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CHAPTER 5 

RELATIVE RETURNS TO AUSTRALIAN WOOL PRODUCERS OF ON- 

AND OFF-FARM RESEARCH 

 

5.1  Preamble 

 Here we apply WOOLGEM (the model outlined in Chapter 4) to analyse the effects of 

on- and off-farm research (and development) leading to productivity improvements in the 

multistage wool production system.  In doing so, we focus on the relative returns to 

Australian wool producers of on- and off-farm research.  The research question is 

motivated by the continued existence of significant wool industry levies used to fund, inter 

alia, research at different stages of the Australian wool production system.  The levies 

amount to two per cent of revenue from sales of greasy wool and are used to fund both on- 

and off-farm research (AWIL 2005).  For the Australian wool industry, investing the levies 

on research in the production stage that provides the largest benefit to farmers is crucial for 

farm profitability in both the short and long term.   

 

5.2  Modelling on- and off-farm research gains  

 The allocation of research funds between on- and off-farm activities is a significant 

welfare issue for the primary producer.  Primary products will usually pass through at least 

one off-farm production stage before they are purchased by consumers (a combination of 

distribution, marketing and retailing).  This raises the question of where should research 

funds be allocated in order to maximise research gains for the primary producer, as it is 

usually the primary producer who is levied to raise research funds.  Prior to the work of 

Freebairn et al. (1982), the analysis of research gains to the primary producer was limited to 
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single-stage models [see Lindner and Jarrett (1978) for a review].  Freebairn et al. (1982) 

were the first to address the issue of research gains for the primary producer in a framework 

that explicitly recognised the multistage production process through which most primary 

products pass.   

 Freebairn et al. (1982) postulate a two-stage theoretical model where farm output 

passes to a marketer who uses marketing goods and services, along with nonfarm inputs, to 

produce the retail good from whom it is purchased by households.  Analysing the effects of 

research at different stages, they conclude that research-induced cost reductions in one part 

of the system provide benefits to consumers and all other members of the system.  Their 

results suggest that the distribution of research funds across production stages is 

unimportant as all members of the system will benefit.  Further, the imposition of a levy to 

raise research funds will lead to an upward shift of the supply curve; a research-induced 

cost reduction will lead to a downward shift of the supply curve.  That is, the imposition of 

levy has exactly the reverse effect of a research-induced cost reduction, thus the distribution 

of the levy costs will exactly match the distribution of the research benefits.   

 Alston and Scobie (1983) raise the issue of the importance of the elasticity of 

substitution between farm and nonfarm inputs in marketing production, as Freebairn et al. 

(1982) assume zero values for such elasticities.  Using a model similar to Freebairn et al. 

(1982), Alston and Scobie (1983) show that as the elasticity of substitution between farm 

and nonfarm inputs in marketing production rises, farmers will obtain a greater proportion 

of total benefits from on-farm research.  They suggest that, in general, such elasticities are 

not zero.  Further, farmers may lose from off-farm research if the elasticity of substitution 

between farm and nonfarm inputs in marketing production exceeds the absolute value of 

the elasticity of retail demand.  These results suggest that the distribution of research funds 
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across production stages is important as not all members of the system may benefit from 

research at different stages.   

 Holloway (1989) extends the two-stage model developed by Freebairn et al. (1982) 

to a three-stage model by splitting the retail stage into separate processing and distribution 

stages.  Examining off-farm research gains, Holloway (1989) finds that farmers gain more, 

the larger the absolute value of the elasticity of retail demand relative to input 

substitutability at the distribution stage, and the larger is input substitutability at the 

distribution stage relative to input substitutability at the processing stage.  These results 

suggest that research in different off-farm production stages may yield differential benefits 

to the farmer, and that this should be considered by farm organisations when allocating 

research funds.   

 The foregoing theoretical results demonstrate the importance of the relative sizes of 

various elasticity values in determining both the size and the sign of the gain to farmers 

from on- and off-farm research.  Thus, to make a definitive statement about the relative 

returns to on- and off-farm research for any given group of primary producers it is 

necessary to calibrate theoretical models with real-world data and known parameter values.  

Given this, quantifying the relative returns to on- and off-farm research is of extreme 

interest for primary producers whose products pass through an extensive multistage 

production system, and who bear significant levies funding research at different stages.  

The Australian wool industry qualifies on both criteria.  First, wool passes through an 

extreme form of multistage production with six broadly identifiable production stages – 

primary production, scouring, carding/combing, spinning, weaving, and garment making.  

Second, significant levies are applied on the Australian wool farmer that amount to two per 

cent of revenue from sales of greasy wool that are used, inter alia, to fund both on- and off-

farm research (AWIL 2005).  For the Australian wool industry, investing these levies in a 
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way which yields the largest returns for farmers is crucial for farm profitability in both the 

short and long term.   

 To date, there are only a few studies examining the relative returns to on- and off-

farm research for Australian wool producers using a multistage framework.  Mullen et al. 

(1989) apply an equilibrium displacement model of the world wool top industry to estimate 

the gains to Australian wool farmers from research in farm production, top making and 

textile manufacturing.  They estimate that (i) Australian wool producers gain more from on-

farm versus off-farm research, and gain more when research is assumed not to spread from 

Australia to other regions, and (ii) Australian wool producers gain less from on-farm 

research, the less substitutable wool inputs are with nonwool inputs in processing stages.   

 Layman (1999) uses a short-run multistage model to estimate the relative gains to 

Australian wool producers from on- and off-farm variable input cost reductions.  The model 

completely represents the wool multistage production system by tracking wool from the 

farm, through five processing stages, to retail consumption.  The results are similar to 

Mullen et al. (1989).   

 We revisit the issue of relative returns to on- and off-farm research for Australian 

wool producers by applying WOOLGEM, which incorporates and extends the analytical 

frameworks applied in previous studies as follows.  First, it captures the multistage nature 

of the wool production system, including the full spectrum of activities from the production 

of greasy wool to wool garments.  Second, it models international trade at each stage of the 

wool production system.  Third, it incorporates both the demand and supply side of the 

nonwool economy.  Fourth, it explicitly models the fixity (the short run) and the variability 

(the long run) of production factors.  Fifth, it applies economy-wide constraints on 

household and government budgets, and trade balances.  These extensions provide the most 
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comprehensive framework available for analysing the issue of relative returns to on- and 

off-farm research for Australian wool producers.   

 

5.3  Experiment design and evaluation issues 

 In this section we discuss a number of issues that relate to modelling sheep industry 

productivity improvements, particularly the Australian sheep industry, and evaluation 

thereof.   

 

5.3.1  The ability of sheep farmers to diversify the output mix 

 The degree to which sheep farmers can diversify their output mix affects the 

elasticity of supply.  What is assumed about the elasticity of supply will strongly determine 

the share of research benefits that accrue to farmers that are part of a multistage production 

system; Freebairn et al. (1982) conclude that the share of research benefits to a given sector 

will increase with the degree of inelasticity in supply for that sector relative to other sectors 

(p. 42).  Thus, it is important that a realistic degree of diversification by sheep farmers is 

assumed when modelling research benefits.  The short-run closure of WOOLGEM presented 

in Chapter 3, Section 3.17.1, assumed that industry land usage was fixed for all industries 

including sheep farmers.  Here we revisit this issue and question whether this assumption is 

appropriate.   

 In a narrow sense, Australian sheep farmers can potentially produce two outputs: 

greasy wool and sheep meat.1  Some farmers specialise in the production of wool, some 

specialise in sheep meat, while others lie somewhere in between these extremes.  Moreover, 

the mix of aggregate wool/sheep meat production is not  fixed  over  time;  ample  evidence  

                                              
1 For the purposes of this work, we define sheep meat as comprising lamb and mutton. 
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exists of significant variation in the relative importance of wool and sheep meat production 

over the last 15 years (ABARE 2006, p. 61).  Thus, it seems important to explicitly capture 

the multiproduct nature, as it relates to wool and sheep meat, of Australian sheep farmers.2  

The analytical tool applied here, WOOLGEM, explicitly captures the multiproduct nature of 

Australian sheep farming and allows for transformation between nine types of greasy wool 

and sheep meat (see Chapter 3, Section 3.5).  

 In a broad sense, Australian sheep farmers can potentially produce more than just 

greasy wool and sheep meat; they can also diversify into grains and beef cattle, particularly 

in the so-called ‘wheat-sheep zone’.  This diversification occurs in the form of reallocating 

the amount of land devoted to different activities; evidence exists that this diversification 

can be quite significant, even over a period of 2–3 years (ABARE 2006, p. 65).  Thus, it 

also seems important to capture the ability of sheep farmers to move out of producing 

wool/sheep meat and into grains and beef cattle, via a reallocation of land uses.   

 WOOLGEM does not explicitly model grains and beef cattle commodities or 

industries; such commodities and industries are part of the other goods and industries 

composite.  Given this constraint, one way to capture the ability of sheep farmers to 

reallocate their land between the wool/sheep meat complex and the grains/beef cattle 

complex, is to allow for some mobility of land between the sheep industry and the other 

industries composite, even in modelling the short run.  Given this, it seems appropriate to 

modify the short-run closure presented in Chapter 3, Section 3.17.1, where the ratio of 

industry land usage and regional land usage, jrΓ , is set as exogenous.  Accordingly, jrΓ  is 

made endogenous and F
ijrZPH  (i = Land),  the  shift  term  for  land  allocation  across  the  j  

                                              
2 In fact, Villano et al. (2006) show that in estimating productivity change for the Australian sheep industry, 

failing to capture the multiproduct nature of sheep enterprises leads to estimation errors.   
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industries in the r regions [see Chapter 3, equation (3.114)], is made exogenous.  This 

engages the land allocation rule in (3.114), which makes land only slightly mobile between 

industries in a region.   

 

5.3.2  The nature of the supply shift due to research 

 In a seminal article, Lindner and Jarrett (1978) demonstrate that the nature of the 

assumed shift of the supply curve, due to research, strongly determines the size of the 

research benefits to society (i.e., consumers and producers).  They compare three types of 

supply shift: divergent, parallel and convergent.  A divergent shift is where the absolute 

vertical distance between the supply curves increases as quantity supplied increases [see 

figure 5.1, panel (a)].3  A parallel shift is where the absolute vertical distance between the 

supply curves is unchanged as quantity supplied increases [panel b)].  A convergent shift is 

where the absolute vertical distance between the supply curves decreases as quantity 

supplied increases [panel (c)].   

 For a range of supply and demand elasticities, Lindner and Jarrett (1978) show that 

a divergent shift will always yield smaller benefits than a parallel shift, which in turn will 

always yield smaller benefits than a convergent shift.4  The intuition behind the results as it 

relates to producers, is that if the supply shift is parallel the output price cannot fall further 

than the reduction in per unit costs, cf. the distance p1–p2 and the distance e1–c in panel (b); 

even when demand is perfectly inelastic producers may not gain from new technology but 

they cannot be worse off.5  With a convergent shift, inframarginal producers [those to the 

                                              
3 There are two types of divergent shifts: pivotal and proportional.  A pivotal shift is where the vertical (price) 

intercept is the same for both supply curves as in panel (a) of figure 5.1; a proportional shift is where the 
vertical intercept for the new curve is below the vertical intercept of the original curve. 

4 Further, a divergent pivotal shift always yields smaller benefits than a divergent proportional shift. 
5 If demand was perfectly inelastic in panel (b), the price would fall to point c.  So the reduction in the price 

(p1–c) would exactly equal the reduction in per unit costs, i.e., (e1–c).  
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left of point e1 in panel (c)] receive a larger reduction in per unit costs (greater than the 

distance e1–c) than the reduction in the output price when demand is not perfectly inelastic 

(the distance p1–p2) and when demand is perfectly inelastic (the distance e1–c).  With a 

(pivotal) divergent shift, the reduction in the output price [p1–p2 in panel (a)] will exceed 

the reduction in per unit costs for most producers when demand is not perfectly inelastic 

(less than the distance e1–c); if demand is perfectly inelastic the output price will fall by e1–

c in panel (a), which is more than the reduction in per unit costs (less than e1–c) for 

inframarginal producers and by exactly the reduction in per unit costs (e1–c) for marginal 

producers, i.e., producer’s surplus will fall.  

 

Figure 5.1  Different supply shifts for modelling research 
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it possible to predict the nature of supply shift from any given type of research.  After a 

lengthy discussion (see pp. 55–7), they conclude that their attempts to generalise the 

predicted nature of a supply shift from any given type of research only convinces them of 

the great difficulty of such a task.  This view is supported by Rose (1980) in his comment 

on Lindner and Jarrett (1978), where he argues that the only realistic strategy is to assume a 

parallel shift.6  If it not possible to generally predict the nature of the supply shift from any 

given type of research, it seems necessary, as a minimum, to model research under both 

pivotal and parallel supply shifts.  Further, modelling research under both a pivotal and 

parallel supply shift would seem to capture the vast majority of technological 

improvements that could possibly be considered, both within a given production stage and 

across production stages.7  This would provide a range of estimates (of research gains) with 

which to inform the debate over where research funds should be allocated in order to 

maximise research gains for the primary producer.   

 Martin and Alston (1997), pp. 153–6, show that productivity changes modelled as 

either input- or output-augmenting lead to pivotal shifts in the output supply curve.  

