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Summary 
The objective of this paper is to describe 
the use of an integrated economic mod
elling system for evaluating the impacts 
of weeds and the benefits of weed con
trol in Australian agricultural industries. 
This objective recognises that improved 
technology adoption is an important 
source of productivity gains in farm pro
duction and that improved weed control 
is a prominent example of a technology 
which could produce such gains. 

Producers benefit from the adoption 
and maintenance of improved weed con
trol through opportunities to lower their 
production costs. However, widespread 
weed control can be expected to have 
market impacts where it results in in
creased output. Because weed control is 
likely to have economic implications be
yond the farm, an economic modelling 
approach that considers both the farm 
and market components of the affected 
industry is required to assess the poten
tial benefits. 

Farm models establish the output and 
revenue changes resulting from weed 
control under farm constraints and pro
ducer objectives. The approach adopted 
for any particular evaluation will depend 
on the characteristics of the farm and the 
weed control technology being mod
elled. The results of applying these mod
els provide producers with assessments 
of the benefits of adopting the weed 
management options. By highlighting 
the productivity and profitability 
changes, producers gain an appreciation 
of those weed control options best suited 
to their situations and improving re
source use is encouraged as a result. An 
important part of this analysis is the in
dication of the sensitivities of the results 
to changes in the levels of the major pa
rameters. Significant changes in these re
sults may then provide guidelines to 
weeds research. Industry supply re
sponses are estimated by aggregating the 
farm responses under an assumed level 
of technology adoption across the indus
try. With estimates of the supply and de
mand curves, the type of supply shift, 
and the relationship between producer 

and consumer prices, measures of total 
benefits and costs from improved weed 
control are derived. 80th sets of results 
are useful in identifying the options in 
weed research programs to allow the ef
ficient allocation of the research budget. 

Introduction 
Weeds assume a major economic impor
ta nce in Aus tralian agriculture because 
most farm products a re produced under 
extensive systems at y ields w hich are low 
relative to those in other developed coun
tries. Weeds cause losses of p roduct yield 
and quality, are costly to contro l and im
pose exte rna l costs on other producers 
and the general community w here they 
spread beyond the farm. Combellack 
(1987) calculated that weeds annua lly cost 
$2.1 billion based on 1981-82 statistics and 
that this was likely to increase to $2.8 bil
lion by 1987. This estimate comprised the 
direct costs of weed contro l (cultiva tion, 
herbicides and applica tion), and the indi
rect costs of yield loss and product con
tamination. Losses in crops and pastures 
were 61 and 24% of this cost estimate re
spectively. It is now estimated that weeds 
cost Austra lian agriculture about $3.3 bil
lion per annum throug h lost productivity 
and control costs (Anon. 1995). 

Estimates of weed costs provide an eco
nomic basis for ra tio na lizing the weed 
control progra ms of producers and gov
ernments, and fo r directing weeds re
search programs (Vere and Auld 1982). 
Despite the econom ic importa nce of 
weeds, there have been few a ttempts to 
rigorously estimate the costs. Those esti
mates tha t ha~e been made have tended 
to be in aggregate a nd apa rt from 
Combellack, rarely revea l how they were 
derived or even what they include. Over 
30 years ago it was suggested that weeds 
tend to be taken fo r g ranted and a re so 
common and w idespread that their eco
nomic costs in terms of productivity losses 
and contro l inputs are not generally ap
preciated (USDA 1965). This remains the 
case despite advances in the methods for 
mapping weed popula tions and in assem
bling other weed data. 

