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Summary
Serrated tussock (Nassella trichotoma) is
a grass native to South America which
has become a serious weed in Australia,
New Zealand and South Africa because
firstly, it results in significant losses in
livestock production due to heavy reduc-
tions in carrying capacity in infested pas-
tures. Secondly, control by pasture im-
provement requires a large capital in-
vestment which hinders the adoption of
control recommendations for many
landholders. Thirdly, significant exter-
nal costs can be attributed to this weed.
Spread is generally by wind with seeds
from uncontrolled areas travelling up to
20 km a day.

The distribution and density of ser-
rated tussock has been surveyed for 19
local government areas in central and
southern New South Wales. These data
have been incorporated into a GIS which
has been combined with data on soil fer-
tility and rainfall to provide the neces-
sary constraints for a regional linear pro-
gramming model to estimate the produc-
tion losses due to this weed. Econometric
models of the wool and livestock indus-
tries were used to estimate the economic
impact of serrated tussock on the New
South Wales central and southern table-
lands.

Introduction
Serrated tussock (Nassella trichotoma) is a
grass native to South America and is a se-
rious weed in Australia, New Zealand and
South Africa. The threat posed by this
weed was first recognized in 1935 in
southern New South Wales after its intro-
duction in fodder shipments imported
during droughts. By the 1950s serrated
tussock had occupied large areas of south-
eastern Australia with most infestations
occurring within areas bounded by a 21°C
isotherm for mean January temperature
and an average rainfall between 500 and
990 mm. This area covers most of the cen-
tral and southern tablelands of New South
Wales.

Serrated tussock has no grazing value
because of its high fibre (86%) and low
protein content (4%). Consequently infes-
tations of this weed result in a significant
loss in livestock production. Heavy infes-
tations of serrated tussock can reduce the
carrying capacity of both improved and
natural pastures by as much as 90% while
moderate infestations can reduce stock
numbers by 40%.

The first survey of the area and distri-
bution of serrated tussock was by
Campbell (1977) who determined that the
total area of infestations in New South
Wales was 680 000 ha (Table 1). Campbell
classified infestations into three densities:
i. dense infestations in which animal pro-

duction was seriously diminished
(Class 1),

ii. scattered patches with isolated plants
interspersed which would soon in-
crease to (i) in the absence of control
(Class 2), and

iii. scattered plants with no heavy concen-
trations (Class 3).

Subsequent serrated tussock surveys by
Campbell (1987) and Gorham (unpub-
lished) in 1994 (Table 1) indicated that the
area of serrated tussock had declined by
about 30% between 1977 and 1987, but by
1994 the infested area of 740 716 ha had
increased above the 1977 level of 680 000
ha. Campbell (1987) attributed the release
of the chemical tetrapion as one of the sig-
nificant reasons for the decline in serrated
tussock by 1987. Gorham gave no reasons
for the subsequent increase by 1994.

Serrated tussock has been the principal
noxious weed in New South Wales for the
past 15 years despite the development and
extension of proven control technologies
and the demonstration of the economic
benefits of these methods in areas favour-
able to pasture improvement, as well as
continued enforcement of control legisla-
tion by local government. The information
derived from both the Campbell and
Gorham surveys was collected using
mail questionnaires to all New South
Wales local government area (LGA) weed

Table 1. Estimated areas (ha) infested with serrated tussock in New South
Wales by various surveys.

Campbell (1977) Campbell (1987) Gorham (1994)

Class 1 71 200 47 000 55 268
Class 2 147 100 61 800 86 253
Class 3 461 700 382 600 599 195
Total 680 000 491 400 740 716
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inspectors whose records indicated the
area of land infested by serrated tussock
on each property within their boundaries.
Information on the geographic location of
the infestations within a LGA was not ob-
tained so it was not possible to correlate
individual infestations with soil type,
rainfall, slope or topography.