Chapter 3, Sections 3.3–3.4, present the three productivity or technical change variables in 

WOOLGEM: Hicks-neutral and Hicks-biased (or primary-factor-specific) technical change, 

and technical change in the intermediate input composite.  All of these productivity 

variables are input-augmenting.  Thus, using any of them to model technical change from 

research will cause a pivotal shift in the output supply curve.  This will bias the sign of the 

estimated gains to wool producers from research depending on the assumed size of the 

                                              
6 Nearly 25 years after the work of Lindner and Jarrett (1978) and Rose (1980) no consensus has been reached 

in the published literature about how to determine the nature of the research-induced supply shift (Alston et 
al. 2004, p. 35, footnote 3). 

7 This would include productivity improvements that increase output from a given quantity of inputs, or that 
allow output to be maintained with a reduction in total inputs.  This includes improvements in land 
management, effectiveness of fertilisers, animal disease control, and other such improvements.   
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elasticity of demand: negative for inelastic demand and positive for elastic demand.  The 

most notable study estimating the gains to Australian wool farmers from on- and off-farm 

research (Mullen et al. 1989) applies a parallel shift.  Thus, it seems appropriate that 

WOOLGEM be used to apply a parallel as well as a pivotal supply shift to model research 

gains.   

 One way to impose technical change leading to a parallel supply shift is to assume 

the technical change is cost-reducing rather than input- or output-augmenting (see Martin 

and Alston 1997, pp. 151–3).  Here, the supply price of the good is an endogenous function 

of technology.  Intuitively, this is the opposite of increasing an output tax.  The output tax 

variable in WOOLGEM appears in equation (3.34) (see Chapter 3, Section 3.5.2), which 

imposes zero pure profits, reproduced below: Equation Section 5 

 F F F I I I
jr jr jr jr jr jr jr jr jrPF QF PF QF AF PF QF AF TF⎡ ⎤= +⎣ ⎦ , ,j r∀ . (5.1) 

The left-hand side (LHS) of (5.1) is total revenue from sales at supply (or basic) prices for 

industry j in region r.  The bracketed term on the RHS of (5.1) is total payments for inputs 

at purchaser’s (effective) prices by the ( ),j r -th industry, to which is added the industry-

specific (power of the) tax on output, jrTF , so that the RHS of (5.1) is total costs for the 

( ),j r -th industry.  In order to apply cost-reducing technical change, we modify (5.1) by 

adding to it the exogenous shift term jrZPF  giving 

 F F F I I I
jr jr jr jr jr jr jr jr jr jrPF QF PF QF AF PF QF AF TF ZPF⎡ ⎤= +⎣ ⎦ , ,j r∀ . (5.2) 

Setting 0.99jrZPF = , j = Sheep, from an initial value of 1, applies a 1% reduction in the 

sheep industry’s supply price leading to a parallel (downward) supply shift.   

 WOOLGEM models all industries as representative firms.  Thus, there is an explicit 

assumption that all actual firms in an industry are homogeneous with the same minimum 
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average variable costs or the same production functions.  Clearly this is unrealistic, but is 

necessary for computational tractability in a model as large as WOOLGEM.  Applying a 

parallel supply shift in WOOLGEM, as outlined above, is equivalent to implicitly assuming 

that heterogeneous firms can enter the industry with different minimum average variable 

costs or different production functions.  This treatment of the supply shift seems more 

realistic.  Nevertheless, we impose both pivotal and parallel supply shifts for the Australian 

sheep industry in our experiments.8  

 

5.3.3  The appropriate time interval for evaluating research 

 An important dynamic issue in evaluating research is the lag between the creation 

of new technology and its adoption; of course, some (most?) new technology is never 

adopted.  Such lags are long, variable and uncertain.  Once new technology is adopted, it 

yields a stream of future benefits that flow until it becomes obsolete (Alston et al. 1995, pp. 

29–31).  For our purposes, the lag between the creation of new technology, its adoption and 

it becoming obsolete, raises the issue of what is the appropriate time interval to evaluate 

research.  Given that new technology will generate benefits into the future until it becomes 

obsolete, it seems appropriate to model research effects in an environment that simulates a 

new long-run equilibrium.   

 In the context of WOOLGEM, the long run is a situation where all factor inputs are 

variable, to varying degrees, and rates of return and the balance of trade are allowed to 

return to long-run equilibrium values.  In contrast, the short-run environment of WOOLGEM 

fixes the use of capital, and allows rates of return and the balance of trade to deviate from 

long-run equilibrium.  The long lag between the creation of new technology and it 

                                              
8 Considering both a pivotal and parallel shift is consistent with more recent work in this area, e.g., see Alston 

et al. (2004). 



 166

becoming obsolete suggests that more weight should be placed on long-run rather than 

short-run results generated using WOOLGEM.  Regardless, it may still be informative to 

simulate short-run effects if those effects differ in sign to long-run effects.  For example, if 

returns are estimated to be negative in the short run and positive in the long run.  In this 

case, short-term profitability for the farmer becomes an issue and it is only by estimating 

short-run effects that this possibility can be evaluated.   

 

5.3.4  Market failure in research  

 At the farm level, the wool production system is highly competitive: there are many 

small- and medium-sized producers and entry and exit is relatively easy and cheap.  At the 

post-farm level, the wool production system is more oligopolistic in nature and entry and 

exit is relatively more difficult and expensive.  Thus, it would seem that the use of patents 

to capture research gains is more likely at the post-farm level; and this is, in fact, what is 

observed (Tisdell and McDonald 1977).  The inability of producers to fully capture the 

benefits of research that they have paid for is a market failure.  This suggests that, to the 

extent that such a market failure in research exists in the wool production system, the 

failure is greater at the farm level rather than the post-farm level: farmers are likely to under 

invest in research because of the high costs involved for any given producer.   

 Under these circumstances, the extent of patented research at the post-farm level 

will be independent of the amount of levy-funded research at the post-farm level (as both 

confer benefits and costs on the post-farm producer); so that levy-funded research at the 

post-farm level will increase the aggregate amount of research that is undertaken.  But 

farmers may undertake no research unless it is levy-funded due to market failure.  To the 

extent that levy-funded research at the farm level also confers a benefit (but no costs) to 

post-farm producers, then farm level research may be a strong substitute for patented 
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research (which confers both benefits and costs) at the post-farm level; so that the aggregate 

research does not increase due to increased levels of (levy-funded) farm level research.9  

This point is important for understanding how levy-funded research may interact with 

patented research to affect farm level benefits of all research.  In this work, we take 

patented research as given when evaluating the benefits to wool producers of on- and off-

farm research. 

 

5.3.5  Measuring changes in producer welfare 

 Producer’s surplus is the typical measure of producer welfare applied when 

evaluating research benefits for producers (e.g., Lindner and Jarrett 1978; Freebairn et al. 

1982; Holloway 1989; Mullen et al. 1989).  Mishan (1968) has shown that producer’s 

surplus arises from fixed or specific factors of production, but that using producer’s surplus 

to measure rents from fixed or specific factors of production is only appropriate when the 

industry supply curve is a marginal cost curve excluding factor rents and an average cost 

curve including factor rents.10  Mishan (1968) points out that one case in which this is true 

is that of Ricardian rent to fixed supply of land in the economy; that is, a single productive 

factor is in fixed supply and all others are in infinitely elastic supply to the industry.11  Rose 

(1980) argues that such a case is limiting and does not apply to supply curves for 

agricultural commodities.12   

                                              
9 This point is owed to a reviewer of a journal article partly based on this chapter.   
10 Quoting Mishan (1980, p. 1275, footnote 9), “...in order to identify any...rent, as the area above the supply 

curve, this curve must be conceived as a marginal curve exclusive of rent.  Once the rent...is derived in this 
way, and is added at each point of output to the average cost of the variable factors, then the same supply 
curve can be taken to represent the average cost at each output including rent...to the fixed factors.” 

11 The other case is that of Marshallian short-run quasi-rent (Mishan 1968, p. 1274).   
12 Where there are competing uses for land, the amount supplied for production of one commodity is not 

fixed but is a function of other commodity prices.  Thus, the supply curve for an agricultural commodity 
includes marginal rents to land (see Rose 1980, p. 836).   
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 We can avoid the problematic use of producer’s surplus to measure rents (or quasi-

rents) from fixed or specific factors of production, by directly measuring the change in 

rents (or quasi-rents) to fixed factors of production.  In the short-run environment of 

WOOLGEM, land is quasi-fixed and physical capital is fixed in supply; in the long-run 

environment of WOOLGEM, land is quasi-fixed and physical capital is perfectly mobile 

between industries.13  Labour is perfectly mobile in both the short and long run.  Therefore, 

we can measure changes in producer welfare in the short run by the percentage change in 

land and capital rentals (capturing rents to land and capital), and in the long run by the 

percentage change in land rentals (capturing rents to land) only.  Because WOOLGEM 

includes household consumption of all goods, we also have available a general cost-of-

living index (CPI) with which to deflate rents from fixed- and quasi-fixed factors of 

production, giving real rents.   

 Applying these concepts to the equations of the model gives  

 ( )2
21

1

F
ijr F F

jr ijr ijr ri F
ijri

V
qwsr qf p ph

V=

=

= + −∑
∑

, , ;i Land Capital j Sheep= = , (5.3) 

 ( )F F
jr ijr ijr rqwlr qf p ph= + − , ;i Land j Sheep= = . (5.4) 

Equations (5.3)–(5.4) are the percentage changes in producer welfare in the short run 

jrqwsr , and long run jrqwlr , for the sheep industry.  (5.3) is the share-weighted sum of the 

rental value of land and capital deflated by the regional CPI; (5.4) is the rental value of land 

deflated by the regional CPI.  In both cases, the relevant price is the supply (or basic) price 

of the factor.14  (5.3)–(5.4) are the measures used to assess wool producers’ welfare from 

on- and off-farm research.   

                                              
13 For a detailed explanation of the difference between rents and quasi-rents, and fixed and quasi-fixed inputs, 

see Alston et al. (1995), p. 207, footnote 1.   
14 The supply price excludes any factor- and industry-specific taxes on factor usage.   
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5.4  Simulation results 

 WOOLGEM is applied to evaluate the benefits to Australian wool producers of 

research in each stage of the wool production system under both a pivotal and parallel 

supply shift.  A pivotal shift is applied by imposing a 1% improvement in the productivity 

of all inputs at all production stages, i.e., the variables defining technical change in the 

primary factor composite, F
jraf , and the intermediate input composite, I

jraf  (see Chapter 3, 

Sections 3.3.1–3.3.2 and 3.4.1).  In this case, we apply input-neutral technical change to 

avoid biasing the results in favour or against any particular set of inputs.  A parallel shift is 

applied by imposing a 1% reduction in the industry price using the shift variable jrZPF , 

introduced above in equation (5.2).  Both types of supply shift are applied under short- and 

long-run environments. 

 In all cases where technical change is applied, it is assumed that the cost of such an 

improvement is equivalent at each production stage.  There are no strong a priori 

expectations for varying this simplifying assumption in favour of cheaper research at 

different production stages (Mullen et al. 1989).  It also assumed that some degree, one-

half, of research spill-over occurs to non-Australian wool producers.  Although this is 

consistent with previous studies (e.g., Mullen et al. 1989), there is no empirical basis for 

assuming a spill-over of this size.  Nevertheless, we do test the sensitivity of the results to 

this assumption.   

 The discussion in Section 5.2.1 emphasised the findings in the published literature 

of the importance of a number of key parameter values in determining the gains to the 

primary producer of on- and off-farm research.  Given these findings, it seems appropriate 

to also test the sensitivity of the results to the chosen parameter values in WOOLGEM.   
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5.4.1  Short-run effects of a pivotal supply shift 

 The input-augmenting productivity improvements reduce the price received by the 

sheep industry in all regions; see table 5.1, panel (a).  As we are assuming that the size of 

the productivity improvement is 1% in Australia and 0.5% in all other regions, the 

Australian sheep industry’s price falls by more than in other regions.  On-farm research 

induces a move down the sheep industry’s demand curve, thus increasing demand and, in 

turn, production for most regional sheep industries [panel (b)].  As the relative price of 

sheep industry output (i.e., sheep meat and greasy wool) falls by more in Australia than in 

other regions, sheep industry output expands by more in Australia than in other regions.  

Given the highly traded nature of sheep industry output, the relative changes in output 

largely reflect the relative changes in exports by each sheep industry [panel (c)].   

