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‘FARM INCOMES IN AUSTRALIA AND THE REAL EXCHANGE RATE :

ORANI SIMULATIONS WITH A BACK-OF-THE-ENVELOPE EXPLANATION

by

Peter B. Dixon, B.R. Parmenter and Alan A. Powell

1. Introduction

We define the real exchange rate for an economy to be the
ratio of the nominal exchange rate (i.e., the number of domestic
dollars which can be exchanged for a given Umeww of foreign
dollars) to an index of the domestic price level relative to the
world price level (for example, the domestic CPI divided by a
weighted average of foreign CPI's). In an economy with an export-
oriented agricultural sector facing high foreign demand elasticities
for its products, changes in the real exchange rate have an
important influence on agricultural activity. The reason is that
a change in the real exchange rate generates a change in the ratio
of the agricultural producer's unit selling price to his unit

production costs.

Economic policy decisions of the domestic authorities,
decisions for exsmple about macroeconomic and trade policy, usually
alter the real exchange rate. In this paper we use ORANI, a
detailed multisectoral model, to project the effects of four such

policy decisions on the real exchange rate in Australia and the



"PISSTUSEP

8q jou pInod  z* -+ fnfg  sIoadey ‘euole Tapouw 3104 24l YIIH
‘jueyxodwy jou sae 7°--'a'g $20302F 1INS9X STYI J0F IBYI 2pnIdUD
uBD A UaYl ‘3InSex INVH0 xeinorixed ® seqriosep A[eilranoose

19POW F10g 943 FI -UOTE Y 0108 SSPNIOUT Topom HI04 Y3 SEaIeym
,N....au.ma< 5303023 s01210dI0OOUT INVHO vyl surfemr ‘sydmexe

204 "T9pOW PaiTEBIOP B FO 9OUSSQER SYl UL SUOTILTNOTED FL0Y
BuroutrAuos surfemy 01 ITNOIIFIP ST 3T ‘Airersusd aaoy iopou
paieBaxddesip  eyr ur jusredde useq eAwy ATuo prmoo YoTyM
$31093F9 SOUBTIRAOD WOXF osoXe (gz'0 03 Tenbe U  I03235 UT Inogey
pue TRiTdes usemlsq UOTIMTISONS Jo AITOTISE[D eyl Jo Buryles

°y3 ‘*a°1) 1epouw 3109 sYa Fo (yg) uorzenby -dyey jueirzodur

SWOS SN 2AE INVI0 ‘SUOTIRINSIED HI0¥ N0 uT eyl I3 ABMOY
‘Burzyseyduwo yjaom ST 31 -sfepom po1IRISp 2811 posu jou

Op a4 3'yl apniouco o3 Juridmel aq 3yBrw 3T ‘SINSOI INVEO °Ul

Bututerdxe UT SUOTIBINOTED JI0g INC JO $5800nS QY3 UBALY

"BIBD pum

suoridumsse Surdiaepun ur seBueys o3 puodssr prnos suot3oe foad
BY3 FO 3WOS KOY JO BAPI 33vINDOR ATqBUOSESI ® UTEIQO O3 SIqE
3q ITIM sIopeex ‘axsy pojussead suorjenoles 310g oyl Surpuelxe
pue Burdyrpow Ag -sisdyeue £3TATiTSUSS Ul ST 9701 Jayjouy

'8SEQ TITP PUER SIMONIIS [EDTILI00Y3 Yl WOLF MOTYOF “19BF ur ‘op

*£o170d Burorad 110 UO 932Qep UBITRIISTY
Iu8H3L Byl 3o sysAyeue peyIelap ® sopracxd {1861) s38ty 1

203 1ued xod 9°07) s9zTs oyl -Lo17od Srwouonssorsem ugTTRIISOY
03 JUBASTAI SHNSST YITM pauzedsucs axe zeded sty ur pepracid

suotyosfoad INVHO FO $39S anoy TTe ‘snyy | SUOSESI DIWOUOOI0IdEW

UnI-3I04s 103 A7{PTIULSS3 °5901ad PIIOM MOTAQ POIITIISOL 8q pInoys
se2tad orasomop jey: pendie usaq sey 31 yBnoyate ‘A31xed priom
SPIBMOY pasTer ussq eawy saotad 110 S13semop sieed Jusosx up *sentad
PlIonr go Ar3uepuedepur sionpoid 110 3o aorad STISIWOP SY3 TOIIUOD
ue> juemursrof oyy ‘Arddns 110 ur BrrRISTY JO ASUeTDTIINS-319S
9ATIEIaX o3 o3 Butmo ‘uoratpps ur -uoridiosqe oTaseuop 238801838e
pue soBen ‘uoricejoxd uy seSuwmy 3o fo110d SrmouossoxOBm UT Seyox

