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Abstract

Knowledge about the size and distribution of returns from alternative broad types of
R&D and promotion investments permit strategic-level decisions about resource
allocation, both within and across research programs. The Australian sheep meat and
wool industries are characterised by strong cross-commodity relationships due to the joint
product nature of the industries. An equilibrium displacement model of the Australian
sheep meat and wool industries was developed to account for these relationships and any
indirect benefits and costs arising from spill-over and feedback effects between the
industries as a result of research-induced innovation or promotion. The potential annual
returns and their distribution among the various industry sectors were estimated from
different hypothetical investment scenarios to demonstrate the model’s relevance to R&D

and promotion policy and decision-making.
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Introduction

Cross-commodity relationships are an important feature of the Australian sheep meat and
wool industries. Examples include joint production of wool and lamb, and substitution in
domestic consumption of lamb and mutton. Published industry models to date are either
large and data intensive (for example, Vere et al. 2000), and therefore difficult to
maintain, or single industry approaches that largely ignore the cross-product interactions

(Mullen et al. 1989; Mullen and Alston 1994; Hill et al. 1996).

Since the collapse of the Reserve Price Scheme for wool in 1990 the Australian sheep
meat and wool industries have undergone significant structural change and been faced
with a number of challenging issues. Global demand for wool has declined with strong
competition from substitute fibres emerging in wool’s traditional apparel markets. Lower
returns for wool and periods of sustained drought have contributed to sheep numbers
falling from 173 million in 1990 to a little over 100 million in 2005. During this time
wool production has decreased by more than the decrease in sheep numbers with an
increased proportion of ewes and decreased proportion of wethers in the national flock
indicative of a shift in focus towards lamb production (Martin, King and Shafron 2004).
A sharp decline in Australia’s wool processing industry has resulted from global
overcapacity and the emergence of China and other low labour cost regions in wool
processing. Welfare concerns over live sheep exports and mulesing to prevent fly strike
have featured prominently in media headlines amid animal rights campaigns for boycotts
on the purchase of Australian sheep and wool products. Given the increased competition
and uncertain market conditions facing the Australian sheep meat and wool industries, it
is imperative that funds made available for R&D and promotion are invested efficiently

to maximise net returns to the industries and the community.

Significant contributions in the form of compulsory levies on gross wool and livestock
sales are made by Australian producers to R&D investments and generic promotions
undertaken by industry research providers and organisations such as the Australian Sheep
Industry Cooperative Research Centre (Sheep CRC), Australian Wool Innovation (AWI)
and Meat and Livestock Australia (MLA). Debate as to the allocation of funds directed to
R&D or promotion has always been a contentious issue. As pointed out by Piggott
(1998), Australian woolgrowers and red meat producers have often questioned the level
of returns received on the investment of their levy dollars. Reliable information is a

fundamental requirement in any decisions regarding levy changes but to date such
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information has been limited because comprehensive industry models have not been

available.

Knowing the potential size and distribution of returns from alternative research and
promotion investments across different sectors of an industry enable more informed
strategic level decisions to be made about how to allocate limited resources among a
number of investment options. Credible economic evaluation requires at the very least the
consideration of the multiple components of the Australian sheep meat and wool
industries. Disregarding indirect effects may have important policy implications for the

generation and allocation of investment funds.

The economic evaluations of research or promotion expenditures are often undertaken
using comparative static analyses more commonly known as equilibrium displacement
models (EDM) (for example, Freebairn, Davis and Edwards 1982; Wohlgenant 1993;
Zhao et al. 2000a; Zhao, Anderson and Wittwer 2003). The structure of an industry is
represented by a system of general functional form demand and supply equations defining
equilibrium in all markets. The impacts of new technologies in various industry sectors or
successful promotion campaigns in various product markets are modeled as shifts in the
relevant supply or demand curves. When an exogenous shift displaces the equilibrium,
the resulting market price and quantity changes allow changes in producer and consumer

surplus to be estimated for the various industry sectors.

This paper develops an EDM to assess the returns to the Australian sheep meat and wool
industries from effective R&D or promotion campaigns. The main aims of the paper are
to provide a disaggregated economic framework to allow estimation and comparison of
the annual total returns from R&D and promotion investments and their distribution
among the various industry sectors and markets. In addition to the evaluation and
comparison of alternative broad types of research and promotion investments, the
industry wide impacts of particular technologies or promotions can also be evaluated. The
explicit contributions of the paper are two-fold. Firstly, the cross-commodity
relationships and multi-product nature of the industries are accounted for within the
model, and secondly, a high degree of industry disaggregation allows for the evaluation
of individual investments specific to an agricultural zone or commodity type. This has
particular relevance to evaluation of R&D investments where new technologies may not

be applicable, nor adopted, Australia wide.



The Structural Model

The Australian sheep and wool industries consist of numerous market segments. Analysis
of the returns from research, promotion or government policies undertaken in different
industry sectors or markets require a model properly representative of the industry
structure. Horizontal and vertical industry disaggregation allows for the distribution of

total industry returns among the various regions and sectors to be estimated.

The structure of the Australian sheep and wool industries represented in Figure 1 consists
of four connecting diagrams. The logic of the block structure of diagrams is as follows.
Figure 1(a) shows the disaggregation of the national flock and associated production of
wool, lamb, mutton and live sheep. Figure 1(b) traces the supplies of wool from the farm
to the warehouse where it is sold at auction and either exported or purchased for use in
domestic processing. Following on from Figure 1(b), the different stages of the domestic
wool processing sector and exports of semi-processed wool products are depicted in
Figure 1(c). Connecting directly back to Figure 1(a), the various stages of the sheep meat

supply chain and markets for lamb, mutton and live sheep are presented in Figure 1(d).

In Figure 1(a) the industries are horizontally disaggregated into merino sheep and non-
merino sheep. Merino sheep are further disaggregated by agricultural zone and
production enterprise within each zone.' Breeding intention separates merino ewes in the
high rainfall and wheat-sheep zones into merino lamb and non-merino lamb producing
enterprises. Merino sheep not used for breeding purposes are classified as dry sheep and
are grouped together. As such, merino wethers and merino hoggets within each zone are

combined as a single enterprise or sector.

Australian wool production is divided into four main diameter categories corresponding
to Australian Bureau of Statistics wool export categories of 19 pum and finer, 20-23 pm,
24-27 pm and 28 pm or broader. Wool of the same diameter classification within each
zone is assumed homogeneous in quality. Vertical disaggregation of the wool industry
includes the warehousing, export and Australian early-stage processing sectors. Around
85 per cent of wool is sold through the auction system while the rest is sold "privately' on-
farm or to local wool handling facilities. For simplification in this analysis it is assumed

that 100 per cent of wool is sold through the auction system. The warehouse sector

! Agricultural production within Australia comprises three agricultural zones, high rainfall, wheat-sheep
and pastoral.



(Figure 1b) is assumed to include wool handling, storage, testing and associated selling
costs. The majority of Australian wool production is exported in its raw greasy form with
the remainder undergoing some degree of early-stage processing before being exported as
scoured wool, carbonised wool or wool tops. Limited quantities of wool tops are used as
inputs in domestic later-stage processing such as spinning and weaving. Early-stage
processing of wool in Australia is separated into scouring, carbonising and top making
sectors (Figure 1c). Post-sale costs such as transport, dumping and shipment preparation

for greasy wool are included in the export sector.

Vertical disaggregation of the sheep meat supply chain (Figure 1d) beyond the farm gate
consists of processing and marketing sectors. The processing sector undertakes all
slaughtering and processing activities necessary to produce lamb and mutton for the
export market and carcasses of lamb and mutton for sale to domestic retailers. The
domestic marketing or retail sector processes the carcasses and packages the products for
sale to final consumers. This sector comprises supermarkets, butchers and integrated

abattoir or independent boning rooms that undertake the same process.

The resulting EDM of the Australian sheep meat and wool industries is a system of 295
equations with 295 endogenous variables.> As is typical in EDM analysis it is assumed
that all production functions exhibit constant returns to scale and profit maximisation is
an implicit behavioural assumption of each industry sector within the model. The impacts
of new technologies in various industry sectors or successful promotion campaigns in
various product markets are represented by 42 exogenous supply and 19 exogenous

demand shift variables.
Input Data

Estimates of market parameters and base equilibrium values for all sectors are required to
solve the model. Average values taken over a period of years to dampen the impact of
seasonal effects or other anomalies are typically used to represent the base equilibrium
situation. In 2002, Australian woolgrowers began operating in a free market for the first
time in almost thirty years after the last of the 4.7 million-bale wool stockpile was sold. In
order for the data to reflect current market values and production systems, the base

equilibrium values, and associated input cost and output revenue shares, used in the

? The general functional form equations specifying the model are listed in the appendix at the end of this
paper.



model (Table 1) were taken as averages of prices and quantities for the three-year period

2002-03 to 2004-05.

The market elasticities (Table 2) were specified according to relevant empirical studies
and subjective judgement. The values are indicative of a medium-run time frame of 3-5

years.

The possible R&D and promotion investment scenarios are numerous. Consequently, this

study is limited to five alternative hypothetical investment scenarios:

Scenario 1: R&D in lamb production
Cost reduction in lamb production resulting from any farm technologies that reduce the
cost of producing lambs. The technology applies to all non-merino and merino lambs

produced for slaughter in all three agricultural zones.

Scenario 2: R&D in sheep meat processing
Cost reduction in the sheep meat processing sector resulting from new technologies or
improvements in management that reduce the cost of slaughtering and processing lamb

and mutton

Scenario 3: R&D in wool production
Cost reduction in wool production resulting from any farm technologies that reduce the
cost of producing wool. The technology applies to all types of wool grown in all three

agricultural zones

Scenario 4: Promotion of lamb in the domestic market
Increase in the ‘willingness to pay’ by domestic consumers of lamb due to promotion or

changes in tastes in the domestic market.

