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25.(cont.)

26,
27.
28.

29,

30.

NA®+H.H,mvu =z + occupational specific and + amw.u (technical change term),

primary factor
substitution term

where amw = 1 1f j = 63 and 0 otherwise., For this analysis, assume
that ?

% oz
and (g+1,1,6)18 18

X(g+1,1,6)5 ~ O for i 4 18,

Then, (6) becomes

%6 = Brar1,1,6)18 %18°

As wmm+w 1,618 © 0.188, and 219 = ~2.71 (recorded in Table 4.2, row 9),
¥ ¥

an approximation to £, is given by:
6

L, = 0,188 x (~-2.71)

6
= -0.51 .

This is close to the value reported in Table 4.1 for the percentage

change in employment of the occupational group skilled blue collar (other).

Projections for employment by industry can be obtained from ORANI.
See DPSV, p.307.
See DPSV, pp.340-341,

In the ORANI long~run simulation the iron mining industry's supply
schedule 1s horizontal (see section 5), However, for convenlence
these schedules are shown as non-horizontal in Figures 4.1 and 4.2.

Equation (2.7b) ammnn»wmm the demand for labour in the basic iron
and steel industry, and within this equation the term describing the
effect of changes in factor prices is:

3 %

“erlnes Plgrt,nes T L Seent, 063 Pegit, 63 -

But in the current implementation of ORANI industry 63 is assumed
not to use land in its production process, so that this expression
may be simplified to

THE LONG TERM EFFECTS OF IMPROVED LABOUR PRODUCTIVITY

IN THE AUSTRALIAN BASIC IRON AND STEEL INDUSTRY

by

Russell J. Rimmer®

1. INTRODUCTION

The Australian government has recently announced a five year
asslstance package for the iron and steel producer Broken Hill
Proprietary Ltd. (BHP) based on bounties paid to steel users. While
the assistance package operates BHP will endeavour to reduce its
production costs and regain its competitiveness In world markets. Both
unions and management have agreed that to achieve this aim an annual
productivity level of 250 tonnes of iron and steel per employee must be
established in major steel works. According to industry estimates for
the whole of 1983 this i8 a productivity increase of 22% or 45 tonmes
per employee. The company expects to realise this gainm through
natural workforce attrition and by reducing the level of nnwwammm in the
steelworks from 15% to 107 (which is the normal level). Once this
initial productivity goal has been attained the unions involved have
agreed to & rate of productivity growth for BHP 2% faster than the
national average, which traditionally rums at about 2%. This, plus a
planned investment catch-up on prior years of low spending, will bring
worker productivity in BHP steel mills within 5 years into line with the

productivity levels currently obtained by Japanese steel aonWmnm.p

This paper attempts to quantify the long term effects of the

initial 22% projected productivity growth on industry output levels,

employment by occupation, aggregate real wages, real domestic mvmoﬂvn»oam
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23, To derive (4.2) assume that the aggregate production function for
the economy is given by

where 2
vo = economy wide employment level except for labour employed
in industry 63,

rmu = employment level in industry 63,

A = technology coefficient for the usage of labour
(g+1,1)63 in industry 63, and

K and N are the economy-wide usages of capital and land,
respectively.

With @ = Hmw\>mm+~.wvmw a small increment AX in X may be

approximated from (1) by«

AX = (IE/3RVBK + (DE/INAN + (3£/3L )AL, + (/3040 ,

so that

x = 100 AX/X

= (R(3£/ K0k + NQIE/BNIm + Lo(9f/aL) 8o + (OF/ 3Q) Q) /X, (2)
where k, n and »o denote percentage changes in K, N and Ho

respectively, and AQ may be written as:

8Q = (3Q/8Lga) Algg + 8Acury 1ye3 (30/3(gy 1)63)

2
= Mlga/Algr1, 1363~ 2(ge1,1063 P63/ (gr1, 1763

= (g3~ agr1,1)63) Lea/Age1, 1763

= (g3 = age1,1763) Q- (3

Eliminate AQ from (2) using (3) to obtain

2. THE EFFECTS OF LABOUR-AUGMENTING TECHNICAL CHANGE IN THE ORANY

PRODUCTION THEORY.

4 labour-augmenting technical change has the following consequences

in the industry in which it occurs:

(1) 1less labour is required to produce each unit of output, but as
labour has become more efficient producers will substitute labour

for some fixed capital inputs;

and
(11) if intermediate input prices and factor rentals are fixed then
the production cost of a unit of output would fall in this

industry.

These are referred to as the direct effects of the technical change.,

'In sub-sections 2.1 and 2.2 the ORANI theory is used to explain

the direct effects in more detail.

2.1 The ORANI industry input technology and labour-augmenting technical

change.