5y BuTuIadUOD 93BQIP BATIDE UE BI[BIISOY ur ST saoyj

* {18303 8Yy1 ur Burpuads
JuemuIsA08 puw jusmysoAut ‘woridummsuod Jo saxeys
2y3 peSupysun S9ABSY YOTYM purmep o3eBe18Te 3o 3usuodmod
STISIWOP Y3 UT IseaIdUT Ue ‘'o°I) uoridrosqe dr3sSmWOp
91eB0288e Teox UT esvorour jusd Iod Sy'0 pesueteq 8 (A1)
pue  ‘sionpoad 110 pouigex
A1reoTasewop yo sorad oysuq Y3 ur aseaadur jued xad gz
® 03 Burpsey Ad11od Buroyad Tto-opnx> ur a8ueyd 8  (111)
‘seyex a8em A1anoy feex ur 858o0UT Jued xod 250 '  (11)
‘303995 BuTiadmoo-azodur ay3 o0y uorioseioxd 3o sejex
{BUTWOU BY3 UT SSVSIDUT pIeoq-9Y3-SSoIde jusd yod g1 (v)
. t sxe syooys Loryod

mozy oyl 3jusmdordwe pue smoour TeamaIInoTiSE UO §30933% 3juanbasuon



30.

5. Conclusion

Economic models are a long way from the stage where
they can simply be trusted. If a model user claims that a 10.6
per cent increase in protection will cause a 1.8 per cent reduction
in agricultural income, then in assessing his claim we must know

about the underlying assumptions,

For most people, it is not praticable to work through
a long technical document describing the specification and
implementation of a large scale model merely to understand a
particular set of simulations. In reporting results it is
important, therefore, to identify the critical underlying
assumptions and to describe their role in a2 digestible form.
For non-technical audiences, it is not possible to go beyond
qualitative descriptions of the type provided in sections 2 and 3.
This leaves unexplained the quantitative aspects of the results.
In this paper we have presented a series of back-of-the-envelope
(BOTE) calculations which provide a quantitative description of
mechanisms in the ORANI model. That our BOTE calculations are an
adequate mwmnﬁwwnwmu of the particular ORANI simulations reported

was evident in table 3.

Apart from being useful in result presentations, BOTE
calculations have other virtues. For example, they are vital in
checking for computational errors. With a model as large as
ORANI, the model builders must provide detailed evidence that the

computations are being performed correctly, i.e., that the results

protection, 0.57 per cent for wages, etc.) of the shocks were

"selected so that, under the conditions to be described in section 2,

the ORANI model in each case projects a one per cent decrease in
the real exchange rate. We will see that because the real exchange
rate projections are identical, there is a strong similarity across
the four shocks in their projected effects on the agricultural

sector,

ORANI is a very detailed uo:msmmd-mdwwou model. It is
fully described in Dixon, Parmenter, Sutton and Vincent (1982),
hereafter DPSV. Rather than attempting to summarize DPSV, we have
set out in section 4 of this paper a back-of-the-envelope (BOTE)
version of ORANI. This BOTE model can be solved quite easily with a
hand calculator. The BOTE model captures the main mechanisms
responsible for the ORANI results which are reported in section 3.
Each of our four shocks when applied to the BOTE model gives results

surprisingly close to those obtained from ORANI.

The paper is organized as follows. Section 2 discusses
the assumptions underlying the ORANI simulations. Section 3
describes the ORANI results in qualitative terms, Section 4 sets out
the BOTE model and gives a more quantitative explanation of the ORANI

results. Section 5 contains concluding remarks.

1. This class of wodels is named in recognition of the pioneering
contribution of Johansen (1860).
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28.

Returning now to equations (12) and (14), we find that
our BOTE model gives the values for employment and real factor
income in the export sector as shown in columns (7) and (8) of
table 4. As mentioned in section 3, in the ORANI data base about
70 per cent of agricultural activity is in the production of
commodities which are either directly exportable or are exportable
after processing in the manufacturing sector. Thirty per cent of
agricultural production is nen-exportable: such as tobacco, cotton
and vegetables. This suggests that back-of-the-envelope calculations
of percentage changes in agricultural employment and real factor
income can be made according to:

2 = 700® 4+ 30" (39)

and
o= L70e0 o+ 30r . (40}

(39) and (40) give the results shown in columns (9) and (10) of
table 4. These results have been transferred to table 3 where

it is apparent that they are close to the CRANI results except

in the third simulation. Our BOTE model underestimates the

ORANI projections of the damage to the agricultural sector from
increases in the domestic price of oil. The problem can be traced
back to equation (1) where we assumed that the price per unit of
non-primary factor inputs to the export sector moves with the CPI.
The oil share in agricultural costs in the ORANI data base is about
twice the share in the non-agricultural industries. In ORANI
similations of the effects of an increase in the price of oil,

the increase in the non-primary factor costs per unit of output in

agriculture is considerahly greater than the increase in the CPI.

