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ABSTRACT

This thesis suggests one way in which a time series
of input-output tables can be utilised to provide a supply
dimension for a traditional Keynesian macro model. Using
data for the Maltese ecaonomy for the period 1961-77, input-
output tables are used to estimate for each sector a general-
ized Leontief cost function to permit input substitution.

The empirical result that most of the relative price variables
in the input demand functions are significant along with a
marked improvement in forecasting ability, suggests that this
modification of the traditional Leontief specification of the
production function is worthuwhile.

This supply dimension of the economy is linked to the
demand side through a simultaneous interaction with sectoral
consumption functions, allowing examination of policy questions
not capable of being addressed by a traditional Keynesian
demand model. The empirical results of this analysis are then
used to examine some of these policy questions in the context

of the Maltese economy.,.
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CHAPTER I

INTRODUCTION

The two ma jor developments in modelling an economy
have been the construction of aggregative econometric
models and the construction of input-output models
esees The question becomes one of whether we should
concentrate on a detailed analysis of final demand or
of intermediate demand, or of whether we ought to

try to build a more general system encompassing both
the traditional econometric model and the input-
output model. (Klein 1968, p. 565)

This quotation is taken from Klein's 1968 article

entitled "What Kind of Macroeconometric Model for Developing

Economies?" In answer to this question, Klein suggests that
a model integrating input-output with Keynesian models would
be most suitable. By 1978, Klein suggests that even for
industrial countries the same approach should be followed.

Yet the economic problems of today seem to be
intractable when studied through the medium of
simplified macro models. The new system should
combine the Keynesian model of final demand and
income determination with the Leontief model of
interindustrial flows. (Klein 1978, p. 1)

The object of this thesis is to construct a .macro model of
the Maltese economy, integrating both the input-output (I-0)

and Keynesian final demand models. 0One special characteristic
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of the Maltese case is the availability of 17 annual I-0
tables (1961-1977). This feature provides a study which is
of interest not only as a case study of Malta, but also from
a wider perspective. In particular, two questions are tackled:
(a) How useful is a time series of I-0 tables? (b) Hou to
combine a time series of I-0 tables with a traditional final
demand model?

Since this thesis is a case study of Malta, chapter II
examines Metwally's (1977) model of the Maltese economy. This
chapter provides not only a critical assessment of Metwally's
model and results, but also identifies some questions which
an alternative model should be able to address,as for example.
whether exports or tourism should be encouraged to expand.

This type of question suggests that a disaggregated model would
be more suitable than a highly aggregated model such as that of
Metwally.

The third chapter is concerned mainly with question (a)
above, that is with how useful a time series of I-0 tables is.
In the I-0 literature, the major study on the usefulness of
a time series of I-0 tables is the work by Tilanus (1966).
Since Tilanus ansuers this guestion negatively, his study is
examined at some length. It is found that Tilanus' study
suffers from various estimation problems. Furthermore, the
specification used by Tilanus, namely linear trends in the
technical coefficients, leaves much to be desired. Tilanus

does not explore the possibility of relaxing some of the
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traditional assumptions in the I-0 model ,as for example the
assumption that inputs are demanded in fixed proportions to
output.

This issue is taken up in chapter IV where the Leontief
production function is substituted by the generalized Leontief
cost function, and cost-minimizing input demand functions
derived. These derived input demand functions allow for factor
substitution, and moreover reduce to the Leontief specification
for the case of no factor substitution. Thus, this extension
of the I-0 model provides a generalization of the traditional
I-0 model and represents the supply side of the economy. The
demand side of the economy is captured by setting up sectoral
consumption functions. FfFinally, this chapter also provides
a comparison between the approach suggested here and the
conventional approach of linking I-0 with final demand models.

Chapter V presents the regression results from estimating
the complete model, identified as the generalized I-0 macro
model ,- yhich has'122\equations{ The estimation technique
used is two stage least squares with principal components in
the first stage and correcting for autocorrelation. The
finding that 56% of the input demand functions have a relative
price variable which is significant indicates the importance
of relative prices and suggests that in general, the Leontief
specification is rejected in favour of the generalized Leontief
form used in this study. In this chapter, ex-post forecasts

for 1977 are® also presented both for the I-0 model and the
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generalized I-0 macro model., Contrary to Tilanus' results,
it is found that ex-post forecasts for 1977 utilising the
time-series of I-0 tables are superior to those of the tra-
ditional I-0 model using the I-0 table for 1976.

Finally, chapter VI examines some policy implications
_of the generalized I-0 macro model. One major finding in this
chapter is that the import multipliers of all sectors with
respect to exports are all less than one. This result contrasts
quite sharply with Metwally's (1977 ) result that the import
multipliersuwith respect to exports and tourism are both greater
than one. A second important result is the finding that import
and employment multipliers by sector, with respect to exports,
tend to be positively correlated. This result has important
policy implications and is consequently examined at some length.
Lastly, the multipliers derived from the model are used to

analyse the effect of changes in fiscal policy.



CHAPTER II

AN ASSESSMENT OF ECONOMETRIC MODELS

OF THE MALTESE ECONOMY

Introduction

There are two main econometric studies of the Maltese
economy. The first was conducted by Waldorf (1969) during
his stay in Malta as a U.N. adviser. The second was conducted
by Metwally (1977), a visiting professor of economics at the
University of Malta, Fdr the academic year 1976-77. Since
both studies present similar econometric models, and since the
latter is more recent, this chapter is mainly devoted to a
critical assessment of Metwally's study.

The first section of this chapter considers some of
Metwally's results concerning the performance of the Maltese
economy under different government economic policies. This is
of interest because it turned out to be one of the most con-
troversial aspects of his study. The second section is more
directly related to the purpose of this study and considers

the specification of Metwally's model.
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Growth Rates of Main Economic Variables

In his chapter 2,Metwally (1977, p. 36, Table 2-1)
presents a table of growth rates of main economic variables,
comprising 208 regressions. He divides the period into three
subperiods 1954-60, 1961-70, 1971-74, and computes regressions
for these three subperiods as well as for the whole period.
Metwally (1977, p. 35) states that "the wisdom of this sub-
division was to evaluate the effect of different government
gconomic policies on the performance of the Maltese economy
in addition to asseséing the general performance of the econaomy
in the past two decades."

The problem with this procedure is that the subperiods
have too feuw observations for regressions to provide reliable
estimates. To see this, consider regressions conducted on
the 1971-74 subperiod which has 4 observations and on the
whole period which has 21 observations. Nouw suppose that in
1973, some random disturbance caused a wide fluctuation in
the variable being estimated. In the regression based on
4 observations, each observation carries a weight of 1/4,
while if the whole period is used, the weight of each obser-
vation is 1/21 . Hence, though the random disturbance does
not reflect any basic relationship between the variables, it
is given greater importance in the smaller sample. Moreover,
since ordinary least squares (0OLS) minimizes the sum of squared
residuals, large residuals become relatively larger due to the

L .
squaring process implying that when the sum of squared residuals
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is minimized, extra care is taken to avoid large residuals.

In the larger regression, not only does each observation carry
less weight, but a relatively large disturbance in one direction
can be counterbalanced by a large disturbance in the opposite
direction since the disturbances are random. In a sample of
four or six observations, such counterbalancing is highly
unlikely, thereby violating one of the assumptions of the
classical linear regression model which requires that the
expected value of the disturbance term to be zero.

In testing whether a change of policy has caused a
‘change in a relationship (in this case growth rates), an
accepted practice is to use dummy variables. This method
makes use of all the sample observations so that a more eff-
icient use of the available data is made, and more importantly,
avoids regressions on very small samples. Metwally uses this
procedure himself in his estimation of the consumption function.
Why he chose to run regressions on four and six observations
in chapter 2 is difficult to understand.

To show how misleading regressions on very small samples
can be, fegressions on two series were conducted. A procedure
similar to that employed by Metwally was used, with the add-
ition of a dummy variable, i.e.,

rt+B80t
e

Y = A (2.1)

* .
See for example Metwally (1977, pp. 96-97).
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where D is a dummy variable to allow for a slope shift by
taking values of D for normal years and 1 for abnormal years.

Transformed into natural logarithms, this gives:
Lh Y = Ln A + rt + BDt (2.2)

The first variable tested is real wages and salaries for which
Metwally gives the estimated grouwth rates 4.39% for 1954-60,
5.51% for 1961-70, 1% for 1971-74 and 4.65% for the uwhole
period. Of particular interest is the growth rate of 1% Fof
1971-74 as this is much lower than for the other periods. To
examine this more explicitly, let D = 1 for 1971-74 and zero

otherwise, The regressian resulfs are:

Ln Y = 5.06 + 0.0421t + 0.006Dt (2.3)
(t-values) (12.52) (2.29)
Because the t-value for the dummy variable is significant, the

estimated growth rates are, 4.2% for 1954-70 and 4.8% for

1971-74 i.e., these results shou that a statistically significant

increase in the growth rate of real wages and salaries occured
during 1971—1974.* This result is quite the opposite to what
Metwally finds who, as noted above, estimates a drop in the rate
of grouth of wages and salaries to 1% during this period. To

examine this difference in results further, the period 1971-74

Adding the observation for 1975 the growth rate of wages and
salaries during 1971-75 rose to 4.95% with the t-value for the
dummy variable climbing to 2.8 . This shous that the estim-
ated incrdase in the rate of growth of wages and salaries is
stable.
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was regressed alone giving a growth rate of 4.19% but an

iﬂgignificant t-value so that this regression is unable to say

anything on the growth rate during 1971—74.* Thus, not only
did Metwally use an inappropriate technique in conducting
regressions on four observations, but it appears that he even
failed to test these coefficients for statistical significance.
These findings are particularly disturbing, especially in vieu
of the importance that he gives to his small sample regression
results. For example in chapter 2, he comes to the conclusion
that "the personal sector in Malta had its worse performance
during the period 1971-1974" (Metwally 1977; p. 42) and as one
of the reasons he gives the fall to 1% in the rate of grouth
of wages and salaries. Again in a newspaper interview he gives
this same example on the fall in the growth rate of wages and
salaries as an indication of the slowing down in the performance
of the'economy.** These examples clearly demonstrate the extent
to which Metwally has been misled by his small sample regressions.
The second series considered is gross domestic product
(GDP), again testing the 1971-74 period for which Metwally

estimates a slowing down in the rate of growth to 4.57% from

Note that the estimated growth rate from this single regression
is well above that reported by Metwally, suggesting a typo-
graphical error in his study. However, the estimated grouth
rate of 4.19% for 1971-74 still supports Metwally's claim of

a slowing down in the rate of growth of wages and salaries
during this period.

*x%
See The Slnday Times of Malta, May 29, 1977, p. 16.
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a high of 5.59% during 1961-70. The estimated regression is:

Ln Y, = 5.6 + 0.0519t + 0.0045Dt (2.4)

2
(t-values) (11.39) (1.265)
Since the t-value for the dummy variable is statistically
insignificant, this regression states that, contrary to what
Metwally finds, there is no evidence of a fall in the rate of
growth of GDP, but rather GDP continued growing at a steady
rate of 5.19% during 1971-74.

These results clearly support the argument given earlier
that due to the small number of observations in the subperiods,
the results given by Metwally (1977, pp. 35-38, Table 2-1) for

the growth rates in the subperiods are unreliable.

Model Specification

Metually's model is given in Table 2.1 . It is seen to
be a simple aggregate model consisting of five behavioural
equations (two of which are tax functions) and three identities.
This section is divided into three sub-sections, each dealing

with a particular specification problem.

Consumption Function,
The specification of the consumption function (i.e.,

eq. (2.5)) used by Metwally includes a dummy variable to allou

The same criticism holds for Metwally's analysis of the
sources of growth in the manufacturing sector in his chapter 3

as this is based on regressions on subperiods 1961-70 and 1971-75.
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TABLE 2.1

METWALLY'S MODEL

d , B0y, 9 + u,

Ye 20Yy

S|P+ ey - (€2 + Eyq)]

p (P
E/3 (Celq +# Epq) = (Cyly + Et-4i] * Uy

p p g
(ct + Et) + Bt(It + I, ) + Ug

+B.Y,P +u

7

- TE

+ C

G

t 4

+s-K-6"=-¢c¥+i+rf
+IP + 19 4+ £ -

private consumption

private (gross) investment
personal income tax

gross national product
exports of goods and services

E,_4 = exports in periods (t-1) and (t-4)
respectively

cont./

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)
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TABLE 2.1--Continued

subsidies

government income from enterpreneurship,
interest dividends and rent

interest on public debt

government expenditure on current goods
and services

personal disposable income

imports of goods and services

tax on expenditure

personal income

government (gross)investment

current transfers to general government
capital consumption

corporate profit taxes plus corporate
undistributed income after tax

transfers from abroad

0 for 1954-1968

1 for 1969-1974

disturbance term
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for a slope shift fér the period 1969-74, It is relevant to
note,however, his argument leading to this specification of
the consumption function.

Metwally first estimates the consumption function without
the dummy variable, and gets the following results* (Metwally

1977, p. 95):

P d

C” = -4.195 + 0,911Y (2.13)
(-3.28) (6.669)
rR? = 0.978 , F = 788 , DY = 0.98

Metwally points out that the intercept of equation (2.13) is
negative, and hence disagrees with economic theory. Consequently
he states "We tested whether there were abnormal years which
caused the function to shift and/ or the slope to change"
(Metwally 1977, p. 95) and proceeds to argue, somewhat uncon-
vincingly, that the period 1969-74 was not normal in the sense
that over this period, the marginal propensity to consume

*x%
increased. Thus he re-estimates equation . (2.13),including

Metwally does not give the t-value for the constant term, nor
the D.W. statistic and F-ratio for equation (2.13). The values
for these statistics given above were derived in this study

by regressing equation (2.13)for the period 1954 to 1974.

*%
One of the reasons Metwally gives for this increase in MPC

is the lack of incentive to save caused by the banking crisis

in 1973/74. However, this does not necessarily imply an
increase in the MPC. For example, if consumers are saving the
desired amount and suddenly part of their savings are destroyed,
one would,expect that they would try to get back to equilibrium
by building their stock of savings to the desired level. That
is, for a period people would tend to save more.
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the dummy variable and finds not only that the coefficient
of the dummy variable is significant and positive, but also
that the intercept changes its sign.

The problem with this approach is that it appears to bs
the wrong solution. Metwally estimates all his behavioural
equations using OLS. Though OLS is often used to estimate the
coefficients of simultaneous equations, it does raise the
problem of simultaneous equation bias. In the case of the
consumption function, it is well known that using OLS results
in an underestimation of the intercept, and overestimation of
the marginal propensity to consume (MPC).* »The results given
in equation (2.13) suggest that not only is the intercept under-
estimated but also, the MPC is overestimated. Thus, the problem
of the negative intercept which Metwally points out, may
not be because any change in MPC has occured but rather due
to the estimating technique used. 1In order to examine this
issue more closely, equations (?.5) and (2.13) were re-~estimated
for the period 1955 to 1974 using two stage least squares.**

The results obtained are the following:

* ,
See for example Johnston (1972, pp. 343-344) or Goldberger

(1964, pp. 289-290).

*% .
The estimatiaon period was restricted to 1955-1974 so as to

cover the same estimation period used by Metwally. The
instruments used for the first stage of 2SLS are real exports,
real government expenditure and real consumption lagged one

period.
[}
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c,P = -1313.00 + 0.746v, % + 0.058v,7 (D) (2.5)"
(-0.35) (5.44) (1.08)
52 = 0.76 , DU = 1.52 , F = 30.00 , RHO = 1.0
ctp = -1169.98 + U.828Ytd (2.13) "

(-0.35) (7.05)

g2 - 0.75 , DW = 1.57 , F = 56.83 , RHO = 1.0

The first point to note is that though the intercepts of
(2.5)' and (2.13)' are negative, they are both insignificantly
different from zero., Second, the t-value Fbr the dummy variable
in (2.5)' is insignificant so that the empirical results do not
support Metuwally's hypothesis that the MPC increased during
this period. Third, the estimated MPC in (2.13)' is indeed
lower than that in (2.13), as theory suggests. Thus, from
these results, it may be concluded that the consumption function
used by Metuwally (i.e., eq. (2.5)) is misspebified and in add-
ition, it appears that it does make a difference whether 25LS
or OLS is used as an estimating technigue.

It will be noticed that eguation (2.13)' had to be
corrected for serial correlation. The resulting rho value of 1
indicates the strong presence of serial correlation and suggests
that perhaps some relevant variable is being omitted in the
form of (2.13)'. One of the most commonly estimated forms of

| the consumption function is that suggested by the permanent
*
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*
income hypothesis i.e.,

P _ _ d P
C,P = -23.24 + 0.445Y," + 0.544C,°, (2.14)
(-1.17) (3.78) (3.70)
52 = 0.99 , F = 1422 , DU = 2.2

Equation (2.14) was estimated using 2SLS for the period 1955

to 1978. The results in (2.14) agree with theoretical expect-
ations, namely the short-run MPC (0.445) is less than the long-
run MPC of 0.98, while the long-run MPC is close to unity.**
Furthermore, the statistical results of (2.14) are satisfactory,
so that in view of the greater theoretical appeal of the form

of (2.14) relative to (2.13)', the former is preferable to the

*XK
latter.

Actually Friedman's (1957) permanent income hypothesis requires
the - intercept to be zero. (See for example Evans 1969,

p. 24.) Note, however, that though equation 2.14 was not
constrained to pass through the origin, the t-value of the
constant is insignificant.

*%x

The long-run MPC is calculated for the no-growth situation by
setting Ct = Ct-1 and solving for Ct . Evans (1969, p. 38)
derives the requirement that under conditions of no-grouth,

the long-run MPC should be 1 . That is, under such conditions,
consumers would not save any of their income in the long-run
but would consume it all,

X*¥
It is relevant to note that Metwally does estimate equation

(2.174). Though both the lagged consumption and income co-
efficients are of the correct sign and significant, he rejects
these results on the basis of the negative intercept. When

he includes the dummy variable he finds that its t-value, as
well as that of lagged consumption , are insignificant.
Consequently he also rejects these results, though the finding
that the dummy variable is insignificant should have provided
some doubt about the validity of the postulated increase in
MPC.
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Import Function.

Consider the imports equation reproduced below, where

the variables are defined in Table 2.1 .

_ = P g
M, = a; + BS(Ct + Et) + 86(It + I, ) + U (2.15)

This equation states that if exports or consumption rise by

one unit, imports rise by 85 , i.8., both Ctp and Et are assumed
to have the same coefficient. Similarly, for the last bracket
Itp and Itg are assumed to have the same coefficient 86 .

These are rather strong assumptions on the specification of

the model. Suppose, for example, that the coefficient of Et

is in reality zero. 1In the form of (2.7), E, is being saddled

with B_. thereby misspecifying completely the effect of Et on Mt .

5
While the risk of misspecification is great, the gain from such
a-priori assumptions is unclear and appears to be only in terms
of lesé computational work. As economic theory does not provide
any enlightenment on this issue one would expect Metwally to
provide some strong justification for such a-priori restrictions.
However, nowhere in his study does Metwally give reasons for
these assumptions.

To test these assumptions and examine their rationale,
several regressions were conducted, the results of which are

shown in Table 2.2 . Regression (2.16) is a replica of the one

used by Metwally. The estimated coefficients are close but not
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TABLE 2.2

= P p 9
M, = 43,76 + 0.23(ct + Et) + 1.45(1t + I, )
(4.9) (9.15) (13.82)
52 = 0.992 , F = 1241 , DW = 2.29 ,
_ p P g
M, = 41.7 + D.28E + 0.21C," + 1.581,° + 1.18I,
(3.74) (2.49) (2.44) (9.06) (5.16)
R¢ = 0.991 , F =616 , Du = 2.2 , N
_ p g
M, = 19.60 + 0.341,7 + 0.061I,
(2.39) (3.80) (0.78)
R? - 0.66 , F =16, DU = 1.48 , N
_ p
EM, = 61.25 + 0.70C." + 0.04E,
(1.66) (5.73) (0.37)
R® - 0.94 , F=117 , Dw = 1.88 , N
where: N = number of observations
IM = imports of capital goods
EM = other imports

i

21

21

17

17

(2.16)

(2.17)

(2.18a)

(2.18b)
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gxactly equal to his. The main reason for this is that Metwally
does not state how he is deflating investment. The problem
arises here because a price index for capital goods is not
published. As a proxy for this price index the consumer price
index was used. Regression (2.17) is the disaggregated re-
gression required to test Metwally's assumptions. Using a
standard technique* to test the hypotheses that the coefficient
of Ctp is equal to that of Et and the coefficient of Itp is
gqual to that of Itg the t-values turn out to be insignificant
so that MetQally's a-priori assumptions are supported. However
there are some problems with this regression which cast doubt
on the reliability of these tests. The simple correlations
between the independent variables are unduly high, ranging from
0.72 to 0.92 . This suggests that multicollinearity could be a
serious problem. One effect of multicollinearity is to inflate
the standard errors of the coefficients. This implies wider
confidence intervals for the estimates so that the insignificant
difference between the coefficients could be a result of this
problem.

In order to examine this issue more closely, imports were
divided into two components namely, imports of capital goods and
other imports, and two equations estimated. The results from

these regressions are given in Table 2.2, equations (2.18a) and

*
For a general description of the method used see Murphy (1973),
Pp. 227-29,
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(2.18b).* It is interesting to note that both the investment
coefficients in equation (2.18a) are considerably less than
one. These results appear to be more reasonable than those
given in equations (2.16) and (2.17) (uhere all the investment
coefficients estimated are greater than one) since one would
normally éxpect part of investment demand to be met from
domestic sources. Of greater interest, however, is the result
that tests on the equality of the coefficients of Itp and Itg
in equation (2.18a), and of the coefficients of Ctp and Et in
equation (2.18b) yield statistically significant t—values.**

Thus, Metwally's a-priori assumptions are refuted, revealing

the need for re-structuring the model.

Multiplier Analysis

One of the most serious problems with Metwally's model
arises ‘in his multiplier estimation. Table 2.3 gives the
multipliers of GNP and imports with respect to exports and

tourism (Metwally 1977, p. 142).

*
The data for IMt and EMt were obtained from the I-0 tables.
Since the I-0 tables have been published only since 1961,
the estimation period was restricted to 1961-1977.

*%
These t-values are 1.81 for equation (2.18a) and 3.1 for
equation (2.18b).
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TABLE 2.3
GNP Imports
Exports 0.750 1.714
Tourism 0.997 1.053

These multiplier results lead Metwally to one of his
ma jor policy recommendations: He suggests that since the GNP
multiplier with respect to tourism is higher than that of
exports, while the import multiplier with respect to tourism
is lower than that of exports, Malta should concentrate on the
tourism sector rather than the export of goéds sector.

However, there are two main problems with the multipliers
in Table 2.3 . First, the validity of deriving two different
multipliers for exports and tourism is seriously in question.
Tourism is included in the services part of the export of goods
and services variable. In order to derive different multi-
pliers for these two variables, one would expect that, at some
point in his model, Metwally would have separated tourism from
export of goods. Yet, an inspection of his model reveals
that the export of goods and services variable is always
represented as a single variable. In order to examine this
issue more closely, Table 2.4 gives the reduced form of his

model and the resulting reduced-form equation for GNP,

The inverse matrix (A—1) is represented only symbolically in
Table 2.4+, It is merely the transpose of Metwally's (1977,
p. 140) Table 5.2 .
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TABLE 2.4

+ Ig + E

+ B

G

E

57t

+ 8619

s = K - Gy - Cy + i+ f

p p
0.3664(83)[:Et—13t_1—Et_,£| + B, 1/3 [‘3:1;-1

1.4716(

0.554835 - 0.3664a

0.6746

0.66

B

0.3225

1.249

E,+B_1°9

57t

6

) + 0.7498a

2

1

- 1.4716a

+E£) + 0.5548(s-K-GY-CY+i+f) - 0.6219G

T

21
-1 -c.P _ P c P _
l}* ] B [E4-Cily Eg_q ]+ By 1/3 Et—1+Et-1 CelymTig] *+ 2y

(2.19)

p p
+Et-1’ct-4‘Et-£]

3

- 0.6219a
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The multiplier for exports may be calculated by partially

differentiating Y with respect to Et , 1.8.,

AY/JE, = 1.4716 - 0.3664B, - 1.4716B, = 0.75  (2.20)

If now one wanted to derive the multiplier for tourism, one
would have to take again the partial derivative of Y with
respect to Et y, giving the same value. 1In other words, accord-
ing to the specification of Metwally's model, the multiplier for
tourism must be equal to that of exports.

Thus, the guestion that arises is how does Metwally
derive different multipliers for exports and tourism? If the
second term in equation (2.20) (i.e., 0.366483) is set to zero,
it turns out that the value of the multiplier in (2.20) is
0.997 , which is the same as that given in Table 2.3 for tourism.

Since the coefficient B, appears in the investment function

3
(eq. (2.6) Table 2.1), one possible explanation is that E in

the investment function excludes tourism, so that the term
0.3664(83)Et (see eg. (2.19))would be irrelevant in calculating
the multiplier for tourism. In order to examine this possibility
further, the investment function (i.e. eq. (2.6)) was estimated
for the period 1958-1974, assuming that E excludes tourism,

and it was found that, indeed, this explanation is correct.

That is, the estimated coefficients agreed with those given by
Metwally for the investment function.

Thus, the preceeding discussion suggests that there is

a typographical error in Metwally's model, namely E in the
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jnvestment function refers to exports excluding tourism. What
is more disturbing, however, is the fact that nowhere in his
study does Metwally justify or even note that he is assuming
that tourism has no impact on investment. Moreover, this
approach appears to be a rather artificial way of deriving
separate multipliers for exports and tourism. Gross private
investment (IP) is defined by Metwally (1977, p. 109) to
include construction, so that an expansion of the tourism
sector would certainly affect iﬁvestment.* Furthermore, this
assumption also explains the lower import multiplier for tourism
since tourism is assumed to induce no imports via investment.
But this is resolving the issue by assumption and, it seems,
is arbitrary and fallacious.