Scenario 5: Promotion of greasy wool in the export market
Increase in the ‘willingness to pay’ by export consumers of greasy wool due to promotion

or changes in tastes in overseas markets.
Results

The annual economic welfare changes and the distribution of benefits among various
industry sectors for the five hypothetical scenarios are summarised in Table 3. For each

R&D scenario a one per cent cost reduction is depicted by a one per cent downward



parallel shift of the supply curve in the relevant sector. In the promotion scenarios a one
per cent upward parallel shift of the relevant demand curve represents a one per cent

increase in consumers’ willingness to pay.
Total Welfare Gains

In terms of absolute value, wool production research (Scenario 3) and greasy wool
promotion (Scenario 5) provide the largest total returns ($24.52 million and $22.11
million, respectively). For the investment scenarios specifically related to lamb research
or promotion, the largest total returns are for domestic lamb promotion (Scenario 4,
$14.61 million) followed by lamb production research (Scenario 1, $9.23 million). Sheep

meat processing research generates the smallest total amount (Scenario 2, $6.51 million).
Distribution of Welfare Gains

The exogenous shifts in investment Scenarios 1 and 4 simulate either new technologies or
promotions related specifically to lamb while Scenario 2 refers to lamb and mutton.
Domestic consumers are the main beneficiaries in each scenario accruing 47.1 per cent of
the total benefits from domestic lamb promotion (Scenario 4), 31.3 per cent from sheep
meat processing research (Scenario 2) and 30.8 per cent from lamb production research

(Scenario 1).

In general, as overseas demand for Australian lamb is more elastic than domestic
demand, surplus gains for domestic consumers should be considerably larger than those
received by overseas consumers. However, shares of the total benefits collected by
overseas consumers are significant (14.7 per cent to 30.6 per cent). Due to the joint nature
of production, wool export quantities increase as lamb production increases in all three
scenarios. Depending on the scenario in question, purchasers of Australian greasy and
processed wool are the recipients of 60 per cent to 67 per cent of the additional surplus

gained by overseas consumers.

Lamb production research (Scenario 1, 23.7 per cent) and sheep meat processing research
(Scenario 2, 22.2 per cent) provide sheep producers with the highest percentage share of
total benefits from the three scenarios. Domestic lamb promotion (Scenario 4) delivers
18.6 per cent of the total benefits to sheep producers. Dry sheep enterprises experience
negative surplus changes in response to lamb production research and promotion

investment in the domestic market. Taking this into consideration, lamb producing
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enterprises actually receive 28 per cent of the benefits from lamb production research and

21 per cent of total returns from investment in domestic promotion.

Sheep meat processors obtain 13 per cent of the total benefits from sheep meat processing
research and around 8 per cent of the benefits from lamb production research and
domestic promotion of lamb. Domestic retailers capture a 10 per cent share of the
additional benefits from lamb promotion and approximately 5 per cent of the benefits in
each of the other two scenarios. The wool warehouse/brokerage, domestic wool
processing, wool export and sheep meat export sectors gain small amounts, all receiving
benefit shares of less than 1 per cent in each scenario. Elastic supplies of inputs and small

value added to products in these sectors restrict the total benefit shares.’

New technology in wool production and successful promotion of greasy wool in export
markets are depicted in Scenarios 3 and 5, respectively. As the majority of Australian
wool is exported in either greasy or semi-processed form, overseas consumers gain
significant shares of the total returns in each case (49.5 per cent and 53.8 per cent).
Purchasers of greasy or semi-processed wool acquire upwards of 85 per cent of the total
benefits going abroad with the remainder split among overseas consumers of lamb,
mutton and live sheep. Domestic wool processors incur a loss of surplus from successful

overseas promotion of Australian greasy wool.

Domestic consumers receive much smaller shares of total benefits from wool related
investments (11.3 per cent and 7.6 per cent). Additional surplus gains are mostly the

outcome of lower retail prices for lamb resulting from increased supply.

Sheep producers gain the greatest share of total returns (33.3 per cent) from greasy wool
promotion (Scenario 5) while wool production research (Scenario 3) yields a 31.2 per
cent share. Unlike lamb specific investments where some of the additional surplus gains
accruing to lamb producing enterprises are transferred from the dry sheep enterprises, the
wool specific investment scenarios deliver positive gains to all sheep enterprises in the

model. Other industry sectors individually receive up to 4 per cent of the total benefits.

* With relatively elastic supply the changes in producer surplus are smaller than with inelastic supply as the
changes in price are smaller.



General Comments

A number of qualifications need to be stated. The results are derived from hypothetical
one per cent exogenous shifts in the relevant sector demand or supply curves. The costs
involved in implementing the one per cent shifts are not taken into consideration.
Therefore, comparison of the monetary returns from the different scenarios can only be
made under the assumption that the investment costs required to implement the equal
demand or supply curve shifts are the same in each sector. To demonstrate, if the
monetary investments in lamb production research and sheep meat processing research
were identical (equal $ investment induces equal % shift) sheep and wool producers as a
whole would prefer lamb production research ($2.19 million) to sheep meat processing
research ($1.45 million). For sheep and wool producers to be indifferent as to which
sector the research funds are directed, investment in sheep meat processing would need to
be approximately 51 per cent more efficient than investment in lamb production
(2.19/1.45 = 1.51). In other words the size of the percentage shift necessary to generate
the same returns to producers from sheep meat processing research as from a 1 per cent

cost reduction in lamb production would be 1.51 per cent.

In terms of monetary gains, which investment scenario is preferred over another depends
on the costs required to shift the demand or supply curves in the relevant market. Even
without knowledge of the investment costs the distributions of total benefits among
industry sectors from alternative scenarios are directly comparable. The same amount of
money invested in different industry sectors may result in demand or supply shifts of
unequal size but the distribution of total benefits among industry sectors for a particular
scenario is independent of the magnitude of the initial shift (Zhao 1999, p160). For
example, the producers’ share of the total benefits from lamb production research (23.7
per cent in Scenario 1) is the same irrespective of the size of the percentage reduction in
the cost of producing lamb. However, the results are dependent on the assumptions made,
and values chosen, for the parameters and price and quantity data used in the model.
Accounting for the sensitivity of the results to uncertain parameter values is discussed in

the next section.

Finally, it should also be noted that the partial equilibrium framework of the model does

not account for economic benefits or spillovers to other industries such, as the beef or



grains industries, that result from investment undertaken in the Australian sheep and wool

industries.
Sensitivity Analysis

Simple discrete sensitivity analysis can be used to demonstrate the impacts that different
price and quantity data may also have on the results. To illustrate, Scenario 4 (domestic
lamb promotion) was re-run with retail prices of lamb and mutton halved. As expected,
total surplus was reduced by one half because the total retail value of lamb halved.
Benefits to all industry sectors were smaller with the value to sheep and wool producers
falling by $0.44 million from $2.72 million to $2.28 million. Conversely, the share of
total benefits accruing to sheep and wool producers increased from 18.6 per cent to 31.2
per cent. Therefore, it is important to bear in mind that total benefits and the distribution
of those benefits may be influenced by assumptions regarding prices and quantities

highlighting the need for accurate and timely data.

The parameter values in the model were chosen from published estimates, economic
theory and the authors’ subjective judgement. Following Zhao et al. (2000b), a stochastic
approach to sensitivity analysis was used to account for uncertain parameter values.
Probability distributions were assigned to each of the unknown parameters. From each
distribution were drawn 2000 values. The EDM was run 2000 times using a different set
of parameter values for each run to generate 2000 sets of price and quantity changes, and
2000 sets of economic surplus changes. The 2000 sets of surplus changes were used to
estimate probability distributions of the surplus changes from which means, standard
deviations and 95 per cent subjective probability intervals (95 per cent PI) were

calculated. The process was repeated for each R&D and promotion scenario.

The probability distributions assigned to the parameters were either truncated normal
distributions or mixed truncated normal and exponential distributions. Sign restrictions
were placed on the parameters based on theoretical constraints. For example, export and
domestic own-price elasticities of demand, and product transformation elasticities are
expected to have negative signs. Truncating the distribution from above at zero restricts
these parameters to take negative values. Own-price elasticities of supply, input
substitution elasticities and cross-price domestic demand elasticities are expected to have
positive signs. Truncating the distribution from below at zero restricts these values to take

positive values.
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Placing sign restrictions on a parameter may cause the distribution to become asymmetric
which has certain implications for the probabilities for particular ranges of values.
However, for most parameters in the model, the truncation is more than three standard
deviations from the mode and has little effect on the distributions. In instances where the
subjective view was that truncated normal distributions were not representative of the
probabilities that the parameter values may assume, mixed truncated normal and

exponential distributions were used to provide the necessary skewed shape.

Summary statistics for the welfare benefits corresponding to each scenario are presented
in Table 4. The figures on the left side of each column are the benefits in millions of
dollars and those on the right side are the percentage shares of the total benefits for each
industry sector. The base estimates and means, standard deviations and 95 per cent Pls
are reported in the rows underneath each industry sector heading. Given the probability
distributions specified for each of the market elasticities, the figures in Table 4 provide a
measure of the variability of the welfare changes. For example, in Scenario 1 the mean
benefit to sheep producers from lamb production research is $2.24 million with an
average 24.2 per cent share of the total benefits. This compares to the base estimates
derived from the model of $2.19 million and 23.7 per cent of total benefits. The standard
deviation of the benefits to sheep producers is $0.35 million or approximately 3.8 per
cent. The subjective 95 per cent PI is different from a conventional sampling theory
confidence interval in that it is derived from subjective prior distributions (Zhao 1999). It
is obtained by discarding the lowest 2.5 per cent and highest 2.5 per cent of the 2000
simulated welfare changes. The remaining first and last values form an estimate of the
interval. Thus, for Scenario 1 we have 95 per cent confidence that sheep producers will
receive between $1.67 million to $3.05 million or 18 per cent to 33 per cent of the total
benefits from this particular type of on-farm research. Comparing the subjective 95 per
cent PI with approximately two standard deviations from the mean allows for any
asymmetry in the distribution to be discovered. For example, two standard deviations
from the mean in Scenariol provides interval estimates of $1.54 million to $2.94 million

to sheep producers indicating the distribution is skewed slightly to the right.
Single Commodity vs. Joint Product Analysis

How important is it to consider the multiple components of the Australian sheep meat and

wool industries when undertaking economic evaluations of research or promotion
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expenditures? To demonstrate, Scenarios 1 (lamb production research) and 4 (domestic
lamb promotion) were re-simulated using single-industry approaches whereby associated
production of wool, mutton and live sheep were assumed zero. As shown in Table 5,
exclusion of the cross-commodity relationships has implications for the distribution of
total benefits. In isolation, a 1 per cent lower lamb production cost (Scenario 1a) delivers
around 28 per cent of the total benefits to lamb producers which are consistent with the
percentage share accruing to the lamb producing enterprises in Scenario 1 when all
production outputs are included. However, as noted above the combined returns of all
sheep and wool producers are less than this (23.7 per cent). Overseas consumers receive a
much larger portion of the additional gains when all commodities are considered (30.6
per cent compared to 13.9 per cent) while the reverse applies for domestic consumers
(30.8 per cent compared to 39.5 per cent). Gains to domestic processors and retailers are
also higher under the single commodity analysis. Similar disparities were found in the

distribution of benefit shares between Scenarios 4 and 4a.