At any given level of activity ORANI assumes that producers in
industry j purchase the combination of inputs which minimizes costs.
Also, producers are assumed to be competitive in that they regard all
input and output prices as exogenously given. The production technology

incorporated into ORANI is fully analyzed in Dixon, Parmenter, Sutton



ayl asooy» TITa [ Lxasnpur ¢ pu 7 ST9Ad] 3® ‘oTdmexs 103 *soBeis

U 3N0 POTIILD 8 uBD *7 2anBg BT UMOYS SIUTRIAISUCD TedfBoTouyosly

“(£861) IoWmTY pup JIojusllaiey ‘uoXyg 9eg ‘7z
oyl Buysn weTqoad UOI3BZFWIUTW 3800 8, I90npoad yowad jo uojinjog *sdnoad

Fri-gv1 cdd ‘pgdq ees 17
299yl Us9Mlaq sjusmescm 20Tad PATIBTSI JO ITNSVI B SB 8IBOD I9Yl0

“11-9 +dd ¢(®gsgY) wolINg puw IvuGWIBY ‘UOXIQ,98S 0%
10 soyjTpoumod pavnpoad jo sindul SAT3IDVIFe pur sioloey Aavuwrad jo s3fun

‘€ d <(1g61) aojusmamy POy g
QATIVVIIE UBVAIVG VOTINITIBqAS FJO A3TTTqIssod eya sepniosad ‘1z =andig

*{g861) aedoop seg gy )
ul [ [ea8l 2® sandul aulquod o3 posn LBojouyvey Fysyjuo] oy
"ESE-pPE -dd ‘¢ uwoT3veg ‘Asdq @es /1
*(mwxoy s8ueyd sBejuediad ueyl Isyjel) wioy sBueyo uy Topom oyl uj saeeddm

27qeIaRA 8TYl 08 pue ‘039z ySnoayy ssed Lew opeiy jo wouwleq UL °9] *$3800 I9Yy3o yo sjynduj pum
. aeonpoid syl £g poaysvsa ‘sao3ovy Liewpad JO sITUN SATIORIIS ‘sandul peonpoad Jo s3Tun LALIDLIIe

907ad ay3 sy pood psonpoad ATTPOIISSWOP YO®S JO ONIBA DTERq BY, I
‘guotizodoad pexty uyr ‘Suysn pejeisusd sy [ Lajzsnput uy L3jafade

*0T1-801 *dd ‘gl uwOTIV3G ‘Agaq oS yI
JO TOA®BT uUaAl8 ® | Toad 3® ‘LITBUTL *3utod STYI Je PIONPOIIVT

3422 G
2q uwd Inoqel Jo asn [Twisao oyl uy aBusyd [evyBoiouycel ¥ *InogET IO
(99£°0)22~ = 2
sanduy 2AT3De3Ie puw pusy TRaInyInoTile ‘featded Jo SUOTIBUTQEOD HSAHD SE
+ 8T uofionpoid 893S PUB UOIT DTSRG PoIONIISUOY BA® SI0IVRI AIEWIAd JO 8ITUN PATIVBIIS puU® ‘UCTIBDTITESRID
‘

uy 83800 xo30wy ALxewytad Ul UETIONPRI BYI T2~ = g9t ~+wvm usYys 08 pup £3TpOmEOD Auﬁ aya jo s@jrddns pejxoduy pup DFISSWOP JO SUOTIBVUTQUWOD mmmu
. mwnmﬁm+mvw mmAH,~+&vm . 8¢ pourjop eiv T 3nduy [PIISIRE JO SITUN DATIDDI30 g VAT 3V
*8dnoad TRUCTIBRINDDO JUBIBIITP W BYI WOIJ InogeT JO SI3TSOdWOD wmwmwo se
Aq ueat® 8y POIORLIIBSUOD B1B INOYE] JO SITUR SATIVIIIS § [OA3T IV *°TEDS 03 suiniad

< £
1Byl UMOYS DG uwd 3T £9(1 ~+wvm -1 = £9(z ~+mvw eyl ivey syl Bursp -

< BT ) £9(T THE), £9(Y T+E)

(ENT T 1y €9(T THB), ) €9 (T B, _

Buysn pejndmod saw ¢ pur »
3%93 Byl ul ‘sIPIUsI Ioioey Lawwrid JUBISUCD UY3ITM puvw AITAIIOER IO
1eA91 POXIF ® 103 €9 Axjsnpur £q ‘Lysaridoadgsx ‘Teirded pexyy puw
anoqeT Jo sandul I0J SPUBWSP UT SUOFIONPII 9yl |IB ¢ pur » aIsYA

€92 T8y | €91 T+B)g, | o

1£q ueatd sT ‘D £q pejousp ‘uorjzonpoad (993§ PUB UOIT DIseq
03 83800 3ndur Io3o®y Aaeuiaid [RI0] UT uojionpex odejusdied ayy

'm‘wf

¥ = g pue

JUBIBUOD ITQIUXS PUR ‘WICY PIISOU THALY @8Iyl B Jo 9ae (7 2anBig uf

pe3oTdep suofzouny uopionpoad INVEO SYL n.muwaﬂu 1800 a9y3o jo synduy

pue ‘sanduy puey pue Teijded pextjy Ligzsnpuy _‘anoqey Jo sotaoBwzed

9
TeuoTiedndoo K ‘(peirodmy 3 pue pevnpord Lyieoyiseuop 8) soiippouumov

87 IO 3ISTSU0D BEBYY *SIFIISNPUT INVEO Y Byl Jo yoes Lq peseydsind

S
oq uwd jwyl uoyldnpoid jueiind o3 ainduy o97qyssod [Tv saoys muswwm.msﬁ

[ad
¢.~.N sanBig UT paziivwums 8f Tz pailouap *f huumsvnﬁ.aﬂ £37AT209 Jo 3TUn ® J0
UOTIRULIOT dY3 dIOH (I IT UOTIONS-qnS ‘ZQAT) (ASdQ I93 JBIIBY) JUSDUTA pue

el

.I*Nl



—48-

_ ENDNOTES

# An earlier draft of this paper was submitted as part fulfillment
of the requirements for the author's M.Ec. preliminary
qualification at La Trobe University. The author is indebted to
Brian Parmenter, for his encouragement and advice during the
preparation of the paper, and to Tony Meagher who read and
commented on an earlier draft.