 As we are assuming input-augmenting technical change, an increase in output can 

be accommodated by a fall in the use of factor inputs if the increase in production is less 

than the improvement in productivity [panel (d)].  For example, the Australian sheep 

industry increases output by 0.73% but reduces factor inputs by 0.27%.  The difference is 

exactly equal to the improvement in productivity, i.e., 1%.  As output in all regions 

increases by less than the productivity improvement, the use of factor inputs by the sheep 

industry is lower in all regions.  This has implications for factor prices that will be 

discussed later.   
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Table 5.1  Short-run effects on wool growers from research at different production 
stages assuming a pivotal supply shift (percentage change)a, b 

Research in: (a) Sheep industry price 
 France Germ Italy UK USA Japan China Aus ROW 
Sheep  -1.10 -1.06 -1.05 -1.16 -0.55 -0.89 -1.06 -1.63 -1.05 
Scouring  -0.03 -0.03 -0.02 -0.03 0.00 -0.02 -0.14 -0.32 -0.08 
Card/comb -0.02 -0.02 -0.02 -0.02 0.00 -0.01 -0.10 -0.27 -0.06 
Spinning -0.02 -0.02 -0.02 -0.03 0.00 -0.02 -0.11 -0.30 -0.07 
Weaving -0.02 -0.02 -0.01 -0.02 0.00 -0.01 -0.10 -0.26 -0.05 
Garment 0.00 0.00 0.00 -0.01 0.00 0.00 -0.07 -0.19 -0.03 
 (b) Sheep industry output 
Sheep  0.20 0.03 0.04 0.37 -0.30 0.31 -0.02 0.73 0.16 
Scouring  -0.01 -0.02 -0.02 -0.01 -0.02 -0.01 -0.13 -0.13 -0.05 
Card/comb -0.01 -0.02 -0.01 0.00 -0.02 -0.01 -0.09 -0.11 -0.03 
Spinning -0.01 -0.02 -0.02 -0.01 -0.02 -0.01 -0.11 -0.12 -0.04 
Weaving -0.01 -0.01 -0.01 0.00 -0.01 -0.01 -0.09 -0.11 -0.03 
Garment 0.00 -0.01 0.00 0.00 0.00 0.00 -0.07 -0.08 -0.02 
 (c) Sheep industry exports 
Sheep 0.84 0.08 -0.18 3.58 -9.63 -1.80 -1.67 1.92 2.13 
Scouring  -0.08 -0.24 -0.31 -0.09 -0.74 -0.08 -0.32 -0.52 -0.03 
Card/comb -0.06 -0.18 -0.24 -0.07 -0.55 -0.05 -0.41 -0.27 -0.03 
Spinning -0.07 -0.20 -0.27 -0.07 -0.63 -0.06 -0.65 -0.16 0.01 
Weaving -0.06 -0.16 -0.19 -0.07 -0.48 -0.03 -0.55 -0.14 0.01 
Garment -0.05 -0.14 -0.14 -0.10 -0.30 -0.02 -0.45 -0.12 -0.03 
 (d) Sheep industry real value added 
Sheep -0.30 -0.47 -0.46 -0.13 -0.79 -0.19 -0.52 -0.27 -0.34 
Scouring  -0.01 -0.02 -0.02 -0.01 -0.02 -0.01 -0.13 -0.13 -0.05 
Card/comb -0.01 -0.02 -0.01 0.00 -0.02 -0.01 -0.09 -0.11 -0.03 
Spinning -0.01 -0.02 -0.02 -0.01 -0.02 -0.01 -0.11 -0.12 -0.04 
Weaving -0.01 -0.01 -0.01 0.00 -0.01 -0.01 -0.09 -0.11 -0.03 
Garment 0.00 -0.01 0.00 0.00 0.00 0.00 -0.07 -0.08 -0.02 
 (e) Sheep industry land price 
Sheep -1.73 -2.14 -2.15 -1.09 -1.73 -1.44 -2.06 -1.93 -1.84 
Scouring  -0.07 -0.10 -0.09 -0.05 -0.05 -0.07 -0.50 -0.97 -0.27 
Card/comb -0.05 -0.07 -0.07 -0.04 -0.04 -0.05 -0.37 -0.82 -0.19 
Spinning -0.06 -0.08 -0.07 -0.04 -0.04 -0.06 -0.42 -0.91 -0.22 
Weaving -0.05 -0.06 -0.05 -0.03 -0.03 -0.04 -0.35 -0.80 -0.16 
Garment -0.02 -0.02 -0.01 -0.01 0.00 0.00 -0.26 -0.59 -0.13 
 (f) Sheep industry capital price 
Sheep -2.28 -2.72 -2.76 -1.50 -2.65 -1.84 -2.14 -2.49 -2.01 
Scouring  -0.10 -0.13 -0.11 -0.07 -0.08 -0.09 -0.52 -1.23 -0.29 
Card/comb -0.07 -0.09 -0.09 -0.05 -0.06 -0.07 -0.38 -1.05 -0.21 
Spinning -0.08 -0.11 -0.09 -0.06 -0.07 -0.07 -0.44 -1.15 -0.24 
Weaving -0.06 -0.08 -0.06 -0.04 -0.04 -0.06 -0.36 -1.01 -0.18 
Garment -0.03 -0.03 -0.01 -0.02 0.00 0.00 -0.27 -0.76 -0.14 
 (g) Sheep industry labour price 
Sheep 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Garment 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.01 0.00 0.00 
a This is a 1% improvement in productivity for Australian producers and a 0.5% improvement for other producers, 
implemented as input-augmenting technical change.  b Producer welfare is the sum of land and capital rentals deflated by 
the CPI.   
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 Note that the price reductions are larger, in absolute value, than the output 

increases.  This reflects the inelastic demand curve faced by sheep industry for 

consumption of wool garments and sheep meat.  In calibrating the household demand 

system of the model, a price elasticity of around –0.4 for wool garments and between –0.1 

and –0.6 for sheep meat is applied for all regions (see Chapter 4, Section 4.5.6).  Applying 

a price elasticity of less than one when assuming input-augmenting technical change 

ensures that factor inputs used by the sheep industry will fall.  Where demand is elastic, the 

output response will be greater than the price reduction and the productivity improvement 

(i.e., in this case, greater than 1%), so that the use of factor inputs will rise and price of 

factor inputs will also rise. 

 Off-farm research leads to small reductions in prices, output and real value added 

for most sheep industries.  Input-augmenting technical change in post-farm industries 

reduces the demand for all inputs, including wool inputs.  As the price elasticity of final 

demand for wool garments is less than one, the output response in the post-farm industries 

is less than the price response so that demand for all inputs falls slightly.  Lower demand 

for wool inputs induce a reduction in sheep industry output of greasy wool and the use of 

factor inputs by the sheep industry falls; thus, the price of factor inputs also fall.   

 In the short run, the use of capital by all industries is fixed; thus, the supply curve 

for capital is vertical.  Land is sluggishly mobile between industries, so the supply curve 

has a large positive slope.  Labour is perfectly mobile between industries so that the supply 

has a small positive slope.  Thus, an equiproportionate reduction in the use of factor inputs 

by the sheep industry will cause a fall in the price of capital, a somewhat smaller fall in the 

price of land, and a much smaller fall in the price of labour; this is what is observed for 

both on- and off-farm research [table 5.1, panels (e), (f) and (g)].   
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 We use model algebra to explain the short-run effects on the Australian sheep 

industry’s welfare when on- and off-farm research is undertaken.  Below we reproduce 

equation (5.3), the short-run measure of producer welfare, but replace the weights term on 

the RHS by FSV , remove the first summation operator, and drop the industry and region 

subscript, giving 

 ( ) ( )F F F F F F
i i i k k kqwsr SV qf p SV qf p ph= + + + − , ;i Land k Capital= = . (5.5) 

Table 5.2 presents the values of all variables in (5.5) for the simulations presented in table 

5.1.  Using the results in row 1 of table 5.2 (i.e., sheep industry research leading to a pivotal 

supply shift) and the values of the FSV s from the database, we replace all terms in (5.5) by 

their numerical values, giving 

 ( )( ) ( )( ) ( )2.30 0.48 0.18 1.93 0.52 0 2.49 0.01− = − + − + + − − − . (5.6) 

 Equation (5.6) indicates that both land and capital rentals fall by around 2% from 

sheep industry research leading to a pivotal supply shift. As the CPI effect is small, 

producer welfare also falls by around 2%.  Lower land and capital rentals are also a feature 

of the results for research in post-farm stages, although the size of the reduction is not as 

great as with sheep industry research.  Lower land rentals are driven mostly by a fall in the 

price of land; lower capital rentals are driven exclusively by a fall in the price of capital.  

We have already explained the intuition behind the response of land and capital prices from 

the simulations; we now explain their response more formally. 
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Table 5.2  Short-run effects on Australian wool growers’ welfare from research at 
different production stages assuming pivotal supply shifts (percentage 
change)a, b 

Research in: Land usage Land price Capital 
usage 

Capital 
price 

CPI Welfare 

Sheep industry -0.18 -1.93 0 -2.49 -0.01 -2.30 
Scouring  -0.09 -0.97 0 -1.23 0.00 -1.15 
Carding/combing -0.08 -0.82 0 -1.05 0.00 -0.97 
Spinning -0.08 -0.91 0 -1.15 0.00 -1.07 
Weaving -0.07 -0.80 0 -1.01 0.00 -0.94 
Garment making -0.06 -0.59 0 -0.76 0.00 -0.70 
a This is a 1% improvement in productivity for Australian producers and a 0.5% improvement for other producers, 
implemented as input-augmenting technical change.   
 

 In the short-run closure of WOOLGEM, the industry price of land is determined by 

market clearing.  Below we reproduce equation (3.11) (Chapter 3, Section 3.3.2), which 

determines the sheep industry’s demand for individual factors F
ijrqf , without the region 

subscript:  

 ( )F F F F F F F
ij j ij i ij ij jqf qf af crsh pf af pcrshσ= + − + − , ;i Land j Sheep= = . (5.7) 

The technical change term F
ijaf  is exogenous in this simulation; so we drop this variable 

and rearrange (5.7) as 

 ( )0 F F F F F
j ij i ij jqf qf crsh pf pcrshσ= − − − , ;i Land j Sheep= = . (5.8) 

Equation (5.8) determines the demand side of market clearing for the sheep industry’s use 

of land.   

 The industry supply of land is determined by equation (3.114) (Chapter 3, Section 

3.15), which is reproduced below without the region subscript: 

 ( )F F F F F
ij i ij i ijph ph qf q zphρ− = − + , ;i Land j Sheep= = . (5.9) 

In equation (5.9), F
iq  (total land use in a region) and F

ijzph  (a shift term) are both 

exogenous.  Thus, we drop these variables and rearrange (5.9) as  

 0 F F F
ij ij iqf ph phρ= − + , ;i Land j Sheep= = . (5.10) 
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Equation (5.10) determines the supply side of market clearing for the sheep industry’s use 

of land.   

 Setting (5.8) equal to (5.10) gives 

 ( )F F F F F F F F
j ij i ij j ij ij iqf qf crsh pf pcrsh qf ph phσ ρ− − − = − + , 

 ;i Land j Sheep= = . (5.11) 

In equation (5.11), F
jqf  is industry demand for the primary factor composite.  From 

equation (3.10) (Chapter 3, Section 3.3.1), we know 

 F F
j j jqf qf af= + , (5.12) 

where jqf  is the industry activity level and F
jaf  is Hicks-neutral technical change.  

Substituting (5.12) for jqf  in (5.11) gives 

 ( )F F F F F F F F
j j ij i ij j ij ij iqf af qf crsh pf pcrsh qf ph phσ ρ+ − − − = − + , 

 ;i Land j Sheep= = . (5.13) 

 Equation (3.15) (Chapter 3, Section 3.3.3) defines F
ijpf  (i = Land) as  

 F F F
ij ij ijpf p tf= + , (5.14) 

where F
ijp  is the supply price of land and F

ijtf  is the power of the tax on land usage by 

industry j.  As F
ijtf  is exogenous, we can use (5.14) to replace F

ijpf  in (5.13) with F
ijp , 

giving 

 ( )F F F F F F F F
j j ij i ij j ij ij iqf af qf crsh p pcrsh qf ph phσ ρ+ − − − = − + , 

 ;i Land j Sheep= = . (5.15) 

 Equations (3.95) and (3.97) (Chapter 3, Section 3.12.1) define F
iph  and F

ijph  (i = 

Land) as 
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 F F F
i i irph p th= −  and F F F

ij ij irph p th= − , (5.16) 

where F
irth  is the power of the ad valorem tax on factor income, which is endogenously 

zero via equation (3.96) (see Chapter 3, Section 3.12.1), and F
ip  is the average supply price 

of land.  Thus, we can use (5.16) to replace F
iph  and F

ijph  in (5.15) with F
ip  and F

ijp ; we 

also collect the F
ijqf s, giving15 

 ( ) ( )1F F F F F F F
j j i ij j ij ij iqf af crsh p pcrsh qf p pσ ρ+ − − = + − + , 

 ;i Land j Sheep= = . (5.17) 

Replacing all variables and parameters in (5.17) by their solution or initial values gives 

 ( ) ( ) ( )( ) ( ) ( ) ( )0.73 1 0.6 1.93 1.82 0.18 10 1 1.93 0.13+ − − − − − ≈ − + − − + − . 

  (5.18) 

A 1% improvement in Hicks-neutral technical change in the sheep industry will enter 

equation (5.17) as 1F
jaf = − .  The initial effect is to reduce the demand [the LHS of (5.17)] 

for land by the sheep industry; ceteris paribus, the price of land will fall by 1%.  A lower 

land price relative to other factors of production will cause substitution of land for other 

factors via the term ( )F F F
i ij jcrsh p pcrshσ− − ; this will have a positive but small effect on 

the land price, i.e, ( ) ( )( )0.066% 0.6 1.93 1.82⎡ ⎤= − − − −⎣ ⎦ .  As the technical improvement 

relates to all inputs, the price of all factors fall initially so that the relative price of land does 

not change much and the substitution effect is small.  The final demand-side effect  is  from  

                                              
15 In the long-run closure F

irth  has a nonzero value.  Thus, it appears in the long-run equivalent of equation 
(5.17), i.e.,  

  ( ) ( )1F F F F F F F F F
j j i ij j ij ij ir i irqf af crsh p pcrsh qf p th p thσ ρ+ − − = + − − + −  or 

 ( ) ( )1 2F F F F F F F F
j j i ij j ij ij i irqf af crsh p pcrsh qf p p thσ ρ+ − − = + − + − .   



