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Abstract

'The' anniaal economic loss of apricultural preduction coused by weeds in
Australia bas been eshmaled to wxeeed $3.3 billion This loss now approximates

'the average annual net value of Australian farnt production. In an altempt fo
address this problem, the Cooperative Research Centre for Weed Management
Systerns (CRCWMS) was established in 1995 under the federal government's

- cooperative research centre program, To achieve its goal of reducing the anhual
costs of weods Lo Australia by at least 10pecent by the year 2000, the CRCWMS

must demonstrate that its 1esearch will benefit both the farming sector and the
overall community. This paper describes the development of an integrated
economic system for evaluating these benefits and its appheation in evaluatmg

~ the benefils of controlling a major weed of Australian grazing systems in the
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1.  Introduction

Weeds are a major econonic problem in Australian agriculture because most farm pmducts
are produced under extensive systems at yields which are low relative to those in other
countrizs. Weed losses resuit from yield and quality reductions, the costs of control inputs
and in extreme weed-effected situations the costs of adjustment to new production systems,
Spreading weeds also impose external costs where their effects are not internalised within
the farm. The total cost of weeds to Australian agriculture is estimated to be $3,3 billion per
annum in terms of lost productivity and control costs (Anon, 1995). The most recent
disaggregated cost estimate comes from Combellack (1987) who suggested that weeds
annually cost $2.1 billion based on 1981-82 statistics and this was likely to increase to $2.8
billion by 1987, This estimate comprised the direct costs of weed control (cultivation,
herbicides and application), and the indirect costs of yield loss and product contamination, -
Losses in c.ops and pastures were 61% and 24% of this cost estimat;e respectively.

Estimates of weed costs provxde an economic basis for rationalising the weed control

programs of producers and governments, arid for directing weeds research programs (Vere
and Auld 1982), Despite the economic importance of weeds in Australian agriculture, there
have been few attempts to rigorously estimate their costs, The available estimates tend tc be
presented in aggregate and apart from Combellack (1987), rarely reveal how they were

derived or even what they include, Over 30 years ago, it was suggested that weeds tend to

be taken for granted, and are so common and widespread that their economic costs in terms

of productivity losses and control inputs are not generally appreciated (United States

Department of Agriculture 1965). This remains the case despite advances in the methods for

inapping weed populations and in assembling other weed data.

To be able to realistically assess the extent to which it has achieved its goal of having
reduced the costs of weeds in Australia by at least 10% per annum by 2000, the Cooperative
Research Centre for Weed Management Systems (CRCWMS) must demonstrate that its
research into improved weed management will benefit both the farming sector and the
community. First, new weed control technologies have to be assessed as being both
technically and ecoriomically feasible to encourage prc)ducer adoption, This mqmres the use
of farm-level models to establish the output and revenue changes resulting from the better
weed control, given farm constraints and producer objectives, The results of agplymg these
models provide producers with comparative assessments of the economic benefits of
achieving improved weed management whicl come through the opportunities to lower
production costs. Second, the widespread adoption of improved weed control might also be
expucted to have important mdustxy effects where this results in an increased level of
production at lower unit cost. This is because the competitive nature of most of Australia’s
agricultural industties suggests that an increase in supply is likely to result in average farm
and retail prices which are lowes than those existing prior to the adoption of improved
weed management, Both these considerations indicate that the adoption of improved weed
control is likely to have economic implications beyond the production Jevel, and that a
modelling system which im:orporates both the farm and market components of the industry
is required to accurately assess the potential benefits.

