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1. Introduction 

During recent years, the .greenhousedeb.i\te has centred on issues such as the abatement cost of 
regulating carbonemissionstrelevant taxaticm control tnethods~ 2nd tbe burden of responsibility 
for controlling greenhouse gas levels. The foc\ls of most cost-benefit analysis has been on the 
cost Qfreducing carbon emissions, and has tended to ignore the potential economic impacts ·()f the 
EGE on agriculture. This paper aims to examine these lmpacts, in order to give some insight into 
the consequences of the expected climate change on the Australian agricultural sector. and the 
economy as a whole. 

Godden and Adams (1990) recommended a general equilibrium approach for examining the 
potential impacts of the EOE on Australian agriculture. The present study uses the FH-ORANl 
model of the Australian .economy to analyse the economic impact of the direct production effects 
associated with the EGE. The production effects 'have been derived fromPjttock and Nix.'s (1986) 
use of the Miami ModeL As the Miami Model does not account for direct C02 effects, data on 
the expected C02 fertiliser effect was added to tbe temperature and rainfall impacts generated by 
the Miami l\1odel in an additional· Simulation. Section 2 of this paper looks at the direct climate 
change effects to be modelled within the ORANI structure, and Section 3 is concerned with haw 
these relevant effects have been tran~latedt using the Miami l'AodeI, into a form suitable for 
ORANI analysis. Section 4 explains the methodology behind the estimation of the production 
changes and their effects~ and in Section 5, the results of the ORANI simulations are presented. 
with conclusions drawn from them in section 6. 

2. Potential direct agricultural effects of the EGE. 

Godden and Armitstead (1992) identified four direct impacts of the EOE on agriculture that could 
be economically modelled: 

• C02 availability 
• Increased temperature 
• Changes in rainfall patterns 
.. Scourges 

Currently, only the first three of these can be satisfactorily modelled, due to the lack of suitable 
estimates concerning the production effects of scourges such as pests and diseases, across 
industries and regions. 

2.1 C02 availability. 

Not all plant species are affected by C02 concentrations in the same way. Temperate species. 
with C3 photosynthetic pathways, combine mixtures of C02 and 02 more efficiently tJlan 
tropical species with a C4 photosynthetic pathway. This phenomenon. known commonly as the 
"C02 fertilisereffectU

, may result in increased production in many crops, and a substitution away 
from C4 type crops. Increases in water use efficiency i •... ~ also been attributed to increased C~ 
concentrations. As most of Australia's commercial plants" 'i, he classified as e3, Godden and 



Armitstead (1992) concluded '·Otb~rfac!orsremainlng'constant.incre~d concenttation of C02 
would have a positive effect on overall ,production". 

2.2 Increased temperature .. 

Increased average temperature .is likely to have a varied effect across agricultural regions. As 
temperature increases, plants tend to reacbmatunty 'qtlicker, and nutrient uptake and organic 
matter breakdown are accelerated with higher $oiltemperntures.Amoderate rise in temperature 
(2-4oC) is likely have little effect .oncerealproduction~ especially given a hisher C~ 
concentration (Wang and Hennesy, 1991). There is likely to be a greater effect on the pome and 
stone fruit industry tdue to the winter chilling requirements of the crops. This is likely to cause 
an inter-regional substitution effect, witbcolderareassuchasTasmania,wmchhav~an excess of 
winter chilling units, benefiting over Warmer areas such as the GoulburnValley (Gcxid¢n and 
Armitstead, 1992). The total effect on the pome and stone fruit industry is however Ukely to be 
negative. resulting in reduced output from these crops. The effects on livestock are also likely to 
be varied, reducing cold stress in some cases. and iocreasing heat stress in others. again leading to 
possible inter-regional substitution, changes in production management. and breed or variety 
preference. 