 177

the industry activity level, 0.73jqf = .  Lower factor prices reduce production costs and 

output prices; demand for the sheep industry’s output increases but the demand response is 

inelastic as already discussed.  The sum of the terms on the LHS of (5.17) equals -0.204; 

this leaves another 1.726 percentage points to explain the 1.93% fall in the land price.   

 All of the remaining fall in the land price is explained by the term ( )1F
ijqf ρ +  on 

the RHS of (5.17).  With F
ijqf  (industry use of land) falling by 0.18% and 10ρ = , 

( )1 1.98F
ijqf ρ + = − .  This term reflects the sluggish mobility of land between industries 

giving a steep supply curve for land.  With such a steep supply curve for land, even a small 

reduction in the use of land by the sheep industry leads to a large fall in the price of land. 

 Compared to on-farm research, the reduction in land and capital prices is smaller 

for off-farm research.  Here, there is no initial productivity improvement so that 0F
jaf = .  

Thus, there is no large initial reduction in demand for factor inputs by the sheep industry 

when research occurs post-farm, and this removes the large initial negative term of 

1F
jaf = −  in equation (5.17).  We have already explained the fall in demand for wool inputs 

from post-farm research.  Lower output by the sheep industry from post-farm research leads 

to an equivalent reduction in the use of factor inputs; this ensures that land prices and land 

rents will fall.  But the absence of the 1F
jaf = −  term in equation (5.17) ensures that the 

reduction in land prices and rents will be lower for off-farm research than for on-farm 

research.   

 The response of the price of capital from on-farm research is easier to explain than 

the response of the land price, as industry use of capital is fixed in the short run.  Thus, only 

the demand for capital equation is relevant; this is equation (5.7) reproduced below: 

 ( )F F F F F F F
ij j ij i ij ij jqf qf af crsh pf af pcrshσ= + − + − , ;i Capital j Sheep= = . (5.19) 
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In equation (5.19), the variables F
ijqf  (industry use of capital) and F

ijaf  are exogenous and 

set to zero; so (5.19) becomes 

 ( )0 F F F F
j i ij jqf crsh pf pcrshσ= − − , ;i Capital j Sheep= = . (5.20) 

F
jqf  in (5.20) can be substituted out using equation (5.12), giving 

 ( )0 F F F F
j j i ij jqf af crsh pf pcrshσ= + − − , ;i Capital j Sheep= = . (5.21) 

Solving for F
ijpf  (the industry price of capital) gives16 

 
F
j jF F

ij jF F
i i

af qf
pf pcrsh

crsh crshσ σ
= + + . (5.22) 

Replacing all variables and parameters in (5.22) by their solution or initial values gives 

 ( )1 0.732.49 1.82
0.6 0.6
−

− ≈ + + − . (5.23) 

 The productivity improvement enters equation (5.22) as 1F
jaf = − ; thus, the initial 

effect on the price of capital is –1.67% (= –1/0.6).  The (inelastic) output response cancels 

1.22 (=0.73/0.6) percentage points of this.  As the output response is inelastic, factor usage 

falls  by  0.27%  (the  difference  between  the  productivity  improvement  and  the   output  

                                              
16 Equation (5.22) explains the movement in the industry price of capital F

ijpf  whereas the supply (or basic) 

price of capital F
ijp  appears in (5.5), the short-run measure of producer welfare.  The only difference 

between these price variables is factor- and industry-specific taxes on usage by firms (see Chapter 3, 
Section 3.3.3), both of which are exogenous in the short- and long-run closures.  Thus, F

ijpf  and F
ijp  are 

equivalent in all the simulations. 
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response) and factor prices fall leading to the last effect of –1.82%.  This approximately 

equals the –2.49% effect on the capital price.17   

 For off-farm research, the term 
F
j

F
i

af
crshσ

 in (5.22) is zero, so there is no initial 

reduction in demand for capital.  Nevertheless, for capital prices to rise industry output 

must also rise, otherwise demand for factor inputs will fall and drive down factor prices.  

Table 5.1, panel (b) shows that sheep industry output falls for all forms of off-farm 

research, thus decreasing demand for factor inputs [panel (d)], and decreasing capital prices 

[panel (f)].   

 

5.4.2  Short-run effects of a parallel supply shift 

 The cost-reducing productivity improvements reduce the price received by the 

sheep industry in all regions; see table 5.3, panel (a).  As before, we assume the size of the 

productivity improvement is 1% in Australia and 0.5% in all other regions so the Australian 

sheep industry’s price falls by more than in other regions.  On-farm research induces a 

move down the sheep industry’s demand curve, thus increasing demand and production for 

most regional sheep industries [panel (b)].  Compared to an input-augmenting productivity 

improvement, the fall in the output price is much smaller (–0.59% cf. –1.63%) as is the 

expansion in output (0.17% cf. 0.73%).  As the relative price of sheep industry output falls 

by more in Australia than in other regions, sheep industry output expands by more in 

Australia than in other regions.  The relative changes in output are magnified in the highly  

                                              
17 We apply all simulations using a multistep algorithm as described in Chapter 3, Section 3.2.1.  Solving a 

linear equation system using a multistep algorithm gives an accurate solution to the levels equations 
underlying the linear equations.  Nevertheless, it does not ensure that the linear equations are satisfied, e.g., 
the RHS of equation (5.22) does not exactly equal the LHS.  This is because the linearised equations are 
only an approximation of the underlying levels equations (see http://www.monash.edu.au/policy/gp-
lineq.htm for further explanation). 
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Table 5.3  Short-run effects on wool growers from research at different production 
stages assuming a parallel supply shift (percentage change)a, b 

Research in: (a) Sheep industry price 
 France Germ Italy UK USA Japan China Aus ROW 
Sheep  -0.48 -0.49 -0.47 -0.47 -0.50 -0.48 -0.46 -0.59 -0.47 
Scouring  0.01 0.01 0.01 0.01 0.00 0.01 0.03 0.12 0.02 
Card/comb 0.01 0.01 0.01 0.01 0.00 0.01 0.05 0.10 0.03 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.01 
Garment 0.01 0.01 0.01 0.01 0.00 0.01 0.04 0.09 0.02 
 (b) Sheep industry output 
Sheep  0.01 0.01 0.03 0.01 0.02 0.01 0.03 0.17 0.02 
Scouring  0.00 0.01 0.01 0.00 0.01 0.00 0.03 0.05 0.01 
Card/comb 0.00 0.01 0.01 0.00 0.01 0.00 0.04 0.04 0.02 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Garment 0.00 0.01 0.01 0.00 0.01 0.01 0.03 0.04 0.01 
 (c) Sheep industry exports 
Sheep -0.03 -0.03 -0.34 -0.53 0.08 -0.70 -0.61 0.47 -0.21 
Scouring  0.02 0.06 0.08 0.02 0.22 0.02 0.44 -0.51 -0.01 
Card/comb 0.03 0.08 0.11 0.03 0.27 0.04 0.19 -0.13 0.02 
Spinning 0.01 0.01 0.01 0.00 0.05 0.00 0.04 0.01 0.00 
Weaving 0.01 0.01 0.01 0.00 0.06 0.00 0.05 0.01 -0.01 
Garment 0.02 0.03 0.03 -0.02 0.21 -0.01 0.16 0.04 0.00 
 (d) Sheep industry real value added 
Sheep 0.01 0.01 0.03 0.01 0.02 0.01 0.03 0.17 0.02 
Scouring  0.00 0.01 0.01 0.00 0.01 0.00 0.03 0.05 0.01 
Card/comb 0.00 0.01 0.01 0.00 0.01 0.00 0.04 0.04 0.02 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Garment 0.00 0.01 0.01 0.00 0.01 0.01 0.03 0.04 0.01 
 (e) Sheep industry land price 
Sheep 0.07 0.04 0.13 0.04 0.04 0.09 0.13 1.25 0.10 
Scouring  0.02 0.03 0.03 0.02 0.02 0.02 0.12 0.35 0.07 
Card/comb 0.03 0.04 0.03 0.02 0.02 0.02 0.17 0.29 0.10 
Spinning 0.01 0.01 0.01 0.00 0.01 0.01 0.04 0.08 0.02 
Weaving 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.11 0.02 
Garment 0.03 0.04 0.04 0.02 0.03 0.04 0.13 0.27 0.07 
 (f) Sheep industry capital price 
Sheep 0.09 0.05 0.16 0.06 0.06 0.11 0.14 1.62 0.11 
Scouring  0.03 0.04 0.03 0.02 0.02 0.03 0.12 0.45 0.07 
Card/comb 0.04 0.05 0.04 0.03 0.03 0.03 0.18 0.38 0.11 
Spinning 0.01 0.01 0.01 0.01 0.01 0.01 0.04 0.10 0.02 
Weaving 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.13 0.02 
Garment 0.04 0.05 0.04 0.03 0.04 0.05 0.14 0.34 0.08 
 (g) Sheep industry labour price 
Sheep 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Garment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
a This is a 1% improvement in productivity for Australian producers and a 0.5% improvement for other producers, 
implemented as cost-reducing technical change.   
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demand elastic export markets where Australian producers gain market share [panel (c)].  

 As we are now assuming cost-reducing technical change, an increase in output can 

only be accommodated by an equivalent increase in the use of factor inputs [panel (d)].  

This is the essential difference between input-augmenting and cost-reducing technical 

change; cost-reducing technical change will increase demand for factors if output increases 

and output will increase in all cases except where demand is perfectly inelastic, whereas 

input-augmenting technical change will only increase demand for factors if output increases 

by more than the productivity improvement (i.e., demand is elastic) and will decrease 

demand for factors if output demand is inelastic.   

 Input-augmenting technical change from off-farm research leads to small reductions 

in prices, output and real value added for most sheep industries.  In contrast, cost-reducing 

technical change from off-farm research leads to small increases in prices, output and real 

value added for most sheep industries.  Input-augmenting technical change in post-farm 

industries reduces the demand for all inputs, including wool inputs.  Cost-reducing 

technical change in post-farm industries increases the demand for all inputs, including wool 

inputs.  As already noted, the output response is less than the price response due to inelastic 

final demand.  Increased demand for wool inputs induce an expansion in sheep industry 

output of greasy wool and the use of factor inputs by the sheep industry rises; thus, the 

price of factor inputs also rise.   

 We have already noted that in the short run the supply curve for capital is vertical, 

the supply curve for land is quite steep, and the supply curve for labour is quite flat.  

Consequently, an equiproportionate increase in the use of factor inputs by the sheep 

industry causes a large rise in the price of capital, a somewhat smaller rise in the price of 

land, and almost no change in the price of labour [table 5.3, panels (e), (f) and (g)].   
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 We can now apply the equations derived earlier to explain the short-run welfare 

effects on the sheep industry from research leading to a parallel supply shift.  Below we 

reproduce equation (5.5), the short-run measure of producer welfare: 

 ( ) ( )F F F F F F
i i i k k kqwsr SV qf p SV qf p ph= + + + − , ;i Land k Capital= = . (5.24) 

Table 5.4 presents the values of all variables in (5.24) for the simulations presented in table 

5.3.  Using the results in row 1 of table 5.3 (i.e., sheep industry research leading to a 

parallel supply shift) and the values of the FSV s from the database, we replace all terms in 

(5.24) by their numerical values, giving 

 ( ) ( )1.49 0.48 0.11 1.25 0.52 0 1.62 0.01= + + + − , ;i Land k Capital= = . (5.25) 

 

Table 5.4  Short-run effects on Australian wool growers’ welfare from research at 
different production stages assuming parallel supply shifts (percentage 
change)a, b 

Research in: Land usage Land price Capital 
usage 

Capital 
price 

CPI Welfare 

Sheep industry 0.11 1.25 0 1.62 0.01 1.49 
Scouring  0.03 0.35 0 0.45 0.00 0.41 
Carding/combing 0.03 0.29 0 0.38 0.00 0.35 
Spinning 0.01 0.08 0 0.10 0.00 0.09 
Weaving 0.01 0.11 0 0.13 0.00 0.12 
Garment making 0.02 0.27 0 0.34 0.00 0.32 
a This is a 1% improvement in productivity for Australian producers and a 0.5% improvement for other producers, 
implemented as cost-reducing technical change.  b Producer welfare is the sum of land and capital rentals deflated by the 
CPI.   
 

 Equation (5.25) indicates that both land and capital rentals rise by around 1.5% 

from sheep industry research leading to a parallel supply shift; thus, producer welfare rises 

by around 1.5%.  Higher land and capital rentals are also a feature of the results for 

research in post-farm stages, although the size of the increases is not as great as with sheep 

industry research.  Higher land rentals are driven mostly by a rise in the price of land; 

higher capital rentals are driven exclusively by a rise in the price of capital.  Below we 

explain the response of land and capital prices more formally. 
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 Section 5.3.2 explained that cost-reducing technical change is applied in WOOLGEM 

via the shift term jrZPF  in equation (5.2) (i.e., the zero-pure-profits condition) that is 

reproduced below: 

 F F F I I I
jr jr jr jr jr jr jr jr jr jrPF QF PF QF AF PF QF AF TF ZPF⎡ ⎤= +⎣ ⎦ , ,j r∀ . (5.26) 

Equation (5.26) determines industry activity levels jrQF .  Setting 0.99jrZPF = , j = Sheep, 

from an initial value of 1, reduces the RHS of (5.26) by 1%, i.e., the effective costs of 

production for the sheep industry, leading to a parallel (downward) supply shift.  For given 

initial revenue jr jrPF QF , this leads to positive pure profits for the industry.  But this is 

prevented by equation (5.26) that will force an increase in jrQF ; this reduces the industry 

supply price jrPF .  An increase in jrQF  also increases factor inputs F
jrQF  and intermediate 

inputs I
jrQF ; this will drive up the prices of factor inputs F

jrPF  and intermediate inputs 

I
jrPF .  Consequently, costs will rise until zero pure profits are restored.   