The modelling system for evaluating the impacts of weeds and of improved weed
management described in this paper is intended to address two importanit economic issues
to the CRCWMS; (i), the nzed to evaluate the relative impacts of the target weeds at both
the farm and industry levels, and (ii), the need to determine the full mnge of potential fari
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and mdmh*y bmeﬁts fmm tlw, dewlopmcnt and adoption of impmved weed control
practices. Achieving these purposes will fucilitate the promotion of improved weed control
to producers, and also nssist management in assessing the extent to which the program’s
goals have been achieved.,

2. An Economic Modelling System for Evaluating Weed Problems

The application of economic madels to wcecf management pmblt,,ms has not been extensive
in Australia. Most of the past economic research in the weeds area has been in relation to
the effects of weeds in production systems, In this context, optimisation methods and
dynamic programming (DP) and linear programming (LP) in purlicular, have been used to
evaluate control strategies for several weed *3}1(.‘CIL$ (Pannell 1988). Fisher and Lee (1981)
used DP to solve the rolationt problem faced by grain growers in north-west New South
Wales in areas where wilt oals and grown vol have a significant effect on wheat yields,
Kennedy (1987) also adopted a DP approach to calculate the optimal herbicide rates for
controlling hardyheads in Victoria, Pandey (1989) developed a stochastic dynamie
programming (SDP) model to assess control measures for wild oats, while Pandey and
Medd (1990) used deterministic DI, linked to a bio-economic simulation model, to assess
the economic feasibility of seed kill for controlling wild oats in wheat, Further research by
Pandey and Medd (1991) again utihsed the SDI%bio-ecor.omie simulation model framework
to analyse a continuous wheat cropping systent infested with wild oats, The Pandey (1989)
and Pandey and Medd (1991) studies are two of the very few which have considered the
effects of risk in Australian weed problems. Gorddard (1991) used DP to identify optimal
resistance management strategies using the =cample of ryegrass herbicide resistance in
Westen Australian wheat production systems,

Of the LP applications, Pannell and Panetta (1986) used a whole-farm mixed infeger
programnming (MIP) model to estinmte the cost uf skeleton weed in the Westerit Australian
wheatbelt, while Schmidt, Pannell and Stewart (1994) used LP to assess the economic
implications of adopting alternative managemunt practices for the control of herbicide
resistanice in ryegrass, Other economic weed analyses have utilised simulation in assessing
the skeleton weed eradication program in Westarn Australia (Pannell 1984), and resporise
functions and differential calculus to determine optimal herbicide rates (Pannell 1990).

Analyses which have considered the imipacts nf weeds beyond the farm have mainly
involved the application af benefit-cost and economic surplus analysis lo assess the costs of
weeds at the farm and community (e.g, Vere, Sinden and Campbell 1980; Edwards and
Freebairn 1982; Industries Assistance Commission 1985; Vere, Auld and Campbell 1993).

The main components of the integrated economiz modelling syslem for evaluating weed

impacts and improved weed control in farm production systems is illusitated in Figure 1.

This indicates that the modelling sequence is to pstablish the initia} production effects in

terms of the costs of production losses and the benefits of contzol, to evaluate the market

impacts under a given Jevel of control technology adaption, and therive to calculate the
changes in economic surplus and the social benefit-vost cnteria.

In evaluating either the impact of a weed or the bet.efits of its control, this modelling system.
enables the with and without weed production differences to be established and these to
then be translated into an industry supply change tnder a given level of weed infestation or
weed control adoption, The two questions this system assists in answering are (i), what ase
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the economic effecta of weeds in pmduction systems and bow might these change w:th,
better weed control? and (i), how might the commodity market change and what are the
industry-wide economic effects? The answers to these questions determine whether the
development of improved weed control 1s likely to be profitable from both the producer's

and industry’s perspeclives.

S

Figure 1: An integrated economic model of production technology evaluation
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3. Modelhng System Camponeuts
31 Production systems models

Production systems models can be grouped as being either deterministic or stochastic, The
deterministic group of models ane those developed under conditions of assumed certainty, The
advantage of these models is that they can be developed and solved with grealer ease and this
enables the analysis of complex production systems, Stochastic models allow for the explicit
mcorporation of uncertainty in the model and this allows the problem ta be more mahstmany
represented in many situations, However, stachastic models entail greater compiemﬁy in their
development and are often more difficult to solve,

The choice of the appropriate model depends on the characteristics ar the problem under
nvestigation, i.¢, whether it 15 deterministic or stochastic, static or dynamic, whether
optimisation, budgeting or simudation is required, and whether the level of analysis js
partia! or whole-farm. A problem 1s considered to be stochastic if important variables (such
as rainfall and commodily prices) are uncertain and can be formulated as a probability
distribution. Where uncertainty is expected to affect the performance of alternative
strategies, a stochastic methodology should be used. Deterministic approaches are
appropriate where these variables can be adequately described by their expected values or
the uncertainty is unlikely to affect the mmkmy or performance of the strategies.