2.3 Changes in Rainfall Patterns 

Rainfall patterns are likely to change in quanti~y, seasonality, variability and intensity, all having 
an impact on agricultural production. Increased nutrient leaching from soils due to heavier 
rainfall t the need for changes in crop rotations, and possible effects on the use of heavy 
machinery t may all lead to changes in production techniques. However. most rural regions in 
Australia are likely to benefit from increased summer rainfall. This observation ignores the 
possible effects of increased rainfall variability (e.g. on the ability to harvest winter cereal 
crops), and the frequency of lIextl "me" events. 

3 hfodeUing the Direct Effects 

In order to examine changes in a general equilibrium model. it is necessary for those changes to 
be evaluated in a uniform manner, consistent across industries and regions. There is a wide range 
of literature on the effects of C02. temperature and rainfall on agricultural production. However, 
most of these studies are partja1~ in that they e,xamine the effects on individual crops or animals. 
This situation provides a plethora of d~.,aggregated studies, yielding non uniform data. which can 
not be included in general eqUilibrium modelling. 

3.1 The Miami Model 

As described in Lieth (1975). the Miami model analyses the net primary production effects of 
annual temperature and rainfall. The model was built from data obtained from 52 datum points 
throughout the world, centred mainly in Europe. Productivi~y measured in glm2, was examined 
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separately with mean annualtetnperature,andm¢anAAnualrainfall.. ''the~e data':se~ were then 
analysed using the least .squares method, to dedvethe fonQwiQ~productivjty formulas. 

y= 3000/( l+e 1.315":0.119 t) 
and 

Y :=9000( l_e-O·OOO664p) 

Where Y is the productivity level measured in dry weightglm2/year, t is mean annual 
temperature .measured in OCt and p is mean. precipitation per year. 

One advantage of the Miami Model is that itttpplies a uniform, procedure for estimating climate 
effects across all regions and is not crop. industry. or regionspecific.Pittockand Nix; (1986) 
remarked that the Miami model has an advantage over site-specific models. in that it can account 
for a range of climates far outside that of regional historlcaldatasets. There are drawbacks 
however, in that no data conectionpoint~ were in the close vicinity of Australia and, as 
previously mentioned, the C02 fertiliser ef{ect is ignored. 

3.2 The Miami Model in Australia 

Pillock and Nix (1986). applied the Miami model to Australian data~ using 980 observation 
stations with long term climatic means (>30 years). pjttock and Nix then used the model to 
estimate the productivity of Australian agriculture given a doubling of C02 concentrations. 
Pittock and Nix recognised the general consensus amongst climate modeUers 'that with a doubling 
of C02, average temperature are estimated to rise by lOCt at the equator, and by even more at 
rugher latitudes. These estimates are however relatively site specific, and Pittock and Nix used 

o 
the same input data as Lieth (1975) ofa 0.1 C average temperature increase for every degree of 
latitude. Similarly for rainfall data, Lieth's estimates of a 20% increase in winter rainfatI and a 
40% increase in summer rainfall were adopted by Piuock and Nix. It is relevant to note at this 
point that the Miami Morlel only accounts for annual rainfali. and does not aUow for changes in 
variability, seasonality and intensity. 

Pittock and Nix. mapped the expected productivity changes in Australia, in a manner compatible 
with the ORANI system of percentage change equations. The percentage change map is shown in 
Figure 1. The largest increases in productivity occur in the summer rainfall areas of northern and 
north-western Australia, where the main eifect is due to precipitation and not temperature. Over 
half of Australia experiences an increase in productivity of around 20%. mainly due to summer 
rainfall patterns. The exceptions are Tasmania, which seems to benefit from the temperature 
increase, and south .. western Australia, where a decrease in productivity is found due to the lack of 
summer rainfall. 

4. Methodulogy. 

There are three distinct steps in the estimation prucedure: 

1. Translating the Miami Model estimates into ORANI terms. 
2. Incorporating Miami model production effects into theFH"ORANI model. 
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:t Inc!udlngconurtodity 'specit'icestitnates for the -expected 'C02 production 
effects,and re-estimatingtheresulrs. 