In this paper we have assumed that:

(A) induced labour-market effects mvmmma,wm changes in the
overall level of employment and not as changes in real
wages. Thus, in all our simulations, real wages were
set exogenously. In the simulation of a wage shock, the
increase in real wages was set at 0.57 per
cent, In the other simulations, zero change was
assumed. An interpretation of our treatment of the
labour market is that real hourly wage costs are 100 per
cent indexed to the CPI and that excess labour is
available at the going wage rate. This seems
descriptive of the Australian labour market since 1974.

(B) induced changes in national income appear as changes
in the balance of trade and not as changes in aggregate
absorption which was set exogenously. In the simulation
of an expansion in demand, the increase in real
absorption was set at 0.45 per cent. In the other
simulations, zero change was assumed. The exogenous
treatment of aggregate absorption reflects the idea that
the government has available to it instruments of
domestic demand management which are not modelled in
ORANT but whose separate exercise can stabilize
the level of real absorption in the face of shocks

affecting relative prices in the economy .
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26.

In addition to the C€PI, our BOTE calculations can be
used to produce results for the other variables considered in
section 3 and for which ORANI results are shown in table 1. We
start by noting from (19) that:

n
4

i

< e
(/W)€ - (4 /W )pg - (4 /W )p - (W/W )pS. (36)

That is

-

n
P

1.135¢ - o.o:.nm - 0.010p (37

where we use (29) and (30) and the data in table 2. Equation (37),
combined with the BOTE results for & in table 3, gives 1.01,

0.978, 0.853 and 0.968 for p" under our four shocks.

These results, together with various other BOTE calculations are
shown in table 4. Next we write (20) as:

X" = 0.9a - 0.1(p" - c._Noﬁ“ - o.ommﬂ@ - 0.051F - 0.031w , (38)

where, again, the coefficients have been evaluated according to
table 2 and xw~ vw and mw have been eliminated by using (13) and
(29) - (31). For ocur four shocks, (38) gives the values for x"
shown in column (3) of table 4. By substituting these values into
equation {17) we obtain the values for £ shown in column (4).
With o" set at 0.28, we can now calculate the four values for
as‘ These are in column (5). Finally, for the non~-export sector,
we use (18) to compute the four values for ™.  These are in

colunn (6).

ORANI result shown in table 1 as follows : if protection were
increased by 10.6 per cent, then after about 2 years, aggregate

employment would be 0.15 per cent less than it would have been in the

absence of the increase in protection.
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24.

labour sharesin primary factor costs and vice versa. In constructing
our BOTE description of the ORANI simulations, it is not clear how

n, n .
we should evaluate $,/(g <Mu. It seems plausible, however, to
assume that the use of aggregate shares generates an inappropriately
low value. Consequently, we feel justified in re-evaluating the

coefficients in our CPI equation (32) with:
S/ (o" Vp) = 0.893 33

rather than the original value of 0.500. (Notice that 0.,893/0.500
equals 1/0.56. The value 0.893 was chosen with a view to raising
our BOTE result for the CPI for a = 0.45 from the initial value
of 0.56 to close to 1.)  To achieve (33) we have repeated our
various calculations with:
o' = 0.28 (34)
n

rather than 0.5. mw and <M have been left at the values shown

in table 2.

Under (34) we recompute ¥y in {24) as 0.918 instead
of 0,952, ¥y in (26) becomes 3.04 instead of 3.29. Further
alterations are required in (25) to the coefficients on vmu a, ww

and x°. Eventually, we replace (32) with;
£ = o.aauﬁw - o.omaﬂw +0.038p + 1.898a + 1.512w . (35)

Equation (35} gives the results shown in the BOTE rows of column (2}
in table 3. These are all close to the ORANI CPI results from
table 1. For convenience of comparison we have reproduced the

ORANI results from table 1 in table 3.