1. See Australian Financial Review, Fri, Aug.12, 1983, p.l1 and p.8.

2. Domestic absorption is defined as the sum of aggregate
consumption, aggregate investment and government spending.

3. The model is described fully in Dixon. P.B., B,R. Parmenter,
J. Sutton and D.P. Vincent (1982), referred to as DPSV.

4, Figure 2.1 is derived from Higgs, P.J., D. Parham and B.R.
Parmenter (1981).
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LECTIVE
CAPITAL

Fr
INPUT OF
PRILIARY FACTORS

5. In the current version of ORANI h = 113,

E

LARGER

OCCUPATION M

6. In the current version of ORANI, g = 115 and M = 9,

)

7. "Other costs” include costs of working capital and production
taxes.

L

INPUT OF

8. CRESH (constant ratio of elasticities of substitution, homothetic)
functions were introduced by Hanoch (1971). See DPSV, pp. 70-72
for an introduction to the use of CRESH production functions in
the ORANI theory.

CRESH
7

COEFFICIENTS

OF

ACTIVITY LE

9. CES (constant elasticity of substitution) functions were first
applied by Arvow et al. (1961).

¢

10.  See DPSV, pp. 83-89 for the details of the derivation of the
primary factor demand equations which are numbered (12.56),
(12.64) and (12.66). In general the notation useed by DPSV is
adopted here, except that when no ambiguity will arise in this
paper superscripts are omitted.

" LABOUR
OCCUPATION 1

[ i

TNPUT OF

GOOD 8
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CES

TIC ) (::IMPORTED
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Input technology for current production in ORANI
EFFECTIVE

11. In the current implementation of ORANI only 7 agriculture
activities use land as an input to production, so that equation
(2.8) for v=3 applies only to industries 1 to 7.

2.1,

&
=
s
IS

12, When Mhm+~.~vmu is eliminated from (2.5) using (2.6a) then the

15.427% reduction in demand for labour in general translates into a
15.42% reduction in demand for labour of each skill type if the
activity level and occupational wage relativities are fixed.
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demand for labour of skill class q by industry j,

demand for primary factor v by industry j, where v=1 corresponds

to effective labour, v=2 capital and v=3 agricultural land,
the activity level of industry j,

the technology coefficlent for the employment of labour of

skill q by industry i,

industry j's technology coefficient for the use of effective

inputs of primary factors,

industry j's technology coefficient for inputs of primary

factors for v=1,2,3,

price to industry j of a unit of labour of skill q,
rental mwwamm of primary factor v(=2,3) in industry j,
price to industry j of a unit of effective labour.
are :

a CRESH parameter reflecting the degree of substitutability
between primary factor v and other primary factors in industry

j's current production process,

a CRESH parameter reflecting the degree of substitutability
between labour of type q and labour of other types in the

production process of industry iy

the share of total costs of labour in industry j accounted for

by occupation q,
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export volumes in long-run simulations) is to investigate and incorporate
into ORANI features of increasing costs associated with the extraction of
larger quantities of ore. Work in this area is currently underway at

IMPACT.

Subject to the qualifications just mentioned, the introduction of
new technology by basic iron and steel producers allows this industry to
expand {ts level of output, and its demand for labour, over that which it
would have attained in the absence of the technical change. The increased
demand for labour in an environment of full employment in the snapshot year
raises the economy-wide real wage rate. With the balance of trade and the
nominal exchange rate both fixed, the increased activity in the basic iron
and steel industry is achieved with increased inflation, and at the expense
of reduced activity amongst other exporting industries and in the
import-competing sector. Increases in domestic prices are generated by the
growth of domestic absorption and an increasing nominal wage level. There
is a redistribution of resources between the traded and non-traded sectors,

which leads to the occupational changes in the workforce shown in Table 4.1,

The fluctuations in employment in the snapshot year projected by
ORANI at the level of nine occupations are quite modest. This is consistent
with the results of a study by Dixon and Vincent (1980) of the implications

of technical change in the Australian economy to 1990/91., For their work

Dixon and Vincent used the SNAPSHOT Bo&mw.ww They concluded that :

"The overwhelming impression from Table 4.6 [of their paper]

is that the occupational composition of the workforce at the 9-order
level in 1990/91 is unlikely to be radically different from that in
1971/72 and that it will be determined largely independently of
technical change. Certainly, the present simulations do not
pinpoint any likely difficulties in the areas of labour mobility
and manpower training.” (See Dixon and Vincent (1980), sub-section

4.2(c)).

3gr, 1y = b

again with all the other a's set to zero.

