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Summary
Weeds have a wide variety of impacts on 
society, the environment and the econ-
omy. The economic impacts are usually 
losses and these can be measured as costs 
of control, decreases in yields, and reduc-
tions in economic surplus. In this paper, 
we attempt to estimate these economic 
effects of weeds in Australia. The im-
pacts of weeds on agriculture were cal-
culated through all three measures. But 
due to lack of data, the impacts of weeds 
on natural environments, other public 
land, and Indigenous land, could only 
be measured as the costs of control.

Weeds reduce agricultural output, and 
so decrease farm income and increase the 
cost of food to consumers. The combined 
annual loss to farmers and consumers 
in 2001–02 was estimated to lie between 
$3442m and $4420m, and to average 
$3927m. About 80 per cent of this annual 
loss falls on farmers and 20 per cent on 
consumers. The annual loss of $3927m is 
one half of one percent of gross domes-
tic product and 14 per cent of the value 
added by agriculture to the economy.

These impacts in agriculture were 
calculated as the change in farm income 
and the cost of food between the current 
with-weeds situation and a without-
weeds scenario. The difference is the 
maximum benefit that could be achieved 
by reducing the weed population, so it 
represents the size and national signifi-
cance of the current problem. This kind 
of impact estimate, and information on 
how the loss is distributed across sectors 
of the economy and across industries, is a 
benchmark for policy and a starting point 
for the decision-making process.

Weeds attract at least $116.4m of gov-
ernment expenditure on control, surveil-
lance and other management activities. 
Of this total, $19.6m is the expenditure 
on natural environments by National 
Parks and Wildlife Services and the Na-
tional Heritage Trust. Expenditure by 
four of the state and territory services 
has increased over the last four years. Of 
the total, $80.8m is expenditure by other 
government agencies on control, inspec-
tion, research, and extension. Data on the 

distribution of weeds in natural environ-
ments were not available, so the value 
of the decrease in outputs in natural en-
vironments due to weeds could not be 
estimated.

Introduction 
The introduction of plants over the cen-
turies has provided many benefits to so-
ciety, including food, shelter, medicines 
and aesthetic enjoyment. These benefits 
have often been accompanied by costs, 
particularly when the plants invade re-
gions beyond their intended areas. The 
invaders have become weeds, with many 
adverse impacts on the environment and 
the economy.

The economic impacts of weeds include 
monetary and non-monetary costs, as well 
as monetary and non-monetary benefits. 
For example, blackberries (Rubus frutico-
sus L. agg.) restrict human and animal ac-
cess, harbour vermin, increase fire hazard, 
reduce pasture production, impede estab-
lishment of plants, and reduce naturalness 
and biodiversity (James and Lockwood 
1998). But these costs are accompanied 
by some benefits because blackberries en-
hance the habitat for bird species, provide 
a source of nectar and pollen to increase 
honey production and reduce stream bank 
erosion. The challenge of course is to value 
the wide range of impacts, or at least the 
most important of them.

The broad goal of this paper is to es-
timate the current economic impact of 
weeds for all land uses across Australia. 
The specific, and more realistic, objectives 
are to estimate (a) the costs of control, 
yield losses and losses of net income in 
agriculture, (b) the costs of control in natu-
ral environments, (c) the expenditures of 
government agencies and public authori-
ties that administer other public land and 
other weed programmes, and (d) the costs 
of control on Indigenous lands. Values for 
all these kinds of impact can help to stim-
ulate general awareness of weed issues, 
identify specific problems, and influence 
policy decisions. 

The next section provides a brief review 
of the literature on the estimation of the 
impacts of weeds, and is followed by a 

description of the concepts and methods 
that are used to measure the impacts. The 
results are then described and discussed. 
The paper summarizes the results of a de-
tailed research report (Sinden et al. 2004), 
and then goes further to discuss the impli-
cations for policy and weed management.

A review of economic estimates
Only a portion of the rich Australian litera-
ture on the measurement of these econom-
ic impacts can be reviewed here. However 
even a brief review will show that only the 
costs of weed control and yield losses in 
agriculture have been routinely measured. 
The remaining benefits and costs are usu-
ally unpriced or have proved too difficult 
to measure because data were scarce. The 
review concerns mainly New South Wales 
and Queensland. The other states and ter-
ritories also, of course, have serious weed 
problems.

There have been many estimates of the 
control costs and yield losses for specific 
weeds of agriculture. For example, Sloane, 
Cook and King (1988) estimated that weeds 
cost the wool industry $600m per year or 
10 per cent of the total value of the wool 
clip. Vere and Dellow (1984) estimated that 
the cost of controlling blackberry plus the 
value of the lost production was $4.7m in 
central western New South Wales alone. 
James and Lockwood (1998) estimated 
that the cost of controlling blackberry 
plus the lost agricultural production was 
$41.5m to the nation as a whole in 1984. 
Adamson and Lynch (2000) estimate that a 
medium density infestation of rubber vine 
(Cryptostegia grandiflora R.Br.) will reduce 
beef production by 25 per cent, increase 
management costs by $10 per hectare, and 
increase mustering costs by 36 cents per 
hectare in the dry tropical savannas of 
northern Queensland.

Serrated tussock (Nassella trichotoma 
(Nees) Hack.) invades pastures of the ta-
blelands, particularly in New South Wales. 
Vere and Campbell (1979) estimate that 
$24.4m had been spent to establish im-
proved pasture to control the weed. The 
net loss in terms of reduction in potential 
wool income was $11.8m and the ratio of 
money benefits to money costs for control-
ling the weed was 1.7 to 1. 

