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ABSTRACT

The objectives of this study are to apply a new
demographic-economic input-output model to the Wollongong
Statistical District and to carry out sensitivity analysis on

this new demographic-economic model.

The multipliers of the new demographic-economic model
(considered as a static closed model) are compared with the
traditional model (static semi-closed model) for the
Wollongong region. The study finds that the static closed
model calculates multipliers which are smaller than those
calculated by the static semi-closed model. Thus, the study
concludes that the demographic-economic model enhances the
performance of the traditional input-output models specially
in economies experiencing rapid economic and demographic

changes, through calculating realistic output multipliers.

The study also finds that the new demographic-economic
model is more sensitive to changes or errors in the
coefficients than the traditional model. Thus it 1is
important to weigh the benefits of realistic multipliers
against the cost of having a model which is more sensitive to

eTrrors.
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CHAPTER ONE

INTRODUCTION

The economic impact of either adding or deleting an
economic activity in a region has long been of special
interest to people living in the region and to policy makers.
With unemployment in Australia recently reaching record post-
war levels, the importance of identifying the economic
impacts associated with the introduction or removal of an

employment source has been considerably increased.

A number of techniques have been developed for assessing
regional economic impacts. These techniques are:

(1) Economic base models;
(2) Keynesian multiplier models;
(3) Regional econometric models;

(4) Regional input-output models.

This study concentrates on regional input—-output models,
which are an extension of the application of the input-output
model at the national 1level that was pioneered by Leontief
(1936). Regional input—-output models have enjoyed a rapid
rise to prominence and are now generally acknowledged as the
most powerful and comprehensive models available to the
regional analysts. The importance of regional input-output
analysis is summarised by Conway (1977) who describes input-

output models as:

"the most operational regional economic forecasting
and planning tools of a general equilibrium

nature". [Conway (1977; pp. 177)].

Recognising this importance, this study is concerned
with the development and application of regional input-output

models. In particular, this study is concerned with



improving the usefulness of input-output models for regional
impact analysis, specially in economies experiencing rapid

change.

The way planning studies have been undertaken for non-
metropolitan areas is for a group of economists to prepare
regional economic projections and for demographers to
undertake population projections, These exercises were
largely carried out independently. However, it became
evident that such an approach was likely to generate
substantial problems in terms of the reliability of the end
product. In particular, the problems became quite severe

when unemployment deepened in western economies in the late
seventies and the eighties., Regional economists who were

predicting a severe downturn in regions whose basic
industries were threatened by the decrease in commodity
prices and other factors, found that regional economies were
either growing or not declining as quickly as predicted. It
became apparent that demographic factors had an important
bearing on the activity levels of regional economies. The
economists previous models had excluded from their models
people who were not part of the workforce. However, as the
number of unemployed (and the associated transfer payments)
increased and migration of the aged intensified, regional
economies were being supported by people who were not part of
the workforce. This forced regional economists to reconsider
their modelling approach and thus demographic-economic
modelling was born. Regional economists started to
specifically model how demographic variables were affecting
regional economies, or what could be called

demographic/economic interface.

The Wollongong Statistical District was experiencing the
same problems as studies showed that standard input-output
models tended to overstate the impacts of a decline in a
region. For example, early forecasts of the impact of the
downturn in the steel industry in Wollongong, based on input-
output models were very pessimistic. The main problem was

that it was not acknowledged that a large number of those who



found themselves unemployed would remain in the regiomn and
maintain reasonably high levels of expenditure. That is, the
forecasts based on traditional input-output models

exaggerated the consumption-induced impacts of the downturn,

Thus, the aim of this study is to apply a new input-
output model to the Wollongong Statistical District. The new
model, called the DECON model was developed by Mangan and
Phibbs (1988). The DECON model is an application and an
extension of demographic-economic (hereafter known as demo-
economic) model which arose out of the dissatisfaction with
the performance of the earlier style of input-output model in

modelling the Wollongong economy and the unique conditions
facing the Wollongong economy.

The DECON model was applied to the Wollongong region
because of several changes which occurred in the region

between 1981 and 1986. The main changes which occurred were:

. large number of job losses among unskilled and semi-

skilled male workers and female textile workers.

. outward migration of families, normally associated with

the job losses mentioned above.

. an aging of Wollongong's population with an increasing

percentage of retired persons.

. significant increase in part-time, service based and

mainly female jobs.

The speed and extent of these changes in the region are
such to bring into question the capacity of standard
techniques to correctly model the regional impacts. More
specifically, the experience of Wollongong has shown the need

to modify existing input-output analysis:

(i) to incorporate the role of the non-workforce

population.



(ii) to correctly monitor the movement of the whole

region's population rather than just the workforce.

(iii) to adjust raw workforce data to reflect the job status

and occupational shifts.

The DECON model is the result of the improvements which
were built into the traditional input-output table to
overcome these limitations. The DECON model is built in such
a way as to add two new industries to the traditional input-
output model. The two new industries are the unemployed
industry and the population industry. The unemployed

industry treats the unemployed as a separate industry and
specifically models their consumption. The population

industry allows the specific calculation of the population
multipliers which measure the flow-on population change due
to a shift in economic activity in a particular sector.
These procedures will lead to the demo-economic multipliers
(called type IV multipliers) being smaller than the
traditional multipliers (called type II multipliers).

In addition to the improvements in multiplier accuracy,
the DECON model allows the regional analyst to assess the
impact of demographic changes in their region. That is, the

DECON model has been extended to take account of migration.

The DECON model also overcomes the traditional problem
of modelling labour supply by using full-time job equivalence

data rather than absolute job numbers.

This study extends beyond the application of the DECON
model to the Wollongong region. Sensitivity analysis is
carried out on the DECON model to determine the extent of the
sensitivity of the Wollongong table to changes 1in

coefficients due to the demo-economic factors.

Given the cause, development and nature of the new demo-
economic (DECON) model, the question then arises as to how

the DECON model is applied to the Wollongong region, the



effect the demo-economic factors have on the Wollongong
economy and the sensitivity of the DECON model to changes in
the coefficients of the Wollongong table. The following
chapter reviews the literature of input-output analysis.
Chapter three discusses the input-output method of measuring
economic impact and a review is presented of its application
to the Wollongong region which lead to demo-economic
modelling in the region. Emergence of demo-economic
modelling which served as a starting point of the DECON model
is provided in chapter four. A description of the
methodology of the demo-economic (DECON) model used for
impact assessment is given in chapter five and the results

presented in chapter six. Chapter six also provides the
results of the sensitivity analysis done on the DECON model.

The major contributions and implications of this study are

presented in the final concluding chapter.
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CHAPTER TWO

GENERAL INPUT-OUTPUT ANALYSIS

Input-output analysis has been available to economists
since the work of Leontief in 1936. However, it has only
been used as a tool of regional analysis for the 1last 25
years and has experienced an acceleration of activity during
the last decade. The first development was the recognition
of the social accounting value of the input-output table and
the incorporation of the table into the national accounts of
most nations. The other development has been the use of

input-output table as a database for the study of economic
structure and to identify the structural characteristics of

national or regional economies.

2.1 THE STRUCTURE OF THE INPUT-OUTPUT MATRIX

The input-output model estimates the change in inputs
required to service any given change in output. An input-
output table (also termed as a transactions table or an
input-output flow table) records the production and the
disposal of the products of an economic system for a

particular period.

The core of input-output economics is the transactions
matrix which represents the economy to be studied in terms of
aggregated industrial or commodity groups or sectors. The
transactions matrix summarizes the inter-sector flows in a
given period and is conventionally presented in tabular form
such as in Table 2.1, The transactions matrix traces out the
transactions in money terms between the sectors for a given

year.,



TABLE 2.1: Generalized Transactions Matrix

Intermediate
Demand (Sales) Final Demand
|
Outputs | Intermediate |Household Other Final| Total
> Sector Consumption Demand {Output
o [Inputs
8 § (Quadrant I) (Quadrant II)
o 1 2 3
™
Q3
&
2a 1| X31 X12 X13 N1 112 X1
H 3 2 | X21 X22 X23 121 122 X2
= 3 | X31 X32 X33 Y3} Y32 | X3
(Quadrant III) (Quadrant IV)
‘31’3 Households P11 P12 P13 - - P;
E 2 |Other Primary|
NG
A= 1Inputs P21 Pp2 Po3 - - Py
Total X7 X9 X3 Y Yo |
Inputs
where

Xj denotes total output of sector j.

Xij denotes direct purchase of output £from sector i
by sector j as intermediate requirements in
sector j's production activity (i.e. domestically
produced raw materials).

Yij denotes final demand of type j for output of
sector i,

Pij denotes direct purchase of primary inputs

required for sector j's production activity
(labour cost, consumption of capital, operating
surplus, imported raw materials).

PjYi appropriate totals.

Note: Quadrant IV is shown as a null matrix since it does
not contain any transactions here.
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The rows of an input-output matrix show the disposition
or disposal of the output of each sector, that is each row
indicates the money value of sales from one sector to another
and to the final demand. From Table 2.1, firms in sector 1
sell Xy1 of their output to firms in the same sector, Xj2 to
firms in sector 2 and Xj3 to firms in sector 3, Yj;j to
household consumers as final users and Yj2 to other final

demand sources.

Each column shows the purchases of inputs which each
sector makes from other sectors, i.e. it shows the purchasing
patterns of sectors. For example, firms in sector 3 purchase

X13 from firms in sector 1, X593 from firms in sector 2 and
X39 from firms in the same sector, Pj3 from primary inputs in

the form of household labour (via wages, salaries, etc.) and

P93 in the form of other primary inputs.

2.2 THE FOUR QUADRANTS

Table 2.1 shows that an input-output matrix is defined

in four quadrants. These quadrants are:

Intermediate

Final Demand

Primary Inputs

S W N =
L )

Primary Inputs-to-Final Demand

A distinction is made between the endogenous quadrants
(intermediate demands and intermediate inputs) and exogenous

quadrants (final demand and primary inputs).

2.2.1 The Intermediate Quadrant

This quadrant shows the flow of transactions between
the industrial sectors defined for the study, and provides
the analytical core of input-output impact analysis. An

essential feature of the transactions matrix is that 4in
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quadrant I, there must be the same number of rows as there
are columns. That is, quadrant I must always be a square
matrix. The same restriction is not imposed on any other
quadrants and in practice the number of rows and columns in

other quadrants are seldom equal.

2.2.2 The Final Demand Quadrant

The second quadrant indicates sales by each sector to
final demand or more precisely, it records the disposal of
output of each sector to destinations other than as inputs to

other sectors in the economy, that is to the final use of
goods and services as far as the economy is concerned.

The final demand quadrant typically includes household
consumption, exports, capital formation, government

expenditure and changes in stocks.

The final demand vectors have a special significance in
the input-output matrix in that the level of activity in the
final demand vectors are considered to be exogenous,
autonomous or independent of the production system
(intermediate sectors). Final demand is also considered
important because many of the changes which occur in sector
production levels do so following a change in one of the

final demand vectors.