Table 1 : Principal economy-wide and agricultural
sector results

Economy-Wide Results Agricultural Sector

Real
Shock Aggregate Exchange Employment Real
Employment Factor
(hours) mmﬁm+ (hours) Inconme
{-CPI)
(1) 3] 3) 4)
(i) 10.6% Increase
in all Tariffs ~-0.15 -1.0 -1.31 -1.8
(ii) 0.57% Increase
in Hourly Real -0.46 -1.0 ~1.85 -1.9
Wage Costs
{iii) 26% Rise in
Domestic Price <0.50 ~1.0 -1.93 -2.7
of Crude 0Qil
(iv) 0.45% Rise in +0.07 -1.0 -1.26 1.7

Real Absorption

All results are percentage changes relative to the
values which the variables would have had in

the absence of the shock. The projected timing

of these changes is about two years after the shock.
Real factor income in column (4) is the total return
in the agricultural sector to labour (hired and

owner-operator), capital and land deflated by the
CPI.

+ Under assumption (iii) in section 2, the percentage
change in the real exchange rate is the negative
of the percentage change in the CPI.

Source : The simulations were conducted with ORANI 78 with
the exogenous variables as listed in table 23.3 of
DPSV and with standard 1974/5 input-output data.
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22,

When we use (13) to eliminate xm. we obtain the reduced form:

£ = 0.186p. + 0.319p) + 0.043p  + 0.451p°

+ 1.240a + 1.796w .

‘We assume that :
p = 0,

c
c.wuwwa

o
=]
#

and

B

o.umcnm .

n

where t° and t
] m

are the percentage changes in the ad valorem

tariff ratesyapplying to consumer goods and intermediate inputs

respectively. In equations (29) - (31) we assume that the nominal
exchange rate is fixed. We also assume that foreign currency
export and import prices are fixed. Thus we impose the small
country assumption, i.e., foreign currency export and import

prices are independent of export and import volumes. This
assumption is made in ORANT on the import side. For exports it is
only an approximation to the treatment in ORANI where high (but not
infinite) values are adopted for export demand elasticities.’ The
coefficients on the RHS's of (30) and (31) are em\ﬁu + HMV and
ﬂM\ﬁH + HMV where HM and am are ﬁrm;w<mnmmm tariff rates
applying to consumption goods and intermediate inputs. In the
ORANT data base, T- = 0.28 and T) = 0.19. Substitution of

(29} - (31} into (28) gives:

£ = o.cpmnm £ 0.051t) + 0.043p  + 1.240a + 1.7%w . (32)

1. See DPSY, p.196.

(28)

(29)

(30)

(31)

11.
prices is constrained by international ncsvmnwnwoz.w In cases in
which tariff rates remain fixed, the change in the real exchange rate
is 2 good indicator of the change in the international competitive-
ness of the import-competing as well as the export sector. When
tariff rates are increased, as in the first simulation in table 1,
the competitiveness of the domestic import-competing sector is
influenced by the consequent increase in the domestic selling prices
of imports as well as by the change in the real exchange rate. This
explains why, in table 1, a one per cent deterioration in the real
exchange rate induced by a general tariff increase is projected to
cause a smaller reduction in aggregate employment than does the same

deterioration brought about by wage or oil-price increases.

The final shock, an absorption increase, generates a
small rise in aggregate employment in spite of the deterioration in
the real exchange rate. The increase in domestic demand stimulates
output and employment in nrm non-trading sector and in the import
competing sector where the assumption of imperfect substitution
between imports and domestic supplies prevents the demand increase
from spilling entirely into imports. Note, however, that ORANI
indicates that, because of the contractionary effects of the
accompanying deterioration in the real exchange rate, demand

expansion is not s very effective method of increasing domestic

1. The effects of cost increases are projected to be less severe in
the import competing than in the export sector since the typical
elasticity of substitution between imports and domestic
commodities in the ORANI data base is only about 2 {DPSY,
subsection 29.1) whereas foreign demand elasticities for
exportables are, on average, about 16 (DPSV, subsection 29.6).
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20.

(o4

os is the share of imports absorbed by consumers and n, and n,

1
are positive coefficients. ny is the share of the output from
sector n wused in domestic absorption and musswv is the share

used as an input to sector e. The first two terms on the RHS of
{20) mean that in the absence of price changes, the percentage change
in the demand for commodity n is a suitably weighted average of

the percentage changes in aggregate absorption and the output of
sector e. 1In view of the ORANI data base, a reasonable value to
adopt for ny is 0.96. The final term on the RHS of (20) allows
for import substitution. If the price of product n rises relative
to that of imports, then this term generates decreases in the demand
for product n as buyers of consumer goods and intermediate inputs
switch towards imports. Given the substitution parameter values

used in ORANI, a reasonable value for ny is 0.1, 1

The endogenous variables in the system (15} - (20) are

n

w:* £, na» ﬁm“ x" and £". We work towards a reduced form for &

by first combining (16), (17) and (20) to obtain:

noC

o Vp(q"w-5) = nja+ (enx® - n,0"-ql pl0f 0D (21)