A static methadology only considers a problem over a discrete time period such as a season
or year. Dynamic methodologies consider intertemporal effects and solves the problem over
a predetermined time, If the problem requires the optimisation of various options, the
objective of the model is to maximise or ‘minimise an objective function of a number of
possible variables, subject to a range of physical and institutional constraints. Alternatively,
stmulation modelling seeks to conduct sampling experiments on a mathematical model of
the system. Reasons for adopting simulation over optimisation models are mainly to
account for risk or where there are complex ob,ectwe functions (such as utility functibn%)

Optimisation models remain a powerful and efficient means (even when risk is invelved)
for determining an optimal plan or strategy from a large range of alternatives. Modelling
choice is also based ot whether the problem is to be evaluated at a partial or at a whole-
farm level. In agricultural research, optimisation models are often specified as whole-farm
while particular budgeting techniques such as gross margins and partial budgets can only
be condlucted at a partial level, A whole-farm approach should be adopted where there are
important interactions between farm tesources and on-farm activities.

A considerable amount of biological and physical information on the production systems
involved are required to develop production system models, This information mainly
requires the specification of resource endowments, input-output coefficients, costs and
returns, and crop and farming systems, Some of these data are in the form of ;:mint
estimates while other data, for random variables, are required in the form of probability
distributions, The main types of data in the resource endowments category are the basic
physical constraints of the research problem, e.g,, the size of the sepresentative farm or
paddock, depending on the scale of the analysis, soil types, irrigation technologies,
availability of labour and capital, and inslitutional restrictions such as production quotas,

Input-output coefficients are the major data requirements and generally are the most
demnndmg in terms of biology and pbysical attributes. Parhcular dm needs for weed




An ) vtegrated Economic Appronch to Evalunting the Farm and Industry Benefits of Weed Control it
Agriv oltural Pmdszctim Sysmnw Vere, Imws nnd Gt‘iffﬁh

research will inc]ude yields of pasture actwihes (daily dry matter produchon) and gxain
crops (tonnes per ha) without weeds and the yield loss relationships for different crop-weed
densities. Estimates of the relationship between seed banks and weed densities are also
required for different weed species, a range of crops, different grographical locations and
soil types. Other important information required by these models is the effectiveness upon
yield loss of alternative control agents, whether they are chemical, mechanical or biological.
Examples of other input-output coefficient data include fecundity equations for determining
weed reproduction, feed energy requirements of livestock (e.g. metabolisable energy per
cow, ewe or DSE), response functions to different inputs (e.g, fertilisers), evapotranspiration
demands, labour requirements per unit (hours per ha), fodder feed energy equivalents {e.g.
metabolisable encrgy per ha, bale or tonne), and seasonal or monthly pasture transfer
efficacy.

Cost and return data are associated with each of the decision variables, or enterprises, of the
model. Most of these data are specified in the form of gross margins and variable costs on a
hectare, tonne, ewe, row and bale basis. Where there are investment activities (e.g. land
purchase, irrigation technology, headers, spray equipment and hay and silage making
equipment) these data must be specified at either their capital value in the year of
acquisition in a dynamic or multiperiod framework or amortised, using the term (years)
and interest rate that is applicable, in a static framework. For some problems that require a
risk analysis, a time serjes of cost and return data may need to be developed,

The crop and farnung systems data required penerally indicate whether the problem
requires an analysis of rotations, where there are multiple choices among crops, pastures
and hivestock. This will sometimes be governed by the scale of the study as determined by
the resource availability, 1.6, a representative farm compared to a single paddock or ha
analysis. The crap and farming systems data should comprehenstvely cover the detailed
interactions that oceur between crops, pasture and livestock emttarprlses.