In term of its economic importance
Vere et al. (1993) estimated that the social
benefits from the control of serrated tus-
sock in New South Wales were approxi-
mately $48 million per annum. In an ear-
lier attempt to determine the social costs
of serrated tussock in New South Wales,
Vere et al. (1980) estimated that the annual
benefits from controlling the weed in es-
sentially the same region as covered by the
current study were approximately $60
million per annum in terms of increased
greasy wool production. In a subsequent
paper, Edwards and Freebairn (1982) criti-
cized this estimate on the main ground
that the model used was inappropriate
because it failed to consider the strong ex-
port orientation of the Australian wool
market. They concluded that the main
beneficiaries from serrated tussock control
in New South Wales were most likely to
be Australian wool producers and foreign
wool consumers.

Although these prior estimates have
been made, the continued demand for this
information has required a re-evaluation
of the weed distribution data on which the
estimates were made. The main concern
with the data is that they were (mainly)
subjectively derived and that they were
not related to land quality and agricul-
tural activity conditions. This demand
comes from several sources. The CRC for
Weed Management Systems has targeted
serrated tussock as a priority weed and
has the responsibility for developing inte-
grated weed control programs, including
biological control, and so requires robust
estimates of the economic importance of
its target weeds. Further, serrated tussock
has become a major public weed because
of the extensive external costs associated
with its spread in some areas of the table-
lands. This in turn has generated much
community and local government concern
that has prompted continued pressure for
more direct government intervention in
serrated tussock control.

The objective of this paper is to re-
estimate the economic impact of serrated
tussock infestations in New South Wales
using new information which allows the
distributions and relative densities of the
weed to be accurately correlated with the
environmental and livestock production
characteristics of the country in which it
occurs. This paper firstly describes the
1997 survey of serrated tussock across 19
LGAs on the central and southern table-
lands of New South Wales, hereafter re-
ferred to as the study area (Figure 1), and

the digitization of the survey data into a
geographic information system (GIS). By
overlaying this information with existing
soil type and rainfall data, the GIS was
able to provide the area of infestation rela-
tive to soil type and rainfall characteris-
tics.

Secondly, the development of a re-
gional linear programming model that
utilizes the weed infestation and GIS in-
formation is described. The solution of
this model provided an estimate of the
annual regional gross margin impact of
serrated tussock for each of the LGAs.
Thirdly, the data provided by this model
was incorporated into a preliminary ver-
sion of a quarterly structural econometric
model of the Australian livestock indus-
tries to provide the parameters necessary
to estimate the impact of serrated tussock
using an economic surplus model. Figure
2 outlines the modelling process used to
derive these estimates, indicating the flow
of information between the GIS model, the
regional linear programming model, the
structural econometric model and the eco-
nomic surplus model.

The 1997 serrated tussock survey in
New South Wales
Staff from the CRC for Weed Management
Systems surveyed serrated tussock infes-
tations for the 19 LGAs in August 1997.
Analysis of the Gorham data indicated
that this area contained 98% of the New
South Wales serrated tussock infestations
in 1994. The survey process involved

visiting the weed inspector in each LGA
area to map where heavy (Class 1), me-
dium (Class 2) and light (Class 3) infesta-
tions occurred. Instead of visiting the sites
and objectively mapping the weed infes-
tations, the procedure was to record each
weed inspector’s data onto map sheets
and to convert these into digital data for
incorporation into a GIS model. The ser-
rated tussock survey results were then de-
termined by the GIS model (Table 2).

The total area of serrated tussock area
in the study area was estimated to be
886 989 ha. This was comprised of 125 086
ha of Class 1, 219 234 ha of Class 2 and
542 669 ha of Class 3. The southern table-
lands had the largest area of serrated tus-
sock of 413 661 ha, the central tablelands
had 309 392 ha and the Monaro region
163 936 ha of the weed. The proportion of
each region infested by serrated tussock
gives one measure of the seriousness of
the problem with the southern tablelands
having the greatest proportion infested
(14.6%), followed by the Monaro (11.0%)
and the central tablelands (10.9%). Indi-
vidual LGAs were significantly affected
by serrated tussock, particularly Evans
(53.0%), Wingecarribee (33.2%), Talla-
ganda (28.1%), Gunning (18.2%) and
Cooma-Monaro (15.9%).