The second problem with the multipliers of Table 2.3
concerns the value of the import multipliers. Note that both
import multipliers are greater than one, so that for example,
a £M100 increase in exports will result in an increase in
imports of £ M171 . This result has serious implications on
the foreign reserves, and suggests that there is an element
of instability, with any increase in exports or tourism result-
ing eventually in the depletion of foreign reserves. Whether
this instability is confined to Metwally's model or whether it
represents the actual situation, will be thoroughly discussed

in Chapter VI,

*
For exampl®, through the construction of hotels, holiday

apartments, etc.
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Conclusion
————————

The first section of this chapter dealt with Metwally's
gstimation of the growth rates of main economic variables during

different subperiods. The method used by Metwally to examine

the impact of policy changes on these growth rates is separate

regressions for the subperiods. Unfortunately, however, this
approach resulted in regressions on very small samples, leading
to unreliable results. This was demonstrated by using the
dummy variable technique to test for any changes in the growth
rates of two variables during the period 1971-74. 1In both
cases very divergent results to those of Metwally were obtained,
indicating clearly the inappropriatness of regressions on very
small samples.

The second section considered the specification of the
model used by Metwally. The first equation considered was the
consumption function. Metwally's specification of the consump-

tion function is based on the absolute income hypotheses and

“includes a dummy variable to allouw for a slope shift during the

period 1969-74. The question of whether the dummy variable
should be included is important not only because it affects the
specification of the consumption function to be used in this
study, but also because it raises the problem of the stability
of the MPC. Consequently, this issue was examined at some
length.

Metwally rationalizes the inclusion of the dummy variable

mainly on thé& basis that excluding it leads to an underestim-
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ation of the intercept. Houwever, what he fails to note is that
the MPC appears to be overestimated and that these results agree
with what econometric theory suggests if OLS is used to estimate
the consumption function. Using 2S5LS it was found that, indeed,
this is the case and in addition that the dummy variable becomes
insignificant, Furthermore, an alternative form of the con-
sumption function was estimated i.e., including lagged consumption
as an explanatory variable. The results from this regression
indicate that this form does appear to fit Maltese data well
so that, in view of its greater theoretical appeal, it is
preferable to that implied by the absolute 'income hypothesis.
Thus, three important results were obtained which have a
bearing on the structure and estimation of a model in this study.
These are (a) 25LS appears to be a preferable estimating
technique; (b) the hypotheses that the MPC changed during the
period 1969-74 is rejected; and (c) a better specification of
the consumption function is that suggested by the permanent
income hypothesis.

The second equation considered was Metwally's import
function. It was pointed out that the specification of the
import equation involves some restrictions on the coefficients
which are nowhere justified in Metwally's study. To test these
a-priori restrictions several régressions were presented. In

._particular; the import variable was divided into two components
’ﬁaﬁely, importé of capital goods and other imports and tuwo

separate eqlations estimated. 1In both these equations, Metwally's




27

a-priori reéfrictions were rejected so that Metwally's. import
equation suffers from a mis-specification problem.

The specification of the import equation assumes greater
importance in view of Metwally's findings that the import
multipliers with respect to tourism and exports are greater
than one. Metwally does not discuss the significance of this
result in his study, though he does strongly recommend that
sectors with a low import content should be encouraged. As
was noted, an impﬁrt multiplier greater than one suggests that
a one unit increase in exports will cause more than a unit
increase in imports, thereby leading to an unstable situation
since the stock of foreign reserves would eventually run out.
Whether this instability is confined to Metwally's model or
whether it gives an accurate portrayal of the structure of the
Maltese economy is an important question which the model in this
study should be able to address.

| Finally, it was shown that there is an inconsistency
betueen the specification of Metwally's model and his result
that exports and tourism have different multipliers. One
possible explanation for this inconsistency was suggested,
namely that the E variable in the investment function refers
only to exports (i.e., excludes tourism). This hypothesis was
tested by regressing the investment function, assuming that
the £ variable excludes tourism, and it was found that, indeed,

this is the torrect explanation. Two points are worth noting
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about this finding. First, it is particularly disturbing
that nowhere in his study does Metwally justify or even state
that he is assuming that tourism has no effect on investment.
Second, this assumption appears to be invalid since investment
includes construction which,as noted, would certainly be
affected by tourism. Consequently, Metwally's multipliers
for tourism and exports, as well as his policy recommendation
that Malta should concentrate on the tourism sector rather than
exports, are highly questionable.

This chapter has provided not only a critical assessment
of Metwally's study but also identified some questions which
an alternative model should be able to address, as for example
whether exports or tourism should be encouraged to expand.
This type of question suggests that a disaggregated model would
be more suitable than a highly aggregated model such as that of
Metwally. Fortunately houever, Malta possesses a wealth of
information in the form of input-output (I-0) tables which have
been published annually since 1961, The object of the next two
chapters is to explore the possibility of utilizing this time

series of I-0 tables.



CHAPTER III

THE INPUT-OUTPUT MODEL

Introduction

The Central Office of Statistics in Malta has been
publishing I-0 tables annually since 1961. This time-series
of I-0 tables has not been utilized by any previous study on
the Maltese economy. Indeed, despite the fact that it
represents a wealth of information not usually available for
most other countries, the government economic planning division
uses mainly the latest I-0 table which is usually, at least,
three years old. Thus, the guestion that arises is how can
a time series of I-0 tables be utilized, especially in the
context of a macro model? The ansuer to this guestion is the
main theme of both this chapter and chapter IV,

This chapter will first give a brief summary of the I-0
model and then examine the relevant literature with the object
of finding out what use has been made of a time-series of

I-0 tables.

29
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Input-Output Analysis

The inter-industry accounting system is shown in Table 3.1.

This table may be divided into four quadrants.
(I) Quadrant I shows the inter-industry transactions.
Each entry xij y indicates the amount of commodity i used by

sector j . However in Table 3.1 , intra-industry transactions

are excluded so that the main diagonal of Quadrant I is blank.

(IT1) Quadrant II comprises the final use of commodities
and services broken down by major types of use. This quadrant
is usually referred to as final demand.

(III) Quadrant III contains inputs which are primary in
the sense of not being produced by any industry in the system.
Thus, this quadrant is usually referred to as primary inputs,

(1vV) Quadrant IV contains the direct input of primary
factors to final use.

The open-static, input-output analysis proceeds as
follous:

(a) It is assumed that the production functions are of
a form that the demand for each input is proportional to output

of that sector, i.e.,
Xo1 = 8p9%4 X192 = 812%;

or in general X.. = a, . X,
. 1) 13 ]

(b) Final Demand (i.e., C + I + G + E) denoted by Y is

assumed to be exogenously determined.
L]
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TABLE 3.1
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1 2 3 coo e n C G I E X
Qutput
2 [ %21 T oz ceer Xon | Gy Gy I By X
S e P : o -
E :(Quadranf I) : ' (Qaadrant I1)
n Xn,] Xn2 e 0 000 00 0 008 @ - Cn Gn In En Xn
m m m m
Iv] IV.I,] IVI2 ® o & ¢ & & 6 ¢ 2 ¢ 0 0@ Iv]n C G I E Iv]
e
LL’ LL’,] uz ® & 6 0 8 08 8 0 8 0 Un - - - LL’ U
(Quadrant III)
. P P, Py eeeeeneneens Py - (Quadrant IV) { P
C i e
T T1 T2 s 0 e [y o 0 0 0 Tn T - T T T
Total X X1 X2 2 & & 9 5 9 5 " 0 0 s 0 Xn C G I E




32

(c) From the identities,

0 + x12 + x13 + eeee + x1n + C1 + G1 + I1 + E1 = X1
x21 + 9 + %23 + eeoe + x‘2n + 92 + 92 + 12 + Fz = X2
X1 + xn2 + xn3 + coee + 0 + CN + GN + IN + EN = XN

and substituting for X; j from (a) gives

0 + a,‘IZX2 + a13X3 + eeee + a2, X, +C, + G, + I

1NN 1 1 1 1 1
a21X1 + q + a23X3 + eeee + a2nXN + Fz + ?2 + ¥2 + ?2 = %
an,IX1 + an2X2 + an3X3 + ceee + 0 + CN + GN + IN + EN = XN

or (I - A) X = Y

Where A is the nxn matrix of.teéhnical coefficients
X is the nx1 column vector of gross output
Y is the nx1 matrix of Final Demand
Given assumption (b), the system can be solved for gross

output by sector, i.e.,
-1
X = (I -4a)""y (3.1)
A variant of the I-0 model presented above is to endogenise
imports by assuming,

i eneral M., = m.X.
or in genera j j

2! J

The identities in (c) are now changed by treating imports as

a column Uectar to be deducted from gross output, i.e.,



..m,lX1 + a12X2 + a13X3 + o0 + a1an + C1 + G1 + I1 + E1 = X1
a21.X1 - m2¥2 + anX3 + oo + aszn + C'2 + 92 + ?2 + 52 = X2
851£1 + ahzié + anzkz + eees = mnkn + C; + én + I+ E = X
or | (I +M - A)X = ¥ (3.2)

X = (I +m-a) Ty | (3.3)
where Moo= im0 .eennnn. 0

0 R

Daooootonocl.m
n

i.e., M is a diagonal matrix with import coefficients on the
main diagonal and zeros elseuwhere.

Once the inverse is computed one can calculate not only
the direct and indirect effects of an increase in final demand
on each gross output but also the effect on employment and
capital (if data are available). For example, by substituting

employment L for W in Table 3.1 and assuming,

or in general Lj = 1.X

2 JvJj

the change in employment can be derived. Let the elements of

~the inverse matrix be

r|11_......'.. I"1n

(1 - A +m)”)

-~

]
ps)
i

-

*

-.o...cc:r

r nn

ni
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Then if Y1 changes by 1 unit

-

A:X1 r:l1. e s 000000 I‘.,In 1 11
: - Lo : 0 - '
_sz— Lr[.j1 * & 0 & & 0 00 r’nn U n1
Hence, AL1 = 11AX1 , Or in general ALJ. = lJ.A Xj
so that AL = AL,I + L\L2+ eeces +ALn

A caveat is perhaps due here on the role of prices in the
I-0 system. In the original theoretical model developed by
Leontief, the technical coefficients are regarded as relating
to the physical quantities of commodities used in producing a
given physical quantity of another commodity. As indicated in
the previous section, this formulation neglects the effect of
price variables. Indeed by assuming that the production

functions are of the form,

X. = x../

....n
J 1] )

aij 1,
there is the assumption that no substitution befueen inputs
takes place.

Leontief (1951, pp. 38-40) defends this approach on the
basis that a large proportion of what economists usually call
substitution is due to the use of large aggregates, such as
consumption, in which a change in the proportion of automobiles
‘and foodstuffs consumed, for example, would cause a change in

the proportiofds of inputs of labour and capital used. By using
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a finer sector breakdown this type of substitution should be
reduced. With regard to true substitution in a given productive
process, Leontief suggests that there may be a high degree of
complementarity among inputs, so that changes in relative
prices will affect their proportions only slightly.

In practice, the entries in the I-0 table are not recorded
in physical units but rather in money values. The relationship
between technical coefficients derived from money and physical

units may be seen as follows. Let the coefficient derived from

physical units be aij while that from money values be aij .
Then;

alJ = Xij/XJ ’ aij =Pj lj/p X;
or

iy i pi/ey
That is, if one interprets the units of xij and Xj as
those purchasable for one dollar at base year prices, then
technical coefficients derived from money values would be
equivalent to those derived from data in physical units.
In the I-0 system there is also a theory of price deter-
mination. This is usually usually developed as follous.

The columns of the I-0 matrix (i.e., Quadrant I, Table 3.1)

*
See I-0 Tables and Analysis - U.N. (1973); Leontief (1966),
pp. 143-145¢ Chenery and Clark (1965), pp. 60-62.
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together with primary inputs (Quadrant III, Table 3.1) account
for all expenditures of each sector. Since there must be a
balance between payments received and expenditures made, the

following system of equations holds,

1

p,lx1 = x11p1 + x21P2 + x31l33 + cees + xn1pn + M1 + U1 + D1 + T

P X, = x,lzp1 + x22D2 + x32I33 + sees + xnzpn + M2 + u2 + D2 + T2

+ ceee + xX_ P+ Mn + un + P_+ T

pnX = Xq5P 3 nn n n n

Dividing each equation by its own output level and

ti M. + U, P. + T.)/X. by V i
denoting ( ; ; + ; J)/ 5 by gives

P, =a,,P, + a,,P

21Po + a, P, + ¢ + a_,P + \I1

31 3 n1 n

+ an2pn + V2

P, + a, P, + oo + a_ P +V

+ a 2 3n 3 nn n n

2n

or in matrix form
p=a"pP+vV (3.4)

where P is the nx1 vector of prices, A’ is the transpose of the
familiar technical coefficients matrix and V is the nx1 vector
of Vj's. Each equation describes the balance between the price
received and payments made by each endogenous’ sector per unit
of its product; Vj represents the payments made by sector j -

¢
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*
per unit of its product - to all primary sectors. Assuming
the latter to be exogenous, the system can be solved for

prices i.e.,

P = (1 -4 )Ty (3.5)

Input-Output as a One Element Sample

The main purbose of this chapter is to examine the
possibilities of extehding the I-0 model through the use of a
time series of I-0 tables. However, it is important to recognize
at the outset that the I-0 model is really a model based on a
one element sample. Furthermore, one may vieu the assumptions
made as necessary for the model to be based on such a ane
element sample. Thus these observations cast the assumptions
of the I-0 model not as desirable simplifications of reality
but rather as due to the sheer unavailability of degrees of
freedom.

Though the lack of time-series data is a compelling
enough reason for restricting the model, yet there is a second
reasﬁn as to why -Leantief adopted such a model. This is that
at that time, econometrics was still in its infancy. The
following statement made by Leontief in a 1952 article clearly

demonstrates this point (Leontief 1952, p. 3).

These payments to the primary sectors may be considered as
value added per unit of output if imports are endogenised or
deducted from the export column so as to have net exports.

L]
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And even then, in their desperate search for suff-
iciently large "samples", the proponents of indirect
statistical inference have found themselves driven
toward the treacherous shoals of time series analysis,
There they face the fatal choice between strongly
auto-correlated short series and series covering a
longer span of years, which expose the investigator

to the even more fundamental danger of assuming
invariance in relationships which actually do change
and even lose their identity over time.

Though the problems of autocorrelation and structural
change are indeed relevant issues in any empirical analysis
based on a time series, yet, econometrics has developed tech-
niques to deal with these problems. For instance, the Cochrane-
Orcutt (1947) method may be used to Correct.For the autocorrel-
ation error imparted to the estimates of least-squares regressions.*
In the case of structural change, dummy variables may be used
to allow for the shift of a function aver time.** Furthermore,
the criticism of structural change is probably even more
applicéble to the I-0 system since the most recent table is
usually several years old. For example, when Leontief made
the above statement (i.e., 1952) the most recent I-0 table
available for the U.S. economy was that for 1939.

As the proponents of indirect statistical inference gained
respectabiiity, there was no corresponding move by I-0 analysts

in general to expand the model into this direction. The

*
See also Koutsoyiannes (1973), pp. 194-224,

%%
See for example Koutsoyiannes (1973), pp. 273-275,
| ]
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emphasis has been directed at obtaining larger and larger
tables in the hope that a finer classification of industries
would provide a more stable estimate of the technical coefficient.
Naturally the most limiting factor hindering an expansion of the
system in the direction indicated here has been the miniscule
supply of time series data. However, this limiting factor must
be laid at the door of an inadequate demand for such data.
In fact, even when a time series of I-0 tables was available,
the analysis tended to adhere so rigidly to the original
assumptions of the I-0 model that an inefficient use of the

data was made. This is the topic of the next section.

Tilanus' Experiments

One of the major empirical studies on a time-series of
I-0 tables is the study by Tilanus (1966) of thirteen I-0
tables (1948-60) for the Netherlands. Tilanus has the practical
object.of finding a way to correct for coefficient changes in
making predictions of intermediate demands. Tilanus compares
the predictions of intermediate demands derived from a number
of different methods both with each other and with the observed
values. Of particular interest to this study are the results
that he gets by fitting linear trends to individual technical
coefficients and extrapolating. Not only is this the only
approach he uses which makes use of all the data available,
(except for the method of averaging the coefficients over the

whole period), but he comes to the rather surprising conclusion
]
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that a time series of I-0 tables is of practically no use.
Indeed he finds that projections of intermediate demands for
the four years 1958-1961, using an extrapolated matrix based
on annual data for the period 1948-1957, compares unfavourably
with alternative projections using the 1957 matrix without
adjustment. As these results run counter to the main theme of
this study, Tilanus' results will be examined in some detail.*
The first point that should be noted is that in general
one would expect the projections based on a time series aof I-0
tables to do no better than those based on the latest single
I-0 table if the elements of an I-0 table afe sub ject to
bnly'a random walk. This is because in the>presence of a-
"random walk in say the technical coefficients, the bast
estimates of these coefficients in period (t+1) would be
those of period (t) so that for the purpose of forecasting,
very little would be gained by analysing a time series of
coefficients (exéept perhaps confidence intervals). Houever,
Tilanus finds that in regressing the technical coefficients
on a time trend, there is extensive evidence of positive auto-
correlation. Ffor insténce, the median Von-Neumann ratio of the

technical coefficients is less than 1.5 (Tilanus 1966, p. 49)

It is relevant to note that Tilanus' results have been quite
influential in discouraging attempts to explore the useful-
ness of a time-series of I-0 tables, For example, Miernyk
in the 1975 London I-0 Conference is reported to have said
"He reminded, those present of Tilanus' experiments on pro-
jecting coefficients from time series data (without any
promising results)." Gossling (1977, p. 44).
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Once serial correlation is present, then in general one would
expect that a time series analysis should provide better pre-
dictions than if just one observation is used since this
implicitly assumes that the disturbances are random. Thus, one
reason for Tilanus' conclusions to the contrary may be due to
the fact that he does not correct for autocorrelation. That is
he proceeds to make predictions based on the extrapolated
matrix . as if autocorrelation were not present. He does this
notwuithstanding the fact that he specifically notes that the
significant t-values for the large majority of trend coefficients
cannot be trusted due to autocorrelation.

The appropriate approach would have been for Tilanus to
apply some corrective technique as the Cochrane-Orcutt (1947)
method., This would have provided more accurate estimates;
though autocorrelation leaves the ordinary least squares coeff-
jcients unbiased, they no longer have best linear unbiased properties.
Furthermore, predictions would also have to be adjusted since
in the presence of autocorrelation predictions based on ordinary
least squares are ineFFicient.*

A more satisfactory approach to the problem of autocorrel-

~ation is to investigate whether autocorrelation is due to a mis-

specification problem. Lecomber (1975) for instance suggests
that a non-linear approach to estimating the trend of the

technical coefficients might provide better predictions.

*
See for example Johnston (1972), pp. 265-266.
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However, it should be pointed out that though Tilanus' linear
gxtrapolation of the technical coefficients is linear in
coefficients, it is non-linear in flows. Tilanus uses the

following functional form;

a ..=a,.+b.,. T+ v .. (3.6)

where T is a time trend and Vtij is assumed N(O, czij)’
cov (Vtij ,'vsij) = 0 for t # s . However in original flous
(3.6) becomes:

(3.7)

Equation (3.7) is clearly non-linear. Furthermore, (3.7) is
only one possible model. Other probability models are equally
possible since on a-priori grounds it is usually impossible to
specify the appropriate functional form. For example an equally

simple model would be;

N - T S T S (3.8)

1] 1] 13 J 1] 1]
Suppose (3.8) is the appropriate form with the disturbance term

conforming to the usual assumptions i.e.,

o is N(o, c?i.)

i and cov(ut..us..) =0 for t £ s

J 1) 1]
Then if (3.6) or implicitly (3.7) is used, one way in which the
misspecification of the model could show up would be through the

presence of autocorrelation since in general,

t t s s
C D G LU X, 8]
ov (vt xF T X 4
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Other simple alternatives to (3.7) and (3.8) are equally
possible.* However Tilanus does not try any alternative models
to (3.6). He suggests that (3.6) is the simplest possible
model with its great virtue being that it is linear (Tilanus
1966, pp. 42-43). As noted above, this depends on uhether one
views the relationship in terms of coefficients or flous. Given
that (3.6) does not perform well, he leaves unexplored the
possibility that other formulations might do better.

A further problem which falls under the heading of mis-
specification is that Tilanus uses coefficients derived from
current money values in his regressions.,. He defends this
procedure on the basis that value coefficients appear to be
"on the whole, at least as stable, or even more stable over
time thaqtvolume coefficients." (Tilanus 1966, p. 37). But
this is a rather weak argument, First, it is difficult to
judge whether (3.6) will give better results if the regressions
are conducted in terms of value or volume coefficients, without
actually trying out (3.6) under the two schemes. Apparently
he does not do this. Second, the presupposition that the
technical coefficients should be stable over time is a too-
rigid adherence to the assumption of the one-element sample
I-0 model. Indeed, this approach leads to an inefficient use

of the data available in view of the fact that the assumptions

*
See for example Klein (1953), p. 134.

*
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of the one-element sample model are necessary in order to make
possible an analysis based on such a one-element sample.

Though the preceding criticisms of Tilanus' methods cast
doubt on his conelusions regarding the usefulness of a time
series of I-0 tables, an even more fundamental problem remains.
It turns out that in his regressions of the technical coeff-
icients over time, Tilanus does not use the conventionally-
defined technical coefficients but rather what he.calls

aggregate-production coefficients defined as follous:

t t t t
. )

+ X + eeee + X
: n

5 (3.9)

The reason for this formulation is that Tilanus wants
to analyse the distribution of technical coefficients for all
industries. He argues that a coefficient of say 3% representing
a flow of 7 million guilders, cannot be put on the same pile
with a coefficient of the same magnitude for another sector,
representing a flow of 214 million guilders (Tilanus 1966, p. 38)
As Bacharach (1970, p. 13) points out; "like ordinary input-
output coefficients, aggregate production coefficients make
flows of widely different sizes comparable, but unlike input-
output coefficients they are large if and only if the correspnding
flows are large in the economy." But surely this is not the
only difference from ordinary I-0 coefficients. 1In particular
(3.9) states that if the output of any sector rises by 1 unit,
xij will rise by aij units. That is these aggregate production
coefficients c4n no longer be identified with the direct effect
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of an increase in output of the directly consuming sector, but
include the indirect effects due to an increase in the output
of any other sector. Furthermore, in the form of (3.9), all
sectors are presumed to have an equal effect on the (xij)th
flou.

Tilanus does not offer any rationalization of these
assumptions. Indeed the only usefulness of working with
aggregate-production coefficients rather than ordinary coeff-
icients appears to be that it allows the coefficients to be
summarized in a table, according to size. 1In order to examine
further the significance of (3.9) consider a 2 by 2 I-0 table.

In such a table the balance equations would be:

+ X + Y = X

19 ’ (3.10)

X11 1

X + X + Y = X

21 22

In conformity with (3.9) let Xj5 = a, . (X, + X2). Substituting
in (3.10) gives:

a,],](X1 + X2) + a12(X1 + X2) + Y1 = X,

I
>

821(X1 + X2) + 822(X1 + X2) + Y2 2
o (1 - aqgq = 390X = (Bgq + 390X = Y,

= (B + @)Xy + (1 =8, - a,)X, = Y,

_ _ _ _ B C ]
(1 - agy - ay,) - (849 +3y,) 1 = | Yy
. = (3.11)
- (851 + 355) (1 -3, - a,,) sz LY2
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(I - BA)X =Y where A = (511 + 512) (511 + 512)
(8p1 + 3py) (Gpq + 3;)
Solving for X gives:
X4 , (1 - a3,y - a,) (3, +3,,) Y
- B _ _ _ _
Xo (B9 + 35,) (1 -3y, -a,) Y,
Where D=1 - 821 - 822 - a11'— a12

Consider now an increase in Y1 by 1 unit and a decrease in Y

2
by 1 unit,.
T -850 -8 -39~ 35,
Xy = — — ~ —< = 1
T -ay) -3 -3y - 3
(3.12)
< - (1 -3, -3, -a;; -3a,,)
2 = = -
T =ag) =2y - a0 - 3y,
Thus if Y, increases by 1 unit while Y, decreases by

1 2

1 unit, according teo (3.12), X1 will increase by 1 unit and

X2 will decrease by 1 unit. This result implies that the
indirect effects from a unit increase in Y1 and a unit decrease
in Y2 cancel out. This property is not common with the usual
I-0 model and indeed is rather difficult to justify. In general
one uould not expect such symmetry to hold in reality.

Tilanus conducts his analysis on a time series of coeff-

* .
icients in two chapters. In his chapter 3, he analyzes the
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properties of the linear trends. It is in this chapter that

he finds the disturbances of these linear trends strongly
autocorrelated. The analysis in this chapter is wholly in
terms of aggregate-production coefficients., In his chapter 7,
Tilanus uses linear regressions of the coefficients over the
period 1948-57 to predict intermediate demands for 1958-61 and
compares squared prediction errors with those obtained from
using various averages of coefficients and also from the single
1957 I-0 table. Tilanus does not state whether, in this chapter,
he is using ordinary coefficients or aggreggte—production
coefficients. The impression that one gets is that in fact he
is using aggregate-production coefficients since he refers to
his results in chapter 3 on the presence of autocorrelation,

In fact he does not give t-statistics or Von-Neumann ratios

for his linear trends in this chapter. If in fact he is using
aggregéte—production coefficients then two things are worth
noting. First, in view of the rather undesirable properties

of (3.9) noted above it is not too surprising that the results
are generally speaking, poor. Second, it will be noted from
(3.1T) that the elements of the matrix of aggregate-production
coefficients (A) are linear combinations of the ;ij's . Tilanus
(1966, pp. 54, 126) uses the following to predict intermediate

demand

7 = EI - o 1]r (3.13)
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where 7 is the n x 1 column of intermediate demand

f is the n x 1 column of final demand
Thus in (3.13), the element of the A matrix must also be a
linear combination of the aggregate-production coefficients.
However Tilanus gives no indication that this is the case.

