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Summary   Although government intervention in 
weed invasion is most effective at a stage where weed 
numbers are low and infestations are few (e.g. weed 
eradication), governments as land manager and regula-
tor have a role to play in all stages of the invasion proc-
ess. In Victoria, priority investment strategies against 
specific weeds are identified through regional weed 
action plans. However, funding priorities reflected in 
regional weed action plans have become inconsistent 
with the legal listing of many weed species, because 
the status of most declared noxious weeds has not 
changed in Victoria since the 1970s. One of the steps 
being taken by the Victorian Government to address 
this is an on-going review of the noxious weed list. This 
paper explores the issue of optimising the allocation of 
government investment in the management of noxious 
weeds re-classified through this review. An optimising 
model, such as described here, could complement other 
decision-aid tools already used as part of a transpar-
ent and repeatable system for prioritising regional 
investment in weeds. The application of this model in 
maximising returns on investment by governments for 
weed control is demonstrated.

Keywords    Optimal government investment, 
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INTRODUCTION
The weed invasion process can be generalised and 
described in four stages (Hobbs and Humphries 1995): 
I) ‘pre-entry’ (not present); II) ‘new and emerging’ 
(localised populations); III) ‘expanding’ (multiple 
populations); and IV) ‘widespread’ (abundant). Whilst 
some species fail to establish or become invasive after 
introduction, a weed population can grow rapidly when 
conditions are favourable and spread over a large area, 
until it eventually occupies all suitable environments. 
Most invasive plant species; however, have a long lag 
time between initial introduction (stage II) and final 
spread (stage III) (Crooks and Soule 1999). 

Historically, governments have invested most of 
their resources in the control of established and wide-
spread weed species (stages III and IV). Recently, an 
increasing focus has been given to preventing weed 
spread early in the invasion process, attempting to 

Optimising government investment at different stages of the weed 
invasion process

 Tereso A. Morfe1,3 and  John Weiss2,3

1 Department of Primary Industries, CAS, Frankston, Victoria 3199, Australia
2 Department of Primary Industries, PIRVic, Frankston, Victoria 3199, Australia

3 CRC for Australian Weed Management

eradicate particular species well before they expand 
and become widespread. 

In Victoria, there are four categories of noxious 
weed listed and defined under the Catchment and 
Land Protection Act 1994 (CaLP), namely: 1) State 
Prohibited; 2) Regionally Prohibited; 3) Regionally 
Controlled; and 4) Restricted. Each Natural Resource 
Management or Catchment Management Authority 
(CMA) region in Victoria develops a regional weed 
action plan (RWAP). CMAs set priority investment 
strategies against specific weeds through this plan. 
A state- wide review of the noxious weed list is on 
going in Victoria to make the RWAP consistent with 
the category of each noxious weed (Weiss et al. 
2004). 

Developing cost-effective RWAPs remains a chal-
lenge when considering the large number of priority 
species competing for limited funding resources, the 
different stage of invasion that weeds are at and the 
category that weeds fall under the CaLP Act. This 
paper aims to describe and illustrate the application of 
an economic optimising model to maximise returns on 
government investment in an RWAP. For the purpose 
of this study, Regionally Prohibited (P) and Controlled 
(C) weeds in the study CMA region were considered 
representative of species under stage II and IV of the 
invasion process, respectively. However, not all listed 
P and C species were analysed.

MATERIALS AND METHODS
Prioritisation process   Victoria’s pest plant prioriti-
sation process has two key components: scientific as-
sessment and economic analysis. Scientific assessment 
involves determining the invasiveness, distribution 
and impact of a weed species. An over-all numerical, 
weighted score is used to rank one species against an-
other. Details of this assessment approach are provided 
in Weiss and McLaren (2002). The economic analysis 
component currently applies a benefit cost analysis 
spreadsheet called Catchment Weed Management 
(CWM) model calibrated at CMA region level. Details 
of an earlier version of the CWM model are presented 
in Morfe and Weiss (2002).
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OptiPlan   The economic optimising tool that was 
used here, dubbed ‘OptiPlan’, utilises the output of 
CWM. Through this regional-scale linear program-
ming (LP) model, scenario analysis can be undertaken 
to systematically assess the potential impact of budget 
changes on a particular RWAP. The application of such 
an optimising model to prioritise investments could 
lead to better targeted investment.

Optimising LP models are formulated either to 
maximise or minimise a specified objective function 
subject to a number of constraints. In this analysis, the 
specified objective function is to maximise returns 
on government investment in an RWAP. The sample 
RWAP analysed here involves the control of nine nox-
ious weeds in various stages of the invasion process in 
the Corangamite CMA (CCMA) region. 