Following th¢ 1mplementatio~,o( thIs procedure,. two simulations were carried out. IhthetirSt, 
only the temperature and ralnfaU eff<!Cts of the Miami Model as reported ,byPittockand Nix 
(1986) were examined. In the second simulatiQD, the, C02 fertiliser~ffect,and the ,temperature 
effect on the stoneandpome fruit industries were added .to the Miami Mot;J.elresults. 

4.1 Calibrating the Miami Model estimates toORANI. 

In order to calculate the regional effects of the Miami Model. the ,percentage change map 
presented in Pittockand Nix (1986) was scanned into a computer, and an out1inecreat~(Fjgu~ 
1). The ORANI zones, as illustrated in a ,map by Higgs (1986), were then scanned in (Figure 2), 
and superimposed over the 1"fiami map. The resulting map (Figure 9), indicated the productivity 
percentage change bands within each of theORANI zones. The area of each band was then 
estimated to derive the area of each ORf~jndustry in each of the bands of productivity change 
estimated by Pittock and Nix (Table 1). The weighted average of productivity change by 
proportion of indUStry was then estimated (Table 2). Dry weight productivityincreasesss per 
Pittock anci Nix (1986) were estimated to result in a 50% increase in ',YJtput for crops, and a 30% 
increase in output for livestock. 

4.2 Incorporating the Miami Model estimates into FH-ORAN!. 

The net primary productivity change estimates for each industry were then incorporated in the 
FH-ORAN! model as a negative shock to the variable alland, for each industry. The nIland 
variable is the land-augmenting technical change variable and, when negative, means an increase 
in the productivity of each unit of land (Le. less Jand is needed to produce the same level of 
output). 

The following is a list of shO\'ks app ,jed in this first simulation: 

Variable: alland 

it Industcy ~ 

1 Pastoral -5~76 
2 Wheat/Sheep -5.9] 
3 H. Rainfall -2.62 
4 N. Beef .. 9.75 

4.3 Including the C02 fertiliser effect. 

The second simulation contained the same productivity estimates as the first. with commodity 
specific estimates for the effects of C02 also added. These C02 estimates '. ere taken from 
Godden and Armitstead (1 Q92'. who summarised data on the production effects of C02 on the 
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Tbe, isecond .$imuJati9[) contained "th~:~arneIlrQduc~vity¢sd.maf~ 'as th¢ilustt with cQnmtodity 
specifi~es~mat~fortheeffec.ts'of CQ2alsoadded'~ ,These !CP2~timat~were taken from 
Godden'antl Amtitstead (1992),wnQsu~a,risedd(lta onllie :prOQuction effects QfC02 on the 
mainORANl~ommoQities. The~ffectofC02(meachcommodity~asthenweightedaccording 
,to that 'commodity's importancein~acbindustry~, ,take~ftOIlltbe ,production weights found in ,the 
listingof:the 1986':87 'O~1\lIdatabas~, TheCQzeffectwas thetl,estjmntedfo,reachof tbcfour 
indusPies frQm these weighted ,estimates~ Theseestinultesare ,presented 10 Table 3~ These 
figures were then addedtothe1vfiamiMOdetestirnates used.tn,the 'first sitnulatiQn (Table 4). This 
procedureresu}tedjn '~totalsbockt coveringthe:temperature~rainfaU andCOZ effects on 
production for each zone. As in the firstsirnulation. lhesboekswcle rep,resentedasanegatlve 
change to the al1andvariable. to indicateth¢ :increase 'inprQ(luctivity. 