Conclusions

The EDM specified in this paper was developed to account for the cross-commodity
interactions present within the Australian sheep and wool industries. The economic
framework enables analysis of total welfare changes and their distribution among
industry sectors from exogenous changes impacting on the Australian sheep and wool
industries. These include, but are not limited to, the evaluation of alternative broad types
of research and promotion investments or the impacts of government market
interventions. The model can also be used to evaluate specific R&D or promotion
investments and provides a high degree of industry disaggregation not previously

developed in other models.

The application of the model was demonstrated by estimating total industry returns and
their distribution among various industry sectors and market participants for five
hypothetical R&D and promotion scenarios. The largest potential annual returns to the
Australian sheep and wool industries, and to sheep and wool producers, were from
effective R&D that reduces the cost of wool production by 1 per cent ($25.5 million) and
effective promotion of greasy wool in export markets that increases demand by 1 per cent
($22.1 million). While the monetary gains are only comparable under the assumption of
equal investment efficiency, the benefit shares provide a meaningful comparison. Sheep

and wool producers as a group always receive the greatest share of total benefits from
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investment in greasy wool promotion (33.3 per cent) and wool production research (31.2
per cent). Domestic promotion of lamb generates the largest share of benefits to domestic
consumers (47.2 per cent) while overseas consumers receive 53.8 per cent of the

additional gains from export promotion of greasy wool.

The results are conditional on the values specified for the parameters, and prices and
quantities within the model. Data limitations required the authors to often rely on
subjective judgement to specify values as information on elasticities, and base prices and
quantities were scarce or non-existent in some instances. Consequently, stochastic
sensitivity analysis was undertaken to estimate summary statistics and establish 95 per

cent probability intervals for the economic surplus changes.

Failure to account for all sheep and wool industry components was shown to redistribute
the benefits shares among industry sectors and markets, highlighting the importance of

neglecting cross-commodity relationships within the industries.

From an industry perspective, the model specified in this paper provides the structure to
enable cost-benefit analysis once information on investment costs is known. This can
assist priority-setting and policy decisions within the industry by helping to identify the
total returns, and the beneficiaries of those returns, from alternative R&D or promotion
investments. The model is not only of relevance to levy-paying producers, other industry
groups and providers of R&D and promotion but also the community in general, as public
contributions to investment are funded by government and consumers share in the

benefits from investment.
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Table 1: Base Equilibrium Values 2002-03 to 2004-05

Wool, Lamb, | Wool, lamb & mutton from non-merino sheep

Mutton & Total value: TVy; = 550.57

Live Sheep Cost shares: kx; = 0.08 (sheep — annual service flow cost)**; kx;w = 0.92 (other inputs)

Production Revenue shares: yy 3w = 0.05 (24-27 micron wool); Yys4w = 0.14 (>28 micron wool); yyiL
=0.76 (prime lamb); Yy = 0.05 (mutton)
Wool, lamb & mutton from merino ewes (high rainfall zone)
Total value: TVy, =292.65
Cost shares: kx,; = 0.11 (sheep — annual service flow cost); kxo;w = 0.89 (other inputs)
Revenue shares: yy2;w = 0.23 (< 19 micron wool); yyzow = 0.15 (20-23 micron wool);
Yy2sw = 0.02 (24-27 micron wool); yysr = 0.54 (1¥ cross lamb); Yy = 0.06 (mutton)
Total value: TVy; =472.45
Cost shares: kx3; = 0.21 (sheep — annual service flow cost); kxz;w = 0.79 (other inputs)
Revenue shares: yys;w = 0.43 (< 19 micron wool); yy3w = 0.30 (20-23 micron wool);
Yy33w = 0.05 (24-27 micron wool); yy3. = 0.09 (merino lamb); yy3y = 0.13 (mutton)
Wool, lamb & mutton from merino ewes (wheat-sheep zone)
Total value: TVy, = 547.03
Cost shares: kx4; = 0.09 (sheep — annual service flow cost); kxsiw = 0.91 (other inputs)
Revenue shares: yy4iw = 0.11 (< 19 micron wool); yysow = 0.23 (20-23 micron wool);
Yyasw = 0.02 (24-27 micron wool); yyar = 0.61 (1¥ cross lamb); yy4y = 0.03 (mutton)
Total value: TVys =719.73
Cost shares: kxs; = 0.18 (sheep — annual service flow cost); kxs;w = 0.82 (other inputs)
Revenue shares: yys;w = 0.23 (< 19 micron wool); yysaw = 0.48 (20-23 micron wool);
Yyssw = 0.03 (24-27 micron wool); yysp = 0.18 (merino lamb); yysy = 0.08 (mutton)
Wool, lamb & mutton from merino ewes (pastoral zone)
Total value: TVys =229.63
Cost shares: kxs; = 0.26 (sheep — annual service flow cost); kxs1w = 0.74 (other inputs)
Revenue shares: yysiw = 0.11 (< 19 micron wool); yyew = 0.37 (20-23 micron wool);
Yyssw = 0.04 (24-27 micron wool); yyeL = 0.15 (merino lamb); yyeym = 0.33 (mutton)
Wool, lamb & mutton from merino wethers/hoggets (high rainfall zone)
Total value: TVy; = 655.99
Cost shares: kx7; = 0.29 (sheep — annual service flow cost); kx7;w = 0.71 (other inputs)
Revenue shares: yy7iw = 0.43 (< 19 micron wool); yy7,w = 0.32 (20-23 micron wool);
Yy73w = 0.05 (24-27 micron wool); yy7g = 0.11 (live sheep); yy7m = 0.09 (mutton)
Wool, lamb & mutton from merino wethers/hoggets (wheat-sheep zone)
Total value: TVyg =781.27
Cost shares: kxg; = 0.42 (sheep — annual service flow cost); kxgs;w = 0.58 (other inputs)
Revenue shares: yys;w = 0.19 (< 19 micron wool); yygow = 0.43 (20-23 micron wool);
Yyssw = 0.03 (24-27 micron wool); yysg = 0.27 (live sheep); yysm = 0.08 (mutton)
Wool, lamb & mutton from merino wethers/hoggets (pastoral zone)
Total value: TVyo = 144.93
Cost shares: kxo; = 0.70 (sheep — annual service flow cost); kxoyw = 0.30 (other inputs)
Revenue shares: yygiw = 0.11 (< 19 micron wool); yyow = 0.43 (20-23 micron wool);
Yyosw = 0.05 (24-27 micron wool); yyog = 0.03 (live sheep); yyom = 0.38 (mutton)

Wool >28 micron wool

Warehouse Total value: TV, = 82.26

Sector Cost shares: ky;w = 0.95 (wool); kynm = 0.05 (other inputs)

Revenue shares: yz;w = 0.94 (greasy wool for export); yz;s = 0.06 (greasy wool for
domestic processing)
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Table 1 (cont.): Base Equilibrium Values 2002-03 to 2004-05

Wool <19 micron wool

Warehouse Total value: TV, = 1007.54

Sector Cost shares: ky,w = 0.95 (wool); kypy = 0.05 (other inputs)
Revenue shares: y,w = 0.82 (greasy wool for export); yzos = 0.18 (greasy wool for
domestic processing)
20-23 micron wool
Total value: TV = 1419.09
Cost shares: kyzw = 0.95 (wool); kymm = 0.05 (other inputs)
Revenue shares: yz3w = 0.76 (greasy wool for export); yz3s = 0.24 (greasy wool for
domestic processing)
24-27 micron wool
Total value: TV, = 161.65
Cost shares: kysw = 0.95 (wool); kygy = 0.05 (other inputs)
Revenue shares: yz4w = 0.76 (greasy wool for export); yz4s = 0.24 (greasy wool for
domestic processing)

Domestic Scoured wool

Wool Total value: TV = 609.35

Scouring Cost shares: kz;s = 0.01 (>28 micron wool); kzos = 0.30 (< 19 micron wool); kzzs = 0.56

Sector (20-23 micron wool); kzss = 0.06 (24-27 micron wool); kzcs = 0.07 (other inputs)
Revenue shares: yzcw = 0.18 (scoured wool for carbonising); yris = 0.01 (>28 micron
wool); Yezs = 0.29 (< 19 micron wool); ygss = 0.46 (20-23micron wool); yrss = 0.06 (24-
27micron wool)

Domestic Carbonised wool

Wool Total value: TVgcw = 128.84

Carbonising | Cost shares: kzcw = 0.84 (scoured wool); kzcg = 0.16 (other inputs)

Sector

Domestic Wool Tops

Wool Top Total value: TVgr =241.16

Sector Cost shares: kzpr = 0.37 (< 19 micron wool); kzzt = 0.43 (20-23 micron wool); kz4r = 0.09
(24-27 micron wool); kzwr = 0.11 (other inputs)
Revenue shares: ygr = 0.41 (< 19 micron wool top); yrsr = 0.45 (20-23micron wool top);
Year = 0.10 (24-27micron wool); yenw = 0.04 (noils of wool)

Wool Export | Greasy Wool

Sector and Total value: TVqw = 83.50

Wool Cost shares: kz;w = 0.93 (>28 micron wool); kzyy = 0.07 (other inputs)