1. In the demand equations for each good (e.g., footwear) the relevant
substitution terms in ORANI take the form oSR(p :vmv where py
and p, are the percentage changes in the basis prices of domestic and
imported footwear, i.e., py is the percentage change in the producer
price of domestically produced footwear and pz is the percentage
change in the landed-duty-paid price of imported footwear; R is
the average ratio of the basic price of footwear to the various
purchasers prices; § is the share of imported footwear in the
total sales of footwear; and o is the elasticity of substitution
between imported and domestic footwear (i.e., the Armington
elasticity). In the ORANI data base, average values for g,
§ and R are 1.8, 0.07 and 0.8.

13.

4. A back-of-the-envelope version of ORANI

In this section we attempt a more ambitious explanation
of the results in table 1 than was given in section 3. Our aim
is to explain the results quantitatively, not merely qualitatively.
For example, rather than being satisfied with understanding why
ORANI projects a decline in the real exchange rate under a 10.6
per cent increase in all rates of protection, we will now be
concerned with why the projected decline is one per cent instead
of say two per cent. Our approach will be to build a very small
model, a back-of-the-envelope (BOTE) model, which includes the main

mechanisms responsible for the results appearing in table 1.

A key to understanding ORANI results is the distinction
in the model between export commodities and non-export commodities.
For the former category, domestic selling prices are assumed
to be determined almost entirely by exogenous developments
in world markets. For the latter category, domestic selling prices
are assumed to adjust to shifts in domestic demand and supply
curves. In our BOTE model we include two sectors, one
producing an exportable commodity and the other producing a non-

exportable.

We describe activity in the exporting sector (sector e)

by the equations :

o
]

mMmz + £) + wm nm + mw £, 1)

[
i

@ -w-g , ()
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{(b)

(c)

(d)

(e)

8.

For the ORANI ooawcﬁmmwonm in this paper we used an updated data
base incorporating the recently available 1974/5 input-output
d»wwmm. .

This share may seem low. Cost shares in ORANI are derived from

input-output tables for 1974/5. Major increases in the domestic

price of o0il did not occur in Australia until 1978. Also, it was -
appropriate to use cost shares for our non-export sector which

are typical of consumer-good industries. These industries tend

to be light users of oil.

In our ORANI simulations, the capital/labour substitution elasti-
city was set at 0.5 for all industries. This was the value which
we initially adopted for both sectors of our BOTE model.
Subsequently we changed o" to 0.28, see the discussion of
equations (33) and (34). 1In all the BOTE computations reported
in tables 3 and 4 we used ¢® = 0.5 and o = 0.28.

These weights are the shares of the commodity categories in the
aggregate value of consumption net of commodity taxes. In ORANI
commodity taxes are assumed fully indexed to the CPI.

These are weighted averages of commodity tariff rates using as
weights commodity shares in the aggregate value of imports used
as intermediate inputs and commodity shares in the aggregage
value of imports directly consumed,

15.

The pricing equation (1) is a zero pure profits condition.
Notice that we have assumed that the price per unit of inputs other
than labour and capital moves with the CPI. The labour-demand
equation (2) is an implication of a short-run (fixed capital stock)
profit maximizing problem for a price-taking producer; specifically, the

problem of choosing xwaocaﬁ:ﬁu and  L®(labour input) to maximize

p® x® - wm® - =ax®, (s)
subject to:
x* = cese®,k® - (®
e e - e .
where P, X', W, £, L” and K are the levels of product price,

output, real wage rate, CPI, employment and capital stock;

A is the number of units of intermediate input required per unit
of output in the exporting sector and (6) indicates that output

is a CES combination of labour and capital inputs. What (2) says
is that the elasticity of substitution (o) is the ratio of the
percentage change in employment per unit of capital (which is the
percentage change in the employment, hau since we are holding
capital constant) to the percentage change, mpw ~w - £), in the
factor price ratio. Equation (3) is also an implication of (5) - (6).
Equation (4) defines the percentage change in real income (returns

to labour and capital) in the exporting sector, assuming that the
employment of capital is fixed.

The variables that can be thought of as endogenous to

the exporting sector are va 2%, x* and 1°.

By rearranging
{1} - (4) we express these variables as linear functions of wm. W,
and £ as follows :

€ = (s’ - ?M + m@\m&m - (sy/spw (D)
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