The relative density of the infestations
is also an important indicator of the seri-
ousness of the serrated tussock problem as
the higher weed densities result in the
greatest product yield reductions and,
therefore, economic impact. The Monaro

Figure 1. The serrated tussock study area.
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Table 2. Serrated tussock infestations in the study area (ha).

Class 1 Class 2 Class 3 Total Proportion
Infested (%)

Central Tablelands
Blayney 225 0 5 596 5 821 3.8
Cabonne 16 347 1 294 5 376 23 017 3.7
Evans 12 519 10 142 218 237 240 898 53.0
Greater Lithgow 2 771 22 16 983 19 776 5.6
Mudgee 85 83 3 041 3 209 0.6
Oberon 1 346 6 948 5 657 13 951 4.8
Wellington 1 533 0 1 187 2 720 0.7
Total 34 826 18 489 256 077 309 392 10.9

Southern Tablelands
ACT 3 255 15 069 9 402 27 726 11.8
Boorowa 664 538 486 1 688 0.7
Crookwell 16 403 11 265 17 106 44 774 12.4
Gunning 12 129 11 838 16 317 40 284 18.2
Mulwaree 16 373 14 837 38 852 70 062 13.3
Tallaganda 0 21 407 71 894 93 301 28.1
Wingecarribee 2 626 27 691 59 192 89 509 33.2
Yarrowlumla 3 781 11 892 215 15 888 5.3
Yass 148 29 938 343 30 429 9.2
Total 55 379 144 475 213 807 413 661 14.6

Monaro
Bombala 1 898 4 404 11 436 17 738 4.5
Cooma-Monaro 16 945 43 681 17 561 78 187 15.9
Snowy River 16 038 8 185 43 788 68 011 11.3
Total 34 881 56 270 72 785 163 936 11.0

Study Area 125 086 219 234 542 669 886 989

had the highest amount of Class 1 as a pro-
portion of total infestation (21.3%) fol-
lowed by the southern tablelands (13.4%)
and the central tablelands (11.3%). This
indicates that serrated tussock infestations
in the Monaro region may have a greater
economic impact than infestations in the
central tablelands because they have a
higher weed density.

The total area infested by serrated tus-
sock determined from this survey was

considerably higher than that reported by
Campbell (1977, 1987) or Gorham. This
can be attributed to either an actual in-
crease in the area infested by serrated tus-
sock or an underestimate by the earlier
surveys. Given that the Campbell and
Gorham studies were conducted by mail
questionnaire without any control on the
quality of returns by the weed inspectors,
it is possible that there may be errors in
the returned data. The use of personal

interviews as used in the current survey
was expected to reduce the size of this er-
ror. Also, this survey identified signifi-
cantly larger areas of Class 1 and Class 2
infestations of serrated tussock than
Gorham’s 1994 results. This suggests that
if the current survey’s more objectively
derived data can be considered to be more
accurate, then the use of Gorham’s data
alone would lead to a considerable un-
derestimation of the true costs of serrated
tussock.

A regional linear programming
model for evaluating the economic
impact of serrated tussock

Model specification
A regional linear programming model
(RPM) was developed to estimate the im-
pact of serrated tussock within the study
area. The model’s objective function was
to maximize the regional gross margin,
while the model’s constraints reflected the
serrated tussock infestation, soil fertility
and rainfall status in each LGA. Being an
optimization technique, the model deter-
mines the number of livestock that can be
carried subject to pasture availability,
which in turn depends on land quality. To
determine the impact of serrated tussock,
the model was simulated for each LGA by
changing the land quality constraints
(these were represented by the soil type,
rainfall and level of serrated tussock infes-
tation status within each LGA) and solv-
ing for a with and without serrated tus-
sock scenario. Here, the difference in re-
gional gross margin between the two sce-
narios was considered to represent the
economic loss associated with serrated
tussock.

