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Name : Peter B. Dixon, John D. Harrower and David P.jpcent
Title of Paper : Validation of the SNAPSHOT Model
Abstract

SNAPSHOT is a disaggregated, long-run programming
model of the Australian economy. It provides (over approximately
ten years) projections of the industrial composition of the GNP
and of the occupational composition of the workforce under alter-
native scenarios concerning technology, demography and trading
opportunities, In the present paper we validate the model as
follows. We adopt 1962/63 as a base year. Then we show that
the model projects an accurate picture of the 1971/72 economy if it
is given an accurate description of the technological, demographic

and trading conditions of 1971/72.
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endogenous variables. Ideally, we would like to arrive at a trade scenario

which could be achieved with minimum distortions in the price system.

Furthermore, such a scenario should reflect a realistic pattern of domestic 1.
production. Evans (1972b) has discussed the feasibility of varying

import shares in respomse to price changes to reflect imperfect substitution.
While the relavant substitution parameters have been estimated elsewhere

1

in the IMPACT Project, we have yet to determine whether the increased

non-linearities necessitated by such an approach are computationally
feasible for a non-linear programming model as large as mz>vm:oe.m On
the export side, Evans also discussed the feasibility of introducing terms
of trade effects and joint production. Again, such modifications would
involve further non-linearities and inexorably lead to increased com-

putational difficulties. 3.

1. See Alaouze, Marsden and Zeitsch (1977).

2. For Johansen-type models, such as ORANI ~-- see Dixon, Parmenter v
Ryland and Sutton (1977), which are linear in logarithmic differ-
entials, computational feasibility presents no problem.
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60.

5. CONCLUSIONS AND FUTURE RESEARCH PRIORITIES

In this paper we have tested SNAPSHOT by mmnmasw:wsm how
accurately the model can reproduce the 1971/72 economy from a base year
of 1962/63. As a result of this exercise we have acquired considerable
confidence in the model's ability to project both the key economic
aggregates and the industry components of final demand to an acceptably
high degree of accuracy. The very high projection accuracy of variables
obtained from the primal solution, has not been achieved in the dual
solution. In particular, we have noted the sensitivity of the exchange
rate and hence the relationship between domestic and foreign prices for
import competing and export industries to changes in the availability of

foreign exchange.

The projection accuracy achieved should however be put in
perspective. In the validation exercise, the essential components of
the exogenous data base took on the values that were actually realised
in the 1971/72 economy. Hence it is perhaps not surprising that the
model was able to project the remaining components accurately. While the
results here validate the economics of the model they say little about
its forecasting potential. The model's forecasting potential could be
evaluated by seeing how well the endogenous variables for 1971/72 are
projected from say a 1962/63 base year assuming that the exogenous
components of the data base in 1971/72 were those that would have been
forecast from the view point of 1962/63. An experiment along these lines

would seek to rank the items of data for the snapshot year in terms of

VALIDATION OF THE SNAPSHOT MODEL

by

Peter B. Dixon, John D. Harrower § David P. Vincent

1. INTRODUCTION

In this paper we report on the performance of the SNAPSHOT
model in projecting the 1971/72 economy given initial conditions in the
base period (1962/63) and given the production technology, demographic
and trade scenarios for the snapshot year (1971/72). This exercise
represents an initial validation of SNAPSHOT, a long term model being
developed as part of the IMPACT Project. We have chosen 1962/63 as the
base year because it is the earliest year for which information on base
year capital stocks of input-output industries can readily be established.
A 1971/72 snapshot year was suggested because the necessary exogenous
information about the economy was largely available from work done within
the IMPACT Project on updating the 1968/69 input-output (I-0) table to
1971/72.

The plan of the paper is as follows. In Section 2 we provide
the reader with a brief résumé of the theoretical structure of SNAPSHOT.
In Section 3 we outline the changes made to the model for the purpose of
validation. In Section 4 we discuss the validation experiment and analyse
the performance of the model with respect to a wide variety of industry

and macro variables for 1971/72. Finally, Section 5 contains conclusions
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58.

Table 13 (contd)

Actual Projected
) (h) (h*)
Input-Output Industry per cent per cent
per annum per annum

86  Wholesale Trade 12 12

87  Retail Trade 6 6

88 Motor Vehicle Repair 2 3

89  Other Repairs 2 2

90  Road Transport 7 7

91  Railway Transport 3 3

92  Water Transport 10 10

93 Air Transport 11 11

94  Communication 9 9

95  Banking 10 10

96  Finance § Life Insurance 14 14

97  Other Insurance 4 4

98 Investment, Real Estate 13 13

99  Other Business Services 11 11

100  Ownership of Dwellings 5 6
101  Public Administration 3 3
102 Defence 3 3
103  Health 8 8
104 Education, Libraries 6 6
105 Welfare Services 11 11
106 Entertainment 13 i3
107 Restaurants, Hotels 5 5
108 Personal Services 3 3
108  Business Expenses 9 S

3.
TABLE 1

‘THE EQUATIONS SPECIFIYING THE SNAPSHOT MODEL

No. of
Equation . Equation o
No. Equation Equiva- Description
lents
(1.1)(a) ow = mwﬁwn» quu i=1,...,m mg Consumer demand functions
AH.HUﬁvVH wn = Q'p + o_ﬁo P g Consumer taxes
(1.2) Z. = {1 - s.) a.{GNP) 1 Level of total private
i i’ Ti X
expenditure
(1.3) K(t) = (1+m® &N n  Capital stocks in snapshot
year
(1.4) K(t + 1) = (I + h)(K(t) n Post-snapshot year capital
stocks
(1.5) J=K(t + 1) - (I-n) K(t) n Gross investments
(1.6) (a) X < K(t) , and Capacity constraint and
n complementary slack
(1.6) (b) I{X~-Kx) =0 condition
(1.7) r = Br n Absolute rate of return
on capital
-l
(1.8)(a) r 2 (p) N-nq Rate of return on
el n capital and complement-
(1.8) (b) wﬁw - ﬁwxu T+4q) = 0 ary slack condition
2 K
(1.8) (e} Po= K'p+ (T, *K)'p n Taxes on capital
(1.9) E = E n Level of exports

~

(1.10)(a) M < ¥X, and

(1.10)(®) ¢ M-vX) = o0

(.11 p o= e’ re-tp

(1.12)(a)  p' < 0(®EM'(I + ) + ¢' , and
(LIE) [p' -e@M'T+7) - 1M = o
1. * denotes diagonal matrix.

