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Summary   Benefi t-cost analysis is a method to meas-
ure the economic desirability of an activity, project 
or policy to the community as a whole. Issues in the 
application of the method to the management of weeds 
in natural environments are identifi ed from a review 
of past applications. Opportunities are also identifi ed 
from the review and the requirements for effective 
benefi t-cost analysis. The valuation of benefi ts, and 
the treatment of risks, appears to be major areas for 
development – despite the advances in these areas over 
recent years. There is a need for production functions 
to relate weed spread to the outputs of natural environ-
ments, and the relevance of partial analyses appears to 
warrant examination.
Keywords    Environmental weeds,  benef it-cost 
analysis,  bio-economics,  spread rate,  risks,  valuation 
of benefi ts,  environmental outputs,  rules of thumb.

INTRODUCTION
Weeds are undesirable plants that invade gardens, 
agricultural land, production forests and natural eco-
systems. They are collectively termed environmental 
weeds when they are a problem within the natural 
environment. Environmental weeds are problems of 
national parks, nature reserves, and other public land, 
although remnants of native vegetation on private land 
may also be affected (Vranjic et al. 2000). As the threat 
from environmental weeds is becoming more fully rec-
ognised, ecology and economics are being integrated 
in their management (Odom et al. 2003). Benefi t-cost 
analysis must therefore be a part of decisions on weed 
management in natural ecosystems. 

The aim of this paper is to review the issues and 
potential in the application of benefi t-cost analysis to 
the management of weeds in natural environments. The 
review starts with a brief outline of the nature of ben-
efi t-cost analysis. A review of applications of benefi t-
cost analysis to problems of invasive species in natural 
ecosystems is then presented. The discussion turns to 
the gaps in the application of benefi t-cost analysis to 
weed management in natural environments and indi-
cates possible avenues to address those issues.
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THE BENEFIT-COST METHOD
Benefi t-cost analysis is a method to assess the eco-
nomic desirability of a project or policy in terms of its 
increase in welfare to the whole community. Welfare is 
also termed a net benefi t and is measured as the sum 
of consumer surplus (CS) and producer surplus (PS). 
Consumer surplus is the difference between what a 
consumer is willing to pay for a good and the amount 
actually paid. Producer surplus is the difference be-
tween market price of a good and the marginal cost of 
production. We must incorporate the probability that a 
particular increase in welfare will actually be attained, 
so welfare is measured as:

= expected CS + expected PS
= PRc × CS + PRp × PS  (1)

where PRc is the probability that an estimated 
consumer surplus will actually occur and PRp is the 
probability that an estimated producer surplus will 
actually occur.

The conventional framework to evaluate the 
change in welfare is shown in Figure 1 for an increase 
in production when weeds are controlled. The demand 
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Figure 1.   The benefi t cost analysis framework: start-
ing with weeds and introducing a control.
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for the output is shown by D. The line MCw represents 
the marginal cost curve (supply curve) at present with 
weeds. At the market price (Pw), the amount Qw is 
produced and sold. With weed control, marginal costs 
of production decrease to the curve MCc. Production 
increases to Qc and price reduces to Pc. 

The introduction of weed control leads to an in-
crease in annual net benefi t or welfare. Thus:

welfare without control = a b e,
welfare with control = a c d, and 
increase in welfare = net benefi t = e b c d.

The stream of annual net benefi ts is then reduced 
to a net present value using a discount rate. An alter-
native is acceptable if the present value of its benefi ts 
exceeds the present value of its costs. An alternative is 
preferred if it has the highest net present value.

A full application of the method must therefore 
include:
• a biological relationship to predict the spread of 

weeds;
• a biological relationship to predict the impact of 

weeds on output;
• a biological/managerial relationship to predict the 

impact of weed control on weeds and on output;
• monetary values for all the costs and benefi ts;
• probabilities of each of the above; and
• a discount rate.

REVIEW OF APPLICATIONS IN NATURAL 
ECOSYSTEMS 

Odom et al. (2004) reviewed a range of economic 
investigations of the management of weeds and other 
pests in the natural environment in terms of the man-
agement decisions encountered and how they were 
addressed. The review showed that many researchers 
have applied benefi t-cost analysis to the problems 
of weeds in natural environments, but there remain 
several common diffi culties:
• predictions of the rate of spread;
• predictions of the change in output with changes 

in spread;
• inclusion of probabilities of benefi ts, costs, entry 

or establishment;
• estimation of benefi ts of natural environments; 

and
• the use of partial analyses.
Ways to resolve these common issues are now ad-
dressed. 