2.2.3 The Primary Inputs Quadrant

This quadrant shown as quadrant III in Table 2.1 lists
inputs into each intermediate sector which originate outside
the production system, that is, they are not purchased from
firms within the local economy. Normally included in this
quadrant are rows for <components of value added
(wages and salaries, indirect taxes, gross operating surplus
including depreciation) and imports of goods and services

from outside the economy.
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2.2.4 The Primary Inputs—To-Final Demand Quadrant

The last quadrant shows those transactions which
directly link the final demand and primary inputs quadrant
without transmission through the intermediate quadrant. This
quadrant includes the value of imported goods consumed by

households, capital formation, government and exports.

The input-output matrix provides a descriptive "concise
snapshot" of an economy at a point in time. It is
essentially a system of double-entry bookkeeping. Within
each industry in the processing sector, all of the receipts

from sales are paid out for goods and services purchased from
other industries or sectors. Since the output of each sector

is shown to be an input in some other, the double-entry
bookkeeping of the input-output table reveals "the fabric of
our economy, woven together by the flow of trade which
ultimately links each branch and industry to all others".
[Leontief (1986; pp.5)1].

2.3 THE TRANSACTIONS MATRIX

The transactions matrix is represented by a series of

equations such as:-

X1 = X311 + X12 + X13 + Y11 + Y12
Xo = X971 + X929 + X923 + Y91 + Y99 ees(2.1)
X3 = X31 + X32 + X33 + Y31 + Y32

It is assumed that the amount of sector 1's output
purchased by sectors 1, 2 and 3 is a stable function of the

latters' output, thus:

a11X1 + a19X9 + aj3X3 + Y11 + Y19 = X1 ee(2.2)

X11 X12 X13
where aj] = ;a2 = 3 a13 =

X1 X3 X3
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or in general ees(2.3)

aij =

where i represents the (ith) row address and
j the (jth) column address in which the coefficient

is located.

The aij's are referred to as direct input coefficients
or technical coefficients. Writing the relationship between
these elements in matrix form where the matrix operation

represents a set of equations, then the result is:

where A 1is a square matrix of direct input coefficients.
X 1is a column vector of gross output.
is a column vector of final demand.
Equation (2.4) can be rewritten as

(I-A)X = Y ees(2.5)

where
I is the identity matrix. [Identity matrix is a
matrix which has one's in every diagonal cell and zero's

everywhere else].

From equation (2.5), we can express gross output as a

function of final demand:

X = (I-a)-ly ee.(2.6)
where (I—A)"1 is the inverse of matrix (I-A).
Equation (2.6) can be rewritten as

X = ZY where Z = (I-a)-1 eeo(2.7)
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The matrix (I-A)-l is called the inverse matrix or more
precisely the static open Leontief inverse. Each element Zij
calculates the direct and indirect output required from
sector j to produce one unit of output of sector i sold to

final demand.

It is further assumed that primary inputs are required
in fixed proportions to total output in each sector, so we

can write:

P11 X1 + P12 X2 + P13 X3 = P31
000(208)

Po1 X1 + Pp2 X2 + P23 X3 = P

From the total output requirements in equation (2.6),
total primary input requirements are calculated by
premultiplying the inverse [(I-A)-1] by a matrix of primary

input coefficients:

P = PX «..(2.9)
P (I-A)-1l Y ...(2.10)

The inverse matrix may be multiplied by a size and
composition of final demand, in order to obtain the level of
gross output and primary inputs for each sector. This then
enables us to measure the total impact on the economy of any

exogenous disturbances to final demand.

2.4 OPEN AND CLOSED MODELS

Input-output models can be "closed" with respect to
certain elements of the matrix. When all sectors are
considered as being both consumers and producers the system
is represented by a so called "closed" model. Closure of the
model involves the transfer of a particular item from the
exogenous portions of the matrix (Quadrants II, III and IV)
to the endogenous section of the matrix, Quadrant I. This

implies that the transferred item is related to the level of

economic activity in each sector, not to external influences.



-15-

The most common closure in input-output models is with
respect to households. In open input-output models,
household consumption is located as a column vector in the
final demand portion of the table, and wages, salaries and
other household income is included in the primary inputs
quadrant., Closure of input-output models with respect to
household will result in incorporation of the household row
and column into the endogenous matrix. One way of closing
the model is by assuming that the households constitute an
industry whose output is labour and whose inputs are

consumption goods.

2.5 LINKAGE EFFECTS

In input—-output analysis, it is possible to calculate
forward and backward linkage effects. These two mechanisms
operate to induce the establishment of new industries and to
further economic development. First, the output-utilization

or forward linkage effects, that is,

"every activity that does not by its nature cater
exclusively to final demands, will induce attempts
to utilize its outputs as inputs in some new

activities". [Hirshman (1958; pp.100)].

While it is acknowledged that the establishment of an
industry in a locality is usually a result of some pre-
existing demand, Hirschman (1958) argues that the
establishment of the industry in itself may help to induce
demand. This is because of attempts by the producers of the
goods to promote its use and hence to encourage further

industrial development.

Forward linkage effects can be measured by considering
elements of the ith row of the Leontief inverse which
indicate the extent to which sector i provides services
directly and indirectly to support activities of each of the

other sectors. According to Hirschman, the measure of
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forward linkage serves as a "mental experiment", as the
forward linkage multipliers represent only potential forward
linkage effects as they assume that the industry in question
was the first to locate and that all other activities
developed after its establishment and as a result of its
existence. This may not be true in many cases, as an
industry which shows a high degree of interdependence may
infact have been the last industry to locate in the region.

Secondly, the input-provision, derived demand, or
backward linkage effects, that is,

"every nonprimary economic activity, will induce

attempts to supply, through domestic production,
the inputs needed in that activity". [Hirschman

(1958; pp.100)1].

A measure of backward linkage for any sector can be
obtained by considering elements of the jth column of the
Leontief inverse matrix, which estimate the direct and
indirect output required by each sector, row i, by an
increase in final demand in sector j.

2.6 MULTIPLIERS

Multipliers can also be calculated using input-output
analysis. Input-output multipliers measure the response to
an increase of one dollar in sales to final demand by a
sector. The major categories of impact are in terms of
output, employment and income increases as follows:

The first round effect refers to the effect of purchases
by the sector providing the additional dollar of output. The
elements of the direct coefficient matrix show the case of
the output multiplier. First round income effects are
calculated by multiplying the first round output effects by
the appropriate household income coefficients. The total
first round dincome effect 1is given by:

zaijhi
i
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and the disaggregated income effects of the extent to which
household income increases in each sector due to the first
round output effects is given by individuals aijhi- First
round employment effects are calculated in the same manner
using the employment coefficient ey in the place of the

household coefficient hj.

Second and subsequent round effects, also known as
industrial support effects, refer as "successive waves" of
output increases occurring in the economy to provide
industrial support as a response to the original dollar
increase in sales to final demand. The term excludes any
increase caused by increased household consumption. OQutput
effects are calculated from the open inverse Z = (I-A)~1l as a
measure of industrial response to the first round effects.
The industrial support output requirements are calculated as
the elements of the columns of the inverse Z, less the
initial dollar stimulus and the first round effects. The
industrial support income effects are defined consistently
with the output effects multiplied by the household income
coefficients. The industrial support employment effects are
calculated by multiplying the output effects by the
employment coefficients. Industrial support and the first
round effects are together termed the production-induced

effects.

The consumption-induced effect is defined as that
induced by increased household income associated with the
original dollar stimulus in output. The consumption induced
output effects are calculated in disaggregated form as the
difference between the corresponding elements of the open and

closed inverse.

Appendix A looks at the coefficients and the multipliers
in input-output analysis using the GRIT (Generation of

Regional Input-Output Table) package in detail.
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CHAPTER THREE

INPUT-OUTPUT METHOD OF MEASURING REGIONAL ECONOMIC IMPACT

The following two sections look at the conceptual and
technical problems of dinput-output analysis which must be
borne in mind when interpreting the result derived from
input-output analysis. Section 3.3 looks at the more recent
problems associated with regional dinput—-output modelling.
The last section concentrates on input-output modelling in
Wollongong and the movement towards demographic-economic
(demo-economic) modelling to overcome some of the problems

associated with traditional regional modelling.

3.1 CONCEPTUAL PROBLEMS AND LIMITATIONS OF INPUT-OUTPUT
ANALYSIS

The major conceptual problems of input-output analysis
stem from the assumptions which underlie its structure. The
static input-output system in its simplest form is founded on
three assumptions. The first assumption requires that each
sector should produce a single output with a single input
structure and no substitution should exist between the
outputs of different sectors. The second assumption requires
that the inputs into each sector are simple proportions only
of the level of output of that sector, that is the amount of
each kind of input absorbed by a particular sector goes up or
down in direct proportion to the increase or decrease in that
sector's total output. The third assumption is that the
total effect of carrying out production in several sectors is

the sum of the separate effects.

The first assumption is known as the homogeneity
assumption and it requires that all products of a single
sector should either be perfect substitutes for one another
or they should be produced strictly in fixed proportions;
each sector should have a single input structure; and that

there should be no substitution between the products of
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different sectors. This means that the same product or a
close substitute should not be included in two different

sectors.

One of the problems that exists is that these
assumptions are not always compatible and indeed are
sometimes contradictory. One example is that of wool and
synthetic fibres. They are close substitutes in consumption,
hence in order to comply with the "no-substitution"
assumption they should be combined in the same sector. But
both wool and synthetic fibres have completely different
input structures, and if combined the principle of a "single

input structure" is violated. Therefore, in each case a
decision has to be made by the analysts of what to include in

each sector. According to O'Connor and Henry (1975), each
case must be considered on its own merits but generally the
rule is that if a choice such as this has to be made, it is
best to preserve the single-input structure rather than any

other.

The assumption of linear input functions means constant
returns to scale and no substitution between inputs, that is,
the total effect of production is the sum of the separate
effects, which rules out external economies and diseconomies.
Pleeter (1980) goes as far as saying that the linear
production function for each industry rules out the
possibility of economies of scale altogether, which leads to
troubles for regional analysis. For instance urbanization
and localization economies should be accounted for in
regional analysis. Urbanization economies are external
economies that occur when firms in different industries
locate at one locality and a corresponding wurban
infrastructure is built to service them. Localization arises
from the location of many plants in the same industry in
close proximity to each other since many ancillary firms will
also locate around such an agglomeration and provide
specialized services at lower costs. The existence of both
these economies means that while the coefficients may be

accurate at the point in time for which they were estimated,
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changes may occur in the actual relations between sectors
over time making assumptions of constant coefficient

inaccurate and wrong.

Also, since technical coefficients of the interindustry
transactions matrix are assumed to be constant, difficulty
arises for technological change and productivity adjustments
to be represented in the system. Innovations will 1lead to
changes in production techniques and trading patterns
(substitution among inputs), but the assumption of fixed

coefficients does not recognize these events.

Coefficients, in the short run will not be affected by
technical change. However, in the long run according to

Almon (1966), either some assumptions aBout the nature of
technical change must be made or a dynamic model must be
constructed. There are two methods which have been used in
the past to take account of changes in technological and
trading patterns. The first one involves the assumption that
regional coefficients change at the rate equal to national
increments. A second method involves researchers judgement
to future technical change. A well known method, RAS method
takes into account technical changes in input-output
matrices. The RAS method uses new row and column totals for
the later year and alters the coefficient of an o0ld input-
output matrix according to a mathematical rule to obtain an

updated, consistent input-output matrix.