2.

*

denotes term by term multiplication.

Import restraint and

n-1 complementary slack
condition
n Export price equation

Import price equation
n and complementary
slack condition

... continued
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56.

TABLE 13
INDUSTRY GROWTH RATES
Actual Projected
(h) (h*)
Input-Output Industry per cent per cent
per annum per annum

1 Sheep 3 3
2 Cereal Grains 4 4
3 Meat Cattle 4 4
4 Milk Cattle 3 3
5 Poultry 8 8
6 Other Farming 6 6
7 Services to Agriculture -2 -2
8 Forestry -~ 2 -3
9 Fishing 4 4
10 Iron 16 16
11 Other Metallic Minerals 16 16
12 Coal § Crude 0il 15 15
13 Non-Metallic n.e.c. 6 6
14 Services to Mining 11 11
15 Meat Products 8 8
16 Milk Products S 5
17 Fruit & Vegetable Products 4 4
18 Margarine, Oils § Fats 10 10
19 Flour § Cereal Products 4 3
20 Bread, Cakes 2 2
21 Confectionery 4 4
22 Food Products n.e.c. 5 5
23 Soft Drinks, Cordials 12 12
24 Beer & Malt 8 9
25 Alcoholic Drinks n.e.c. 13 13
26 Tobacco 4 4
27 Prepared Fibres -1 -1
28 Man-Made Fibres -1 -1
29 Cotton, Silk, Flax 1 1
30 Wool & Worsted Yarns 1 1
31 Textile Finishing 14 14
32 Textile Floor Covers 6 6
33 Textile Products n.e.c. 3 3
34 Knitting Mills 4 4
35 Clothing 4 4
36 Footwear 2 3
37 Sawmill Products 3 2
38 Plywood, Veneers 6 6
39 Joinery & Wood Products 6 5
40 Furniture, Mattresses 7 7
41 Pulp, Paper 8 9
42 Fibreboard 5 6
43 Paper Products n.e.c. 6 6

Table 1 continued ....

K(t)

K(t+1)

M

DEFINITION OF NOTATION

Endogenous Variables in the Snapshot Year

consumption of commodities by consumer group i

commodity prices

consumer prices including taxes
total expenditure of consumer group i
gross national product

average rate of growth of capital in each industry over
the t-year snapshot period

industry levels of capital stock in the snapshot year

industry levels of capital stock in the year after
the snapshot year

gross investments by using industries
outputs of commodities

rental prices on capital by industries

price of capital goods including taxes
minimum acceptable rates of return by industry

variable reflecting the absolute rate of return demanded
on new capital formation for Australian industry

exports of commodities (quantity)
imports of commodities (quantity)
exchange rate ($A per unit of foreign currency)

excess tariff revenue per unit of imports

Number of
Variables
(gm)
(n)

(2)
(m)
1
(n)

(n)
(n)

(n)
(n)
(n)

(n)
(n)
(1

(n)

(n)

(1
(n-1)

continued
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54, 7.

competing. For example industry 6 contains the export oriented activity Table 1 continued ....

. . R - Number of

(sugar) and the import competing, and heavily protected activity Varigbles

(tobacco). Similarly, industry 12 contains coal (export) and crude oil —

s m R R . . .
. . R . p import prices (c.i.f.) in foreign currency (n

(import competing). Because of the composite nature of these industries )

it is probably not valid to attribute any economic meaning to the size T ad valorem tariff rates (n)

of their e's and ¢'s -- for example, in terms of the information B balance of trade deficit in foreign currency &)

supplied to the model, it would appear to be both rational and possible . L. .

X A input-output coefficients matrix (n x n)
to replace tobacco imports by diverting sugar away from being exported. :
qw ad valorem taxes and other costs on intermediate usage (n x n)
For the remaining industries, additional export subsidies of around 15 per
. . X £ labour requirements by occupation and industry per (H x n)
cent of costs are required to achieve the stated exports. To some extent unit of output in the snapshot year
this reflects assistance to these industries not incorporated in our e government purchases of commodities )
vector of export subsidies net of taxes. It would be difficult, however, N total number of people in the workforce in the 3
. . snapshot year
to quantify such assistance.
W relative wage rates, before taxes, for the various {Gx)]
Table 12 shows that additional tariffs of the order of 14 per occupational groups
cent of costs are required to restrict import penetration to the levels
. . . In addition to the above list of exogenous variables
determined by the model (which are very close to the actual import levels & ’
. : .th
. . . u. the utility function for the i~ consumer group, and
for 1971/72). Again, the question is raised as to the extent to which i’ Y group,
L. . L. . Q, the nxg transformation matrix between the consumer
8
the additional tariffs represent model error (arising for example, in the good classification and the industry classification
3
. R . . . : : o are exogenously specified.

determination of domestic costs of import competing industries) or indicate

barriers to imports not included in our vector of ad valorem tariffs (but

affecting the vector of import shares m<u.m The letters n, g, m and H represent the dimensions of

variables and data as follows :

1. The problem can best be resolved by separating the industries into n = 110, the number of industry groups (including non-competin
export and import components thus recognizing an additional two : ’ P wswouﬁmu mp g
industries. This is now being done within the IMPACT Project. . g = 9, the number of consumer goods

2. Temporary assistance, particularly in the form of quantitative import n = 9, the number of consumer groups
restrictions such as import licences or tariff quotas including ’ group
voluntary restraint by overseas exporters have become a prominent .

. g H = b .
feature of the Australian economy in recent years. In terms of the N 9, the number of occupational groups

model, these features while inherent in the y's (imports plus duty/
output) do not enter the ad valorem tariffs (t).
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TABLE 11

52.