Four generic land classes were speci-
fied in the model – no serrated tussock,
Class 1, Class 2 and Class 3. Within each
of these land classes there were specific
constraints for nine land quality descrip-
tions, ranging from high fertility/high
rainfall to low fertility/low rainfall. Data
derived from the GIS model provided the
necessary values for each of these land
constraints for each LGA within the RPM.

A range of alternative pasture types
was available on each of the land classes
in the model. The major pasture types
were naturalized pasture, temperate per-
ennials (phalaris and cocksfoot), native
grasses (Microlaena, Danthonia and red
grass) and sub-clover. Pasture dry matter
production differed depending upon the
pasture type, rainfall, soil fertility and the
level of tussock infestation. The monthly
dry matter pasture production values
were converted to a feed energy equiva-
lent of megajoules of metabolizable en-
ergy per kilogram of dry matter (MJ ME
kg-1 DM).

Sheep enterprises were included in the
model to represent livestock production

Figure 2. The modelling process.
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systems. These included merino wethers,
merino self replacing ewes, first cross
lamb and second cross lamb enterprises.
The feed demands of livestock were speci-
fied on a monthly basis in terms of
megajoules of metabolizable energy per
head (MJ ME hd-1). Unused feed was
transferable from one month to the next at
various efficiency ratings. For instance,
one unit of feed energy could be trans-
ferred from June to July at a 30% utiliza-
tion, i.e. for each megajoule transferred
from June 0.3 megajoules are available in
July.

The RPM was constrained to the live-
stock and pasture enterprises that are
typical on the serrated tussock infested ar-
eas within each LGA. For instance, LGAs
in the central tablelands were constrained
to prime lamb enterprises while the LGAs
in the southern tablelands and the Monaro
were constrained to merino wool produc-
ing enterprises. The model was also con-
strained to native and naturalized pasture
systems given the prevalence of these pas-
ture types in serrated tussock infested ar-
eas.

Data
The main effect of serrated tussock is to
reduce the amount of pasture biomass
available, thereby reducing livestock car-
rying capacity and farm income. There-
fore the model has to accommodate pas-
ture growth rates for the different soil and
rainfall conditions, livestock feed require-
ments, the yield loss relationship between
serrated tussock and pasture and the gross
margins for the individual pasture and
livestock enterprises.

Soils and rainfall Each infestation in each
LGA was defined in terms of the resource
quality (based on soil type and rainfall) on
the country in which serrated tussock oc-
curred, giving nine generic descriptions:
• High fertility/High rainfall
• High fertility/Medium rainfall
• High fertility/Low rainfall
• Medium fertility/High rainfall
• Medium fertility/Medium rainfall
• Medium fertility/Low rainfall
• Low fertility/High rainfall
• Low fertility/Medium rainfall
• Low fertility/Low rainfall

A data set of soils from the Northcote
Atlas of Australian Soils was used to pro-
vide an indicator of soil quality for the
study area. This resulted in approximately
70 distinct soil types across the study area
which were then aggregated into the three
specific categories of high, medium and
low fertility.

The rainfall data used in the study were
obtained from the Metaccess data set. The
rainfall categories were defined as:
• High rainfall >800 mm
• Medium rainfall 600–800 mm
• Low rainfall <600 mm

Feed demand The monthly feed demand
values for each livestock category, in MJ
ME hd-1, were calculated using the
GRAZPLAN model (Moore et al. 1990).

Feed supply Monthly dry matter produc-
tion values were derived from generic
pasture growth curves reported in
McDonald (1996). These data were for
non-specific soil types and rainfall condi-
tions and workshops were held in Orange
and Goulburn with research scientists and
district livestock officers and agronomists
to develop individual pasture growth
curves for each pasture on the defined soil
and rainfall types. The dry matter values
were converted to feed energy values (MJ
ME kg-1) by applying digestibility values
for the various stages of plant growth
(Prograze 1995). The digestibility values
were first converted to MJ ME using the
following formula (MacKay personal
communication).