3.2 Industry models

Industry level evaluations of weed impacts are also necessary because production systems
models typically assume that output prices are riot affected by the changes in resource allocation
or product mix, This may be realistic when one farm is considered since changes in its output
will rarely affect market price. However, when impraved weed coritrol technology is expected to
be widely adopted in an industry, the aggregats of all farm level changes may result in a change
in commodity prices, The economic surplus model provides a means of caleulating the size of
these changes where the supply of a commodity is either vonstrained by weeds, or increased ‘by
the adoption. of improved weed control. There ate two gerieral situations in which the econornic
surplus model is useful in the weed impact context,

321 Schematic economic surplus model

The schematic economic surplus model is illustrated in Figure 2 in which waed. control shifts the
commodity supply curve (So) outwird (to 51) while the demand curve (RDo) remains stationary.
Pre-weed control production is at Qu which attracts a market price of Po. Producers have an
economic surplus equivalent to PiAC while consumers” surplus is the area PoAF, The main
econamic effect of weed control is to reduce per unit production costs and shift the pmduai’s
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supply curve uutwards to 5. The area of econommic 5urplus is now F’BD comprising consumers’
and producers’ surpluses of P\BF and P\BD), mmetiveiy.

These areas of total economic surplus change represent the impact of weed control on both
consumers and producers, The net change in economic surplus is equivalent to the benefits of
control and this 1s given by the area CABD, the difference between the areas FAC and FBD, The
incremental benefit area (CABD) im orporates the production cost reductions for the initial
output (o (the area CAED), and the value to consumers of the extra production at Sy, net of
production costs (the area ARE). Where the supply curve shift is parallel so that the vertical
distance between the two supply curves is constant, and following Alston (’1991), the changes in
the economie surplus arcas fmm weed control can be estimaled as;

Figure 2 The effect of a supply shift from improved weed control

Price
F

BB mBcEREY imnrn

Sl _ Qumy |
Change in consumers’ surplus; -
ACS = PO, Z(1+0527) | BN )

Change in producers’ surplus; |
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C‘hange n mml surpms,
ATS = PO, K(14-0527)

= ACS + APS @
where, Py and Qo are the initial equilibrium market-clearing price and quantity for the
commodity, Z is the percentage reduction in price arising from the supply shift defined as Z =
Kef(etn), K is the initial vertical supply shift expressed as the percentage reduction in
proctuction costs from the adoption of the new teci nnology, and & and 1 the price elasticities of
supply and demand.

3.2.2 Industry (econometric) model-economic surplus model

This approach requires the use of a quantitative industry model to medict new equilibrium
prices and quantities following weed control, Such a 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 economiic surplus x:hang,e Qne type of
industry model which has been used in technology impact eveluations is the structural
econometric model (Figure 3). This model is specified ax a system of equations which
represent the industry’s production, consumption, and price determination processes, The
model solves simultancously {o generate the equilibrium valves for the set of endogenous
variables. The results enable the direct calculation of the new equilibrium prices and
quantities and thie elasticity values which are obtained from the estimated relutionships, The
structural industry model 15 particularly useful in evaluating weed impucts because jt
explains how past economic decisions were made so that these decisions might be predicted
into the future. The main advantage o1 econometric simulation in this situation is that the
dynamic effects of weeds and the responses to weed v:mtml can be traced out aver time as
the model solves period by period. ,

In simulating the industry impacts of weeds using a structural econometric mcdelf
parameter values are altered to reflect the new technology, the model re-solved, and the
results compared with the base model solution. Here, the model defines the initial industey
equilibrium quantity ((Je} and price (), which together define poiat A (Figure 2), the
changed quantities and prices Qs and P, which together with the elasticities of supply ()
and demand (n) for the commodity, and K, the vertical shift in the supply function, define
point B. These calculations enable the changes in economic surplus to be determined. The
economic surplus formulae it this situation differ from thase in the first because they are
based on the simulated price and quantity changes rather than on assumed parameter and
initial equilibrium values, and are given as;