The Co-operative Research Centre for 
Weed Management Systems (CRCWMS) 
was established in 1995 to attempt to re
duce the costs of weeds in Australia by at 
least 10% per annum by 2000. The CRC
WMS aims to achieve this goal by 'con
d ucting innova tive research to under-
stand and develop practica l, integrated 
weed management systems tha t increase 
producti vity a nd product quality, de-
crease costs, enhance sus tainability and 
conserve biodiversity in natural and agri
cultural ecosystems'. To be able to recon
cile this goal, the CRCWMS must demon
s trate tha t its research program into im
p roved weed management w ill bene fit 
both the fa rming sector and the commu
nity. In the first instance, this means that 
new weed control technologies have to be 
assessed as being bo th technica lly and 
economica lly feas ible to encourage p ro
ducers to improve their weed contro l. In 
the second ins tance, the widespread adop
tion of improved weed control can be ex
pected to have important ind ustry effects 
where this results in an increased level of 
production. Because o f the competitive 
na ture of most of Austra lia' s agricultu ra l 
industries, any increase in the supply of a 
commodity from improved weed control 
is likely to result in lower average fa rm 
and reta il prices. These considerations in
dica te that the adoption of improved weed 
control is likely to have economic implica
tions beyond the production leve l, and 
that a modelling sys te m w hk h incorpo
ra tes bo th the farm a nd market compo
nents of the industry is required to accu
rately assess the po tentia l benefits. 

The modelling system for evalua ting 
the impacts of weeds a nd of improved 
weed man agement described in th is paper 
is intended to address two importa nt eco
nomic issues to the CRCWMS. These a re: 
i. the need to evalua te the relative impacts 

of the target weeds at bo th the farm and 
industry levels, and 

ii . the need to determine the full range of 
po tentia l farm a nd ind ustry benefits 
from the development and adoption of 
improved weed control practi ces. 

Achieving both these purposes will faci li
tate the promotion of improved weed con
trol to producers, and assist the CRCWMS 
management to assess the extent to which 
the program's goals have been achieved . 

An economic modelling system for 
evaluating weed problems 
The components of the integra ted eco
nomic modelling sys tem for eva luating 
weed impac ts and the benefits of im
proved weed control technologies are il
lustrated in Figure 1. This system indi
cates that the sequence of evaluation is to 
establish the initial production e ffects in 
terms of the costs of production losses and 
the benefi ts of control. The market impacts 
are then evaluated under a given level of 



146 Plant Protection Quarterly Vo1.1 2(3) 1997 

Farm model 

Supply shift 
measure 

Commodity model 
(market or industry) 

Farm and retail prices 
and quantities; 

elasticity estimates 

Economic surplus model 

Producers' and 
consumers' economic 

surplus 

Benefit-cost analysis Net socia l 
benefit 

Figu re 1. An integrated economic m odel of p roductio n technology 
evalua tion. 

weed incidence or of contro l technology 
adoption in an industry. These estima tes 
then a llow the industry benefits to be es
tablished and the social benefit-cost crite
ria to be calculated . 

In evaluating either the impact of a 
weed or the benefi ts of its control in a pro
d uction system, this modelling approach 
enables the w ith and without weed pro
duction differences to be established and 
these to then be translated into an indus
try supply change under a given level of 
infesta tion or control adoption. The two 
questions th is system assists in answering 
are: 
i. what are the economic effects of weeds 

in production systems and how might 
these change with better weed control?, 
and 

Ii. how might the commodity market 
change and what are the industry-wide 
economic effects? 

The answers to these questions determine 
w hether the development of improved 
weed control is likely to be profitable from 
both the p roducer's and industry's per
spectives. 

Production systems models 
Production systems models establish the 
impacts of weeds at the farm level and the 

output and revenue changes resulting 
from improved weed control. Such esti
mates highlight the costs of weeds and the 
benefits of weed control to prod ucers. The 
main types of production systems models 
are simulation, optimization methods 
such as mathematical programming (lin
ear and non-linear programming) and dy
namic programming, and budgeting. A 
review of the specification and application 
of these modelling methods can be found 
in Vere et al. (1997), Hardaker e/ al. (1991), 
Pannell (1988), and Hazell and Norton 
(1986). In the section Evaluating weed im
pacts: an example application, linear p ro
gramming (LP) has been used to demon
strate the app lica tion of one of these meth
ods in modell ing the effects of weeds in a 
prod uction syste.m. 

These models ca n be broadly catego
rized as being either deterministic or 
stochastic. Deterministic models are those 
developed under conditions of assumed 
certainty. Their advantages are that they 
can be developed and solved with greater 
ease and this enables the analysis of com
plex production systems. Stochastic mod
els allow for the explicit incorporation of 
uncertainty in the model and this allows 
the problem to be more realistically repre
sented in many situations. However, 

stochastic models entail greater complex
ity in their development and are often 
more difficult to solve. 