ADDITIONAL ad valorem SUBSIDIES ON EXPORTS (e/p)

Input-Output Industry e/p
1 Sheep 0.07
2 Cereal Grains 0.07
6 Other Farming 0.54
9 Fishing 0.22
10 Iron 0.17
11 Other Metallic Minerals 0.26
12 Coal § Crude 0il 0.25
15 Meat Products 0.13
16 Milk Products 0.13
22 Food Products n.e.c. 0.13
27 Prepared Fibres 0.14
60 Basic Iron § Steel 0.15
61 Other Basic Metals 0.21
90 Road Transport 0.15
91 Railway Transport 0.16
92 Water Transport 0.11
98 Investment, Real Estate 0.14

tax and transfer policies are assumed to be whatever is necessary to
reconcile the exogenous after-tax income distribution with the endogenous
before-tax distribution generated by the solution of the model. This is
of importance to an understanding of SNAPSHOT, since it breaks the link
between the consumption expenditures of individuals and their before-tax
earnings from wages and assets. Of course, the exogenously specified
distribution of after-tax real incomes may be varied, and the sensitivity

of key variables in the model to this distribution ascertained.

The alienation of the determination of the distribution of
real disposable personal income from the economic to the social and
political area is consistent with widely accepted interpretations of
observed long-term patterns in the distribution of personal incomes in
western countries. It may be, however, that the continuance of observed
trends of income distribution would imply, for example, that liberal
policies of public investment in education continue to be followed

(Tinbergen (1975)).

2.2 Capital Stocks

Capital stocks in the snapshot year are obtained by multiplying
base year stocks in each industry by an endogenously determined average
growth factor over the snapshot period (equation (1.3)). It is assumed
that investment by each industry in the snapshot year is sufficient to
maintain the average growth rates (equation (1.4)}. Industry outputs in
the snapshot year are constrained by the availability of capital in each

industry ((1.6(a), and (1.6)(b)).
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Table 10 (contd)

Projected  Actual Per cent
Input-Output Industry ($m) ($m) Error
47 Industrial Chemicals 230.2 230.2 -
48  Paints, Varnishes 5.4 5.5 1
49 Pharmaceuticals 59.1 58.8
50  Soap & Detergents 6.0 6.0 -
51 Cosmetics, Toiletry 5.5 5.5 -
52 Chemical Products n.e.c. 65.8 65.9 -
53 0il § Coal Products 146.9 144 .8 2
54 Glass 43.6 43.5 -
55  Clay Products 34,2 36.5 6
56 Cement 2.0 2.9 ~31
58 Concrete Products 0.2 0.2 -
59 Non-Metallic Mineral Products 14.3 15.0 5
60  Basic Iron § Steel 137.0 136.5 -
61 Other Basic Metals 27.5 27.5 -
62 Structural Metal 18.2 18.4 -1
63  Sheet Metal Products - 5.1 -
64 Metal Products n.e.c. 114.5 114.7 -
65  Motor Vehicles, Parts 377.0 370.5 2
66  Ship § Boat Building 12.8 12.7 1
67  Locomotives 9.4 9.4 -
68  Aircraft Building 84.8 85.6 -1
69  Scientific Equipment 115.9 115.3 1
70 Electronic Equipment 165.2 165.4 -
71  Household Appliances 54.2 54.0 -
72 Electrical Machinery 174.8 174.3 -
73 Agricultural Machinery 53.7 38.1 41
74 Construction Equipment 78.9 78.7 -
75  Other Machinery 437.6 444 .4 - 2
76 Leather Products 15.5 15.6 -1
77  Rubber Products 52.2 51.2 2
78  Plastic Products 88.0 87.8 -
78 Signs, Writing Equipment 7.7 77. -
80  Other Manufacturing 44.0 43.9 -
91  Railway Transport 7.6 7.6 -
92  Water Transport 106.5 106.0 -
93 Air Transport 179.9 176.7 2
94  Communication 25.0 24.9 -
96  Finance § Life Insurance 2.4 2.4 -
97  Other Insurance 3.0 2.9 2
98  Investment, Real Estate 50.8 51.0 -
99  Other Business Services 37.3 37.0 1
106  Entertainment 53.5 53.3 -
107 Restaurants, Hotels 2.6 2.5 3
108 Personal Services 1.5 1.5 -
110 Non-competing Imports 656.3 658.6 -

11.

Some support for this view is provided by the fact that
there appears to be no relationship between the rates of return to
nwmwﬁmpomm:w:mﬁwaﬂ<msa9ﬁmHm<muomﬂmwwmm wﬂOﬁmnﬁwo:.H ﬁzmmmmmnd

of an increase in tariff protection, it seems, is to increase the size

of an industry, rather than to raise the rate of return to its capital.

2.4 International Trade and Commodity Prices

A major problem in models of international trade is the
tendency toward solutions showing excessive specialization
in production. In the SNAPSHOT model we obviate this problem at the
expense of making international trade largely exogenous. The levels of
exports are fully exogenous in SNAPSHOT (equation 1.9); on the import
side, upper limits are placed on the shares of the market which imports
are allowed to capture in the snapshot year in selected sheltered

industries (equations (1.10)(a) and (1.10)(b)).

To enable the (physical) export target levels to be achieved,
and in order to ensure that import penetration does not exceed the
exogenously set tolerances, it is necessary to introduce a series of
taxes and subsidies which allow the domestic price pattern to deviate from
the (exogenous) pattern of world prices as projected for the snapshot year.
In particular, discriminatory tariffs against imports competing with
particular sheltered industries may be needed, and these tariff levels are

determined endogenously. Similarly, in the light of the (endogenous)

1. See for example financial data presented by the Industries Assistance
Commission, Annual Report 1973-74, Table 3.4.1 and Table 4.2.3.
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48.

projected accurately. For industry 110 which represents non-competing
imports the import level is left unbounded in the programming specifi-

cation.