Change in consumers’ surplus;

ACS = Py QP (1+05EQ,) ~ @
Change in producers’ surplus; o ‘

BPS = Py (ED, r"“KXI‘*‘OsLQﬁ) ©)
Change in total surplus; L o

ATS = ACSMI’S , )
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Figure 3: Australian lamb induntry model components and linkages (Vere et al,, 1094) |
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where, the subsc ipts x and ¢ relate to the retail and farm fevels of the industry respegtively,
and the parameters EPk, EPy, EQr and EQr are the relative changes in sotail and farm prices
and quantities which are derived from the model simulation solutions.

The main differenice between the schematic and the ecenometric economic surplus methods
in evaluating weed imypacts is that in the first, an initial market equilibrium is given and the
given supply shift and indust:y parameters determing the new equilibrium prices and
quardities. 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 surplus
chang= is measured as a shift towards the new equilibrium. The first method is easiar to
implement, but the second is more reliable, Using either method in a weed impact
evaluation context, threc jssues have to be addressed; (i) the extent of the supply shift
caused by the weed, (ir) the effects of difierent levels of adoption of u control technology on
an industry, and (i) 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

contrsi situation, the supply shift parameter (K) in the producer surplus squations is
measured in terms of the production cost reductions which result from weed control, K can
be derived as a proportional supply chift ditectly from the farm model solutions where it is
defined as being the percentage reduction jn the marginal unit cost of production for the
weed-affected and weed-free systems, expressed ns a proportion of the commodity’s farm

arwnes  sas - » = - . ey
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price. Alh.mahvely, K can be deriw,d fmm produclt(m or x:ost function analysis where it is
considered that the componenis of technical change are important, This method allows the
incorporation of the effects of both neutral technical change, where the techiology results in
a shift in output from the same mix of inputs and their proportions, and biased technical
change which occurs where production shifts are due to a change in the input mix which
biases the use of one factor of production. The second method might sometimes be
preferred because it conforms mora closely to production économics theory, If K is to be
determined from a production fantetion, it is necessary o convert the biological effects of
weed control on yield into an equivalent shift in the initial supply curve Sy in Figure 2, This
is given as the difference in the marginal costs of produclion between the weed-affected ard
weed. ‘ree systems. :

Estimating the adoption rates of a new weed control technology defines the part of the
industry most likely to be affected by its introduction. ki ex anfe situations, adophion rates
are often given in terms of cither the number of producers expected to adopt improved
weed contrcl or the number of production umts likely to be affected. These can be
established by elicitation methods (asking researchiers and industry experts to nominale
likely adoption scenarios), and are most conveniently expressed as changes in the level of
production, i.e., controlling a cerlain weed is likely to increase average production by some
proportion. This can then be converled inlo an adjustment factor to the equzlxbrxum
praduction level for use in the econometric simulations. Adoption rates measured in these
terms are usually sensitised according to various criteria, In ex post analyses, adoplion rates
can be more directly measured through surveys and other methods,

The need to incorporate the industry’s ime path of adjustment recognises the time required
for improved weed control to be absorbed into an industry. This consideration 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 payolfs that those with longer adoption profiles, The effects of different
adjustment periods can be examined by simulating the weed impacls aver different
samples within the econometric madel's estimation sample period. For example, the effects
of quick adoption might be simulated over one year and over several years where adoption
15 based on longer lags. This 1 likely to produce different sets of equilibriuin prices and
quantities, differen: Jevels of change in economic surplus and hence, different benefit-cost
criteria when the benefit flows are discounted over time.