Siam weed (Chromolaena odorata L.) is a 
woody perennial that climbs to 20 metres. 
The seeds are easily spread by the move-
ment of soil, pasture, or livestock, and the 
plant invades horticultural crops (espe-
cially banana, citrus and mango), sugar 
plantations, and cattle pasture throughout 
coastal Queensland. Adamson et al. (2000) 
estimate that losses to all crops would be 
$291m per year if no management were 
to occur.

There are some state-wide estimates of 
the impacts of weeds. For example, NSW 
Agriculture (1998) offers a weed control 
strategy for the whole state. The starting 
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point is the statement (p1) ‘weeds are a 
huge environmental and economic bur-
den on New South Wales; costing more 
than $600m per annum in control and lost 
production alone’. This state-wide meas-
ure of impact is a clear justification for 
their program but so was the distribution 
of the weeds: ‘…most areas of the state 
have now been invaded by a diversity of 
weed species affecting the environment, 
productivity, and aesthetics of the infested 
areas’ (p1).

In an innovative nationwide estimate 
for all weeds, Combellack (1987) calcu-
lated that weeds created financial costs of 
$2096m in Australia in 1981–82. The esti-
mate included both direct costs of control 
and yield losses. The direct costs were the 
expenditure on cultivation, herbicides, 
and labour in application. The yield losses 
comprised losses from weeds that were 
not sprayed and weeds that were sprayed 
but not controlled. For livestock activities, 
the yield losses included loss of produc-
tivity, carcass damage, reduction in wool 
quality and poisoning of stock. The esti-
mate covered crops, pastures, horticulture 
and other land, which included forests in 
the establishment phase, control of aquat-
ic weeds, industrial buildings, railways, 
fence tracks, and national parks. 

The economic estimates reviewed so 
far are mainly agricultural, because weeds 
cause major impacts on agriculture and 
data are relatively easier to collect for the 
agricultural industries. But impacts have 
also been estimated for environmental 
weeds. Leys (1996) reports that $1.7m was 
spent in 1995–96 on the control of weeds 
over an area of 4.3m hectares in National 
Parks in New South Wales. 

Even this short review demonstrates 
that weeds can cause high costs, in a range 
of agricultural industries and environmen-
tal situations, and involve both public and 
private costs. As such, an estimate of their 
current economic impact will help to raise 
awareness of the issues, demonstrate the 
size of the problem, and so assist the proc-
ess of policy formation.

Concepts and methods
Economic concepts of an impact
The standard economic concepts to meas-
ure impacts are financial costs, opportuni-
ty costs, and welfare (economic surplus).

Financial costs are the direct money costs 
of control, including herbicide and the cost 
of labour and vehicles to apply it. They are 
sometimes called direct costs.

Opportunity costs are income that is 
foregone because of a weed invasion. 
They arise from yield losses due to crop 
competition, quality downgrades due 
to contamination, income losses associ-
ated with changes to lower-profit enter-
prises, and reductions in stock carrying  

capacity in pastoral systems. They are some-
times called indirect costs and are often  
measured as changes in gross margins, 
which are money revenues less variable 
money costs.

Welfare is the well-being of the whole com-
munity, measured as the sum of produc-
ers surplus and consumers surplus. The 
former is the profit to producers, which 
is money revenue minus variable money 
costs. The latter is the net benefit to con-
sumers, which is the difference between 
the amount that consumers are willing to 
pay and the amount they have to pay for 
a particular good or service. The amount 
the consumer has to pay is of course the 
market price.

The total change in welfare, or total 
economic surplus, is the economist’s pre-
ferred measure of impact because it values 
the net costs of an invasion of weeds to 
the whole community. It also nets out the 
financial costs and opportunity costs. But 
measurement of it requires considerably 
more data than the measurement of finan-
cial and opportunity costs.

Measurement of financial and 
opportunity costs
The financial costs of weed control are the 
direct expenditures on herbicides, fuel, 
labour and any other materials involved. 
They are measured as the extra costs due 
directly to the management of weeds. 
Similarly, opportunity costs are the extra 
losses in production due directly to weeds. 
Both should include the relevant sal-
ary and capital costs in addition to direct 
costs of survey, operation, and treatment. 
All joint costs should be allocated between 
weeds and other activities – as far as pos-
sible. The appropriate monetary measure 
of the impact of weeds is the sum of direct 
financial costs of control and the opportu-
nity costs due to the infestation. The data 
requirements to measure this sum, and the 

details of its measurement in agriculture, 
are given in Appendix 1.

Measurement of welfare impacts
The economic surplus concept is intro-
duced in Figure 1, which contains a de-
mand function and two supply functions 
for an industry such as wheat. A demand 
function shows the amount of output that 
consumers would buy at various prices. 
A supply function shows the amount of 
output that producers would supply at 
various prices and so can be interpreted 
as the cost of production. The presence of 
weeds has two impacts upon production. 
First, the costs of production are increased 
because of the use of herbicides and other 
activities to control weeds. This increase 
can be termed the ‘expenditure effect’. 
Second, the competitive effects of weeds 
lead to a yield loss, and so there is a lower 
level of wheat output for a given cost of 
production. This decrease can be termed 
the ‘loss effect’.