Model choice depends on the na ture of 
the problem under investiga tion, i.e. 
whether it is de terministic or stochastic, 
static or d ynamic, or whether optimiza
tion, budgeting or simulation is required, 
and w hether the level of analysis is partial 
or whole-farm. A problem is considered to 
be stochastic if importan t variables (such 
as rainfall and commodity prices) are un
certain and can be formulated as a prob
abili ty distribution. Where uncertainty is 
expected to affect the performance of al
ternative strategies, a stochastic method
ology should be used . Deterministic mod
els are appropria te where these variables 
can be adequa tely described by their ex
pected values or the uncertainty is un
likely to affect the ranking or performance 
of the strategies. 

A static method only considers a prob
lem over a discrete time period such as a 
season or year. Dynamic methods con
sider intertemporal effects and allow the 
solution of a problem over a predeter
mined time period . If the problem requires 
the optimiza tion of various options, the 
objective is to maximize or minimize an 
objective function of a number of possible 
variables, subject to various physical and 
institutional constraints. Alternatively, 
simulation modelling seeks to conduct 
sampling experiments on a mathematica l 
model of the system. Optimization mod
els remain a powerful and efficient means 
for determining an optimal plan or strat
egy from a large range of alternatives. 
Again, model choice is based on whether 
the p roblem is to be evaluated at a partia l 
or at a whole-farm level. In agricultural re
search, optimization models are often 
specified as whole-farm while particular 
budgeting techniques such as g ross mar
gins and pa rtial budgets can only be con
d ucted a t a partial level. 

A considerable amount of biological 
and physical information is required to 
develop accurate production system mod
els. This information mainly requires the 
specification of resource endowments, in
put-output coefficients, costs and returns, 
and crop and farming systems. Some of 
these data are in the form of point esti
mates w hile data for more randomly-de
termined variables are required in the 
fo rm of probability distributions. The 
main types of data in the resource endow
ments category are the basic physical con
straints of the research problem, e.g., the 
size of the representative farm or pad
dock depending on the scale of the analy
sis, soil types, irrigation technologies, 
availability of labour and capital, and in
stitutional restrictions such as production 
quotas. 

Input-output coefficients are the major 
da ta requirements and generally are the 



most demanding in terms of biology, ecol
ogy and physical attributes. Particular 
data needs for weed research w ill include 
yields of pasture activities (daily dry mat
ter production) and grain crops (tonnes 
per hectare) without weeds and the yield 
loss relationships for different crop-weed 
densities. Estimates of the relationship be
tween seed banks and weed densities are 
also required for different weed species, a 
range of crops, different geographical lo
cations and soil types. Particular data 
needs are weed seed germination rates, 
mortality rates of seedlings and mature 
plants, fecundity, seed rain survival and 
seed bank dormancy and decay rates. 
Other important information required by 
these models is the effectiveness upon 
yield loss of alternative control agents, 
whether they a re chemica l, mechanical or 
biologica l. Examples of other input-out
put coefficient data include feed energy 
requi rements of livestock (e.g. meta
bolizable energy per cow, ewe or DSE), 
response functions to different inputs (e.g. 
fertilizers), evapotranspiration demands, 
labour requirements per unit (hours per 
hectare), fodder feed energy equivalents 
(e.g. metabolizable energy per hectare, 
bale or tonne), and seasonal or monthly 
pasture transfer efficacy. 

Cost and return data are associated 
with each of the decis ion variables, or en
terprises, of the model. Most of these data 
are specified in the form of gross margins 
and variable costs on a hectare, tonne, 
ewe, cow and bale basis. Where there are 
investment activities (e.g. land purchase, 
irrigation technology, headers and spray 
equipment) these data must be specified 
at either their capital value in the year of 
acquisition in an intertemporal frame
work or amortized, using the term (years) 
and interest rate that is applicable, in a 
static framework. For some problems that 
require a risk analysis, a time series of cost 
and return data may need to be devel
oped. Production systems data also indi
ca te whether the problem requires analy
sis of rotations and whether there are mul
tiple choices among crops, pastures and 
livestock. This will sometimes be gov
erned by the scale of the study as deter
mined by the resource availability, i.e. a 
representative farm compared to a single 
paddock or hectare analysis. The crop and 
farming systems data should comprehen
Sively cover the detailed interactions that 
occur between crops, pasture and live
stock enterprises. 