One further chatlge was made to tbeMiamiModel estimates.to8CCOt,lnt for ihereduction in 
chilling days 'forpome and :stoneCl'lIitcrQPs!o TbisprobJem was represented in the "Other 
FarminglZoneu

• industry 6 in tbe ORANI m()deLTbis zoneaccounlSfor sugarcane. fruIt and 
nuts. and experiences a decrease 1n productivity ~.This decrease is accounted Yorby the increase in 
sugarcane and nut production being overshadowed :by the decrease in fruit productivity due to 
reduced chilling days. These estimates were again taken from Godden and Armitstead (1992). 
and are represented in the model as a positive change to tbe,IOther Farming! II variable. 

The following is a list of shocks applied in the second simulation: 

Variable: alland 

1l. IOgustry SllQ£k 

1 Pastoral .. 15.39 
2 'VheatlShcep -31.34 
3 H. Rainfall -9.89 
4 N.Beef -14.75 
6 Other Farming +6.38 

Before running the second simulation, it was noted that these percentage changes were quite hlgh, 
and were actually above a priori expectations. 

s. Results .. 

The results of each GRAN! simulation dre examined separately for their macro econonuc and 
micro economic efrect~. The first simulation indicates the change in economic factors, from the 
current situation. if the MIAMi model explains the climatic effects on production under the BOB. 
The second simulation does the same.wi.th the C02 effect and tbe temperature effect on the porne 
and stone fruit industry also included. Bolli simulations look at the changes resulting from the 
shocks applied to them. against a situation of no change. Any absolute figures quoted for 
production and exports are estimates based on 199J statistics from the 1992 Commodity 
Statistical Bunedn. The variables held exogenous in the ORANI closure are listed in Appendix 1. 
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llominalc.xcllaJlge 'rate, 'wbichllasaffecteq,bQUlthe' balance of :trade.an4the cUlTt:ntaecount 
deficit Th~currellt ~cpqntaeficitbastedu~d'~lightly( -$1 ~8ni). due to the ~xchangerate'eff~t 
'on lnte~strepay,mcnts. and .,the . balance of trade . ,haswors~nC!.d ,(-$8.9m),as non"agriculturaI 
exports fall :also du~t() tbelTlar8.blalappr~lation,.'ofJbe ,Australian dQUar.,Higher :pric~d imports 
have increased the CPI"and GDP has. 'ri$en, slightly, due to .the increased activity in the 
agriculturaIs~tor. 

As a result of the assumed EGE,therc-is a 'noticeabler¢distributionQfresourcesu~ in 
agriculturalpI'Oduction.towards tl1e Indnsmesbenefitingmost from incteasedprQductivltyGable 
6). ,PrQductionin the Northern Beefindustryincrease$ by 5.1%., and the Wheat-Sheep industry 
by 3.8%. TheseJargeprOQuctionincteasescorrespond to the relatively largerproducti.vity 
increases !nthose zones.,. These changes are at theexpenseofindustrieswitb .]owerproductivity 
increa&e$,soch as the UigbRainfall zon~f wbo$eproduction declines by 1 % despite :anincrease in 
proouctivityof2.6%.Production in the restor the agricultural s~tor is not significantly affected. 
with the exception of the Poultry industry.. ThePoultryiudustry experiences a 1.1% lncreasein 
production. due to lower domestic grain prices (Table 7). The decrease in wheattbarley and 
other cereals prices represents a significant reduction in production costs for the Poultry indusuy. 
Services to agriculture rise from the overall increase in agricultural production. .Labour demand 
and land prices respond as expected lothe shift in activities t with the greatest increases in the 
industries with the greatest production increases • 

. The most significant commouity change occurs in meat cattle exports, increasing by 25.1% 
(approximately 187kt). Wheat. barley ·and other cereals a11 show sman percentage increases in 
exports and domestic supply ~ Wheat exports rise by 5.1 % (604kt) and barley exports by 4.2% 
(120kt). The rise in wool exports of almost 1..4% is offset bya fall in export price of around the 
same amount. Wool is the only commodity in which there is a significant price effect, due to 
Australia being a "pric.e taker" in most other world markets. The faU in exports from the milk 
cattle and pigs industry (3.2%) does not represent a m'!jor reduction in export doUars due to.!;.s 
comparatively small share of the export sector. Domestic supply increases for all commodities, 
except for those in the Oilier Farming2 category which are vegetables. oilseeds, colton and 
tobaccu. Domestic prices move in inverse proportion to supply t except in those commodities 
which total production is reduced and import prices have forced the domestic price up. This 
effect is most significant in the milk cattle and pigs commoditiest where imports have increased 
by almost 2,3%. 