Exports

Total value: TVw = 863.96
Cost shares: kz,w = 0.96 (< 19 micron wool); kzry = 0.04 (other inputs)

Total value: TVqsw = 1127.29
Cost shares: kzzw = 0.95 (20-23 micron wool); kzym = 0.05 (other inputs)

Total value: TVQ4W =131.14
Cost shares: kz4w = 0.94 (24-27 micron wool); kzgy = 0.06 (other inputs)

Scoured Wool
Total value: TVq;s =4.11
Cost shares: kg5 = 0.90 (>28 micron wool); kgns = 0.10 (other inputs)

Total value: TV s = 92.05
Cost shares: kg,s = 0.95 (< 19 micron wool); kgpg = 0.05 (other inputs)

Total value: TVQ35 =188.78
Cost shares: kgszs = 0.95 (20-23 micron wool); kgys = 0.05 (other inputs)
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Table 1 (cont.): Base Equilibrium Values 2002-03 to 2004-05

Wool Export | Total value: TVqss = 16.06

Sector and Cost shares: kgss = 0.95 (24-27 micron wool); ks = 0.05 (other inputs)
Wool
Exports Carbonised Wool

Total value: TVqcw = 137.70

Cost shares: krcw = 0.94 (wool); krcg = 0.06 (other inputs)

Wool Tops

Total value: TVqr = 102.25

Cost shares: kgt = 0.96 (< 19 micron wool); kgpr = 0.04 (other inputs)

Total value: TV =113.51
Cost shares: kgst = 0.96 (20-23 micron wool); keyr = 0.04 (other inputs)

Total value: TVqsr = 24.54
Cost shares: kpsr = 0.96 (24-27 micron wool); kegr = 0.04 (other inputs)

Total value: TVonw = 12.79

Cost shares: kpnw = 0.85 (noils); keng = 0.15 (other inputs)

Sheep Meat Lamb

Processing Total value: TV, = 1626.49

Sector Cost shares: kyp = 0.70 (lamb); kys. = 0.30 (other inputs)

Revenue shares: yzi g = 0.38 (export lamb); yz p = 0.62 (domestic lamb)

Mutton
Total value: TV = 437.50
Cost shares: kyy = 0.73 (mutton); kysy = 0.27 (other inputs)

Sheep Meat Lamb
Marketing Total value: TVq g = 630.65

Sectors & Cost shares: kz; ¢ = 0.98 (export lamb); kz ;1 = 0.02 (other inputs)
Meat
Products Total value: TVqp = 1457.22

Cost shares: kz1p = 0.69 (domestic lamb); kzo = 0.31 (other inputs)

Mutton
Total value: TVoug = 432.92
Cost shares: kzye = 0.98 (export mutton); kv = 0.02 (other inputs)

Total value: TVqup = 229.66
Cost shares: kzyp = 0.67 (domestic mutton); kz,y = 0.33 (other inputs)

Live Sheep Exports
Total value: TVosg = 293.49

Revenue shares: yzue = 0.73 (export mutton); yzup = 0.27 (domestic mutton)

**In the model sheep are classed as a semi-durable input. The annual service flow cost from a durable

input can be derived as the sum of three component costs, depreciation, maintenance and opportunity costs

(Lawrence and McKay 1980; O’Donnell and Woodland 1995).
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Table 2: Medium-term Market Elasticity Values

Sheep Supply
Non-merino sheep = 1.2

Merino sheep (high rainfall zone) = 1.0
Merino sheep (wheat-sheep zone) = 1.2
Merino sheep (pastoral zone) = 0.8

Other Inputs Supply

Farm inputs = 3

Wool warehouse inputs = 2.5

Wool export inputs = 2.5

Domestic wool processing inputs = 1.0
Sheep meat processing = 2.0

Sheep meat marketing = 2.0

Input Substitution
Farm:

Between sheep and other farm inputs = 0.1

Wool Warehouse:

Between wool and other warehouse inputs

Between same fibre diameter categories of wool produced from the same agricultural zone = 5.0
Between same fibre diameter categories of wool produced different agricultural zones = 2.0
Wool Processing:

Between wool and other processing inputs = 0.1

Between different fibre diameter categories of wool = 0.1

Wool Export:

Between wool and other export inputs = 0.1

Sheep Meat Processing:

Between lamb and other processing inputs = 0.1

Between non-merino lambs produced from different agricultural zones = 5.0

Between merino lambs produced from different agricultural zones = 5.0

Between non-merino and merino lambs = 2.0

Between mutton (sheep) and other processing inputs = 0.1

Between mutton produced from different agricultural zones and/or enterprises = 5.0

Sheep Meat Marketing:

Between lamb and other marketing inputs = 0.1

Between mutton and other marketing inputs = 0.1

Product Transformation

Farm:

Between < 19 micron wool and 20-23 micron wool =-0.5

Between 20-23 micron wool and 24-27 micron wool = -0.25

Between wool and lamb = -0.2

Between mutton and live sheep exports =-1.8

Wool Warehouse:

Between greasy wool for export and greasy wool for processing = -2.0

Wool Processing:

Between semi-processed wool of different fibre diameter categories = -0.1

Sheep Meat Processing:

Between lamb carcass for export and lamb carcass for the domestic market = -0.5
Between mutton carcass for export and mutton carcass for the domestic market =-1.0
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Table 2 (cont.): Medium-term Market Elasticity Values

Demand

Export:

>28 micron greasy wool =-2.0

24-27 micron greasy wool =-1.9

20-23 micron greasy wool = -1.2

< 19 micron greasy wool =-1.0

>28 micron scoured wool = -2.0

24-27 micron scoured wool =-1.9

20-23 micron scoured wool =-1.2

<19 micron scoured wool =-1.0

Wool top and noil =-1.5

Lamb =-2.5

Mutton = -5.0

Live sheep =-2.0

Domestic:

Lamb=-1.5

Mutton =-1.4

Lamb with respect to the price of mutton = 0.13
Mutton with respect to the price of lamb = 0.82
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Table 3: Economic Surplus Changes ($ million) and Distribution of Total Surplus

Changes (%) to Various Industry Sectors: Scenarios 1-5

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

$Sm % $m % | $m % $m % | $m %
Producers
APSy; 091 9.85 | 0.43 6.64 | 0.36 147 | 1.18 8.05 | 0.22 1.00
APSxs; 0.30 328 | 0.15 2.38 | 0.36 148 | 041 2.81 | 0.27 1.23
APSx3 0.14 1.48 1 0.11 1.72 1 1.04 4231 0.12 0.82 | 1.05 4.76
APSx41 0.66 7.16 | 0.30 4.68 | 0.57 2.31 ] 0.90 6.15 | 0.40 1.82
APSxs; 0.46 498 | 0.18 2.72 | 1.31 534 | 0.40 273 | 145 6.55
APSxe1 0.12 1.25 | 0.14 220 | 0.48 1.97 | 0.08 0.53 | 0.35 1.56
APSx7; -0.15 -1.63 | 0.01 021 | 1.72 7.02 [ -0.13 -091 | 1.69 7.64
APSxs; -0.20 -2.17 ] 0.02 027 | 1.71 696 | -0.17 -1.19 | 1.60 7.26
APSxo; -0.05 -0.49 | 0.09 1.39 { 0.10 040 [ -0.06 -0.39 | 0.31 1.44
Subtotal: APSx 219 2372|145 2220 7.64 31.18 (272 18.61 | 7.36 33.28
Wool
Warehouse/Brokers
APSyw 0.04 041 | 0.02 0.30 | 0.17 0.69 | 0.03 0.21 | 0.21 0.94
Wool Processors
APSzw 0.05 0.55 | 0.03 0.44 | 0.29 1.17 | 0.04 0.26 | -0.09 -0.43
Wool Exporters
APSzwr 0.05 0.51 | 0.02 038 | 0.21 0.87 | 0.04 0.26 | 0.25 1.11
Sheepmeat Processors
APSyg 0.71 7.64 | 0.84 12911 0.79 324 | 1.27 8.71 | 0.52 2.36
Sheepmeat Exporters
APS;; 0.02 0.21 | 0.02 0.15 | 0.03 0.14 | 0.01 0.07 | 0.03 0.12
Domestic Sheepmeat
Retailers
APSy, 0.51 5.51 | 0.36 5.3510.47 191 | 1.50 10.28 | 0.27 1.22
Overseas Consumers
ACSqGw (greasy wool) 1.54 16.70 | 0.84 1294 | 829 3382 | 1.18 8.10 | 11.23 50.77
ACSgpw (processed wool) 0.36 392 | 0.20 3.11 | 2.04 8.34 | 0.27 1.85 [ -0.67 -3.05
ACSQLE (lamb) 0.90 9.70 | 0.61 9.34 | 0.74 3.03 | 0.63 4.28 | 0.39 1.76
ACSQME (mutton) 0.08 091 | 0.13 2.02 | 0.37 1.53 1 0.11 0.73 | 0.35 1.57
ACSsE (iive sheep) -0.06 -0.60 | -0.04 -0.65 | 0.68 276 | -0.04 -0.26 | 0.61 2.79
Subtotal: ACSqg 283 30.63 | 1.74 26.76 | 12.13 4947 | 2.15 14.69 | 11.91 53.84
Domestic Consumers
ACSqp 2.85 3082204 3127278 11.34 | 6.89 47.16 | 1.67 7.56
Total Surplus 9.23 100 | 6.51 100 | 24.52 100 | 14.61 100 | 22.11 100
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Table 4: Summary Statistics for Welfare Changes ($million) and Benefit Shares (%)

for Various Industry Groups

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
$m % $m % | $m % | $m % | $m %

Sheep Producers: APSx

Base 219 2372|145 2220 |7.64 31.18|2.72 18.61 | 7.36 33.28

Mean 224 2424 (132 2028 753 30.72|2.67 1834|728 3293

Standard deviation 0.35 3.79 | 0.28 4.30 | 0.83 3.38 | 0.43 2.93 1 0.87 3.93

95 per cent PI 1.67 18.07 [ 0.67 10.29 [ 6.02 2455|196 1346|559 2528
3.05 3300 1.84 2826|930 3793 |3.61 24.79]9.02 40.80