The effects are additive and the total 
impact of the weed is measured as the 
sum of these expenditures and losses. This 
combined effect shifts the supply function 
from Sno weed to Swith weed (Figure 1), and so 
the market outcome shifts from point b 
to point d. The weed-free price and quan-
tity at equilibrium (point b) are P0 and Q0. 
The effect of weeds is to shift the supply 
curve left, and the price and quantity at 
the new equilibrium (point d) are P1 and  
Q1. 

The impact of the weed on the welfare of 
the community is measured as the change 
in economic surplus. This surplus is the 
area between the demand and supply 
curves, that is, it is the difference between 
the amount the consumer is willing to pay 
(as shown by the demand curve) and the 
costs of production (as shown by the sup-
ply curve). The area of economic surplus 
with weeds (ade) is clearly less than the 
area of economic surplus without weeds 
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Figure 1. Measurement of the change in welfare due to a weed invasion.
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(abc), and the difference represents the 
economic cost of weeds. The total welfare 
impact of a weed is therefore measured as 
the loss (abc) - (ade). 

The shift in the supply curve to the left 
due to weeds reduces the welfare of both 
producers and consumers. Producers lose 
when the economic loss from the decrease 
in production is greater than the gain from 
the increased market price. Consumers 
lose because market supply has contract-
ed and price has increased, so they now 
consume less and pay more to do so. In 
a previous issue of this journal, Vere et al. 
(1997) set out the context in which to apply 
this model and the detailed formulae that 
are used to calculate these losses. The data 
requirements to measure this loss, and the 
details of the measurement, are given in 
Appendix 2.

The comparison of a current with-
weeds situation with a no-weeds scenario 
provides information on the maximum 
economic loss due to weeds on a national 
scale. The loss is the total economic ben-
efit that could be obtained by eliminating 
weeds. It is not the economically-avoidable 
loss, because this loss must be estimated 
weed by weed and data are not available to 
do so. The nation will probably have to ac-
cept some residual level of weeds because 
it is not economically-optimal to eliminate 
them all. But the with-weeds, no-weeds 
comparison does provide information on 
whether the problem is large, whether it 
is worth addressing, and what sectors of 
the economy bear the losses. As such, it 
sets the framework for policy and answers 
these first questions in policy formation. 
Within this framework we could go on to 
estimate the net benefits of research and 
the net benefits of treatment that reduces 
the weed burden, for specific programmes 
and specific weeds.

Application
The impacts are easier to measure for ag-
riculture because most outputs and inputs 
have money values, and much data have 
already been collected by agencies such as 
the Australian Bureau of Agricultural and 
Resource Economics and the Australian 
Bureau of Statistics. We will therefore: 
• attempt to estimate welfare losses, op-

portunity costs and financial costs in 
agriculture, and

• attempt to estimate financial costs of 
control for natural environments, pub-
lic lands, public authorities, and Indig-
enous lands.

The application of these procedures is 
detailed in the following sections and the 
appendices. We use 2001–02 as the base 
year for all estimates because that is the 
most recent year for which data are widely 
available. Where possible, we obtain data 
for the five previous years to establish a 
trend and so explore whether 2001–02 
was an unusual year. We attempt to avoid 

double counting by concentrating on the  
primary effects at industry level, and by 
addressing each major type of land and 
land use separately. A cross check is explic-
itly incorporated for agriculture, which 
turns out to have the highest measurable 
impact due to weeds. This check involves 
estimating impact as (financial loss + op-
portunity cost) and as economic surplus, 
and comparing the two estimates.

We estimate a range of weed costs rather 
than a single value to reflect uncertainty in 
the data. We estimate these costs in a ‘top-
down’ approach, that is by each agricul-
tural industry, by natural environments, 
by public lands, and by Indigenous land, 
rather than in a ‘bottom-up’ approach by 
individual weeds. Systematic nation-wide 
data are available for the top-down ap-
proach but not for the approach by indi-
vidual weeds.

Results
Agriculture: financial and opportunity 
costs
The financial costs of weed control in ag-
riculture were estimated as the costs of 
chemicals, the associated expenditures 
such as fuel for vehicles, and the cost of 
hired and contract labour (see Appendix 1 
for details). There appeared to be no con-
sistent, reliable data on the costs of owner 
or operator labour for application of chem-
icals and other activities in weed control, 
so these expenditures were omitted. The 
results are shown in Table 1 in $m per year 
by groups of agricultural industries.

The low and high estimates of financial 
costs allow for a range of expenditures for 
chemicals, a range for the other costs of 
weed control, and for geographic, season-
al and commodity variations in chemical 
use. Many factors prevent the estimation 
of changes in these costs over time. Includ-
ing increases in resistance to herbicides, 
widespread adoption of low or no till 
farming, the introduction of new weeds, 
the spread of existing weeds, increased 
education in the efficient use of chemicals, 
and introduction of integrated weed man-
agement strategies.

The opportunity costs, or yield losses, in 
each agricultural industry were estimated 
from the difference between the existing 
gross margin with the weeds and the gross 
margin that would have been likely in the 
absence of weeds. This percentage loss in 

gross margin was multiplied by the exist-
ing gross margin per hectare and by the 
area occupied by the industry, to give the 
total yield loss in each industry. The proce-
dure is detailed in Appendix 1. The results 
for 2001–02 are totalled and grouped by 
industries in Table 1. In relation to Figure 
1, these financial and opportunity costs 
are equivalent to the area of the rectangle 
(OQ1 times (d-f)).