5.2 Simu:alion 2: The MIAMI Model plus C02 Shocks 

The macro economic effects in the second simulation are similar to, but larger than those of the 
first simulation (Table 8). The greater appreciation in the Australian doUar has reduced interest 
repayments on the current account deficit by more, and non-agricultural exports have also fallen 
by more. There is also a more significant GDP and CPI effect, brought about by increased 
agricultural sector activity and more expensive imports respectively_ In comparison, the balance 
of trade in the second simulation has worsened by $16m and the current account deficit reduced 
byS18m. 

The most significant difference between the two simUlations is the C02 effect on the C) type 
crops, which has led to production in the Wheat~Sheep zone increasing by 27.9%. compared to 
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3.8~in"U1e, ':first~im\llation',rrllbleI9)~ This 'sUb~hU1dallygr¢ater'changehasshifted ,pr9duction 
aw~y from.ifhePastoral~d,tli8b Rainfall :zones"wbe(eprqd~ction 'h~ JaIJ<:Jll>y lO,4o/D antJ 6.'1% 
res~Uvely" laruJr~pre,$¢nts.' ttimarQund., ,il')~')roducd(min thePastoralzpne 'frpOl'asinall 
~~rcenta$e ·jnc:~in ~thefiJ'St'$imutath:m~1beOtber Farmingl 'industry(s~g~canet fruit and 
nuts),exp¢rien~saq~line iillproduc~Qnof 1.89(,as~ 'are~tJJt()fJbeac,tVerse 'tem~ratu~ ;effeclS 
on 'thepome ,~d ,stone fruits. The :Nonbern13eetzone!exl'Ctiences ,a, $% smaller increase int}te 
sec()nd:simulation,C1ndthe'Milkl';CtltUe,·tmd.PlSs:irigusyYd~reasesbY1Slisl1tly'more. 

Wheat exports rlse.by35.2~ (4040kt):intbe ,secondsim~ladQnt c()mp~Q:tq anincteaseof604kt 
In ,the first simulation. BadcY an(l:other'ccrcalexportsalso :risealS(), 'I)y 29.4% ,and S2~6% 
resPf:ctively, both up significantly from the. firstsim~1~tion(Tablel01~ .Beef¢xportsruso :rise 
dramatically by 75. • .1 % (S60kt). due to ,increased. :ptoduction.intJ:te Wbeat;.,Sheep·zone. :Higber 
sheeP numbers in the Wbeat-rSh~pZQne have also incteased wool an.d sheep exports by 8.1% and 
21.9%respectivcly ,representins $ignificsnUyJarger' incr~asesthtulin . the first simulation. 
Domestic supply of wOQlt sbe¢p, wheat;batley ~dDtberce,fea1s.aU .e)Cperience considerable 
increases in the second sirmdation, Withcorrespondingreductionsinprice.T1les¢changeshave 
resulted in cheaperg!ain feed for the cattle and poultry industrieS,atld correspondinglyin¢retlSCd 
production in these indu~nries. . 