4.  Benefit-Cost Analysis

In this integrated modelling system, the benefit-cost analysis (BCA) is the endpoint of the
evaluation for a particular weed. This will usually be a social BCA in which the benefit
estimates are derived from the economie surplus model component and the costs are those
of the rsearch program for the weed in question. BCA is necessary because weed control
options will likely involve different flows of costs and returns over time and this requires
the use of discounting procedures, Some difficulties may arise in the social BCA context
where it is necessary to measure all monelary benefits and costs and those for which markei
prices do not exist or are difficult to establish under normal pricing methods, Valuing
environmental benefits and tosts from weeds on public lands is an example in which non-
markel pricing methods have to lmadopte& ;
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5. Evaluating Weed Impacts: An Example Application

This section presents an example (o demonstrale the application of this economic modelling
system in evaluating weed problems. The example describes the application of this system
in evaluating the furny and indusiry impacts of a weed problem and traces the cost from the
farm level to the broader indusiry using a combination of LP, econometric modelling and
economic surplus analysis. This weed scenario is hypothetical and considers the effecls of
Paterson’s Curse in an irrigated sub-clover pasture in the Murrumbidgee Irrigation Areal.
Here, the main assumption is the impact of Paterson’s Curse in these pastures results in a
20 percent reduction in dyy matter production, ‘

51  Production aystem analysis

A LP model was constructed to represent a 250 hectare farm which is fully irrigable and 70
percent landformed. The irrigation allocation js 1,400 megalitres annually and there is a
water delivery constraint of 550 megalitres per month to the farm. There is one owner-
operator who contributes 56 hours of labour per week to the farm operation which is
converted into a seasonal equivalent. The main activity is second-cross Jamb production
which utilises lucerne and sub-clover pastures, Lucerne is only grown on the landformed
areas while sub-clover is produced on both layout types. Sub-clover can also be grownasa
dryland enterprise if irrigation water is Jimiling. Both lucerne and sub-clover are direclly
consumed by hvestock, :

The objective function values aie given in Table 1, Only second-cross lamb production and
sub-clover have positive valugs, while the remaining activities have negative values as they
are production inputs. The objective function of the model is to maximise whole-farm gross
margin. Dry matter production is 10,42 and 9.02 {onries per bectare for landiormed and
non-landformed sub-clos er sespectively, The annual lucerne dry malter production is 14.75
tonnes per hectare, These vield figures are converted to an energy equivalent in livestock
months (LSMs) to be consistent with the feed energy demands of livestock, Details of the
seasonal demands and supply of feed energy, along with seasonal labour demands, are
given in Table 2. Lucerne requires 10 megalitres per hectare of irtigation water, sub-clover
on landformed Jayouts 5.6 and sub-clover on non-landformed layouls 4.9 megalitres per
hectare. The monthly irrigation requirements specified for these activities in the model are
given in Table 3,

The LP results in Table 4 indicate the differences in the with and without weed situations,
Here, the impact of Palerson’s Curse, represented fhrough a 20 percent decline in sub-
clover pasture dry matter production, reduces farm gross margin by $7,303, or 12 percent,
Breeding ewe numbers decline by 144 (8.6 percent) because of the lower feed availability,
while sub-clover hay sales decline by 473 bales (8.7 percent), There is a emall increase in the
area of landforived sub-clover at the expense of luceine pasture, because winter feed
availability becomes a Jimiting resource as ewe feed requirements are highest in this period.
As lucerne provides only minimal feed jn winter, it is partly offset by the higher win.er

' Paterson’s Curse {8 one of the four main “largel” weeds in the CRCWMS research program. To dale, the
actued paramaters required. [of his type of analysls luve yel W be established under research, This ex anle
examp{e is intended to demonstrale the polential benefits of using this modelling systent ko evaluate weed
control where it involves direct Interactions between farm regources over time and market effects from supply
nereases. .
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producing m;b-c!ovw despniw this aclivity imving suffercd a yield declina due to Paterson's
Curse. Overall, the effects of Paterson’s Curse i to reduce whole farm profit by
approximately $29 per hectare, At present pross margin estimates, this loss is équivalent to
about 1.5 breeding ewes per hectare.