 The rise in the price of the primary factor composite F
jrPF  for the sheep industry is 

transferred to the prices of individual factor inputs via equation (3.14) (Chapter 3, Section 

3.3.2), which is reproduced below: 

 3

1

F
ijrF F F

jr ijr ijrFi
jr

VF
PF PF AF

VF=
= ∑ , ,r j∀ . (5.27) 

With given initial Hicks-biased technical change F
ijrAF , a rise in F

jrPF  (j = Sheep) will 

increase the prices of the i individual factor inputs F
ijrPF  (j = Sheep). 

 The rise in the primary factor composite F
jrQF  (j = Sheep) is transferred to 

individual factor inputs F
ijrQF  (j = Sheep) via the individual factor demand equations, 

equations (3.11) (Chapter 3, Section 3.3.2).   
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 The rise in jrQF , F
ijrQF  and F

ijrPF  (j = Sheep) all affect equation (5.17) (reproduced 

below) explaining market clearing for the price of land: 

 ( ) ( )1F F F F F F F
j j i ij j ij ij iqf af crsh p pcrsh qf p pσ ρ+ − − = + − + , 

 ;i Land j Sheep= = . (5.28) 

Replacing all variables and parameters in (5.28) by their solution or initial values for on-

farm research gives 

 ( ) ( ) ( )0.17 0 0.6 1.25 1.19 0.11 10 1 1.25 0.09+ − − ≈ + − + . (5.29) 

 A 1% reduction in production costs leads to a 0.17% increase in sheep industry 

activity levels.  Although this increases the price of land relative to average factor prices 

(1.25 cf. 1.19%), the substitution effect is small, ( )F F F
i ij jcrsh p pcrshσ− − = –0.036%.  The 

total demand-side affect on the price of land is small, i.e., 0.134%.  The increase in industry 

activity levels leads to a small increase, 0.11%, in the use of land.  This strongly raises the 

price of land (1.25%) due to the sluggish mobility of land between industries as reflected by 

the term ( )1F
ijqf ρ +  (= 1.21%).  Thus, most of the 1.25% increase in the price of land is 

driven by supply-side effects. 

 As before, the response of the price of capital from on-farm research can be 

explained using equation (5.22) (reproduced below): 

 
F
j jF F

ij jF F
i i

af qf
pf pcrsh

crsh crshσ σ
= + + . (5.30) 

Replacing all variables and parameters in (5.30) by their solution or initial values gives 

 0 0.171.62 1.19
0.6 0.6

≈ + + . (5.31) 

 The productivity improvement now enters equation (5.30) via 0.17jqf = ; thus, the 

initial effect on the price of capital is 0.28% (= 0.17/0.6).  The response of higher average 
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factor prices to increased output and factor usage, F
jpcrsh = 1.19%, gives a total effect of 

1.47%, which is approximately equal to 1.62% (the actual change in the capital price).   

 Off-farm research leads to a smaller increase in the price of land compared to on-

farm research.  Off-farm research leads to lower prices and higher output in off-farm 

industries; thus, demand for wool inputs rise.  The Australian sheep industry now 

experiences an outward demand shift rather than an outward supply shift.  In this case, both 

output and prices rise.  The outward demand shift experienced by the Australian sheep 

industry will exceed that experienced by the foreign sheep industries as the domestic wool 

industries in Australia experience a greater cost reduction than the foreign wool industries, 

and the Australian wool industries source their wool inputs mainly from Australia.  

Therefore, the Australian sheep industry’s price rises by more than their competitor’s prices 

[table 5.3, panel (a)] leading to a fall in market share for exports [panel (c)].  As export 

demand is highly elastic, the reduction in exports is strong enough to ensure that the 

Australian sheep industry’s output rises by less from off-farm research than for on-farm 

research [panel (b)].  A smaller output expansion means a smaller increase in the use of 

factor inputs and their prices.   

 We have explained how off-farm research leads to a smaller increase in output and 

factor usage by the Australian sheep industry compared to on-farm research.  Given this, it 

is clear from equation (5.30) that off-farm research will cause a smaller increase in the price 

of capital than on-farm research [table 5.3, panel (f)].   

 

5.4.3  Long-run effects of a pivotal supply shift 

 As observed in the short-run results, the long-run input-augmenting productivity 

improvements reduce the price received by the sheep industry in all regions [table 5.5, 
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panel (a)] and the Australian sheep industry’s price falls by more than in other regions, but 

industry prices fall by much less in the long run than in the short run.   

 For on-farm research, the Australian sheep industry experiences a 1.08% fall in its 

output price compared to 1.63% in the short run; this pattern is repeated for other sheep 

industries.  Nevertheless, the Australian sheep industry’s output expands by about the same 

amount as in the short run (0.72%).  Although output expands by a similar amount in the 

long run, the expansion is driven more by exports [table 5.5, panel (c)] than by domestic 

demand compared to the short run.  As the long-run output response is similar to the short-

run output response, the fall in demand for the primary factor composite is also similar 

[panel (d)].   

 In the long run, capital is perfectly mobile between industries so capital prices 

hardly change from the productivity improvement [panel (f)]; this contrasts directly with 

the large reductions in capital prices in the short run.  Thus, input-augmenting technical 

change in the long run allows the sheep industry to substitute out of highly mobile factors 

of production (i.e., capital and labour); this, in turn, avoids the large reduction in the price 

of capital observed in the short run.  Input-augmenting technical change in the long run also 

reduces the amount by which the sheep industry substitutes out of the sluggishly mobile 

factor (i.e., land) as the relative price of land falls by more than capital and labour.  In sum, 

production costs and output prices fall by much less in the long run compared with the short 

run.   

 The differences between short-run and long-run off-farm research are similar to the 

differences between short-run and long-run on-farm research; that is, smaller reductions in 

the output and factor prices and similar responses in output and factor inputs.   
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Table 5.5  Long-run effects on wool growers from research at different production 
stages assuming a pivotal supply shift (percentage change)a, b 

Research in: (a) Sheep industry price 
 France Germ Italy UK USA Japan China Aus ROW 
Sheep  -0.56 -0.62 -0.57 -0.56 -0.50 -0.58 -0.73 -1.08 -0.64 
Scouring  0.00 0.01 0.00 0.00 0.00 0.00 -0.04 -0.04 -0.03 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 -0.02 -0.03 -0.02 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 -0.08 -0.01 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 -0.08 -0.01 
Garment 0.00 0.01 0.00 0.00 0.00 0.01 -0.03 -0.06 -0.01 
 (b) Sheep industry output 
Sheep  -0.08 -0.01 0.02 -0.03 -0.07 0.08 0.08 0.72 0.03 
Scouring  0.02 0.02 0.02 0.01 0.01 0.01 -0.08 -0.11 -0.09 
Card/comb 0.02 0.02 0.01 0.01 0.01 0.01 -0.04 -0.09 -0.07 
Spinning 0.02 0.01 0.01 0.01 0.01 0.01 -0.07 -0.24 -0.05 
Weaving 0.01 0.01 0.01 0.01 0.00 0.01 -0.05 -0.24 -0.03 
Garment 0.01 0.01 0.02 0.01 0.01 0.01 -0.06 -0.20 -0.05 
 (c) Sheep industry exports 
Sheep -0.66 -0.29 -1.07 -1.14 -2.56 -0.18 -1.31 1.98 0.72 
Scouring  0.14 0.23 0.28 0.23 0.28 0.08 -0.64 -1.69 -0.15 
Card/comb 0.12 0.18 0.19 0.17 0.22 0.06 -0.80 -0.98 -0.10 
Spinning 0.09 0.15 0.19 0.15 0.18 0.04 -0.75 -0.30 -0.10 
Weaving 0.04 0.10 0.16 0.10 0.12 0.02 -0.63 -0.30 -0.10 
Garment 0.05 0.13 0.22 0.12 0.16 0.04 -0.50 -0.25 -0.18 
 (d) Sheep industry real value added 
Sheep -0.58 -0.51 -0.48 -0.53 -0.57 -0.42 -0.42 -0.28 -0.47 
Scouring  0.02 0.02 0.02 0.01 0.01 0.01 -0.08 -0.11 -0.09 
Card/comb 0.02 0.02 0.01 0.01 0.01 0.01 -0.04 -0.10 -0.07 
Spinning 0.02 0.01 0.01 0.01 0.01 0.01 -0.07 -0.24 -0.05 
Weaving 0.01 0.01 0.01 0.01 0.00 0.01 -0.05 -0.24 -0.03 
Garment 0.01 0.01 0.02 0.01 0.01 0.01 -0.06 -0.20 -0.05 
 (e) Sheep industry land price 
Sheep -2.00 -1.80 -1.67 -1.82 -0.88 -0.91 -1.21 -0.65 -1.15 
Scouring  0.08 0.08 0.06 0.05 0.01 0.02 -0.22 -0.32 -0.22 
Card/comb 0.07 0.06 0.04 0.03 0.01 0.02 -0.12 -0.26 -0.17 
Spinning 0.05 0.05 0.04 0.03 0.01 0.02 -0.19 -0.58 -0.13 
Weaving 0.03 0.03 0.04 0.02 0.01 0.02 -0.15 -0.58 -0.08 
Garment 0.04 0.05 0.06 0.03 0.01 0.03 -0.16 -0.48 -0.11 
 (f) Sheep industry capital price 
Sheep 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Garment 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 (g) Sheep industry labour price 
Sheep 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 
Garment 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
a This is a 1% improvement in productivity for Australian producers and a 0.5% improvement for other producers, 
implemented as input-augmenting technical change.   
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 With factor prices falling by much less in the long run, we expect the welfare losses 

for the Australian sheep industry to be smaller than in the short run.   Below we reproduce 

equation (5.4), the long-run measure of producer welfare: 

 ( )F F
jr ijr ijr rqwlr qf p ph= + − , ;i Land j Sheep= = . (5.32) 

Table 5.6 presents the values of all variables in (5.32) for the simulations presented in table 

5.5.  Using the results in row 1 of table 5.6 (i.e., sheep industry research leading to a pivotal 

supply shift) and we replace all terms in (5.32) by their numerical values, giving 

 ( )( )0.71 0.06 0.65 0.00− = − + − − . (5.33) 

 

Table 5.6  Long-run effects on Australian wool growers’ welfare from research at 
different production stages assuming pivotal supply shifts (percentage 
change)a, b 

Research in: Land usage Land price CPI Welfare 
Sheep industry -0.06 -0.65 0.00 -0.71 
Scouring  -0.03 -0.32 0.00 -0.34 
Carding/combing -0.02 -0.26 0.00 -0.28 
Spinning -0.05 -0.58 -0.01 -0.63 
Weaving -0.05 -0.58 -0.01 -0.62 
Garment making -0.04 -0.48 0.00 -0.52 

a This is a 1% increase in technical change for Australian producers and a 0.5% increase in technical change for foreign 
producers, implemented as input-augmenting technical change.  b Producer welfare is land rentals deflated by the CPI.   
 

 Equation (5.33) indicates that land rentals fall by 0.71% from sheep industry 

research leading to a pivotal supply shift in the long run.  Lower land rentals are also a 

feature of the results for research in post-farm stages, although these losses are smaller.  

Lower land rentals are driven mostly by a fall in the price of land.   

 Applying the long-run equivalent of equation (5.17) (see footnote 15), which 

determines market clearing for land, i.e., 

 ( ) ( )1 2F F F F F F F F
j j i ij j ij ij i irqf af crsh p pcrsh qf p p thσ ρ+ − − = + − + − , (5.34) 

to the case of sheep industry research leading to a pivotal supply shift in the long run, gives 
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 ( ) ( )( ) ( ) ( ) ( )0.72 1 0.6 0.65 0.30 0.06 10 1 0.65 0.04 2(0.00)+ − − − − − = − + − − + − − . 

  (5.35) 

As before, the initial effect of a 1% improvement in Hicks-neutral technical change F
jaf  in 

the sheep industry is to reduce the price of land by 1%.  As land is the only imperfectly 

mobile factor of production in the long run, the price of land falls relative to other factors 

causing substitution of land for other factors; this substitution will offset the initial 1% fall 

by ( ) ( )( )0.21% 0.6 0.65 0.30⎡ ⎤= − − − −⎣ ⎦ .  There is a large positive effect from the industry 

activity level, 0.72%jqf = , that almost completely offsets the negative demand-side effects 

on the land price: the sum of the terms on the LHS of (5.35) equals –0.07; this leaves –0.58 

percentage points to completely explain the –0.65% fall in the land price.   

 All of the remaining fall in the land price is explained by the term ( )1F
ijqf ρ +  on 

the RHS of (5.35) that equals –0.66.  The steep supply curve for land turns a 0.06% fall in 

the use of land into a 0.66% fall in the price of land.   