Warehouse/Brokers

Wool: APSyw

Base 0.04 0.41 | 0.02 0.30 | 0.17 0.69 | 0.03 0.21 ] 0.21 0.94

Mean 0.04 0.39 | 0.02 0.26 | 0.16 0.64 | 0.03 0.19 ] 022 1.00

Standard deviation 0.01 0.10 | 0.01 0.10 | 0.05 0.20 | 0.01 0.07 | 0.05 0.22

95 per cent PI 0.02 0.20 | 0.003  0.05 | 0.05 0.20 | 0.01 0.06 | 0.14 0.63
0.06 0.65 1 0.03 0.46 | 0.26 1.06 | 0.04 0.27 1 0.35 1.58

Wool Processors:

APSzw

Base 0.05 0.5510.03 0.44 { 0.29 1.17 | 0.04 0.26 | -0.09 -0.43

Mean 0.04 0.48 | 0.02 0.36 | 0.25 1.02 | 0.03 0.22 | -0.08 -0.36

Standard deviation 0.01 0.10 | 0.01 0.15 | 0.09 0.37 1 0.01 0.10 | 0.04 0.18

95 per cent PI 0.01 0.10 | 0.003  0.05 | 0.07 0.29 | 0.008 0.05 | -0.18 -0.81
0.08 0.86 | 0.04 0.61 | 0.46 1.88 | 0.06 0.41 | 0.006 0.03

Wool Exporters:

APSzwr

Base 0.05 0.51 | 0.02 0.38 | 0.21 0.87 | 0.04 0.26 | 0.25 1.11

Mean 0.04 0.48 | 0.02 0.32 { 0.19 0.79 1 0.03 0.24 | 0.26 1.18

Standard deviation 0.01 0.10 | 0.01 0.12 | 0.06 0.24 | 0.01 0.08 | 0.06 0.27

95 per cent PI 0.02 0.21 | 0.004 0.06 | 0.06 0.24 | 0.01 0.07 | 0.16 0.75
0.07 0.76 | 0.04 0.61 | 0.32 1.31 | 0.06 0.41 | 0.42 1.90

Sheepmeat Processors:

APSys

Base 0.71 7.64 1 0.84 1291 | 0.79 324 (127 8711 052 236

Mean 0.67 725 1.04 1598 [ 0.76 3.09 | 1.31 9.00 | 049 222

Standard deviation 0.23 2491 044 6.73 1 0.25 1.02 | 0.36 246 | 0.17 0.80

95 per cent PI 0.32 3.46 | 0.50 7.63 | 0.37 1.51 ] 0.82 5.63 1 0.22 1.01
1.22 1320 | 2.15 33.00 | 1.35 550 ] 216 14.84 | 091 4.12
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Table 4 (cont): Summary Statistics for Welfare Changes ($million) and Benefit

Shares (%) for Various Industry Groups

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
$m % $m % | $m % | $m % | $m %
Sheepmeat Exporters:
APSz
Base 0.02 0.21 | 0.02 0.15 ] 0.03 0.14 | 0.01 0.07 | 0.03 0.12
Mean 0.02 0.21 | 0.02 027 [ 7.53  30.72 | 0.02 0.11 | 0.03 0.13
Standard deviation 0.006 0.06 | 0.005 0.07 | 0.83 3.38 | 0.006 0.04 | 0.01 0.04
95 per cent P1 0.01 0.11 | 0.01 0.15]6.02 2455 0.006 0.04 | 0.02 0.08
0.03 0.32 | 0.03 0.46 |1 930 37.93 | 0.03 0.21 | 0.05 0.20
Domestic Sheepmeat
Retailers: APSy,
Base 0.51 5.51 | 0.36 5351047 191 | 1.50 10.28 | 0.27 1.22
Mean 0.47 5.09 | 0.34 5.14 | 0.43 1.76 | 1.53 1050 | 0.22 1.00
Standard deviation 0.17 1.84 | 0.12 1.83 | 0.16 0.65 | 0.40 2.75 1 0.05 0.22
95 per cent P1 0.16 1.73 1 0.12 1.79 | 0.14 0.20 | 0.92 6.32 ] 0.14 0.57
0.85 9.20 | 0.59 9.03 | 0.78 1.06 | 2.43  16.69 | 0.35 3.18
Overseas Consumers:
ACSqk
Base 283 3063 | 1.74 2676 | 12.13 4947 [ 2.15 14.69 | 11.91 53.84
Mean 2.89 3128 | 1.68 2581 | 12.43 50.71 | 2.11  14.50 | 12.05 54.50
Standard deviation 0.26 2.81]0.18 2.76 | 0.92 3.75 | 0.38 2.58 | 1.01 4.57
95 per cent P1 243 2630|131 2012 | 10.77 4392 | 1.44 9.88 | 10.14 45.86
344 37231202 31.03 | 144 58.77 | 290 19.95| 14.13 63.91
Domestic Consumers:
ACSgp
Base 285 30.82 204 3127278 1134 (6.89 47.16 | 1.67 1756
Mean 2.81 3041|204 3142|273 11.14|6.87 47.02| 1.62  7.33
Standard deviation 0.35 3.79 | 0.25 3.84 | 0.32 1.31 | 0.81 5.56 | 0.24 1.08
95 per cent P1 219 2370|159 2438|214 873 [ 538 3695 | 1.16 5.25
356 3853|258 39.63 343 1399 (8.65 5941|215 9.72
Total Benefits:
ATS
Base 9.23 100 | 6.51 100 | 24.52 100 | 14.61 100 | 22.11 100
Mean 9.23 6.51 24.52 14.61 22.11
Standard deviation 0.006 0.006 0.007 0.007 0.009
95 per cent P1 9.221 6.502 24.503 14.597 22.095
9.247 6.524 24.553 14.622 22.124
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Table S: Economic Surplus Changes ($ million) and Distribution of Total Surplus

Changes (%) to Various Industry Sectors: Scenarios 1, 1a, 4 and 4a.

Scenario 1 Scenario 1a Scenario 4 Scenario 4a
$Sm % $m % | $m % | $m %
Producers
APSy; 091 9.85 1.18 8.05
APSxs; 0.30 3.28 041 2.81
APSx3 0.14 1.48 0.12 0.82
APSx41 0.66 7.16 0.90 6.15
APSxs; 0.46 498 0.40 2.73
APSxe1 0.12 1.25 0.08 0.53
APSx7; -0.15 -1.63 -0.13  -0.91
APSxs; -0.20 -2.17 -0.17 -1.19
APSxo -0.05 -0.49 -0.06 -0.39
Subtotal: APSx 2,19 2372 | 2.57 279 (272 18.61 | 3.39 23.2
Wool
Warehouse/Brokers
APSyw 0.04 041 0.03 0.21
Wool Processors
APSzw 0.05 0.55 0.04 0.26
Wool Exporters
APSzwr 0.05 0.51 0.04 0.26
Sheepmeat Processors
APSyg 0.71 7.64 | 0.95 10.3 | 1.27 8.71 | 1.46 10.0
Sheepmeat Exporters
APS;; 0.02 0.21 | 0.02 0.2 | 0.01 0.07 | 0.01 0.1
Domestic Sheepmeat
Retailers
APSy, 0.51 5.51 | 0.75 82 (150 10.28 | 1.69 11.6
Overseas Consumers
ACSqew 1.54 16.70 1.18 8.10
ACSqpw 0.36 3.92 0.27 1.85
ACSqLE 0.90 9.70 0.63 4.28
ACSome 0.08 0.91 0.11 0.73
ACSqsk -0.06 -0.60 -0.04 -0.26
Subtotal: ACSqg 2.83  30.63 | 1.28 139 [ 2.15 14.69 | 0.92 6.3
Domestic Consumers
ACSqp 2.85 30.82 | 3.65 3951689 47.16 | 7.14 48.8
Total Surplus 9.23 100 | 9.23 100 | 14.61 100 | 14.61 100
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Figure 1(a): Model Structure
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Figure 1(b): Model Structure
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Figure 1(c): Model Structure
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Figure 1(d): Model Structure

YSL ZZL

ZI L
Other inputs

Other inputs Other inputs
Yio > R Export Qe
Yo —P — Zix Marketing Export lamb
Yy, —®| Lamb slaughtering and
_’ .

Y rocessin, K
Y4L — ! & — Zwp —» Domestic Q.LD

sL IQ . Domestic lamb
v » Marketine
Y[M >
You P — Zw  ——# Domestic DomesgcM ?nutton
Yium —» Marketing

’ —>
Yam p| Mutton slaughtering
¥5M —p| and processing Export . rtQMEtt

M —> — Zme Marketing Xport mutton
YoM —Pp
Ysm —P N

Y‘JM Z1 M
Ysm Zom Other inputs
Yo Other inputs Other inputs

QSE
Live sheep exports

Appendix: The EDM General Functional Form Equations

The general functional form system of equations describing the equilibrium of the
Australian sheep and wool industries are specified in equations (1-295). In all relevant
equations the exogenous supply shifters Tx; represent technologies that reduce the costs
of production and the Ng; terms are exogenous demand shifters representing changes in

demand due to promotion or changes in taste.

The supplies of each type of sheep and the supplies of other inputs to the farm enterprises
within the model are represented by Equations (1)-(18). The two types of merino ewe
enterprises in the high rainfall zone (X;; and X3;) are homogeneous with a single price
and share the same supply schedule given by Equations (3) and (6). Similarly, Equations
(7) and (10) specify the supply of merino ewes in the wheat-sheep zone (X4; and Xs).
Other input supplies to the various industry sectors relate to their own prices and are

represented by Equations (99-104), (176), (192), (196), (208-220) and (260-263).

Equations (19-36), (105-151), (177-181), (193-194), (197-200), (221-246) and (264-271)
are the output-constrained input demands for the relevant industry sectors derived from

their respective cost functions using Shephard’s Lemma.
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The input-constrained output supplies for each sector in Equations (55-98), (164-175),
(184-191) and (203-207) are derived from their respective revenue functions using the

Samuelson-McFadden Lemma.