Hypothetical RWAP budget reduction was im-
posed on the LP model as the limiting constraint. The 
budget applied consists of two investment components. 
First, the aggregate value of full-time equivalent of 
Victorian Department of Primary Industries (DPI) staff 
that may be deployed to manage the control strategies 
against the nine weeds in question in the CMA region. 
The second component is the cost of control on public 
land infested by these species.

We ran the LP model to determine the decision 
that would maximise returns on investment in CCMA’s 
RWAP. Solving an optimisation problem can help illu-
minate issues about government investment decisions 
and the outcomes they generate. For example, how 
should the increasingly limited government funds be 

allocated amongst the economically justifiable noxious 
weed investments to maximise returns to RWAP? Or, 
how would a reduction in weed budget impact on the 
expected benefit or outcome of a RWAP?

Noxious weeds   We included in this analysis four 
weed species under category P: African daisy (Senecio 
pterophorus DC.), African feather grass (Pennisetum 
macrourum Trin.), amsinckia (Amsinckia spp.) and 
two-leaf Cape tulip (Moraea miniata Andrews). The 
species included were chosen based on the estimated 
present distribution of about 1 ha each in the CCMA 
region. This infestation size was considered repre-
sentative of those species at stage II of the invasion 
process. We also included five category C weeds 
selected for having an estimated total infestation (on 
public and private land) of not less than 10,000 ha in 
the CCMA region: blackberry (Rubus fruticosus L. 
agg.), boxthorn (Lycium ferocissimum Miers), ragwort 
(Senecio jacobaea L.), serrated tussock (Nassella 
trichotoma (Nees) Hack. ex Archav.) and sweet briar 
(Rosa rubiginosa L.). The selected category C weeds 
may illustrate the case of species at stage IV of the 
invasion process (Table 1). 

Victorian DPI staff estimated the present distribu-
tion in the CCMA region of each weed shown in Table 
1. The potential distribution over the next 30 years was 
estimated using a logistic spread model. Assuming the 
weed is not controlled, this means slow rate of spread 
at the initial stages and then increases at a higher rate 
until full geographical distribution is reached.

Table 1.   Noxious weeds examined in this study (P = Regionally Prohibited; C = Regionally Controlled; S = 
total suppression strategy that resembles an effort to eradicate the weed from the region; R = control strategy that 
aims to reduce present distribution in the region by half over the next 20 years and contain it at that level).

Invasion stage/species Category Distribution 
(ha)

Strategy Investment 
year 1 

($‘000)

Assessment 
ranking

Present Potential Economic Scientific

Stage II

African daisy P 1 27,844 S 22.9 6 7

African feather grass P 1 26,366 S 22.8 4 1

Amsinckia P 1 26,358 S 22.8 9 6

Two-leaf Cape tulip P 1 28,787 S 22.8 8 4

Stage IV

Blackberry C 21,200 53,383 R 107.8 2 3

Boxthorn C 10,000 38,144 R 39.5 5 8

Ragwort C 50,000 78,703 R 36.5 3 9

Serrated tussock C 27,250 55,220 R 29.2 1 2

Sweet briar C 10,000 39,188 R 31.3 7 5



89

Fifteenth Australian Weeds Conference

Total suppression (S) and reduction-containment 
(R) strategies were applied for weeds under stage II 
and IV of invasion, respectively. Total suppression is 
a control effort that resembles eradication of the weed 
from the region. A reduction-containment strategy 
meanwhile aims to reduce present distribution in the 
region by half over the next 20 years and contain it 
at that level.

The control strategy considered feasible against 
a weed was used to derive the economic assessment 
ranking applying the CWM model. A ranking of 1 
denotes investment in long-term control of serrated 
tussock was estimated to yield the highest net present 
value (NPV). The NPV is the difference between the 
present value of benefits and present value of costs. 
The nine weeds have been assessed individually with 
positive NPV, that is, each investment is economically 
justified. Assuming the budget is not limited, all nine 
should be funded.

The scientific assessment ranking; however, was 
based on the overall weighted scores for the assessed 
weeds (Weiss and McLaren 2002). A ranking of 1 
suggests that African feather grass is potentially the 
worst weed in the region amongst the nine species 
analysed.

RESULTS AND DISCUSSION
To manage the nine weeds considered in this pa-
per, the Victorian government would need to invest 

approximately $336,000 in the CCMA region (Table 
2). This amount represents the base (unlimited) budget 
scenario. To assess the impact of funding changes, 
five alternative budget scenarios were analysed, hy-
pothetical reductions in current budget by 10, 20, 30, 
40 and 50%. 