2.2 The direct effects of a 22 per cent labour-augmenting technical change in

the basic iron and steel industry.

Following the theory set out in sub-section 2.1, in order to simulate
occupation-neutral, labour—augmenting technical change in t° ‘e iron and
steel industry (industry number 63 in ORANI) all the variables modelling
technical change are exogenous and all but one are assumed to be zero. That is,

in (2.1)-(2.3)

mAW+H.~.nvu = (0 for each q and j,

mu = ,mm+w,u = 0 for each j,

mAm+~‘<vu = 0 v=2,3 and for each j, ] (2.4)
and 2(r1,1)] = 0 for each j # 63.

Therefore equations (2,1)-(2.3) simplify to:

M
*
@105 " Xer,03 T ek, 1,93 Pl Ly LG 01 Per, )
(2.5)
3 %
e 7% T %, 03P s T L S, v Pegr, )
+ 8g3,5 (- (1-s .
63,3%(g+1, 1) I(g+1,1)3 (g+1,1)5) ] (2.6a)
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5. CONCLUSION

This paper reports on the use of the ORANI model in long-run mode
to investigate some of the implications for the Australian economy of a 227
labour—augmenting technical change in the basic iron and steel industry.
meun are two problems with the use of ORANI in the long-run environment
described in sub-section 3.3. - In this environment ORANI projects the change in
the gize of the aggregate capital stock following the labour-augmenting
techalcal change, but currently the model provides no basis for projecting
the gshares of domestic savers and foreign investors in financing this
capital stock. For example, it can be seen from Table 4.1 that, given fixed
rates of return to capital, the aggregate capital stock in the snapshot year
would be 0.37% greater as a result of the labour-augmenting technical change
than 1ts level in the snapshot year had labour-productivity not changed.
The assumption that the balance of trade remains constant (in the long-run
scenario described in sub-section 3.3) implies that this increase in the
aggregate capltal stock is financed from domestic sources, otherwise an
increased balance of trade surplus would be required to allow for additional

profit repatriation.

DPESV, section 49.3.3, have suggested a means of handling this issue,
which involves the addition to the ORANI model of domestic savings and
aggregate investment functions for the snapshot year, equations that explain
the mmmnmmwmm amounts of domestic saving and capital accumulation over the
snapshot period, and wb.maamn»oa modelling variations in the domestic
ownership of capital in the snapshot year. Dixon, Parmenter and Rimmer (1983)

- have recently built a minlature version of ORANI which incorporates these
extensions. Work is currently underway on the lmplementation of a similar

theory for ORANI (see Horridge and Powell (1984)).

-1]-

Now suppose that there is a 22% labour-augmenting technical change in the
basic iron and steel sector, that is set wAm+~v~me = ~22, Provided that the
sector's activity level and relative factor prices are unchanged, industry 63
could produce a unit of output with a 227 reduction in its labour input. But
because iron and steel producers are cost minimizers they will substitute labour
for capital at each activity level as labour has become relatively more
efficient., Therefore the resulting reduction in demand for labour by this
industry will be less than 22%. In (2.6a) with j = 63 and nmw and
vﬁm+w~<vmw assumed to be zero (corresponding to the assumptions of a fixed
activity level and factor rentals in the sector) the change in industry 63's

demand for labour 1s given by :

*
X(g+1,1963 = g+l 163 11 7 91,1363 (IS(ge1, 17631 (2.8)

Multiplying out the square bracket on the RHES of (2.8) separates out the

substitution term, given by thAm+~ 1)63° The

*
(g+1,1363 15 (g1, 163 1

magnitude of the substitution effect depends on the labour substitution

*

(g+l,1)6 (g+1,1)63’

of labour in the basic iron and steel industry's primary factor costs, which is

parameter (o

mv for the sector, and S the CRESH modified share

also a function of the factor substitution parameters.

The potential advantage of the CRESH production technology over the CES
specification is that CRESH allows the elasticity of substitution between labour
and capital to differ from that between capital and land, and, in turn these may
both differ from the elasticity of substitution between land and labour. When
only 2 primary factors are used in the vwcmcanwoz process {(as is the case for
ORANI's non-agricultural industries, which use only capital and labour) there is
little advantage in choosing CRESH over CES. 1In the case of ORANI's agricultural
industries an attempt was made to estimate separate values for the 3 different

substitution elasticities. This econometric work failed in that it supported
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The first industry listed in Table 4.3, ownership of dwellings,
sells only to household consumption. As the household expenditure
elasticity for this commodity is 2.0, the increase in aggregate
consumption (0.32Z) translates into a 0.64% growth in demand for the
ownership of dwellings. This percentage change is close to that given
for ownership of dwellings in Table 4.3. Except in the ship and boat
building industry, a component of the increased activity by each of the
other sectors in Table 4.3 may be attributed to the increased level of

real consumption.