Table 1: Objective fmmtion vaiues m‘ m idd :u:twntw » o o
Secand-cross lambs ($/ewe) ‘ 5000
Sub-clover hay ($/ bﬂle) ; : 250
Lucerne ($/ha) ' 40.00
Landformed sub-clover ($/ha) , 30,00
Non-landformet sub-clover (§/ha) 25,00
Dryland sub-clover ($/ha, 10,00
Irrigation water ($/ megalitre) et 1273

Hay making ($/bale) ; 1.35
Permanent labour (§/manyear) e — _.30,000

Table 2: Soasanal f(wd cnm,y .md Iabour coolficients

Sprmp Summer__Autumn___ Winler _

Feed supply (L6M/ha): ' o
Lucerne ‘ 66,5 91.55 51.47 35,60 |

Landformed sub-clover 49.98 0.00 32.59 56.23
Non-landformed sub-clover 45.16 0,00 2834 48.90
Dryland sub-clover 14.38 000 899 2548
Feed demand (LSM/ewe): 5.69 4,29 6.67 849
Labour requirements; S ‘ ;
Lucerne (hrs/ha) 1.60 480 1.91 065 |
Landformed sub-clover (lurs/ hit) 100 119 116 010 |
Non-landformed sub-clover (hrs/ha) 0.50 0.76 187 013
Dryland sub-clover (hrs/ha) , 010 0.15 037 0.03
Second-crogs lambs (hes/ewe) 015 005 007 006

‘Yable 3; qulhly irrigation uqmrcmm\ts (M[/lﬂ)

Landformed sub-— NonJandformed

Month e Lticerne o Clover sub-clover |
September RV 10 R
October : 0.80
November 112
December 112
January 112 : :
February 116 2,30 S
March 0.80 140 2,30
April e B0 0O 0O
11
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able 4 Lf[el,l of l’aterson s Cuus se i sub-cl(wer on farm plan ‘ '
__Withoutweed _ Withweed
Farm. gms.s margin ) ‘ 62,175 ‘ 54,872
Number of ewes : 1,669 : 1,525
 Sell sub-clover hay (bales) 5431 . 4,958
Lucerne (ha) 782 o 715
landformed sub-clover (lm) ~ 96.8 , 103.5
Non-landlormed sub clover (lia) - 75.0- : 75,0
Sub-clover LSM's: ~ ‘
- spring ‘ : 4,266 ' 3,897
-summer o 0 ; 0
~ autumn 6,581 6,012
- winler . 11,386 10,405
Lucerne LSM's; == ‘ e
- ~spring o 5,233% ~ 4,782
= gtummer : - 761 , 6,544
| -autumn : E 4,026 3,679
- = winter e 2,785 2,545
| Hay making (bales) 6122 5,692
Feed hay in autumn (bales) ‘ 692 634
Allocation (MLs) : 1,396 7 1,379
Operaﬁots labour (hrs) : g ' 4
- spring ~ ; 506 480
- summey : 624 593
~ autlnn ‘ : : b : 508
lewinter 180 e N67

5.2 Indu’slty analysis

~ The significance of this loss to the prime lamb indusity was ev aluated using a strucluml :
econometric model of the Australian industry (Vere, Griffith and Bootie, 1994), where the
benefits of Paterson’s Curse control was consideted to be equivalent to the prevention of the
economic loss it causes. This was expressed through the increased number of breeding ewes
that could be carried in the region on the addiljonal feed (and the subsequent effects of this
on the lamb industry), and was estimated to be equivalent to a | percent increase in the
 Australian short wool breeding ewe inventory, The supply shift parameter following weed
control (K in equation 2) was derived from the LP solution and was estimated to be a 19
cent per kilo liveweight reduction in the cost of lamb production, The lamb prices and
quantity changes (Table 5) came from the results of an econometric simulation of what
where the before and after weed control situations where the latter was represenied by the
breeding ewe inventoty increase (a 2 percent inventory increase was also evaluated for
comparison).