Industry models 
Industry level eva luations of weed im
pacts may be undertaken because produc
tion systems models typically assume that 
output prices are not affected by the 
changes in resource allocation or product 
mix. This may be realistic when one farm 
is considered since changes in its output 
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Figure 2. Effect of supply shift from weed control in an industry. 

will rarely affect market price. Where im
proved weed control is widely adopted in 
an industry, the sum of all farm level 
changes is likely to cause output price 
changes and subsequent changes in pro
duction and consumption. 

Economic surplus is a concept which 
has often been used to evaluate the indus
try impacts of production constraints 
such as weeds, or from the adoption of 
production-increasing technologies such 
as improved weed control. Economic sur
plus comprises consumers' surplus, which 
is the difference between the benefits from 
consuming a product and the costs of ob
taining it, and producers' surplus, which 
is the difference between the returns and 
costs of production. The economic surplus 
model provides a means of calculating 
these changes where the supply of a com
modity is either constrained by weeds, or 
increased by improved weed control. 
There are two general situations in which 
the economic surplus model is useful in 
the weed impact context. 

Schematic economic surplus model. This 
situation is illustrated in Figure 2 in which 
weed control shilts the commodity supply 
curve (So) outward while the demand 
curve (RDo) remains stationary. Pre-weed 
control production is Qo which attracts a 
market price of Po. Producers have an eco
nomic surplus equivalent to PoAC whi le 
consumers' surplus is the area PoAF. The 
main economic effect of weed control is to 

reduce per unit production costs and shift 
the product's supply curve outwards to 51. 
The area of economic surplus is now FBD 
comprising consumers' and producers ' 
surpluses of P1BF and P1BO, respectively. 
The areas of total economic s urplus 
change represent the impact of weed con
trol on both consumers and producers . 
The net change in economic surplus is 
equivalent to the benefits of weed control. 
This is given by CABO which is the differ
ence between the areas FAC and FBD. 
CABO incorpo rates the production cost 
red uctions for the initial output Qo 
(CAEO), and the va lue to consumers of the 
extra production at 51' net of prod uction 
costs (ABE). The formulae for the cha nges 
in the economic surplus areas are given in 
Alston (1991): 
Change in consumers' surplus: 

lJ.C5 = PoQoZ(1 + O.5Z~) (1) 
Change in producers' surplus: 

lJ.P5 = r oQo(K - Z)(1 + O.5Z~) (2) 
Change in to tal surplus: 

lJ.T5 = PoQoK(1 + O.5Z~) (3) 
= lJ.C5 + lJ.P5 

where, Po and Qo are the initial equi lib
rium market-clearing price and quantity 
for the commodity, Z is the percentage re
duction in price arising from the supply 
shift defined as Z = KE /(E+Tj ), K is the ini
tial vertical supply shift expressed as the 
percentage reduction in production costs 
from the adoption of the new technology, 
and E and TJ the price elasticities of supply 
and demand. 
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Industry econometric model·economic 
surplus model. This situation utilizes a 
quantitative industry model to predict 
new equilibrium prices and quantities fol
lowing weed control (Figure 3). This 
model permits the impacts of weeds and 
their control to be simulated on the main 
variables (supply, demand and prices), 
and for these impacts to be translated into 
measures of economic surplus change. 
One type of industry model which has 
been used in technology impact evalua
tions is the structural econometric model 
(Vere e/ al. 1994) which is specified as a 
system of equations representing the in
dustry's production, consumption, and 
price determination processes. This model 
is particularly useful in evaluating weed 
impacts because it enables the dynamic 
effects of weeds and the responses to 
weed control to be traced out over time as 
the model solves period by period . 