MJ ME = 0.147 × DDM - 0.72
Where DDM is the digestibility of dry
matter production. The monthly feed sup-
ply, in terms of MJ ME ha-1, was then cal-
culated by multiplying monthly dry mat-
ter production (DM kg ha-1) with the
monthly feed energy value (MJ ME kg-1).

Yield loss function Cousens (1985) con-
sidered that the appropriate equation for
representing the crop yield loss associated
with an annual weed was a rectangular

hyperbola. However, it is unclear that
such an equation is appropriate for peren-
nial weeds, such as serrated tussock, in
pasture systems where weed density is
measured in terms of percentage of area
infested rather than weeds per unit of land
area. In a New Zealand study Denne
(1988) assumed that damage due to ser-
rated tussock was directly proportional to
the percentage of infestation. This study
adopted a similar approach to Denne
(1988) with a linear yield loss function be-
ing applied to the alternative serrated tus-
sock infestations. For Class 1 infestations
dry matter production was reduced 80%,
Class 2 by 50% and Class 3 by 10%.

Prices and costs Sheep gross margins,
wool cuts and flock dynamics were ob-
tained from Crean (1996). Pasture costs
were developed from discussions with
district agronomists in Orange and
Goulburn.

Model validation
The model was validated in workshops
with livestock officers, district agrono-
mists and research scientists. Farmers
were not involved in the model validation
process, although this may be an appro-
priate future action.

Model results
The preliminary results of the with and
without serrated tussock simulations of

Table 3. Reductions in gross margin, sheep numbers and wool cut due to
serrated tussock in the study area.

Regional gross margin Sheep numbers Wool
($) (head) (kilograms)

Central tablelands
Blayney 118 271 2 948 12 735
Cabonne 1 797 208 44 797 193 521
Evans 4 599 064 114 635 495 221
Greater Lithgow 445 793 11 125 48 059
Mudgee 41 368 1 031 4 454
Oberon 688 241 17 155 74 109
Wellington 181 898 4 534 19 587
Total 7 871 843 196 224 847 687

Southern tablelands
ACT 1 326 231 33 648 145 358
Boorowa 53 923 1 651 7 134
Crookwell 2 287 605 59 240 255 915
Gunning 1 589 116 46 331 200 152
Mulwaree 2 878 587 73 829 318 940
Tallaganda 2 205 924 54 984 237 531
Wingecarribee 2 720 831 68 668 296 646
Yarrowlumla 955 948 25 225 108 973
Yass 1 761 306 43 928 189 769
Total 15 779 472 407 504 1 760 418

Monaro
Bombala 266 754 20 159 117 746
Cooma-Monaro 1 525 015 145 197 848 096
Snowy River 1 120 010 94 317 550 906
Total 2 911 779 259 673 1 516 749

Study Area 26 563 093 863 401 4 124 853
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A Footnote
This model is an integrated version of pre-
vious models of the Australian lamb (Vere
and Griffith 1993, 1994), beef (Griffith and
Goddard 1984) and pig industries
(Griffith 1993) which have been recently
revised and updated by the authors. The
current model incorporates a 42-equation
Australian wool industry section which
requires further refinement. Preliminary
testing of the integrated model and the
wool industry section indicated that both
models behaved according to expectations
when they were subjected to impact
simulations.

the RPM for each region and LGA are pre-
sented in Table 3. The total impact of in-
festations in the study area was to reduce
regional gross margin by $26.6m, wool
production by 4.1 million kg and the
number of sheep carried by 863 401 head.
The losses in annual regional gross mar-
gin comprised $15.8m in the southern ta-
blelands, $7.9m in the central tablelands
and $2.9m in the Monaro region. There
were significant impacts from serrated
tussock upon the regional gross margin in
some LGAs, particularly Evans ($4.6m),
Mulwaree ($2.9m) and Wingecarribee
($2.7m).