Prediction of the rate of spread   A spread function 
is, basically, the relationship between the area occupied 
by a weed, a range of environmental characteristics and 

the time. The review shows that spread functions have 
been derived in different ways.
(a)  The change in weed density over time is sometimes 

modelled through matrices that defi ne the likeli-
hood of transition from one status to another. These 
matrices contain probabilities of change from one 
category of plant life form to another, or one cat-
egory of weed density to another. For example, 
an area that is surrounded by weeds has a higher 
probability of becoming infested than areas sur-
rounded by no weeds.

(b)  The area presently occupied by the invasive plant 
is noted and the area that would be ultimately 
occupied is estimated in terms of the climatic 
requirements of the plant, land use and other 
environmental characteristics. A function is then 
used to model the rate of spread between the 
present and the ‘ultimate’ situation.

(c)  Spread is sometimes assumed to follow a specifi c 
function. For example, with an exponential func-
tion the area occupied increases over the years and 
at an increasing rate in the absence of control.

(d)  Some studies use a constant rate of spread, some 
are ex post and so can observe the actual ‘histori-
cal’ spread, and some have no discernible spread 
function at all.

These four alternatives seem to offer a decreasing 
order of ability to predict actual spread and hence a 
decreasing order of usefulness. 

The treatment of risks   There are many kinds of risk 
to be assessed and included. They include the probabil-
ity that the plant will enter the region, the probability 
that if it does it will spread to a given area in t years, 
and the probability that the invasion has a given impact 
on the output of goods and services. These kinds of 
risks have been addressed as follows.
(a)  Quantitative probabilities of the sequence of events 

are occasionally assessed and included.
(b)  A range of outputs are identifi ed for a given level 

of weed density, and incorporated through a sen-
sitivity analysis where a separate net present value 
is calculated for each level.

(c)  Qualitative estimates such as low, medium and 
high risk, are assessed by experts.

(d)  Qualitative descriptions of the risks sometimes 
accompany an otherwise deterministic analysis.

The elicitation of probabilities, as in (a) is a diffi cult 
process but would now appear to be necessary. An 
example from pest and disease management may be 
helpful. Karnal bunt is a disease of wheat, rye and 
triticale affecting crops and so causing production 
losses. There are many pathways by which the patho-
gen can be introduced to presently-free areas in the 
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United States of America. Glauber and Narrod (2003) 
estimated probabilities for all the 25 events that were 
needed to defi ne all these pathways, and captured the 
combined effects through Monte Carlo simulation. 
Their procedures may well be applicable to weed 
problems in Australia. 

Valuation of benefi ts of the natural environment   
The valuation principle states that ‘the benefi t of a 
good or service still remains, quite appropriately, 
the community’s aggregate willingness to pay for it’ 
(Sinden and Thampapillai 1995). Willingness to pay 
can readily be assessed through market prices when 
the good or service is sold in a competitive market. 
But this measure of value is still diffi cult to assess for 
the services of a natural ecosystem because they are 
rarely sold in competitive markets.

The valuation principle is universal and most of 
the methods to apply it to value various services of 
a natural ecosystem have, in fact, been illustrated in 
Odom et al. (2004). But there remains a large group of 
ecosystem services, called the endemic species values 
or existence values, which have proved hard to value. 
So we now consider this problem in more detail, and 
ask – what is the benefi t from the retention or continued 
existence of the ecosystem? We review what is done in 
these studies, and comment on whether these applica-
tions measure community willingness to pay.
(a)  Many studies have used survey methods, such as 

contingent valuation or choice modelling, to derive 
values. These techniques give a typical value for 
the retention of threatened, but not endangered 
species in woodland in central Queensland and 
north-western New South Wales of $233,220 
per species per year. This value would seem to 
be higher than the Australian community would 
actually pay to protect a threatened species – given 
the very large number of such species in the nation 
(Odom et al. 2003).

(b)  Few have used or interpreted actual government 
expenditure to value the community’s willingness 
to pay. But Odom et al. (2003) did apply this no-
tion and derived a value of $2308 per threatened 
species per year for the same kind of threatened 
woodland (in the event, the state government did 
not pay the amount so even this value may be too 
high).

(c)  In view of the differences in value in (a) and (b) 
above, an appropriate general approach may be to 
use such a range of values to derive a probability 
distribution and sample from this distribution in 
a simulation approach. 

