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20.

APPENDIX 1

The computing was done on the CSIRO Cyber 76 and the
programs are written in FORTRAN, Use was made of three computer
packages available on the CSIRO Cyber 76; Superpassion; Apex-1
and Update. Superpassion (Special Utility Program Enlarging and
Revising Passion) is a matrix manipulation program while Passion
is a program for algebraic sequences specifically of input-output
natures. Apex-1 is a Control Data Corporation linear programming
package. The Update facility provides a means of maintaining
program and data checks in conveniently amendable compressed

format on magnetic disc or tape.

SNAPSHOT solutions generally require from 10 to 12
iterations around figure 1. That is, the LP model is approximated
and solved 10 to 12 times before all convergency criteria are

satisfied. Central processing time is about 125 seconds.

ABSTRACT

In the longer term, changes in demography,
technological innovations and shifts in the patterns of
Australia's international trade can be expected to
significantly influence the structure of the Australian
economy. A large non-linear model which simulates these
long-run effects is presented and its economics discussed.
The solution algorithm is solved by making piece-wise
linear approximations to the non-linear objective function
and the non-linear constraint functions. The linear
programming problem is then solved and an approximate
solution obtained. Termination tests are applied to the
approximate solution. If the solution is inadequate the
piece-wise approximations are revised and the linear
programming solution recomputed until the termination tests
are satisfied. A detailed validation exercise is then
performed using historic data over the period 1962-63 to

1971-72.
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the nine occupational groups distinguished by the model.

18.

Table IV contains projections of employment for each of

TABLE IV

PROJECTION OF WORKFORCE BY OCCUPATION

SNAPSHOT Actual

Occupation Projection Number

000's 000's

1. Professional White Collar 199.4 201.9

2. Skilled White Collar 694.0 699,1

3. Semi and Unskilled White Collar 1409.2 1419.4
4. Skilled Blue Collaxr

(metal and electrical) 536.8 532.3

5. Skilled Blue Collar (building) 223.1 219.8

6. Skilled Blue Collar {other) 139.7 140.2

7. Semi and Unskilled Blue Collar 1551.5 1545.7

8. Rural Workers 423.9 419.1

9. Armed Services 83.3 83.3

Occupational employment is also

projected accurately.

CONTENTS

INTRODUCTION

MODEL SPECIFICATION

2.1 Consumption

2.2 Capital Stocks, Investment
and Rates of Return

2.3 International Trade and
Commodity Prices

2.4 Balance of Trade and Exchange Rate
2.5 Cost Structure of Commodities

2.6 Clearing of Commodity Markets

2.7 Labour Market and Wages

2.8 Gross National Product

SOLUTION TECHNIQUE

ECONOMIC PERFORMANCE

CONCLUSION

APPENDIX 1

Page

vi A B s Bw

11

16

19

20



*Aoeanaoe 3o sexdep ySiy B 03

T9AST AZISNPUT UB 3® $S[QETIEA DTWOUGDS 399foxd 03 91qe 0SB ST [opouw oyl
JBY} SOIBOIPUT O1qe3 Byl ‘SITIASNPUT 60T OIUT STSATRUR AXISNPUT-I8IUT FJO
asodind oy3 103 POPTATP ST Awouode UBTTeIlSNY oYl -ofuex Aoeinooe yoes
UTYITM SSTT UOTISOnb Ul oIqerdea DTWOUODS 2yl Jo uotdeloxd oyl yotym

03 SOTAISNPUT JO Ioqunu 29U} 03 I8IdI 9[qel 9yl Ul saandiy

4} 98 238l Yimoxd ALxjsnput
6 96 s3roduy Ax3snput
01 98 jusuisaaur Arisnput
61 88 uotidunsuod Axjsnpur
L Z01 andano Ax3snput
18n3oy 3o TenIdy jo
%S1-9 ; pe3vefoaq %5 5 peidefoxg oTqeTIEs
Adeanoody uorinsfoxg

THAZT AMLISNANI NV LV SITEVIYVA DIWONODE 40 NOILDIrOud

ITT  H19vL

"III ®Tqe], UL UMOYS S¥

TeA9T AL13SNpPUT [ENPIATPUT UB 3B sofqeraen snousfopue Ay 103 Adeindoe

uotioofoxd oy -Awouode syl UT SOTAISNPUT [BRPIATIPUL JO sourmrogyrad
oy uo opexy pue AydeiSowop ‘ASorouypez ur seduryd o sedusnbesucd

uniuol oYyl LIJTIUSPT 02 ST JOHSJVNS JO ¥SBI jJuBilodut uy

‘LT



16.