A comparison of projected with actual imports together with
projection errors is shown in Table 10. For the most part, it appears
that imports are projected accurately. Projection errors exceed 5 pex
cent or more for industry 73 (41 per cent or $15.6m over projection)
industry mm,am per cent or $2.3m under projection) and industry 17
(25 per cent or $5.1m under projection). The explanation for industry 73
is the over projection of investment discussed earlier. Similarly, the
explanation for industry 55 is in terms of the undexr projection of the
output of residential buildings discussed previously. For industry 17
(fruit and vegetable products) imports are less than the exogenously set
level (product of the import share by domestic production). That is,
they are unbounded in the solution. The domestic price for industry 17
is slightly below the import price converted to domestic currency, hence
the result. However, the price discrepancy and the amount of imports
involved are both too small for this projection discrepancy to attract

further comment.

(e) 'Additional’ Export Subsidies and Tariffs (e and ¢)
The current treatment of international trade in SNAPSHOT leads

to the introduction of 'additional' export subsidies (e} and 'additional!

13.

because the implicit rental prices on capital items are linked to the
rates of return on new investment, and as explained above, the latter
take into account the differing yields on capital needed to induce new

investment in different industries.

2.7 Clearance of Commodity Markets

SNAPSHOT is a general equilibrium model which matches the
demands and supplies of each commodity, i.e., the sum of domestic
production and the net balance of imports over exports must be equal to
demands generated by consumers, plus those generated by investors and by

the government (equations (1.15)(a) and (1.15)(b)).

2.8 Labour Market and Wages

The total number of people in the workforce in the snapshot
year is specified exogenously. We can make the assumption of either full

or partial ma@uowaasﬁw

in the long run. Although total employment is
exogenous to SNAPSHOT (and given, possibly, by demographic projections),
the composition of this employment is endogenous and demand determined.
That is to say, SNAPSHOT will indicate which occupational composition of
the labour force would be consistent with the projected structure of the

the economy in the shapshot year, given an exogenously set figure for

total employment.

1. If full employment is thought to be unduly optimistic as a basis for
long-run projection, various unemployment percentages can be set

exogenously without in any way complicating the structure or solution
of SNAPSHOT.
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46.

Table 9 (contd)

Projected Actual  Per cent
Input-Output Industry ($m) (8m) Error
86 Wholesale Trade 4074.1 4076.2 -
87  Retail Trade 3330.1 3308.5 1
88 Motor Vehicle Repair 732.6 702.4 4
89  Other Repairs 229.1 229.1 -
90 Road Transport 1743.3 1725.2 1
91  Railway Transport 772.5 771.3 -
92  Water Transport 694.2 691.1 -
93  Air Transport 537.5 527.9 2
94 Communication 1177.0 1173.3 -
95  Banking 936.2 933.4 -
96  Finance § Life Insurance 558.9 555.7 1
97  Other Insurance 446.8 442.0 1
98 Investment, Real Estate 944.9 947.9 -
99  Other Business Services 1407.6 1398.0 ]
100  Ownership of Dwellings 3073.2 3053.2 1
101 Public Administration 1464.8 1464.8 -
102  Defence 1131.5 1131.5 -
103 Health 1647.0 1636.0 1
104 Education, Libraries 1425.8 1426.3 -
105 Welfare Services 472.1 472.1 -
106 Entertainment 774.4 771.9 -
107 Restaurants, Hotels 1230.7 1218.0 1
108 Personal Services 336.1 336.8 -
109  Business Expenses 3812.5 3802.1 -

@

15.

Equations (1.16)(a), (1.16)(b), (1.17) and (1.18) describe the labour

market and wages.

2.9 Gross National Product

GNP (in purchasers' prices) in the snapshot year is the sum
of wages, rents on capital, taxation levies and tariff revenue, less

export subsidies (equation (1.19)).

3. MODIFICATIONS TO THE THEORY FOR THE VALIDATION EXERCISE

We have made several modifications to the theoretical struc-
ture of the model in the light of its performance in the validation

exercise.

3.1 Investment

In the initial specification, the relative rates of return on
capital required to induce investment in each industry (T) were set
exogenously while the absolute rate of return demanded on new capital
formation for Australian industry (B) was endogenous. In the computation

of the solution, B was formulated as an iterative variable (denoted by

m+v in order to induce the programming problem to generate

1 +

the appropriate level of savings. That is, we used variations in 8

1. For details and precise definitions of notation, see Dixon (1976)
pp. 29-30.
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TABLE 9

INDUSTRY OUTPUTS

Input-Output Industry vamwﬂ%dmm >MM“WH vmwamwzﬁ

1 Sheep 770.8 772.7 -
2 Cereal Grains 543.8 544.6 -
3 Meat Cattle 561.4 565.1 -1
4 Milk Cattle 620.2 625.3 -1
5  Poultry 182.3 183.8 -1
6  Other Farming 663.2 664.0 -
7  Services to Agriculture 219.2 219.8 -
8 Forestry 154.9 158.4 -2
9  Fishing 93.8 94.1 -
10 Iron 344.7 345.2 -
11 Other Metallic Minerals 560.8 564.4 -1
12 Coal § Crude 0il 657.6 654.9 -
13 Non-Metallic n.e.c. 188.3 192.0 -2
14 Services to Mining 193.6 193.8 -
15  Meat Products : 2006.9 2018.4 -1
16  Milk Products 854.1 861.1 -1
17 Fruit § Vegetable Products 292.9 289.4 1
18 Margarine, Oils § Fats 108.7 109.4 -1
19  Flour § Cereal Products 278.4 280.3 -1
20 Bread, Cakes 382.0 385.8 -1
21 Confectionery 131.4 132.7 -1
22 Food Products n.e.c. 779.6 783.1 -
23 Soft Drinks, Cordials 183.5 184.2 -
24 Beer § Malt 313.6 305.2 3
25  Alcoholic Drinks n.e.c. 100.1 97.5 3
26  Tobacco 232.6 226.4 3
27  Prepared Fibres 117.3 117.6 -
28 Man-Made Fibres 162.6 163.0 -
29  Cotton, Silk, Flax 155.7 156.6 -1
30 Wool & Worsted Yarns 123.0 123.6 -
31 Textile Finishing 68.9 69.2 -
32 Textile Floor Covers 119.0 116.5 2
33  Textile Products n.e.c. 99.6 99.0 1
34  Knitting Mills 265.2 267.9 -1
35 Clothing 624.8 631.3 -1
36 Footwear 194.3 196.4 -1
37 Sawmill Products 320.7 337.1 -5
38  Plywood, Veneers 99.8 101.2 -1
39 Joinery & Wood Products 254.6 264.1 -4
40 Furniture, Mattresses 322.9 318.7 1
41 Pulp, Paper 256.9 256.6 -
42 Fibreboard 263.8 263.8 -
43  Paper Products n.e.c. 115.9 116.0 -