(d)  Some services and outputs, such as wildfl owers or 
water, are sometimes sold for monetary revenues 

in markets. So their market prices may be directly 
appropriate.

(e)  Other services have been valued well through re-
lated market expenditures, such as the valuation 
of recreation through travel costs.

(f )  Many have ignored the problem.
There are procedures that attempt to circumvent the 
valuation problem. For example, one can try to:
• minimise costs for a given level of fi xed output;
• choose the least cost alternative; or
• estimate the cost of addressing the problem and 

then pose the question: is the problem worth fi xing 
at this cost?

These procedures can only be applied in specifi c situ-
ations where the objective functions (such as minimise 
cost, or choose an alternative from a fi xed budget) are 
appropriate.

But there appear to remain several major op-
portunities for valuation, all of which rest on choices 
actually revealed by government decisions. These 
opportunities include:
(a)  valuing the opportunity costs of national parks (the 

agricultural, forestry and mining income foregone 
when a park is established, is one measure of the 
value that the community has placed on the bio-
diversity that is protected); 

(b)  analysing the variation in the way weed control 
expenditures vary with rarity of protected species; 
and 

(c)  analysing payments by government agencies to 
acquire habitats. 

Sinden et al. (2004) provides a good example of 
estimating the benefi t of protecting one threatened 
species per year being $68,700 by using the govern-
ment expenditures on controlling 35 Weeds of National 
Signifi cance.

Predictions of change in environmental outputs   The 
majority of the applications have assumed that:
(a)  a one unit change in spread leads to a one unit 

change in output, whatever the level of spread; 
(b)  a one unit change in spread has the same effect on 

output, whether the spread is forward or backward; 
and

(c) the nature of these changes is the same for all 
kinds of environmental resources and all kinds of 
environmental outputs. 

These assumptions are likely to hold for marginal 
changes but not for major changes in spread. 

An interesting case concerns biodiversity resourc-
es, where output depends on a given ‘critical mass’ of 
a resource. Below this mass, increases in investment 
in control do increase output. The production func-
tion, or ecosystem function, is linear (or curvilinear) 
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and increasing with investment till the critical mass is 
reached. Once this mass is achieved, extra investment 
in control does not increase biodiversity (or endemic 
species type) output. The function then becomes hori-
zontal, showing no increase in output with investment. 
These are complex issues, best addressed through bio-
economic modelling as shown, for example, by Odom 
et al. (2003).

The use of partial analyses   A rigorous benefi t-cost 
analysis is time consuming (and expensive) and the 
results may be needed at a time when the resource 
manager must quickly assess the risks and benefi ts 
associated with new plant material or with a particular 
management system. For this reason, partial, rather 
than full, benefi t-cost analyses are often undertaken.

All of the actual decision systems and many of 
the case studies reviewed are partial applications of 
benefi t-cost analysis (Odom et al. 2004). They do not 
use the full set of benefi ts and costs, but rather use costs 
only, risks only, expected costs only, profi ts instead of 
surpluses, or the characteristics of weeds as proxies for 
benefi ts and costs. None of these approaches measure 
economic desirability yet all are applied in situations 
where they are used to represent economic desirability 
– and this would appear to be a major issue.

The numerical values obtained from a partial anal-
ysis will obviously differ from those of a full benefi t-
cost analysis. But the real concerns or tests are:
• do the rankings of alternatives differ; and
• do the same decisions get made?
Differences between full and partial analyses could be 
explored through such tests.

DISCUSSION
Many investigations of weed management in agricul-
ture meet, or substantially meet, all the requirements 
for a benefi t-cost analysis largely because changes in 
outputs due to weed invasion and control are known, 
and market prices for all outputs and inputs are read-
ily available. But few investigations of weed manage-
ment in natural ecosystems meet these requirements 
largely because the relationships between ecosystem 
output and weed density are unknown and values of 
the outputs of natural environments are much harder 
to estimate.

The opportunities appear to be to:
(a)  establish models of typical spread functions;
(b)  elicit and apply actual probabilities of risky 

events;

(c)  test the relevance of partial analyses; and
(d)  analyse the variation in government expendi-

tures.
The AEC Group (2002) applied benefi t-cost analysis to 
analyse each of the fi ve activities of weed management 
namely, prevention, eradication, containment, research 
and education, and promotion of awareness. Further 
application of the method to review integration of the 
processes of management is likely to be useful. 
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