The input-output models are usually static and not
dynamic, as dynamic features are difficult to incorporate in
the model. Complex behavioural relationships governing
capital formation by businesses and housing purchases by
consumers are typically calculated outside the model and
forecast values introduced as exogenous components of final
demand. The exogenous components may then be included as
part of an impact analysis by incorporating these final
demand columns into the interindustry transactions matrix and

taking the inverse of the augmented matrix.
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Another problem in input-output models is the change in
regional structure, such as the introduction of a brand new
industry. This leads to an additional row and an additional
column to the input-output table and the recalculation of a
number of new coefficients. If the new dindustry 1is
introduced sometime after the estimation of the table then
there may be serious difficulties in updating the other
coefficients without a new survey, which requires more time

and results in higher costs.

3.2 SURVEY VERSUS NON-SURVEY METHODS FOR DERIVING INPUT-
OUTPUT MATRICES

Central to the recent debates in regional economics 1is
the improvement of the operational efficiency of the
technique(s) used in input-output analysis when preparing a
transactions matrix for a particular region. The necessity
to have a regional matrix as up-to~date as possible has been
emphasized in statements such as the following:

"...a more parsimonious approach to input-output
data gathering might result in the production of
tables more frequently, thereby increasing their
utility in the provision of regional impact
accounting framework". [Hewings and Janson (1980;
pp.852)], and
"...the greatest single need in input-output
analysis today is a reliable method of rapidly and
accurately updating transactions table" and "all
published input-output data are outdated at birth".
[Garlick (1984; pp.3)].

Consequently, much relatively recent input-output research is
concerned with developing methods of constructing and

updating regional matrices and multipliers.
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3.2.1 Preparation Of An Input-QOutput Matrix

Preparation of an input-output transactions matrix means,
in effect, attempting to account in a disaggregated form for
virtually all of the transactions which occur in an economy
in a given time period. This is a major undertaking in terms
of the sheer volume of information required for the data-
ravenous table, and the detailed treatment of these data,
demands a massive input from the analysts. Analysts faced
with the task of preparing sub-state regional matrices are
usually seriously disadvantaged both with respect to data

availability and access to research resources.

There are basically two distinct approaches to regional
input-output models, and consequently two sets of technical
problems: an input-output matrix may be constructed by census
or "survey" methods, or by "borrowing" coefficients from
other input-output matrices. The latter is referred to as a
"non-survey" method. The clear distinction between the
survey and non-survey method is that the former determines
the elements of the transactions matrix from collections of
primary data by various survey methods, and the latter
attempts to derive these elements from other (usually
national) matrices by various modification techniques. The
other alternative method is the hybrid (partial survey)

approach which has become the most popular in recent years.

3.2.2 Survey Methods

The construction of survey based input-output models
requires large amounts of resources, which is not only a time
consuming task but also a very costly task, In addition to
the cost of data gathering, there is a serious concern of
those who use input-output models in applied work in that the
table coefficients available to them for the economy that
they are studying may reflect data from a much earlier year.
For example, the 1977-78 input-output table for Australia was
not published until 1983. These time lags reflect the fact
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that when establishments in different industries are surveyed
for information regarding their purchases of inputs and their
sales of output, it takes a great deal of time (and money) to
obtain the data, organize the information, and reconcile

inconsistencies.

The problem of sampling is also encountered while
surveying. The sampling problem is how to determine the
total number of firms and the number of firms per industry to
be sampled and is best summarized by Boster and Martin (1975)
who state that:

"poorly drawn samples, sampling errors, inadequate
or poorly trained field workers, and poorly

conceived schedules are among possible sources of
error". [Boster and Martin (1975; pp.35)]

Considerable problems could occur if we had to aggregate
firms into dindustries where there is a high degree of
diversity among firms. If one views each firm as an
industry, then the advantage of the model in assembling and
collecting data into a more meaningful category is lost. On
the other hand, too much aggregation will result in estimated
production functions that have little correspondence with the
economy that they are supposed to describe, as well as

producing biased forecasts.

In dealing with purchases of firms in a survey method,
problems exist in trying to separate current purchases from
investment purchases, to the extent that if the two accounts

overlap, biases will be introduced into the model,

Imports are conventionally valued in input-output tables
as cost-including insurance and freight (c.i.f.), or the
landed cost of commodities. However, the classification of
imports into two types of categories, namely competitive and
non-competitive poses problems for the analysts. In
principle, competitive imports are those imports which could

be produced within the region in the short run at a
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comparable cost. Careful interviews, studies with
manufacturers, engineers, economists and other experts are
needed to obtain this kind of information. But, in practice,
the competitive/non-competitive distinction is often drawn on
the basis of foreign trade statistics and industrial census
data. Even though there are problems in splitting the two
categories of imports, treating all imports of one type or
the other can lead to severe biases in dinput-output

forecasts.

Finally, after assembling the data, the input-output
matrix must balance. That is, sales must equal purchases

(including operating surplus) for each sector if the matrix
is to have any validity. The input-output matrix based upon

a sample will generally not balance after the initial effort.
No generally accepted procedure for reconciliation (the
process of equating "rows only" and "columns only"
coefficients) exists. Reconciliation in the study by Bourgue
(1967) was achieved largely on subjective grounds, reinforced
by knowledge of data and methodology involved in the
preparation of input-output matrices. Differences between
rows and columns sums were eliminated by Jensen and McGaurr
(1976) by using the RAS method. Miernyk in his study in 1976
attempted to incorporate in explicit terms, the concept of
reliability of estimates in input-output reconciliation.
A reliability coefficient was calculated for each dual entry
for each cell., The reconciliation process began in the cells
with the highest combination of sector reliability
coefficients and exercised judgements to arrive at the actual
cell entries. Therefore, as there has been no agreement on
the reconciliation process, it can be said that individual
judgement, often in conjunction with industry experts, is the
basis for reconciliation. This means that two researchers
with exactly the same data may construct two different input-
output matrices, and no information is available as to which

matrix is correct.
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Survey methods have been the most popular and have been
followed by most analysts until the late 1970's. Howéver,
now the attention has focused on non-survey techniques as the
demand has grown for a wider application of the input-output

approach in regional and urban planning.

3.2.3 Non-Survey Methods

The survey approach has been too costly in terms of time
and resources needed for widespread application to regional
planning. Boster and Martin (1972) indicate the cost

comparisons between survey and non-survey model constructed
for the state of Arizona. They found budget differences of

the magnitude of 20:1. The large difference in cost
essentially means that in most problem-oriented situations
there is no alternative between survey and non-survey input-
output models; it is "non-survey or nothing". There are
several non-survey techniques available that are based upon
adjusting technical coefficients from other input-output
matrices. There is no generally agreed method as each method
has weak assumptions and limitations which present problems

to the analyst using the non-survey method.

Three families of techniques are outlined:

1. The location quotient procedure with three variations:
(i) purchases-only location quotient;
(ii) cross-—industry location quotient;

(iii) logarithmic cross-industry location quotient.
2. The commodity-~balance or supply-demand pool procedure.
3. An iterative simulation procedure.
The location quotient (LQ) method was developed to help

analysts estimate the exports of an area. Location quotient

is based on readily available data, it is simple and provides
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a convenient starting point. The location quotient is a
measure which compares the relative importance in terms of
output or employment of an industry in a region to its
relative importance in nation or it can be expressed

algebraically as:

LQ; = iiﬁz e..(3.1)
where LQ; - location quotient for industry i.
ri - represents the regional output of industry i.
R - the total regional output.
nj - the national output of industry i.
N - the total national output.

Operationally, the regional coefficients of row i are
estimated by multiplying the national coefficient by LQj, and
apportioning the difference to imports, that is, kij = aij
LQj where LQ < 1 and where ajj is the national technical
coefficient and kjj is the regional technical coefficient. A
LQ < 1 means that the region produces less than its share of
national output in industry i and imports are therefore
required. A LQ = 1 means that the region is self-sufficient
in industry i and a LQ > 1 means that the region exports some

of output 1i.

The location quotient procedure is grossly deficient.
There is no guarantee that the residual will exist when LQj >
1 nor that the local production is inadequate to supply local
needs when LQjy < 1. Inter-industry flows into cell ij depend
on the size of local purchasing industry j relative to its
national counterpart and, in the case of an importing
industry, on LQ;. Success in using the simple location
quotient is ensured if the local industry structure closely
resembles the national structure; this is a requirement which

is seldom ever met.
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Other types of location quotients have been developed to
overcome the deficiencies of the simple location quotient.
The main variations to the simple location quotient are
Charles Tiebout's 1967 suggestion of purchases-only location-
quotient; cross-industry location quotient (CILQ) (Schaffer
and Chu, 1969), and the logarithmic cross~industry location
quotient (LCILQ) (Round, 1972). Purchases-only location
quotient recommends that the "summation of total output in
the calculation of the quotient for industry i should be
carried out only over those industries which make purchases
from industry 1i. However, the impact of this modification
upon the results is comparatively slight'". [Schaffer and Chu

(1969; pp.95)]. Cross—-industry location quotient compares
the proportion of national output of selling industry i in

the region to that for purchasing industry j or:

r-/ni
CILQj 4 ='E§7§; ...(3.2)

The third type of location quotient, the LCILQ refines the

CILQ by taking into consideration the relative size of the

region compared to the nation, LCILQ takes the form:
LCILQ; j = LQi/logy (1 + LQj). ...(3.3)
where LQiy = 1location quotient of selling industry 1i.
LQj = location quotient of purchasing industry j.

Schaffer and Chu proposed the second non-survey
technique, the supply-demand pool (SDP) which is based upon
Isard's (1953) derivation of regional commodity balances.
The supply—-demand pool method relies upon subtracting total
regional requirements from total regional output in each
industry to obtain a net deficit or surplus. If a deficit is
obtained, the implication is that local demand is greater
than local supply, and importation of goods and services will
be necessary. Hence, the national coefficients of row i have

to be reduced. However, if a surplus is obtained for
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industry i, then the local supply is sufficient to cover
local demand, and the national coefficients may be used in

row i of the regional coefficients matrix.

The pool technique was modified by Kokat (1966) and
results in a slight change in the procedure allocating
insufficient local production. Kokat allocates to each
purchasing industry j its share of regional output i
available to producers, based on the needs of the purchasing
industry itself relative to the needs of all purchasing

industries.

The main weakness of the commodity approach and the
location quotient approach is that balances are stated in

net terms. Thus, the possibilities of accounting for cross-
haulage (the import and export, of similar goods by an
individual sector) are denied, implying the assumption that
within-region trade is maximized. This, in turn, implies
that the supply-demand pool technique will tend to overstate
sector multipliers. Another limitation of the supply-demand
pool and location quotient techniques is that the rows of the
region's export sectors cannot be adjusted for imports, that
is, the national coefficients will overstate the industries'

sales to local processing industries.

An iterative procedure is our final technique in
computing input-output matrices by the non-survey method.
This technique embodies several of the above devices but
employs an iterative procedure to redistribute local sales
allocated initially on the national sales pattern. The
Regional Input-Output Table (RIOT) Simulator not only assumes
that the national production technology applies, but also
attempts to distribute local production according to both the
national sales pattern and local needs. This procedure
differs basically from the supply-demand pool technique in
attempting to follow the national sales pattern to distribute
local output and in reallocating local sales from one cell to
another as necessary to best satisfy local needs. It thus

appears to represent the feasible maximum of local trade.
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Non~survey methods may prove to be a useful supplement
to survey studies. According to Jensen, if there was a
consensus in the matter of survey and non-survey approaches
in input-output analysis, it would probably be that the
survey approach is the most attractive both theoretically and
intuitively. However, on practical grounds and cost
considerations, non-survey techniques seem to be the more

appropriate ones.