If on the other hand, the analysis in his chapter 7 is
in terms of ordinary I-0 coefficients, then the results obtained
in his chapter 3 are irrelevant since they pertain to a different
model. In this case one would have to examine anew the prop-
erties of the linear regressions in his chapter 7. As these
are not provided, very little can be said on houw meaningful

his forecasts are.

Conclusion

The main purpose of this chapter was to present a brief

summary of the I-0 model and to examine some of the empirical

studies utilizing a time series of I-0 tables.

It should be noted that in a recent study Frenger (1978)
analyzes some of Tilanus' results by using 13 annual I-0
tables for the Norwegian economy.. His approach parallels
that developed in the next chapter, and essentially involves
the introduction of relative prices as explanatory variables
in the regressions on the technical coefficients. One
limiting aspect of Frenger's study is that he considers only
three sectors i.e., construction, metals and textiles. He
finds that though the Leontief hypothesis is generally

re jected, the forecasting performance of his model is "some-
what mixed". Relative to the forecasts (for the year 1961)
obtained fram using the I-0 model and the I-0 table for 1960,
his model gives superior forecasts only for the construction
sectar.,
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The major empirical work on a time-series of I-0 tables
was seen to be the study by Tilanus (1966). As was noted,
Tilanus finds that predictions using an extrapolated matrix
based on a time-series of I-0 tables compare unfavourably with
those obtained from using the latest I-0 table. Since this
result runs counter to the main theme of this study Tilanus'
results were examined at some length.

Several problems with Tilanus' approach were identified.
These may be summarised as follows. First, it was pointed
out that despite strong evidence of autocorrelation in his
regressions of the technical coefficients on a time trend, he
neither corrects for autocorrelation, nor adjusts his predictions.

Second, it was noted that Tilanus estimates only linear
time trends of the technical coefficients., He leaves unexplored
the possibility of getting better estimates through other
functional forms, or through the inclusion of other explanatory
variables in his regressiaons.

Third, it was pointed out that Tilanus uses aggregate
production coefficients in estimating the linear trends. The
implications of these coefficients were examined and it was
found that they imply some restrictions not usually imposed in
the I-0 model. Furthermore, it is not clear from his study
whether his forecasts are based on these aggregate-production
coefficients or the traditional technical coefficients.

These considerations cast doubt on Tilanus' conclusions

regarding the Usefulness of a time series of I-0 tables.
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In particular, it appears that Tilanus' study has adhered too
rigidly to the assumptions of the traditional I-0 model.
Indeed, one would expect that the availability of a time series
of I-0 tables would allow the relaxation of some of the trad-
itional assumptions. This issue will be examined more closeiy

in the next chapter.



CHAPTER IV

INPUT-0UTPUT AS A SIMPLE MACRO MODEL

Introduction

In the previous chapter it was stated that the availability
of a time~series of I-0 tables allows the relaxation of some
of the traditional assumptions of the I-0 model. The purpose
of this chapter is to explore this avenue more closely, with
the aim of constructing a macro model based on a time-series
of I-0 tables.

The first section presents an alternative specification
to the Leontief production function allowing for input
substitution. The second section examines ways of linking the
~I—O model with Keynesian final demand models. Finally, the
third section provides a synthesis of the two previous sections
in the form of a macro model, characterized by both a supply

and demand dimension.

The Generalized Leontief Cost Function

As noted in the previous chapter, one of the basic
assumptions of the I-0 model is that inputs are demanded in
fixed proportions to output. The production function giving
rise to these input demand functions, usually identified as

.

51
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the Leontief production function, has the following form
(Dorfman, Samuelson and Solow 1958, p. 209; Chenery and Clark

1959, p. 39):

, X ,/azj s eee xnj/anj) (4.1)
FOI‘ j=1,oo-on

For the two input case, the Leontief production function for

sector 1 reduces to:
<
Xp = (xqq7849 5 xp9/35) (4.2)

This implies two conditions, namely, X1'§ x,”/a11 and
Xi :§1x21/321 . Let X1 = 1 . Then these two conditions may

be represented diagrammatically as shown in Fig. 4.1 .

11 I

[1}]

12

. Fig. 4.1
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IZI' gives the various combinations of inputs that may
be used to produce one unit of output. Thus, it represents
the isoquant for one unit of output of sector 1. However,
so long as both inputs are not free, Z is clearly superior to
any other point on IZI'; the cost-minimizing entrepreneur
would choose point Z since this represents the minimum amount
of both inputs necessary to produce one unit of output.

Generalizing this argument leads to the following equations:

X..=a..X. ; j=1,ocon ; i=1’oo.n (4.3)

Thus, equations (4.3) may be interpreted as the cost-minimizing
input-demand functions implied by the Leontief production
function.

In the traditional theory of the firm the derivation
of the cost-minimizing input-demand functions is not as simple
as above. The production function assumed is such that the
isoquants are convex to the origin. In contrast to the Leontief
isoquant, there is not a point on the isoquant which may be
discerned as superior by just looking at the isoquant. The
entrepreneur requires additional information in the form of
the relative price of the inputs, to determine the cost-
minimizing combination of inputs.

Since the scope of this section is to extend the I-0
model by allowing for factor substitution, the question that
arises is what kind of production function should be specified?

Once a produc}ion function is specified, the cost-minimizing
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input-demand functions may be derived and used to supplant
equations (4.3).

An alternative, and more elegant approach, is to specify
instead, the functional form of the cost function. Due to the
duality that exists between production and cost Functions,* if
producers minimize input costs then the cost function contains
sufficient information to completely describe the production
function: that is, if the cost function satisfies some rest-
rictions (see belouw), then one can be sure, without explicit
specification of any production function that there exists
a well behaved** production function (Baumol 1977, pp. 370-372;
Diewert 1971). Furthermore, through a result known as
Shephard's Lemma (Diewert 1971, p. 495), the cost-minimizing
input-demand functions may be easily derived as the partial
derivatives of the cost function with respect to the prices
of the factors. This is one major advantage of using this
alternative approach as it is impossible, in general, to solve
the constrained cost-minimization problem under the first
approach. A second advantage is that the functional form of
the cost function used in this study yields input demand
functions which are linear in parameters. This facilitates
considerably the estimation of these parameters by linear

regression techniques.

*
A result established by Shephard (1953) and refined by
Uzawa (19649, Shephard (1970) and Diewert (1971).

* %
i.e., a standard production possibility set.
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Diewert (1971) has developed what he calls a generalized

Leontief cost function defined as follows:

c-h()Z Z b, p, "% 12 (4.4)
i '

wvhere Pi is the price of input i, X is the selected output
level andih(X) is a function of X that is continuous, mono-
tonically increasing and such that h(0) = 0, with h tending
toward infinity with X . It is also postulated that the

parameter values satisfy bij = bji
It should be noted that, first, this cost function is
linearly homogenous in prices i.e., multiplication of each P;
by the same constant k multiplies the entire function C, exactly
by (k1/2)(k1/2) = k . Second, the function increases mono-
tonically and continuously with X by the assumed properties
of h(X) . Third, provided the parameters bij satisfy a
Certaiﬁ set of inequalities (see below), the function will
be concave in prices. Under these general conditions (Baumol
1977, p. 367), by the duality between cost functions and
production functions, one may be sure that there exists a
well-behaved production function which corresponds to (4.4).
To illustrate further the properties of this cost function

consider the case of two factor inputs, and let h(X) = X .

In this case the cost function (4.4) reduces to:

X + 2b /2, /2y 4y

12P1 " P2 X (4.5)

C==»>b

11P1 22P2

[ 3
The average cost function of (4.5) is:
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1 1

— 24 2
AC = b + 2b,,p,%P,% + b (4.6)

11P1 22P2

which is equal to marginal cost. Moreover both average and
marginal costs are constant as output increases. These
conditions imply constant returns to scale (Bilas 1971, p. 149),
a direct result of the assumption that h(X) = X . Using
Shephard's Lemma, the input demand functions may be derived

by differentiating (4.5) in turn with respect to relative

prices: i.e.,

1
_ _ 3
9C/d Py = Xq = by X + b12(p2/p1) X (4.7)
1
ac/op2 = x, = b X + b12(p1/p2) X (4.8)
The first point to note is that if b,, = 0 in (4.7) and (4.8)
or more generally bij =0, for i # j in (4.4), then the input

demand functions reduce to the Leontief specification. This,
of coufse, is why Diewert calls his relationship a generalized
Leontief cost function.

The second point to note is that in (4.5) the condition
bij = bji , for i # j has been imposed. This condition,
called the symmetry constraint, is a result derived by Samuelson
(1947), among others, and states that: "The change in the kth
factor with respect to a change in the jth price, output being
constant, must be equal to the chahge in the jth factor with

respect to the kth price, output being constant; a result which

is not intuitively obvious" (Samuelson 1947, p. 64).
L
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Finally, there are two properties which the cost function
should satisfy to be consistent with economic theory: (a) mono-
tonicity of cost with respect to prices and (b) concavity of
the cost function with respect to prices.* These properties
may hold globally, meaning for all positive prices, or locally
at specific prices (Woodland 1975, p. 177; Diewert 1971,
pp. 501-503).

*%

If all bij =2 0, then both conditions would be satisfied.

If b,, =0 for i # j (eg. b

i in (4.7) and (4.8)), then

12
concavity is satisfied for all prices and output levels (Parks
1971, p. 135). Since this allows for the case where bij <0
for i = j, subject to satisfying condition (a), consider the

case where b,, < 0 in (4.7) and (4.8), and let X = 1 . The

input demand functions implied in thiscase are the following:
3 3
Xg = byq + byo(py/Py)® 5 xp = byy + byy(pg/py)® (4.9)

1

. . . 2 =<
The demand for input X4 will be zero if b12(p2/p1) = b11
since a negative input is not defined. Geometrically, this
implies that the isoquant intersects the X5 axis as shown in

Fig. 4.2 .

Condition (a) ensures that an increase in prices increases
costs while condition (b) requires that the isoquants be
convex,

*%
Parks (1971, p. 131) notes that this rules out complement-
arity. In the same context Woodland (1975, p. 173) points
out that "if these parameter restrictions do not hold then
the cost fpnction defined by 2.1 [4.4 above] may still provide
a second order approximation to the 'true' cost function.
Further, all of the required properties of a cost function
may still hold locally, say at each of the observed sample
points."
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Fig. 4.2

Hence in this case the first input X4 is nonessential
in the sense that if its price rises sufficiently relative to
the second input, then X, will not be used by a cost minimizing
producer (Diewert 1971, p. 504).

Parks (1971)* extends the generalized lLeontief cost
function in two directions. First he allows for other than
constant returns to scale by specifying a cost function which
is gquadratic in output: i.e.,

n n 1l 1 2
— 2 2
C = xZi <j. by P3P ;% + X {l p.a; (4.10)

This has a marginal cost function which is linear, i.e.,

Woodland (1975) also makes use of these extensions by Parks.

L



59

1
MC 2

1 n
p.2 + ZXZ'piai (4.11)

P;i*P; -

b. .
ioj
The second variation that Parks makes is to introduce

a time trend to allow for technical change. He proposes the

following two alternative specifications (where T denotes the

time trend):

n n 1 1 2 n n
- 2 2
C=X& 2 b;p;%p% + X“Spia; + XZ bt (4.12)
i ] i i
n n 1 1 2 n n
= 2 2
C = xei: z; b; P3P + X zl pia; + Téi pity (4.13)

(4.12) allows for changes in the marginal cost over time
while (4.13) allouws for shifts in total cost over time, without
affecting marginal cost.

To examine how the I-0 model is altered by the intro-
duction of the generalized Leontief cost function, consider
the case of a two-sector I-0 table given in Table 4.1 . 1In
this table, the inputs of each sector are identified by the
prefix A for sector 1 and B for sector 2. Also, the primary
inputs from imports and labour are denoted by X3 and X4
respectively, the output of sectors 1 and 2 by XA and XB,
while R stands for gross profits and T for taxes on expenditure.
The rest of the notation is consistent with that used in the
previous chapter.

Since there are four possible types OF.inputs, a general-

ized Leontief cost function is set up for each sector (eq.

(4.14) and (4:15)), with four prices and outputs as arguments.
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TABLE 4.1
1 2 C I G E
) 1] Ax, BX , C, I, G, E, XA
2 AX2 BX2 C2 12 G2 E2 XB
M AX3 BX3 C3 I3 G3 E3 M
| L AX4 BX4 - - - - L
; R R,I R2 - - - - R
T T,l T2 - - - - T
C I G E
where Ci = Consumption of good i
Ii = Investment of good i
Gi = Government expenditure on good i
Ei = Exports of good i
Ri = Gross Profits
CA = XAf% §~Ab (P ) (P )2 i=1,00e8; §=1,...4 (4.14)
CB = XB %7 f—Bb (P, )2 (P )2 = 1,.008; 5 =1,...4 (4.15)
4 1 .
AX; = XAJ_:E:I Abij(Dj/Di) i=1,...4 (4.16)

1
2

f BX, = XBE Bbij(Dj/Di)

i=1,...4 (4.17)
J=1
AX, + BX, + E1 + I, + Gy + E, = XA | (4.18)
* AX, + BX, + C, + I, + G, + E, = XB (4.19)

b iR e
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In (4.14) and (4.15) both industries are assumed to be character-

ized by constant returns to scale. Assuming cost minimizing

. = b., for each
J Ji
sector, input demand equations are derived, as shown by

behaviour and imposing the restrictions bi

equations (4.16) and (4.17). Equations (4.18) and (4.19) are
the equilibrium conditions where the left hand side represents
the demand for each good and the right hand side the supply of
each good, respectively.

The assumption that for both sectors constant returns
apply, implies that the supply curve of each good is infinitely
elastic. That is, both industries can supply any amount of

output at the ruling price, as shown in figures 4.3 and 4.4

A T
P2
1t
DA
p2D | SB
|
I
! SA |
] |
| ) ? '
NN ! DB
t {
! ! ' | DB
L]
. : DA DA : RN
t ' _% 0 e
xA® XxA®+100 XA X8 X8

Fig. 4.3 Fig. 4.4
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The demand for each good is made up of two components.

The final demand for each good (i.e., C. + I, +G; + Ei) is
assumed to be exogenous, while the intermediate demand is
determined by the input demand equations (i.e., AXi and BXi

for i = 1, 2 in equations (4.16) and (4.17)). If it is assumed
that Abij:> 0 and Bbij:> 0 for i £ j , then an increase in Py
in (4.16) and (4.17) will lead to a lower demand for that good
since the (Pj/Pi) ratio will become smaller. Thus the demand
curves are downward sloping.

To examine the interactions implied by this model consider
the following example. Suppose E1 , that is part of the ex-
ogenous demand for XA , increases by 100 units, This will
shift DA to DA' by 100 units to XA0 + 100 . However, this is
only the first round effect. Since more of XA is produced,
more inputs will be required so that DA' shifts to say DA"
and DB to DB'. These shifts will in turn cause further shifts
in both demand curves with the process continuing until new
equilibrium positions for both XA and XB are reached.

A general expression for the equilibrium values of gross
outputs may be derived in the same way as in the traditional
I1-0 model. In the example of Table 4.1, the input demand

functions (i.e., equations (4.16) and (4.17)) are used to

substitute for AX1, AX2, BX1 and BX2 in the equilibrium

equations (4.18) and (4.19). This yields two equations in the
two unknowns XA and XB so that the model can be solved. 1In

L] .
matrix notation the solution may be represented as follous:
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X = (1 -8) Ty (4.20)

where X is a vector with XA and XB as elements, B is a 2 by 2

matrix with its elements being ZiAb..(P./P.)% and Z.8b, (P./P )%
ijv 31 ijv it i

from the input demand functions,and Y is a two element vector

+ G

+ E, and Y, =C, + I, + G, + E

+ 1 1 2 2 2 2

1 1 1 1 2"

with Y = C
Thus, given relative prices and final demand Y, gross output

by sector can be determined through (4.20). Once gross outputs
are determined, employment and imports by sector can be
determined through their respective input demand functions in
(4.16) and (4.17).

From the previous chapter, the solution of the traditional

I-0 model is as follows:
-1
X = (I - A) Y (4.21)

where A is the matrix of technical coefficients derived from
the assumption that inputs are used in fixed proportions to
output.

Note that the inverse matrix in (4.20) (i.e., the multi-
pliers) will differ from the inverse in (4.21) by the extent
to which the Abij's and Bbij's (for i £ j) in (4.20) differ
from zero. In other words, this generalization of the I-O
model as represented by (4.20) reduces to the traditional
I-0 model if there is no factor substitution. Furthermore,
so long as some of these parameters are not equal to zero,
then due to the specification of the input demand functions

which are multiplicative in relative prices and output, the
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multipliers in (4.20) will change with any change in relative
prices. Thus, as relative prices are likely to change from
period to period, a new inverse matrix will have to be cal-
culated every period.

The benefits of using (4.20) rather than the traditional
I-0 model may be summarised as follows. First, this general-
ization of the I-0 model allows for factor substitution.
This brings the I-0 model more in line with economic theory,
and permits a direct test of the traditional assumption of no
factor substitution.

Second, the estimation of input demand functions allous
the calculation of elasticities of substitution betuween each
pair of inputs. For instance Parks (1971, p. 135) uses the

Allen partial elasticity of substitution defined as follous:

o—ij = C cij/cicj (4.22)
where C = total cost for a particular sector
C, = bc/bpi
2
Ci; = 9°C/ QP9 P,

Thus if the price of the ith factor rises relative to the jth
factor,(4.22) gives a measure of the extent of input sub-
stitution.

Third, this model provides a more general equilibrium
specification of the economy than in the traditional I-0 model
where input demands are insensitive to price changes. Consider

once more the simple model in Table 4.1 . An increase in the
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price of sector 1 leads to a lower intermediate demand for

its output. That is BX1 and I—\X1

To the extent that the output of sector 2 is substituted for

should fall so that XA falls.

that of sector 1, the output of sector 2 should rise. However
this is not necessarily the case since sector 1 would demand
less of ail inputs as the output of sector 1 has fallen. Thus
the demand for XB may rise or fall according as the substitution
effect is stronger or weaker than the effect through the demand
for the product. Similarly for imports and employment, the

net effect may go either way.

Fourth, this model also provides a test of the conclusion
reached by Tilanus (1966), that a time series of I-0 tables
compares unfavourably with using only the latest I-0 table.

This is of interest since it appears From_£he literature that
the study by Tilanus has been quite influential in discouraging
attempts to collect annual I-0 tables.

Finally, perhaps the most significant difference is from
an application standpoint. Characteristically, I-0 tables are
published with a lag. In the case of Malta, this lag is 3 years.
Thus if the traditional model is used for policy analysis, there
is the very fundamental criticism that the table used might be
outdated. Recognizing this deficiency and also recognizing that
in fact technical coefficients do change over time, I-0 theorists
have devised several methods of adjusting, updating and project-
ing technical goefficient matrices. Unfortunately, these

methods tend to be too mechanical. For instance, the basic
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method is the R.A.S. or biproportional technique,* due to
Stone (1963) and his associates. In the R.A.S. procedure, it
is hypothesised that direct input coefficients are subject to
a substitution effect - i.e., substitutions of one input for
another - and a fabrication effect - i.e., more or less value
added to the inputs. It is further assumed that these effects
act evenly over rows and columns via a substitution multiplier
(Rj) and a fabrication multiplier (Sj)' The R.A.S. method
involves "determination of the (unique) set of values for
Rj and Sj which, when applied to an observed base year co-
efficient matrix A , generates a second matrix A* whose elements
are consistent with a pair of vectors u* and v* representing
the observed values of total intermediate output and input by

industry in the update year" (Allen and Lecomber 1975). The

procedure may be summarised as:

*

A =R AS (4.23a)
such that
A T L (4.23b)
and
(X' = x2S (4.23c)

*
where x 1is the vector of gross industrial output in the

*_% *
update year, A x = X 1is the estimate of the inter-industry

*
Various modifications of the R.A.S. procedure abound in the

literature as for example, those suggested by Almon (1968),
fFriedlander*(1961), Matuszewski (1964), and Theil (1967).
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flow matrix for the update year, and i is the unit summation
vector. The bar above a vector indicates a diagonal matrix.
Thus, given the vector of gross industrial output (x*)
and the vector of total intermediate output (u*) and input
(v*) in the update year, the Ri and Sj multipliers may be
calculated through an iterative technigue. Once these multi-
pliers are determined, not only will (4.23a) provide an update
of the base year technical coefficient matrix, but also these
multipliers may be used to project the changes in the technicai

matrix into the future. For example:

¥* K% — ¥ ‘
A =R A S (4.23d)

*%
where A is the projected technical coefficient matrix,

Lecomber (1975) has pointed out that the biproportional
assumption has no special economic significance. Miernyk (1975)
goes even further and says that

R.A.S. substitutes computational tractability for econ-
omic logic. There is no reason to believe that input
coefficients will change in a uniform manner along rous
and columns; indeed, there is every reason to believe
the opposite. (Miernyk 9975)

In the system (4.20), houwever, all that is required to
update the model are price indices for the various inputs.,.
Thus the generalization of the Leontief I-0 model suggested
in this section allows the updating of the I-0 model in a more

satisfactory manner, utilizing econometric methods employing

economic theory rather than mechanical techniques,

[
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Endogenising Consumption

In the generalised I-0 model of the previous section,
as in the traditional I-0 model, the multipliers implied by
the inverse matrices are not complete multipliers. 1In particular,
though the interconnections between industries are taken into
consideration, the income propagation process is short cir-
cuited by the assumption of exogenous consumption of final
goods and services. The object of this section is to extend
further the I-0 model by integrating it with Keynesian demand
models.,

The traditional approach for dealing with this problem
of the exogeneity of consumption in I-0 analysis is to treat
households as another industry with labour services as output
and consumption as input. By making the assumption of constant
input coefficients for consumption i.e., Ci = CiC , @ neu
ihverse matrix can be derived which is supposed to reflect
complete multipliers.

Houwever, two problems arise with this approach. First,
consumption is not done by workers alone but also by the
recipients of profits. Second, and more importantly, con-
sumers are not technologically-determined production processes,
but rather choice making organisms. The effect of this is that
the inverse matrix multiplier may embody an element of instability.

Instead of treating households as an industry, a natural
alternative is to introduce the Keynesian consumption function
in its disaggregated form. Miyazawa (1960) for example,

makes consumption by sector depend upon total income or value
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added. Thus consumption demand D, can be written as:

D = ck(I - A)X (4.24)
where D = a column vector of consumption demand
c = a column vector of consumption coefficients
k = a rou vector of ones

To clarify (4.24) further consider the two sector case
as represented in Table 4.2 . Equation (4.24) will now

reduce to:

4 e[ 1] [1-an 1%

C4 £1 - a5, - 821)X1 + (1 - 855 = a12)Xé}
= (4.25)

cy (1 - ayq - 821)X1 + (1 - a5, - a12)X£]

L —

As can be confirmed from Table 4.2 , the terms in the
square brackets for 4 and C, represent the sum of value added
for both sectors 1 and 2 (i.e., Y, o+ Y2). Substituting D in

(4.32) by (4.24) and writing C for ck yields:

(I - A +M)X =¢C(I - A)X +F (4.26)
Solving for X gives:

X = EI - C)(I - A) + M]—1F (4.27)

Thus (4.27) represents the I-0 model adjusted to include

*
Keynesian consumption functions.
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TABLE 4.27
1 2 C £ G I M
T X Xq2 e T T T I X4
21 X1 Xp2 dp By G I My X2
Y Y1 Y2 Y
X1 X2 C E G I M
ij = ainj (4.28)
Mi = miXi (4.29)
Xqq * Xqo + dy + Ep + Gy o+ I, =My = X, (4.30)
Kpq * Xgo + dy + En kG, I, = M, o= X, (4.31)
(I - A +M)X=D+F (4.32)
where Mi = Imports of good i
di = Consumption of good i
Xi = Gross output of good i
xij = Inter-industry flow from sector i to sector j
i = El + Gi + Il

For the rest of the notation sge Table 4.1

Note that t?e system in Table 4.2 has already been described in
Chapter III. See for example equation (3.2) in Chapter III
which is equivalent to equation (4.32) above, where Y in
equation (3.2) is now defined as D + F in equation (4.32).



71
Klein (1968) goes even further by suggesting that the
I-0 system could be closed by specifying final demand for seach

sector i as follouws:

C; = h; (GNP - T) consumer demand (4.33)
I, = Fi(GNP) private capital formation (4.34)
E, = li(xu) net exports (4.35)
G; = gi(N) government purchase of ' (4.36)
goods and services

where Xu = World Trade
N = Population
T = Taxes less transfer payments and other public items

The ma jor problem confronting this approach is that data
on the disaggregated components of final demand are usually
not available except for years for which an I-0 table has been
computed. It would require much "statistical faith" to base
estimafes of behavioral demand relations on one-element or
very small samples. On the other hand, data on the aggregated
components of final demand (i.e., consumption, capital formation
etc.) are available in much bigger samples. This has led to
an alternative approach of integrating I-0 with final demand
models, first implemented in the Brookings Econometric model
(Fisher, Klein and Shinkai 1965).*

To facilitate the exposition of this approach consider

once more the case of the two sector I-0 table which is

¥

*
See also Preston (1972) No. 7, pp. 14-20; and Seguy and
Ramirez (1975).
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reproduced in Table 4.3 . Note that Table 4.3 has some changes
in notation, In particular, final demand is divided into two

components D1 and D2 , as is value added (i.e., U

and U2 for gross profits).

Consider equations (4.38) to (4.46) given in Table 4.3 .