6. Conclusions 

The results presented in this paper indicate a positive production effect on parts of the Australian 
agricultural sector resulting from the potential effects of the BOE. Many of these results are 
small in magnitude .. however they do indicate significant relative cbangesreJating to the potential 
EGE.The industries to benefit most from the EOE would appear to be theWheat~Sheep~ and 
Northern Beef zones. Within these zones. beef. wheat, barley and other cereals experience the 
greatest increases in production. There is a significant shift in resources however, away from 
zones such as the High Rainfall zone and, when C02 is included, the Pastoral zone. The size of 
these increases depends on the amount to which the lvnami l\1odel represents the pbysical·effects 
of the EGE. and the extent of the C02 effects. Taking the results from applying the Miami 
Model productivity changes to the ORANI model, increased productivity occurs in all Australia's 
major agricultural export commodities. These increases are stimulated further by the inclusion of 
the C02 effects. The agricultural sector asa whole grows, despite a redistribution of resources 
away from milk cattle. pigs, and crops such as fruit, sugar cane, vegetables and cotton. 

However, these results do not indicate the effects of rainfan characteristics other than annual 
means, nor scourges. These effects could not be simulated. and may have a large impact on the 
production of some commodities. Modern genetic engineering and disease controls may 
overcome some of the possible scourges that result from the EGE, possibly at the expense of 
higher production costs. Rai.nfall variability and seasonality may also have considerable effect on 
production. a situation which is much harder to control. Another factor not considered here is the 
effects of the EGE on overseas agricultural production which may either increase or decrease the 
demand for Australia's agricultural exports this aspect is the subject of continuing research by the 
authors. Even so, these results do jndicatesignificant possible benefits to some parts of the 
agricultural sector as a result ·of theEGE. There needs to be further research into the possible 
effects not modeHed here, and refining of estimates for the effects of C02. rainfall and 
temperature. 
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Source: resc~led from Pinock and Nix (1986) 

Figut"~ 2: The QRANI Zones 

Source: rescaled from Higgs (1986) 
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Figure 3: Combined Miami Model & ORs\NI Zon~ 

% II II II II II II lID ~ ;:::;= 0 
change 42.5 37.5 32.5 27.5 22.5 17.5 12.5 7.5 2.5 -2.5 



% Change 
Band 
.. 2.S0 
2.50 
7.50 
12.50 
17.50 
22.50 
27.50 
32.50 
31.50 
42.50 

:£able ti ~ Ana Qr.ra~bQllAJSI JQ~ustu 
yVifhin¢acJJ Miami Model%CboilpB,nd 

ORANI Industrv 
'Pastoral Wheat-Sh~ a.Rainfall 

2.58 0.00 11.18 
2.23 4:66 27.94 
13.46 14.38 10.88 
13.74 32.46 33.82 
27.68 34.01 16:18 
24.27 14.19 0.00 
9.27 0.29 0.00 
6.76 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

N.Beef 
:o~OO 

0.00 
0.00 
0.00 
0.00 
13.35 
12.72 
42.53 
23.45 
7.95 

, ;f"t";:Total(t:~:h ·:;;;~.~:lOOl()(t;f;;~ T{¥}i,{l'OO;®~::f'~ ?;~~ThtOOlOO~W~t~ ~&~ilf.®:W&~ 

Source: Calculated from Fi~ure 3 

Table 2: % Produtti,yity Chaput: I Industry 

% Change ORANIlnduStTv 
Band Pasto["'& Wheat-Sheep H.RninfnU . N. Beef 
-2.50 -0.06 0.00 -0.28 0.00 
2.50 0.06 0.12 0.70 0.00 
7.50 1.01 1.08 0.82 0.00 
12.50 1.72 4.06 4.23 0.00 
17.50 4.84 5.95 2.83 0.00 
22.50 5.46 3.19 0.00 3.00 
27.50 2.55 0.08 0.00 3.50 
32.50 2.20 0.00 0.00 13.82 
37.50 0.00 0.00 0.00 8.79 
42.50 0.00 0.00 0.00 3.38 

Wtd:Av~': " (i, :'l7l17:r:; 

Source: Calculated from Table 1 
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Tuble 3; C02 Ef'fetts/Cornmo4i!I 

:! ORANI ORANI Industry 
({ Commodity Pastoral Wheat~Sheep H.RainfaU . N.Beef Total 