12
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53  Economic surplus analysis

Incorporating these parameters in the economic surplus equahons gave the benefit levels
for Patevson’s Clurse control (Table 6), The results indicate that the control of this weed in
one New South Wales lamb producing region has the potenlial to generate significant

annual benefits to Australian lamb producers and consumers. Producers gain because the
revenue gains from the increased lamb pmduclmn outweigh the losses from the slightly
reduced farm lamb price. Lamb consumers gain from the combined effects of h:ghex
quantities of lamb on the market and the corresponding lower retail prices. Producers gain
the greatest benefit share because lamb has a low price elasticity of supply and an elastic
retail demand relative to other meats in the Australian domostic meat market. Overall, the
lamb industry has the petential to gain about $8.5 million pet annum where improved
weed control in a small part of the industry enables higher famb production in the lamb
industry. This is despite the falls irr both farm and retail prices as a consequence of the
production increasest,

1t shouid be noted that these benefits are net of the input costs of lamb production and
wead control which are incorpovated i the indusiry supply curve, but they do not include
the costs of the Jevelopment of any new Faterson's Curse vontrol technology that may be
developed. Also, the partial nature of the analysis means that there will elements of both
over and understatement of the benefits, The benefits will be partly overstated because they
do not consider the adjustments in closely related product markets, such as the effects on
the demand for other meats from increased lamb supplies and lower retail lamb prices,
Also, the benefits may be understated since other industries (e.g, wool and fodder) are also
likely to beneldt from improved weed control. A BCA has not been attempted because the
costs of research into this weed have yet to be determined. .

Table 5 l’ammeter eshmntes for econmmc surplus model

Short wool breeding ewe mven(ory increase

Parameter ___ Basevalues 1% A 2%
Farm lamb price (Po) 2077 ' 2033 19,85
Lamb production (Qor) 259.41 26259 265.12
Retail lamb price (Pog) 88,13 87.57 ' 8710
Retail lamb deniand (Qm{) 227.84 230.79 232.83
Supply shift (K) _ ~ 014762 014762

» given as average 1990 values; pru:es ate in real terms (deflated by the CPIj.
b K =19/128,71 where the denominator is the nominal 1990 average farm lamb price

Table 6: Results of economic surp;us analysns = annual beneﬁts from Paterson’s Curse
control in the MIA ($millions)

" Short wool breedi mg awe mVenlory increase

A 2%
Change in consumers smplus ' 1,091 ‘ 2172
Change in producers’ surplus 7.348 ‘ 6,620
Change in total surplu‘% B e 8791 =

2 Beumw this example considers a leclmolagy which affects only part of the lamb induslry in a specific regian,
the mote complete evaluation of the benefils (rom weed control should also consider how the regional lamb
supply shift relates to the lamb industry, as this might influence the uverall level of industry benefits, Edwards
and Freebairn (1982) have described the ecoriomie ralionale for this level of benefit disaggrégation and the
methods A imd to asmnala lherm
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6. Summary

The objective of this paper has been to describe the use of an integrated economic modelling
system for evaluating tie impacts of weeds and the benefits of weed control in Australian
agricuitural industries, This objective recognises that improved technology adoption is an
important source of productivity gains in farm production and that improved weed conlrol
is a prominent example of a technology which could produce such gains, :

Preducers benelit from the adoption and maintenance of improved weed control through
opportunities to lower thetr production costs. However, widespread weed control can be
expected to have markel impacts where it results in increased output. Because weed control
15 likely to have economic mxplicahons beyorsd the farm, an economic modelling approach
which considers both the farm and market components of the affected mdustry is requxred
to assess the potential benefits.

Farm models establish the uu(pur and revenue uhang,es resulting from weed control under
farm constraints and praducer objectives. The approach adopted for any particular
evaluation will depend on the characterisies of the farm and the technology being
modelled. The resulls of applying these models provide producers with assessments of the
benefits of adopting the waed management options. By highlighting the productivity and
profitability <hanges, producers gain an appreciation of those weed control options best
suited to their situations and improving resource use is encotiraged as a result, Industry
supply responses are estimated by aggregating the farm responses under an assumed level
of technology adoption across the industry, Wilh eshimales of the supply and demand
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, Both
sets of results are useful in identfying the options in weed research programs to a‘llow the
efficient allocation of the research budgel.
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