Industry impacts of serrated tussock
The objective of an industry level evalua-
tion of the economic impact of a weed
such as serrated tussock is to measure the
changes in economic benefit caused by the
presence of that weed or resulting from its
control. The rationale for this evaluation is
that weeds in farming systems reduce so-
cial benefits by restricting product sup-
plies, which lead to higher consumer
prices. Conversely, increased social ben-
efits can result from widespread weed
control. In each situation, the economic
losses caused by weeds and the benefits
from weed control are determined by the
equilibrium product prices and quantities
and the size of the industry affected by a
weed. In both instances, an economic sur-
plus model can be used to calculate these
losses and benefits.

This analysis considered the changes in
benefits that could result from the control
of serrated tussock in the study area. This
situation is illustrated in Figure 3 in which
the control of the weed shifts the supply
curve for a product (S0) outward (to S1)
while the demand curve (RD0) remains
stationary. Pre-weed control production is
at Q0 which earns a price of P0. Producers
have an economic surplus equivalent to
P0AC while consumers’ surplus is the area
P0AF. The main economic effect of weed
control is to reduce per unit production
costs and shift the product’s supply curve
outwards to S1. The area of economic sur-
plus is now FBD comprising consumers’
and producers’ surpluses of P1BF and
P1BD, respectively.

These areas of total economic surplus
change represent the impact of weed con-
trol on both consumers and producers.
The net change in economic surplus is
equivalent to the benefits of control and
this is given by the area CABD, the differ-
ence between the areas FAC and FBD. The
incremental benefit area (CABD) incorpo-
rates the production cost reductions for
the initial output Q0 (the area CAED), and
the value to consumers of the extra pro-
duction at S1, net of production costs (the
area ABE). Alston (1991) has provided the
formulae for calculating these changes in
economic surplus, and for which most of

the parameter values required are derived
from industry statistics (equilibrium
prices and quantities) and other industry
studies (elasticity values).

An alternative is to use a quantitative
industry model to predict new equilib-
rium prices and quantities following weed
control. The main advantages of this ap-
proach is that such a model allows the im-
pacts of weed control to be directly simu-
lated to calculate the changes in supply,
demand and prices, and that these
changes incorporate the effects of the elas-
ticity values which are embedded in the
model’s estimated functions. It also elimi-
nates the need to derive parameter esti-
mates from other sources. One type of in-
dustry model which can be used in this
type of evaluation is the structural econo-
metric model (Figure 4). Vere et al.
(1997a,b) have described the use of such a
model in evaluating the farm and indus-
try impacts of weeds. Here, the model de-
fines the initial industry equilibrium
quantity (Q0) and price (P0), which to-
gether define point A (Figure 3), the
changed quantities and prices Q1 and P1,
which together with the elasticities of sup-
ply (ε) and demand (η) for the commod-
ity, and K, the vertical shift in the supply
function, define point B. The formulae for
calculating the changes in economic sur-
plus in this situation become:

Change in consumers’ surplus
∆CS = -P0Q0EPR(1+0.5EQR) (1)

Change in producers’ surplus
∆PS = P0Q0(EPR - K)(1+0.5EQR) (2)

Change in total surplus
∆TS = ∆CS + ∆PS (3)

where, the parameters P0 and Q0 are pre-
weed control equilibrium price and quan-
tity, and EPR and EQR are the relative
changes in farm prices and quantities.
Each of these parameters are derived from
the model simulation solutions which, as
indicated above, incorporate the effects of
the model’s estimates of the supply and
demand elasticities. In this instance, the
econometric model predicts the new
prices and quantities and economic sur-
plus change is measured as a shift towards
the new equilibrium.

To make these calculations, a prelimi-
nary version of a quarterly structural
econometric model of the Australian live-
stock industries (Vere and Griffith 1997,
unpublished data) was used to simulate
the effects of controlling serrated tussock
in the study areaA. This model has been
estimated from quarterly data over the

Figure 3. The effect of a supply shift from improved weed control.
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period 1970:1 to 1995:4 and was dynami-
cally simulated over this period using the
TSP econometric package (Version 4.3).
All prices and values are in real terms ad-
justed by the Australian consumers price
index.