3.2.4 Semi-Survey Methods

Some have suggested a hybrid approach as a compromise
between the two approaches in order to gain the advantages of

both methods and to avoid the main disadvantages.

Richardson (1972) and Cutbush (1973) refer to the
possibility of using non-survey techniques to estimate the
elements of the initial transactions matrix, but to replace
the entries in this matrix relating to a few key or problem

industries with survey-based estimates.

The first group of semi-survey technique known as a
constrained matrix, refers to adjustments used to estimate a
solution matrix, given row and column totals and an input-
output matrix which may be taken as providing information
with respect to the internal structure of the required
matrix. A technique derived by Stone and Leicester, in 1966,
known as RAS, derives a matrix A! of regional coefficients
(aij) from the national matrix A of technical coefficients.
The elements of A! has to be consistent with a pair of vector
x' and y! which are vectors of total regional intermediate
output and intermediate input, by sector. It was argued by
Stone that all determinants of change in input-output
coefficients be summed under two headings. One heading being
the fabrication (fj) effect, and the other the substitution
(Sj) effect. The former refers to changes in the degree to

which intermediate inputs have uniformly increased or

decreased in weight in the fabrication of commodity j, and
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the latter refers to changes in the degree to which i has
uniformly been substituted for or replaced by other
intermediate inputs. Validity of this method rests entirely
on the empirical evidence. Gretton and Cotterell (1979)
defined three more consequences which result in input-output
coefficients changing. They are the price effect, imperfect
data effect and the concept and definition effect. The price
effect is measured by the extent to which changes in relative
prices bring about changes 1in coefficients. The imperfect
data effect is measured by the extent to which coefficients
change on account of the inclusion of inaccurate estimates in
either the base or current period tables and the concept and

definition effect is measured by the extent to which
coefficients change on account of conceptual and definitional

changes.

Su (1970) proposed a technique emphasizing the direct
estimation of imports. He came up with the conclusion that
the regional coefficients differ from their national
equivalents to the extent that some inputs will be imported
from other regions, due to the production process being
invariant between regions in terms of their input structure.
Alternatively, Schaffer (1970) suggested direct estimation of
exports. This is the "rows only" approach. Regional firms
were surveyed for annual sales and the proportion of sales to
purchasers outside the region. This information is then
applied to calculate regional coefficients in a similar

manner to the commodity balance approach.

A third technique developed by Jensen et al (1976) is
termed the Generation of Regional Input-Qutput Tables (or
GRIT) system. GRIT is designed for general use in the
production of regional input-output tables from both national
input-output tables and other data sources. GRIT 1is

"variable-inference" non-

described by Jensen et al as a
survey based system, producing hybrid (i.e. a combination of

non-survey and survey) input-output tables. GRIT is based on
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a combination of non-survey methods, but allows modifications
of mechanically produced tables at the discretion of the

analysts, to produce more realistic input-output tables.

The GRIT system was developed at a point in time when
regional input-output analysts were facing two dilemmas. The
basic dilemma faced by input-output analysts was neatly

summarized by Miernyk (1976) when he said:

"The truth is that our capacity to develop highly
sophisticated regional models has far outrumn our
ability to implement them, given the primitive

nature of available data and data-gathering
techniques".

The necessity of acquiring voluminous amounts of data to

undertake such analyses has often hindered their application.

The second dilemma is reflected in apparent conflict
between the statements that "there is still no substitute for
a good survey-based study" and that it is "non-survey or

nothing".

This second dilemma is whether a survey method should be
used where time lags and cost are the major disadvantages,
but accurate results are guaranteed; or should a non-survey
method be used which produces matrices of apparently a lower
degree of accuracy. The GRIT system is a response, taken in
the context of the two dilemmas facing regional analysts.
GRIT is to provide an operational method, free from
"significant error", for regional economic analysis. The
distinct advantage lies in non-survey techniques of input-
output, in both time and money terms and therefore, selected

non-survey techniques form the basis of the GRIT system.

GRIT relies on a series of mechanical steps to produce
prototype regional tables from the national table but
provides the opportunity at several stages for the insertion

of "superior data". The authors found that the GRIT systen,
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in the final analysis is a "variable-interference" non-survey
technique, producing tables known as "hybrid". It is
variable-interference to the extent that the operator might
exercise discretion regarding the amount of superior data
from survey or other exogenous sources, to be inserted into
the tables. This feature directly incorporates a trade-off
at the discretion of the operator between survey and non-
survey sources of coefficients, and consequently a tradeoff
between time-and-cost component and the satisfaction of
knowing that data has been gathered by the more "respectable"”
survey methods. The GRIT methodological sequence 1is
expressed in fifteen steps which is arranged in five phases

as summarized in Table 3.1.

Other techniques are the regional weights and
aggregation techniques which account for the differences in
industry mix in the region vis-a-vis the nation. Mandeville
(1975) advocates the use of "representative" regional input-
output coefficients, by '"borrowing" selected coefficients
from survey-based matrices already constructed for a similar

region.

3.2.5 Evaluation of Non-Survey Methods

The non-survey methods provide advantages over the
survey methods in term of time and cost but have a
disadvantage in that they are not as accurate as survey-
based methods. Most of the techniques have not been
subjected to rigorous evaluation until now. The evaluation
literature is restricted largely to the location quotient,

commodity balance and constrained matrix techniques.

Schaffer and Chu (1969) compared simulated input-output
matrices with a Washington survey based matrix and computed
Chi-square statistics for each column of matrices. The
authors found that the best results, in terms of simulating
acceptable coefficients, were obtained with the simple

location quotient followed (in rough order) by the <cross-
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Table 3.1: The GRIT Methodological Sequence

z[:
Q |t
o I

10

11

12

13

14

15

Phase I: Adjustments to National Table

Start with national input-output table. (109-sector
table with direct allocation of all imports, basic
values, net of intrasectoral transactions).

Adjustment of national table for price 1levels and
updating.

Adjustment for intermational trade.

Phase II: Adjustment for Regional Imports

(steps 4-14 apply to each region for which input-
output tables are required).

Calculation of non-competitive imports.
Calculation of competitive imports.

Phase III: Definition of Regional Sectors

Insertion of disaggregated superior data.
Aggregation of sectors.
Insertion of aggregated superior data.

Phase IV: Derivation of Prototype Transactions Table

Derivation of initial transactions tables.

Manual or iterative adjustments to initial tables to
derive prototype tables.

Aggregation if uniform tables are required.

Derivation of inverses and multipliers for prototype
tables.

Phase V: Derivation Of Final Tramsactions Tables

Final superior data insertions and other
ad justments.

Derivation of final transactions tables.

Derivation of inverses and multipliers for final
tables.

Source: Jensen, et al (1979); pp.56.
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industry location quotient, regional input-output simulation
compared and in every case the non-survey based multipliers
overestimated those derived from the survey matrix. The best
estimates were those resulting from the application of the

simple location quotient technique.

Czamanski and Malizia (1969) used the 1958 national
input-output matrix of the U.S., and regional estimates of
gross sector outputs and vectors of the intermediate output
and inputs, and had applied the RAS method to generate a 1963
regional matrix for the State of Washington. The authors
examined the quality of results obtained in respect of

individual sectors and found the largest errors were manifest
in the primary sectors and also in sectors in which the

region specialized. As a result, it was suggested by
Czamanski and Malizia to exclude tertiary sectors through
aggregation and instead use field surveys in order to obtain
input-output coefficients for primary industry and industry

in which the region is specialized.

Smith and Morrison (1974) tested a number of non-survey
methods such as simple location quotient, purchases-only
location quotient, cross—-industry location quotient,
logarithmic cross—-industry location quotient, supply-demand
pool and RAS. The simulated matrices and multipliers were

compared with the survey-based equivalent.

In terms of matrix comparisons, the authors found that
the RAS technique gave far superior results to the other
reduction methods followed by the simple location quotient,
purchases-only location quotient, supply-~demand pool, and
finally the logarithmic cross-industry location quotient and
the cross—-industry location quotient. Type I and Type II
income multipliers were calculated and compared with those
from the survey matrix. Again, the best results were
obgained from the RAS method and then followed by cross-

industry location quotient.
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Morrison and Smith's (1974) results showed that the RAS
approach, supplemented by survey or exogenous data, can
provide greatly improved and perhaps superior data. However,
Malizia and Bond (1974) found large and theoretically
unsystematic coefficient errors, and along with Miernyk,
recommended against the use of RAS for adjusting input-output

coefficients.

3.2.6 Summary

In summary, there appears to be little or no agreement

at all as to which technique, if any, is satisfactory for
manipulating national matrices in order to generate

multipliers. Many 1location quotient techniques have been
devised but none of them seem to have improved from the
simple location quotient. The RAS method, according to
Morrison and Smith (1974), can provide greatly improved and
superior data as long as it is supplemented by survey or

other exogenous data.

A GRIT-type model is considered a preferred alternative,
but the final specifications of the model depend on the
amount of data that needs to be acquired by survey. It 1is
considered that the amount of survey work necessary depends

on a number of factors, including:

« the amount of available published data;
. the type of region being examined;

. the number and type of industries being analyzed.

A modification of the GRIT method was used for the
derivation of the input-output matrix of the Wollongong
Statistical District by Guest, Mangan and Robinson which was
subsequently used for analysis in the present study.
Therefore, the problems of non-survey methods must be borne

in mind when interpreting the results derived from it.
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3.3 PROBLEMS OF REGIONAL INPUT-OUTPUT MODELLING

Regional input-output models have been by far the most
popular regional economic models over the last decade.
However, traditional input-output analysis is deficient in
some respects which leads to the estimation of unrealistic

impact forecasts. The main problems being the following:

1. The treatment of consumption effects; that is, only
consumption of workers were considered. The traditional
input-output model simply treated workers as another sector
who received wages and then used these wages to consume the

necessary "raw" materials to continue as an "industry".
Thus, to measure the impact that the consumption of

unemployed household would have on the regional economies was
not quite possible. Similarly, the impact of the aged
(economically inactive households) was not traditionally

considered.

2. When examining the consumption of workers, the
traditional model only included the market expenditure of
workers, that is, as stated by Phibbs (1987) "unless there is
a money transaction, their consumption is considered to have
no impact ‘on the regional economy. However, a large part of
the service sector is operated in the public sector, and
hence is not dependent on cash flows, Rather, the size of
this sector is influenced by the size of the population, or
in other words it is 'population-driven'" [Phibbs (1987;
pp.5)]. Also, in most economies, there exists a non-monetary
household economy based upon work provided by family members
or mutual "barter" trading of services among members of the
community. While this form of non-market economy 1is
difficult to quantify, its importance is likely to be
directly related to economic recession and the presence of
this kind of phenomenon only strengthens the role of

population-driven economic factors.
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3. Data problems arise in most empirical studies. These
problems are associated either with access (where the
researcher is constrained by confidentially or other privacy
restrictions) or from data impurities within the primary

source.