 Compared to on-farm research, the reduction in land prices is smaller for off-farm 

research.  Here, there is no initial productivity improvement so that 0F
jaf = .  Thus, there is 

no large initial reduction in demand for factor inputs by the sheep industry when research 

occurs post-farm, and this removes the large initial negative term of 1F
jaf = −  in equation 

(5.35).  Nevertheless, land prices still fall from on-farm research as sheep industry output 

contracts due to lower demand for wool inputs by the off-farm industries, but the absence 

of the 1F
jaf = −  term in equation (5.35) ensures that the reduction in land prices and rents 

will be lower for off-farm research than for on-farm research.   
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5.4.4  Long-run effects of a parallel supply shift 

 For on-farm research, a cost-reducing productivity improvement in the long run 

reduces the price received by the sheep industry in all regions [table 5.7, panel (a)], but the 

Australian sheep industry’s price falls by more than in other regions and so its output also 

expands by more than other sheep industries [panel (b)].  Compared to a long-run input-

augmenting productivity improvement, the fall in the output price is smaller (–0.84% cf. –

1.08%) as is the expansion in output (0.55% cf. 0.72%).  Nevertheless, the price and output 

differences are much smaller than those observed between short-run input-augmenting and 

cost-reducing technical change, i.e., –1.63% cf. –0.59% for prices, 0.73% cf. 0.17% for 

output.   

 As output expands by more from long-run cost-reducing technical change than 

short-run cost-reducing technical change, factor usage also expand by more: 0.55% cf. 

0.17% [table 5.7, panel (d)].  Thus, we expect the price of the sluggishly mobile factor – 

land − to rise and the prices of the perfectly mobile factors – capital and labour – to be 

largely unaffected; this is what is observed in panels (e)–(g).   

 Off-farm cost-reducing technical change causes prices, output and real value added 

to increase for the Australian sheep industry.  Compared to short-run cost-reducing 

technical change, prices increase by less and output and real value added increase by more; 

this is to be expected given that all production inputs are variable to some extent in the long 

run.  Off-farm industries experiencing cost-reducing technical changes in the long-run, 

move down their output demand curves and expand their output and demand for wool 

inputs.  The increase in output and demand for wool inputs is greater than in the short run 

as all inputs are now variable.  As demand for wool inputs by off-farm industries increase 

by more in the long run, so does production of wool inputs by the Australian sheep 

industry.   
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Table 5.7  Long-run effects on wool growers from research at different production 
stages assuming a parallel supply shift (percentage change)a, b 

Research in: (a) Sheep industry price 
 France Germ Italy UK USA Japan China Aus ROW 
Sheep  -0.50 -0.50 -0.49 -0.50 -0.50 -0.50 -0.49 -0.84 -0.50 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.09 -0.01 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 
Garment 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 
 (b) Sheep industry output 
Sheep  0.01 -0.01 0.04 0.00 0.00 0.01 0.01 0.55 -0.02 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.30 -0.02 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.25 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.01 
Weaving 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.04 0.00 
Garment -0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.08 0.01 
 (c) Sheep industry exports 
Sheep -0.09 -0.27 -0.30 -0.53 -0.47 -0.62 -1.48 1.49 -0.06 
Scouring  0.02 0.03 0.02 0.03 0.02 0.02 0.19 -1.41 0.06 
Card/comb 0.01 -0.01 -0.05 -0.02 -0.03 0.01 -0.05 -0.68 0.11 
Spinning -0.02 -0.02 0.00 -0.01 -0.03 -0.01 -0.04 0.04 0.08 
Weaving -0.03 -0.02 0.04 -0.01 -0.02 0.00 0.01 0.05 0.02 
Garment -0.05 -0.05 0.00 -0.05 -0.06 -0.02 0.22 0.09 0.01 
 (d) Sheep industry real value added 
Sheep 0.01 -0.01 0.04 0.00 0.00 0.01 0.01 0.55 -0.02 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.30 -0.02 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.25 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.01 
Weaving 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.04 0.00 
Garment -0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.08 0.01 
 (e) Sheep industry land price 
Sheep 0.02 -0.05 0.14 0.01 0.00 0.01 0.02 1.25 -0.05 
Scouring  0.01 0.01 0.01 0.00 0.00 0.00 0.04 0.66 -0.06 
Card/comb 0.00 0.00 -0.01 0.00 0.00 -0.01 0.12 0.56 -0.01 
Spinning -0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.10 0.02 
Weaving -0.01 0.00 0.02 0.00 0.00 0.00 0.03 0.09 0.01 
Garment -0.02 -0.01 0.02 -0.01 0.00 0.00 0.06 0.20 0.04 
 (f) Sheep industry capital price 
Sheep 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Garment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
 (g) Sheep industry labour price 
Sheep 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Scouring  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Card/comb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Spinning 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Weaving 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Garment 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 
a This is a 1% increase in technical change for Australian producers and a 0.5% increase in technical change for foreign 
producers, implemented as input-augmenting technical change.   
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 Where off-farm industries source all of their wool inputs domestically (i.e., 

scouring and carding/combing), a research-induced output expansion strongly benefits the 

domestic supplier of wool (the Australian sheep industry).  Where off-farm industries 

source some of their wool inputs from overseas (i.e., spinning, weaving and garment 

making), a research-induced output expansion hardly benefits the domestic supplier of wool 

(the Australian sheep industry).   

 Below we reproduce equation (5.4), which is the long-run welfare measure: 

 ( )F F
j ij ijqwlr qf p ph= + − , i Land= . (5.36) 

Table 5.8 presents the values of all variables in (5.36) for sheep industry research leading to 

a parallel supply shift in the long run.  The numerical equivalent of (5.36) is 

 ( )1.36 0.12 1.25 0.00= + − . (5.37) 

 

Table 5.8  Long-run effects on Australian wool growers’ welfare from research at 
different production stages assuming parallel supply shifts (percentage 
change)a, b 

Research in: Land usage Land price CPI Welfare 
Sheep industry 0.12 1.25 0.00 1.36 
Scouring  0.06 0.66 0.00 0.72 
Carding/combing 0.05 0.56 0.00 0.60 
Spinning 0.01 0.10 0.00 0.10 
Weaving 0.01 0.09 0.00 0.10 
Garment making 0.02 0.20 0.00 0.22 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers, 
implemented as cost-reducing technical change.  b Producer welfare is land rentals deflated by the CPI.   
 

 Equation (5.37) shows that land rentals increase by around 1.4% from sheep 

industry research leading to a parallel supply shift in the long run.  With no change in the 

CPI, producer welfare rises by the same amount.  This gain is slightly smaller than that 

observed in the short run results, i.e., 1.5%.  The difference is almost completely due to 

absence of quasi-rents from capital that are only earned in the short run.   
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 The welfare gains from cost-reducing research in post-farm stages are higher in the 

long-run than in the short run for research in industries that source all of their wool inputs 

from the domestic (Australian) sheep industry, i.e., scouring and carding/combing; the 

welfare gains are smaller for research in industries that source some of their wool inputs 

from foreign suppliers, i.e., weaving and garment making.  Regardless, the Australian sheep 

industry still experiences a significantly greater gain from on-farm research than from off-

farm research.   

 We apply the market clearing equation for land, i.e., 

 ( ) ( )1 2F F F F F F F F
j j i ij j ij ij i irqf af crsh p pcrsh qf p p thσ ρ+ − − = + − + − , 

 ;i Land j Sheep= = . (5.38) 

to explain the change in price of land from sheep industry research leading to parallel 

supply shift in the long run.  The numerical equivalent of (5.38) is 

 ( ) ( )0.55 0 0.6 1.25 0.57 0.12 10 1 1.25 0.08 2(0.00)+ − − = + − + − . (5.39) 

 A 1% reduction in production costs leads to a 0.55% increase in sheep industry 

activity levels and a 0.12% increase in the use of land.  With land being the only 

imperfectly mobile factor in the long run, there is a strong rise in the land price relative to 

average factor prices (1.25 cf. 0.57%).  Thus, the substitution effect is now large relative to 

the expansion effect: ( )F F F
i ij jcrsh p pcrshσ− − = –0.408%.  Regardless, the increase in 

demand for land strongly raises the price of land (1.25%) due to the sluggish mobility of 

land between industries as reflected by the term ( )1F
ijqf ρ + (= 1.32%).   
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5.5  Sensitivity analysis 

 Here we undertake sensitivity analysis with respect to model parameter values and 

shocks.  We wish to understand in what direction and to what extent the welfare results are 

affected by parameter choices and shocks.  In general, the sensitivity analysis consists of 

systematically varying the parameter choices and shocks by applying the sensitivity 

analysis facility available in the GEMPACK economic modelling software, with which 

WOOLGEM is implemented (Harrison and Pearson 1996; Arndt and Pearson 1996).  In some 

cases, parameter choices and shocks are also varied in an ad hoc fashion to gain further 

insights. 

 

5.5.1  Price and income elasticities 

 Table 5.9, panel (a) presents the four sets of welfare results for the Australian sheep 

industry when research is undertaken at each production stage.  A clear pattern is evident: 

pivotal supply shifts always lead to welfare losses and the losses are largest for on-farm 

research; parallel supply shifts always lead to welfare gains and the gains are largest for on-

farm research.  The results from the pivotal supply shifts suggest that Australian sheep 

farmers should support research that leads to technological regress, particularly on-farm 

technological regress.18  In contrast, the results from the parallel supply shifts suggest that 

Australian sheep farmers should support research that leads to technological improvement 

at any point along the wool production system, but should focus on on-farm technological 

improvements.    

 

                                              
18 Linear equation systems produce results for endogenous variables that are linear in the shocks.  Thus, 

changing the sign of our productivity shocks will provide the same absolute values for the welfare results 
but of opposite sign.   
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Table 5.9  Comparison of Australian wool growers’ welfare from research and 
standard deviation from variations in price and income elasticities 
(percentage change)a, b, c 

Research in: Short run Long run 
 Pivotal shift Parallel shift Pivotal shift Parallel shift 
 (a) Standard parameters 
Sheep industry -2.30 1.49 -0.71 1.36 
Scouring  -1.15 0.41 -0.34 0.72 
Carding/combing -0.97 0.35 -0.28 0.60 
Spinning -1.07 0.09 -0.63 0.10 
Weaving -0.94 0.13 -0.62 0.10 
Garment making -0.70 0.32 -0.51 0.22 
 (b) Standard deviation of varying price and income elasticities for wool garments 

and sheep meat in all regions 
Sheep industry 0.04 0.02 0.01 0.01 
Scouring  0.01 0.01 0.01 0.01 
Carding/combing 0.02 0.01 0.01 0.01 
Spinning 0.03 0.01 0.01 0.01 
Weaving 0.05 0.03 0.03 0.02 
Garment making 0.17 0.10 0.09 0.08 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.  c Producer welfare in the short run is the sum of land and capital rentals deflated by the CPI; 
producer welfare in the long run is land rentals deflated by the CPI.   
 

 It has already been noted that the sign differences in welfare results from pivotal 

and parallel supply shifts are predicted by economic theory when the producer faces an 

inelastic demand curve (see Alston et al. 2004, pp. 36–9); we assume inelastic demand for 

both of the sheep industry’s outputs (wool garments and sheep meat).  So we test the 

importance of this assumption by systematically varying the size of the price elasticities 

applied here.  As the price elasticities are a function of the income elasticities, the income 

flexibility and the budget shares (see Chapter 4, Section 4.5.6), it is not possible to vary the 

price elasticities independently of the income elasticities.19  This should not bias the results 

                                              
19 In order to efficiently vary the income elasticities, we modify the model so that the price elasticities for 

broad commodities ( )B
ijrε  are treated as variable coefficients.  Thus, the price elasticities will vary not only 

with any exogenously applied changes in the income elasticities ( )B
irη  but also with any (endogenous) 

changes in budget shares.  Note also that with the marginal budget shares (which are a function of B
irη  and 

the budget shares) treated as variable coefficients (see Chapter 4, Section 4.5.7), the marginal shares will 
also vary with any exogenously applied changes in B

irη . 
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much as the income effects are small here due to the small size of the wool industries in all 

regions.20   

 Table 5.9, panel (b) presents the standard deviations of varying the price and 

income elasticities for wool garments and sheep meat in all regions by ± 50%; the 

elasticities are varied together for wool garments and sheep meat in all regions.  The results 

show three patterns.  One, the welfare results predicted by pivotal supply shifts are more 

sensitive to price and income elasticities than the welfare results predicted by parallel 

supply shifts.  Two, short-run welfare results are more sensitive to price and income 

elasticities than the long-run welfare results.  Three, the welfare results for late-stage 

processing (weaving and garment making) are most sensitive to price and income 

elasticities, particularly for garment making, and this is true for both types of supply shift 

and in both the short and long run.   

 The sensitivity of the welfare results to research in garment making reflects a 

feature of the wool production system discussed in Chapter 1, Section 1.3: the weakness of 

the economic links between primary production of wool and production of wool garments.  

Using a simple input-output price model, it was shown in Section 1.3 that an equivalent 

total factor productivity improvement at each stage of the wool production system does not 

lead to equivalent effects on the price of final demand (wool garments).  This reflects the 

decreasing importance of wool inputs at each successive production stage as wool moves 

from on-farm production to early-stage wool processing to late-stage processing.  In 

contrast, there is less economic distance between the sheep industry and the early-stage 

processing industries (i.e., scouring and carding/combing).   

                                              
20 Out of the 24 simulations reported in table 5.9, panel (a), the largest observed change in regional real 

income is 0.02%.   
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 The results from the simple input-output price model are supported by the results 

presented in table 5.10, which presents the response to global production of wool garments 

from the simulations.  We see that a 1% productivity improvement in the Australian sheep 

industry and 0.5% in other sheep industries leads to almost no change in the output of wool 

garments.  As this pattern of productivity improvements is applied to each successive 

production stage, the response of wool garments output does not change noticeably until the 

weaving stage is reached and the response is greatest for research in garment making.  This 

is why the standard deviations from the varying price and income elasticities are much 

larger for late-stage processing research than for research at any other stage.   