The crop industries have a high finan-
cial cost and, as a consequence, a low op-
portunity cost. The opportunity costs were 
dominated by losses in the beef industry. 
The percentage losses in gross margin in 
both the northern and southern Austral-
ian cattle industries may well exceed the 
five per cent used in this study, and so the 
estimates of opportunity costs are lower 
bounds. 

The total impact of weeds in agriculture 
can be measured as the total of financial 
costs and opportunity costs, and is sum-
marized in the right-hand columns of Ta-
ble 1. The total impact therefore lies within 
the range from: 
• a low estimate of $3583m (= 1365 + 

2218), to
• a high estimate of $3737m (= 1519 + 

2218). 
But even the upper end of this range is 
likely to underestimate the true value of 
the impact because it only includes the 
cost of weed control and the value of lost 
production where estimation was possi-
ble.

Agriculture: loss of economic surplus
The total impact of weeds can also be 
assessed as the loss in welfare, which is 
measured as the loss of economic surplus. 
This loss was calculated for each agricul-
tural industry as an annual average over 
the five-year period 1997–98 to 2001–02, 
using the mean prices and output over this 
period. The details are shown in Appendix 
2. The range in values and the mean esti-
mate of economic surplus losses were:
• a minimum of $3442m,
• a mean of $3927m, and
• a maximum of $4420m.
Around 80 per cent of the mean loss of 
$3927m is a loss to producers because 
their net incomes are lower. The remain-
ing 20 per cent is a loss to consumers be-
cause prices of food are higher and avail-
able quantities of agricultural outputs are  

Table 1. Financial and opportunity costs in agriculture, by groups of 
industries $m.
Industries Financial costs Opportunity 

costs
Total costs

Low High Low High
Crops 1033 1121 346 1379 1467
Livestock 315 345 1870 2185 2215
Horticulture 17 53 2 19 55
Total 1365 1519 2218 3,583 3737
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lower than they would otherwise have 
been. The loss of economic surplus to 
groups of industries, at the mean loss, was 
$1122m in winter crops, $396m in summer 
crops and $2409m in livestock. 

The range of estimates of the loss in eco-
nomic surplus ($3442m to $4420m) is wid-
er than the range of estimates of the sum 
of financial costs and yield loss ($3583m to 
$3737m in Table 1). Further, the mean sur-
plus loss, $3927m, exceeds the maximum 
value of financial costs and yield losses 
($3737m). The yield losses have been cal-
culated on the basis of change in per hec-
tare gross margins to just the producer. So 
we would expect the surplus estimates to 
be higher because they comprise efficiency 
losses to the whole sector (and so include 
area dbf in Figure 1).

These losses in economic surplus repre-
sent the size of the current weed problem 
and show how the losses are distributed 
across agricultural industries and sectors 
of the economy. These impacts meas-
ure the maximum benefit that could be 
obtained by reducing the weed burden. 
They indicate the national significance of 
the problem, and suggest that significant 
benefits could be obtained from further 
research and control strategies.

Natural environments
Natural environments were taken to be ar-
eas administered by the National Park and 
Wildlife Services and other areas listed as 
natural in agreements on the use of Nation-
al Heritage Trust funds. There are no con-
sistent, national or even state-wide, data 
on the effects of weeds on the outputs of 
goods and services from natural environ-
ments. There are no market-based prices 
for the values of these outputs either. The 
available data are just the expenditures 
by National Parks and Wildlife Services 
on weed management, and the expendi-
tures of National Heritage Trust funds by 
other bodies on weed control in natural  
environments. The nationwide impacts 
in national parks and natural environ-
ments can therefore only be estimated in 
terms of the costs of weed control. These 
expenditures have been collected and 
are summarized for the year 2001–02 in  
Table 2.

Expenditures were collected directly 
from each National Parks and Wildlife 
Service throughout Australia. The expen-
ditures comprised the three categories of 
direct costs, indirect financial costs and 
salaries. Direct costs included the on-
ground expenditures on herbicide, labour, 
contractor costs, and other materials. The 
indirect costs included the depreciation of 
equipment, mapping, surveillance and re-
search that were attributable to weed man-
agement. The salaries were of course only 
those directly due to weed control.

The National Parks and Wildlife Serv-
ices of New South Wales and the Northern 

Territory provided data in all three catego-
ries. The Services in Queensland, South 
Australia and the Australian Capital Ter-
ritory provided both direct and indirect 
costs. The other states provided data on 
the direct costs alone.

The total expenditure on weed control 
in these natural environments in 2001–02 
was at least $19.6m. Of this total, 74.5 per 
cent was expenditure by the Services, and 
25.5 per cent was Natural Heritage Trust 
funding for other agencies and groups. 
The aggregate expenditure on weed con-
trol by the Services has been rising rapidly 
in recent years. This cost is necessarily a 
lower bound on the impact because it ex-
cludes the value of the many ecosystem 
functions and benefits that suffer from 
weed invasions. 

A substantial army of volunteers helps 
to control environmental weeds. AACM 
International (1997) estimated that volun-
teers contributed 547,000 hours of labour 
nationwide for this purpose in 1994–95. 
The three intensive case studies in Sinden 
et al. (2004) provide the detail to comple-
ment this national estimate. When this la-
bour could be otherwise employed, its op-
portunity cost is part of the control costs so 
should be valued and included. Assume 
that 547,000 hours were also applied in 
2001–02. If 25 per cent of that labour could 
be employed, at $15 per hour, the value of 
the volunteer army is $2.1m.