The increase in activity in ship and boat building is due to
expansion of both investment and output by the water transport Industry.
The share Hmmuwm of the output of the small ship and boat bullding industry
used by water transport operators for investment purposes in the data base is
0.36, and the share mawnmm absorbed as an input to nawnmnn production is
0.28. As a result of the labour-augmenting technical change in the basic
iron and steel industry investment in the water transport sector
A%muv expands by 1.27%, ﬂwwwm the industry's output level Anwmv grows by
0.53% . Therefore, the effect of the mxﬁwzwwcs of the water transport

industry on the level of activity in the ship and boat building industry is:

169,95 Y95 * 569,95 %95 = 0.36(1.27) + 0.28(0.53)

= 0.61%,

-13~

change in the use of fixed capital (the only non-labour factor used by industry

63) is given by

-22 I(ag+1,1)63 mam+~,~vmu = ~22(1.276) (0.766)

= -21,49%13

The discussion in this section has been based on the assumption that there
is no change in activity levels. Such changes are excluded from our definition
of the "direct effects"” of the technical change (see p.3). As will be geen in
section 4 when we include the indirect or general equilibrium effects projected
by ORANI, there is increased activity by basic iron and steel producers
following the introduction of new technology. This influences demand for labour
in general (via the appearance of wu in (2.6a)), and is sufficiently large to
translate the 15.42% reduction in demand for labour by the industry into

increased demand for this factor.

One further equation in the ORANI system will be affected directly by the
imposition of labour-augmenting technical change in the basic iron and steel
sector. ORANI requires that there is zero pure profits in the production
activities of each mmnnOH.H» That is, the basic <m~cmwu of the output of

industry j should exactly equal its total production costs. For industry 63

this condition is given in percentage change form by-*

Q) g 2 u
P63, " L L Pasres Bueyes * L Pegrr, 1,063 Bgly1,q)63
=] g= q=1
3
+ mmw P(g+1,5)63 Mgr1,5)63 T gi2,63 Pgan 63 +2(63) , (2.10)

where once again lower case symbols denote percentage changes in ORANI variables

as follows:
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by Uonw. Translation from supply curve SS to schedule m»mH will again

produce a large reduction >N~» in activity amongst iron miners.

The industries appearing in Table 4.2, other than the ten
export activities, are classified as either export-related (ER) or
import-competing (IC). Industries in the latter group sell in markets where
the level of lmport penetration is significant and where imports and
domestic output are close substitutes, If import—competing industries try
to pass on cost increases their customers will substitute imported
commodities for the domestic good. The export-related category consists of
industries producing commodities which are not exported divectly, but which
are sold largely to export industries. TFor example industry 4, Northern
beef, sells almost mmowwWw4mHM to the exporter, Meat products (ORANL
industry 18). Because the fate of each export~related activity is closely
Jlinked to that of the export industries it supplies, wwm export-related

industries ave projected by ORANI to suffer significant output reductions.

With two exceptions the list 1o Table 4.3 of industries
experiencing the largest output gains consist of non~traded activities
which do not suffer from the cost-price squeeze imposed on other
sectors. The selling prices for non-traded commodities can adjust to
wnoosoamnm.ormnmma in the costs of the purchased inputs necessary for
their production. Each of the industries in Table 4.3 are adble to
expand output by more than the increase in the level of aggregate real
consumption, and each of them (except for ownership of dwellings) sell

to the basic iron and steel sector.

-]15-

a in the first of these equations implies a reduction in demand for

(g+1,1)63
labour in general by industry 63 at any given activity level, while in the
second the term involving wﬁm+w 1)63 implies decreased demand for fixed capital
14
in production, also at fixed activity levels, due to substitution in favour of
labour. Finally, the appearance of mﬁm+~.~vmw in the pricing equation for
industry 63 models the cost reduction per unit of basic irom and steel due to
the increased efficlency of the labour input to production, The ORANI

simnlations trace out the general equilibrium consequences of these direct

effects.
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Basic iron and steel producers account for almost all of the
domestic iron ore used in Australia, so that the 30.40% expansion of
activity in the sector {(see Table 4.3) following the labour-augmenting
technical change represents a marked shift in domestic demand for iron ore.
In Figure 4.2 this shift in demand is represented by the transition from
schedule DD to schedule GHUH. Figure 4.2 also reproduces the curves of

Figure 4.1, and further shows schedule uwowm which is the horizontal

wu
aggregation of the new demand schedule uwww with the foreign demand curve
mowo. mw denotes the initial equilibrium in the global market for
Augtralian iron ore. After the increase in labour productivity equilibrium

in the market for Australian iron ore is re-~established at E At the

o
initial equilibrium price AMHV the quantities of domestic iron ore consumed

in domestic and foreign markets are respectively mw and wa while at the

price mmwv corresponding to the new equilibrium mw the quantities of

Australian iron ore consumed in domestic and foreign markets are H, and I

2
to

2t
Notice now that there 1s an expansion of aoammﬁwc,&mamsm from my
mm (which is denoted by Dxawb.mvmwv while, as was the case in the situation
of Figure 4.1, there is a large contraction in foreign demand for Australian
iron ore from HH to HN (which is denoted as DNMWW.HVV. The net effect is
that aggregate demand for Australian iron ore contracts only slightly. This
contraction is shown as pmwa in Figure 4.2. The essential feature of the
ORANT theory in the operation of the market for iron ore is that foreign

demand for this commodity is not perfectly elastie. That is, in Figure 4.2

the schedule Momo is not horizontal. To see the impact of this feature of
the theory, suppose that wowo is approximately horizontal. 1In Figure 4.3,
where the initial aggregate demand curve is given by DQF, then, following the

shift in domestic demand, the aggregate demand schedule may be approximated

-17-

elasticity of endogenous variable i with respect to exogenous variable j.