1 for wages

Equations (4.38) to (4.41) in Table 4.3 are the familiar
equations of the I-0 model and hence require no further elabor-
ation. Equations (4.42) state that the delivery of good i to
final demand category j , is a constant proportion of the total
final demand category j . For example, let D, (and its sub-

1

divisions F and F21) stand for consumptidn. Then, according

11
to (4.42) the consumption of,say,good 1 is a constant proportion
of aggregate consumption., Aggregating final demand by sector
gives equations (4.42) which may be represented in matrix
notation as (4.43) where F is a column vector with F1 and F2

as elements, H is a 2 by 2 matrix with its elements being the

hij's and D is a column vector with its elements being D1 and D2

- Equations (4.44) and (4.45) define income arising from each

sector (i.e., value added) as gross output minus intermediate
input. These are also represented in matrix notation as. .
(4.46) where B is a 2 by 2 diagonal matrix with its diagonal
elements being 1 -Za,, and 1 -Za;, . Substituting (4.41)

and (4.43) into (4.46) yields:
Y = B(I - A)"THD C(4.37)

Recall that the elements of D in (4.37) are the components

of final demand aggregated by final demand category, as for
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TABLE 4.3
Total
Final
Demand by
1 2 D1 02 Sector TOTAL
L 11 X979 F a1 Fao P X1
2 X921 X920 Foy Foo Py X5
Wy Y91 Y12 Wy
W, Yo LY, Wy
Yy Yo
X4 Xo D4 D,

Xij = a55%; (4.38)
Zx,lj +£FU X, (4.39)
ZxZJ. +Z_F2j = X, (4.40)

X = (1 -A)TF (4.41)

o h.. 4.42

Fij i3] ( )

F = HD (4.43)

Y, =2Yi1 = X, ~Za X, (4.44)

Yy =ZYi, = Xy -Za;oK, (4.45)

Y = BX (4.46)
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example aggregate consumption of goods and services, aggregate
exports etc. These are usually the type of variables used in
final demand madels. Thus given a macro model explaining D ,
equation (4.37) establishes the required link between final
demand models and the I-0 model.

To illustrate further, let some exogenous component in
D , say aggregate exports, increase by 1 unit. The purpose
of the H matrix in (4.37) is to distribute this increase in
exports among the various sectors. The inverse matrix will then
give the amount by which gross output of each sector must increass
to satisfy both the direct and indirect reqﬁirements. The
purpose of the B matrix is then to translate this increase
in gross outputs into an increase in income by sector. Since
some components of D (eg., consumption) are a function of income
(through the final demand block of the model), a second round
effect is implied as these components in D respond to a change
in income. This process continues until a new equilibrium
level for all variables is reached.

Thus, given the technical coefficients matrix A, the
matrix of industrial distribution of final demand H and a final
demand model explaining the behaviour of D , a link has been
established between final demand spending categories (D's)
and value added or income arising by sector (Y's) - a link
that takes into account the structure of industrial inter-
dependence in the economy.

Note tha% this approach has in effect circumvented the

problem of estimating behavioural demand equations on one-
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element samples by, instead, estimating these equations in
the aggregate. However the problem of the stability of the
H and A matrices remains. In (4.37) it has been implicitly
assumed that the A and H matrices remain constant over time.
Yet this is not so in actual life.

Since time series data for Y and D are usually available,
one way to handle the changing coefficient problem is as
Follous.* Using time series data for D and given an I-0 table
from which the A and H matrices can be derived, a series of
Y vectors can be estimated from (4.37) on the assumption that
the A and H matrices remain constant.** These predicted values
of Y can then be compared to the actual values and a column
vector of residuals for each sector can be constructed. As
the factors which make for changes in A and H are the same
that give rise to the observed errors, an indirect way of
allowing for changes in A and H is to model these residuals.

There are different ways in which to model these residuals.
One way, following the approach of Fisher, Klein and Shinkai

(1965) is to use autoregressive models. Preston (1972, p. 19)

uses two such models:

(2) Ugp = FQUG g » Ugpp s T) + ey i=1,...n
*

An alternatiVe approach is given in Preston (1975).

* . '
* Implicitly, through the assumed constancy of A, B is also
assumed to remain constant.
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where Uit are the computed residuals, T is a time trend variable

and e;4 are random disturbances.

The Generalized Input-Output Macro Model

A more direct approach to tackling the problem of changes
in the A and H matrices discussed in the previous section, is
to model these directly. This is usually not feasible due to
data limitations. However, since a time series of I-0 tables
is available for this study, this alternative route is possible,.
One way of modelling the A matrix, through the generalized
Leontief cost function, has already been suggested in the first
section. To model the H matrix, the route suggested by Klein
(1968) is chosen; that is, behavioural equations are set up
for the final demand components by sectoral category.

The equations of the complete model, to be identified
hencefarth as the generalized I-0 macro model, are listed belouw
(eq. 4.16 to 4.53). To simplify,only the tuwo sector case is
represented.* Furthermore, it is assumed that exports (Ei)’
government expenditure (Gi), investment (Ii) and taxes on
expenditure (Ti) are determined exogenously. Equations (4.16)
to (4.19) are reproduced from Table 4.1 and refer to the input
demand functions(eqs. 4.16, 4.17) and the equilibrium conditions

(egs. 4.18, 4.19).

The I-0 tab}e relevant to this case is shown in Table 4.1
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The Generalized I-0 Macro Model

4
J=1
4
BX; = XBZ_ B (p /p )2 i=1,.0.4 (4.17)
J=1
AX, + BX, + Cp + I, + G, + E; = XA - (4.18)
AX, + BX, + C, + I, + G, + £, = XB (4.19)
C; = ac; + bc,YD + nciCi(—1) + dci(Pi/P) i=1,...3 (4.47)
W, = (AX4)P4 , W, = (BX4)D4 : (4.48)
Ry = XA = Ty - U, zi AX (4.49)
i=1
R, = XB - T, - U, éE,Bx (4.50)
2 2
i=1
2 2
Yp = 2 Ry + zi,ui + INVF + TRAF + TRAGP + GOUD (4.51)
i=1 i=1

- GOVY - GOVR - CAPC - CORPY

TAXY = t, + t,YP (4.52)
YD = YP - TAXY - TRAPG (4.53)
cont./
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XA = Gross output of sector 1

XB = Gross output of sector 2

AXi = Input i of sector 1

BXi = Ipnput i of sector 2

P = Consumer price index
)’ Pi = Price index for good 1i
% Ci = Consumption of good i

Ci(-1) = Lagged consumption of good 1i

Ii = JInvestment of good i

Gi = Government expenditure on good i

Ei = Exports of good i
- Ti = Taxes on expenditure of good 1

Ui = llages of sector 1

Ri = Gross profits of sector i

YP = Personal income

YD = Disposable income
; TAXY = Income tax
! INVF = Net investment income from abroad
; TRAF = Transfers to persons from abroad
é TRAGP = Transfers from government to persons
i GOVD = Interest on government debt
é GOVY = Government income from entrepreneurship
é GOVR = Government rent, interest and dividends
: CAPC = Capital consumption
g CORPY = Corporate undistributed income
; TRAPG = {ransfers from persons to goverhment
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Equation (4.47) gives the consumption functions by
sectoral category. Since these are disaggregated consumption
functions, a relative price variable (Pi/P) is included.

A lagged consumption term (Ci(—1)) is also included to capturs
the effect of permanent income. The case of i = 3 in (4.47)
refers to consumption of imports.

The treatment of imports in this model is somewhat
different from that implied by (4.37). In equations (4.37),
aggregate imports are included in D so that an aggregate import
function is estimated and distributed to the sectors through
the matrix H (i.e., based on the proportionélity assumption
between sectoral imports and total imports).* However, in the
generalized I-0 macro model, imports are divided into two broad
types: there are imports used by the sectors as inputs. These
are determined through the input demand functions (AX3 , BX3).
There are also imports directly consumed, that is, without
further processing. These are determined through the consumption
function for imports (i.e., C3).

There is also a substantial difference in the deter-
mination of income between the generalized I-0 macro model and
that suggested by (4.37). Recall that income or value added
is determined as a residual from equations (4.44) and (4.45)

(Table 4.3), i.e.,

The inclusion of imports as an extra column in final demand is
shown in the I-0 table given in Table 4.2 . Imports may also
be combined with exports to produce net exports.
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Y. =X, -

J J ;

2
1=

; aijxj j=1, 2 (4.54)

Dividing (4.54) by output yields:

2
Y. /X, =1 - . -
J/ i fé% 3 ; i=1, 2 (4.55)

That is (4.54) implicitly assumes that value added by sector
is a constant proportion of output by sector, since the right
hand side of (4.55) is a constant.

Houever, the generalized I-0 macro model distinguishes
tuo types of income. The first is income from employment.
This is determined as follous. The demand for labour is deter-
mined through the input demand functions i.e., AX4 and BX4 in
equations (4.16) and (4.17). Once the demand for labour by
sector is knoun and given the wage rate by sector, income from
employment may be determined (i.e., equations (4.48)). Thus in
contrast to the system in (4.37) where employment is determined
indirectly by setting up a relationship between value added
and employment, the demand for labour comes out directly from
the input demand functions in the generalized I-0 macro model.
Furthermore this type of income does not depend on the pro-
portionality assumption (i.e., (4.55)) implied by (4.37).
The second type of income, gross profits, is determined in the
same way as in (4.54), that is, as output minus all other inputs

(eqs. (4.49) and (4.50)). However, it does not necessarily

remain a constant proportion of output by sector since the
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aij's in (4.55) are being modelled and thus may change due to
say, a change in relative prices.

The rest of the equations in the generalized I-0 macro
model are quite self-explanatory. Equation (4.52) is an
income tax function while equations (4.51) and (4.53) define
personal income and disposable income respectively.

Thus it appears that the generalized I-0 macro model
does offer some distinct advantages over the system in (4.37).
Not only does it model the A and H matrices in (4.37) directly
but it also provides a more satisfactory treatment of employment,

income and imports.

Conclusion

The main object of this chapter was to construct a macro
model based on a time series of I-0 tables. The approach
adopted was to consider first how the assumptions of the tra-
ditional I-0 model could be relaxed when a time series of I-0
tables is available.

The first section dealt with the proportionality assump-
tion of the I-0 model; that is, the assumption that inputs are
demanded in fixed proportions to output. The Leontief production
function was substituted by the generalized Leontief cost
function, and cost-minimizing input demand functions derived.
The benefits of substituting these input demand functions for
the fixed proportion ones in the I-0 model may be summarised

as follows. F4irst, these generalized input demand functions
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not only allow for factor substitution but also reduce to the
Leontief specification for the case of no factor substitution.
Thus, the fixed proportion assumption is a special case of this
alternative formulation enabling a direct test of the tradition-
al assumption. Second, slasticities of substitution between
gach pair of inputs may be computed. Third, this extension
of the I-0 model provides a more general equilibrium specific-
ation of the economy in the sense that more interactions are
implied than in the traditional I-0 model uwhere input demands
are insensitive to price changes. Fourth,'this specification
also provides a test of the conclusion reached by Tilanus (1966)
that a time series of I-0 tables compares unfavourably with
using only the latest I-0 table. This is important because
the study by Tilanus appears to have been quite influential in
the I-0 literature. Finally, in contrast to the R.A.S. technique,
this extension of the I-0 model provides a way of updating and
projecting I-0 tables which utilizes econometric methods
employing economic theory rather than mechanical techniques.

The second section dealt with the assumption of exogenous

final demand in the traditional I-0 model. This assumption was

o U O TR R S O

seen to lead to incomplete multipliers, that is, multipliers
which exclude the income propagation process. 0One solution to
this problem that was discussed is the integration of I-0 with
Keynésian final demand models. A major problem with this
approach, however, is the lack of time series data on the final

‘ .
demand section of the I-0 table. The approach used in various
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models is to make an assumption of proportionality similar to
the one that is made for the technical coefficient matrix.
This allows a macro model, which usually deals with the

aggregated components of final demand to be linked with the

£ I-0 model. The problem that arises is that the stability of

both the technical coefficients matrix and the final demand
. coefficients matrix is somewhat suspect since these coefficients
do change over time. The usual approach to this problem is to

G model the errors produced by using constant coefficients,

An alternative method that was suggested for dealing
with coefficient changes is to model these EoeFFicients direct-
ly. This is usually not feasible due to data limitations.
However, since a time-series of I-0 tables is available for
this study, this alternative route is possible. 0One way of
modelling the technical coeefficient matrix is to use the
generaiized Leontief cost function. This represents the supply
side of the economy. With regard to the final demand coeff-
icient matrix, this is partially modelled by setting up con-
sumption functions by sectoral category. This represents the
demand side of the economy. The complete model, identified
as the generalized I-0 macro model, was presented in section

three.

In addition to modelling directly the technical coefficient
4 matrix and the final demand coefficient matrix, some further
advantages over the conventional approach of integrating I-O

*
with macro models, were noted. First, employment is determined
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directly through the input demand functions, rather than
indirectly by linking value added to employment in the con-
ventional approach. Second, in the traditional approach income
or value added by sector is implicitly assumed to be a constant
proportion of output by sector. In this model, income is
divided into two broad types: (a) ipcome from employment which
is determined via the labour demand functions and the given
average wage by sector. Thus this type of income does not
depend on any proportionality assumption. (b) Gross profits

is determined in the same way as in the traditional approach,
that is as gross output minus total inputs.” But here again,
since inputs are not assumed to remain a constant proportion

of output, no proportionality assumption is implied. Finally,
imports are also determined differently. In this model, imports
are divided into two broad types. There are imports used by
sectors as inputs. These are determined via the import demand
functions. There are also imports directly consumed. These
are determined through a consumption function for imports,

In conclusion, the generalized I-0 macro model presented
in this chapter does offer some distinct theoretical advantages
over the traditional I-0 model and the conventional approach
of linking I-0 with macro models, It remains to be seen,
however, how the model behaves empirically. This is the subject

of the next chapter.



CHAPTER V

EMPIRICAL ESTIMATION OF THE GENERALIZED

I-0 MACRO MODEL

Introductiaon

This chapter deals with the empirical estimation of the
generalized I-0 macro model and is divided into 4 sections.
The first section presents saome modificatiohs of the model,
made necessary due to data constraints. The second section
discusses briefly the data available while the third section
presents the regression results. The fourth section provides
ex-post forecasts for 1977 using both the traditional I-0 model

and the generalized I-0 macro model.

Empirical Form of the Model

In the previous chapter it has been implicitly assumed
that one of the inputs given in the I-0 table is the capital
input. However, the Maltese I-0 tables, as well as the I-0
tables of most other countries, do not contain such information.
Moreover, though a Census of Production has been conducted

every year since 1961, the derivation of some index of capital

85
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utilization is well beyond the resources of this study.

Thus, input demand functions for capital cannot be estimated

so that the model will not be able to address questions relating
to capital requirements.* Furthermore, to the extent that
capital is a substitute for the other inputs, the input demand
Functions.to be estimated in this study may be subject to a
specification bias.**

The lack of capital data suggests that the model should be
constrained to the short-run; that is the capital stock should
be assumed fixed. This assumption has some implications on the
model presented in the previous chapter., In particular, the
supply curve of each sector will no longer be perfectly elastic:
Under constant returns to scale and assuming a competitive
market with given prices of inputs, if an input is fixed, the
law of variable proportions suggests that the variable factors
will e%hibit diminishing returns (Koutsoyannis 1979, p. 83).

In other words, for each increase in output by 1 unit, the
proportion of the variable inputs to the fixed input must

increase, leading to an increasing marginal cost and thus

an upward slping supply curve.

This issue is discussed further in Chapter VI,

*3% :
It should be noted, however, that under the assumption made

below that firms have some reserve capacity available, this
specification bias would not arise. It is only when this
reserve capacity is used up that it becomes relevant to consider
the substitutability of capital for the other inputs.
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The previous discussion is consistent with traditional
microeconomic theory which assumes that each firm is designed
to produce optimally only a single level of output, thereby
leading to a U-shaped cost curve. However, this traditional
theory of cost curves has been questioned by various writers
both on theoretical a-priori and on empirical grounds. "As
early as 1939, Stigler suggested that the short-run average
variable cost has a flat stretch over a range of output which
reflects the fact that firms build plants with some flexibility
in their productive capacity." (Koutsoyannis 1979, pp. 114-115).
The difference between the traditional and modern theory of
costs is shouwn in Figures 5.1 and 5.2 .

In Fig. 5.1 , the short-run average variable cost curve
(SAVC) is assumed to be U-shaped. This implies that each plant
is designed without any flexibility; it is designed to preduce
optimally only a single level of output (i.e., X2 in Fig. 5.1).
If the firm produces at a smaller level of output, say X1 ,
then it has excess capacity equal to the difference X2 - X1 .
This is not only undesirable, since it leads to higher unit
costs, but also unplanned. In contrast, Fig. 5.2 assumes that
the SAVC curve has a flat range between say X1 and X2 . This
reflects the view that plants are designed with some flexibility.
The firm anticipates using its plant sometimes closer to X1

and at others closer to X2 . This range of output over which
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costs are constant reflects the reserve capacity of plants
and is distinguished from excess capacity in the traditional
theory by being planned.

This so called "modern" view of the theory of costs
appears to have been borne out by many empirical studies.*
For example, Koutsoyannis (1979, p. 139) after reviewing various
statistical cost studies comes to the conclusion that: "The
evidence from most statistical studies is that the short run
AVC is constant over a considerable range of output." In view
of such support this more flexible approach is adopted in this
study. Thus though a capital variable is not introduced in the
input demand functions,the assumption that firms have a reserve
capacity implies that the perfectly elastic supply curve of the
previous chapter is still tenable. That is, it is assumed that
firms are within the flat portion of the SAVYC curve in each
time period. Since in this range of output average variable
costs are constant and equal to marginal costs, then each
éector is characterized by constant costs even in the short-run.
To capture changes in the reserve capacity and/or changes in
technological progress a time-trend variable is introduced in
the input demand functions.

As a consequence of the short-run specification of the

model, a further modification is necessary. Recall that the

*
A comprehensive summary and critique of a wide range of

statistical cost studies is given by Johnston (1960).
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inputs of each sector, as given in the I-0 table, are total
inputs. For example, the labour input into a sector refers

to total employment by that sector. Since part of this input,
say administrative staff, could be relatively fixed or un-
related to output in the short-run, a constant term is introduced
in the input demand functions. Thus, the modified form of the

input demand functions is as follows:

n 1
X.. = a.. + X. b. (P-/P.)2 + t..T (5.1
ij ij J% lq,J( q/ 1) ij R ( )
i=1,00en; j=1y00an

where Xij is the output of sector i used as an input by sector
J Pi is the price index of sector i , Xj is the gross output
af sector j and TR is a time trend variable.

The second data constraint that one runs into in estimating
the generalized I-0 macro model using Maltese data is related
to the—symmetry constraint. 1In the previocus chapter it uwas
noted that the symmetry constraint implies some cross-equation
restrictions, namely that biq,j = bqi,j for i £ q in the input
demand functions. Since the model is simultaneous,some systems
method such as three-stage least squares (35LS) with the cross-
equation restrictions imposed, would be most appropriate.
Because the model is large (76 behavioural equations) and the

sample is small (17 observations) restricted 3SLS could not be

*
used. Instead two-stage least squares (2SLS) with principal

L)

The computer programme used in this study is the TROLL system.
The 35LS option requires that: "There must be at least as many

cont./
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components in the first stage, is used. Since 2SLS is a
single-equation technique, however,the cross-equation rest-
rictions cannot be utilised. Thus, in estimation, the symmetry
constraint is not imposed in this gtudy.

It is relevant to note that in empirical tests, the
symmetry constraint has not fared very well. Both Parks (1971)
and Frenger (1978), who use the generalized Leontief cost
function, find that the symmetry constraint is rejected in
favour of unconstrained cross-price coefficients. Parks aoffers
the following rationale for this result:

The asymmetry found in the data may be accounted for

in part by the fact that the underlying theory refers
to individual firm behavior whereas the data represents
the aggregation over a large number of firms. Never-
theless the finding that the data is not entirely
consistent with the symmetry of the model should be
considered in light of the fact that the same data
would produce an even stronger rejection of any produc-
tion specification whose form is more restrictive than
the one considered here. Alternative forms such as

the Cobb-Douglas, CES, and Leontief place even stronger
restrictions on the substitution possibilities and

therefore the relative price coefficients with which
they correspond. (Parks 1971, p. 134)

Finally, the last modification of the model on account
of data constraints has to do with the number of parameters to

be estimated in each input demand function. The I-0 tables

dates in the regression bounds as there are coefficients in
the model, or as there are stochastic equations in the model.
There must also be at least as many dates as there are pre-
liminary regressors." (NBER, 1976, p. 26). Clearly, none of
these conditions are satisfied by the model in this study.
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used in this study have been aggregated into twelve sectors

so that there are potentially 12 intermediate inputs plus two
primary inputs (labour and imports), or in all 14 inputs in

each sector. This implies that as equation (5.1) stands, a

total of 16 coefficients have to be estimated.* This would

leave too few degrees of freedom as the total time span is 17
years.** ‘Accordingly, some method of decreasing the number of
parameters to be estimated in each input demand function is
desirable., Since all the relative price variables in each input
demand function have the same denominator (i.e., Pi in eq. (5.1)),

one way of restricting the number of parameters is to weight the

P 's as follows:

q
n+2 1
— 2
Xj 5= 855+ bijxj cy j J;{ W (ps/pi) + tijTR
XK ¥
s¥1 (5.2)
for i = 1,...n + 25 j=1,...n

where Usj is the ratio of the sth input to total inputs of

sector j for the base year. Thus for example, in the tuo

That is 14 by j's’plus the constant and the time trend
coefficient. 9

*x In practice it turns out that none of the sectors demand
inputs from all the other sectors. Houwever, if the specific-
ation in (5.1) is used, the degrees of freedom for several
sectors do become uncomfortably small.

X %%
Note that (5.2) has some changed notation from (5.1). The

bij's now refer to the coefficient of the output variable

while the g; 's to the relative price coefficient. Also note

that n reFers to the number of sectors while i ranges from
1 ton + 2 so as to include the primary inputs i.e., labour
and imports.,
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sector case, the demand for input 2 by sector 1 is;

Nf~

+ b, X, + C + W

2171 TR

1 1 1
x,l(u P 2 + Uq,Pq P42)/P22 + t

21 21 41 21

(5.3)
n+2
where W,., = x.,/ &_x., in the base year. This uweighting scheme
i1 i1 121 i1
of the Pj's is of course, only an empirical approximatiaon to

. *
the more general system in (5.1).

Data

As noted earlier, this study is based on 17 annual I-0
tables of the Maltese economy, covering the period 1961 to 1977.
In the published tables, the economy is divided into 23 sectors.,
However, partly to make this study more manageable and partly
to counterbalance some changes in the classification of sectors,

the published tables were aggregated into twelve sectors, as

follous:
Sector I-0 Sector
Classification
Agriculture and Fisheries 1 1
Food, Flour Mills, Beverages & Tobacco 2 3+4+5
*

The empirical approximation suggested above was tested for
Sector 3A by estimating the input demand functions in both

the unconstrained (i.e. following the scheme of equation (5.1))
and constrained forms (i.e. according to the weighting scheme

of equation (5.3)) and conducting an F-test on the set of

linear restrictions in each equation. (See Murphy 1973,

p. 232; Kennedy 1979, p. 55 for a general description aof the
test.) In 6 out of the 7 input demand functions estimated,

the F-value was insignificant at the 0.01 level of significance.
However, #t should be noted that the estimates of the C. .
coefficients in equation (5.3) may be sensitive to alter3
native weighting schemes.
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Sector I-0 Sector
Classification
Textiles & Wearing Apparel 3A 6+8
Footwear & Leather 3B 7+11
Metals, Machinery & Transport Equipment 4 14+15+16
Mining, Quarrying & Non-Metalic Minerals 5 2+13
Furniture & Fittings, Printing & Chemicals 6 9+10+12
Construction 7 18
Miscellaneous 8 17
Other Industries (Public Administration 9 23
etc.)

Gas, lWater & Electricity 10 19+20+21
Services (Transport & Communications, 11 22

Shiprepairing, Distributive Trades,
Tourism, Insurance, Banking, etc.)

where the first column of sector numbers identifies the reference
number of the sectors used in this study, while the second
column-gives the sector number in the published tables (National
Accounts of the Maltese Islands 1969-1978, p. 12).

In order to identify the notation to be used in later
sections, a schematic form of the 12 sector I-0 table of the
Maltese economy is given in Table 5.1*. Note that the inter-
industry flous are identified by a lower-case x with the number
before the point indicating the supplying sector and the number

following the point, the purchasing sector.

*
The actual table for the year 1977 is given in Appendix A
Table A2 . ° |
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TABLE 5.1 »
1 2 3A 38 4 5 6 7
X2.1 -
x4.1 xX4.2 x4 .3A x4 .38 - x4.,5 X4.6 x4.7
x5.2 Xx5.38B - Xx5.6 x5.7
xX6.2 X6 .3A x6.38 X6.4 - x6.7
XT7a2 X7 .3A X7 .38 X7.4 X7.5 X7.6 -
X8.1 x8.3A
x10.2 | x10.3A | x10.3B | x10.4 | x10.5 | x10.6 | x10.7
x11.1 1 x11.2 [x11.38 | x11.3B | x11.4 { x11.5 | x11.6 | x11.7
M1 M2 M3A Mma3B M4 M5 Mo M7
W1 W2 W3A W38 W4 W5 We6 W7
P1 P2 P3A P38 P4 P5 P& P7
T1 T2 T3A T38 T4 T8 T6 T7
X1 X2 X3A X38 X4 X5 X6 X7
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TABLE 5.1«-~Continusd

8 9 10 11
x1.11 C1 G1 S1 E£1 X1
C2 G2 S2 E2 X2
C3A | G3A S3A | E3A | X3A
C3B | G3B S3B | E3B | X3B
x4.8 x4.10 X4.11 Ca 14 S4 E4 X4
x5.10 x5.11 C5 I5 S5 ES X5
x6.8 x6.11 Co6 G6 I6 S6 E6 X6
x7.8 o ;}.10 17 S7 E7 X7
- Cc8 G8 S8 £8 X8
- x9.10 Co GS E9 X9
x10.8 - x10.11 C10{ G10 S10¢f E10| X10
x11.8 | x11.2 | x11.10 - C11 | G11 | I E11 ¢ X711
M8 M10 M11 MC MG MI MS ME M
w8 w9 W10 W11 _ WE W
P8 PS P10 P11 p
T8 T10 T11 TC TI TE T
X8 X9 X10 X11 C G I S E
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A few characteristic features of the Maltese I-0 table

are worth noting. First, the published tables exclude intra-
industry transactions so that the main diagonal of the inter-
industry section of Table 5.1 is blank. Second, the number of
inter-industry transactions given in Table 5.1 is 57 or 45% of
the total number of cells. However, 11 of these transactions
are discontinuous* and hence input demand functions for these
variables cannot be estimated for the entire period. The
approach adopted in this study is to treat these somewhat un-
stable flows as exogenous.**' Thus in all, 46 inter-industry
transactions are considered in this study. -Finally, the class-
ification of Imports is by purchaser. For example, M1 indicates
imports purchased as an input by sector 1.