Weeds can create losses of environmen-
tal services such as biodiversity protec-
tion, water and soil conservation. A na-
tionwide estimate of these losses requires 
nation-wide data on the change in outputs 
of these services due to weed invasions. 
Data on such changes are available only 
for some individual parks and regions. 
Consider the case of Scotch broom (Cytisus 
scoparius L.), a leguminous shrub native 
to Europe, which invades pastoral and 
woodland ecosystems and adjoining river 
systems in cool, high rainfall regions of 
southeastern Australia.

The largest single occurrence of Scotch 
broom in Australia occupies 10,000 hec-
tares in Barrington Tops National Park in 
New South Wales, which itself occupies 
80,000 ha. This infestation is eliminating 
native herbs and tree seedlings from the 
understorey, preventing the re-establish-
ment of eucalypts in the overstorey, and 
threatening rare and endangered species 
in this World Heritage Area (Odom et al. 
2003). 

A substantial quantity of time and 
money has been invested to control this 
infestation. Over the last decade, an aver-
age of $96,000 per annum (as an annuity 
at a six per cent discount rate) has been 
spent to control broom to preserve this one 
special conservation area. This expendi-
ture is the minimum annual value of the 
environmental benefit of preserving this 
threatened environmental reserve. Con-
servation must have been worth at least 
this much or the money would not have 
been spent. 

Public authorities and other public land
Commonwealth, state, territory and local 
government agencies, all spend funds on 
weed control in addition to the National 
Parks and Wildlife Services. But there are 
no consistent data on the effects of these 
control programs on the outputs of goods 
and services, so the impact of weeds can 
only be assessed in terms of expenditures 
by these public authorities.

Commonly there is a central department 
of agriculture or the environment that un-
dertakes the major programs in each state, 
but other agencies and local governments 
sometimes undertake significant expendi-
tures. Each central department was con-
tacted first, followed by many other con-
tacts to water authorities, road authorities, 
forest services, plant control authorities, 
and rail operators.

The total expenditures in 2001–02 by all 
these agencies were at least $80.8m (Table 
2). We could allocate $52.0m of this total 
amongst three categories of expenditure: 
51.4 per cent of this was the direct costs 
of co-ordination, inspection, survey and 
treatment, 5.7 per cent was the indirect 
costs of education and extension, and 7.3 
per cent was salaries and other adminis-
tration. We could not allocate the remain-
ing $28.8m between these categories. 

There is considerable variation between 
states in these expenditures, due to the 
need to control weeds and the available 
budget. The largest expenditures were 
$26.8m in Queensland followed by $19.9m 
in New South Wales. There is also con-
siderable variation in the proportions of 
expenditures allocated to each category. 
There appears to be an increasing reliance, 
in some states, on community groups to 
undertake weed management.

The Commonwealth Department of 
Agriculture, Fisheries and Forestry, CSIRO 

Table 2. Expenditure on weed 
control in natural environments, in 
other land uses and by other land 
users 2001–02.
Source $m Per cent
Natural 
environments 19.6 16.8

Commonwealth and 
state authorities 80.8 69.4

Commonwealth on 
surveillance and 
research

13.0 11.2

Indigenous land 3.0 2.6
Total 116.4 100.0
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and the Co-operative Research Centres 
all undertake surveillance, research and 
many other activities concerned with weed 
management. These authorities spent at 
least $13.0m on weed management and 
research in 2001–02. 

Indigenous land
Indigenous lands occupy some 14 per cent 
of Australia, and weeds are a problem in 
several of the jurisdictions. The impact of 
weeds was assessed just for the Northern 
Territory, because of the significant scale 
of Indigenous holdings and the nature 
of weed problems in the Territory. Weed 
control is funded from several sources 
including government agencies, non-gov-
ernment organizations, statutory authori-
ties and the Indigenous land managers 
themselves. The present estimates focus 
mainly on the major weed programs that 
have been conducted on Indigenous land 
since 1998–99. This period encompasses 
National Heritage Trust funding based on 
the Weeds of National Significance, and 
the impacts of the August 2001 change of 
government in the Territory. 

There was a total expenditure of at least 
$15.2m over the period 1998–99 to 2002–
03. So the average annual financial costs 
of weed control on Indigenous land in the 
Northern Territory over this period were 
$3.0m per year.

This total excludes weed control ex-
penditure undertaken as part of another 
land management activity, and activities 
undertaken by individual landholders 
with no external funding.

Discussion
The results may be summarized as fol-
lows, using the economic surplus results 
for agriculture. If there were no weeds 
on agricultural land, annual incomes to 
farmers and annual benefits to consum-
ers of food would rise by a minimum of 
$3442m, by $3927m in the mean case, and 
by a maximum of $4420m. If there were no 
weeds on non-agricultural land, a further 
$116.4m per year of taxpayer expenditure 
at least would be released for productive 
investment elsewhere.

These estimates of the loss in agriculture 
have been estimated against a baseline of 
a no-weeds scenario. So these values are 
the potential total gains if there were no 
weeds – and as such are measured against 
a clear, relevant baseline. They cannot be 
used to determine exactly what should 
be done or how much should be invested 
because these decisions need estimates of 
net gains. Net gains can only be estimated 
case by case. But these estimates can be 
used for the prior, and hence equally im-
portant, steps in decision making, namely 
raising public awareness and drawing 
attention to the issue, demonstrating 
the size of the problem, defining broad 
problem areas, and formulating broad  

policies. We now review these roles for the 
estimates.