 

Table 5.10  Effects on global output of wool garments from research at different 
production stages assuming pivotal and parallel supply shifts (percentage 
change)a, b 

Research in: Short run Long run 
 Pivotal shift Parallel shift Pivotal shift Parallel shift 
Sheep industry 0.01 0.01 0.01 0.01 
Scouring  0.01 0.00 0.01 0.01 
Carding/combing 0.01 0.01 0.01 0.01 
Spinning 0.02 0.01 0.02 0.01 
Weaving 0.04 0.02 0.03 0.03 
Garment making 0.19 0.11 0.13 0.13 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.   
 

5.5.2  Intermediate input substitution elasticities 

 In their seminal work on assessing research gains in a multistage production system, 

Freebairn et al. (1982) assume a zero elasticity of substitution between farm and nonfarm 

inputs in marketing production (the only off-farm stage in their model).  In their comment 

on Freebairn et al. (1982), Alston and Scobie (1983) show that as the elasticity of 

substitution between farm and nonfarm inputs in marketing production rises, farmers will 

obtain a greater proportion of total benefits from on-farm research.  They suggest that, in 
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general, such elasticities are not zero.  Given these theoretical results, it seems necessary to 

test the sensitivity of our welfare results to variations in the elasticity of substitution 

between wool and nonwool inputs.   

 In applying WOOLGEM to analyse research gains for wool growers, we have 

followed Freebairn et al. (1982) and assumed zero substitution between wool and nonwool 

inputs for all industries except the yarn (or spinning) industries.  To systematically test the 

sensitivity of the welfare results to wool/nonwool input substitution, we must vary the size 

of the elasticities on either side of the base value (i.e., zero).  To avoid assuming a positive 

relationship between input demands and relative input prices, we reset all zero 

wool/nonwool input substitution to 0.1 and rerun all the simulations.21  The welfare results 

using the standard model parameters are presented in panel (a), table 5.11; the welfare 

results using nonzero wool/nonwool input substitution values are presented in panel (b).  

Comparing the two sets of results shows that the welfare results change almost exactly as 

predicted by Alston and Scobie (1983); that is, increasing wool/nonwool input substitution 

from zero to 0.1 reduces the size of the losses from all pivotal supply shifts and increases 

the size of gains from most parallel supply shifts. 

 

                                              
21 That is, we set the elasticity of substitution between wool and nonwool inputs to 0.1 for the nonyarn 

industries.  The same elasticities for the yarn industries remain at their original values (see Chapter 4, 
Section 4.5.3). 
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Table 5.11  Comparison of Australian wool growers’ welfare from research and 
sensitivity to variations in wool/nonwool input substitution (percentage 
change)a, b, c 

Research in: Short run Long run 
 Pivotal shift Parallel shift Pivotal shift Parallel shift 
 (a) Standard parameters: zero substitution between wool and nonwool inputs 
Sheep industry -2.30 1.49 -0.71 1.36 
Scouring  -1.15 0.41 -0.34 0.72 
Carding/combing -0.97 0.35 -0.28 0.60 
Spinning -1.07 0.09 -0.63 0.10 
Weaving -0.94 0.12 -0.62 0.10 
Garment making -0.70 0.32 -0.52 0.22 
 (b) Nonstandard parameters: elasticity of substitution between wool and nonwool 

inputs of 0.1 
Sheep industry -2.19 1.53 -0.66 1.40 
Scouring  -1.07 0.45 -0.31 0.74 
Carding/combing -0.90 0.37 -0.26 0.62 
Spinning -0.95 0.15 -0.58 0.14 
Weaving -0.82 0.16 -0.58 0.13 
Garment making -0.65 0.29 -0.51 0.21 
 (c)Standard deviation of varying substitution between wool and nonwool inputs 
Sheep industry 0.11 0.04 0.05 0.04 
Scouring  0.09 0.02 0.03 0.02 
Carding/combing 0.09 0.04 0.03 0.02 
Spinning 0.05 0.01 0.01 0.01 
Weaving 0.05 0.00 0.02 0.00 
Garment making 0.03 0.01 0.01 0.00 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.  c Producer welfare in the short run is the sum of land and capital rentals deflated by the CPI; 
producer welfare in the long run is land rentals deflated by the CPI.   
 

 Panel (c) of table 5.11 presents the standard deviations in the welfare results from 

varying the elasticity of substitution between wool and nonwool inputs; elasticity values are 

varied together for all industries in all regions by ± 50%.  Unlike the standard deviations 

presented earlier for varying the price and income elasticities for wool garments and sheep 

meat (see table 5.9), the standard deviations for varying wool/nonwool input substitution 

tend to reduce in size as we move from on-farm research to successive off-farm stages; that 

is, they are somewhat proportional to the means [panel (b)].  Further, except for late-stage 

processing (weaving and garment making), the standard deviations for wool/nonwool input 

substitution are much larger than those for the price/income elasticities, and this is true for 

both pivotal and parallel shifts in both the short and long run.  Thus, in relative terms, the 
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degree of wool/nonwool input substitution assumed has a stronger influence than 

price/income elasticities for estimating the size of the gains for Australian wool producers 

from on-farm and early-stage processing research.  Nevertheless, in absolute terms, the size 

of the standard deviations for varying wool/nonwool input substitution is still small.  

 

5.5.3  Primary factor substitution elasticities 

 The importance of primary factor substitution is not addressed in the literature on 

assessing research gains in a multistage production system.  This is because both the 

theoretical and empirical work in this area has applied models that have not explicitly 

modelled primary factor inputs; such inputs have generally been lumped together with 

nonfarm or nonwool inputs.22  Nevertheless, the issue is addressed indirectly by what is 

assumed about the size of the elasticity of supply.  There is a direct equivalence between 

the assumed size of primary factor substitution for a producer and the implied elasticity of 

supply of that producer, and vice versa.  The importance of the elasticity of supply is 

identified by Freebairn et al. (1982), who conclude that the share of research benefits to a 

given sector will increase with the degree of inelasticity in supply for that sector relative to 

other sectors (p. 42).  

 Due to the detailed representation of production activities in WOOLGEM, we are able 

to test the importance of primary factor substitution by the wool grower on research gains.  

Table 5.12, panel (a) presents the welfare effects from applying the standard model 

parameters, panel (b) presents the welfare effects from doubling the factor substitution 

elasticities for all sheep industries, and panel (c) presents the standard deviation of varying 

                                              
22 Holloway (1989) derives necessary and sufficient conditions for farmers to gain from off-farm research.  

This includes conditions for what he refers to as “neutral and primary-input-saving technical change” (p. 
339).  Nevertheless, his terminology is somewhat misleading as his model does not differentiate between 
intermediate and primary factor inputs. 
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together the benchmark factor substitution elasticities for all sheep industries.  Panel (b) 

shows that, without exception, increasing the factor substitution elasticities for the sheep 

industry reduces the absolute size of the welfare effects from research, i.e., smaller losses 

from pivotal supply shifts and smaller gains from parallel supply shifts.  This is exactly as 

predicted by Freebairn et al. (1982): the share of research benefits to a given sector will 

increase with the degree of inelasticity in supply for that sector relative to other sectors.  

Increasing the size of the factor substitution elasticities for the sheep industry decreases the 

specificity of the fixed or quasi-fixed factors (land and capital in the short run, land in the 

long run), thus reducing the potential quasi-rent losses (gains) from research.    

 

Table 5.12  Comparison of Australian wool growers’ welfare from research and 
sensitivity to variations in primary factor substitution (percentage 
change)a, b, c 

Research in: Short run Long run 
 Pivotal shift Parallel shift Pivotal shift Parallel shift 
 (a) Standard parameters 
Sheep industry -2.30 1.49 -0.71 1.36 
Scouring  -1.15 0.41 -0.34 0.72 
Carding/combing -0.97 0.35 -0.28 0.60 
Spinning -1.07 0.09 -0.63 0.10 
Weaving -0.94 0.13 -0.62 0.10 
Garment making -0.70 0.32 -0.51 0.22 
 (b) Nonstandard parameters: primary factor substitution elasticities doubled for all 

sheep industries 
Sheep industry -1.57 1.20 -0.39 0.87 
Scouring  -0.90 0.33 -0.23 0.45 
Carding/combing -0.77 0.27 -0.19 0.38 
Spinning -0.84 0.07 -0.40 0.07 
Weaving -0.75 0.10 -0.40 0.06 
Garment making -0.56 0.25 -0.33 0.14 
 (b) Standard deviation from varying primary factor substitution elasticities for all 

sheep industries 
Sheep industry 0.23 0.08 0.12 0.16 
Scouring  0.07 0.02 0.04 0.09 
Carding/combing 0.06 0.02 0.03 0.07 
Spinning 0.06 0.01 0.07 0.01 
Weaving 0.05 0.01 0.07 0.01 
Garment making 0.04 0.02 0.06 0.03 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.  c Producer welfare in the short run is the sum of land and capital rentals deflated by the CPI; 
producer welfare in the long run is land rentals deflated by the CPI.   
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 Varying the factor substitution elasticities seems to significantly alter the size of the 

welfare effects from research; this is confirmed by the standard deviations in panel (c).  The 

standard deviations are largest for on-farm research, ranging from 0.08% to 0.23%, and for 

early-stage processing (scouring, carding/combing, spinning).  For on-farm and early-stage 

processing research, factor substitution by the sheep industry is more important than 

price/income elasticities and wool/nonwool input substitution.  Price/income elasticities are 

still most important for research in late-stage processing (weaving and garment making).   

 The results of the sensitivity analysis suggest that when inputs are disaggregated 

into intermediate and primary factor classes, primary factor substitution is the more 

important of the two input classes in affecting research gains for the wool grower.  Previous 

work has not identified such a distinction in input substitution for the wool grower. 

 

5.5.4  Trade elasticities 

 Chapter 4, Section 4.5.2 reports that most of the elasticities of substitution between 

given types of imports from different sources are based on the advice of a wool expert; this 

also applies to the selection of elasticities of substitution between imports and domestically-

produced commodities.  Given that these parameter choices are not statistically estimated, 

they can be reasonably regarded as ‘informed ad hoc’.  This is not to say that the values are 

in any way defective; econometric estimates are lacking because of an absence of the 

required underlying data.  Our values thus embody all the information available to us, viz., 

the wisdom of a wool expert.  Nevertheless, it still seems reasonable to test the sensitivity 

of the welfare results with respect to these elasticities.   

 Table 5.13, panel (a) presents the welfare effects from applying the standard model 

parameters, panel (b) presents the welfare effects from doubling the trade elasticities for all 

commodities in all regions, and panel (c) presents the standard deviation of varying 
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together the benchmark trade elasticities for all commodities in all regions by ± 50%.  A 

comparison of panels (a) and (b) indicates that increasing the size of the trade elasticities 

reduces the losses from pivotal supply shifts and, in general, increases the gains from 

parallel supply shifts.   

 

Table 5.13  Comparison of Australian wool growers’ welfare from research and 
sensitivity to variations in trade elasticities (percentage change)a, b, c 

Research in: Short run Long run 
 Pivotal shift Parallel shift Pivotal shift Parallel shift 
 (a) Standard parameters 
Sheep industry -2.30 1.49 -0.71 1.36 
Scouring  -1.15 0.41 -0.34 0.72 
Carding/combing -0.97 0.35 -0.28 0.60 
Spinning -1.07 0.09 -0.63 0.10 
Weaving -0.94 0.13 -0.62 0.10 
Garment making -0.70 0.32 -0.51 0.22 
 (b) Nonstandard parameters: trade elasticities doubled for all commodities in all 

regions 
Sheep industry -1.59 1.60 -0.66 1.87 
Scouring  -1.01 0.38 -0.31 1.19 
Carding/combing -0.86 0.33 -0.26 1.05 
Spinning -0.94 0.11 -0.58 0.17 
Weaving -0.83 0.13 -0.58 0.12 
Garment making -0.63 0.30 -0.51 0.22 
 (b) Standard deviation from varying trade elasticities for all commodities in all 

regions 
Sheep industry 0.32 0.06 0.25 0.19 
Scouring  0.07 0.01 0.15 0.14 
Carding/combing 0.05 0.01 0.13 0.12 
Spinning 0.06 0.01 0.02 0.02 
Weaving 0.05 0.00 0.00 0.01 
Garment making 0.03 0.01 0.01 0.00 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.  c Producer welfare in the short run is the sum of land and capital rentals deflated by the CPI; 
producer welfare in the long run is land rentals deflated by the CPI.   
 

 Australian wool producers face a downward-sloping demand curve in export 

markets due to their high market share.  Increasing the trade elasticities reduces the degree 

of price inelasticity faced by Australian wool producers in export markets.  Therefore, 

when Australian producers undertake research that confers on them a cost advantage over 

foreign producers, the research losses decrease (or research gains increase) as the export 
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demand curve becomes more elastic.  A more elastic export demand curve will increase the 

degree of substitution of Australian output for foreign output due to a research-induced cost 

advantage to Australian producers; this relationship for the Australian wool industry was 

originally established by Edwards and Freebairn (1984) and subsequently supported by the 

work of Mullen et al. (1989).   

 The importance of the trade elasticities upon the welfare effects of research depends 

on where the research is undertaken.  The standard deviations are largest for on-farm, 

scouring and carding/combing research, and they are largest for the long-run results.  