The change in the classification of some sectors took
place in 1974, with the aim of bringing the definitions more in
line with the U.N. system of classification. While the gain

from such a change appears marginal, the potential loss through

That is, observations are not available for all years.

**The discontinuous inter-industry transactions are x4.1 x8.1
x1.3B x5.3B x7.3B x5.6 x6.8 x7.10 x1.11 x4.38 x9.10 . Several
of these variables are relatively small. In fact some are so
small that the rounding error probably dominates. For example,
x7.3B8 in 1977 was £M1,000 (see Appendix A, Table A1). Since
the variables are measured in units of thousands, in any
previous year where the transaction was smaller than £M500,
the flow would be set to zero. 1In other cases, the discont-
inuity could be due to new connections appearing. The largest
flow, and thus potentially most serious in assuming that these
variables are exogenous, is x9.10 which in 1977 represented a
flow of £ M480,000. However, in this case, the transaction is
between Public Administration and the Gas, Electricity and
Water sector. Since the latter is a government corporation,
the assumption of exogeneity appears well suited.
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discontinuity of a series could be quite considerable and hence
ill-advised. Ffortunately, in this instance, the changeover
affected only a fewu sectors, and aggregation tended to iron
out most of the difference. Ffor example, the greatest change
took place in the definition of Textiles and Wearing Apparel
sectors. However, combining these two sectors together gives
a discrepency between the old and new systems of 4.8%.* So
as to allouw for this discrepancy, a dummy variable for the
period 1974-77 is introduced in the equations.

Since price indices for the various sectors of the I-0
table are not available, the required price indices had to be
constructed in this study. For most sectors, this was quite a
formidable undertaking, the details of which are given in
Appendix A.** In brief, the price indices used in this study
were derived as follous: (a) The price index for sector 1
(Agriculture and Fisheries) was built up from the Production
Account of Agriculture in combination with published price
indices for Fruit and Vegetables. (b) The price indices for
sectors 2 to 8 and 10 were derived from the Index of Industrial
Production. (c) For sectors 9 (Public Administration) and

11 (Services) proxy variables were used. In the former case,

the "all items" category, while in the latter case, the "services"

category of the Index of Retail Prices, were chosen. (d) For

* See The Annual Abstract of Statistics (to be identified as
A.A.S. in the rest of this study), for the year 1975, Tables
2 and 2A, pp. 128-129,.

*%
Appendix A gives details of the methods used to derive the
price indices for sectors 1 to 8 and 10.
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Imports, the published price index for imports was used.

In all the above cases, one price index was derived for
each sector. This is a common practice in view of the difficulty
in getting a price index for each cell of the I-0 table.* In
the case of labour, however, it is possible to get an average
wage per sector by using employment per sector published in
the A.A.S.** and the wages and salaries per sector given in
the I-0 table. Thus, in this study, 12 wage indices are used.

Finally, all the price indices used in this study are
assumed to be exogenously determined. This appears to be a
reasonable simplification in view of the opénness of the Maltese
economy: In 1977 total domestic final demand for locally produced
goods and services uwas £m192 million, while the total value of
exports (excluding those directly supplied by imports) was £M187
million.*** In other words, the export market is almost as
large as the domestic market for final goods and services. 0On
the input side, the total value of intermediate inputs was £M53
million., This figure already has an import content since to
produce this output, the local industries require imports as
one of their inputs. Nonetheless, the total value of imports
demanded as input in 1977 was £M159 million., Thus, these
figures clearly indicate the extreme openness of the Maltese
economy, providing considerable justification for the assumption

that prices are determined outside the system.

*

For example Tilanus (1966) uses the same procedure.
*%

See for example A.A.S. (1977), Table 2, p. B3.
*%

*
These figures are derived from Table A2, Appendix A.
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With regard to wages, one might argue that consideration
of the domestic'labour market is necessary for the determination
of wages. However, it turns out that wages in Malta are largely
determined by the government. Though not aften recognised‘as
such, Malta has been living under perpetual wage (and price)
controls. 1Indeed the increases in wages given by government
to take care of both inflation and productivity increases are
imposed, by law, on the private sector. Thus, the assumption
that wages are determined exogenously appears to be a reason-

able approximation to reality.

Statistical Results

The complete model has 122 equations and is given, with
the estimated coefficients and various statistics in Appendix B.
0f the 122 eguations, 40 are identities, leaving 82 behavioral
equatiqns. These behavioral equations may be divided into the
following categories: (a) 46 are intermediate input demand
functions (b) 23 are primary input demand functions (c) 12 are
consumption functions and (d) 1 income tax function.

The estimation of the behavioral equations and the
simulation of the model was done using the TROLL system. As
the consumption functions include a lagged consumption term,
the estimation period was restricted to 1962-1977. All the
behavioral equations were first regressed using 25LS with
principal components in the-first stage. The total number of
exogenous variables used to estimate the principal components

was 69 and included all the exogenous variables in the model
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except relative prices and the unstable variables indicated

in the previous section.* Seven principal components wsre

estimated accounting for 95% of the variance of the instruments.**
The results from the first regression-run indicated the

presence of serial correlation of the errors in most of the input

demand functions: The DW statistic elsarly rejected the presence of

autocorrelation in only 8 of the 69 input demand functions. In

order to correct for this problem a Hildreth-Lu autoregressive

transformation was combined with 25LS.*** The method used is

that suggested by Eisner and Pindyck (1973). This method is

a more general alternative to the one suggested by Fair (1970)

for combining GLS and 2SLS and essentially involves first

transforming each equation by its GLS A matrix and then applying

Relative prices were not used as instruments in the estimation
of principal components because in most equations they enter
multiplicatively with an endogenous variable (see eq. (5.2)).
Klein (1974, p. 203) suggests that such composite variables
should be treated as new endogenous variables. TROLL follous
this approach so that in the first stage of 2S5LS the composite
term is regressed on the instruments or in this case, the
principal components.

*¥% It is interesting to note that in the Wharton Annual and
Industry Forecasting Model, which is based on 16 annual
observations, Preston (1972, p. 161) also finds that seven
principal components explain 95% of the variance of the pre-
determined variables.

¥ H¥
The TROLL version of Hildreth-Lu performs a grid.search for
rho (the grid was set to 10 in this study) and then a binary
search around the optimum grid value till the rho value
changes by less than .01 .
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25LS. Since the variance covariance matrix of the error term

is not knouwn, the same procedure is applied iteratively. That

is, the instrumental variable substitution is repeated for each
iteration. Thus, each of the 61 input demand functions with

a low DW statistic was re-estimated using this approach, with

the result that in most cases, the DW statistic climbed above

the upper critical value. As may be seen in Table 5.2, which
summarizes the statistical results of Appendix B, 70% of the

input demand functions have a DW statistic (marked by an asterisk)
which is above the upper critical level at 5% level of signifi-
cance. The rest of the input demand functions have a DU statistic
which falls in the indeterminate range.

Several of the estimated coefficients in the input demand
functions turned out to be statistically insignificant. Since
the model is to be simulated, and since in some cases, as for
example the constant term, it is an empirical question whether
a variablé should be included or excluded, it was decided to
"purge" the input demand functions of as many insignificant
coefficients as possible. The following methodology was used.
First, in the case of the dummy variable, all the insignificant
dummies were dropped. The dummy variable was introduced to
allow for any change in the sectoral classification after 1974.
Thus, an insignificant dummy was taken as an indication that
there was no significant change in the classification of that
variable, As may be seen in Table 5.1 , this procedure left

‘ N
16 input demand functions with a significant dummy variable.
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All the other equations were re-estimated, excluding the dummy
variable.

Second, of the other four variables in the input demand
functions, output was regarded as necessary on theoretical
grounds. This is equivalent to starting from the premise that
the demand for inputs depends at least on the output of that
sector or in other words the Leontief hypothesis. Thus, the
output variable was always included irrespective of its t-value.
For the other three variables, that is the constant, relative
prices times output, and the time trend, any t-value less than
one in absolute value, was regarded with sohe suspicion.* In
such cases, the eguation was re-estimated, excluding sﬁch var-
iables in turn and, the resulting coefficients, t-values and R2,
compared with the results from the regressions including all the
variables. If there was no appreciable change in these values,
this was taken as evidence that the excluded variable does not
exerf any significant influence on the dependent variable and
hence was dropped from the equation. In some cases, excluding
a variable resulted in considerable change in the regression
results., In these instances, such variables were not dropped:

The low t-value was considered as probably due to multicollin-

earity, and hence the regression results were regarded as not

The t-value less than one criterion was chosen on the basis
that any t-value greater than 1 tends to increase the R2.
(See Aigner (1971) p. 91). It is recognised, however, that

a higher R% does not necessarily imply better simulation
results.
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being able to distinguish clearly the separate influence of
gach variable. A clear example of this is in the case of RMS8
(see Table 5.2) where though all the t-values are less than 1 ’
the F=ratio is significant.

Note that the most common variable excluded from the
equations is the constant term. In all, the constant term uwas
excluded in 24 equations, indicating that these inputs are all
variable inputs.‘ Since these equations were estimated with a
zero intercept, the usual R2 no longer carries the same meaning
and can in fact lie outside the 0 - 1 interval (Kennedy 1979,
p. 26). The problem that arises is that the usual division aof
the sum of squares total into sum of squares explained and sum

of squares unexplained is no longer valid, or in general;

(Aigner 1971, p. 87)

- A
Sy -2 4 50 -7)2 &+ 62 (5.4)
However, the "rauw" moment version of (5.4) still holds i.e.,
A
SvZ2 - 2¥? 4+ Ze? (5.5)

so that a raw moment R2 may be computed as,

Re2 = 1 - Se2/5 v2 (5.6)

Thus in Table 5.2, for the case where the intercept is excluded
from the equations, the raw moment R2 as defined in (5.6) is

given. The zero intercept regression also raises another

.

These raw moments R2 are enclosed in brackets in Table 5.2 .
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problem, namely that the F-statistic is no longer valid (White
1977, p. 30). To overcome this problem, the F-statistic given
in Table 5.2 is calculated from the equation including the
intercept.*

of fhe 69 input demand functions estimated, 6 turned out
to have an insignificant F-statistic. In order to avoid the
possible transmission of large errors by these variables to
other equations in the simulation process, these variables
were considered as sxogenously determined.** Thus in all, 63
input demand equations were used in the model, and it is these
equations that are summarised ih Table 5.2 . .

One of the major questions that Table 5.2 provides an
answer to concerns the Leontief hypothesis. Under this hy-
pothesis, inputs are assumed to be demanded in fixed proportions
to output, and hence one would expect only the output variable
to be significant in Table 5.2 . However, the results in

Table 5.2 provide a strikingly different picture. QOut of the

These F~statistics for the zero intercept case are also enclosed
in brackets in Table 5.2 .

**These variables are L10 M10 x4.10 x4.11 x6.11 and x7.6 . The
estimated equations of these variables are given in Appendix
B. Note that L10 M10 and x4.10 are all inputs of sector 10
(i.e., Electricty, Gas and Water). Since sector 10 is a
government corporation, the assumption of exogeneity appears
more reasonable. For instance, M10 refers to imports by sector
10, comprising mainly fuel o0il used by this sector. The value
of this input has become increasingly dependant, in recent years,
on the negotiations by the government of Malta with foreign
suppliers.+ For example, the value of M10 between 1975 and 1976
fell from£ M3.422 million to £M0.927 million , probably as a

cont./
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63 input demand functions given in Table 5.2 , the t-value

for the relative price (times autput) variable is positive

and significant in 56% of the equations. This clearly indicates
that relative prices do play an important role in the demand
for inputs. It is also an important result of this study in
vieu of the controversy that the exclusion of a relative price
term has generated in I-0 analysis. Furthermore, both the
constant term and time trend are significant in many equations,
suggesting that these are also relsvant variables in the deter-
mination of demand for inputs. Thus in summary, the results

in Table 5.2 reject the Leontief hypothesislin favour of the
more general specification used in this study.

It is interesting to enguire whether the estimated input
demand functions imply cost functions which are consistent with
economic theory. In chapter IV, it was pointed out that the
cost function should satisfy tuwo conditions, namely; (a) mono-
tonicity of costs with respect to prices and (b) concavity of
the cost function with respect to prices. Condition (a) requires
that the partial derivatives of the cost function with respect
to prices be greater than or equal to zero. Since the input demand
functions are defined as these partial derivatives, an equival-

ent requirement to satisfy conditiaon (a) is that the estimated

result of an o0il deal between the governments of Malta and
Libya. Clearly, there is little point in trying to estimate
a behaviorgl equation for such an input.
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input demand functions be non-negative (Frenger 1978, p. 278).
All the input demand functions estimated in this study are
positive at each sample point so that condition (a) is satisfied.
Though this requirement might appear to be easy to satisfy since
one would sexpect that the demand for an input to be non-negative,
yet it is not always satisfied in other studies. For example,
Woodland (1975, p. 177) finds that out of ten sectors, tuwo
sectors (Mining and Finance) do not satisfy the monotaonicity
condition for all observations.

In chapter IV it was pointed out that condition (b)
requires that all the relative price times output coefficients
be non-negative. As may be seen in Table 5.2 , only two of
these coefficients are negative and significant (i.e., RM2 and
Rx7.8). This represents only 3% of the input demand functions
given in Table 5.2 in contrast to 56% which are positive and
significant, This result compares quite favourably with those
of other studies. For example, in his study Frenger (1978, p. 278)
found many of these coefficients negative.* As another example,
Woodland (1975, p. 177) finds that for 4 out of 10 sectors the

*%
concavity condition was not satisfied. In contrast, the

In the construction sector alone, Frenger's (1978, Table A3,
p. 303) regression results indicate that 17% of his relative
price coefficients are negative and significant.

*Ihese sectors are Fishing, for which lecal cencavity was not
attained at any sample point, and Forestry, Manufacturing
and Finance, for which local concavity was not attained at
some observation points (Woodland 1975, p. 177).
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concavity condition is satisfied in 10 out of 12 sectors in
this study.*

Finally, the statistical results of the consumption
functions are summarised in Table 5.3 . The estimation procedure
used was 25LS with principal components in the first stage.

In six equations, the dummy variable turned out to be significant,
and hence was retained in these equations. 1In all equations
except RC3A RC3B and RCS , the significant t-values have the
correct sign., That is, positive for the constant term, income
and lagged consumption, and negative for the relative price
variable, -

In the case of RC3A RC3B and RCS , the significant t-values
with an incorrect sign are as follows: (1) RC3A - the constant
term and relative prices; (2) RC3B - relative prices and lagged
consumption; (3) RCS5 - lagged consumption. One common feature
of these three equations is that they form a very small per-
centage of aggregate consumption. For example, in 1977, this
percentage value for RC3A RC3B and RCS was 1.49%, 0.61% and
0.08% respectively. Thus, for all practical purposes, these

three equations are of very little importance te the model.

* These sectgrs are: Sectors 1, 3A, 3B, 4, 5, 6, 7, 9, 10 and 11.
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Ex-Post Forecasts

The statistical results of the previous section indicate
that the generalized Lecntief formulation of the input demand
functions is more appropriate than the traditional I-0 specif-
ication. However, it remains to be ssen whether the fore-
casting ability of the former outperforms that of the latter.
To examine this issue more closely, root-mean square (RMS) per-
cent errors of ex-post forecasts for 1977 are presented in
Table 5.4 .

The I-0 forecasts were cobtained as follows. First, the
model was set up based on the proportionality assumption betuween
inputs and outputs. Second, the I-0 coefficients were derived
from the 1976 I-0 table. Third, the model was solved using
data for the exogenous variables (i.e., Final Demand) from the
1977 I-0 table. This provided ex-post forecasts for the
endogenous variables which were then compared with the actual
values given in the 1977 I-0 table. The first column of Table
5.4 gives the resulting RMS percent errors.

Since the forecasts from the I-0 model were made on the
assumption of an exogenous final demand, forecasts using the
generalized Leontief I-0 macro model were also made under this
assumption, so that both models depend on the same exogenous
variables. Thus, any difference in forecasting ability between
the two models is purely due to the different hypotheses about
the input ﬁemand functions. The input demand functions of the

generalized Leontief model were re-estimated for the period
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TABLE 5.4

EX-POST FORECASTS FOR 1977

I1-0 Generalized Leontief
1976 I-0 oLS (1961-76) 25LS (1962-76)
Rx10.11 : 2.72 16.76 19.21
* * %%
Rx10.2 13.06 3.83 3.59
* *
Rx10.3A 40,36 26.92 27.57
* *  *¥
Rx10.38 8.44 6.30 5.31
Rx10.4 8.08 11.05 16.04
* X *x
Rx10.5 17.53 16,32 15.49
* * xx%
Rx10.6 32.29 20.23 14,73 :
* *
Rx10.7 18.93 15.27 15.49
* *
Rx10.8 24.06 20.10 20.37
* * XX
Rx11.1 13.36 12.08 11.80
* ¥*¥
Rx11.10 5.44 29,29 5.25
* * *%
Rx11.2 5.68 0.61 0.21
* X *x
Rx11.3A 10.33 7.01 4.30
* *
Rx11.3B 39.92 25.06 25.17
* *
Rx11.4 13.40 6.09 8.05
*¥
Rx11.5 6,78 22.73 13.94
* *
Rx11.6 29.58 0.45 6,36
* X%
Rx11.7 1.06 20.37 0,91
X X%
Rx11.8 29.29 31.07 17.96
*¥
Rx1.2 2.61 7.21 7.80
* ¥*¥
Rx2.1 6.40 9.01 6.38
*¥
Rx4,2 11.60 46,17 15.25
* X X%
Rx4,3A 33.26 9,23 1.39
*%
Rx4.5 29.44 42 .85 34.96
Rx4.6 1.54 16.98 18.14
Rx4.7 29,60 65.52 63.29
’ * X ¥¥
Rx4.8 77.17 15.02 1.41

cont./
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TABLE 5.4--Continued

~ I-0 Generalized Leontief
1976 1-0 oLS (1961-76) 25LS (1962-76)
Rx5.10 32.51 57.33 50.30 *=*
¥* ¥
Rx5.11 125.48 157 .45 132.46
RX5.2 6.84 14.35 10.49 °F
¥* ¥ X¥
Rx5,.,7 3.58 0.88 0.07
¥* Ea T 3
Rx6.2 22 .68 20.79 12 .81
¥* %
Rx6.3A 51.47 71.69 57.05 x
Rx6.3B 8.41 9,86 9,85
* ¥ KX
Rx6.4 83.59 67.63 65.79
* ¥
Rx6.7 12.48 93.13 . 71.37
¥ *%
Rx7.2 10.95 11.05 g9.70
* P 3
Rx7.3A 47 .19 39,30 39,28
* P 33
Rx7.4 128.17 84,34 62.71
* X K
Rx7.5 27.19 13,08 9,81
Rx7.8 69.96 77 .96 86.98
* *
Rx8.3A 598,49 29,31 33%.45
* ¥ ¥
L1 30.64 8.68 0.18
* x *%
L11 14,20 1.47 1.35
* *
L2 3.61 2.43 2.93
. N ¥ Hx
L3A 13.01 14,27 11.25
* X ¥x
L 3B 14,53 7.78 3.11
* *
L4 8.83 0.19 6.27
* ¥ Hx
L5 39,54 26.17 25.81
* LA .3
L6 6.45 5.87 2.05
. X ¥¥
L7 127 .00 22.00 20.75
L8 7.55 12.65 19.94
L9 2.64 4,15 4,46
. CDnt./

|
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TABLE 5.4~-Continued

I-0 Generalized Leontief
1976 I-0 OLS (1961-76) 25LS (1962-76)
T
RM1 28.36 28.47 20.38
* * ¥
RM11 7.11 1.20 1.19
¥ X%
RM2 7.89 15.48 4.69
* KX
RM3A 9.96 9.99 2.66
*%
RM3B 0.49 2.33 1.30
* *
RM4 8.55 4,61 7.53
*%
RM5 12.30 40.60 15.28
* *
RM6 15.34 10.63 14,30
*%
RM7 10.16 44,61 - 41,77 M
*
RM8 5.42 30.02 28.90
Asterisks(%) 52% 67%
Mean 25.01 24,53 20.14
Median 13.06 15.27 12.81
St deviation 29.50 27.78 24 .44
Errors(%) 9.82 7.64 5.44

1 Note: All figqures are root mean square percent errors.

)
K
5
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1962-76, using 2SLS with principal components in the first
stage and correcting for autocorrelation. The model was then
simulated for the period 1961-77, thereby yielding ex-post
forecasts for the year 1977. The RMS percent errors of these
ex-post forecasts for the generalized Leontief model are given
in the last column (25LS) of Table 5.4 .

The cases where the RMS percent errors are smaller for
the generalized Leontief model than for the I-0 modél are
marked by a single asterisk in the 2SLS column. In all, 67%
of the variables have a louer RMS percent error in the 2SLS
column relative to the I-0 column. In other words, the forecasts
of the generalized Leontief model outperform those of the I-0
model in 2 out of every 3 cases. As a further indication of
the difference between the two results, some summary statistics
are presented at the end of Table 5.4 . It is seen that the
mean RMS percent error of 2SLS is 20 while that of I-0 is 25.
Similarly, the standard deviétion of 25LS is smaller (24) than
that of I-0 (29). The median is given more as a descriptive
measure of each distribution rather than for comparative

purposes. It states, for example, that in 2S5LS, half the RMS

percent errors are less than or equal to 12.8%.

The measures given so far to compare the prediction
performance of both models could provide a -misleading picture.
This is because in comparing the two means, for example, there

is the implicit assumption that all variables are equally

important.' Yet, in actual fact, there is great disparity in
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the value of some variables., For instance, the value of RM11

in 1977 was £MB7.244 million while that of Rx6.7 was fm3

thousand. Obviously, a 5% error in the former has greater
significance for the model than the sams percentage error in
the latter. One way of allowing for this problem is to weight
the RMS percent errors of Table 5.4 by the value of the variable
to the total value of all variables predicted.* Since only

one year is predicted, this approach is equivalent to taking
the ratio of the sum of the absolute errors to the total actual
value of all variables.** As may be seen in Table 5.4 , this
percentage error for I-0 is 9,82 while that of 2SLS is 5.44 .
In other words, the error of I-0 is almost twice that of 2SLS.
Though this result is consistent with the previous measures
given in that the generalized Leontief 2SLS predictions are
superior to I-0, yet it suggests that the other measures give

a somewhat conservative estimate of the supériority of 2S5SLS

relative to I-0. The problem is, as mentioned above, that

*
Frenger (1978) also adopts a similar weighting scheme of the

prediction errors.

*
*This may be seen as follows; let -ERi, stand for the absolute

error of variable i and Ai for the actual value of variable i
Then,

( ER 4 /A1) I-\,I/ZAi + ( ER, /A2) AZ/ZAi + e

+ ((ER_ /A ) A /ZA, =2 ER, AA,

Note that the RMS for variable i is defined, in this case as;

ﬂf 2 _ ‘
RMS, = (ERi/Ai) = ER; /Ai
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there is considerable discrepency in the size of some variables.
Furthermore, the cases where the I-0 forecasts are superior
(33% of the total) appear to be concentrated on the smaller
variables. For example, the total value of these variables in
1977 was 18% of the total value of all variables given in
Table 5.4 . On the other hand, the 67% of the variables with
a lower RMS in 2SLS represented a combined value of 82% of the
total value of all variables. Thus, while the ratio of variables
with a lower RMS is 2 to 1, the ratio of the values is almaost
5 to 1, in favour of 2S5LS. Due to this problem, the absolute
percentage error: is judged to give a better indication of the
forecasting performance of both models though all the measures
given indicate that the forecasting ability of generalized
Leontief 25LS estimates is considerably superior to that of the
I-0 model.

It is of interest to enquire how ordinary least squares
(0LS) forecasts compare to both the I-0 and 25LS forecasts.
For this reason, the generalized Leontief model was re-estimated
for the period 1961-76, using 0OLS, and the model simulated so
as to provide ex-post forecasts for the year 1977. The RMS
percent errors are given in Table 5.4 , where a single asterisk
indicates a lower RMS than for I-0.