We have presented the agricultural re-
sults as a range of estimates (from $3442m 
to $4420m) because the value of any im-
pact at any given time cannot be estimated 
as a single value. But clearly this range 
demonstrates that the economic impact 
of weeds is a significant problem of land 
use and resource management at the 
present time. Our results are all immedi-
ate or short-run effects at the ‘farm-gate’ or 
‘household’ level. But there may be further 
long-run effects in the flow of goods and 
services throughout the regions, states and 
the economy as a whole. Vere et al. (2004) 
estimate that these additional impacts, 
just for weeds of Australia’s winter crops, 
would increase gross domestic product by 
$175m per year.

The mean annual loss of $3927m due 
to weeds is 14.1 per cent of the gross val-
ue added by agriculture to the economy 
in 2001–02, and 0.5 of one per cent of 
the gross domestic product of Australia. 
Weeds therefore lead to a loss of $1 in 
every $7 of the current contribution of ag-
riculture to the economy, and $1 in every 
$200 of the total economic activity of the 
nation. Weeds are therefore a large eco-
nomic problem.

Since Combellack’s innovative nation-
wide study, new methods of weed con-
trol have been devised, new techniques of 
management have been developed, and 
new weed species have occurred. Further, 
costs and prices have changed, and so 
has the distribution of impacts within the 
community. Therefore current estimates of 
impacts cannot be readily compared with 
Combellack’s value ($2096m in 1981–82) 
to establish a trend over time.

The results can help to develop policies 
to allocate the costs of weed control. At 
present, farmers seem to bear the major 
part of the costs and pay levies for spe-
cific weeds and specific purposes. The Na-
tional Weeds Strategy (Commonwealth of 
Australia 1997) advocates the beneficiar-
ies-pay principle as a way to allocate costs 
even though they could not estimate the 
size or the distribution of the benefits of 
control. The present results help to apply 
the principle and indicate that about 80 
per cent of the losses due to weeds in ag-
riculture fall on producers and 20 per cent 
on consumers. If governments follow this 
principle, then farmers might be asked to 
pay 80 per cent of costs of weed control 
and consumers pay the remaining 20 per 
cent. 

An alternative guideline to allocate 
costs is often known as polluter-pays prin-
ciple. But it is exceedingly difficult to iden-
tify who should pay because the potential 
‘polluters’ include the original importer 
of the weed, the government agency that 
approved entry or failed to stop entry, 
current and past farmers, current and past 

consumers, and government polices and 
incentives that have encouraged agricul-
ture.

The expenditure by government agen-
cies, outside natural environments, totals 
at least $80.8m whereas the costs currently 
borne by consumers of food in Australia 
are at least $792m. Expenditure on re-
search and weed management has been 
shown to be profitable (see for example 
Centre for International Economics, 2001), 
so an increase in government funding from 
$80.8m appears to be warranted and will 
reduce the costs of $792m to consumers.

Our calculations underestimate the im-
pact of weeds in Australia. We were un-
able to collect some data from the agencies 
and persons we contacted, and we could 
not systematically estimate the impacts of 
weeds on the outputs of natural environ-
ments. Further, we have adopted lower 
bound values where judgements were 
necessary, we did not estimate the na-
tion-wide opportunity costs of volunteer 
labour or the health effects of pollen from 
weeds, and we did not attempt to estimate 
the impacts in urban areas.
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Appendix 1

Estimation of costs of control and 
yield losses in agriculture
A three-stage process was used to esti-
mate the financial and opportunity costs 
of weeds to Australian agriculture. The 
process is now illustrated for the dairy 
and cotton industries. The results for all 
industries and for dairy and cotton in par-
ticular, are summarized in Tables 1 and 3 
respectively.

Stage 1. Developing a profile of 
Australian agriculture
First, a profile of Australian agriculture was 
developed as the number of farm opera-
tions, the average size of operations, and 
indicative gross margins in each industry. 
The data were recorded as five year aver-
ages to the year ended 2001–02, and were 
used to aggregate per hectare estimates 
of costs to industry totals. They were ob-
tained from the Australian Bureau of Ag-
ricultural and Resource Economics, NSW 
Agriculture, industry bodies, research and 
development corporations and various 
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published reports. For the dairy and cot-
ton industries, for example, the number 
of operators in each industry were 12,725 
and 560 respectively, the average number 
of hectares per farm were 228 and 848, and 
indicative per hectare gross margins were 
$776 and $755 respectively.

Stage 2. Estimating the financial costs of 
weed control
In the second stage, the financial cost of 
weed control was estimated from the av-
erage annual chemical expenditure per 
hectare. The basic data were crop and 
pasture chemical expenditures by indus-
try as reported by the Australia Bureau 
of Statistics, and other published sources. 
For example, the annual cost of crop and 
pasture chemicals used for weed control 
in the dairy industry was found to range 
from $4.39–$4.94 per hectare and for the 
cotton industry from $98.70–$131.61 per 
hectare. When aggregated for all agri-
cultural industries, total expenditure on 
weed chemical control was estimated to lie 
between $820 and $974m per annum. 