ECONOMY WIDE EFFECTS OF LONG RUN CHANGES IN DEMOGRAPHY,

*
4. ECONOMIC PERFORMANCE TECHNOLOGY AND INTERNATIONAL TRADE

SNAPSHOT's economic performance has been evaluated by by
assessing how accurately the model projects the endogenous variable
P.B. Dixon, J.D. Harrower and D.P. Vincent
list for the 1971/72 Australian economy from a 1962/63 starting base
given the production technology, demographic and trade scenmarios
which actually occurred in the 1971/72 snapshot year. A comparison

of projections of the key macro economic aggregates with their actual

values for 1971/72 is contained in Table II. 1. INTRODUCTION

TABLE II

We report on the economic design, solution algorithm and
PROJECTION OF KEY ECONOMIC AGGREGATES

performance of a long term economy-wide model of the Australian

SNAPSHOT Actual economy. The model (termed SNAPSHOT) provides a detailed description
Item Projection ($m 1971/72) 1
(3m 1971/72) of the economy for a particular year well into the future. The
Consumption 20863 20724 SNAPSHOT approach allows us to analyse the effects of demographic and
Net taxes on consumption 1490 1492 ; technological developments on industrial composition of the economy ,
Private investment 6388 6378 skill composition and manpower requirements of the workforce and living
Net taxes on investment 61 79 standards while abstracting from short-run cyclical phenomena and the
Imports - competing 4360 4337 dynamics of adjustment paths.
Imports - non-competing 658 659
Gross National Product 37095 36988
Payments to labour and capital 33848 33202
Payments to wages, salaries,
supplements 20666 20176
) 1. Dixon, Peter B., John D. Harrower and Alan A. Powell, "SNAPSHOT,
Gross operating surplus 13182 13026 A Long Term Economy-Wide Model of Australia : Preliminary Outline",
Impact of Demographic Change on Industry Structure in Australia,
Average wage 3929 3836 Preliminary Working Paper No. SP-01 Industries Assistance

Commission, Melbourne, February, 1976.
The results indicate that the model projects the aggregates This paper has been published by the Convening Committee of the Simulation
Special Interest Group in Simulation Modelling : Techniques and Applications,
to a satisfactory level of accuracy. Proceedings of SIMSIG - 78 : Simulation Conference (Canberra : C/- Division
of Computing Research, CSIRO, 1978), pp. 109-113;
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(b}

(c)

(d)

(e)

(£)

(g)

(h)

14,

Initialise iterative variasbles - make predictions of the
values that some simple variables will take in the final

solution.

Calculate re-estimated variables - based on the prediction
in (b), linear approximations to the non-linear parts of

the model are made.

Generate the LP model using data from (a), (b) and (c) to

calculate the LP coefficients.

Solve the LP - an LP package external to the solution

controlling program is used.

Read LP solution - extract from the LP solution, primal

(activity levels) and dual solutions values.

Calculate post-LP variables - other economic variables

are now calculated from LP solution values.

Test for final solution - various tests are made on the
iterative variables, LP variables and post LP variables
to determine whether or not the solution has converged

to sufficient accuracy.

Adjust iterative variables. If the errors in the LP
approximation are too great, the assumptions are refined

in preparation for a re-run starting at step (c). The
adjustment rules determine the speed of convergence. Ideally
the adjustments are dynamically controlled so that smaller
variations are made as the model gets closer to the optimal

solution,.

protection policy. The effects of these changes, however, are on
the size (capital, output, employment) of the industry and not its

rate of return to capital.

2.3 International Trade and Commodity Prices

It is well known that general equilibrium models that
combine the assumption of linear production technology with perfect
substitution between imported and domestic products and exogenous
prices for exports mwm imports produce solutions in which domestic
production is specialised to an unrealistic extent. We obviate this
problem in SNAPSHOT by making international trade largely exogenous.
Exports are specified exogenously on the basis of long term projections,
while the maximum shares of domestic markets captured by imports are

also set exogenously.