4. Specification of the labour supply input. In many cases
the employment data listed in the tables refers only to
absolute job numbers irrespective of significant differences
in job-status among the workers. These job status
differences refer to the normal distinction between full-time
and part-time and also to the differences in hours worked

among those classified as part-time. In other words, all
jobs are not homogeneous. Therefore, the labour supply

aspect of the workforce should be modelled.

It is important to note here that the static nature of
input-output analysis is not good for the rapid change that

the economy may be experiencing.

To overcome the above problems of standard input-output
analysis (related specifically to the hybrid approach)
regional economists developed an alternative form of model,
generally referred to as a demo-economic model, to which we

now turn our attention.

3.4 INPUT-OUTPUT MODELLING IN WOLLONGONG, AND THE MOVEMENT
TOWARDS DEMO-ECONOMIC MODELLING

,\Eéﬂﬁég,and Guest in 1983 used standard dinput-output

<32311§1s to predict job losses in Wollongong following the

//;structurlng of thﬂ_ﬁxaalalndnstnx.//%he ‘authors _predicted
e S

in 1983 that the decline in steel productlon and employment .

would produce a ¢ota1 additional job loss of 7900 between

983 and 1985_/’Hﬂﬂ§13r, Sandercock and Mesler in 1986
/_,.————-‘d—* M‘

indicated that ‘actual job losses (to 1986) were in order of

e e e e

5000 §&g5gggiEg:igﬁgszgikffﬁgiw_‘lgghﬂo11ongong economy had

proven more resilient-than expected and while 1ncreased
e
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government expenditure, tourist growth and a partial recovery

“in the steel 1ndustry)had contributed to this recovery, it

;ggﬁaazgiiiigiy that of the estimates of the economic impact

e e

of steel indus restructuring by Mangan apnd Guest were

éxa cause of the methodology--they used..

This exaggerated result highlighted one particular
deficiency in input-output analysis, namely the treatment of
consumption spending. In particular, the failure to specify
the consumption of the non-workforce population and the
impact they have on the economy. Recent work has shown the
tendency for standard input-output multipliers to overstate
the negative consumption effects of economic downturn. This

has led to some concern over the accuracy of the standard
input-output techniques in formulating economic policy

prescriptions, as the unemployed workers, through social
security payments, continue to support fixed consumption
expenditure. What is then needed is to "produce
quantitatively more accurate estimates of the impact of
economic recession, is to incorporate into the derived
coefficients of an input-output table, the effect of the
consumption safety net provided by social security payments
and dissaving". [Mangan and Phibbs (1987; pp.1l1l4)].

This was done by the authors by taking Table 3.2 which
shows the comparison between the expenditure by those
households whose main income is unemployment or sickness
benefits with the expenditure patterns of those households
whose incomes approximate more closely of those of displaced
steel workers.

Looking at Table 3.2, the first column lists the
expenditure of wage and salary earners while the second
column lists the expenditure of the unemployed households.
The last column expresses the expenditure of the unemployed
households as a percentage of wage and salary household
expenditure. The last column has been modified for the
consumption effects. The result here has been artifically
changed, it is an approximation which has been incorporated
into the model.
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Table 3.2: Consumption Expenditure of Wage and Salary
Earners and the Unemployed (1984: dollars)

Description 4th Decline | A1l Unemployed | Col(2)/Col(1l)
W & SH.H H.H * 100
$ $ %

1. Housing costs 53.48 44,43 83.1
2. Fuel and power 10.78 9.13 84.7
3. Food 73.44 56.15 76.4
4, Alcohol 12.88 6.83 53.0
5. Tobacco | 7.24 7.64 105.5
6. Clothing & footwear 20.55 12,15 59.1
7. H/hold furn. & equip. 28.81 ! 15.74 54.6
8. H/hold services 15.20 11.16 73.4
9. Medical expenses 14.39 4,93 34.3
10. Transport 60.73 41,11 76.7
11. Recreation 47.42 18.55 39.1
12. Personal care 6.69 3.80 56.8
13. Misc. commod. & serv. 22.81 17.69 77.6
Total 374.42 249,22 66.6
Weekly H.H. Income 436.53 177.62 40.7

Source: Mangan and Phibbs (1987); pp.ll4.

The results show that fixed expenditure will be reduced
but by smaller amounts than other categories. [For example,
sausages will be substituted for chops]. Expenditure on
variable consumption items has dropped between 507 and 757 of
the former level. The exception being recreation, where the
decrease is even more marked. There has been an increase in
tobacco expenditure, and to a lesser extent, alcohol
expenditure (stress related goods), but there has been a
decrease in health care, because of the availability of free
health care for the unemployed. Table 3.2 also shows that

the propensity to consume of unemployed sector is greater
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than 1 (dissavings). This acts to limit the consumption -
induced impacts of an increase in unemployed, at least in the

short run.

The employment multipliers were also calculated and the
results are shown in Table 3.,3. The authors took column (4)
of consumption, but they really had to look at the
differences between the two methods, which lead to the
calculation of type 2A multipliers. Type 2A multipliers
represent the ratio of direct, indirect and induced income to
direct income from each sector. The implication of the
reduction of type 2A multiplier of 0.72 from 2.5 to 1.78 are

quite significant. More importantly, the job loss
predictions from this modified multiplier yields results far

more in keeping with what actually occurred. That is, from
the original steel industry prediction of job losses of
7,900, the modified model predicted job losses of 5,600,

which is much closer to the true case.

Table 3.3: Steel Sector Employment Multipliers

(1) (2) 3 (4) () (6)

Initial | First | Industrial |[Consumption | Total | Type 2A
Standard employment | 0.0092 | 0.0044 | 0.0016 0.0079 | 0.0231 | 2.52
multiplier
Fimployment 0.0002 | 0.0044 | 0.0016 0.0067 | 0.0219 | 2.40
multiplier (a)
Modified employment | 0.0092 | 0.0044 | 0.0016 0.0012 |} 0.0164 | 1.78
multiplier

(a) wusing consumption coefficients of the unemployed.
Source: Mangan and Phibbs (1987); pp.ll15.
Therefore, for realistic forecasts of economic impact, a

specific demographic component needs to be incorporated. . The

traditional input-output approaches ignored the fact that to
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some extent regions are population driven. That is, the full
effects of economic decline in a region will only occur if
displaced workers along with their families leave the region.
If they stay, the safety provided by social security,
government spending and family support tends to produce
impacts that are smaller than those predicted by traditional
regional analysis. The failure by Mangan and Guest to
incorporate the role played by the social security payments
in offsetting the consumption impacts of the unemployed, were
responsible for a large part for the exaggerated job 1loss
estimates. Therefore, it is necessary to differentiate
between workers who lose their jobs and remain in the region

and those who emigrate. This led to demo-economic modelling
in Wollongong.
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CHAPTER FOUR

EMERGENCE OF DEMOGRAPHIC-ECONOMIC MODELLING

In order to overcome the problems associated with
regional input-output modelling (outlined in the previous
chapter) and to achieve sensible forecasting results using
input-output analysis, it 1is mnecessary to consider the
integration of demographic and economic analysis and
forecasting. Traditionally, planning studies for non-
metropolitan areas were undertaken by economists who prepared
regional economic projections and the demographers undertook

population projections. These exercises were mainly carried
out independently. However, it became evident that such an

approach was likely to generate substantial problems in terms
of reliability of the end product. Yet the integration
process itself also presents problems. For example, problems
of (i) those relating to the economic-demographic 1link, or
the effect that the economy has on population (known as
interface 1); and (ii) those relating to demographic-economic
link, the effect that the population has on the economy
(known as interface 2). The economic-demographic 1link is
mediated through migration and through changes in economic
activity rates, headship rates and other demographic
characteristics that can be reasonably expected to be
influenced by economic factors; while the demographic-

economic link is mediated through personal consumption.

The two most important facets of the linkage problem
(and evidence tends to support this) - involve accurate
modelling of migration in the economic~demographic 1link and
some explicit treatment of the effects of unemployment on

personal consumption in the demographic—~economic

articulation.

Here the concentration will mainly be on assessing
regional impacts, that is, the deomgraphic~economic (demo-

economic) model. This is consistent with recent trends in
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regional modelling, where attempts to model demographic and
economic variables simultaneously have been widespread. One

can only agree with Schinnar (1976) who states:

"There is abundant evidence pointing to the fact
that demographic variations have been induced by
manipulations or movements in economic variables,
and conversely, that demographic changes have
important feedback effects on economic matters".
[Schinnar (1976; pp.455)].

Madden and Batey (1980) built a demo-economic model

after identifying an inconsistency concerning unemployment in
traditional input-output analysis. This inconsistency 1is

explained in the following terms:

"For forecasting purposes, the derivation of
household consumption vector...relies on an
exogeneous forecast of household numbers, and some
assumptions about the unemployment rate of the
population making up those households. The
consumption must then be incorporated into a final
demand vector, which is premultiplied by the
Leontief inverse. From these gross outputs labour
demand figures may be obtained by means of
coefficients relating employment to gross output.
Labour supply is made up of the economically active
members of the households whose consumption was
incorporated into the final demand vector used to
generate the forecast. Comparison of labour demand
with labour supply yields an unemployment rate
which is equal to the assumed (input) rate only by
chance". [Batey and Madden (1981; 1067)].

This can be explained in detail by looking at the activity-

commodity framework.
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4.1 ACTIVITY-COMMODITY FRAMEWORK

The problem of achieving consistent forecasts of
population, unemployment and economic activity can be tackled
effectively by setting individual forecasting models within a
single, overall framework, described by Batey and Madden
(1980) as an activity-commodity framework. An activity-
commodity framework consists of a set of simultaneous linear
equations. The variables are activities and the coefficients
of the equations are derived by dividing dinputs to and
outputs from activities by the level of activity. For
example, a particular industrial sector might be said to

consume a certain number of workers (that is, they work in
that sector). The appropriate coefficient might be obtained

by dividing the number of workers in that sector by the gross

output of the sector.

Figure 4.1 shows an activity-commodity framework: This
framework is essentially an extended input-output model and
has an advantage that the demographic-economic system can be
represented explicitly. The framework is characterized by a
series of interrelated activities each consuming and
producing one or more commodities. These activity vectors
are grouped in matrix form, with commodities as rows and
activities as columns. Each activity has an activity level
which measures how much of an activity is utilised. The
activity levels in the matrix of coefficient may be expressed
in different units within the same framework. Coefficients
are given negative signs 1if they represent consumption of a
commodity by an activity and a positive sign if they
represent production of a commodity by an activity. The
matrix of coefficients is used to premultiply a column vector
containing the activity levels, the result being set equal to
8@ column vector of constraints. These constraints allow
restrictions to be placed upon the level of consumption and
production of commodities, and also enable exogenous inputs

to be entered into the framework.
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Figure 4.1:
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Activity-Commodity Framework

Source:

Madden and Batey (1983); pp.148.
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The matrix of coefficients is square, as the number of
activities represented in the framework is equivalent to the
number of commodities. That is, the framework will yield a
determinate solution (expressed as a vector of activity
levels) in response to changes introduced via the constraints

vector.,

Figure 4.1 includes Leontief's (I-A) submatrix, which
describes the interrelationships between industrial
activities and commodities. The activity levels associated
with these industrial activities are the gross outputs of the
industrial sectors, and the corresponding constraints on the

industrial commodities are final demand.