The summary results given at the end of Table 5.4 provide
sevepal interesting insights. First, 52% of the OLS RMS percent
errors are smaller than those of I-0. This indicates that

according to ‘this criterion, OLS does only marginally better
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than I-0. The mean RMS percent error also provides a similar
result, though the standard deviation suggests that the dis-
persion of the OLS RMS percent error is less than that of I-0.
However, the absolute percentage error is 22% louer than that
of I-0, indicating that the gain in forecasting ability is not
as marginal as might be inferred from the other three statistics.
Second, 2SLS is seen to be considerably superior to OLS
by all measurss. In particular, the RMS percent errors of 25LS
are lower than those of 0OLS in 73% of the variables,* while the
total absolute percentage error is 29% lower. This result is
of interest not only because it provides a small sample compar-
ison of the forecasting performance of 0OLS and 25LS, but also
because various relevant studies ignore the simultaneous
equation problem in estimation. Tilanus (1966), Parks (1971)
and Frenger (1978), all use OLS as an estimating technique.
The results of this study houwever, indicate that the forecasting
performance is improved by using 2SLS. - Indeed, the use of OLS
may be one reason why Tilanus (1966) finds that I-0 forecasts
better than his linear trends in the technical coefficient
model. (Another reason is, of course, the specification of
the input demand functions,) Similarly, in the case of Frenger
(1978), his "mixed" results in forecasting performance may be

due in part to the use of O0OLS.

These variables are indicated by a double asterisk next to
the 25LS celumn.
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Finally, the results in Table 5.4 indicate a further
problem with the results of Tilanus. In comparing the fore-
casting performance of I-0 with those of his linear trend
model, (as well as other models), Tilanus basis most of his
canclusions on a comparison of the median of various models,
However, the results in Table 5.4 show that the median of
both I-0 and 2SLS is almost the same (13%) while that of OLS
is higher than the I-0 median. These results suggest that
the median is a poor guide as a measure of forecasting per-
formance. Indeed, it is quite possible that a model has a
higher median prediction error while it still forecasts better
than anather model with a lower median. Since Tilanus does
not provide any other measures of forecasting performance
(except upper and louer quartiles), his conclusions are someuhat

suspect.

Conclusiaon

The first section of this chapter dealt with various data
constraints encountered in estimating the generalized I-0 macro
model using Maltese data. First, it was pointed out that the
lack of data on capital utilization implies that the model to
be estimated must be interpreted as a short-run model. Houever,
it was argued that the effect of this constraint is minimised
if it is assumed that firms have some reserve capacity available.

This assumptign, which appears to have been borne out by several
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empirical studies, implies that, under constant costs, the
specification of a perfectly elastic supply curve is still
tenable even in the short-run. The second data constraint en-
countered is related to the symmetry condition. Due to the
size of the model and the small sample available, the symmetry
condition could not be imposed in the estimation of the input
demand functions. Finally, a weighting scheme for the relative
price variables was suggested, thereby reducing to one the
number of relative price parameters to be estimated in each
input demand equation.

The second section of this chapter pfovided a brief
description of the data used in this study. The various sectors
were identified and the methods used to derive the price indices
discussed. Furthermore, it was pointed out that due to the
extreme openness of the Maltese economy, prices were assumed
to be exogenousely determined.

In the third section, the regression results were presented.
The finding that 56% of the input demand functions have a relative
price (times output) variable which is positive and significant
clearly indicates the importance of relative prices. Thus, in
general, the Leontief specification is rejected in favour of
the generalized Leontief form used in this study. Moreover,
all the estimated cost functions satisfy the monotonicity
condition, while 10 out of the 12 cost functions satisfy the
concavity condition. As pointed out, these results compare

favourably u{th other similar empirical studies.
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Finally, the third section provided a comparison of ex-
post forecasts for the year 1977, using the traditional I-0
model and the generalized Leontief specification, the latter
estimated by both OLS and 25LS., Comparing first 2SLS forecasts
with those of the I-0 model, it was found that 67% of the
variables had a lower RMS percent error in the 2SLS forecasts
relative to the I-0 forecasts. Furthermore, the mean RMS per-
cent error of 25LS was found to be 20% while that of I-0 was
25%. The standard deviation of 2SLS was also found to be
smaller (24) than that of I-0 (29). These measures indicate
that the forecasts of the generalized Leontief specification
using 2SLS are superior to those of I-0. However, due to the
considerable disparity in the size of some variables, these
measures could provide a sleading picture since they im-
plicitly assume that all variables are equally important.
Consequently, an alternative measure was suggested which
essentially takes the sum of the absolute errors to the total
actual value of all variables. This percentage error of I-0
forecasts was 9.82 while that of 2S5LS was 5.44 ., In other
words, on this criteria, the error of I-0 was found to be almost
tuice as large as that of 25LS. This result reinforces those
of the other measures and suggests that 25LS does considerably
better than I-0.

The comparison between the OLS forecasts and the other
tuwo forecasts (i.e., I-0 and 2SLS) provided several interesting

-

insights. First, while 52% of the OLS RMS percent errors were
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found to be smaller than those of I-0, the absolute percentage
error was 22% lower than that of I-0, indicating that the gain
in using OLS was not as marginal as might otherwise be inferred.
Second, the 25LS forecasts were also found to be considerably
superior to OLS: In 73% of the variables the RMS percent error
of 2SLS was lower than that of OLS while the absolute percentage
error was found to be 29% lower. These results are of interest
not only because they provide a small sample coﬁparisdn between
OLS and 2SLS, but also because several other relevant studies
use 0OLS as an estimating technigue. Finally, it was noted that
the median RMS percent error of 0OLS was higher than that of I-0,
despite the fact that the other measures indicate that OLS is
superior to I-0. This result is of interest because Tilanus
(1966) relies mainly on the median in reaching the conclusion
that forecasts from a time series of I-0 tables compare un-
favourably with those of the latest I-0 table. However, the
results in this study indicate that the median is a poor guide
to the forecasting performance of a model, suggesting that the
results by Tilanus provide inconclusive evidence.

The main emphésis of this chapter has been the testing of
the generalized Leontief I-0 macro model, both in terms of the
statistical significance of the results and in terms of the
forecasting performance of the model. However, very little has
been said about the practical implications of the model. The
object of the next chapter is to examine some of the policy
implications ‘of the model, with particular emphasis on the

multiplier properties.



CHAPTER VI

POLICY IMPLICATIONS

Introduction

The main purpose of this chapter is to examine same of
the properties and policy implications of the gensralized
Leontief I-0 macro model. UWith this aim in mind, the first
section presents the historical simulation of the model as a
whole, while the second section analyses some of the properties
of various multipliers implied by the model. 1In order to
examine both the initial and long-~run effects of changes in
exogenous variables, multipliers are calculated for the period
1973 tq 1977. Finally, the fourth section deals with some of

the policy implications of the various multipliers derived.

Ex-post Simulation

In the previous chapter, various ex-post forecasts were
presented. However, ex-post simulation for the whole period
and for the complete model was not presented. Consequently,
the results of the ex-post simulation for the period 1963 to

1977 are presented in Appendix C and summarised in Table 6.1 .

* 125
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TABLE 6.1

SUMMARY OF HISTORICAL SIMULATION

WRMS WRMS
Sector 1 - 11.036 Sector 6 7.225
Sector 2 7.743 Sector 7 12.936
Sector 3A 12.930 Sector 8 25.675
Sector 3B 10.538 Sector 9 5.190
Sector 4 9.555 Sector 10 7.617
Sector 5 7.588 Sector 11 11.167
Consumption (WRMS) 10.0874

Gross Profits (RMS) 11.7400
Employment (RMS) 1.9100
Disposable Income (RMS) 5,5000
Construction (RI7, RMS) 12.4700

In Appendix C, the RMS percent error of each endogenous
variable is given. Houever,'as was noted in the previous
chapter, there is considerable disparity in the size of these
variables, so that a clearer idea of the performance of the
model over the period may be obtained if the RMS percent errors
are weighted. The weighting scheme adopted was to multiply
each RMS percent error by the ratio of the value of each
variable to the total value of the inputs used by the sector

in the base year (1964). The resulting weighted RMS are
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denoted by WRMS and are summarised by,sector, in Table 6.1 .

A few points are worth noting about the results in
Table 6.1 . First the highest WRMS occurs in Sector 8. This
sector is the miscellaneous sector and hence acts as a residual
category. Thus, the result that Sector 8 has the worst WRMS
is perhaps, to be expected. Second, of the rest of the sectors,
5 have a WRMS less than 8% while 6 have a WRMS less than 13%.
These results are judged to be within "tolerable" limits.
Finally, Table 6.1 also gives the WRMS for consumption (10.08%)
and the RMS for various other aggregate variables used in the
model. Note that employment (or total wages and salaries
since the wage rate per sector is assumed exogenous) has the
louwest RMS (1.91%), while disposable income has an RMS of 5.5%.
The finding that these tuwo variables have a low RMS is important
since the multiplier analysis of the next section will concent-
rate mainly on employment and income multipliers. Thus, in
general, the results of Table 6.1 suggest that the historical
simulation of the generalized I-0 macro model gives satis-~

factory results.

Multiplier Analysis

Before deriving various multipliers, some modifications
of the model were considered necessary. The first modification
concerns the assumption that investment is determined exogen-
ously. Since the major part of the output of the construction

sector is cléssified as investment, the assumption of the
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exogeneity of investment is particularly damaging in this case:
it virtually rules out any interactions between the construction
sector and the rest of the economy, thereby causing all the
multipliers to be underestimated. In order to avoid this
problem, the following simple investment function for the

construction sector was estimated:

RI7 = 4.671 + 0.079 RYD + 22.581 D10 - 19.323 PIX7/PH (6.1)
(0.120) (5.879) (5.769) (-1.432)

ﬁz = 0.88 , F = 36.96 , SSR = 659.77 , DW = 2.18
where RI7 = Investment in construction

RYD = Real disposable income

D10 = 1 for 1967-72 , zero otherwise

PIX7 = Price index for construction

PH = Housing price index from the Index of Retail Prices.

The formulation of (6.1) is similar to that used by Evans
and Klein in the Wharton Econometric Forecasting model (1968)
except that they include the difference between the long-term
and short-term interest rates as a.variable in the equatian.
In the case of Malta, however, this variable has remained
practically unchanged over the period of estimation so that it
was not included in the equation. In 1967 Malta experienced

a building boom resulting mainly from foreigners' demand for

. *
property. The effect of this building boom appears to have

*
See for example, The Annual Report of the Central Bank of
Malta, 1969.
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fizzled out by 1972, largely as a result of various restrictions
imposed by the government on the acquisition of property by
foreigners. To reflect this autonomous increase in demand for
the construction sector's output, a dummy variable has been
included in equation (6.1).

The second modification of the model prior to the estim-
ation of the multipliers concerns sector 9, which comprises
mainly public-administration, public health and educational
services, etc. Since this sector relates mainly to government,
it was assumed to be exogenously determined in the estimation
of the multipliers. Thus, to the extent thét government
responds to an increase in economic activity by providing more
services, the multipliers estimated in this section will
underestimate the actual multipliers.

The procedure used to estimate the various multipliers
presented in this section was as follouws. First, the model was
simulated for the period 1973 to 1977 using historical data
for all exogenous variables.* This provided what may be called
a "controlled" solution for the endogenous variables. Second,
an exogenous variable (mainly exports by sector), was increased
by 1 unit and the model re-simulated for the same period.

This provided a "shocked" solution for the endogenous variables.

All simulations in this study are dynamic in the sense that
simulated (rather than actual) values for endogenous variables
in a given period are used as inputs when the model is solved
in future periods.
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Finally, the multipliers were obtained simply by taking the
difference between the shocked and controlled solutions.

Tables 6.2, 6.3 and 6.4 givé employment, import and income
multipliers with respect to exports by sector. The upper half
of Table 6.2 gives the employment by ssctor multipliers.*
fFor example, the row L1 gives the increase in employment by
sector 1 due to an increase in exports of sector 1 by 1 unit.
Similarly, the row L2 gives the increase in employment by
sector 2 due to an increase in exports of sector 2 by 1 unit.
The lower half of Table 6.2 gives the total increase in employ-
ment as a result of an increase in exports bF a sector. Thus,
the row RE1 gives the total increase in employment due to a
sustained increase in exports of sector 1. Table 6.3 gives
the import multipliers and is divided in the same way as
Table 6.2 . That is, the upper half gives the import multi-
pliers'by sector with respect to exports by sector, while the
lower half gives the total import multipliers with respect to
exports by sector. Finally, Table 6.4 gives the income multi-
pliers with respect to exports by sector.

As already noted in chapter IV, multipliers calculated
from a nonlinear model will be slightly different for every

time period. This makes it difficult to distinguish precisely

The employment multipliers given in Table 6.2 are with respect
to a & M100,000 real increase (i.e., in constant pounds) in

exports.
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TABLE 6.2

EMPLOYMENT MULTIPLIERS

Employment by Sector

1973 1974 1975 1976 1977
L1 4.78 5.00 4.57 4.28 4.09
L2 4.55 4.55 4,55 4.54 4.52
L 3A 27.50 27.58 27.65 27.78 27.81
L3B 73.63 130.33 109.55 88.70 74.56
L4 18.05 17.23 8.86 5.90 8.01
LS 68.08 84.76 73.04 - 65.53 55.04
L6 14.77 15.12 9.32 7.71 11.50
L7 134.46 149.23 144.03 134.45 101.25
L8 50.06 50.41 50.70 51.17 51.64
L11 5.21 5.82 6.40 7.19 7.90

Total Employment

1973 1974 1975 1976 1977
RE1 22.25 28.69 29.50 27.69 28.37
RE2 24.31 33.37 37.94 42 .87 40.06
RE3A 36.62 40.19 42.19 47.19 43.62
RE3B 85.87 148.69 129.25 107.56 92.94
RE4 36.62 43.56 32.56 32.19 31.62
RES 79 .31 100.31 88.62 81.56 69.00
RE6 26.81 34,06 29.75 28.19 28.37
RE?7 143.69 160.63 154.44 144.87 112.25
RES 63.56 73.62 79.87 89.81 94.00

RE11 19.69 24,75 25,06 25.75 23.37
.
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TABLE 6.3

IMPORT MULTIPLIERS

Imports by Sector

1973 1974 1975 1976 1977

RM1 0.056 0.047 0.049 0.060 0.049
RM2 0.287 0.225 0.228 0.228 0.212
RM3A 0.600 0.601 0.602 0.605 0.606
RM3B 0.360 0.338 0.341 0.346 0.349
RM4 0.255 0.260 0.261 0.263 0.264
RMS 0.302 0.294 0.297 0.299 0.303
RM6 0.137 0.123 0.149 0.155 0.136
RM7 0.205 0.194 0.195 0.201 0.221
RM8 0.353 0.308 0.324 0.344 0.351
RM11 0.048 0.019 0.065 0.095 0.133

Total Imports
1973 1974 1975 1976 1977

RE1 0.166 0.217 0.259 0.300 0.309
RE2 0.427 0.395 0.518 0.578 0.602
RE3A 0.650 0.681 0.712 0.755 0.766
RE3B 0.430 0.468 0.501 0.516 0.503
RE4 0.375 0.450 0.471 0.503 0.514
RES 0.372 0.404 0.427 0.439 0.443
REG 0.217 0.263 0.329 0.345 0.326
RE7 0.285 0.304 0.325 0.351 0.381
RESB 0.423 0.458 0.544 0.664 0.781
RE11 0.148 0.169 0.235 0.295 0.333
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TABLE 6.4

INCOME MULTIPLIERS

1973 1974 1975 1976 1977
RE1 1.54 1.79 1.95 2.16 2.30
RE2 1.99 2.36 2.73 3.27 3.45
RE3A 0.69 0.86 1.06 1.58 1.41
RE3B 1.02 1.35 1.49 1.47 1.62
RE4 1.65 2,03 1.81 2.14 2.16
RES 0.91 1.12 1.16 1.27 1.23
RE6 1.13 1.52 1.65 0 1.73 1.64
RE7 1.14 1.13 1.19 1.38 1.36
RESB 1.04 1.68 2.24 3.24 4,18
RE11 1.33 1.53 1.60 1.74 1.74

when most of the effect of an increase in an exogenous variable

has worked its way through the system. However, for all

practical purposes, the multipliers given for 1977 may be

regarded as a close approximation to the long run multipliers.
In the case of the income multipliers in Table 6.4, it

will be noticed that all the impact multipliers (i.e., those

Consider, for example, the income multipliers given in Table
6.4 . In five cases (i.e., RE3A, RES, RE6, RE?7 and RE11)

the multipliers in 1977 either decline slightly or remain
unchanged from those in 1976. In all the other cases, except
RE3B, the rate of change of the multipliers declines betueen
1975-76 and 1976-77. These results suggest that by the fifth
year, most of the effect of a sustained increase in an exo-
genous vartfable has already worked its way through the model.



134

for 1973) are smaller than the long-run multipliers. Similarly
for total imports (Table 6.3), the impact multiplisrs are
smaller than the long-run multipliers. In the case of total
employment (Table 6.2) however, the impact multipliers for

RE4, RE5 and RE7 are larger than the long-run multipliers.

This result is somewhat unexpected since one would normally
expect the long-run multipliers to be larger than the impact
multipliers as the former capture the effect of the increase

in the exogenous variable in the previous periods. Examining
the upper half of Table 6.3 reveals that the same characteristic
is present in the employment by sector multipliers. To examine
this issue more closely, Table 6.5 gives the ratio of employ-

ment to real output for sectors 4, 5, 7 in the period 1973-77.
TABLE 6.5

*
RATIO OF EMPLOYMENT TO REAL OUTPUT

Sector 7 Sector 5 Sector 4
1973 0.830 0.697 0.952
1974 0.851 0.840 0.956
1975 0.624 0.729 0.667
1976 0.564 0.585 0.558
1977 0.438 0.467 0.511

Real output is in thousands of constant Malta pounds while
employment, is in number of employees.
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As may be seen from Table 6.5, one common characteristic
of these three sectors is that the ratio of employment to real
output declined during the pericd. This implies an increase
in the productivity per worker and, furthermore, provides an
explanation for the result that the long-run multipliers are
smaller than the impact multipliers. That is, since product-
ivity per worker increased from 1973 to 1977, one would expect
that an increase in output, by say 1 unit, would have a larger
effect on employment in 1973 than in 1977, precisely the result
given in Table 6.2 for these three sectors.

Two points are worth noting about theée findings. First,
as noted by Evans (1968, p. 559), one criticism of multiplier
analysis is that the multipliers reflect more the properties
of the model than the actual conditions in the real world.

" These results, however, strongly suggest otherwise. Indeed, it
appears that the model gives guite a faithful representation

of réality. Second, the benefits of the nonlinear specificatiaon
of the input demand functions used are clearly indicated in

this case. Had the traditional I-0 model been used, it would
have completely missed the decline in the multipliers since

it would assume that the multipliers are constant throughout

the period.

One final point to note about the employment multipliers
given in Table 6.2 is that in several cases they imply a
considerable spillover effect from one sector to the rest of

the economy. For example, consider the effect of a £M100,000
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increase in the exports of sector 2 (i.e., the Food, Beverages
and Tobacco sector). The results of Table 6.2 indicate that
while the total increase (both direct and indirect) in employ-
ment of sector 2 would be 4.52 in 1977, the increase in total
employment would be 40.06 or almost nine times as much. This
result is important because it has often been argued that
because the I-0 table of the Maltese economy has several blank
cells, and because the Maltese economy is very open, importing
a large quantity of its inputs, the interconnections in the
economy are somewhat weak. However, the results in Table 6.2
indicate otherwise and suggest that an analysis of the various
interconnections is, indeed, fruitful.

Before proceeding to an analysis of some of the policy
implications of the multipliers derived in this study, tuwo
qualifications are necessary. Ffirst, it will be recalled from
the previous chapter that the model assumes that the various
sectors have some reserve capacity available. This is an
important assumption which must be borne in mind in considering
the policy implications of the multipliers. For example, in the
preceding case of an increase in exports of sector 2 by £ M100,000,
the resulting increase in employment depends on the presence of
reserve capacity. Whether in fact the required reserve capacity
is available is a question which this model cannot answer due

*
to lack of capital data. Thus any application of this model

*
It should_ﬁé noted however, that had the I-0 model been used,
the same problem would arise.
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must be supplemented by an analysis of the capital utilization
of the sectors. This would identify which sectors require
further investment and thus allow policy makers to avoid
creating bottlenecks.*

Second, implicit in the derivation of the multipliers is
the assumption that the foreign exchange rate remains fixed at
its historical level. That is, the model assumes there is no
link between, for example, an increase in tourism representing
a net inflow of foreign currency and the exchange rate.** This
assumption is bound to be unrealistic in any application of the
model, so that this model should be compleménted by a study on
the determination of the exchange rate as well as the effect
that a change in the exchange rate has on the economy. In
particular, not only will the price of imports be affected due
to changes in the exchange rate, but also the price of exports.
This suggests that a further extension of the model would be
required, namely the setting up of export demand functions with
the relative price of exports to the uo;ld price as one of

the arguments.

In the case where further investment is required, the multi-
pliers derived in this chapter are likely to be underestimates
of the actual multipliers.

**It should be noted that the Central Bank of Malta started

operations only in 1968, while up to 1971, the Malta pound was
pegged to sterling. Thus, up to 1971, the assumption that the
exchange rate is determined exogenously appears to be a reason-
able assumption. After 1971, it would appear that Malta has

had mainly*a fixed exchange rate regime, as evidenced by the
consistent surplus in the Balance of Payments (see below p. 144).
Though this factor suggests that the assumption of the exogeneity

of the exchange rate may also be reasonable after 1971,/Such
cont,
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Policy Implicatians

Import Multipliers

One of the most significant results of this study from a
policy standpoint, concerns the import multipliers presented in
the previous section. Metwally (1977, p. 141) in his study
estimates the import multiplier with respect to exports as
1.714 and the import multiplier with respect to tourism as
1.053 . Metwally's derivation of the multipliers for exports
and tourism has already been criticised in chapter II. However,
abstracting from these criticisms for the present, the important
point to note is that both these multipliers are greater than
one. This implies that an increase in either exports or
tourism by say:£M1GG will result in an increase in imports by
more than af£ M100. Such a situation is highly disturbing.

It suggests that the Maltese economy is unstable, with any
increase in exports or tourism resulting eventually in the
depletion of foreign reserves.

.Fortunately, however, this study finds no support of
such instability. The total import multipliers in Table 6.3
indicate that all of the total import multipliers with respect

*
to exports are less than one. Thus an increase in the exports

a line of argument would ignore the fact that the government
does react to changes in both internal and external conditions
in setting the exchange rate.,

It should pe noted that the model used to derive the multipliers
in Table 6.3 assumes that the imports of capital goods are
exogenous. Since this might lead to a possible underestimation

of the import multipliers, the imports of capital goods/uere
cont,
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of any sector will not result in the kind of dilemma that
Metwally's study suggests. Indeed, there will always be some
net gain to the Balance of Payments, both in the short-run

and in the long-run, whenever exports are increased.

Conflicting Goals

The multipliers presented in Tables 6.2, 6.3 and 6.4
provide an important aid to policy analysis and formulation.
For examplé, an important role of government in Malta is the
negotiation of various trade agreements with the E.E.C., Malta's
main trading partner. This implies that thé government can
influence considerably the expansion of various sectors and
hence reguires knowledge of the effects that such changes have
on the economy.

In order to examine more closely the policy implications

of the multipliers, Table 6.6 reproduces the long-run multi-

" regressed on the gross output of all sectors, and the model

re-simulated. A selective checking of the resulting total
import multipliers indicated that most of the multipliers

increased by less than 0.1 . The only exception found was in
the case of REB which did approach one. However, this sector
is the miscellaneous sector and hence relatively small.

Hence, even if the imports of capital goods are endogenised,
the import multipliers are still less than one. Furthermore,
it should be noted that these alternative estimates are
probably overestimates of the total import multipliers since
the government is the largest contributor to gross fixed
capital formation. (For example in 1976. gross capital
formation by government stood at 57% of total gross capital
formation.) Thus a considerable portion of imports of capital
goods is probably exogenously determined and hence not related
to increases in exports oftthe various sectors.
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TABLE 6.6

SELECTED LONG-RUN MULTIPLIERS

Sectors RX1i REi Y RMi TOM TOL
10,753 897 2.30 0.049 0.309 28,37
2 17,725 3,834 3.45 0.212 0.602 40.06
3A 19,091 17,848 1.45 0.606 0.766 43.62 -
38 1,688 1,158 1.62 0.349 0.503 92.96
4 11,451 7,257 2.16 0.264 0.514 31.62
5 2,365 154 1.23 0.303 0.443 69.00
6 11,946 5,639 1.64 0.136 0.326 28.37
7 7,990 201 1.36 0.2217 0.381 112.25
8 1,245 788 4.18 0.351 0.781 94.00
11 99,803 51,593 1.74 0.133 0.333 23.37

pliers of income (Y), import by sector (RMi), total imports (TOM)
and total employment (TOL). Also given in Table 6.6 are the
real level of output (RXi) and real exports (REi) by sector
in 1977. The purpose of the RXi column is to indicate the
relative size of the sectors. 1In particular note that sectors
38, 5 and 8 are much smaller than the other sectors. The
purpose of the REi column is to identify the relative importance
of the domestic and export markets for each sector.

It should be noted that due to the structure of the model,
the multipliers with respect to exports are the same as those

with respect to government expenditure, so that these multipliers
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also provide an indication of the effect of changes in govern-
ment expenditure on goods and services. In some cases, houwever,
the link between these export multipliers and the government
policy instruments may be indirect. An example might help to
clarify this point, as well as indicate how this model should
be complemented by other studies in actual policy analysis.
Consider the case where the government decides to stimul-
ate tourism. This may be done by increasing advertising
expenditure abroad so as to attract more tourists to Malta.
Thus in this kind of policy change, the results in this study must
first be complemented by a study on houw advértising expenditure
by government affects the "export" of tourism (part of E11).
Second, once an estimate of this value is obtained, the effect
on the rest of the economy may be obtained through the various
multipliersiderived in this chapter. However, as noted above,
the model assumes the presence of reserve capacity by the various
sectors so that the government would have to supplement further
this study by an analysis of capital utilization, as for example,
the occupancy rate of hotels, holiday apartments, etc. Should
a shortage in these variables be envisaged, then the government
would have to complement an increased advertising expenditure
by a policy of encouraging the building of hotels and holiday
apartments. Such an increase in investment would imply some
further changes in employment, income and imports so that

the model would have to be re-simulated, allowing for this

-
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increase in investment as well as the estimated increase in E11.