To enable the export target levels to be achieved and to
ensure that import penetration does not exceed the set levels, 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 projected for the snapshot year. In particular, discriminatory
tariffs to restrict imports to domestic market shares may be needed
and are determined endogenously. Similarly, in the light of the
endogenous domestic cost structure in the snapshot year, the local
levels of demand for and outputs of exportables may not be consistent
with the set export targets. Consistency is achieved by the endogenous

imposition of an appropriate export tax or subsidy.



*SOTqRTIBA SNoUoB0OXe pur BIEP POALOSqO
SB Yons [epow 8yl 03 [EUISIXD BIBP JO SOOTIIBU

pug S3[qeIIBA 9I01S PUB PBAI - BIBP POXTJ peoYy (®)

ISMOTTOY SE

paqraosep aq Lew wyitrofTe UOTINTOS JOHSJVNS orerdwod ey

‘pautelqo A1}oInb oq upd SUOTINTOS 93BINDOE ‘Tol3UcO Io3ndwod

1epun suotiewrxordde oyy Suruizex pue Burzewrxoadde jo ssedoxd syoym
9yl y3tM eBeyped 47 oYl woxy Yowq UOTINTOS J7 2yl Ioysueil (ITT)
pue ‘47 9yl earos (T1)  ‘(I-X3dv) oBexoed 47 sy o3 (g7) wexdoxd
o1seq 24yl 103 pexmbax wiep indur zeysuexl (1) ‘o3 Ased 3T seyew

yoTym wolsAs e doreasp 031 sewm ysel Surindwod utew oyj

1 eandtg

IoMSUE TBUTH

SHA a

punojy 1snl uoIInTos
teutrzdo oyy yo ydtr eyz ut
ON pPTiBA [TT3S 21 A8yl 3T 995
01 suorieuixoxdde oyl 23s9y

!

[opowt d17
Furzeurxoxdde syy
9ATOS PUE JINIISUOD

suoTiRWIXOIUdUR

SWOS OYB

suotjeuTxoxdde
2Y) auTIoY

S

R

*ov10)Iom TBI03 19S ATsnousfoxe ue

usATd ‘awaf joysdeus ey3z ur Awouode syl Fo aanionils peizosfoxd syz yitm
JUSISTSUOD g PINOM 92103 Inoqe] 3yl Jo uoT3Isodwod TruotrIednddo YoTUM
$91BDTPUT JOHSIVYNS ‘ST 3JBYL ‘PIUTWIOIL) puewap pue snousopus sT sdnoad
TeUOTIRANODO QUTU XdA0 Juswhordud JO UOTINGTIISIP oyl ‘AIsnousdoxo

parzoads s1 aead joysdeus oyl UT SDIOINIOM BUL JO OZIS YL

so8ey pue 18I INOQE] /°'7

rjusuwuronosd snid szojseaut snid szsunsuod £q peileaoued spueuep
ay3 renba 3snu sjzodxe zoao sizodut jo souelRq 38U °Y3 pue uorzonpoxd
OTISSWOpP JO ums 9yl ‘A3Tpounod yoeds Io4 ‘sorrddns pue puewep

2yl SoUDIBW UYOTYM [opow WNTIqIiInbe Jezoued ® ST JOHSJVNS

s3oNIe A3Tpoumo)) JO SUTIBSD 9°7

rxesk joysdeus eyz ur peonpoxd jou sT A3rpowod Byl usy3y ‘esrad
S31T pa9dXs A1rpoumod B Jo uotronpoad yo 1500 oy3 prnoys -syndur uo
PaTAS] soxel pue Te31dEd U0 UIN1SI BY] ‘SOTIBIES pue soSeM ‘S[BTILIBUW

peseyoand jo dn epem s1 A3Tpoumos e Sutonpoxd yo 3500 ayj

SOTITPOUNIO) JO SINIONIIS 350) §'Z

' syuswasou Teirded

TBUOTIIBUISIUT JNOGE JUDWSSISST STYI YITM 1USISTSUOD ST UOTIN[OS LOHSIVYNS
9yl 3eyl sansue o1 sisnlpe ‘snousfopus ST YSTUM ‘938l 95UBYIXS BYL
*Ine20 03 ATONIT TeITdEd JO MOTFINO 10 MOTIUT 38U SY) JO JUSWSSISSE

uz 03 Jurproode A1snousfoxs 385 ST 9pEil FJO SOUBTRG OYL

oley 93URYOXY puB 9pBIL JO SOUB[BY ('



a weighted additive non-linear utility function where the weights are
arrived at iteratively to ensure the appropriate distribution of total

. 1
consumer expenditure across the consumer groups.