Equations (37-54), (152-163), (182-183) and (201-202) are the equilibrium conditions for
the multiple output producing sectors. Equilibrium conditions are imposed through two
equations for each sector. For example, Equation (37) is the multi-output product
transformation function for the non-merino farm sector ensuring that aggregated input
quantities are equal to aggregated output quantities. Equation (38) sets the unit costs (cy;)
incurred per unit of aggregated output (Y;) equal to the unit revenue (rxx) earned per unit
of aggregated input (Xy). Equations (195), (247-259) and (272-275) are the market
clearing value equilibrium conditions for the single output producing sectors specifying

that unit prices of output equal the unit costs of production at the margin.

Live sheep exports are homogeneous with a single price. Equation (276) ensures the total
quantity of live sheep exports equals the sum of live sheep exports originating from the

three agricultural zones.

Equations (277-295) are the demand functions for Australian wool, lamb, mutton and live
sheep exports. Lamb and mutton are assumed substitutes in the domestic market as

indicated in equations (294) and (295).

Input supply to farm enterprises

(H  Xi=Xu(wi, Txa) 2 Xiw=Xiw(wiw, Txaw)
(3) Xz = Xa3(was, Txz) 4 Xaw=Xaw(waw, Txaiw)
) Xuiw = Xsiw(wiiw, Txaiw) 6) Xy =Xp+ Xy

(7 Xas = Xas(Was, Txas) @)  Xaw=Xaw(Warw, Txarw)
9 Xsiw = Xsiw(Wsiw, Txsiw) (10)  Xas=Xq+ X5

(I1)  Xe1 = Xo1(We1, Txe1) (12)  Xeiw = Xe1rw(Weiw, Txe1w)
(13)  X71=X51(w71, Tx71) (14)  Xnw = Xnw(wnw, Tx7iw)
(15)  Xs1 = Xs1(ws1, Txs1) (16)  Xsiw = Xsiw(Wsiw, Txsiw)
(17)  Xo1 = Xo1(Wo1, Txo1) (18)  Xorw = Xorw(Worw, Txo1w)

Output constrained input demands of farm enterprises
(19) Xi;=Yic'yi,i(wi, wiw) 20) Xyw=Yic'vi,iw(wi, Wiw)

21)  Xu1 = YacC'v2,23(W23, Warw) (22)  Xoiw = YaoC'v2,01w(Wa3, Waiw)
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(23)
(25)
27)
(29)
(31
(33)
(35)

X31 = Y3C'v3,23(W23, Waiw)
Xa1 = Y4C'v4,45(Was, Warw)
Xs1 = Ys5C'y5,45(Was, Ws1w)
Xe61 = Y6C'v6,61(We1, We1w)
X71 = Y1¢v7,71(W71, W71w)
Xs1 = YscC'vs,81(Wg1, Ws1w)

Xo1 = Yoc'v9,01(Wo1, Worw)

Farm enterprise equilibriums

(37)
(3%)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(D
(52)
(53)
(54)

(24)
(26)
(28)
(30)
(32)
(34)
(36)

X31w = Y3¢'v3,31w(Was, W3iw)
Xarw = Yac'va,a1w(Was, Warw)
Xsiw = Y5€'ys,51w(Was, Wsiw)
Xe1w = Y6€'ve,61W(We1, Weiw)
Xnw = Y7¢'y7,mw(Wr1, Wriw)
Xsiw = Ysc'vs,51w(Ws1, Weiw)

Xorw = Yoc'vo,01w(Wo1, Worw)

Xn(X1, Xiw) = Yi(Yisw, Yiaw, Yir, Yim)

cy1(Wi, Wiw) = rxn(Vi3w, Viaw, ViL, Vim)

Xo(Xo1, Xo1w) = Yo(Y21w, Yoow, Y23w, Yor, Yom)

cy2(W23, Waiw) = rx2(V2iw, V22w, V23w, VaL, Vam)

X3(X31, X31w) = Y3(Yziw, Yow, Ya3w, Y3r, Yam)

Cy3(W23, W3iw) = Ix3(V3iw, V32w, V33w, V3L, V3M)
Xa(Xa1, Xarw) = Ya(Yarw, Yaow, Yazw, Yar, Yam)
Cy4(Was, Waiw) = Ix4(Va1w, V42w, V43w, V4L, Vam)

Xs(Xs1, Xs1w) = Ys(Ysiw, Ysow, Ysaw, Ysi, Ysm)

Cys(Was, Wsiw) = Ixs(Vs1w, Vsaw, V53w, V5L, Vsm)
Xo(Xo1, Xo1w) = Yo(Yo1w, Yeow, Yesw, YL, Yom)
Cys(We1, We1w) = Ix6(Ve1w, V6aws V63w, VL, VeM)
X7(X71, X71w) = Y7(Y 71w, Y7ow, Y7aw, Y75, Y7Mm)
cy7(W71, W7iw) = rx7(V71w, V72w, V73W, PSE» VIM)

Xs(Xs1, Xg1w) = Ys(Ysiw, Ysow, Ys3w, YsE, Ysm)

cys(Ws1, Wgiw) = Ixa(V8iw, V82w, V83w, PSE> V8M)
Xo(Xo1, Xo1w) = Yo(Yoirw, Yoow, Yozw, Yo, Yom)

Cyo(Wo1, Worw) = Ixo(Voiw, Voow, Vo3w, PSE, VoM)

Input constrained output supply of farm enterprises

(55)
(56)
(57)
(58)
(39)
(60)

Y 3w = XN'xN, 13W(Vi3w, Viaw, ViL, Vim)

Y 14w = XNU'xN, 14w(V13W, Viaw, ViL, Vim)

YL = XNxNo1L(VI3W, Viaw, ViL, Vim)

— ]
Yim = XNxN, 1M(VI3W, Viaw, ViL, Vim)

Yorw = Xor'xo,21w(Vaiw, V2ow, V23w, Var, Vam)

Yoow = Xor'x2,00w(V21w, V2ow, V23w, Var, Vam)
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(61)
(62)
(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
(71)
(72)
(73)
(74)
(75)
(76)
(77)
(78)
(79)
(80)
(81)
(82)
(83)
(84)
(85)
(86)
(87)
(88)
(89)
(90)
C2))
92)
(93)
(94)

Yosw = Xor'x2,03w(Vaiw, V2ow, V23w, VoL, Vam)
— !
Yor = Xot'xo,00(V2iw, V22w, V23w, Var, Vam)
Youm = Xor'x2,om(V21w, V22w, V23w, Var, Vam)
Yiiw = Xar'x3,31w(V3iw, Viaw, V33w, V3L, Vim)
— 1
Yow = Xar'x3,30w(V3iw, Viaw, V33w, V3L, Vam)
— ]
Yizw = Xar'x3,33w(V3iw, Vaow, V33w, V3L, V3m)
YL = Xar'x3,30(V31w, Vaaw, V33w, V3L, Vam)
Yam = Xar'x3,3m(V31w, V3aw, V33w, V3L, V3im)
Yaiw = Xat'xa,41w(Vaiw, Varw, Va3w, VaL, Vam)
— ]
Yaow = Xar'xa,40w(Varw, Vaow, Vazw, V4L, Vam)
Y 3w = Xar'x4,43w(Va1w, Vaow, V4w, V4L, Vam)
YL = Xar'xa,40(Varw, Vaow, V43w, V4L, Vam)
Yam = Xat'xa,4m(Va1w, Varw, Vazw, VaL, Vam)
— ]
Ysiw = Xst'xs,51w(Vsiw, Vsow, V53w, V5L, Vsm)
52W — A5 'X5,52W(V51w, V352w, V53w, V5L, VSM)
Y 2 Xsr
Y s3w = Xst'xs,53w(Vsiw, Vsaw, Vs3w, VsL, Vsm)
— 1
Ysp = Xs1r'xs,50L(Vs1ws V52w, V53w, V5L, Vsm)
p— !
Ysm = Xst'xs,sm(Vsiw, Vsaw, V53w, V5L, Vsm)
— ]
Yeiw = Xer'x6,61W(V61w, V62w, V63w, V6L, V6m)
Y eow = Xet'x6,62w(V61w, Ve2w, V63w, V6L, VoM)
Yeosw = Xol'x6,63w(V61w, V62w, V63w, V6L, VM)
— 1
Yoo = Xer'x6,6L(V61W> V62w, V63w V6L, Vo)
p— !
Yom = Xeot'x6,6M(V61w, Vo2w, V63w, V6L, V6M)
Ynw= X7r'x7,71W(V71w, V72w, V73W, PSE, V7M)
Y 7w = Xor'x7,72w(V71W, V72W, V73W, PSE> VIM)
— 1
Y 73w = X71t'x7,73Ww(V71w, V72w, V73W, PSE> VIM)
— !
Y7e = Xot'x7,78(V71w, V72w, V73W, PSEs VM)
YoM = Xor'x7,7m(V71w, V72w, V73w, PSE, V7M)
Ysiw = Xsr'xs,81w(Vsiw, V82w, V83w, PSE, Vam)
Ysow = Xsr'xs,50w(V81w, V82w, V83w, PSE, VaM)
— ]
Yssw = Xsr'xs,83w(Vs1w, Vsaw, V83w, PSE, VaM)
Yse = Xsr'xs,8e(V81w, V82w, V83w, PSE» Vam)
Ysm = Xgr'xs,sm(Vs1w, Vsaw, V83w, PSE, Vam)

— 1
Yorw = Xor'x9,01w(Voiw, Voow, Vo3w, PSE, Vom)
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(95)  Yoow = Xor'x9,00w(Vo1w, Vorw, V93w, PSE> Vom)
(96)  Yoszw = Xor'x9,03w(Vo1w, Voow, V93w, PSE, Vom)
97)  Yor = Xor'x9,906(Vo1w, Voow, Vo3w, PSE, Vom)

(98)  Yom = Xor'x9,0m(Vo1w, Voow, V93w, PSE> Vom)