Chemical costs form just one, albeit the 
largest, component of the financial costs 
of weed control. Additional costs include 
costs of application, weed chipping, slash-
ing, grazing strategies and tillage practic-
es. Published estimates of these additional, 
non-chemical costs of weed control were 
used where available. For example, data 
from Boyce (2002) suggested that the cot-
ton industry spends an additional $99 per 
hectare on non-chemical control of weeds. 
Where published estimates were unavail-
able, the additional non-chemical costs 
were calculated with the data and method 
from Sloane, Cook and King (1988). They 
estimated that between $0.30 and $2.00 is 
spent on additional weed control activities 
for every $1.00 spent on herbicide in the 
wool industry, and so we used an addition 
of $0.60 for every $1.00 spent on herbicide 
for all these industries. The value of $0.60 
is conservative within its range of $0.30 
to $2.00. The value follows our own ex-
perience for the additional costs of weed 
control activities including application 
of chemicals, grazing control strategies, 
cutting, slashing, and ploughing. For the 
dairy industry, this procedure provides an 
estimate of $2.80 per hectare spent on non-
chemical weed control activities annually, 
for an industry non-chemical cost of $8m. 
The low estimate of chemical expenditure 
in dairying is $13m, so the total cost of con-
trol is $21m per annum ($8 + $13m). For 
the cotton industry, the procedure gave an 
estimate of $99 per hectare on non-chemi-
cal control activities for an industry non-
chemical cost of $47m. The low estimate 
of chemical expenditure is $47m, so the 
total cost of control in the cotton industry 
is $94m per annum.

The total financial cost of weed con-
trol to Australian agriculture, including 

chemical and non-chemical costs, was esti-
mated to be between $1365m and $1519m 
per annum. There was no suitable basis on 
which to apportion the imputed value of 
on-farm labour to weed control activities, 
so ‘owner’ labour has been excluded. The 
rates paid by landholders for ‘vermin and 
weed’ control were also excluded. 

Stage 3. Estimating the yield losses 
The production losses due to weeds were 
estimated in the third stage. In the absence 
of any previous comprehensive studies, a 
conservative approach was used to esti-
mate the magnitudes of these losses. For 
each of the industries, production losses 
were estimated as a percentage loss of per 
hectare gross margin. This loss includes 
reduced per hectare carrying capacity in 
dry sheep equivalents, reduced per hec-
tare yield of crops, and other measures 
of reduced production per hectare. These 
are the losses that occur despite weed 
control measures currently employed in 
the industry. These estimates of percent-
age losses were taken as the increases in 
gross margin that would have been likely 
in the absence of weeds. They were then 
aggregated to the industry level using the 
industry profile parameters from stage 
one. That is, the production loss due to 
weeds is estimated as (percentage loss of 
gross margin per hectare x indicative gross 
margin per hectare x number of hectares 
in the industry). For the dairy industry, 
lost production was estimated as a five 
per cent loss in gross margin per hectare 
(Sloane, Cook and King 1988), which led 
to a $41 per hectare annual loss and total 
industry loss of $118m. For the cotton in-
dustry, lost production was estimated as a 
15 per cent loss in gross margin per hectare 
(CRDC 2003), which led to a $133 per hec-
tare annual loss and a total industry loss 
of $63m. 

Across all industries, weeds were es-
timated to cost Australian agriculture in 
excess of $2218m in lost production per 
annum. This is a conservative estimate 
because a number of additional costs in 
each of the industries were identified, but 
could not be measured. For example, sev-
eral noxious weeds lead to animal deaths, 
many seeds of weeds contribute to ‘veg-
etable’ matter losses in fibre sales, and  

additional marketing efforts may be re-
quired where weed seed/trash is preva-
lent in commodity sales. Further, the esti-
mate of $2218 million is based on just the 
major agricultural industries as listed in 
Table 3 and its footnote. The smaller and 
emerging enterprises, such as the alpaca, 
sesame and tea tree oil industries, are ex-
cluded. 

Results
Using this three-stage process, the total 
cost of weeds to Australian agriculture, 
as financial costs and opportunity costs, 
was estimated to be between $3583m and 
$3737m per annum (Tables 1 and 3). 

Appendix 2

Estimation of welfare loss in 
agriculture
We now estimate the reduction in benefits 
to producers and consumers as the loss in 
welfare or economic surplus. 

Method 
The changes in the economic surplus 
from weed invasions or weed control are 
estimated from the following equations 
(Alston 1991). They refer to the price and 
quantity equilibrium P1 and Q1 at d in Fig-
ure 1.
 ∆CS = P1Q1Z(1 + ½ Zη) (1)

 ∆PS = P1Q1(K – Z)(1 + ½ Zη) (2)

 ∆ES = ∆CS + ∆PS = P1Q1K(1 + ½ Zη) (3)

 Z =   
Kε 

(4)
        ε + η
where ∆CS, ∆PS and ∆ES are the changes 
in consumers surplus, producers surplus 
and total economic surplus respectively, K 
is the vertical shift in the supply function 
expressed as a percentage of price (P1), Z 
is the percentage reduction in price arising 
from the supply shift after industry adjust-
ment, and η and ε are the absolute values 
for the elasticity of demand and the elas-
ticity of supply. Elasticities measure the 
slope of the demand and supply curves. 
Estimates of all these parameters were ob-
tained and the economic surplus equations 
(1 to 4) were solved for the individual ag-
ricultural industries of wheat, oats, barley 

Table 3. Costs of control and yield losses for two industries and the totals 
$mA.