For example, the objective function is initially written in
terms of maximizing szwaﬁan. a weighted sum over the utility
functions of the 9 groups of consumers. This may be reformed as maximise
:ﬁ£+wnv where cﬁs+unv is the maximum value attainable for szwcwaan
where the nw are an allocation of the aggregate vector C across
consumers and w' is the vector of weights ﬁzu+.....sa+v. This step
reduces the number of variables in the non-linear objective function from

1

nm to n. Furthermore Dixon~ has shown that if the cw are strictly

concave additive functions then U(w',C) = v ?Jn.u.u where C.. is

) ]
.th !

the j element of C and <uﬁuuw.....:u are strictly concave additive
functions (with respect to n.uu. We now have a standard non-linear additive
objective function. This may be linearised by conventional methods which in

this- case involves approximating the <u by t linear segments over the likely

solution range of n.w.

Since the number of non-linear coefficients in the objective
function and constraints is small in relation to the total number, the
problem can be further approximated by an appropriately constructed
linear model. The basic solution strategy (figure 1) is to make piece-
wise linear approximations to the non-linearities, solve the LP problem
and check to see whether the linear approximations are still valid in the
optimal solution. Termination tests are applied to the approximate
solution and if the solution is inadequate the approximations are revised

and the LP solution recomputed.

1. Dixon, Peter B,, "A joint Algorithm for the solution of SNAPSHOT",
Impact of Demographic Change on Industry Structure in Australia,
Preliminary Working Paper No. SP-03, Industries Assistance
Commission, Melbourne, April, 1976.

The relative wages of the different occupations are
exogenous. The absolute wage however, is endogenous, its level being
determined by the productivity of the economy in the snapshot year
and the requirement that the specified workforce be employed. Implicit
is the assumption that between the base period and the snapshot year,
occupational mobility, training and retraining, and the response of the
education system are adequate to ensure that the supplies of different

skills in the snapshot year match the demands for them.

2.8 Gross National Product

This represents the sum of wages, rents on capital,

taxation levies and tariff revenue less export subsidies.

TABLE 1

THE EQUATIONS SPECIFYING THE SNAPSHOT MODEL

Equation N

Equivalents Equation
mg nw = mwhwn~ NwVv i=1,...,m (1)

. .

g PT=Qp Qe p (2)
m Zi= (1-s;) o (GNP) (3
n K(t) = (1 + )" RN @
n K(t + 1) = (I + h) (K(t)) 5
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10. 7.

Number of
Variables Equation .
Equivalents Equation
industry levels of capital stock in (n)
the base year
number of years of the snapshot period (1) p' g ahmyw.ﬁH + mu + gt (13a)
industry specific depreciation rates (n) n
applicable to the wsmCmS.w capital —_ R
stocks, K(t), over the tth year p' - ogau.ﬂ + 1) - 8t @ =0 (13b)
capital matrix in the snapshot year: (nxn)
Kij is the input of good i required to . -
create a unit of capital stock for By (pH™ - %) 'E (14a)
industry j
1
ad valorem taxes on creation of (nxn) — —
capital stock i My e
@B - (p)'™M - (p)'E)=0 (14b)
relative rates of return to capital (n)
required to induce investment in each
industry pr(I - A) -wil -Tn - ﬁ.?u *A) g 0 (15a)
exports of commodities (n)
n
ad valorem taxes (net of subsidies) on exports (n) [p'(I - A) - w'& - I' - p'(T, * >uuw =0 (15b)
1
import shares of the domestic markets (n)
m
export prices (f.0.b.) in foreign currency (n) X+M3zQ] €, + K+ G+ E+ AX (16a)
i=1
import prices {c.i.f.) in foreign currency (n) n
n m
ad valorem tariff rates (n) pIX+M-Q] C,-K -G-E-AX] =0 (16b)
i=1
balance of trade deficit in foreign currency (1)
input-output coefficients matrix (nxn) N1 (17a)
ad valorem taxes on intermediate usage {(nxn) 1
labour requirements by occupation and industry (Hxn) §(N - 1'L) =0 (17b)
per unit of output in the snapshot year
government purchases of commodities (n)
H L = £X (18)
total number of people in the workforce in (1)
the snapshot year
relative wage rates, before taxes, for () H w o= §(w) (19)

the various occupational groups
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