One further point to note is that the model estimated in this
study also assumes that relative prices, as well as the exchange
rate, are determined exogenously. However, this is bound to be
only an empirical approximation so that the effect on these
variablesvdue to changes in policy or exogenous variables should
alsé be examined. If, for example, the postulated expansion of
tourism requires a considerable increase in hotel construction,
then it is likely that the price of the construction sector
(PIx7) may be affected upwards, so that thig change would also
have to be incorporated in the model.

Two salient features of Table 6.6 are worth noting. First,
a higher income multiplier does not necessarily imply a higher
employment multiplier. For example, comparing sector 3A
(Textiles and Wearing Apparel) with sector 11 (Services, i.e.,
Tourisﬁ, Shiprepairing, etc.) shows that while the income
multiplier of the latter is larger, the employment multiplier
of sector 3A is almost tuwice the size of that of sector 11.
This finding is important since in more aggregate models a
higher income multiplier is often implicitly assumed synonymous
with higher employment multipliers. Thus, taking decisions on
the basis of income multipliers could prove misleading if the
primary concern of government is employment.

Second, Metwally (1977) recommends that tourism (part of

sector 11) should be encouraged relative to exports of goods
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because the former has a lower import multiplier than the latter.
Tuo points are worth noting about this view. First, lumping
together all exports could provide a misleading picture since
there are sectors which have a louwer import multiplier (sector 6)
than sector 11. Second, and more importantly, Table 6.6 reveals
that the import and employment multipliers tend to be positively
correlated. That is, sectors with low import multipliers tend
ta have low employment multipliers, while sectors with high
employment multipliers tend to have high import multipliers.*
For example, sector 3A has an import multiplier twice as large
as that of sector 11. However, the employment multiplier of
sector 3A is also twice as large. Thus, policy makers are
faced with a trade-off. That is, encouraging the expansion of
those sectors with a low import multiplier but which also have
a low employment multiplier against encouraging sectors with
high import and employment multipliers.

It should be noted that the import multipliers with respect
to exports derived in this study indicate that there will aluays
be some net gain to foreign reserves. Thus the question of
whether to encourage sectors with low or high import multi-

pliers with respect to exports, concerns the rate of increase

of foreign reserves.

A notable exception is sector 7 which has the highest employ -
ment multiplier ‘and an import multiplier of 0.381. However,
sector 7 is the construction sector so that the export market
is of minoy importance.
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In order to examine this issue more closely, Table 6.7
gives Malta's external reserves as well as the change and
percentage change of these reserves for the period 1973 to 1977.
As may be seen from Table 6.7, the yearly increase of the
foreign reserves has been quite considerable, averaging 19.33%
over the period. Though this rate of increase is impressive,
yet it gives an incomplete picture. Appendix D provides a
comparison of Malta's reserves with those of 43 other countries.
As shown in Appendix D, Malta's reserves in 1978 amounted to
U.5.$942 million. For a country of Malta's size, this figure
represents a massive level of reserves. For example, relative
to Iceland, a country of similar size, Malta's reserves were
7 times higher in 1978. An even better comparison of Malta's
reserves with those of other countries is provided by the ratio
of reserves to imports or alternatively by the number of weeks

supply of imports that the reserves can maintain. Appendix D

TABLE 6.7

FOREIGN RESERVES

1973 1974 1975 1876 1977
Total External
Reserves| 160.21 178.01 228.71 286.60 318.35
Change1 27.46 17 .80 50,70 57.84 31.756
% Change 20.69 11.11 28.48 25.31 11.08

In millions of Malta pounds.
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shous that Malta had the equivalent of 85 weeks supply of imports,
the highest of the 43 countries considered. Even the oil export-
ing countries hold a much smaller ratio, the equivalent of 30
weeks supply of imports. |

It is not clear why Malta should depart so drastically
from other countries in its ratio of reserves to imports. One
incentive for holding a high level of reserves is that the
interest payments on these foreign reserves constitute an
important source of revenue for the government. However, in
1978 the rate of return averaged only 4.25% . Since this figure
is below the rate of inflation of the major currencies in 1978,
a net loss in the real value of the reserves occured in that
year.

Tuo points are worth noting about the performance of
Malta's external reserves during the period 1973-77. First,
the fact that these reserves have been increasing at an average
rate 0F119.9% lends support to one major result of this study,
namely that the import multipliers with respect to exports are
less than one. If Metwally's results are correct,namely that
the import multipliers with respect to exports and tourism are
greater than one, then one would not expect such a rate of
increase in the foreign reserves, especially since in this
period there was a considerable expansion in exports of goods

*
and tourism.

*
For exampley real exports of sector 3A, which has an import

multiplier of 0.76, almost doubled between 1973 and 1977,
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Second, the choice between sectors with low import
multipliers and those with high import multipliers is not as
crucial as is conventionally assumed. Since all the import
multipliers with respect to exports are less than one, the
choice between these two types of sectors involves different
rates of addition to reserves. However, an examination of the
rate of increase in reserves and the stock of reserves already
amassed, suggests that the implication of different fates of
addition to reserves is not, at present, a crucial issue.

Turning now to the employment question, Table 6.8 gives
the percentage rate of officially unemployed as well as employ~
ment in the Emergency Labour Corps. The latter was introduced
in 1972 as an emergency measure, in order to provide temporary
employment. The kind of work done by the Labour Corps involves

mainly public works, such as the resurfacing of roads, extension
TABLE 6.8

UNEMPLOYMENT RATES

1973 1974 1975 1976 1977

Labour Corps 4,01 3.35 6.93 6.04 5.43

Officially Unemployed 4,45 6.10 4,34 4,29 4,30

Total 8.46 9.45 11.27 10.33 9.73

L All figures are in percentage rates of the total labour force.
L]
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of a runway at the airport, etc. The Labour Corps was envisaged
as a temporary solution to the unemployment problem, with the
object of eventually weaning them out as more productive jobs
become available. For example, in the Supplement to the Develop-
ment Plan for Malta 1973-1980, the plan projection was to reduce
their number to 2,090 by 1976. However, the actual employment
by the Labour Corps in 1976 was 7,876, indicating that the
economy had not provided the required productive jobs by that
time. Thus, in order to get a more accurate measure of the
excess supply of labour one must also include the Labour Corps
to the officially unemployed, though in actual fact the former
were employed.

Table 6.8 shows that over the period 1973 to 1977, the
average of the total of unemployed and Labour Corps was 9.85%.
In other words, if the Labour Corps had not been introduced
the average rate of unemployment would have been at least 9.85%.
By most standards, this rate of unemployment represents a grave
problem, usually identified with periods of recession in
industrialized countries.

Consequently, in answer to the question of whether to
encourage sectors with relatively lou import and employment

multipliers or sectors with relatively high import and employment

If the rate of unemployment benefits was lower than the
wage rate of the Labour Corps, then the average rate of un-
employment would have been higher as aggregate income would
have been lower.
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multipliers (with respect to exports), the implication from the
previous considerations is clear. Employment is the more
important factor to take into consideration in encouraging
the development of the various sectors of the economy. This
policy recommendation contrasts quite sharply with that of
Metwally (1977) who suggests that sectors with a low import

multiplier- should be encouraged.

Fiscal Policy.

The discussion so far has centred on one role of govern-
ment,namely that of influencing the expansion of various
sectors through trade agreements. However, the government can
affect the economy in other more direct ways,as for example
through its fiscal policy. In view of the unemployment problem
in Malta it is relevant to examine some of the implications an
fiscal policy of the multipliers derived.

An important tool of the government is, of course, its
budgetary policy. An examination of government revenue and
expenditure over the five years under consideration reveals
that the budget was,on average, in surplus by £M3.5 million.*

This finding is somewhat surprising since one would not expect

that the budget was in surplus by such an amount during a period

when the government had to create temporary jobs.

Source, Central Bank of Malta Quarterly Review, June 1979,
p. 47. .
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Since the average surplus of the budget uwas £nm3.5 million,
it is interesting to enquire what would have been the effect
of an increase in government expenditure by £ M3.5 million per
year for the period 1973-77. Table 6.9 gives the long-run
effect (i.e., for 1977) assuming that the increase in government

expenditure occured in the construction sector. First,note

TABLE 6.9

CHANGES IN VARIABLES

1 1

TOL TOM v

TAXY X7

1977 2403 2397 4983 538 4402

In thousands of Malta pounds at 1977 prices.

that employment (TOL) would have increased by 2403 in 1977.
This rebresents a substantial gain in employment, equivalent
to half of the officially unemployed for that year. Second,
total imports (TOM) would have been increased by £ M2.4 million,
This implies that the foreign reserves would have increased by
§M29.35 million rather than the actual increase of & M31.75 .
Finally, note that due to the increase in income of & M4.98
million, revenue from taxation would also have been higher by
£M0.538 million, so that the budget at the end of the period
would still have been in surplus, but by a much smaller margin.
A secoqd important instrument of government is its

taxation policy. The following income tax function was
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estimated for Malta, using 2SLS.

TAXY = -1103.69 + 0.04778YP + 0.05971(02)(Yp) (6.2)
(-1.20) (3.57) (6.63)
R? = 0.98 , F = 460 , DU = 1.83 , SSR = 11690000
where TAXY = Personal income tax plus National Insurance

contributions in thousands of pounds
YP = Personal income in thousands of pounds
D, = 0 for 1962-72

1 for 1973-77

The tax system in Malta was overhauled in 1973, mainly
through the introduction of a pay-as-you-earn system. Con-
sequently, a dummy variable was introduced to capture any
resulting change in the marginal tax rate.

Two points are worth noting about the estimated tax
function. First, the marginal tax rate for the period 1962 to
1972 (i.e., 0.04778) is the same as that estimated by Waldorf
(1969) for the period 1954 to 1966. Second, for the period
1973 to 1877, the effect of the overhaul in the tax system is
seen to have more than doubled the marginal tax rate. Thus,
the marginal tax rate for this period was approximately 11
percent,

Table 6.10 gives the changes in total employment (TOL),
real income (RY), real total imports (TOM) and tax revenue (TAXY)
due to changes in tax parameters. The upper half of Table 6.10

gives the chenges due to decreasing by half the increase in the

Equation (6.2) was also estimated including a dummy variable
cont./
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TABLE 6.10

CHANGES IN SELECTED VARIABLES

Decrease in the Marginal Tax Rate

1

1973 1974 1975 1976 1977
ToL 43% .37 661.56 710.19 853.69 844 .81
RY 9.57 17.16 22.37 31.38 39.20
TOM 4.24 6.72 8.86 11.89 14.77
TAXY -3192.20 -4.026.49 -4169.80 -5159.19 -6189.63

Shift in Tax Function?

1973 1974 1975 1976 1977
TOL 520.87 645 .81 661.00 682.75 602.00
RY 11.50 17.62 21.79 27.44 29.55
TOM 4.30 6.81 8.43 9.94 10.93
TAXY -3839.77 ~3726.88 -3646.36 -3543.63 -3456.53

1

. The increase in the marginal tax rate for the period 1973-77
was halved to 0,02985,

2 The intercept of the tax function was decreased by £M4 million.

to allow for an intercept shift during the period 1973-77.
However, the t-value of this variable was insignificant so that
the overhawl of the tax system does not appear to have affected
the intercept of the tax function.
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marginal tax rate during the period 1973-77. Since the govern-
ment budget was in surplus during this period, the average
deficit from this policy would have been f£m1.05 million, while
employment would have increased by 845 .

The second example given in Table 6.10 is for a downward
shift in the tax function by £ M4 million. This policy would
have resulted in an average decline of £M3.6 million in tax
revenue, thereby wiping out the surplus on the government budget.
It is interesting to note that the increase in employment by
1977 (i.e., 602) is substantially less than what would have
been the increase in employment due to an increase in expenditure
in construction by £ M3.5 million (i.e., 2403 in Table 6.9).
This indicates that the employment multiplier for an increase
in government expenditure in construction is much larger than
that for a decrease in taxes. This result agrees with theor-
etical -expectations that the balanced budget multiplier is
greater than zero, and suggests that there is considerable scope

for fiscal policy in Malta.

Conclusion

The main purpose of this chapter was to examine some of
the properties and policy implications of the generalized
Leontief I-0 macro model.

The first section presented historical simulation results
for the complete model. 1In general, these results indicate
that the model does give a satisfactory performance over the

period 1963-77.
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The second section presented employment income and
import multipliers with respect to exports by sector for the
period 1973-77. 1In the case of import and income multipliers,
it was found that all the long-run multipliers are larger than
the impact multipliers. However, in the case of employment
multipliers, three sectors were found to have an impact multi-
plier larger than the long-run multiplier. Further examination
of these three sectors revealed that the ratio of employment. to.
real bﬁtput.declined during the period 1973-77. This was seen to
imply larger employment multipliers for 1973 than for 1977,
thereby providing an explanation for the smaller long-run
multiplier relative to the impact multiplier (i.e., for 1973).
Two implications were drawn from this result. First, the fact
that the model captures this negative trend in employment was
interpreted as an indication that the model does give a faith-
ful reﬁresentation of the real world. Second, these results
clearly indicate the superiority of the non-linear specification
used relative to the I-0 model. The latter would have completely
missed the decline in the employment multipliers since it would
have assumed that the multipliers remain constant throughout
the period.

Finally, it was noted in this section that in several
cases, the employment multipliers imply a considerable spill—
over affect from one sector to the rest of the economy. This
suggests that an analysis of the various interconnections of

the Maltese economy is, indeed, fruitful.
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The third section dealt with some policy implications
of the multipliers. These may be summarised as follows. First,
all the import multipliers with respect to exports were found
to be less than one. This result contrasts quite sharply with
that of Metwally who found that the import multipliers with
respect to exports and tourism were greater than one. Second,
it was observed that if a sector has a higher income multiplier
relative to another sector, it does not necessarily imply that
the employment multiplier is also higher. This result is
important since if employment is of primary4interest to govern-
ment, taking decisions on the basis of income multipliers
could prove misleading. Third, while Metwally recommends that
sectors with a lower import multiplier should be encouraged,
this study found that impoft and employment multipliers tend
to be positively correlated. This suggests that policy makers
are Faéed with a conflict of goals; that is, encouraging sectors
with low import multipliers but which also have low employment
multipliers against encouraging sectors with high employment
and import multipliers.

In order to examine this issue more closely, an assessment
of Malta's foreign reserves and unemployment rates over the
period 1973-77, was presented. While Malta's reserves increased
at an average rate of 19.33%, reaching by 1978 the highest ratio
of reserves to imports relative to 43 other countries, the
average excess supply of labour over the period was 9.85% .

These findings suggest that employment is the more important



155
factor to take into consideration in encouraging the development
of the various sectors. Differences in the net gain of reserves
does not appear to be a crucial problem. Indeed, as was noted,
a net loss in the real value of the foreign reserves resulted in
1978, raising serious questions on the management of the huge
level of reserves already amassed.

Finally, the multipliers were used toanalyse the effect
of some changes in fiscal policy. It was noted that during the
period 1973-77, the government's budget was, on average, in
surplus by £M3.5 million. Thus, the first policy experiment
conducted was to examine the effect of a Suétained increase
in government expenditure in the construction sector by £M3.5
million., The results indicated that by 1977, employment would
have increased by 2402, which is equivalent to more than half
the officially unemployed for that year, while the budget
would still have been in surplus by £M0.54 million. The effect
of changes in tax parameters were also analysed, the most

important result being that, as theory suggests, the effect
of an increase in government expenditure is larger than that
of a cut in taxes.

This chapter has considered only some of the policy
imélications of the generalized I-0 macro model. As will be
indicated in the concluding chapter, the model may be extended
and used to analyse many other important issues., However, the
policy implications drawn in this chapter are judged to be of
sQFFicient i%portance to indicate the usefulness of the model

in assessing policy implications.



CHAPTER VII

CONCLUSION

The main object of this study was to construct a macro

model of the Maltese economy, integrating both I-0 and Keynesian
final demand models. One special characteristic of the Maltese
case is the availability of 17 annual I-0 tables (1961-77).

This feature has made possible a study which is of interest

not only as a case study of Malta, but also from a wider per-
spective. The main results of the various chapters may be
summarised as follous.

Chapter II provided a critical assessment of Metwally's
(1977) study of the Maltese economy. Various specification
problems with Metwally's model were identified, the most sig-
nificant being his derivation of multipliers for exports‘and
tourism. It was pointed out that his derivation of different
multipliers for these two variables is inconsistent with the
specification of his model, unless one assumes that the E
variable in the investment function refers only to the export
of goods. That this assumption is in fact made by Metwally,
was confirmed by re-estimating his investment function. However,

though this provides an explanation of Metwally's results, the

.
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justification of this assumption, as was noted, is highly
dubious. Thus, Metwally's main policy recommendation that
Malta should concentrate on the tourism sector rather than ths
export sector is seriously in question.

Another significant problem with Metwally's rssults was
seen to be his finding that the import multipliers with respect
to exports and tourism are greater than one. This suggests
an element of instability which, if it correctly portrays the
actual structure of the Maltese economy, has considerable policy
implications. These types of problems in Metwally's model
clearly indicate the need of an alternative model of the Maltese
ecaonomy, capable of addressing such questions,

The third chapter considered mainly Tilanus' (1966) study
on a time series of 1I-0 tables for the Netherlands. Tilanus
comes to the rather surprising conclusion that a time series
of I-0 .tables is of little use. Since this conclusion runs
counter to the main theme of this study, and since Tilanus'
results appear to have been quite influential in discouraging
attempté to collect I-0 tables annually, his study was examined
at some length.

It was found that Tilanus' study suffers from various
estimation problems which may have contributed to his negative
results. However, the main criticism of Tilanus' study is that
he adhered too rigidly to the traditional assumptions of the I-0
model. The only use he makes of the time series of I-0 tables

is to estimate linear trends for the technical coefficients.
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As was pointed out, however, the availability of a time-series
of I-0 tables allows the relaxation of some of the traditional
assumptions, as for example, the assumption that inputs are
demanded in fixed proportions to output. Consequently, Tilanus
underutilised the information contained in a time-series of
I-0 tables, so that the issue of the usefulness of a time-series
of I-0 tables is still an open question.

The issue of relaxing some of the traditional assumptions
in the I-0 model was examined more closely in Chapter IV. The
Leontief production function was substituted by the generalized
Leontief cost function, and cost-minimizing input demand
functions derived. These derived input demand functions were
seen to allow for factor substitution, and in addition reduce
to the Leontief specification for the case of no factor sub-
stitution. Thus, this extension of the I-0 model provides a
generalization of the traditional I-0 model, and furthermore,
represents the supply side of the economy. The demand side of
the economy was captured by setting up sectoral caonsumption
functions. Ffinally, this chapter also provided a comparison
between the approach suggested in this study and the conventional
approach of linking I-0 with final demand models.

Chapter V presented the regression results from estimating
the complete model identified as the generalized I-0 macro
model. In all, the model has 122 egquations and was estimated
for the period 1962-77. The estimation technique used is 2S5SLS

with principal components in the first stage and correcting
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for autocorrelation. The finding that 56% of the input demand
functions have a relative price (times output) variable which
is positive and significant clearly indicates the importance
of relative prices. Thus, in general, the Leontief specification
is rejected in favour of the generalized Leontief form used in
this study. Moreover, all the estimated cost functions satisfy
the monotonicity condition while 10 out of the 12 cost functions
satisfy the concavity condition. As pointed out, these results
compare favourably with other similar empirical studies.

In order to test Tilanus' results, ex-post forecasts
were made for the year 1977 using the tradifional I-0 model
and the generalized Leontief specification., The absolute per-
centage error of the forecasts of I-0 was found to be 9.82
while that of the 2SLS forecasts was 5.44. 1In other words, the
error of I-0 was found to be almost twice as large as that of
the generalized I-0 macro model (using 2S5LS). This marked
improvement in forecasting ability clearly indicates that the
specification used is worthuhile, and contrasts quite sharply
with Tilanus' results., Finally, this chapter also provided
forecasts using 0OLS as an estimation technique. It was found
that though OLS provided superior forecasts than I-0, they
were considerably inferior to 25LS. These results are of inter-
est not only because they provide a small sample comparison
betwyeen 0OLS and 2S5LS, but also because several other relevant

studies use OLS as an estimating technique.
L



160
Chapter VI examined some policy implications of the

generalized I-0 macro model. One major result in this chapter
is that the import mﬁltipliers of all sectors with respect to
exports were found to be less than one. Thus, in contrast to
Metwally's results, this study found no supporting evidence

of instability. A second important result is the finding that
import and employment multipliers by sector, with respect to
exports, tend to be positively correlated. Thus, while Metwally
(1977) recommends that sectors with a lower import multiplier
should be encouraged, this study found that policy makers are
faced with a conflict of goals; that is, enbouraging sectors
with low import multipliers but which also have low employment
multipliers against encouraging sectors with high employment
and import multipliers.

In order to examine this issue more closely, an assessment
of Malta's foreign reserves and unemployment rates over the
period 1973-77 was presented. While Melta's reserves increased
at an average rate of 19.33%, reaching by 1978 the highest
ratio of reserves to imports relative to 43 other countries,

. the average excess supply of labour over the period was 9.85%.

These findings suggest that employment is the more important

factor to take into consideration in encouraging the development

of the various sectors. The guestion of differences in the

net gain of reserves does not appear to be a crucial problem.
Finally, the multipliers derived were used to analyse

[ ]
the effect of some changes in fiscal policy. It was noted that
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the government's budget was, on average, in surplus by £M3.5
million during the period 1973-77. Thus, the first policy
experiment conducted was to examine the effect of a sustained
increase in government expenditure in the construction sector
by £ M3.5 million. The results indicated that by 1977, employ-
ment would have increased by 2402, which is equivalent to more
than half the officially unemployed for that year. The effect
of changes in tax parameters were also analysed, the most
important result being that, as theory suggests, the effect of
an increase in government expenditure is larger than that of a
cut in taxes.

The model constructed in this study is relatively large
by conventional standards. Yet, it remains a simple model,
based on four basic relationships, namely, (a) input demand
functions(b) sectoral consumption functions (c) an investment
function for construction and (d) an income tax function.
Clearly, the generalized I-0 macro model may be extended in
many directions. A Feuw examples of such extensions are the
following. First, a monetary sector needs to be added. This
is particularly important in order to be able to assess better
the implications on the balance of payments. Second, some
relative prices may be endogenised so that with the addition of
the monetary sector, questions relating to the inflationary
impact of various policies may be assessed. Third, a more
accurate measure of government revenue would be obtained if

a corporate Yncome tax function, and taxes on expenditure by
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sectoral category (including imports), are added. Fourth,

investment functions for categories other than construction
may be added. Fifth, the capital input needs to be taken into
consideration more explicitly than in this study.

Most of these suggested extensions require the development
of data in classifications not currently published. Houwever,
in several cases, it should not be too difficult for the
Central 0Office of Statistics to derive series on, for example,
capital utilization by sector from the annual Census of Production.
Furthermore, if the model is to be updated to the current year,
then §uch series as, for example, exports which are published
quarterly, need to be made available by sectors consistent with
the classification used in the I-0 table.

Given such data, the generalized I-0 macro model may be
extended to analyse many other important issues. However, the
policy‘implications drawun in this study are judged to be of
sufficient importance to indicate the usefulness of the model

in assessing policy implications,



APPENDIX A
PRICE INDICES

Sector 1
Sector 1 includes both agriculture and fisheries.

However, in the calculation of a price index for this sector,
fisheries was excluded both because of its small size relative
to agriculture, and because of the large variety of fishes
that would have to be considered.* On the agricultural side,
the flowers and seeds category, making up only 2% of the total
value of this sector in 1977, was excluded because no quantity
data are available.

From the production account for agriculture, which gives
both qﬁantity and value data, price indices were derived for
gach item in the following categories:**

(i) 9 types of livestock

(ii) 3 types of milk

* In 1977, the retail value of the locally caught fish was only
4.7% of the total value of output of sector 1, while 52
species are listed in the Annual Abstract of Statistics
(1977, pp. 160-162).

*%
See for example the Production Account for Agriculture in

A.A.S. for 1977, Section A, p. 153.

* 163
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(iii) Eaqgs
(iv) Hides, skins, wool and tallouw
(v) Cereals, legumes and other crops.

In the case of fruits and vegetables, however, the price
index was derived from the published quantity index and the
current value of output series.* For these two cases this
alternative information is preferable than that given in the
Production Accounts as the latter lumps together all types of
vegetables and all types of fruits.

Once the above price indices were derived, they wuwere
weighted by the base year value of each category to the total
value of all categories, and aggregated to give a price index

for sector 1 .

Sectors 2 to 8, 10

The price indices for these sectors were derived from
*¥%
the Index of Industrial Production (I.I.P.). For a particular

sector producing n products, the I.I.P. is defined as follouws:

1P = Zu; Q,,/0; (A1)

1

where w; = poi%i/é Pai%; (A2)

The same method was used as that described below for deriving
a price index from the Index of Industrial Production. The
current value of output used is that given in Table II, A.A.S.
(1961 to 1977).

**rhe I.I.P. is published in the A.A.S. (1964-1977).
.
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P.. , Q

0i = base year price and quantity of good i .

0i

P current year price and quantity of good i .

i1 0 Y93
Substituting (A2) into (A1) gives,

11P = Z£py;0,,/Z Pg;0; (R3)
Multiplying the IIP (i.e.,(A3)) by the total base year value
yields,

(11P)(ZPy;0g;) =Z Pg;0y; (R4)
Thus, (A4) is the base year value of current output. Substract-

ing and dividing (A4) by the current value of current output

gives,

Z P 0y = EPgi0,/E P05 = 2P0, /EP;0,; -1

i

Paasche Price Index - 1

Hence, given the I.I.P, and the value of output for each
*
sector, a price index can be derived. The only problem en-

countered was that the I.I.P. goes back only until 1964 while

I-0 tables are available since 1961. To overcome this difficulty,

the derived price indices wuwere regressed against the index of

retail prices and backcasts made for the period 1961-63.