~1
example, the Aw.uvn: entry of 1>H >w might be the percentage change In the
employment of labour of skill class m resulting from a 1% across the board

labour—augmenting technical change in the basic iron and steel industry.

An important feature of ORANI which enhances its flexibility in
policy applications is that the division of ORANI variables into
exogenous and endogenous categories is user determined. One user might
wish to study the effects of labour-augmenting technical change on
industry outputs, in which case the technical change terms
mmm+w.wvu would be allocated to the exogenous list (that is, included in
2, in (3.2)), while industry output levels would be assigned to zy.
Alternatively, to answer the question :

What level of labour-augmenting technical change in the basic

iron and steel sector would ralse output in that industry by 10%?

then the variable mﬁm+u.wvmw ﬂowwa be included in zy and industry 63's
activity level must be assigned to Zys
For most ORANI applications reported to mmnmpu the list of
exogenous variables has been chosen to produce a neo-classical short-run
environment, in which the capital stock available to each industry in
the solution period is held fixed, and shocks imposed on the model are
allowed to alter each industry's rate of return. With industry capital
stocks fixed, ORANI simulates the effects of exogenous shocks after a
period which is shorter than that required for any industry to bring

into use capital stock acquired during this period. The appropriate

calendar time interpretation of this solution period is about 2 %mmnm.um
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rates of return exogenous, which is the reverse of the assignment of

these variables described in sub-section 3.1 for the model's short-run mode.

In this new configuration the ORANI solution period is assumed to be a

calendar time sufficlently long to allow the impact of the shock (a 22%

Quantity of domestic iron ore

labour-augmenting technical change in the basic iron and steel industry)
on each industry's rate of return to be eliminated by the expansion or
contraction of capital stocks. The justification for this assumed time
period is that in the long-run rates of return are set by factors (for
example, fluctuations in world capital markets), other than the
technical change wavommma and further, in the long run, the impact of
the shock will be on the levels of industries' capital stocks rather
than on rates of return. A 10 year calendar time period 1s probably an
i appropriate approximation to the implied ORANI solution period. With

- this interpretation of the ORANI solution period, a solution z, obtained

1
snapshot” of the economy in a typical year 10

"

mﬂca,nw.uv provides a
years after the imposition of the technical change. Consequently, the
solution period for the model in this configuration (i.e., 10 years) is
called the "snapshot period”, and the typical year (following the
snapshot period) for which ORANI provides a view of the economy is

"

referred to as the "snapshot year".

H, }Il

Two things should be noted. First, the vector NH obtained from
(3.3) contains the percentage departure of each endogenous variable from
the value it would have attained in the snapshot year if the 22% labour~
augmenting technical change had not onocﬁnwm“ and second this snapshot

methodology does not trace out the time paths of endogenous variables




41ddns s,4£338nput 8yl ul 3JTys paesdn ue ST DI9YJ BIO UOIT JO UCTIDERIIXD
943l UT S§380D U ISEIIOUT UR 03 BNG *Z'y pue [°y svandyy HBulisn poureidxe

9q UED 210 UOIT URTTRIISNY 10 JesIew 9yl jyo uorreiado ayg

CINVEO A9 AX3sSnpuy uoay eyl

z1oy pesvaload gggrp Fo uorivBAjUCY IndIno 9yl yiim A1esoro seaafe syyr
b 4TE°0- =
SY°9 + LL79- =
0%"0E X Z12*0 + (96°8~) X 95£°0 = 7z

t oousy ‘gy0c = ¢z puw 95°g- = AMMMWVx soatd

4
UOFIRINWES DY °*BI0 uoay yo sixodxe uy afuwyd oBejuedasd eyl ST G Mwwx
pue ‘uor3zonpoad judiand o3 Induy uv se LIYSNPUl [EL1S PUB UOIT DISEq
8y3 03 pue s1iodx?e 01 UOXT Ppednpold AITEOTISOWOP JO sI[BS [BIOY JO (WIOJ

sdpjusdiad Ul 9a0qE weAld) goivys ayj vie moﬁﬁacﬂvm pus Aﬁ.mwwm aaa3ys

€9, €9(1°%1) (T'9D)y Aﬂ.qmvm =71,

(o) ) )

g +

$4q (91 AI38npuT INVE0) BuTur® uoiy jyo jndine

ut a8ueyo eBejuevied oy3 A SIBMTYSY "SMOTIOJ S¥ PaUIR3IqO 8qQ uwD AI3snpuy
WOIT Byl U0 309339 38U 9yl o3 uorremixoidde uwy *S3IoRIBW [RUOTIRUISIUT

U0 WOIT JO SU[ES JO SSOT Y3 Soydjew LTAPSU I0IDVE [99IE PUEB UBOIT

oiseq Butwooq ay3 £q BOIT XoJ puemwep papusdxe By *J03088 [99IS PUB UOIT
oIseq Byl 03 ¥Z°'IZ PuUB $3I9NIBW JRUOCIIBUIIZUT o3 3ndino s3I 3o %9°C/ pojlddns
aeof @seq BYY UT YOFYm “AIISNPUT UOXT AYI ST STYL ‘v °1qe] ut xeadde jou
820p 08 pup KIJATIOB Ul 8807 [Tevws ® ATuo svoBxspun £I3snNput 310dX3 poseq

Sutpupm sup *go11TATI0R Burliodxs I9yjo op ueyl AIT[TIEIOA Indino ssoT

8¢
4A1qe1spIsuod moys o3 pusl sisliodxe [raniindiife ¢ (2isy polrodsl UCTIBTNWLS

.|mm!.