17.

suggests that the shares of capital and labour in income (and hence the
absolute rate of return on new investment) are poorly determined by

the model. Given that the model apparently has very little to say

about the absolute rate of return, the endogenous determination of g
would be unwise. If we set the m+ such that Mw+ represents the

actual vector of rates of return in the snapshot year, then our experience
is that the model will generate the appropriate level of savings. Hence
in the validation experiment reported here, the mw+ vector represents

the actual rates of return by I-O industries for 1971/72; that is, rates

of return are fully exogenous.

3.2 Consumption

The theoretical framework is designed to capture the longer
term demand effects of changing demography by specifying nine ‘represen~
tative' consumers, one for each of the socio-economic/demographic groups
distinguished. The consumption behaviour of the different groups is
taken to be described by the constrained maximization of Klein-Rubin
utility functions, i.e., consumption by group i is determined by maxi-

mizing

i

)

subject to ﬁ@nv_OW
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42.

machinery in 1971/72 was only 49 to 69 per cent of that which would have
been required to maintain into 1972/73 the average rate of growth in

the stock of plant and machinery that took place over the period 1952/53
to 1971/72. This explains the SNAPSHOT projection (actual investment
supplied by industry 73 in 1972/73 was about 60 per cent of the projected
figure). Thus in the case of agricultural machinery, the model's per-
formance in projecting a surplus investment of $59m should be viewed not
so much as a failure to project short run swings in agricultural invest-
ment but as evidence of the successful functioning of its long run

investment theory.

TABLE 8
CAPITAL STOCK GROWTH RATES AND AGRICULTURAL INVESTMENT : BAE Nozmmﬁmu

Zone
Pastoral M,wMMW\ wmmme 1
MMMMM MMMM MM:MWO£a: of capital 0.6 3.2 1.7
Assumed depreciation rate (per cent) 12.5 12.5 +12.5
Actual capital stock (1972/73) 8557 8992 5260
Projected capital stock (1972/73) 9639 10660 5821
Actual investment (1971/72) 618 759 561

Projected investment to maintain
1962/63 - 1971/72 capital stock 1255 1546 813
growth rate (1971/72)

Ratio of actual to projected
investment 0.49 0.49 0.69

(a) Units for investment and capital stocks are real dollars of 1952/53
purchasing power per 'average' farm.

19.

4. VALIDATION DATA BASE AND RESULTS

In this section we analyse performance of the SNAPSHOT model
by computing a solution for the 1971/72 snapshot year from a 1962/63
starting base. To assist in describing the experiments and the results
we have set out in figure 1 the contents of the input-output data file
for 1971/72.  The essential features of the data base are discussed in
reference to this diagram. ;%5wm discussion is followed by the results.
We first concentrate on the macro projections - GNP and its components.
This is followed by a discussion of the industry projections. An
important task envisaged in the construction of SNAPSHOT is to identify
the long run consequences for individual industries of changes in technology,
demography and international trade. Hence in the validation phase we
must be confident that the model is capable of projecting to a satisfactory
level of approximation, not only the major economic aggregates but also

industry outputs, investment, consumption and imports.

Our approach in reporting the industry results is to concentrate
the discussion on instances where the model has failed to project satis-
factorily. Satisfactory performance of the model in projections at an
industry level receives scant or no comment. Because of limitations of
space we present the results for all variables other than consumption
using our simplified consumption specification outlined in section 3.2 .

The projections for consumption by I-0 industry are presented for both

the simplified and expanded consumption specifications.
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40.

In addition, some fine tuning along the rows for some capital supplying
industries was undertaken in light of early projections from the

SNAPSHOT model on the vector of investment by supplying M:a:mnaw.u

A comparison of the projected vector of investment by
supplying industry with the actual vector (Q3 + Q4 + Q5 of figure 1) is
contained in Table 7. Investment supplied is projected satisfactorily
for most significant capital supplying industries. The two notable
exceptions are agricultural machinery in which investment is over projected

by 67 per cent and residential building in which investment is under

projected by 10 per cent.

We attribute the model's large projection error in the case of
industry 73 (agricultural machinery) to the fact that investment behaviour
in using industries to which the capital was supplied (the six agricultural
industries) was atypical in the snapshot year compared with average invest-
ment behaviour over the snapshot mmswom.m Agricultural investment is
notoriously unstable over time. While no entirely convincing explanations

of the investment behaviour of farmers have yet emerged there is a general

consensus that investment behaviour is motivated to a substantial extent

1. While the pwojections of investment by using industry, J , looked
reasonable, the early calculations of KJ indicated problems in the X
matrix. We made various corrections to the outdated Monash capital
coefficients matrix as an interim measure pending the completion of
IMPACT's 1971/72 capital matrix. (See Senior (1978) in preparation.)

2. A key postulate of the investment specification is that investment by
each industry in the snapshot year is sufficient to maintain the
endogenous growth rates (established for the snapshot period) into
the post-snapshot year (equation (1.4)). Hence,if for some reason
actual investment in a particular industry for 1971/72 was below
the trend value indicated by investment behaviour over the period
1962/63 to 1971/72, we would expect the model's projection of invest-
ment for that industry to be overstated compared with that which actually
occurred.