I wool 5.00 5.00 5.00 SJJO 
sheep 5.00 5.00 5;00 5.00 
wheat 47.00 47.00 47.00 41.00 
barley 36.00 36.00 36.00 36.00 
cereals 23.00 23.00 23.00 23.00 

meat cattle 5.00 5.00 ,5.00 5.00 5.00 

Fruit/Sugar • lie ~ lit .. 6.38 

Source: Godden and Annitstead (1992) 

Table 4; Commodity Productivity Increase ( ORANI IndUstty 

-
ORANI ORANl Industry 

Commodity Paslornl Wheat -Sheep H.Rainfall N. Beef Fruit/Sugar 
wool 2.84 1_- 1.25 2.04 0.00 0.00 
sheep 0.34 i 0.37 0.59 0.00 0.00 
wheat 4.44 ~ 19.15 0.97 0.00 0,00 
barley 0.52 2.58 0.76 0,00 0.00 
cereals 0.26 1.41 0.95 0,00 0.00 

m~'t cattle 1.21 0.69 1.95 5.00 0.00 
Fruit(S ugar • " * * -6.38 

Total 9.62 25.I1A 7.27 5.00 -6.38 

Source: CaJculated from Table 3 and ORANJ Database 
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Simulation 1 
Miami Model Temperature & Rainfall Effects 

Table 5: Macroeconomic effects 

Balance of Trade J$m) -8.80 
iChange in real CAD ($m) -1.80 
Real GDP (market expenditure) (%Change) O.ll 
Nominal exchange rate (SA/unit) (%Change) -0.01 
CPI (%Change)_ 0.03 

Table 6: Industryeffects (% change) 

Industry Production Labour Land Price 
Pastoral zone 0.2 -1.8 0.1 " 
Wheat-Sheep 3.S 2.3 3.2 
Hi~h Rainfall -1.1 ·3.1 -1.7 
Northern Beef S.l 2.4 4.2 
Milk Cattle & Pigs -OJ ..Q.2 ..Q.I 

iOther Fanningl -OJ -a. I -OJ 
Other Farming2 -OJ -0.2 -0.1 
Poultry 1.1 1.1 0.9 
Services to Ag. O.S 0.5 0.5 

Table 7: Commodity effects (% change) 

Commodity ExpOrts Export Price Domestic Supply Domestic Price 
!WOOl 1.4 -1.1 1.3 -1.3 
Sheep 1.7 -0.1 1.7 -0.2 
Wheat S.l -0.4 3.8 -0.5 
Barley 4.2 -0.2 3.4 -0.3 
Other Cereals 7.5 ·0.4 3.2 -0.5 
Meat Cattle 25.1 1.1 2.1 -1.4 
Milk Cattle & Pigs -3.2 0.2 0.2 0.2 
Other Fanning! -1.3 0.1 -0.1 0 
Other Fanning2 -1.2 0.1 0.1 0 
Poultry "(}.4 0 1.1 0 

Other Fanning 1 consists of: sugar cane. fruit and nuts. 
Other Fanning2 consists Df vegetables, colton. oilseeds t and tobacco 
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Sim~JatioD ,2 
Miami Model Plus COl Eff'ects 

Table .8: 'Macroeconomic err~cts 

Balance of Ttade ($m) .. 15.98 
Change in real CAD ($m) ,.18.31 
tReal GDP (market expenditure) (%Changel 0.22 
Nominal exchange rate (SNunit) (%Changel "().l9 

!<:PI (%Change) 0.06 

Table.9: Industryerrcds (% change) 

Industry. Production Labour Land Price 
Pastoral wne ·10.4 -19.1 -U.S 
Wheat-Sheep 27.9 18.8 24.1 
High Rainfall ..6.1 -14.4 .. 9.1 
Northern Beef 2.1 -4.9 -0.2 
Milk Cattle &. Pigs ~1.7 .. 2.5 -1.7 
Other Fanningl ·1.8 ·0.6 ·1.5 
Other Fruming2 ..0.7 -0.9 ,'J.4 
PoultrY 2.9 2.8 2.4 
Services to A~. 3.1 2.9 2.6 