A1snousBoxs ay3 uo spusdep pojied jxeu oyl Ul £13sNpui yowe o3 je3Tdev

30 A3TTTYRITRAR 3yl SUOTIN[OS UNI-JIOYS °88Y3 JO ydea uy *potaad o3 potaad woxjy
pode1y aq 03 selqeyiea snousSopus yo syied SWI] SYJ MOTI® PINOA STY] *SUOTINIOS
Uni-3I04s 1894 7 03 ] JO isqumu ¥ 1840 ‘syoo3s [eirded poyied 3xeu Burpnioug
‘seTqeriea snouaBopue ay3 uy sa8ueyo SupieTnunode £q s1BL (] I9A0 UOTINTOS URJ

-Buoy v sjeiousd o3 oq prnoa LBoyjopoyizeu joysdeus sy3 03 __aaTiRUILITE UY

0z

“(€°¢) Aq uaayBd Topom INVHO 243 Jo 'z

uoiInyos IY3 yo jaed sv poureiqo ST yorym o8ueyd sfejuevisd syy3l ST IT

. 4 £
00T X g " X

P Aq uaald 8T 43
£,

e B enyes snqraed 8119390 83T woay Y ufT 98ueyd oBejuediad ayyp ‘0 = 3 ‘amei

98eq 243 uy payydde useq sey yooys o9yl uoym reak joysdeus oyl Uy ﬁM J0 oniea oyl
ST q 333Ym ‘(q*y1) 8T 2AIND STY3I uo juyoed uejrodmy Ljuo eyl yomoidde joysdeus

|41 JO #9TA 3O jutod By3l woig °[°g @2an¥yg uT BUTT udyoaq syz £q peiussoiadex

8T hm Jo yaed ay3 (eBueyd Teoruyrey BurjuswBne~inogey ® SYIT) 0 = 1 3I®

posodwy sT ¥Oous ¥ usyy (3 I8 ‘ST 38y3l) aeed joysdeus 9yl UT UTRIIB PInROM ﬂM

TeadT Bya sjusssadex v anfea ayL (sTqel andino-andut §gv S/-P/6T oyl woxy
paufeiqo AWOU0I® URTTRIISHY SUYL JO MSTA € 03 SPuodseriod § = 3 jA0oM SIYJ

108) *0 = 3 3Ie pesoduy WOOYS BYJ JO BDUISGE Y3 UT MOT[OF 01 paumsse

ww ayqeraevs 9yl yoTus yzed o2yl smoys 2indI3y 943 UT 2AIND PIOS

nM oTqERTIRA INVY( Snouadopus’

aq ydim
Yy, “SIXB [EDIIIBA BYI uUC PIPICDSI Bip
u® £q pautel3l® ST9AD] Y3 pu® ‘sTxe Tejuoziioy ay3 uo pe3zold s swil
weaferp sTys uy *isjUsEIBg WOIF PIAMOIIOY UIRq sBY YOTym 1°f vandrg

61
Bursn pajeajsuowep oq ued sjuyod ssoyy pojlsd joysdeus 341 yBnoiys

.lON‘



~37- -21-

Table 4.3:  ORANI projections of the outputs of industries which

experience the greatest expansion of output m,m a result xu.
of a 22 per cent labour-augmenting technical change in
the ,.cmmwo iron and steel industry
Rank ORANI industry Projection Trade - i
number Description (percent) Categoxy -
104 103 Owmership of dwellings 0.59 NT
103 69 Ship and boat building 0.69 NT a
106 51 Painte, varnishes 0.77 NT
107 36 Textile products (nec) 0.78 Iic
108 50 Industrial chemicals 0.95 NT
109 84 . Electricity .11 NT
110 62 Yon-metal mineral products 1.21 NT
111 16 Non-metallic minerals (nec) 1.27 HT
112 58 Clay products 2.32 NT
113 63 Basic iron and steel 30.40 E
time,t
Do Snapshot Period t*

. {Snapshot year)

Figure 3.1: Time paths of development of endogenous ORANI variable x¢
when an exogenous technical chanae occurs (broken Tine), and

when no such change occurs (solid line)
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total wage bill for this category in the base year) and to the expansion of

activity in the basic iron and steel industry (which accounted for 4.53% of

the occupational group's base year wage bill).

The nine-order occupation classification is insufficiently industry~-
specific to give a clear reflection of the employment effects in the basic

iron and steel industry, and the import competing and non-traded mmnnonm.mm

4.2 Industry results

Tables 4.2 and 4.3 contain projections of the percentage effect of the
labour—augmenting technical change on industrial output for some of ORANI's
113 industries. The results are ranked consistently over wrm two tables, in
that the industry which experiences the heaviest loss, in terms of its output
level, appears first in Table 4.2, while the industry with the largest output
gain appears last in Table 4.3. The final column in each of these tables
assigns to each industry an internationmal trade classification. Following
DPSY four classifications are used: industries are classified as
import—competing (IC), exporting (E), export-related (ER) or non-trading

amn.?’