FIGURE 1
DATA FILE REPRESENTING THE 1971/72 ECONOMY
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38.

category. They are industry 65 (motor vehicles and parts), industry 88
(motor vehicle repair) and industry 90 (road transport). In the case

of industries 65 and 88, virtually all the output consumed falls into
the transport category, hence the projection errors of 16 per cent.
However, for industry 90 only 65 per cent of its output going to con-
sumption is represented by transport (the remainder represents road
transport mark-ups on other consumer goods categories). Hence the pro-
jection error is reduced to 9 per cent. For medical goods, the major
industries involved are 49 (pharmaceuticals) and 103 (health). In both
cases, nearly all their output passing to final consumption is medical
goods. Hence the projection errors correspond in size and sign to those
of .smmwwww_ in Table 5. 1In the case of the food category, the under
projection of about 10 per cent results in under projections of the same
amount for the following industries whose sales to households are classified

entirely into 'food' : 1, 3, 4, 5, 9, 15, 16, 17, 18, 19, 20, 21 and 23.

(b) Investment

SNAPSHOT provides a vector of investment by supplying industries
(KJ) where K is the capital coefficients matrix and J is the endogenous
vector of gross investment by using industries. Hence the accuracy of the
projections of investment by supplying industry will depend heavily on
the extent to which the capital coefficients matrix depicts the economy's
capital input technology in the snapshot year. As stated earlier the
column totals of the Monash capital matrix were standardised so that they

were consistent with information on payments to capital in the I-O tables.

23.

y = Competing imports plus duty (rows P6BC + P7BC of figure 1)/

Domestic production (row P7 of figure 1)

Hence the endogenous vector of imports should reproduce the

sum of the competing imports plus duty rows (P6BC plus P7BC).

(d) Tariffs (1)
The vector of ad valorem tariffs on imports was obtained by
dividing the vector of duty paid on competing imports (row P7BC of figure 1)

by the vector of competing imports (row P6BC of figure 1).

(e) Technology and Tax Coefficients (A, K, £, AH, T,t, t

27 e mV

The input-output coefficients matrix (A) represents the
industry by industry basic values gross indirect allocation £lows table
for 1971/72 with each element divided by its corresponding colum industry

output. That is, a typical element of A mmwuv shows the amount of output

of industry i required to produce a unit of output of industry j

The capital coefficients matrix (K) currently being used in
SNAPSHOT is based on the capital matrix which was prepared for the Monash
University Tariff mn:aw.uuw After the Monash coefficients had been mapped
into the 1968/69 I-0 classification the coefficients were adjusted so that
the column totals (industry capital-output ratios) when capitalised reflected

that part of the gross operating surplus representing payments to fixed capital.

1. See Evans et al. (1973), Feiger (1972) and Brown (1972).

good i required in the capital stock necessary to support the
production of one unit of output from industry j

2. K is a square matrix whose typical element xwu is the quantity of
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36.

Table 6 (contd)

Simplified Specification

Expanded Specification

Input-Output Industry Moy ctual Per cent LTO” Actual  Per cent
jected Error jected Error
($m) ($m) ($m) (§m)
44 Newspapers § Books 179.7 180.2 - 195.8 180.2 9
45 Commercial Printing 44.8 44.9 - 48.8 44.9 9
46 Chemical Fertilisers 4.7 4.7 - 5.1 4.7 9
47 Industrial Chemicals 0.4 0.4 - 0.4 0.4 -
48 Paints, Varnishes 4.7 4.7 - 5.1 4.7 9
49 Pharmaceuticals 104.2 103.1 1 94.2 103.1 -9
50 Soap & Detergents 70.1 70.2 - 74.5 70.2 6
51 Cosmetics, Toiletry 72.9 72.8 - 75.1 72.8 3
52 Chemical Products n.e.c. 24.6 24.6 - 26.7 24.6 9
53 0il & Coal Products 176.3 167.2 5 192.3 167.2 15
54 (Glass 20.9 20.3 3 22.1 20.3 9
55 Clay Products 7.9 7.7 3 8.4 7.7 9
56 Cement 0.4 0.4 - 0.4 0.4 -
58 Concrete Products 0.3 0.3 - 0.3 0.3 -
59 Non-Metal Mineral Products 3.8 3.8 - 4.1 3.8 8
60 Basic Iron § Steel 0.7 0.7 - 0.8 0.7 14
61 Other Basic Metals 7.4 7.4 - 8.0 7.4 8
62 Structural Metal 9.1 9.0 1 9.8 9.0 9
63 Sheet Metal Products 11.1 10.8 3 11.7 10.8 8
64 Metal Products n.e.c. 63.2 62.2 2 66.7 62.2 7
65 Motor Vehicles, parts 469.5 444.0 6 514.5 444.0 16
66 Ship § Boat Building 11.0 10.7 3 11.6 10.7 8
68 Aircraft Building 0.4 0.4 - 0.4 0.4 -
69 Scientific Equipment 47.3 46.8 1 50.2 46.8 7
70 Electronic Equipment 106.6 103.7 3 112.7 103.7 9
71 Housechold Appliances 214.6 208.8 3 226.9 208.8 9
72 Electrical Machinery 29.1 28.1 4 31.0 28.1 10
74 Construction Equipment 0.2 0.2 - 0.2 0.2 -
75 Other Machinery 5.8 5.6 4 6.1 5.6 9
76 Leather Products 58.7 59.1 -1 57.7 59.1 ~ 2
77 Rubber Products 100.8 96.0 5 110.1 96.0 15
78 Plastic Products 99.4 97.7 2 105.6 97.7 8
79 Signs, Writing Equipment 4.9 4.9 - 5.3 4.9 8
80 Other Manufacturing 112.1 111.6 - 120.2 111.6 8
81 Electricity 393.6 391.0 1 400.0 391.0 2
82 Gas 91.6 91.0 1 93.1 91.0 2
83 Water, Sewerage 16.1 16.1 - 17.5 16.1 9

25.

dividing the vector of export taxes (net of subsidies) by the vector of

exports (Q7 of figure Hu.w

The AN matrix represents ad valorem taxes on capital flows.

This matrix was constructed from the 1968/69

2 . : :
ment, where investment is represented by the three vectors of fixed

vector of taxes on invest-

capital expenditure (columns Q3, Q4 and Q5 of figure 1). The tax vector
was divided by the 1968/69 vector of investment flows and the resultant
ad valorem vector converted to a square matrix by replicating the vector.