The parameter values required by
equations (1) to (3) and their sources are
given in Table 4. The RPM results (Table
3) indicate that the main annual produc-
tion effects of controlling serrated tussock
were to increase 21-micron wool output
by 4.125 kilotonnes, and to increase the
slaughter of second-cross prime lambs
by 0.634 million. To determine the

effects of the production increases follow-
ing serrated tussock control were simu-
lated by adjusting the constant terms in
the equations for these variables by the re-
spective industry size factors. The adjust-
ments to the quantity of lamb produced
were expressed through the lamb produc-
tion variable, which was determined as
the product of lamb slaughter and average
carcass weight. The supply shift param-
eters K for both products were derived
from the RPM results as the reduction in
the per unit production costs expressed as
a proportion of the mean 21-micron wool
and lamb price.

The results of applying the economic
surplus change equations (1) to (3) are
given in Table 5. The increase in wool pro-
duction generates an economic surplus to
wool producers of about $27.7m annually
although there is no surplus to wool con-
sumers. The latter result is because the
post-control wool price was not affected
by the production increase which was
very small relative to the national level of
21-micron wool production (1.5%). This
suggests that the price elasticity of de-
mand for wool in this part of the wool in-
dustry is very high which is consistent
with the calculations of Edwards and
Freebairn (1982). In relation to lamb, con-
sumers derive an annual economic sur-
plus gain of $9.6m from the increased
lamb quantities and lower prices, while
lamb producers gain less that one-third of
this benefit. The suggestion here is that the
demand for lamb is less elastic than sup-
ply which is contrary to previous elastic-
ity estimates in the Australian lamb indus-
try (Vere et al. 1994). The overall level of
annual economic surplus gain to the Aus-
tralian wool and lamb industries from
completely controlling serrated tussock in
the study area was estimated to be $40.3
million of which wool and lamb produc-
ers gained a net $30.7 million.

Conclusions
This paper has reported a further estimate
of the economic importance of the pasture
weed serrated tussock in New South
Wales. Using improved weed distribution
data that has been objectively derived and
related to local differences in land quality
and agricultural activity, the results indi-
cate that the widespread control of ser-
rated tussock would generate potential
annual benefits of $40.3m. Most of this

Figure 4. Components and linkages in an econometric commodity model
(Labys 1984).
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Table 4. Parameter values and sources used in economic surplus
calculations.

Parameter ValueA SourceB

Pre control wool price in c kg-1 (PW0) 158.27 SEM
Post-control wool price in c kg-1 (PW1) 158.27 SEM
Relative wool price change (PWr) 0.00 calculated
Pre control lamb price in c kg-1 (PL0) 57.68 SEM
Post control lamb price in c kg-1 (PL1) 41.62 SEM
Relative lamb price change (PLr) 0.279 calculated
Pre control wool quantity in kt (QW0) 182.67 SEM
Post control wool quantity in kt (QW1) 197.29 SEM
Relative wool quantity change (QWr) 0.080 calculated
Pre control lamb quantity in kt (QLo) 72.063 SEM
Post control lamb quantity in kt in millions (QL1) 78.801 SEM
Relative lamb quantity change (QLr) 0.093 calculated
Wool supply shift (Kw) 0.092 RPM
Lamb supply shift (Kl) 0.209 RPM
Regional wool industry size factor 1.511 calculated
Regional lamb industry size factor 1.248 calculated

A prices and quantities are the averages of the 1990:1 to 1995:4 values; all values are in
real terms.
B SEM = structural econometric model; RPM = regional programming model; calculated
values derived from modelling results.

Table 5. Estimates of economic surplus change
from the control of serrated tussock in the
study area ($millions).