Compared to other model parameters, the trade elasticities are most important for on-farm, 

scouring, and carding/combing research, whereas price/income elasticities are still most 

important for late-stage processing.   

 

5.5.5  The degree of research leakage 

 In all the simulations presented above we have assumed a 1% improvement in 

technology for Australian wool producers and a 0.5% improvement for foreign wool 

producers, i.e., 50% research leakage to foreign producers.  In doing so, we are following 

Mullen et al. (1989).  Nevertheless, it should be noted there is no empirical justification for 

this assumption as there are no empirical studies evaluating inter-regional research leakage.  

Given the uncertainty associated with this assumption, it is appropriate to test the sensitivity 

of the welfare effects to this assumption; these results are presented in table 5.14. 
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Table 5.14  Comparison of Australian wool growers’ welfare from research and 
sensitivity to variations in research leakage (percentage change)a, b, c 

Research in: Short run Long run 
 Pivotal shift Parallel shift Pivotal shift Parallel shift 
 (a) Standard shocks: 50% research leakage 
Sheep industry -2.30 1.49 -0.71 1.36 
Scouring  -1.15 0.41 -0.34 0.72 
Carding/combing -0.97 0.35 -0.28 0.60 
Spinning -1.07 0.09 -0.63 0.10 
Weaving -0.94 0.13 -0.62 0.10 
Garment making -0.70 0.32 -0.51 0.22 
 (b) Nonstandard shocks: 25% research leakage 
Sheep industry -1.30 1.98 -0.18 1.87 
Scouring  -0.88 0.35 -0.07 1.19 
Carding/combing -0.66 0.20 -0.26 1.05 
Spinning -0.54 0.04 -0.31 0.17 
Weaving -0.47 0.06 -0.31 0.12 
Garment making -0.35 0.16 -0.26 0.22 
 (c) Standard deviation from varying the degree of research leakage to non-Australian 

regions 
Sheep industry 0.32 0.20 0.16 0.17 
Scouring  0.02 0.01 0.00 0.01 
Carding/combing 0.02 0.01 0.00 0.01 
Spinning 0.01 0.00 0.00 0.00 
Weaving 0.01 0.00 0.00 0.00 
Garment making 0.01 0.01 0.00 0.00 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.  c Producer welfare in the short run is the sum of land and capital rentals deflated by the CPI; 
producer welfare in the long run is land rentals deflated by the CPI.   
 

 In general, halving the degree of research leakage [panel (b)] reduces the size of the 

welfare losses from pivotal supply shifts and increases the size of welfare gains from 

parallel supply shifts, cf. panel (a).  For on-farm parallel supply shifts, this result for the 

Australian wool industry is supported by previous work: Edwards and Freebairn (1984); 

Mullen et al. (1989).  For off-farm supply shifts, the importance of research leakage is 

untested in previous work.   

 An unexpected result from reducing the degree of research leakage is that off-farm 

parallel supply shifts in the short run provide smaller welfare gains to Australian wool 

producers.  Here, the limited ability of all off-farm industries to expand output (due to fixed 

capital usage) and the relatively small size of the Australian off-farm industries combine to 
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reduce the global demand for greasy wool; this reduces the gains to Australian (and 

foreign) wool producers compared to when greater research leakage is assumed.  This result 

is not observed for off-farm parallel supply shifts in the long run.   

 The quantitative importance of research leakage on the welfare effects is captured 

by the standard deviations presented in panel (c) of table 5.14.  Note that research leakage 

is unimportant for all off-farm research gains; in contrast, research leakage is quite 

important for on-farm research gains.  For on-farm research gains in the short run, research 

leakage is more important than all the parameters already discussed; for on-farm research 

gains in the long run, research leakage is more important than primary factor substitution 

by the sheep industry but less important than trade elasticities.   

 

5.6  Discussion 

 Economic theory predicts that a pivotal (downward) supply shift will produce 

around half the gains of a parallel supply shift when the producer faces an elastic demand 

curve; further, a pivotal (downward) supply shift will produce losses and a parallel supply 

shift will produce gains when the producer faces an inelastic demand curve (see Alston et 

al. 2004, pp. 36–9).  In the previous sections we have presented the welfare effects on 

Australian wool growers from pivotal and parallel supply shifts, under short- and long-run 

closures.  We have also tested the sensitivity of these results to various model parameters 

that the relevant literature suggests are important in determining the welfare results, and 

also to the degree of research leakage.  Table 5.15 presents the range of estimates in the 

welfare gains from the simulations.  In considering the results in table 5.15 and the 

sensitivity analysis already presented, a clear message emerges: the most important 

determinant of the welfare gains from research is the assumed nature of the supply shift.   
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Table 5.15  Range of effects on Australian wool growers’ welfare from research at 
different production stages assuming pivotal and parallel supply shifts 
(percentage change)a, b, c 

Research in: Smallest gain Largest gain 
Sheep industry -2.30 (short run, pivotal) 1.49 (short run, parallel) 
Scouring  -1.15 (short run, pivotal) 0.72 (long run, parallel) 
Carding/combing -0.97 (short run, pivotal) 0.60 (long run, parallel) 
Spinning -1.07 (short run, pivotal) 0.10 (long run, parallel) 
Weaving -0.94 (short run, pivotal) 0.13 (short run, parallel) 
Garment making -0.70 (short run, pivotal) 0.32 (short run, parallel) 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
pivotal supply shift is implemented as input-augmenting technical change; a parallel supply shift is implemented as cost-
reducing technical change.  c Producer welfare in the short run is the sum of land and capital rentals deflated by the CPI; 
producer welfare in the long run is land rentals deflated by the CPI.   
 

 Depending on how research-induced supply shifts are modelled, a 1% improvement 

in on-farm technology leads to either a –2.3% or 1.5% change in the welfare of the 

Australian wool grower.  Which result should we place more value on – a pivotal or 

parallel supply shift?  Given the long history of levy-funded research in the Australian wool 

production system, it seems unlikely that wool growers would continually adopt research 

that reduces their economic well-being, which is what a pivotal supply shift suggests.  It 

seems more acceptable that wool growers only adopt research because it improves their 

economic well-being.  This Darwinian argument is based on individual self interest 

dominating in the long run.23  Although it is not an overwhelmingly persuasive argument, 

neither is it an unreasonable one.  We also defer to experts in agricultural research 

evaluation who are persuaded by Rose’s (1980) argument (see Alston et al. 1995, p. 64).  In 

the absence of evidence to the contrary, we thus believe that more weight should be placed 

on welfare gains estimated from a parallel supply shift.   

                                              
23 In discussions on this work, Bob Lindner has expressed the view that given the large variability in wool 

growers’ incomes, it would be difficult for wool growers to be able to link productivity changes with 
income changes.  Thus, it would be possible for welfare-reducing (pivotal) research to be continually 
adopted by wool growers over an extended time period. 
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 If parallel supply shifts are accepted as appropriate for modelling research benefits, 

then our results suggest on-farm research gives the greatest producer benefit for the 

Australian wool grower: 1.5% in the short run or 1.4% in long run.  Thus, the time period 

over which the research is assessed does not generate largely different estimates for on-

farm research.  Despite this, given the discussion in Section 5.3.3 it seems appropriate to 

prefer the long-run estimate of research benefits.  All types of off-farm research rank 

second to on-farm research in terms of benefits to Australian wool growers.  Of the 

different types of off-farm research evaluated, scouring research ranks first in terms of 

benefits to wool growers.   

 Accepting parallel supply shifts in the long run as the appropriate framework to 

assess research benefits for Australian wool producers, it is appropriate to then evaluate the 

sensitivity of the results with respect to various assumptions.  Table 5.16 collects the 

standard deviations in producer welfare for long-run parallel supply shifts with respect to 

the various parameters and shocks already presented.  It is obvious from the standard 

deviations that, in general, the size of the trade elasticities is the most important overall 

determinant of the research gains.  For on-farm research, factor substitution by the sheep 

industry and research leakage is almost as important as the trade elasticities.  For scouring 

and carding/combing research, the trade elasticities are most important in influencing the 

welfare results and factor substitution is somewhat less important.  Spinning and weaving 

research gains are largely unaffected by any of the five assumptions listed in table 5.16.  

Finally, garment-making research gains are somewhat sensitive to price/income elasticities 

for wool garments.  Note also that the sensitivity analysis does not indicate that the relative 

gains for wool producers change as the model parameters and research leakage are varied;  

on-farm research gains always exceed off-farm research gains, and scouring research gains 

always exceed other off-farm research gains. 
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Table 5.16  Standard deviations for Australian wool growers’ welfare from research 
at different production stages assuming parallel supply shifts in the long 
run (percentage change)a, b, c 

Research in: Price/income 
elasticities 

Wool/nonwool 
input 

substitution 
elasticities 

Primary factor 
substitution 
elasticities 

Trade 
elasticities 

Research 
leakage 

Sheep industry 0.01 0.04 0.16 0.19 0.17 
Scouring  0.01 0.02 0.09 0.14 0.01 
Carding/combing 0.01 0.02 0.07 0.12 0.01 
Spinning 0.01 0.01 0.01 0.02 0.00 
Weaving 0.02 0.00 0.01 0.01 0.00 
Garment making 0.08 0.00 0.03 0.00 0.00 

a This is a 1% improvement in technology for Australian producers and a 0.5% improvement for foreign producers.  b A 
parallel supply shift is implemented as cost-reducing technical change.  c Producer welfare in the long run is land rentals 
deflated by the CPI.   
 

5.7  Conclusion 

 Applying WOOLGEM, a global general equilibrium model with a detailed 

representation of the world wool market, we have analysed the relative returns to on- and 

off-farm research for Australian wool producers.  Our results show that the estimated 

research gains for Australian wool producers depend crucially on the nature of the assumed 

research-induced supply shift, i.e., pivotal or parallel.  Pivotal supply shifts lead to losses 

for on- and off-farm research, in both short- and long-run environments.  Parallel supply 

shifts lead to gains for on- and off-farm research, in both short- and long-run environments.  

This is as predicted by economic theory when it is assumed that the producer faces inelastic 

demand; our model assumes inelastic demand for sheep meat and wool garments.  

Extensive sensitivity analysis confirms that the assumed nature of the supply shift is the 

important determinant of the sign of the welfare effects from research.   

 Previous studies have modelled research as a parallel supply shift, e.g., Freebairn et 

al. (1982), Mullen et al. (1989), following the argument made by Rose (1980) in favour of 

using a parallel supply shift as the best approximation.  Given the long history of levy-

funded research in the Australian wool industry, it seems unlikely that wool growers would 
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continually support research programs which reduced their economic well-being.  As such, 

we believe it is appropriate to place more weight on the estimates generated by assuming a 

parallel supply shift.   

 Focussing on estimates generated from parallel supply shifts, we find that on-farm 

research is to be preferred to all other forms of research; on-farm research gives the largest 

welfare gain to Australian wool producers and off-farm research ranks second.  The result 

is consistent with the only empirical study that has addressed this issue, Mullen et al. 

(1989).  Unlike Mullen et al. (1989), our model is comprehensive enough to assess research 

in five off-farm production stages; this compares to two off-farm productions stages for 

Mullen et al. (1989).  Our results indicate that, in general, off-farm research that is ‘close’ 

to the wool producer provides larger benefits than off-farm research that is ‘distant’.  For 

example, scouring research provides larger benefits than carding/combing research, and 

carding/combing research provides larger benefits than spinning research, and so on.  This 

contrasts with the off-farm research findings by Mullen et al. (1989) who find that top 

processing research (a combination of scouring, and carding/combing) provides smaller 

benefits than textile research (a combination of spinning and weaving).  The comprehensive 

model applied here suggests such a ranking is unlikely when off-farm production stages are 

modelled as separate industries and research is applied as a technological improvement.  

The result by Mullen et al. (1989) is driven by modelling textile research as an exogenous 

increase in demand by the top industry.   

 Extensive sensitivity analysis indicates that certain assumptions do affect the 

estimated welfare gains from research.  We evaluate the price/income elasticities for final 

demand, wool/nonwool input substitution, factor substitution by the sheep industry, trade 

elasticities, and the degree of research leakage from Australia to foreign producers.  None 

of these assumptions are found to alter the ranking of benefits from on- and off-farm 
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research.  Nevertheless, some assumptions are found to have a noticeable impact on the 

estimated research gains.  Trade elasticities are most important as they affect the top three 

ranked forms of research: on-farm, scouring, and carding/combing.  Factor substitution by 

the sheep industry is also important for on-farm research gains, but less so for scouring and 

carding/combing research.  The degree of research leakage is found to be important only 

for on-farm research gains.  Price/income elasticities are also found to be important only for 

estimating gains from garment-making research.  Wool/nonwool input substitution is found 

to be relatively unimportant for research in all production stages.   

 Our base case scenario indicates that there are significant benefits to Australian 

wool producers from on-farm research: a 1% improvement in on-farm productivity 

increases welfare by around 1.4%.  Off-farm research provides smaller benefits: a 1% 

improvement in scouring productivity increases welfare by around 0.7%, and a 1% 

improvement in carding/combing productivity increases welfare by around 0.6%.  The 

results suggest a number of policy implications.  On-farm levy-funded research is to be 

preferred by the Australian wool grower over off-farm research.  To the extent that off-farm 

research is undertaken, scouring and carding/combing research is to be preferred to later-

stage off-farm research.  On-farm research that is specific to Australian conditions is to be 

preferred, as the less applicable the research is to foreign producers the greater will be the 

gains to Australian producers.   
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