Costs of control Yield losses Total
Dairy 21 118 139
Cotton 94 63 157
Other industriesB 1250 2037 3287
Total 1365 2218 3583
A With low estimates for the costs of control.
B The other industries comprise grain, beef, grain-sheep, grain-beef, sheep-beef, sheep, 
sugar, fruit, rice and vegetables. 
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canola, lupins, field peas, chickpeas, sor-
ghum, soybeans, cotton, rice, sugar, dairy, 
wool, lambs/mutton and beef/veal.

The scenario for the calculation of K 
is the comparison of ‘with-weeds’ and 
‘without-weeds’ situations. Therefore, we 
are measuring the maximum gain in eco-
nomic surplus that could be achieved if 
weeds were completely eliminated from 
an agricultural industry, and we are using 
the ‘with-weeds’ situation as the starting 
point. The specific calculation for K is the 
vertical distance in the shift in the sup-
ply curve (d-f) divided by the price P1 in 
Figure 1.

Data
A range of input data was required to esti-
mate the effect of weeds on economic sur-
plus. The key inputs were the equilibrium 
quantities (Q1) and prices (P1) in Figure 1, 
demand elasticities (η), supply elasticities 
(ε) and the supply shift parameter for each 
industry (K) due to the presence of weeds. 
These data are all detailed in Sinden et 
al. (2004), but their sources are now dis-
cussed.

The equilibrium quantities and prices 
were obtained from Australian Bureau 
of Agricultural and Resource Economics 
(2003), except for the prices for canola, 
sunflowers and soybeans and the informa-
tion for cotton. Prices for these three crops 
were derived from various sources within 
NSW Agriculture, and the data for cotton 
were obtained from Hoque et al. (under 
review). The actual quantities and prices 
used were derived as averages for the five-
year period 1997–98 to 2001–02. 

The supply and demand elasticities 
used for each industry were obtained from 
a number of sources including Austral-
ian Bureau of Agricultural and Resource 
Economics (1999), Brennan and Bantilan 
(1999), Griffith et al. (2001), Hill et al. (2001), 
Jones et al. (2000) and Myers et al. (1985).

The K parameter was been calculated 
for weeds in a number of previous studies 
for winter crops (Jones et al. 2000), cotton 
(Hoque et al. under review) and wool (Vere 
et al. 2003). This parameter is one of the 
most important variables in determining 
the loss in economic surplus and there is 
considerable uncertainty surrounding its 
exact values. For this reason, a risk simu-
lation was used to incorporate a range of 
values of K for each agricultural industry. 
A triangular distribution was specified 
with minimum, most likely and maximum 
values for K. A variety of approaches was 
used to estimate the values of K for those 
industries with no previous estimates. 
For the livestock industries for example, 
a grazing simulation model was used in 
conjunction with survey data of weeds in 
grazing systems (Dellow et al. 2002, Qui-
gley 1992) to estimate a range of K values 
for various levels of weeds. For summer 
oilseeds and coarse grains, values of K 

were obtained by extrapolating the values 
of the winter crops with changes resulting 
from discussions with weed scientists re-
garding differences in weed burdens and 
crop competitiveness.

Results
The mean, standard deviation, and the 5th 
and 95th percentiles of the loss in econom-
ic surplus due to weeds are all reported 
in Table 4. The percentile results give the 
range in losses from the simulations. The 
changes in consumer surplus, producer 
surplus and total economic surplus are ag-
gregated for three groups of agricultural 
industries, namely winter crops, summer 
crops and livestock industries. Winter 
crops include wheat, oats, barley, canola, 
lupins, field peas, and chick peas. Summer 
crops include sorghum, maize, sunflow-
ers, soybeans, cotton, rice and sugar, and 
the livestock industries are dairy, wool, 
lambs-mutton, and beef-veal.

The results represent the shift from a 
‘with weeds’ scenario to a ‘without weeds’ 
scenario and so measure the maximum 
economic gain that could be achieved if 
weeds were eliminated. The mean loss in 
economic surplus was $3927m per annum 
and the range was $3442m to $4420m. 

Discussion
The method used to calculate the economic 
surplus values has been employed at least 
since Griliches’ (1958) application to value 
the benefits of research into hybrid corn. 
Alston (1991) provided a set of equations 
(1 to 4 above) as general basis to value the 
benefits of research. These equations have 

been applied widely to many kinds of as-
sessment in agriculture, and are now well 
accepted. For example, the application by 
Vere et al. (2003) was accepted in a peer-re-
viewed journal of agricultural economics.

The risk simulation was an integral part 
of the surplus estimation to allow for the 
uncertainty surrounding the value of the 
K parameter (the shift in the supply curve 
from a with-weeds to a no-weed scenar-
io in Figure 1). This simulation is now a 
standard procedure to allow for uncertain-
ties and has found widespread use in ag-
riculture for budgeting under uncertainty. 
As Hardaker et al. (1997) say, it is a power-
ful method for tackling decision problems 
under uncertainty. For example, it allowed 
us to estimate minimum (5th percentile) 
and maximum (95th percentile) values to 
bracket the size of the impact on agricul-
ture.

We have estimated the impact of weeds 
on agriculture by two methods, namely 
the financial cost of control and yield loss 
(Appendix 1) and the economic surplus 
(Appendix 2). This provided a check on 
the results. The former estimate was be-
tween $3583m and $3737m, and the latter 
was between $3442m and $4420m with a 
mean of $3927m.
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