

Alternatively, domestic output and imports of the same commodity
classification might be treated implicitly as perfect substitutes and

summed in a single commodity balance equation as follows :

X = AX+Y-M , (3.1.3)

where Y 1is now interpreted as a vector of final demand for commodities
and A 1is a technology matrix. Under this specification the determina-
tion of the shares of imports in domestic usage is a problem. When (3.1.3)
is incorporated in a linear programming model or a model in which users are
assumed to'minimize costs the "flip-flop" problem arises with import shares
alternating between zero and one according to relative prices. This

problem is encountered by Tokoyama, Kobayashi, Murakami and Tsukui [36].

9.
REGIONS
1 2
Sectors Sectors
L N L N
o , p—
Ll 0 0 0
Region 1 ~ ! R
N|o c, 1o ¢,
lllll I'lil%!lll!lllll
]
0
Region 2 L 0 m 1 0
~ H ~
N} O nm m 0 nm
Meszane. 1 —

wvhere the nH matrices are diagonal and impose the assumption (2.2.5) for

the usage of national commodities.

A less restrictive, but more data demanding, general method for

generating the xmeUA s) is the gravity model of Leontief and Strout [23].

Inter-regional flows of commodities are assumed to depend on the sizes of
using and producing regions and on the distances between them. Rather than
resorting to such general methods, Vanwynsberghe [37] and Polenske [28] use

primary data on inter-regional trade flows.

In all of these multi-regional input-output models the size and
location of sector outputs is demand determined. That is, the regional
outputs of sectors are determined by «x . The sourcing assumptions built
into the matrix C are therefore of overriding importance in determining
the regional outcome of exogenous changes in m . nocwmwm and Vallet [7]
suggest that the REGINA model of the French economy includes region specific

supply constraints as well as the usual demand side. Unfortunately, no
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This approach to income distribution is clearly very crude.
Changes in ownership patterns (W) and relative factor scarcities
reflected in changing relative factor prices (v) are both ignored
although in the long-run they would appear to be crucial in the determina-

tion of income distribution.

2.5 Dynamic snalysis

The final extension of the basic Leontief model which will be
considered briefly is the imposition of a dynamic element via a relation-
ship between the demand for investment goods and the rate of change of
sectoral output (or capacity) levels. The simplest version of the dynamic
input-output model is

X, = AX + B(X

+ - xdv + <n s (2.5.1)

t+l

where B 1is a matrix of investment coefficients vMu : the input from
sector 1 required per umit expansion in the capacity of sector j .
Given the stream of exogenous final demands ﬁ<ﬁv and an initial value

for xo , equation (2.5.1) can be solved for a time stream of xn rather

than for a single value of the vector of gross outputs at an (undefined)

point in time as is the case for the static input-output model.  Solution
of (2.5.1) is trivial if B is invertible so that xﬁ+~ can be expressed
in terms of xd and «n . Even in the more usual case in which B is
singular, solution techniques are well known (cf. [17]). Livesey [24]

suggests a slightly simpler computational procedure but fails to establish why
computational aspects of such a crude accelerator type growth model are

still of importance.

11.

pollution abatement. The essentials of the extended model are :
X = AX+ES+Y (2.3.1)
T = PX + QS (2.3.2)
U = T-8 s (2.3.3)

where § is a vector of activity levels of pollution abatement sectors
and E is a matrix of coefficients m»u : the input from conventional
sector 1 per unit activity in abatement sector j . T is a vector of
gross pollutants generated and the matrices P and Q show, respectively,

the pollution generated per unit activity in the conventional and abatement

sectors. Equation (2.3.3) defines U , a vector of net pollution.

This is the basis of the economic/pollution model for the Nether-
lands described by den Hartog and Houweling [9]. It emphasizes: that
pollution abatement is costly both because it absorbs resources and because
it generates further pollution. Results from the Netherlands model confirm
the empirical importance of accounting for these factors. Cumberland and
Stram [8] outline a plan for a complete economic/environmental model which is,
sensibly, designed in modular form so that limited analyses can be conducted
in advance of the completion of the entire system. Results presented from
their pollution generation module (analogous to (2.3.2)) assume Q = 0 .

Thoss [35] also fails to model explicitly the input structure and pollution
generation characteristics of abatement sectors. In a heavily constrained
linear programming model applied to West Germany he relates the costs of
abatement to the level of pollution control in a more rudimentary fashion.

The model is used to examine the structure of the economy implied by the
maximization of domestic absorption, net of pollution abatement costs, subject
to exogenous constraints on the levels of net pollution. Shadow prices on
these constraints are then interpreted as the opportunity costs of pollution

control.
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