In simulating the industry impacts of 
weeds using a structural econometric 
model, parameter values are altered to re
flect the new technology, the model re
solved, and the results compared with the 
base model solution. In this situation, the 
model defines the initial industry equilib
rium quantity (Qo) and price (Po) , which 
together define point A (Figure 2), the 
changed quantities and prices Ql and PI' 
which together with the elasticities of sup
ply (E) and demand ('1) for the commodity 
and the vertical shift in the supply func
tion (K), define point 8. The economic sur
plus formulae in this situation differ from 
those in the first because they are based on 
the simulated price and quantity changes 
rather than on assumed parameter and 
initial equilibrium values. 
Change in consumers' surplus: 

t.CS = P" Q"EP,(1 + O.5EQ,) (4) 
Change in producers' surplus: 

t.PS = P" Q,,(EPr - K)(1 + O.5EQr) (5) 
Change in total surplus: 

t.TS = t.CS + t.PS (6) 
where, the subscripts It and f relate to the 
retail and farm levels of the industry re
spectively, and the parameters EPR! EPr, 
EQR and EQr are the relative changes in 
retail and farm prices and quantities 
which are derived from the model simula
tion solutions. 

The main difference between the sche
matic and the econometric economic sur
plus methods in evaluating weed impacts 
is that in the first, an initial market equi
librium is given and the estimated supply 
shift and industry parameters determine 
the new equilibrium price and quantity. 
Economic surplus is measured as a shift 
away from the initial point. In the second, 
the econometric model predicts the new 
prices and quantities and economic sur
plus is measured as a shift towards the 
new equilibrium. The first method is 
easier to implement, but the second is 
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Figure 3. Components and linkages in an econometric commodity model 
(Labys 1984). 

more reliable if a quantitative industry 
model is available. Using either method to 
evaluate weed impacts, three issues have 
to be addressed: 
i. the extent of the supply shift caused by 

the weed, 
ii. the effects of different levels of adoption 

of a particular control technology on an 
ind ustry, and 

ill.the time path of adoption of the control 
technology within the industry. 

The extent of the supply shift is a major 
factor in determining weed impacts. In the 
weed control situation, the supply shift 
parameter (K) in the producer surplus 
equations (1 and 4) is measured in terms 
of the production cost reductions, which 
result from weed control. K is usually de
rived as a proportional supply shift di
rectly from the farm model solutions 
where it is defined as being the percentage 
red uction in the marginal unit cost of pro
duction for the weed-affected and weed
free systems, expressed as a proportion of 
the commodity's farm price. Estimating 
the adoption rates of a new weed control 
technology defin~s the part of the indus
try most likely to be affected by its intro
duction. In ex a1lte situations, adoption 
rates are often given in terms of either the 
number of producers expected to adopt 
improved weed control or the number of 
production units likely to be affected. 
These can usually be established by ask
ing researchers and industry experts to 
nominate likely adoption scenarios, and 
are most conveniently expressed as 
changes in the level of production, i.e. con
trolling a certain weed is likely to increase 

average production by some proportion. 
This can then be converted into an adjust
ment factor to the equilibrium production 
level for use in the econometric simula
tions. Adoption rates measured in these 
terms are usually sensitized according to 
various criteria. In ex post analyses, adop
tion rates can be more directly measured 
through surveys and other methods. 

The need to incorporate the industry's 
time path of adjustment recognises the 
time required for improved weed control 
to be absorbed into an industry. This con
sideration affects the time flow of benefits 
from weed control, which then affects the 
benefit-cost comparisons over time. This 
means that technologies which are rapidly 
adopted are likely to have greater long 
term pay-offs than those with longer 
adoption profiles. The effects of different 
adjustment periods can be examined by 
simulating the weed impacts over differ
ent samples within the econometric mod
el's estimation sample period. For exam
ple, the effects of quick adoption might be 
simulated over one year and over several 
years where adoption is based on longer 
lags. This is likely to produce different sets 
of equilibrium prices and quantities, dif
ferent levels of change in economic sur
plus and hence, different benefit-cost cri
teria when the benefit flows are dis
counted over time. 