The OptiPlan LP model was run to determine the 
species that should be included in the optimal decision 
under each budget scenario in order to maximise re-
turns on investment. For example, the optimal decision 
under a 10% budget reduction would be to exclude two 
species: amsinckia (stage II species) and sweet briar 
(stage IV species). 

The non-inclusion of a new and emerging spe-
cies (amsinckia) under the 10 and 50% budget 
reduction scenarios would help maximise return on 
government investment in the CCMA region. How-
ever, if this decision to exclude amsinckia from the 
RWAP were followed, it is possible that other regions 
could be disadvantaged. For example, this could 
negate the outcome of ongoing control programs in 
adjoining CMA regions where amsinckia is a prior-
ity species, such as Glenelg-Hopkins (GHCMA). 
Perhaps this is a case where one region (CCMA) 
could become a ‘weak link’ in terms of preventing 
the spread of a weed to another susceptible region 
(GHCMA).

Table 2 also shows that blackberry, boxthorn 
and sweet briar, either as individual species or in 

Table 2.   Optimal investment solutions (Y = invest in control; N = no investment).

Decision Scenarios, defined by budget reduction (%)

0 10 20 30 40 50

Stage II

African daisy Y Y Y Y Y Y

African feather grass Y Y Y Y Y Y

Amsinckia Y N Y Y Y N

Two-leaf Cape tulip Y Y Y Y Y Y

Stage IV

Blackberry Y Y Y N N N

Boxthorn Y Y N Y Y N

Ragwort Y Y Y Y Y Y

Serrated tussock Y Y Y Y Y Y

Sweet briar Y N N Y N Y

No species excludedA 0:0 1:1 0:2 0:1 0:2 1:2

Estimated budget ($‘000) 336 282 266 228 197 166

Budget allocation (%)B 27:73 24:76 35:65 40:60 47:53 42:58
A Respective number of Stage II and Stage IV species excluded in the optimal decision.
B Calculated proportion of budget that should be allocated to Stage II and IV species, respectively, assuming optimal 
decision is followed.
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combination, should be excluded under the reduced 
budget scenarios. If any of these optimal investment 
decisions were followed, it is possible that some 
members of the community would rally against im-
plementing such a plan. 

For example, given a hypothetical reduction in 
current budget of between 30 and 50%, the optimal 
decision would be to exclude blackberry in the RWAP. 
However, people might argue that past investments in 
blackberry control in this region would simply go to 
waste if such a control program were terminated. It is 
important to note that had we relied solely on using 
the economic or scientific assessment ranking (Table 
1), a different decision under the same scenarios 
would have been made. With its high economic and 
scientific rankings (2 and 3, respectively), it is highly 
likely that blackberry would be included in the RWAP 
investment.

Blackberry infestations on public land in the 
CCMA region have been estimated at approximately 
17,000 ha. Because it is widespread, a full-scale con-
trol program (i.e., reduction-containment strategy) on 
such land was estimated to require a large amount of 
government resources to reduce it to half of the current 
level. Unless cost-effective control technology against 
blackberry becomes available, such as biological con-
trol, re-classifying it to a restricted weed status may be 
considered an option. Roberts (1987) has raised this 
policy before as one of the options for dealing with 
widespread blackberry and saffron thistle in Western 
Australia. Under such an option in Victoria, the gov-
ernment may need only to provide resources to ensure 
that the spread pathways of blackberry are effectively 
managed. Re-classifying blackberry to restricted status 
also means that the Victorian Government would have 
no obligation to invest in the costly control program 
to reduce current infestation levels.

Increased government effort and investment in 
eradication over control of invasive species as far as 
practicable have been argued before (see Mack and 
Foster 2004). The results of this analysis demonstrate 
that when faced with shrinking budgets, an attempt to 
intensively control new and emerging weed species 
in a region generally could help maximise returns on 
government investment compared to the control of 
widespread ones. 

If 100% of the funding were allocated to stage II 
(‘new and emerging’) weeds, there would be an unac-
ceptable public perception that government is walking 
away from the existing weed problems. Alternatively 
allocating all resources to stage IV (‘widespread’) 
weeds would not address future problem weeds.

The present economic analysis indicates that as 
budgets become more restricted, funding priority 

should shift towards weed species that can be eradi-
cated to maximise returns on investment. Our analysis 
also indicates that if there are sufficient funds, the 
split between stage II and stage IV weeds is about 
25% to 75%, respectively. As budgets are increasingly 
constrained this would shift towards 40% to 60%, 
respectively.
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