Other input supply to wool warehouse sectors
99)  Yam = Yam(vawm, Tynwm) (100) Ysm = Ysm(VveMm, Tyem)
(101) Yvm = YMM(VMM, TYMM) (102) Yem = YFM(VFM, TYFM)

Other input supply to lamb and mutton slaughtering/processing sectors
(103) Ys.=Ys(vse, Tysr) (104) Ysm = Ysm(vsm, Tysm)

Output constrained input demand of wool warehouse sectors

(105)  Yiaw = Zi¢'z1,14w(Viaw, VNm)

(106) Ynm = Zic'zi,nm(Viw, VwN)

(107)  Ya1w = Zaoc'z22,21w(V21ws V31w, V41w, V51W, V61W, V71W, V8IW, VOIW, VEM)
(108)  Yiiw = Za¢'z2,31w(V21w, V31W, V41w, V51W, V61W> VIIW, V8IW, VOIW, VEM)
(109)  Yaiw = Zoc'z2,41w(V21w, V31w, V41w, V51Ws V61W> VIIW, V8IW, VOIW, VEM)
(110)  Ysiw = Zoc'z2,51w(V21w, V31w, V41w, V51Ws V61W> V7IW, V8IW, VOIW, VEM)
(111)  Yerw = Zoc'z22,61w(V21ws V31w, V41w, V51W, V61W, V71W, V8IW, VOIW, VEM)
(112)  Yniw = Zo¢'z2,71w(V21w, V31w, V41w, V51W, V61W> VIIW, V8IW, VOIW, VEM)
(113)  Ygiw = Zoc'z2,81w(V21w, V31w, V41w, V51W, V61W> VIIW, V8IW, VOIW, VEM)
(114)  Yorw = Zoc'z22,01w(V21w, V31w, V41w, V51Ws V61W> VIIW, V8IW, VOIW, VEM)
(115)  Yem = Zaoc'z2,pm(V21W, V31W, V41w, V51W, V6IW, VIIW, V8IW, VOIW, VEM)
(116)  Yoow = Zsc'z3,20w(V22w, V32w, Vaaw, V52w, V62w, V72w, V82w, V92w, VMM)
(117)  Yaow = Zs¢'z3,30w(V22w, V32w, Vaaw, V52w, V62w, V72w, V82w, Vo2w, VMM)
(118)  Yaow = Zsc'z3,42w(V22w, V32w, Vaaw, V52w, V62w, V72w, V82w, Vo2w, VMM)
(119)  Ysow = Zsc'z3,50w(Va2w, V3aw, Vaaw, V52w, V62w, V72w, V82w, Vorw, VMM)
(120)  Yeow = Zsc'z3,62w(V22w, V32w, Va2w, V52w, V62w, V72w, V82w, V92w, VMM)
(121)  Y7ow = ZsC'z3,22w(Vaaw, V32w, Vaaw, V52w, V62w, V72w, V82w, Vo2w, VMM)
(122)  Ygow = ZsC'z3,80w(V22w, V32w, V42w, V52w, V62w, V72W, V82w, Vo2w, VMM)
(123)  Yoow = Z3¢'z3,00w(V22w, V32w, V42w, V52w, V62w, V72w, V82w, Vorw, VMM)
(124)  Ywmm = Zsc'zz,mm(Vaaw, Vaaw, Vaaw, Vsaw, V62w, V72w, V82w, Voow, VMM)
(125)  Yizw = ZaC'z4,13w(V13W, V23W, V33W, V43W, V53W, V63w, V73W, V83W, V3w, VBM)

(126)  Yasw = Zac'z4,3w(V13w, V23W, V33W, V43W, V53W> V63W> V73W> V83W, VO3W, VBM)
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(127)  Yazw = ZaC'z4,33w(V13W, V23W, V33W, V43W, V53W, V63w, V73W, V83W, V3w, VBM)
(128)  Yazsw = ZaC'z4,3w(V13W, V23W, V33W, V43W, V53W, V63W, V73W, V83W, V3w, VBM)
(129)  Yssw = Zac'z4,53w(V13w, V23W, V33W, V43w, V53w, V63w, V73W, V83W, V93w, VBM)
(130) Yesw = Zac'z4,63w(V13W, V23W, V33W, V43w, V53W, V63w, V73W, V83W, V93w, VBM)
(131)  Y73w = ZaC'z4,13w(V13W, V23W, V33W, V43W, V53W, V63w, V73W, V83W, V3w, VBM)
(132)  Ygsw = ZaC'z4,83w(V13W, V23W, V33W, V43W, V53W, V63W, V73W, V83W, V3w, VBM)
(133)  Yosw = Z4C'74,93w(V13W, V23W, V33W, V43w, V53w, V63w, V73W, V83W, V93w, VBM)

(134)  Yswm = Zac'z4,18M(V13W, V23W, V33W, V43W, V53W, V63W> V73W> V83W> V93W, VBM)

Output constrained input demand of lamb and mutton slaughtering/processing sectors

(135) YiL=Zic'zL,1.(ViL, V2L, V3L, V4L, V5L, VL, VSL)
(136) YaL=Zic'z,20(ViL, V2L, V3L, V4L, V5L, V6L, VSL)
(137)  YsL=Zrc'zL,30(ViL, V2L, V3L, V4L, V5L, V6L, VSL)
(138)  Yar=Zic'z,4.(ViL, VoL, V3L, V4L, V5L, V6L, VSL)
(139)  YsL=Zic'z1,50(ViL, VoL, V3L, V4L, V5L, VL, VSL)
(140) YL =Zrc'zL,6L(VIL, V2L, V3L, V4L, V5L, V6L, VSL)
(141) Ysr=Zic'zL,sL(ViL, VoL, V3L, V4L, V5L, V6L, VSL)
(142)  Yim = Zmc"zm, im(ViM, VaM, V3M, VaM, V5M, VéM, VM, V8M, VoM, VSM)
(143)  Yaom = Zmc'zm2m(ViM, VaM, V3M, VaM, V5M, V6M, VM, V8M, VOM, VSM)
(144)  Yim = Zmc'zm3m(ViM, V2M, V3M, VaM, V5M, V6M, VM, V8M, VOM, VSM)
(145)  Yam = Zmc'zmoam(ViM, V2M, V3M, VaM, V5M, V6M, VIM, V8M, VOM, VSM)
(146)  Ysm = Zmc'zm,sM(ViM, V2M, V3M, VaM, V5M, V6M, VIM, V8M, VoM, VSM)
(147) Yem = ZMC'ZM,sM(VlM, VoM, V3M, V4M, VsM, V6éM, VIM, V8M, VoM, VSM)
(148)  Yom = Zmc'zm,7m(ViM, V2M, V3M, VaM, V5M, V6M, VM, V8M, VOM, VSM)
(149)  Ysm = Zmc'zm,sm(ViM, V2M, V3M, VaM, V5M, V6M, VIM, V8M, VOM, VSM)
(150)  Yom = Zmc zm,oMm(ViM, V2M, V3M, VaM, V5M, V6M, VM, V8M, VOM, VSM)

(151) Ysm = Zmc'zm,sm(ViM, V2M, V3M, VaM, V5M, V6M, VIM, V8M, VOM, VSM)

Wool warehouse sectors equilibrium
(152)  YN(Y1aw, Ym) = Zi(Ziw, Zis)

(153) czi(Viaw, vam) = ryn(Uiw, Uis)
(154) Ye(Y2iw, Y3iw, Yaiw, Ysiw, Yeiw, Y71w, Ygiw, Yoiw, Yim) = Zo(Zow, Zos)
(155) cz(vaiw, V31w, Vaiw, Vsiw, V6iw, V7IW, V8IW, Voiw, VEM) = I'yrF(Uaw, U2s)

(156) Yc(Yaow, Yaow, Yaow, Ysow, Yeow, Y7ow, Ysow, Yoow, Ymm) = Z3(Zsw, Zss)

(157)  cz3(voaw, Viaw, Varw, Vsow, Veaw, V72w, V82w, Vorw, Vmm) = Iyc(Uaw, Uzs)
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(158) Ys(Yisw, Yosw, Y3sw, Yasw, Yssw, Yesw, Y73w, Ys3w, Yosw, YBMm) = Z4(Zaw, Zas)

(159) cza(vVizw, V23w, V33w, V43w, V53w, V63w, V73W, V83W, V93w, Vem) = I'y(Usw, U3s)

Lamb and mutton slaughtering/processing sectors equilibrium
(160) Yo(Yir, Yar, Yar, Yar, Ysi, Yer, Ysi,) = Zi(Zig, Zip)

(161) czL(viL, Var, V3L, V4L, V5L, V6L, VSL,) = I'YL(ULE, ULD)

(162) Ym(Yim, Youm, Yam, Yam, Ysm, Yem, Yom, Ym, Youm, Ysm,) = Zm(Zme, Zmp)

(163) czm(Vim, Vam, V3M, Vams, VsM, VeM, VIM, V8M, VoM, VsM,) = I'ym(UmE, UmD)

Input constrained output supply of wool warehouse sectors

(164) Zyw = Ynr'yn,iw(uiw, uis) (165) Zis = Ynr'yn,1s(uiw, uis)
(166) Zorw = Yer'yrow(Uaw, Uzs) (167)  Zss = Y¥r'yr,os(uzw, u2s)
(168) Zzw = Ycr'yc,aw(Usw, uss) (169) Zss = Ycr've,ss(Usw, Uss)
(170)  Zsw = Yur'ys,aw(Uaw, Uss) (171)  Zss = Ypr'yB,4s(Uaw, Uas)

Input constrained output supply of lamb and mutton slaughtering/processing sectors

(172) Zig=Yir'vyi,Le(ULE, ULD) (173) Zip=Yrir'vL,Lo(ULg, ULp)

(174) Zvg = YMY'YM,ME(UME, uMD) (175) Zvp = YMT'YM,MD(UME, UMD)

Other input supply to wool scouring sector
(176) Zcs = Zcs(ucs, Tzcs)