Benefit-cost analysis 
In this integrated modelling system the 
benefit-<:ost analysis (BCA) is the endpoint 
of the evaluation for a particular weed. 
This will usually be a social BCA in which 



the benefit esti mates are derived from the 
economic surplus model component and 
the costs are those of the research program 
for the weed in question. BeA is necessary 
because weed control options wi ll likely 
involve different flows of costs and re
turns over time and this requires the use 
of discounting procedures. Some difficul
ties may arise in the social BCA context 
where it is necessary to measure all mon
etary benefits and costs and those for 
which market prices do not exist or are 
difficult to establish under normal pricing 
methods. Valuing environmental benefits 
and costs from weeds on public lands is 
an example in which non-market pricing 
methods have to be adopted. 

Evaluating weed impacts: an 
example application 
This section presents an example to dem
onstrate the application of the modelling 
system described in the preceding sections 
in evaluating the economic effects of 
weeds. The weed problem scenario con
sidered in this example is hypothetical 
and concerns Pa terson's curse in an irri
ga ted sub-clover pasture in the Murrum
bidgee Irrigation Area . While Paterson's 
curse is one of the four main ta rget weeds 
in the CRCWMS research program, the 
actual parameters required for this type of 
analysis have yet to be established. The 
purpose of this (ex ante) example is to 
demonstrate the potential benefits of us
ing this modelling system to eva luate 
weed control where it involves direct in
teractions between farm resources over 

time and market effects from 
supply increases. 
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Table 3. Month ly irrigation requ irements (ML 
ha·' ). 

Production systems analysis 
A LP model was constructed to 
represent a typical irrigated 
fa rm of 250 hectares. The main 

September 
October 

ac tivity is second-cross lamb November 
production which utilizes irri
ga ted lucerne and sub-clover 
pastures w hich are directly 
consumed by livestock, how
ever sub-clover can addition
ally be baled and sold as hay. 
Lucerne is only grown on land-

December 
January 
February 
March 
April 

formed irrigation layouts w hile sub-dover 
can be produced on both land formed and 
non-land formed layouts. Sub-clover can 
also be grown as a dryland enterprise if 
irrigation water is limiting. The model's 
objective functi on is to maximize whole
fa rm gross margin, the va lues of this func
tion being given in Table 1. The lamb pro
duction and sub-clover ha y enterprises 
have positive values as they are outputs 
from the production process, while the re
maining activities have negative va lues 
(representing variable costs of produc
tion) as they are production inputs. Dry 
matter production is 10.42 and 9.02 tonnes 
per hectare for sub-clover grown on land
formed and non-land formed layouts re
spectively. The annual lucerne dry matter 
production is 14.75 tonnes per hectare. 
These yield figures are converted to an 
energy equivalent of livestock months 
(LSM's) to be consistent with the feed en
ergy demands of livestock. The main im

Lucerne 

1.12 
0.80 
1.12 
1.12 
1.12 
1.16 
0.80 
0.80 

Landformed Non-Iandformed 
sub-clover 

1.00 

2.30 
1.40 
0.90 

sub-clover 

2.30 
0.70 

respective ly_ The monthly irrigation re
quirements specified for these activities in 
the model are given in Table 3. 

Table 1. Objective function values of the LP 
model's activities. 

pact o f Paterson's curse is as
sumed to result in a 20% reduc
tion in the sub-clover pasture's 
dry matter production. 

The LP results in Table 4 indica te the 
differences in the with and without weed 
control situations. Through its impacts on 
pasture dry matter production, the eco
nomic effects of Paterson's curse is to re
duce whole-farm gross margin by $7303, 
or 12%. Breeding ewe numbers decline by 
144 (8.6%) because of the lower feed avail
abil ity, whi le sub-clover hay sales decline 
by 473 bales (8.7%). There is a small in
crease in the area of land formed sub-clo
ver at the expense of lucerne pasture, due 
to winter feed ava ilabi lity becoming a lim
iting resource as ewe feed requirements 
are highest in this period . As lucerne pro
vides only minimal feed in winter, it is 
partly offset by the higher winter produc
ing sub-clover despite this activity having 
suffered a yie ld decline due to Paterson's 
curse. The overall impact of the weed is to 
reduce whole farm profit by approxi
mately $29 per hectare. At present gross 
margin estimates, this loss is equivalent to 
about one breeding ewe per hectare. 