Ten industries designated as exporters appear in the first thirteen
rows of Table 4,2. These tenindustries produce 1l of the 13 commodities whose
export levels are determined endogenously by ORANI. 1In Table 4.3 the
exporter, basic iron and steel, which experienced the labour—augmenting
technical change, is recorded as the industry which makes the greatest gain in
o:ﬂncnw As pointed out in the previous sub-section exporters (other than the
basic iron and steel gector) face a domestic cost-world price squeeze. This
explains the large output contractions in exporting activities other than
basic iron and steel production. Because agricultural exporters use the fixed

factor land (while other exporters are assumed to have no fixed factors in the

-23-

technical change. The assumption is that technical change is not an important
determinant of the aggregate level of employment 10 years hence, but rather it
depends specifically on demographic factors, fiscal and monetary policy, and the
relationship between labour productivity and the real wage rate. In this
simulation it is assumed that the level of employment in the snapshot year is
fixed. That is, & is set at zero. This level of employment is achieved by the
endogenous adjustment of the overall level of real wages in response to the
labour-augmenting technical change. In the ORANI simulations mﬁm+~‘wv measures
the average real wage, and consequently this variable appears on nsm endogenous
list in Table 3.1. (In their work on technical change Hagan and Smith (1980,
p.18) assumed that labour is available in unlimited supply at a given money wage

rate,)

The third group of variables on the exogenous list comprises mAm+~,~,5v'
form = 1,2,...,M. These are the percentage changes in real occupational wage
relativities, which are fixed so as to reflect the operation of institutional
rigidities in the labour market. In the simulation occupational employment

levels &a are allowed to adjust to the technical change in accordance with the

fixed wage relativities.

Table 3.1: Partial lists of exogenous and endogenous variables for the

long-run mwﬁ:pNnu@dﬁmv

Exogenous Variable Endogenous Variable Number of Components
r. (0
uﬁ ) kg [€)] h
2 £
(g+1,1) !
£
(g+1,1,m) *n M
AB cp 1
mm Mw 1
Footnote:
(a). The selection of other exogenous variables are the same as

those made by DPSV and which are given in their Table Nw.w.mp
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so that aggregate real investment grows by the same percentage as
aggregate real consumption. Further the level of aggregate government

spending is fully indexed to the level of real consumption, and so,

a = cp.
For the simulation AB was exogenous with AB = 0, and therefore (4.1)
estimates gdp as
gdp = m> a
= mMw cp
0.97 x 0.32 (see Table 4.1)

= 0.31

Thus, the consistency check is very close.

+

In the 1974~75 input-output data used for this work, exports
constitute approximately 20% of the output of “the basic iron and steel
sector. For 12 other commodities exports amount to 20% or more of their
total base~year sales, and are a sufficiently important component of
total sales to require that the domestic prices and export quantities of
each of these 13 commodities be modelled as responding to changes in the
domestic currency value of world prices. TIn ORANI these wmxmoum
commodities™ (with the exception of wool) face relatively flat overseas
export demand curves. Quantities exported of the remaining ORANI
commodities are held exogenously constant. The labour—augmenting
technical change improves the competitive position of Australian basic
iron and steel producers relative to international competitors. BHence
the balance of trade tends to move towards surplus, and external balance

. is achieved via an increase in the domestic price level relative to
24

world prices. The required increase in domestic prices is generated

by the growth of domestic absorption, which increases by the same

DG

4. RESULTS OF THE ORANI SIMULATION OF A 22 PER CENT LABOUR-AUGMENTING

TECHNICAL CHANGE IN THE BASIC IRON AND STEEL INDUSTRY

4.1 Macroeconomic and employment indicators

Table 4.1 contains projections for selected macroeconomic and
employment variables. The figures presented in each of the tables in this
section refer to percentage changes in the variables from the levels they
would -have reached in the snapshot year in the absence of the technical
change. Thus the figure in row 1 of Table 4.1 indicates that the
occurrence of the technical change would raise the real wage in the
snapshot year to a level 0.66% higher than would have been the case had

the technical change not occurred.

Increased labour productivity in the manufacture of basic iron and
steel reduces the costs of production of this commodity, and also the
unit costs of commodities that are produced using basic iron and steel
as an Iintermediate input. The marginal product of labour is increased
by the labour productivity gain so that it exceeds the snapshot year
real ﬁmmmw making it profitable to hire more labour. The increased
demand for labour raises the economy's snapshot year real wage as, in
this work, it was assumed that labour is fully employed in the snapshot
year. The result is that the economy 1s able to obtain a 0.66% higher
level for the absolute real wage with no effect on the snapshot year
level of employment. Aggregate consumption grows by 0.32%, and given
the assumption of exogenous rates of return set in international capital
markets, the economy's aggregate capital stock will be larger by 0.37%.
The reductions in production costs (flowing from the increased

productivity of labour in basic iron and steel production) would
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