That is, we have assumed that the ad valorem tax on the investment flow

from industry 1 to industry j is the same for all j .

All inputs are fully accounted for by the matrices of technology
and taxes. That is, if the model were to generate the exact vector of
industry outputs in the snapshot year, the industry inputs would correspond
exactly to those of the 1971/72 table. For example, consider the input
structure of a typical industry in the I-O table. The first 109 rows are
intermediate inputs, then follows the two primary input rows, then taxes,
sales by final buyers and non-competing (or complementary) imports. These
inputs are accounted for as follows. The 109 intermediate input rows and
the complementary imports row ave reflected in the intermediate usage

coefficients matrix ﬁ>u.m The wages, salaries row together with the share

1. Tax vectors on consumption and exports have been compiled for 1971/72
by Lawson (1978) (forthcoming).

2. Information on taxes on investment flows for the 1971/72 I-0 table
is at present incomplete. Hence the underlying assumption is that
ad valorem rates in 1971/72 can be approximated by the 1968/69 rates.
In any case, taxes on capital flows are very small.

3. The 110th row represents the amount of non-competing imports required
in the production of a unit of output of the corresponding column
industry.
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34,

TABLE 5

CONSUMPTION BY CONSUMER GOOD CATEGORY

A. Simplified Consumption Specification

. Per cent
) Projected Actual X s
Category mawmv $m(a) Projection
Error
1. Food 4395 4439 ~1.0
2. Cigarettes, alcohol, tobacco 1299 1262 2.9
3. Clothing 2064 2088 -1.1
4. Household Overheads 3852 3827 0.7
5. Durables 1491 1450 2.8
6. Medical 1582 1565 1.1
7. Transport 2673 2523 5.9
8. Recreation 558 556 0.4
9. Other 3139 3148 -0.3
Total 21053 20858 0.9
B. Expanded Consumption Specification
(®) Projected  Actual Per cent
Category manmv $mia) Projection
Error
1. Food 4019 4439 -9.5
2. Cigarettes, alcohol, tobacco 1237 1262 -2.0
3. Clothing ) 1973 2088 -5.5
4. Household Overheads 3915 3827 2.3
5. Medical 1418 1565 ~9.4
6. Transport 2932 2523 16.2
7. Luxuries (including Durables, 5601 5154 8.7
Recreation and Other in A)
Total 21094 20858 1.1
(2) These consumption flows are valued in purchasers prices before
consumer commodity taxes. The purchasers price equivalents may
be obtained by multiplying by (1 + ad valorem consumer tax rate)
for that category.
(b) The consumer goods categories correspond closely to the categories

of final consumption expenditure distinguished in the Australian
National Accounts (see Australian Bureau of Statistics (1974)).

27.

(f) Workforce (N) and Wages (W)
The total number of people in the workforce in 1971/72 is

simply the total number of people in the 'persons' matrix; that is,

N = 1'€X where X is the 1971/72 industry output vector. The vector
of relative wages for 1971/72 for each of the nine occupations was
constructed from wage information supplied to the IMPACT project by

the Australian Bureau of Statistics.

(g) Export prices (Pe), Import prices (Pm) and Balance of Trade (B)
Export and import prices are expressed in foreign currency
f.o.b. and c.i.f. respectively. They are set so that in the case of
exports wmm. will reproduce the 1971/72 f.o.b. vector of exports (Q7
of figure 1) and wyz (where M is the vector of imports) will
reproduce the c¢.i.f. vector of imports (row P6BC of figure 1). The
method of construction is that followed by Evans (1972a). First,
industries were classified as exporting or import competing on the basis
of positive or negative net exports for 1971/72. One 1971/72 Australian
dollar has been defined as the umit of quantity, that is, the price of
this unit of quantity is one dollar. Export and import prices are then

defined in terms of 1971/72 domestic prices of unity.

For import competing industries, the domestic price (Pd) will

equal the duty paid import price. That is, Pd = Pm (1+1) . Hence

Pm = 1/(1+1) . In the case of the export price of import competing

industries, it was assumed that the c.i.f. price equalled the world price

(Pw) plus transport costs. Since Pe = Pw - (trensport) and
Pm = Pw + transport, Pe = Pm - 2 (transport). We have arbitrarily assumed
that transport equals 0.1, that is, 10 per cent of the price for all traded

goods.



*s9TI089180 S§pood Iounsuod

Jo uoTleweSTeuE OYl IOF SUOSEAX J0F (BLET) SWRT[IIM 995 ‘pPSuIl

-3no A171vurdiio se1Iofeleo spoof IsUMSUOD SUTU 9Y JO SISBQ 9Yl U0

stsdreue ue jaxoddns o3 JUSIDIFFNS JOU SEM BIBP SYI IBYI PUNOY SBM 3T

S.-vL61 ‘4oAxng asanitpusdxg proyesnoy §gy oyl wory sadLi proyesnoy
JUDIBFFTP oYl x03¥ siasjeumered uoridunsuod urqny-utery oyl SurleWIIse UT T

1rodsuell syl jo siusuodwos xoflew oyl ‘orduwexe I10J J8PISUO) "DIBINIDE
$591 JByMeWOs oae UoTIBOTyToods popuedxe oyl FJo 9soyl oyTym suoridaloxd
238INO0E AIoA sSpTatd uortlestyToads uoridumsuod patyrrdwts eyl ¢ oyqel 3o
S1[NSSI 9Yl pue ILTFISSBTO XTJIJeW 9Y] BIA POUTRIQO I8 $ITNSIL ISOYL IDUIG