Second-cross lambs ($ ewe-I) 
Sub-clover hay ($ bale") 
Lucerne ($ ha") 
Landformed sub-clover ($ ha") 
Non-Iandformed sub-clover ($ ha·l) 
Dryland sub-clover ($ ha") 
Irrigation water ($ MLI) 
Hay making ($ bale") 
Permanent labour ($ man y.l) 

50.00 
2.50 

40.00 
30.00 
25.00 
10.00 
12.73 

1.35 
30000 

Details of the seasonal de
mands and supply of feed en
ergy, a long with seasonal la
bour demands, are given in 
Table 2. Lucerne requires 10 
megalitres per hectare of irriga
tion water, and sub-clover pas
tures on Landformed and non
land formed layouts require 5.6 
and 4.9 megalitres per hectare, 

Table 2. Seasonal feed energy and labour co-efficients. 

Spring Summer Autumn Winter 

Feed supply (LSM h.·' ) 
Lucerne 66.90 91.55 51.47 35.60 
Landformed sub-clover 49.98 0.00 32.59 56.23 
Non-Iandformed sub-clover 43.16 0.00 28.14 48.90 
Dryland sub-clover 14.38 0.00 8.99 25.48 
Feed demand (LSM ewe-I) 5.69 4.29 6.67 8.49 

Labour requirements 
Lucerne (h ha") 1.60 4.80 1.91 0.65 
Landformed sub-clover (h ha") 1.00 1.19 1.16 0.10 
Non-Iandformed sub-clover (h ha") 0.50 0.76 1.87 0.13 
Dryland sub-clover (h ha") 0.10 0.15 0.37 0.03 
Second-cross lambs (h ewe-I) 0.15 0.05 0.07 0.06 

Industry analysis 
The significance of this loss to the prime 
lamb industry was evaluated using a 
structural econometric model of the Aus
tralian industry (Vere et al. 1994). The 
main e ffect of Paterson's curse control was 
expressed through the increased number 
of breed ing ewes that could be carried in 
the region on the additional feed, and the 
subsequent effects of this on the Austral
ian lamb industry. This was estimated to 
beequivalent to an increase in the national 
short wool breed ing ewe inventory of 
about 1%. The supply shift parameter fol~ 
lowing weed control (K in equation 5) was 
derived from the LP solution and was esti
mated to be a 19-cent per kilogram live
weight reduction in the cost of lamb pro
duction_ The lamb prices and qua ntity 
changes (Table 5) came from the results of 
an econometric si mulation of what were 
the before and after weed control situa
tions where the latter was represented by 
the ewe inventory increase (a 2% inven
tory increase was a lso evaluated for com
parison). 
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Economic surplus alia lysis 
Incorporating these parameters in the eco
nomic surplus equations 4 and 5 yielded 
the benefit estimates for Paterson's curse 
control (Table 6). The results indicate that 
the control of this weed in one New South 

on farm plan . 

Weed control 

1525 
4958 

71.5 

103.5 
75.0 

3897 
o 

6012 
10405 

4782 
6544 
3679 
2545 
5592 
634 

1379 

480 
593 
508 
167 

Tabl e 5. Econometric mod e l p aram ete r 
estimates for the economic surplus model. 

ParameterA 

Farm lamb price (POF) 
Lamb production (Q,,) 
Retail lamb price (Po.) 
Retail lamb demand (Q,,) 
Supply shift (K) 

Short wool breeding ewe 
inventory increase 

1% 2% 

20.33 
262.59 
87.57 
230.79 

-0.14762' 

19.85 
265.12 
87.10 
232.83 

-0.14762 

A given as average 1990 values; prices are in rea l terms 
(deflated by the CPI). 
8 K = 19/128.71 where the denominator is the nominal 
1990 average farm lamb price. 

Table 6. Res ults of econo m ic s urplus analysis 
annual bene fits from Paterson 's curse control 
in the Murrumbidgee Irriga tion Area 
($million s). 

Short wool breeding ewe 
inventory increase 

Change in consumers' surplus 
Change in producers' surplus 
Change in total economic surplus 

1% 2% 

1.091 
7.348 
8.440 

2.172 
6.620 
8.791 

benefit from improved weed control. A 
benefit-cost analysis has not been at
tempted because the costs of research into 
this weed have yet to be determined. 
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