The values of output used to derive the price indices for
sectors 2 to 8 are those published in the A.A.S., Section VII,
Table (2), except for food (part of sector 2) for which the
value given in the I-0 tables was used,. as this value includes
the output of milk while that in A.A.S. does not., For sector
10, the vglue of output used is also that given in the I-0
table because the A.A.S, does not give this figure.
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Sectors 9 and 11

For sector 9 (public administration) and sector 11
(services), the index of retail prices was used as a proxy
variable. In the former case, the all items price index, while
in the latter case the services price index were used.

The price indices of the various sectors derived in this
study are given in Table A1 where PIXi indicates the price index

of sector 1 .
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TABLE A1

Year PIX1 PIX2 PIX3A PIX38

1961 99.149 97.508 78.550 96.225
1962 97.271 97.806 79.145 101.254
1963 95,393 100,635 84.791 102.763
1964 100.000 100.000 100.000 100.000
1965 104.741 101.425 97.312 94,155
1966 106.487 107 .556 104.522 98.620
1967 106.638 110.577 102.284 104.958
1968 106.789 117.221 109.632 118.924
1969 116.527 116.729 115.031 117.196
1970 120,201 122.800 120.735 113.313
1971 120.830 130,125 124.795 132.389
1972 136.808 137.114 145.458 156.875
1973 159,385 140.439 171.268 161.758
1974 176.950 163.427 221.664 207.905
1975 184.940 186.519 250.666 221.352
1976 192.009 214.310 313.084 212.089
1977 213.549 241.934 306.262 247,328
Year PIX4 PIXS5 PIX6 PIX7

1961 74.818 89.943 95.009 95,265
1962 75.614 90.303 95,340 92.374
1963 83.172 93.720 98.486 92.070
1964 100.000 100.000 100.000 100.000
1965 97.483 99.664 108.254 97.922
1966 100.359 100.554 101.121 98.484
1967 99.668 101.458 104.904 102,112
1968 115,362 110.689 108.660 107.304

cont./
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Year PIX4 PIX5 PIX6 PIX7

1969 124,751 118.190 118.484 115.821
1970 135.165 119,577 123.904 122.263
1971 155.853 128.158 134 .551 124,444
1972 174.794 186.371 125.201 121.241
1973 203.839 141.743 132.314 151.037
1974 250.085 176.138 171.739 152.967
1975 215.756 178.876 183.695 157.774
1976 241.590 186.371 178.533 174.309
1977 254,596 192.179 167.396 186.529
Year PIX8 PIX9 PIX10 PIX11

1961 81.491 95.841 101.782 98.577
1962 82.104 96.026 101.782 99,431
1963 87.927 97.782 101.106 99.620
1964 100.000 100.000 100.000 100.000
1965 105.278 101.571 108.450 102.656
1966 104.813 102.126 90.258 103.700
1967 106.206 102.773 89.387 103.985
1968 115.778 104.898 99,317 104.934
1969 117.048 107.375 104.730 107.979
1970 129.088 111.368 108. 401 118.596
1971 137.945 113,946 114.174 123,159
1972 145.144 117.782 87.864 131.338
1973 163.809 126.858 101.577 137.030
1974 236.988 136.091 137.790 146.366
1975 300.105 144,427 142,847 151.518
1976 405.544 148.900 147.570 155,651
1977 . 544.667 163.850 151.735 164.037
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TABLE A2

I-0 TABLE OF THE MALTESE ECONOMY FOR 1977

1 2 3A 3B 4 5 6 7 8
1 - 3551 26
2 6939 -
3A -
3B -
4 53 314 51 22 - 95 153 637 11
5 15 5 - 45 1410
6 268 232 50 402 - 3 14
7 43 23 1 15 14 11 - 3
8 5 415 -
S
10 419 353 23 426 50 _éUD 35 50

11 772 9135 6011 702 4154 678 2689 2561 1028

M 2385 17768 26444 1738 9407 1443 6417 3144 2117

W 1215 4223 10730 866 6665 1220 4584 3340 1250

=)

11582 6950 13330 727 6955 937 5683 3258 1936
T 12 198 881 16 1129 109 216 515 371

X 22963 42884 58470 4176 29153 4546 19998 14903 6780
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TABLE A2--Continued

9 10 11 C G I S E X
25 15022 1951 477 1911 22963
25754 447 469 9275 42884
2562 31 1216 54661 58470
1049 10 252 2865 4176
9 384 3739 4234 975 18476 29153
20 453 131 2135 35 297 4546
57 8772 213 498 50 9439 19998
5 14153 261 374 14903
1856 19 195 4290 6780
- 480 22949 30173 220 53822
2127 4390 260 149 8482
3793 31480 5694 10386 84631 163714
980 87244 44451 936 24532 1668 14658 241996
41277 2024 .30067 5593 113054
12545 1569 41373 106845
398 1984 10265 4056 527 19881
53822 8482 163714 172420 39734 59994 2262 207366

¢
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APPENDIX B

TABLE B1

Relative
Constant Output Prices, Time Dummy
Output
Rx2.1 -0.5201 0.4988 1.4380  4,9759
(-3.06) (2.69) (7.88) (2.71)
Rx11.1 1.4886 0.1007 -0.0208 -0.2653
(1.01) (2.69) (-0.89) (-3.97)
RM1 22.4062 -0.05016 0.3225 -1.0403
(11.45) (-0.71) (1.69) (-7.83)
L1 205.2080 -7.6289 15,7233  13.2709
(0.79) (-1.83) (4.35) (0.86)
Rx1.2 16.7858 -0.2125 0.1878 0.4163
(12.58) (-2.90) (2.64) (3.87)
Rx4.2 5.9052 -0.1168 0.0620 0.3367
(8.18) (-3.41) (1.99) (2.84)
Rx5.2 0.1236 -0.0012 0.0005 0.0028
(8.55) (-1.37) (0.80) (2.56)
Rx6.2 2.8644 -0.0605 0.0185 0.3181
(4.03) (-2.20) (1.03) (4.52)
RXx7.2 0.6380 -0.0125 0.0057 0.0372
(6.39) (-2.78) (1.89) (4.14)
Rx10.2 0.0007 0.0045 0.0985
(0.16) (0.92) (3.09)
Rx11.2 21.7796 -1.3908 1.4385
(5.69) (-10.76) (14.17)
RM2 33.4570 0.4512  -1.2749 3.6735
(3.31) (2.07) (-2.22) (3.30)
L2 2559.8300 4.5534 24.3810
(32.21) (2.80) (1.89)
Rx6.4 ,0.0991 -0.0414 0.0431 -0.5534
(1.41) (-5.26) (6.65) (-4.51)

cont./
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DU R? F-Ratio SSR RHO

Rx2.1 1.76 (0.994) (131.10) 26.940

Rx11.1 1.80 0.440 4.91 4.250 -0.3594
RM1 1.59 0.940 79.55 34.310 -0.6563
L1 2.01 0.595 8.33 72525.300 0.5078
Rx1.2 1.84 0.750 15.99 4.859 -0.1484
Rx4.2 1.58 0.696 12.45 2.812 0.3281
Rx5.2 2.06 0.643 10.02 5.516E-04  -0.2266
Rx6.2 2.04 0.463 5.30 1.517

Rx7.2 2.13 0.587 7.64 0.020

Rx10.2 1.76 (0.993) (37.61) 0.360

Rx11.2 2.03 0.991 862.51 43,640 -0.1605
RM2 2.06 0.791 19.98  125.317 0.5000
L2 1.83 0.942 123.50  88071.800 -0.2000
RX6 .4 2.49 0.913 53.34 0.377 -1.0000

cont./



173

TABLE B1--Continued

b it bt it I SRl R

R e I A i T Uk R el L

Relative
Constant Output Prices, Time Dummy
Output
Rx7.4 -0.0260 -0.0002 -0.0016 0.0226
(-1.27) (-0.08) (-1.13) (5.53)
Rx10.4 -0.0877 0.0532 0.2327
(-4.22) (4.86) (4.72)
Rx11.4 -0.0861 0.2396
(-2.14) (6.67)
RM4 -2.9045 0.2459 0.6335 -4,9063
(-4.69) (8.41) (3.92) (-5.90)
L4 -65.5075 171.6490 362.2300 -1184,7200
(-2.00) (2.24) (3.95) (-3.19)
Rx4.5 0.0995 0.0231 -0.0133
(1.47) (2.81) (-1.47)
Rx7.5 0.0203 -0.0053 0.0066 -0.0014
(1.63) (-1.39) (2.00) (~0.84)
Rx10.5 -0.0184 -0.0022 -0.0058 0.0360
(-0.37) (-0.18) (-0.59) (5.84)
Rx11.5 0.0754 0.0648 0.5465
(1.58) (1.35) (2.45)
RMS 0.2372 0.2381 0.0871 -0.1191
(0.31) (0.83) (0.36) (-0.81)
L5 587.2170 =52.5111 264.3780 -41.9572
(6.47) (-4.79) (6.55) (-4.76)
Rx4 .6 ~-0,0005 0.0032 0.0228 =-0.1354
(-0.12) (0.75) (5.10) (-4.09)
Rx10.6 -0.0054 0.0095 0.0212 0.1611
(-1.41) (3.48) (4.04) (3.60)
Rx11.6 4.1094 -0.6303 0.5944 0.8834
(6.74) (-8.42) (10.26) (6.53)
RM6 2.7688 -0.1856 0.5697 0.3472 =2.2935
. (6.21) (-2.19) (3.81) (3.82) (-2.61)

cont./
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TABLE B1--Cantinued

DU L F-Ratio SSR RHO

Rx7.4 1.85" 0.778 18.51 4.950E-3 0.2500
Rx10.4 | 1.70 (0.970) (63.01) 0.764 0.2000
Rx11.4 1.67°  (0.988)  (230.53)  14.375 0.2000
RM4 1.95" 0.987 391.24 11.671 -0.1146
L4 1.18 (0.939) (13.10) 1.256E-06 0.8000
Rx4.5 2.03" 0.497 8.40 6.105E-02

Rx7.5 2.05" 0.560 6.93 1.812E-03  -0.2345
Rx10.5 1.91" 0.914 54,47 2.376E-02 -0.3137
Rx11.5"° 1.99" (0.989) (314.13) 0.560 0.3556
RMS 1.33 0.773 18.04 1.659 0.6016
L5 1.52 0.858 31.17 36671.900 -0.2578
Rx4.6 1.47 (0.981) (50.17) 1.128E-02 0.4774
Rx10.6 1.91* (0.997) (400.92) 4.035E-02 -0.6000
Rx11.6 2.24" 0.986 352.74 2.813 0.1641
RM6 2.13 0.980 189.67 7.861 -0.4832

cont./
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TABLE B1--Continued

Relative
Constant Output Prices, Time Dummy
Output
L6 577.3320 -37.2928 88.7437 174.0570 -470.0080
(4.28) (-2.37) (3.10) (8.43) (-2.98)
Rx4.7 -0.6644 0.0695 -0.0287 0.0411
(~1.47) (3.28) (-1.34) (0.87)
RX5.7 2.0398 0.0640
(2.74) (5.11)
Rx6.7 0.2278 0.0013 -0.0177
Rx10.7 0.05676 -0.0024 0.0017 0.0079
(1.59) (-1.92) (1.87) (1.77)
Rx11.7 -2.4169 0.1716 0.1070 -0.4151
(~2.10) (4.46) (2.52) (-2.71)
RM7 0.1112 0.0862 -0.2865
(2.89) (1.80) (-3.44)
L7 1675.5800 -40.7054 376.6660 =~298.7270
(2.36) (-1.09) (6.48) (-3.31)
Rx4.8 0.0106 0.0182 -0.0091 -0.0049
(0.60) (1.75) (-0.82) (-2.71)
Rx7.8 -0.0093 0.0211 -0.0178 0.0012
(-0.89) (3.53) (-2.94) (1.14)
Rx10.8 -0.0289 0.0447
(-1.15) (2.06)
Rx11.8 -0.3586 -0.8446 1.3210 -0.0659
(-1.31) (-7.81) (9.97) (-2.09)
RM8 0.5039 0.1376 0.4907 0.1233
(0.36) (0.12) (0.24) (0.44)
L8 49.6428 41.6972 364,1020
(2.33) (1.92) (2.43)
L9 10475.2000 37.6443 209.3710
(11.76) (1.85) (0.58)

*

cont./'
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TABLE B1--Continued

DWW R F-Ratio SSR RHO
L6 1.84 0.963 99.93 2.602E+05 0.1075
Rx4.7 1.85 0.738 15.06 3.391 0.0156
Rx5.7 1.86 0.684 33.42 6.325 0.3469
Rx6.7 1.58 0.437 6.82 2.669E-02 0.3349
Rx10.7 1.77 0.619 9.10 8.758E-03 0.4512
Rx11.7 1.90 0.910 51.44 25.440 -0.1484
RM7 1.90 (0.987) (44.00) 8.722 0.2000
L7 1.84 0.933 71.13 7.226E+06 -0.0078
Rx4.8 1.79 0.407 4.45 3.293E-03 0.2000
Rx7.8 ‘1.78* 0.530 6.62 1.079E-03 0.0781
Rx10.8 1.73" (0.822) (13.64) 2.420E-02 0.6481
Rx11.8 2.35 0.952 100,37 1.871 -0.5469
RM8 1.27 0.704 12.90 3.420 0.9063
L8 1.68 (0.977) (32.95) 1.527E+05 0.4000
L9 1.56" 0.934 107.38 1.227€E+07 0.1563

cont./
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TABLE B1--Continued

Relative
Constant Output Prices, Time Dummy
Output
Rx5.10 -0.0035 0.00684 -0.0111
(-2.04) (4.01) (-2.48)
Rx11.10 -1.2764 1.9762 -1.1950 -14.8307
(-3.34) (4.90) (-1.65) (-2.94)
Rx5.11 -0.0081 0.0091 1.3975
(-5.16) (5.59) (6.24)
Rx10.11 3.8156 -0.0626 0.0371 1.3478
(2.09) (-2.92) (2.79) (6.34)
RM11 -0.1658 0.4671 12.3743
(-0.60) (1.06) (2.96)
L11 15594, 3000 4.5797 584,0330
(23.04) (1.63) (4.18)
Rx4 .3A -0.0102 0.0069 0.0309 0.2330
(-3.50) (3.31) (4.46)  (7.49)
Rx6.3A -0.0110 0.0160
(-3.26) (5.51)
Rx7.3A - 0.0383 -0.0047 0.0038 0.0050
(1.73) (-2.06) (2.53) (0.93)
Rx8.3A -0.0066 0.0073 1.0471
(-6.74) (7.56) (29.66)
Rx10.3A 0.0065 -0.0110 0.1841 0.9477
(0.23) (-0.69) (2.28) (3.06)
Rx11.3A 0.2834 -1.0161
(7.71) (-2.92)
RM3A 0.5963 -1.1667
(20.12) (-4.59)
L3A 27.3851 251.2380
(2.72) (2.48)
Rx6.38 0.0736 -0.1072 0.0888 0.0057
(1.49) (-3.84) (4.20) (1.32)

cont./
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DU R? F-Ratio SSR RHO

Rx5.10 1.56 (0.782) (7.42) 3.730E-03

Rx11.10 1.94 (0.926) (23.04) 111.406 -0.2457
Rx5.11 2.67 (0.982) (159.42) 1.829 -1.0000
Rx10.11 1.85 0.894 43,09 13.200 0.3341
RM11 1.84 (0.973) (12.77) 8041.000 0.1619
L1 1.74 0.914 81.04 9.325E+06 0.3356
Rx4.3A 2.23 (0.983) (62.81) 1.035E-02  -0.4000
Rx6.3A 1.95 (0.987) (160.52) 0.376 -0.8000
Rx7.3A - 1.80 0.768 15.32 4,283E-03

Rx8.3A 1.38 (0.999) (4985.09) 9.249€-03 -0.9558
Rx10.3A 1.95 (0.982) (32.66) 0.817

Rx11.3A 1.76 (0.971) (103.43) 32.581 0.6000
RM3A 2.37 (0.999) (1402.71) 95.934 -0.6000
L3A 2.17 (0.960) (77.85) 1.824E406 0.7650
Rx6.3B 1.64 0.812 16.80 5.975E-03 0.4000

cont./
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TABLE B1--Continued

Relative
Constant Output Prices, Time Dummy
Output
Rx10.38 -0.0101 0.0117 0.0012 0.0277
(-2.21) (3.70) (1.70) (4.96)
Rx11.38B -0.0657 0.2594
(-1.20) (4.70)
RM3B 0.23864 0.22808
(4.52) (2.21)
L3B 43,2907 -165.2210 400.2080 23.4389
(1.84) (~8.39) (11.87) (5.49)
Rx4.10 0.0492 0.0051 -0.0026 -0.0088
(1.94) (1.31) (-0.84) (=1.02)
RM10 6.7326 -0.7727 0.5069 1.602
(1.89) " (-1.11) (1.17) (1.02)
L10 1915.4100 12.7760 -16.8817 =29.9966
(10.18) (0.69) (-0.63) (-0.46)
Rx6.11 -0.4251 0.0327 -0.0304 0.4007
(-0.13) (D.74) (-1.16) (0.62)
Rx7.6 0.0711 -0.0001 0.0000 0.0005
(1.45) (-0.01) (0.02) (0.09)

cont./
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TABLE B1--Continued

DU R F-Ratio SSR RHO
*
Rx10.3B 2.16 (0.990) (79.60) 9,592E~-04 -0.4270
*
Rx11.38B 2.00 (0.991) (348.88) 0.626 -0.6456
*
RM38 2.13 (0.998) (898.61) 0.316 -0.2000
L3B 1.94 0.039 473.20 40120.400 -0.4922
Rx4 .10 1.44 0.989 1.20 0.008 0.0547
RM10 2.10 0.025 1.13 105.490 0.4844
L10 1.23 0.008 0.96 211200.0 0.4609
Rx6.11 2.55 0.151 1.89 68.570 0.3984
Rx7.6 1.92 0.009 0.003 0.020 0.1719

cont./
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TABLE B1--Continued

Consumption Functions

. Lagged
Constant Income Rgiizé;e Congump— Dummy
tion
RCA 22,7728 0.0462 -6.7655 0.1257
(1.22) (3.34) (-0.31) (0.58)
RC2 43.7728 -0.0035 ~52.4260 1.2665
(1.56) (-0.09) (-1.44) (4.40)
RC3A -4.9476 0.0070 5.2356 0.4893  -8.2328
(-3.60) (2.30) (2.80) (4.15) (-7.09)
RC3B 1.8410 -0.00003 3.3147 -0.9714 3.3591
(1.41) (-0.03) (2.73) (-2.67) (4.01)
RC4 -1.9648 0.0220 -6.9453 0.3892 -3.9259
(-0.69) (4.66) (-2.23) (1.22) (=1.77)
RCS 0.0904 0.0006 -0.2624 -0.1993 0.3970
(0.83) (6.19) (-1.80) (-3.16) (16.66)
RCE 18.3033 0.0317 -27.9421 0.6342
(2.91) (3.91) (-4.74) (3.35)
RC8 -1.1770 0.0093 -0.3702 0.1922 -5.0894
(-1.86) (4.58) (-0.50) (1.73) (-7.97)
RCY -184.0240 0.0527 163.4760 0,.8831
(-1.65) (2.83) (1.46) (5.76)
RC10 13.3391 0.0155 =15.6070 0.4341
(3.91) (4.46) (-4.54) (3.22)
RC11 626.8900 0.3202 -657.8750 1.1595 -69.5225
(3.57) (2.46) (=3.59) (4.35) (-4.92)
RMC 88,9218 0.0853 -46,3952 - .0,3750 ‘
(3.06) (2.72) (-2.44) (1.78)

cont./
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Du R F-Ratio
RC1 1.80 0.847 28,62
RC2 2.08 0.923 65.41
RC3A 1.86 0.914 40.91
RC38 2.51 0.886 30.14
RC4 1.59 0.735 11.41
RCS 2.05 0.991 396.79
RC6 2.53 06.978 222.90
RC8 1.56 0.911 39.49
RCS 2.31 0.975 193,66
RC10 1.77 0.978 225,38
RC11 2.24 0.836 17.61
RMC 1.66 0.756 16.48
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APPENDIX C

HISTORICAL SIMULATION RESULTS (1963—1977)*

Sector 1

Rx2.1
Rx11.1
RM1

W1

Sector 2

Rx1.2
Rx4.2
Rx5.2
Rx6.2
Rx7.2
Rx10.2
Rx11.2
RM2

W2

Sector 3A

Rx4,3A
Rx6.3A
Rx7.3A
Rx8, 3A
Rx10.3A
Rx11.3A
RM3aA °*
W3A

MS

15.10
12.71
10.43

9.62

RMS

28.32
35.02
36.63
26.80
16.37
19.44
10.69

9.03

WRMS

0.775
2.424
7.018
0.819

11.036

WRMS

0.734
1.235
0.008
0.254
0.069
0.113
1.625
3.457
0.359

7.743

WRMS

f A )

0.025
0.081
0.018
0.051
0.398
4.986
5.969
1.401

12.930



Sector 3B

Rx10.38
Rx11.38B
RM38B
W3B

Sector 4

Rx6.4
Rx7.4
Rx10.4
Rx11.4
RM4

Wa

Sector 5

Rx4.5
Rx7.5
Rx10.5
Rx11.5
RMS

Wws

Sector 6

Rx4.6
Rx10.6
Rx11.6
RM6 *
W6

RMS

21.82
20.31
9.70
6.23

RMS

58.82
15.85
25.62
14.59
6.16
8.56

RMS

17.96
36.40
35.60
10.01
8.29
4.87

RMS

23.70
12.67
11.97
6.57
4.81

184

WRMS

0.092
3.769
4.706
1.971

10.538

WRMS

0.582
0.039
0.569
2.487
2.379
3.498

8.555

WRMS

0.686
0.167
0.270
1.497
2.585
2,372

7.588

WRMS

0.298
0.153
2.193
2.879
1.702

7.225




Sector 7

Rx4.7
Rx5.7
Rx6.7
Rx10,.7
Rx11.7
RM7

W7

Sector 8

Rx4.8
Rx7.8
Rx10.8
Rx11.8
RM8

w8

Sector 9

w9

Sector 10

Rx5.10
Rx11.10

24.60
12.87
29.92
22.14
12.16
10.65
13.05

RMS

35.35
40.63
24.78
28.85
30.13
14.56

RMS

116.70
7.29

185

WRMS

0.671
1.656
0.317
0.068
2.175
2.014
6.033

12.936

WRMS

0.194
0.109
0.743
5.124
15.725
3.779

25.675

WRMS

5.190

WRMS

0.349
7.268

7.617




Sector 11

Rx5.11
Rx10.11
RM11
W11

Consumptian

RC1
RC2
RC3A
RC3B
RC4
RCS
RC6
RCS
RCY
RC10
RC11
RMC

YD
YP
RI7

2
w

26.28
17.48
19.55

3.29

RMS

7.49
9.77
9.39
10.36
27.92
22.66
10.56
20.22
12.81
8.79
27.17
5.17

11.74

186

WRMS

0.111
0.236
9.123
1.696

11.167

URMS

0.8074
0.8746
0.1339
0.0778
0.1649
0.0055
0.2818
0.1888
0.9295
0.6378
4.5453
1.7997

10.0874

1.91.

5.50
5.03
12.47

RMS refers to root mean square percent errors while WRMS
refers to Leighted HMS,
value of the variable to the total value of the inputs of
each sector in the base year (1964).

The weighting scheme used is the
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APPENDIX D

INTERNATIONAL COMPARISON

Industrial Countries

United States
Canada
Japan
Austria
Belgium
Denmark
France
Germany
Italy
Netherlands
Norway
Sweden
Switzerland

United Kingdam

Other Europe

Other Europe
(excluding Malta)

Finland
Greece
Iceland
Ireland
MALTA
Portugal
Spain

Turkey *

Yugoslavia

. *
Reserves

209064

19582
4569
33500
6007
5908
3219
13929
53884
14899
7586
2913
4397
21560
17067

22322

21380
1266
1171

138
2689
942
1881
10774
999
2462

OF RESERVES

*
Imports

836990

183137
46388
79899
16019
48497
14807
81795

121754
56459
53822
11440
20585
23804
78586

69721

69146
7866
7647

679
7107
575
5174

18713
4600
9988

R/Imp

0.2498

0.1069
0.0985
0.4193
0.3750
0.1218
0.2174
0.1703
0.4426
0.2639
0.1409
0.2546
0.2136
0.9057
0.2172

0.3201

0.3092
0.1610
0.1532
0.2034
0.3784
1.6381
0.3636
0.5758
0.2172
0.2465

Weeks

13

22
20

11

23
14

13
11
47
11

17

16

11
20
85
19
30
11
13

cont./



Australia
New Zealand
South Africa

0il Exporting
Countries

Algeria

Indonesia

Iran

Kuuait

Libya

Nigeria

Saudi Arabia

United Arab Emirates

Venezuela

Mexico
Jamaica
Cyprus (1977)
Egypt
Israel
Moroceco
Tunisia

Korea

Singapore

188

Reserves

2418
453
870

60215

2233
2637
12151
2616
4217
1916
19408
838
6554

1928
59
366
604
2679
650
451
2776
5302

Imports

15749
3491
7614

103070

8530
6690
16020
4613
4603
12731
22852
48G2
11745

7555
895
623

6727

7403

2970

2119

14972
13094

R/Imp

0.1535
0.1299
0.1143

0.5842

0.2618
0.3942
0.7585
0.5671
0.9162
0.1505
0.8493
0.1712
0.5580

0.2552
0.0655
0.5876
0.0898
0.3618
0.2189
0.2127
0.1854
0.4049

Weeks

30

14
21
39
29
48

44

29

13

31

19
11
11
10
21

*
Millions of U.S. Dollars

Source: IMF Financial Statistics 1979,

*
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