Output constrained input demand of wool scouring sector

(177) Zys = Zsc'zs,15(uss, Uzs, U3s, Uss, Ucs)
(178)  Zas = Zsc'zs,05(uss, s, Uss, Uss, UCs)
(179)  Zss = Zsc'zs,35(uis, Uas, Uss, Uas, Ucs)
(180) Zss = Zsc'zs,as(us, s, Uss, Ugs, Ucs)

(181) Zcs = Zsc'zs,cs(urs, Uzs, Uss, Uss, Ucs)

Wool scouring sector equilibrium
(182) Zc(Zis, Zss, Z3s, Zas, Zcs) = Zs(Zcw, Fis, Fas, Fss, Fas, Zot, Zst, Zar)

(183) czs(uis, uzs, Uss, Uas, Ucs) = Izc(Ucw, Sis, S2s, S3S, S4s, U2T, U3T, U4T)

Input constrained output supply of wool scouring sector

(184) Fis=Zcr'zc,1s(ucw, Sis, S2s, S35, Sas, UaT, U3T, U4T)
(185) Fas = Zcr'zc,28(ucw, Sis, S2s, S35, S48, UaT, U3T, U4T)

(186) Fss=Zcr'zc,3s(ucw, Sis, S2s, S35, Sas, UoT, U3T, U4T)
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(187)  Fas = Zcr'zc,as(ucw, Sis, S2s, S35, S48, U2T, U3T, U4T)
(188) Zyt = Zcr'zc0r(ucw, Sis, S2s, S38, S48, U2T, U3T, U4T)
(189) Zst=Zcr'ze31(ucw, Sis, S25, S38, S48, U2T, U3T, U4T)
(190)  Zur = Zcr'zc,41(ucw, Sis, S2s, 838, S4s, U2T, U3T, U4T)

(191) Zcw = Zcr'ze,cw(ucw, Sis, S28, 838, S48, U2T, U3T, U4T)

Other input supply to wool carbonising sector
(192) Zcg =Zc(ucs, Tzcs)

Output constrained input demand of wool carbonising sector

(193) Zcw = Fewc'rew,cw(ucw, ucs)

(194) Zcg = Fewc'rew,c(ucw, ucs)

Wool carbonising sector equilibrium

(195) scw = crew(ucw, ucs)

Other input supply to wool topmaking sector
(196) Zwr = Zwr(uwr, Tzwr)

Output constrained input demand of wool topmaking sector

(197)  Zot = Frc'rroor(Uar, UsT, Ugr, UwT)
(198)  Zsr = Frc'rr,a1(u2t, U3T, UsT, UWT)
(199)  Zsr = Frc'rroar(uar, UsT, Uat, UwT)

(200) Zwrt = Frc'rr,wr(u2t, U3T, U4T, UWT)

Wool topmaking sector equilibrium
(201) Zr(Za1, Zst, Zat, Zw) = Fr(Far, Fat, Fat, Faw, Qpp)

(202) crr(uar, ust, 4T, UwT) = IZT(S2T, S3T, S4T, SNW, PDP)

Input constrained output supply of wool topmaking sector

(203) Faor = Z1t'z1,21(S27, S3T, S4T, SNW, PDP)
(204) Fsr = Z1t'z1,31(S27, S3T, S4T, SNW,> PDP)
(205) Far = Z1r'z1,41(S271, S3T, S4T, SNW, PDP)
(206) Fnw = Z1r'zr,nw(S2T, S3T, S4T, SNW,> PDP)

(207)  Qop = Z1r'z1,0p(S2T, S3T, S4T, SNW> PDP)
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Other input supply to export greasy wool shipment sectors
(208) Znm = Znm(unm, Tzam) (209)  Zgm = Zrm(urm, Tzem)
(210) Iy = ZMM(UMM, TZMM) (21 1) Zpm = ZBM(UBM, TZBM)

Other input supply to export carbonised wool shipment sector
(212) Fc = Fen(scs, Tres)

Other input supply to export scoured wool shipment sectors
(213) Fns = Fns(sns, Tens) (214) Fgs = Fes(srs, Trrs)
(215) Fwms = Fus(sms, Trms) (216) Fgs = Fps(sss, Tras)

Other input supply to export wool tops shipment sectors
(217)  Frr = Frr(ser, Trrr) (218) Fwmr = Fumr(smr, Temr)
(219) Fpr= FBT(SBT, TFBT) (220) Fne = FNE(SNE, TFNE)

Output constrained input demand of export greasy wool shipment sectors

(221) Ziyw = Qiwc'giw,iw(uiw, unm)  (222)  Znm = Qiwe'Qiw,nm(Uiw, Unm)
(223)  Zow = QawC'Qaw.ow(Uaw, Uupm)  (224)  Zpm = Qawc'Qaw,rm(U2w, Upm)
(225) Zsw = QswC'Qswosw(Uzw, umm)  (226)  Znm = Qswe'aw,rm(Usw, Urm)

(227)  Zaw = Qawc'Qaw,aw(Uaw, usm)  (228)  Zem = Qawc'aw,em(Uaw, Upm)

Output constrained input demand of export carbonised wool shipment sector

(229) Fcw = Qcwc'gew,cw(scw, sce)  (230)  Fes = Qewc'gew,cs(Scw, ScB)

Output constrained input demand of export scoured wool shipment sectors

(231) Fis=Qisc'qis,1s(s1s, SNs) (232) Fns = Qiscqis,ns(S1s, SNs)
(233)  Fas = QasC'qas,25(82s, SFs) (234)  Frs = Qasc'qas,Fs(S1s, Sks)
(235) Fis = Q3sC'3s,35(83s, Sms) (236) Fums = Q3s¢'q3s,Mm5(835, SMs)
(237)  Fas = Qusc’qus,4s(S4s, SS) (238) Fas = QusC’as,Bs(S4s, Ss)

Output constrained input demand of export wool tops shipment sectors

(239) Far = Qarc’Q2r,21(S21, SFT) (240) Frr = Qarc’qat,r1(S2T, SFT)
(241) Fsr = Q31¢'Q31,31(S3T, SFMT) (242) Fur = Qa1cQ3,M1(S3T, SMT)
(243)  Far = Q41¢'Qat,41(S4T, SBT) (244) Fgr = Q41¢'Qat,BT(S4T, SBT)

(245) Faw = QNWC'QNW,NW(SNW, SNE) (246) Fne= QNWC'QNW,NE(SNW, SNE)
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Export greasy wool shipment sector equilibrium

(247) piw = cw(uiw, unm) (248) paw = caw(uaw, Urm)
(249) p3w = cozw(Uzw, Unmm) (250) paw = coaw(Usw, Um)

Export carbonised wool shipment sector equilibrium

(251) pcw = coew(Scw, ScB)

Export scoured wool shipment sector equilibrium

(252) pis = cqis(sis, SNs) (253) pas = cqas(s2s, SFs)
(254) p3s = cq3s(s3s, Sms) (255) pas = cqas(sas, sBs)

Export wool tops shipment sector equilibrium

(256) par = car(s2t, SFT) (257) pst = car(s3T, SMT)
(258) par = cat(S4t, SBT) (259) pnw = conw(SNw, SNw)

Other input supply to lamb and mutton marketing sectors
(260) ZiL= Z]L(ulL, TZ]L) (261) Zy = Z2L(u2L, TZZL)
(262) Zim = Zim(uim, Tzim) (263)  Zom = Zom(uam, Tzom)

Output constrained input demand of lamb and mutton marketing sectors
(264) Zig = Qrec'qLe,Le(ULE, UIL) (265) ZiL = Qrec'qLe,iL(ULE, WiL)

(266) Zip = Qrpc’qLp,Lp(ULD, Uzr) (267) Zy. = Qupc'qLp,2L(ULD, Uor)

(268) Zmp = Qmbc'omp,mp(Ump, Uam)  (269)  Zom = Qmpc’gmbs2m(Unvp, Uzam)

(270) Zme = Qmec'ome.me(Ume, i) (271)  Zim = Qmec’oMme, iM(UME, Uim)

Lamb and mutton marketing sectors equilibrium

(272) prLe= core(ULE, UIL) (273) prLp= cqup(uLp, Uar)

(274) pmp = comp(ump, Uam) (275) pme= come(umE, Uim)

Origin of live sheep exports
(276) Qse=Y7E+ Ysg+ Yo

Export demand for Australian greasy wool
277) Qiw = Qiw(piw, Noiw) (278) Qaw = Qaw(paw, Noaw)
(279) Q3w = Qsw(psw, Noaw) (280) Qaw = Qaw(p4w, Noaw)

Export demand for Australian carbonised wool
(281) Qcw = Qcw(pcw, Nocw)
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Export demand for Australian scoured wool

(282) Qis=Qis(p1s, Nais) (283) Q25 = Qas(p2s, Nos)
(284) Qs3s = Qss(p3s, Nazs) (285)  Qas = Quas(pas, Naas)

Export demand for Australian wool tops
(286) Qar = Qar(p2r, No2r) (287) Qsr = Qs1(p31, No3r)
(288)  Qat = Qar(pat, Noat)

Export demand for Australian noils/other wool
(289)  Qnw = Qnw(pnw, Nonw)

Domestic demand for LSP wool
(290) Qpp = Qpr(pppr, NobpP)

Export demand for Australian lamb and mutton

(291)  Qie = Qre(pLe, NoLE)
(292) Qwe = Qme(pme, Nome)

Export demand for Australian live sheep
(293) Qse = Qse(psk, Nosk)

Domestic retail demand for Australian lamb and mutton
(294) Qup = Quo(prp, pmp NoLp, Nomp)
(295) Qwp = Qmb(prp, pmp NoLp, Nomp)

The structural model of the Australian sheep and wool industries represented in general

functional form by Equations (1)-(295) defines equilibrium in all markets. The model in

displacement form is found by totally differentiating the system of equations at the initial

equilibrium points. Implicit in this approach is the use of local linear approximation when

estimating the finite changes in the endogenous variables. Zhao, Mullen and Griffith

(1997) demonstrated that when small parallel exogenous shifts are implemented in EDM,

the price, quantity and economic surplus change estimates are exact if the percentage

change in variable (.) is defined as E(.) = AC)/(.). *

* To conserve space the equilibrium displacement form equations are not presented here but are available

from the author on request.
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