From Figure 4.1, we can see that household consumption
is represented as a series of column vectors -~ with several
types of households being separately identified. Figure 4.2
illustrates the consistent personal consumption coefficients
for employed workers and unemployed workers. If it is
assumed that there are two corresponding sources of personal
income - income from employment and income derived from
social security payments to unemployed workers - and that all
other sources can be ignored, we have a basis for a procedure
which allows the regional effect of the social security
payments to be isolated. Such payments can be regarded as
"injections" of consumer spending within the local economy,
as they tend to originate from state or national government
outside the study region. In declining regions they may
represent the only income of a substantial proportion of the
workforce. Therefore, it is important to be able to measure
the direct, indirect and induced effects which this income
has upon industrial output and the overall level of

employment.
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Figure 4.2: The Personal Consumption Framework
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Source: Batey and Madden (1983); pp.317.

Most forms of input-output model differ from this
personal consumption framework in that they either dignore
unemployment completely or make a prior assumption that it
accounts for a fixed and small proportion of the workforce.
This implies that when industries hire or lay off workers, as
a response to change in gross output, those workers
experience an absolute shift in consumption. Thus, in the
previous models, as long as the workers remain unemployed,
their consumption had no measurable impact on the 1local
economy. As a result, the activity-commodity framework
results in an automatic -adjustment to the weighting given to
the various types of household activity in order to be
consistent with the activity levels of unemployment. Given
an exogenous input of demographic variables, the framework
enables the split between employed and unemployed heads of
household to be calculated, and thus ensures labour demaﬁd,
unemployment, and household consumption are mutually
consistent. The distinction is also made between workers and
heads of household according to their occupational skills:
manual (m) and non-manual(nm). It includes headship rates
coefficients, so that the treatment of households and of
labour supply is endogenous, rather than a separate exercise

outside the framework.
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The activity-commodity framework can also be looked at

in the following way:

The framework is structured such that the matrix of
coefficients is post - multiplied by a vector of endogenous
variables or activities and set equal to a vector of

constraints, as described above. Formally we write as:

A* X = b eees(4.1)
where

A* is the matrix of coefficients.

X 1is the vector of activity levels.

b 4is the vector of constraints.

A typical equation from this framework, referring to the

active households non-manual (nm) row would be:
Xn+12 + Xp414 - hrypxg; - hrpxy - hrgx; =0 e (4.2)

where
X,+12 1s the number of active employed non-manual

households.

Xa+414 is the number of active unemployed non-manual

households.

hr, is the headship rate of the nth population cohort

Xpe

We have a Leontief (I-A) matrix in the matrix A¥*, and
have a dissaggregated set of consumption vectors such that

the equation

(I - A)Xy - H.Xp = d e (4.3)
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is satisfied where

H. is the matrix of consumption vectors.
X; is the subset of industrial activities.

Xy is the subset of household turnover activities.

Now, the system can be solved by one of the two methods. 1If
a rectangular system is assumed, in which the number of
activities is not equal to the number of commodities, we can
select an objective function from our variable set and
minimize or maximize subject to equation (4.1). If the

framework is square, we can solve through
X = (A*)—l b - 005(4.4)

noting that by carrying out this inversion a Leontief - type

inverse is embedded within (A*)—1,

Therefore, by defining and solving a framework of this
kind, it is possible to distribute simultaneously the
population into employed and unemployed households, in this
case adding inactive households as well as breaking down
active households into two types, manual and non-manual.
Since the equation system itself is inherently consistent,
inconsistencies in the treatment of unemployment do not
arise. The solution of the equations by matrix inversion in
a way combines the simultaneous and the simulation approaches

to the problems of the demographic-economic interface.

Figure 4.3 gives us a summary of the principal
demographic and economic relationships embodied in the
forecasting framework which is obtained by partitioning the
matrix of coefficients into four quadrants. We find the
Leontief (I-A) matrix containing the relationship between
economic activities and commodities in quadrant 1. Quadrant
2 represents demographic-economic interaction which contains
the household consumption coefficients. Interaction between

demographic activities and commodities (for example,
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household formation) is shown in quadrant 3. Quadrant 4,
contains labour demand coefficients relating employment to

industrial gross output.

Population enters the demographic-economic system
through the constraints vector b along with changes in final
demand not due to household consumption. A defect in the
present system is its failure to treat migration inside the
A*¥ matrix, which must be rectified. When the activity-
commodity framework is used as a forecasting device, there
exists a problem concerning the static nature of the headship
rates, economic activity rates, and input-output

coefficients. To solve this problem, a dynamic input-output
relationship is needed.

4.2 DEMOGRAPHIC-ECONOMIC ANALYSIS

The activity-commodity framework is suitable as an aid
to regional impact analysis, where quick results are needed.
The activity-commodity framework is solved by inverting its
matrix of coefficients. This solution method yields a
determinate solution expressed as a vector of demographic and
economic activity levels, and this has much in common with
the inversion of a matrix of technical inter-industry
coefficients in a Leontief model. The set of entries in the
activity-commodity framework inverse represents the effects
of changes in the constraints (final demand and demographic
variables) vector on the variables of a consistent
forecasting system. Within this consistent inverse, we find
a set of entries which are directly comparable with those of
a conventional Leontief inverse, and from which it is
possible to construct multipliers which relate to those of an

input-output model.
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4.2.1 Impact Multipliers and Household Sector

In a household-exogenous input-output model, the income
multipliers represent the ratio of direct and indirect income
changes to direct income changes, for each individual
industrial sector, and are generally known as type I
multipliers. They ignore the income/consumption second round
onwards effects of households. Household-endogenous models,
in which the inverse is enlarged to include wages paid to
labour and household consumption, give rise to type II
multipliers. Type II multipliers represent the ratio of
direct, indirect, and induced income to direct income for

each sector., Type II multipliers treat the household sector
as an industry whose inputs are consumption goods and whose

output is labour.

Both type I and type II multipliers suffer from the
restriction that only one pattern of household is adopted.
That is, the relationship between consumption and income
assumes a homogeneous population of households with an
average consumption propensity. Therefore, only one pattern
of household consumption is represented, as households are
confined to a single row and column in the model. This is
clearly an unrealistic assumption since there are a variety
of households exhibiting different consumption patterns.
Incomes of households will vary as the households enter (or

leave) the region.

Therefore, to create homogeneous expenditure and
earnings categories in household-endogenous model, we adopt a
disaggregated household sector, Disaggregation in the past
has taken many forms. Miernyk distinguished households
according to previous residence of their principal workers
and developed a so called type III income multiplier. A more
ambitious approach was suggested by Miyazawa (1976) which
involved the disaggregation of existing wage earners'

expenditure by the income group of the wage recipient.
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Third approach to disaggregation, is by looking at the
consistent activity-commodity framework. Here a distinction
is made between the consumption patterns of households with
an employed head and those with an unemployed head. Batey
and Madden (1981) derived a type IV (demo-economic) income
multiplier. Here, changes in income and consumption are not
treated as being immediately related to one another as type
II models do. This consistent framework recognises that, a
decrease in wages to labour do not mean identical decreases
in household consumption. Even if the household income
falls, or is removed completely by redundancy, households do
not necessarily spend correspondingly less, or disappear

altogether from the systen. The government provides social
security, which takes the place of income from employment,

and consumption is affected in different ways.

Type IV multipliers are calculated in the same manner as
type I multipliers, the only difference being that instead of
using entries from Leontief inverse, interindustry entries
from the inverse of the consistent framework is substituted.

The type IV multiplier for a given sector j is given as:

n ij 4 3
Z biy; h /h 7y
i=1
where
n is the number of industrial sectors.
i3 , .
by is any given entry 1in column j of the
interindustry quadrant of the consistent inverse.
hi ,hi,. are entries for sector i and j in a row vector of

income from employment coefficients.

By incorporating differential consumption vectors in
consistent frameworks, it is possible to identify the ratio
between direct, indirect, and consistent induced income and

direct income for each industrial sector. According to Batey
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and Madden (1981), the type IV multipliers (demo-economic
multipliers) will be smaller than the traditional type II

multipliers since:

"consumption is treated as an increment - so that
people moving into employment from unemployment
increase their consumption by a margin rather than
by the amount they are newly receiving as income
(ignoring savings), and vice versa - we can expect
type IV multipliers to be smaller tham type II
multipliers, but nevertheless larger than the type
I multipliers which ignore induced effects

altogether". [Batey and Madden (1981; pp.1072-
73)].

Apart from the consistent income multipliers consistent
production multipliers and employment multipliers can also be

obtained.

4,2.2 Relationship Between Multipliers

There is a consistent relationship between type I and
type II multipliers [see Bradley and Gander (1969) for
proof]. We noted above that type IV multiplier lies between
type I and type II multipliers. Type IV and type II
multipliers are both derived from household-endogenous
models, and so each multiplier embodies an induced income
effect, as well as direct and indirect effects. Any
difference in the size of the two multipliers for a given
sector will be due entirely to differences in the magnitude
of the induced effect, since the two models are identical in

their treatment of interindustry relationships.

Type II model and type IV model differ considerably in
terms of complexity of the induced effect. Madden and Batey

(1983) summarize the differences between the two models:
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"The type II model incorporates a relatively simple
mechanism. An increase in the gross output leads
to an increase in the wages bill, suggesting that
new workers are moving into employment. These new
workers are assumed to have previously been outside
the local economy, and neither to have received
income nor to have consumed goods and services
produced within the local economy. The increased
wages bill is subsequently translated into

household consumption.

The type IV model, on the other hand, contains a

more sophisticated mechanism. A gross output
increase is translated into an employment increase

and this can mean a change in household mix and
therefore a change in household consumption. This
will not always be the case, however. Not every
new job will go to a head of household, and yet
only if a head of household becomes employed will
there be a shift from unemployed head to employed
head and a consequent increase in household

consumption.

Once the shift in household categories has taken
place, we find that a certain number of households
are consuming at a higher rate, because they have
moved from the unemployed household consumption
rate to that for employed head households. We can
see, therefore, that the increase in household
consumption in the type IV case is due to a
marginal shift from one category of consumption to
another, rather than the absolute change (from no
consumption to some consumption) implied by the

type II model". [Madden and Batey (1983; pp.157)].

section can be <concluded by saying that

the

intersectoral variations in the ratio between type II and

type IV induced effects are entirely due to variations in

sectoral wage rates.
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4,3 EMPIRICAL EVIDENCE

Table 4.1 shows the extent to which the employment
nmultiplier effects are exaggerated by models which actually
ignore unemployment benefits. Comparing the multisector
multipliers in (a) with those in (b), we obtain a 1.288 ratio
for manual workers and a 1.401 ratio for non-manual workers,
suggesting the model over-states multiplier effects by 30-
40%.

Table 4.1 also shows the distributional impact of social
security payments. It can be seen, that 58% of the impact of
removing social security payments is felt by non-manual
workers and only 427 by manual workers.