*Axisnput g-1 Aq uoridunsuod yo suotivafoad sureiuod g a1qey

rswarqoxd 9soyl urerdxe 031 parinbal 9q [TIM YOIEOSIX

I9Yy3Ing “MOT 003 oIB SOTI0F01ED [ROTpom purp pooF oy3z jo uoridumsuod pue
ydty oo3 st Lxo8s3ed 1xodsuery oyy yo uoridumsuod ‘xeynoriied uy  -estosad
$s97 oae (snouaBopue aXxe sexeys 293pnq oyl axaym) uorilwdiyroads uoridumsuod
wwvcmmxw 2yl uo poaseq suorioafoxd oyl ‘pozoedxe aq pinom sy -A[TI0IDBISTIES
poyvofoxd ueaq saey spood Jewnsuod yo sodtad oyl 1Byl ‘I9AOMOY ‘9IBOTPUT Op
S3INSOI 9YL “senTeA Z//TL6T oYl 1® weyl 318$ am pue snousfoxs sxe soleys
328pnq 2yl ‘uoriouny uotydnpoxd seydnog-qqoy oYyl yItm oours Surstadins

jou st STyl -4A19rmInoow pajoaloxd st Axofeieo pood asunsuod £q uoridums

-uod ‘uoriestyroeds uoridumsuod patyrrduts Syl Fo 95D Ayl uJ

‘g 9IQEL UT usmoys

sT uoridunsuos Ten1de y3ta s9TIoB0led spoof Iswnsuod oyl Jo YoBS I0J
uotidunsuods peioefoxd yo uostredwod oyj], - SILTFISSEO XI1xivw uotidunsuos
Butsn ,Lxgsnput, sjzodut Axejusweldwos oyy snyd seryasnput indino-indut
607 oYy ozur paddew usy3 eae sotiofeled spoof iownsuod (U9Aes) oUTU oYyl

103 suorivaloxd ayy, [ PUEWAP Iounsuod 3o uorzeoryToads popuedxe oya

‘eg

Ed

“Awouode z//1.61 oyl ut soTxisnpur 3xodxe Iolew oyl
103 o1q1f1ITou 9aB 959yl ‘IPAGMOH SOTPISqNS puB SOX®} 300]JoX 03
103094 901ad jrodxe oya peryipow eaey prnoys om ‘Suryeeds A1310TXIg ‘T

€9/796T UT SOTAISTNPUT 8soyl yo sindino oyl aae 91qeI O-I ZL/TL6T 9Yy3 uT
SOTIISNPUT GOT 943 X0 syo03s teatded ieed oseq oyl ‘UOTITULFOP Ag

(4) uotaersasadeq pue (1) uxngey yo sezey ‘((0)¥) s}o03s rTeitded (y)

*saxodut Sutzedwod

~uou yo anyea ay3 pue (W) sixoduwt Burjedwod yo enyea pred Aanp syz

pue {(ug) 1o0309a 20txd 3xodut sy3z jo jonpoxd oyi yzoq sty woxF Jurioery
~qns pue ¢ (9d) x03094 9o1ad 3xodxe eyz 4Aq (3) sizodxe jyo enyea g 0°J

ay1 Surdrdrapnu 4q 308 sem g 3ITDTFOP 9pEII JO 9dUBTEq BYL

0T (2+1)/1 T0°T ug
0 2°0 - ug T ad
Ax3snpuy Axasnpug Axysnpuy
RIS ]
papexl-uoyN Sutriedwoy 3xodug Burjxodxyg d

¢ usyl Axeuums uy
‘(s3xodut ou ainsus 031) QT 01 29§ ATrIeIlrqie sem ootxd 3zodur oYyl pum

oxez 031 195 sem 92TId 1xodxs oyl SOTIISNPUT POPBRII-UOU 104

T84 T0°T = Wd ST 3IBYL -PamOIIE U99g SBY

urfxeu jued 1od suc v ‘seldxeyd Surypuey Xoy Morle o -sixod uerTRI3SDY
je ,paeoq uo, s801xd priom pertenbe sedstad jxodxs *qro°} 9yl 3Byl
Sutunsse Aq pejewrise sem ootad jxodur syy *ao1xd oTisswmop ayz 03

T
Tenbo pounsse sem sotxd 3xodxe ayz ‘seraysnpur 3xodxs 1o
I Y t put d

‘82



32.

TABLE 4
PAYMENTS TO CAPITAL AND TO LABOUR

Components Estimate Actual
Payments to labour ($m) 22124 22213
Payments to fixed capital ($m) 9814 9618 ’
Average wage ™ (§) 4220 4237

Payments to labour as a proportion

of payments to labour plus capital 0.69 0.70

(a) Average wage = total payments to wages, salaries, imputed labour/
total workforce.

4.5 Industry Analysis

In this subsection we concentrate on the performance of the
endogenous variables, consumption, investment, imports and domestic output
at an I-0 industry level. The approach is to compare in turn the projection
for each endogenous vector with the corresponding actual vector (as given
in the 1971/72 1-0 tables). As a general rule, whenever the projection
lies within 5 per cent of the actual figure, no comment is made about the

result,

(a) Consumer Demand
The model projects consumption for nine consumer goods categories
in the case of the experiment with the simplified consumption specification

and for seven consumer goods categories in the case of the experiment with

29.

The 105 industry outputs for 1962/63 were mapped into the 109 I-0 industries
then expressed in 1971/72 prices using price indexes for the 1962/63

to 1971/72 period. Rates of return (before tax) to fixed capital were
assembled from a number of sources; annual reports and industry inquiry
reports of the Industries Assistance Commission in the case of manufacturing
and mining industries, Bureau of >wwwncHdC%mw Economics surveys in the

case of rural industries and Reserve Bank statistical bulletins in the

case of service industries. Industry specific depreciation rates were
assembled from information used in the ORANI model and from information

collected as part of the IMPACT capital matrix project.

4.2 The Validation Experiment

The aim of the validation experiment is to determine how
accurately SNAPSHOT can reproduce the key economic aggregates of the .
1971/72 economy and the industry vectors of household consumption (colum
Q1 of figure 1), investment (the sum of columns Q3, Q4 and Q5), domestic
production (row P7), industry growth rates and workforce labour demands by

occupation given the exogenous inputs listed in the previous subsection.

4.3 Macro Projections

The convention adopted was that all output quantity units were
defined so that the basic value of a unit of each good was $1 in 1971/72.
Hence the projected final demand components can be added to arrive at real
GNP in 1971/72 prices. Since GNP is conventionally defined in terms of

'purchasers' prices and the aggregates projected in SNAPSHOT are in basic
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