Table 10: CommodItyef'iI'Cts (% cbange 

Commodity E'l.pom Export Price Domestic Supply Domestic Price 
Wool 8.7 -6.2 8.1 -7.7 
Sheep 21.9 -1.3 U.8 -1.8 
Wheat 35.2 -2.4 26.1 -3.2 
Barley 29.4 -1.3 24.1 -1.8 
Other Cereals 52.6 ·2.1 21.8 -2.8 
Meat CaUle 75.1 -2.8 5.2 -3.7 
Milk Cattle & Pigs ·5.3 0.3 0.5 0.1 
Other Fanning! -17.3 0.9 .. 1.1 0.9 
Oilier Farming2 -5.7 0.3 0.3 0.1 
Poultry ·33 0.2 2.9 -OJ 

Other Farming] consists of: sugar cane, fruit and nuts. 
Other Fanning2 consists of vegetables. cotton, oitseeds. and tobacco 
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Micro economic; 

Appendix A 

Exogenous Variables 

Share ofg,OVL investmentln 10[..,\1 inve$uucnt expenditure 
Real means~(ested tttmsferspet recipient 
Ren.l non-meMs-tested tmnsferspen:ecipient 
Real unempJoyment.benefit pet uncmployedperson 
Absolulechnnge in real govt.borrowingrcqldrement (Sm) 
OvernU Shift in gavt .. demnnds 
Shift in fis~ll consumption function 
Shift in ollietnomiunJ gO'll. expenditure 
Shift in nverngernte of (direct) tax on non-labour incomes 
Shift in avernge rote of (direct) tax on labour income 
Shirt in nominal gov(., revenue from other sources 
Number of persons unemployed 
Economy-wide expected ratcof reum} on fixed CapiL'l1 
Renuds received by Australians from investtnellls overseas 
Number of housebolds 
Unifoml % change in ad vel. t.ax on sales to industry for inrennediate use 
Uniform % change in ad vel. tax on s.1.Jes to industry (or fixed capital 
UniCono % change in ad vel. tux on sates to households 
Unifonn % change in ad vel t.ax on sales to govt 

til(j) Hicks-neutral input-augmenting technict! change In it1dustty j 
aleapy) Fixed Capi141J-augmenting technical cImnge in industry j 
alJab{i) Labour-augmenting technical cbange in indusuy j 
a t landO) Land-augmenting technical change in industry j 
alprim{j} Primary factor-augmenting technical change in industry j 
alpha(j) Rate of investment allowance in industry j 
dcltn(j) Rate of depreciation alJowunce in industry j 
f2m Shifl in investment in industry j 
fyJ.tfj) Shift in (direct) tnx rale ou non-labour income in industry j 
fW(j) Shift in price of working capital in industry j 
fwngei(j) Shift in tlvernge w:lges in industry j 
oJJ) Use of land in industry j 
rUm Currem nne of return after tax on fixed c.1piUlt in indUStry j 
ti(j) Scaling fnetor, inditectnon-commodity taxes (net) in indusrty j 
tpkcap Property tnx .rnte on fixed cnpital in industry j 
lpl,land Property tax rot.! on agrkuJwrnJ Jnnd in industry j 
feCi) Shift. in export demand fot commodity i 
pmel) Forgeln currency tobprice ofcommodilY i 
powtnx4m Power of 141X on exportS of commodity i 
POWl:VC.mO) Power ltlrirf em commodity i 
GO,s) Shift in govt. demnnd for commodity i. from source s 
fwngeoiCj,Il1) Shift itt wn~cs received by labour in oCcup~lti()n lilt industry j 
fytO.m) srdft inmx I1lfc onblbour income in occupation Ill. industry j 
tploiQtm) Payroll tax mtc on occupution Ill. industry j 
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