Table 4.1: Inter—-Relational Employment Multipliers for
Manual (m) and Non-Manual (nm) Workers

(a) With no social security payments
Unit Change in

m nm
Effect upon nmn 0.2423 1.2646

m 1.1734 0.1936

Multisector Employment 1.4157 1.4582

Multiplier

(b) With full social security payments
Unit Change in
m nm

Effect upon nm 0.0575 1.0223
n 1.0414 0.0183
Multisector Employment 1.0989 1.0406

Multiplier

(c) Distributional impact of social security payments
[(a) subtracted from (b)]

Unit Change in

n nm

Effect upon nm -0.1848 -0.2423

Social Security (58%) (58%)

Payments upon m -0.1320 -0.1753
(427) (427%)

Difference in

multisector

employment

multipliers -0.3168 -0.4176

Source: Batey and Madden (1983); pp.326.
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Table 4.2 shows that the social security injections into
the economy have produced higher levels of industrial gross
output and employment, and corresponding reductions in
unemployment. Overall figures indicate that without social
security payments in Merseyside in 1980, the unemployment
rate would have been 517 higher, and the gross output of the
Merseyside economy 7% lower. Non-manual unemployment is most
affected by social security payments, "reflecting the greater
preponderance of non-manual employment in those industrial
sectors experiencing the greatest influence from personal
consumption”". [Batey and Madden (1983; pp. 325)].

We now look at the importance that social security would

have in the economy if there was a 15% contraction across the
board in industrial final demand, with no change in

population results. The results are shown in Table 4.3, from
which it can be seen that the contribution made by social
security to the economy is substantially greater than the

previous example. 124% of industrial gross output here is
due to social security - related consumption, with
consumption - related industrial sectors such as distribution

showing very high levels of gross output due to social
security (26.57 here).

The overall unemployment rate without social security in
the system would be 437 higher, with the greater proportion
of this change occurring in the non-manual sector. Social
security payment made to the unemployed in declining areas
will play an increasing part in determining their industrial
outputs. Changes in social security rates will have
considerable effects on changes in unemployment in such areas

A distinction is now made between social security
payments to the unemployed, and those made to the old people
in the form of pensions. Table 4.4 presents the same range
of selected activity levels with pension-related consumption
as the only non-wage éonsumption in the system. Here, more
than average proportions of the gross output of industries
geared to old persons' consumption being due to pension-
related consumption.
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Table 4.2: Selected Activity Levels of Merseyside 1:

(a) with no social security payments.

(b) with full social security payments.

Proportion of
(b) due to
Activity (a) (b) social
| security
Textiles | 648332 654160 0.0089
Chemicals 1578107 1589932 0.0074
Vehicles 735167 736637 0.0020
Transport 1554769 1633083 0.0480
Port 1474155 1480843 0.0045
Distribution 6035872 7226398 0.1647
All Industry 32983822 35552578 0.0723
Unemployed, nm 41526 18265 0.5601 *
Unemployed, m 76174 59395 0.2203 *
Employed, nm 274067 297328 0.0782
Employed, m 318180 334959 0.0501
Inactive Households 69189 69189 0
Unemployment Rates (%)
nm 13.16 5.79
m 19.31 15.06
Overall 16.58 10.94

The final demand/constraints vector used in these
computations was estimated to produce accurate representation
of this Merseyside demographic—-economic system for 1980 at
1971 prices. Gross outputs are measured in hundreds of

pounds sterling.

* reduction in unemployment.

Source: Batey and Madden (1983); pp.325.
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Selected Activity Levels for Merseyside 2:

(a) with no social security payments.

(b) with

social security payments.

Proportion of
(b) due to
Activity (a) (b) social
security
payments
Textiles 551083 550180 0.0162
Chemicals 1341391 1359905 0.0136
Vehicles 624892 627206 0.0036
Transport 1321554 1449258 0.0881
Port 1253032 1263386 0.0081
Distribution 5130491 6982302 0.2652
A1l industry 28036249 32041865 0.1250
Unemployed, nm 82636 46424 0.4382%*
Unemployed, m 123901 97838 0.2103*
Employed, nm 232957 269169 0.1345
Employed, m 270453 296516 0.0878
Inactive
households 69189 69189 0
Unemployment Rates (%)
nm 26.18 14.71
m 31.41 24.80
Overall 29.09 20,32

The final demand vector used in these computations was 0.85
of the vector used in Table 4.2. Demographic constraints are

not altered.

* reduction in unemployment.

Source: Batey and Madden (1983); pp.326.
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Table 4.4: Selected Activity Levels for Merseyside 3:

(a) with pension payments included as

the only form of non-wage income.

Proportion of (a)
Activity (a) due to pensions

Textiles 650168 0.0035
Chemicals 1582752 0.0029
Vehicles 735735 0.0007
Transport 1581676 | 0.0170
Port 1476890 | 0.0019
Distribution 6498124 0.0711
A1l industry 33997825 0.0298
Unemployed, nm 32367 0.2206%*
Unemployed, m 69463 0.0881%*
Employed, nm 283226 0.0323
Employed, m 324891 0.0207
Inactive households 69189 0
Unemployment Rates (%)

| nm 10.26

m 17.61
I Overall 14.34

* reduction in unemployment.

Source: Batey and Madden (1983); pp.327.

A declining economy causes out-migration to occur, and
usually this migration is skewed towards the younger age
groups. This leads to the population structure being skewed
towards the older age groups. As o0ld people have a high
social security component in their consumption, and do not
have high activity rates, the results show that old
populations generally have beneficial effects upon the
unemployment rates in the Merseyside economy, as we might
expect, in any economy. According to Batey and Madden (1983)

the results indicated that the effect of the 60+ population's

consumption on economic output and hence labour demand is
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less than the activity rate of the 60+ population.
Therefore, any large decrease in the activity rates in the
60+ population would have the effect of causing increases in

0old people to reduce unemployment.

Increased longevity and falling birth rates will keep
skewing the population towards the old, and that the personal
consumption of the o0ld will become an increasingly important
factor affecting the continued economic buoyancy of declining
spatial areas of developed areas. Batey and Madden (1983)
point out that "linking the sensitivity of industries in
these depressed areas to o0ld persons' consumption with their

responses to changes in unemployment benefit rates, we can
note the clear duty of central government administrators to

consider very carefully the economic and demographic-economic
effects of any proposed decrease in such benefits”. [Batey
and Madden (1983; pp.328)].

4.4 SUMMARY

Madden and Batey built a demo-economic model around an
activity~commodity framework after they identified an
inconsistency concerning unemployment in traditional input-
output models. The thrust of Madden and Batey's approach is
to remove the inconsistency concerning unemployment by
specifically including household consumption coefficients for
unemployed households. More specifically, as Phibbs (1984)

points out:

"Madden and Batey combine the traditional input-
output matrix with disaggregated household
consumption functions, a sub-model showing the
interaction between demographic activities and
commodities (e.g. household formation) and a
submodel relating employment to industrial output".
[Phibbs (1984; pp.192)].
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Madden and Batey take the descriptive equation from each
of these quadrants and place them into a square matrix.
These set of simultaneous equations are solved by the usual
method of inverting the matrix of coefficients. This process
generates multipliers, called type IV multipliers which are
interpreted in the traditional manner. The type IV
multipliers are smaller than the traditional type II

multipliers but larger than the type I multipliers.

Confirmation of the importance of integrated modelling
of demographic-economic change was provided by giving an

empirical evidence of Merseyside. It was shown that a

"substantial proportion of Merseyside's employment
is dependent upon the injection of social security
income from outside the region and that non-manual
jobs are more sensitive to changes in the provision
of this 1income than manual jobs, We also
demonstrated that changes in age structure,
involving a shift towards older population, are
likely to have significant repercussions upon the
levels of local employment and unemployment'".
[Batey and Madden (1983; pp.328)].

This work represents the important advance on
traditional input-output modelling because of its ability to
generate realistic multipliers. The explicit modelling of
the unemployment sector assumes added significance as
unemployment in Western economies including Australia (and
specially the Wollongong region) continues to rise. However,
the model does have a number of problems in terms of
modelling the impacts under any condition but specially under

Australian conditions,
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4.5 PROBLEMS OF DEMO-ECONOMIC MODEL

The problems of the demo-economic model are threefold.
Firstly, the model is data "hungry", necessitating a large
amount of information in addition to the normal requirements
of input-output model. Phibbs (1984) comments about this as

follows:

"from a practical viewpoint, the model involves the
use of many variables and parameters for which,
owing to the paucity of disaggregate demogaphic and
economic data commonly available at the regional

level, pertinent data is not always available”.
[Phibbs (1984; pp.193)].

Secondly, the model appears to lack flexibility din
relation to the number of jobs that are taken by the
unemployed people. Specification of the number of unemployed
people in each sector who will enter the workforce is needed
before the model is solved by inversion. However, the size
of the flow-on impacts could influence this number. For
example if the flow-on effects are large, there might not be
a sufficient number of suitable unemployed people to meet the

pre-inversion target, for some sectors,

Thirdly, this model has not resolved the inconsistencies
associated with traditional regional input-output models,
revealed in the previous chapter. For example, when the
consumption of workers were examined, the traditional model
only included the market expenditure of workers. The model
implies that unless there is a money transaction, their
consumption is considered to have no impact on the regional
economy. However, a significant part of the service sector
is operated in the public sector, and therefore is not
dependent on cash flows. In fact, the size of this section
is "population-driven" (i.e. the sector is influenced by the
size of the population). In addition, a "barter" service
amongst community members exists. Thus, according to Mangan
and Phibbs (1988):
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"Whilst this form of non-market economy 1is
difficult to quantify its importance is directly
related to economic recession and the presence of
this kind of phenomenon only further strengthens
the role of population-driven economic factors
[Mangan and Phibbs (1988; pp.9)].

The last two problems can be solved by extending Batey
and Madden's model by bringing in additional rows and columns
of the demo-economic factors. This is explained in the next
section which concentrates on a study by Phibbs of the Broken
Hill area.

4,6 BROKEN HILL STUDY

Phibbs adopted one of Madden and Batey's model to form
the demo-economic "engine" of the Rural Settlements Project
Demographic—-Economic Model (RUSEPDEM). Concentration will be
on the multipliers, but they will be smaller than traditional
input-output multipliers since they acknowledge the impact of
the unemployed. A model done by Phibbs is shown in Table
4,5, which shows the "invertible" part of the demo-economic
model. The model shows the economic structure of Broken
Hill. The time period was between 1971 and 1976. It is
during this period that Broken Hill suffered a sharp downturn
in the mining industry. Employment in the mining sector was
also decreasing by over 800 jobs. Therefore, Broken Hill was
ideal for examining the impacts of the decrease in

employment,

The model shown in Table 4.5 differs from the Madden and

Batey's model in several ways:

1., This model allows jobs to be taken by school leavers or
residents not receiving transfer payments (example, wives
or husbands of existing workers), compared to the Batey
model which allocated jobs to either in-migrants or to the

unemployed.
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Table 4.5: Demo-Economic Model for Broken Hill 1971

felture 00370 0.0000 0.0007 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0001 0.0001 0.0006  0.0000  0.00 0.0120
iy 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0,00 0.0000
afacterin 0.0105 00038 00562 0.0024 0.055% 0.0067 0.0338 0.0020 0.005% 0.0011 0.0121 0.0207 0.0000  0.0000  0.06 0.0000
wtrieity  0.01i2 00803 0,0226 0.2085 0.0559 0.0142 0.0143 0.0064 0.0242 0.0316 0.0445 0.0699 0.0100  0.0000  0.06 0.2000
utrection 0.0040 0.0066 00064 0.0187 0.0033 0.0073 0.1147 0.0062 0.0073 0.0373 0.0310 0.0112 0.0070  0.0000  0.00 0.1400
e 0,0298 0.0003 0.0606 0.0180 0.0535 0.0620 0.0563 0.0102 0.0127 0.0049 0.0159 0.0261 0.1890  0.0000  0.05 3.7800
e U %or 0.0166 0.0016 0.0402 0.0117 0.0343 0.0188 0.0122 0.0171 0.0063 0.0112 0.0197 0.0125 0.0150  0.0000  0.03 0.3000
macitio 0.0000 0.0001 90,0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0085 0.0151 0.0000 0.0012 0.0099  0,0000  0.00 0.1980
mee 0.0001 0.0000 0.0062 0.0007 0.0108 0.0547 0.0011 0.0003 0.0413 0.0277 0.0006 0.0141 0.0651  0.0000  0.01 1.3020
| lafn, . 0.0010 0.0001 0.000%70.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0001 ¢.0001 0.0002 0.0021  0.0000. 0.00 0.0420
duity §¢ 00038 0.0010 0,000t 0.0000 0.0000 0.0001 0.0012 0.0000 0,0023 0.0013 0.0007 0.0027 0.0000  0.2625  0.00 0.0000
artiinner 0.0000 0.0005 0.0028 -0.0020 0.0001 0.0042-0.0020 0.0001 0.0266 -6.0079 0.0027- 0.0201 0.0000  0.0000 - 0.00 0.0000
lldror  0.0360 0.3260 02972 0.2540 0.3120 0.4083 0.5530 0.595( '0.4230 0.6500 0.6490 0.3974 0.0000  0.0000  0.00 0.0000
Locdage 01199 01427 01627 0.0968 0.2133 0.3427 0.2581 0.2430 0.1544 0.3845 0.5276 0.4320 0.0000  0,0000  0.00 0.0000
) constr 0.0480 0.0602 0.0687 0.0409 0.0901 0.1445 0.1090 0.1026 0.0652 0.1624 0.2228 0.1820 0.0600  0.0300  0.00 10,0000

wployed  0,0027 0.0032 0.0036 0.0022 0.0047 0.0076 0.0057 0.0054 0.0034 0.0085 0.0117 0.0096 0.0000  0.0000  0.00 0.0000

wat coeff 0.0893 0.0630 0.0723 0.0430 0.0948 0.1521 0.1147 0.1080 0.0686 0.1709 0.2345 0.1920 0.0000  ©.21GO Based onr Census data
{1.15 = increase in Service eap. 71-76 based ou State trends) 1.1500

0.0500 {i.e. the proportion that lose their jobs and stay in tbe region, 1nd receive social security piyneats)
ey ratio 21,5000 2.5000 72.5000 12,5000 2.5000 2,5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000 2.5000
eoastract 1.0000 1.0060 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.0000  0.Cd00
ter ’

0.0500 {i.e. proportion vo lose their jobs, ste iz the region dut do ot receive Social Security piynents)

t coluna 14 = consuaption per bead of non narket services

t colunn 19 = consumption, per dvelling built, of goods and labonr

t coluan 1€ = consunption, per nnesployed “vorker”
. population change coefficient = esploynent coefficientt(l-rho-ess)tdependancy ratio
* drelling constraction coefficient = enploynent coefficientt{l-rho-ess)tdvelling construction
" unesployed coefficient = exploynent coefficient * rho

Source: Phibbs (1987); pp.13.
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2. The population impact of a change in employment is
measured and a consumption column is used to estimate the
impact of this population change on output and employment
in the non-market services and the subsequent multiplier
effect. The consumption column is marked consumption per

head of non-market services.

3. Phibbs also attempted to estimate the impact of the
population change on the residential construction sector,
by adding an extra row and column; measuring consumption
of goods and services per dwelling. The coefficients of

this part are only rough estimates.

The model is used to estimate the total economic impact
of the exogenous changes in the Broken Hill economy, or the
changes that were not simply the reactions to other economic
change, These changes, as seen from Table 4,6 (the inverted

matrix), include:

. the loss of 831 jobs in the mining sector.
. a 257 increase 1in service sector (i.e. Public
Administration and Community Services) based on state-wide

trends).

The model predicts that given changes in exogenous
employment will generate as loss of 860 jobs. The model is a
reasonably accurate model of real world situation, as the
census estimates the change in employment to be in the order
of 880 jobs.

Now this improved multiplier model is placed into a
comprehensive demo-economic model. Figure 4.4 shows the
structure. The RUSEPDEM will generate accurate multipliers
which can be applied to changes in basic activities in a
region or what we call exogenous changes. Phibbs (1987)

points out that:
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Inverse and Modelling of Final

Demand

Changes - Broken Hill 71-76

{9 ()] 1 1 ] { §

§ 1 1 y 10 11 1 1] t 15§

1. lqriexltare 1.0385 0.0002 0.0010 0.0002 0,0000 0.0003 0.0005 0.0004 0.0003 0.0005 0.0006 0.000¢ 0.0007  0.0001 0.0001 0.014¢
1. Xining 0.0000 1.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000
). Eafacterin 0.0138 0.0134 1.0735 0.0135 0.0747 0.0272 0.0610 0.0173 0.0190 0.0250 0.0412 0.0450 0.0082  0.0108 0.0648 0.163S
{. Uectricity 0.0346 0.1212 0.0568 £.2843 0.1013 0.0571 0.0659 0.0406 0.0602 0.0875 0.1093 0.1316 0.0299  0.0287 0.0813 0.5377
§. Constraction 0.0109 0.0167 0.0222 0.0333 1.0201 0.0239 0.1332 0.0214 0.0200 0.05¢8 0.0532 0.0251 0.0156  0.0040 0.0126 0.31
f. tde 0.0516 0.0868 0.1616 0.1087 0.1576 1.1786 0.2234 0.1547 0.129¢ 01708 01787 0.1369 0.2386  0.0469 0.0879 {.1730
. Tus & Stor 0.045 0.0160 0.0607 0.0231 0.0570 0.0432 L.0GL6 0.0400 0.0257 0.0421 0.0536 0.0391 0.0267  0.01(1 0.0443 0.5338
1. Commwnicatio 0.0005 0.0040 0.0043 0.0033 0.0043 0.0053 0.0070 1.0067 0.014) 0.0227 0.0068 0.0057 0.0121  0.0018 0.0012 0.2423
§, Hace 00070 0.0313 0.0433 0.0333 0.0492 0.1005 0,025 0.0548 1.0866 0.0835 0.0588 0.053% 0.0921 00154 0.0238 1.1
10.°Peb Main.. 0.0011 00003 0.0011 0.0008 0.0009--0.0010 0.001( 0.0013 00013 1.0016 0.0015 0.0011 0.002( -0.0004 0.0002 0.041
10, Connunity Se 0.0533 0.0627 0.0817 0.0570 0.0974 0.1379 0.1252 0.1007 0.6790 0.156) 1.1379 0.1667 0.0357  0.314L 0.0207 0.3137
12, Tatertainaen 0.0012 0.0022 0.005( 0.004) 0.0023 0.0085 0.0055 0.0028 0.0305 0.0120 0.0062 1.0235 0.0038 00016 0.0016 0.0758
1 Ul ror  0.1291 04683 0.5170 $-€567 0.5504 06743 0.0603 0.7973 0.6266 0.3495 0.9690 0.6751 1.1395  0.254( 0.1292 3.9%04
A4 Pop, change. BA0T6. 02303 0.3096 0.2166 03693 0,521 .0712 0.3835-- 022907 < 0585, 07497 0.6235 Q1340 -1.1960-0.0783- 3.6950
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"The model will also generate estimates of the
number of economic in-migrants and/or outmigrants,
which provides the basis for estimating the level
of economic migration. This economic analysis is
supplemented by the demographic model., In this
module, a base population is survived in the
traditional manner using the cohort model, and then
an estimate made of what could be called non-
economic migration. The economic impact of this
non—-economic migration is calculated by estimating
their consumption patterns and then feeding this
information into the multiplier model (called a
feedback loop in Figure 4.5), via what economists
call changes in final demand. The total population
growth over the projection period (say 5 years) is
then estimated. The final result is an employment
and population forecast for the region". [Phibbs
(1987; pp.9)].

The data required for such a model are:

1. major elements of the multiplier model which are
available for existing input-output table of regions
in N.S.W.

(ii) ABS household expenditure survey provides the
consumption data for unemployed households and
inactive households.

(iii) The proportion of jobs going to existing unemployed in
a region are estimated using a skills matching process
based on CES data and Census data, on skill level by
sector.

The task of the case studies will be to estimate where
consumption takes place. '

Therefore, demo—-economic model allows more realistic
forecasts, and helps us answer questions like - "How does
this town work?" and "What are the main forces driving
demographic and economic change in this town?".

This model was the starting point for our next chapter,
the DECON model.
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Figure 4.4:

A Comprehensive Demo—Economic Model
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Source: Phibbs (1987); pp.12.
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CHAPTER FIVE

THE DECON MODEL - DEMO-ECONOMIC INPUT-OUTPUT MODELLING
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CHAPTER FIVE

THE DECON MODEL - DEMO-ECONOMIC INPUT-OUTPUT MODELLING

The DECON model resulted from a study undertaken into
the Wollongong region by Mangan and Phibbs. Their study,
which was commissioned by the Federal Government, arose out
of the dissatisfaction with the performance of the earlier
GRIT (Generation of Regional Input-Output Tables) - style
input-output model in modelling the Wollongong economy and

the unique conditions facing the Wollongong economy.

5.1 THE MODEL

The DECON model represents both an application and an
extension of demo-economic modelling. It is an application
because it uses a non-survey approach to model the Wollongong
economy; and it is an extension as it brings in the
consumption of other groups and calculates the population
multipliers. That is, the DECON Model is built in such a way
as to add two new "industries" to the traditional input-

output table.

The first industry is the unemployed. The unemployed
model treats the unemployed as a separate industry, and
specifically models their <consumption (which was
traditionally ignored). This allows the model to estimate
the impact of the downturn in the economy by examining the
difference in consumption between the employed and the
unemployed. The consumption impacts will be based on this
difference rather than the total consumption of the employed.
This procedure leads to smaller employment multipliers in
regions where at least some of the unemployed remain living
in the region. As part of the component of the model, it is
necessary to estimate the proportion of people losing their
jobs who will remain in the region and live on social

security payments or other income.
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The second industry is the population industry. The
point that some economists underestimate, is that growth in
employment in some sectors is specifically linked to the
population growth. These sectors are what could be called
"non-market" sectors, since they are not based on traditional
exchange of money, and include Public Administration and
Coﬁmunity Services. The population model acknowledges that
change in these sectors is related to population change, and
not economic change in other sectors of the economy. The
introduction of the population industry allows the specific
calculation of population multipliers, which measure the
flow-on population change due to a shift in economic activity

in a particular sector.

The DECON model has also been extended to allow the
regional analysts to assess the impact of demographic changes
in their regions, such as migration. The Wollongong region,
like many coastal regions, has experienced large increases in
aged migration and people on social security payments,
especially pensioners, They have an impact on the economy
through their consumption of market goods and their use of
services., This impact is modelled by estimating their 1level
of consumption of goods and services, and then adding this to
the Final Demand part of the model. This model, therefore,
provides a realistic economic change and also models the

economic implication of demographic changes.
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