Surplus change

Producers’ Consumers’ Total

Wool 27.663 0.000 27.663
Lamb 3.050 9.566 12.616
Total 30.712 9.566 40.279

equilibrium prices and quanti-
ties (P0 and Q0) and their rela-
tive changes (EPR and EQR), the
estimated production changes
were related to the average
Australian levels of production
for these products over the
1990s part of the estimation
sample period. This also ena-
bled the part of the wool and
lamb industries affected by ser-
rated tussock to be determined. Since 21-
micron wool production and the slaugh-
ter of prime lambs are endogenous vari-
ables within the structural model, the
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Summary
Several species of Nassella and
Achnatherum are weeds of both conser-
vation and pasture lands. These species
have proven to be difficult to control and
have continued to spread since their in-
troduction to Australia. The impact of
these species on conservation lands in-
cludes a perceived drop in biodiversity
and a decrease in aesthetic value. Rea-
sons for the ability of these species to
out-compete native vegetation include
effective dispersal mechanisms, the pro-
duction of large amounts of aerial and
clandestine seeds and large long-lived
seedbanks. Management strategies must
take these factors into account.

benefit would be captured by wool and
lamb producers who operate in that part
of the Australian wool and lamb indus-
tries represented by the study area.

It must be emphasized that these re-
sults are preliminary because both the
RPM and econometric modelling compo-
nents require further refinement. In rela-
tion to the RPM, further work is required
on refining the soils and rainfall digitized
data and to incorporate elevations into the
GIS model so as to be able to determine
arable and non-arable country. Also, the
livestock feed energy requirements in the
model are preliminary values as the study
is awaiting the inclusion in the model of
energy requirements calculated by the
GRAZFEED model. Further work is nec-
essary in refining the econometric model’s
wool industry specification and in the in-
tegration of this component into the other
livestock industry models.

Despite the recognized deficiencies in
the analysis, the study represents a signifi-
cant economic contribution to the study of
serrated tussock. The 1997 survey repre-
sents the most accurate collection of data
on the extent and distribution of serrated
tussock in New South Wales. Having
these data incorporated into a GIS model
has made this information far more ame-
nable to modelling, particularly for incor-
poration into an economic analysis.
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Introduction
Several species of Nassella (Barkworth
1990) and Achnatherum (Barkworth 1993)
have become naturalized in Australia.
They include Nassella charruana (Arech.)
Barkworth, N. hyalina (Nees) Barkworth,
N. leucotricha (Trin. & Rupr.) Pohl, N.
megapotamia (Spreng. ex Trin.) Barkworth,
N. neesiana (Trin. & Rupr.) Barkworth, N.
trichotoma (Nees) Hackel ex Arech.,
Achnatherum caudatum (Trin.) S.W.L.
Jacobs & J.Everett and Achnatherum
brachychaetum (Godr.) Barkworth. These
species are referred to as stipoid grasses.
They are considered both environmental
and pasture weeds. Carr et al. (1992) de-
fines environmental weeds as exotic

plants that invade native vegetation usu-
ally adversely affecting the survival of the
indigenous flora. A potential impact of en-
vironmental weeds is a loss of biodiversity
and a decrease in aesthetic value.

Stipoid grasses (in particular, N.
neesiana and N. trichotoma) have proven to
be difficult to control and have continued
to spread in conservation lands. They are
successful because they have many bio-
logical traits which allow them to out-
compete native vegetation. Stipoid grasses
generally invade plant communities
which are already highly degraded and
have a history of disturbance (G. Carr per-
sonal communication), and lands with
higher fertility soil often previously used
for grazing or farming. These communi-
ties may originally have been grasslands
or grassy woodlands. Some conservation
areas in Victoria with significant inva-
sions of stipoid grasses include the Derri-
mut Grasslands Reserve, Organ Pipes Na-
tional Park and Southern Plenty Gorge.

Anecdotal evidence suggests that there
is a drop in biodiversity in stipoid grass-
dominated grasslands because litter from
the tall tussocks accumulates in the inter-
tussock spaces and excludes shade


