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Summary   Predicting the likely spread and impact 
of weeds is an important step towards their long-term, 
effective management. In order for tools to be useful 
and applicable to land managers the landscape-scale 
should be the target resolution for a predictive tool, as 
this is the scale in which they work and manage.

In this case study we look at adapting a broadly 
accepted prediction tool (Climex), applicable at the 
regional scale, to a landscape-scale by including a 
highly variable and infl uential factor – soil water 
holding capacity. The results reinforce the predictive 
value of tools such as Climex for predicting plant 
distributions.
Keywords     Weed risk assessment,  modelling,  ecocli-
matic models,  buffel grass,  GIS.

INTRODUCTION
Predicting the likely spread and impact of weeds is an 
important step towards their long-term effective man-
agement. Current methods for predicting weed risk 
focus on continental-wide risk. They consist primarily 
of comparison of home climate range (Kriticos and 
Randall 2001), ranking weed potential based on past 
performance elsewhere (AFFA 2003) or attempting to 
identify particular traits associated with weeds (Mack 
1996). These tools are generally not as effective at 
catchment or landscape scales, as there are many other 
factors that are not taken into consideration (Baker et 
al. 2000). It is at the landscape scale that land managers 
perceive and respond. 

We have recently initiated a project aimed at devel-
oping a mechanistic weed risk model that can be ap-
plied to predicting weed distribution and impact at the 
landscape scale. Climex is not designed as a landscape 
scale tool. As such it makes a number of simplifi cations 
such as that of soil moisture balances (i.e. a single 
layer model using a fi xed value) (Sutherst et al. 1999). 
The approach taken was to utilise the proven track 
record and strengths of the Climex algorithms within 
a geographical information system (GIS) framework. 
Climex is an ecoclimatic modelling package that uses 
long term meteorological averages combined with a 
set of parameters relating to a species temperature, 
moisture, light and diapause/vernalisation limits. A 
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drawback for the purpose of landscape-scale model-
ling is that it does not model the fi ne scale variation 
in the fi eld. In order to refi ne predictions to a level 
approaching that of the landscape, fi ner resolution data 
is required in the form of edaphic (soil), vegetation, 
topography and other factors. Data representing these 
factors are easily obtained and analysed within a spatial 
context (viz. GIS).

In this paper we present results of the fi rst stage 
of integrating Climex algorithms into a GIS, thereby 
illustrating the potential of this approach. We focus 
specifi cally on soil moisture and compare growth and 
moisture index predictions from Climex, which is cur-
rently restricted to a fi xed soil moisture value, with 
those from Climex algorithms run within a GIS using 
soil-holding capacities derived from soil type data. 

MATERIALS AND METHODS
Test system   The models were tested using a prelimi-
nary model of  Cenchrus ciliaris L. (buffel grass) to 
test how model predictions would differ when realistic 
plant growth parameters were used. The buffel grass 
parameters were derived in Climex using native-range 
distribution data and physiological data obtained from 
both the literature and experts. Models were run for 
Queensland using a six minute grid cell size.

Climex algorithms   Within Climex the growth index 
is calculated as the product of temperature index (TI), 
moisture index (MI), light index (LI) and diapause 
(or vernalisation) index (DI). Each Index indicates 
the suitability from zero (unsuitable) to one (highly 
suitable). We migrated the equations for MI and TI in 
ArcView GIS (ESRI 2000) using its macro program-
ming language (Avenue). The algorithms are described 
in Sutherst et al. (1999) requiring input variables of 
temperature to determine the temperature index (TI), 
rainfall, humidity and soil moisture holding capacity 
(a fi xed value), to determine the moisture index (MI). 
Meteorological data is provided as long term monthly 
averages, interpolated to weekly estimates. We did not 
include DI and LI in either Climex or the GIS for this 
test case.
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Soil moisture   Climex uses a simplifi ed soil moisture 
model appropriate for grasses and most crops (Sutherst 
et al. 1999). Soil moisture is determined on a weekly 
basis using the following equation:

SM = 
(Si-1 + Pi – Ei)

 Smax

where, Si-1 = available water from the prior week,
 Pi = rainfall from the current week,
 Ei = evapotranspiration from current week, and
 Smax = maximum available soil water storage.

 
GIS model   The GIS ‘model’ was compared with 
Climex by using the same input variables, to ensure 
that they gave the same results for TI, MI and GI. A 
number of individual locations across Queensland 
were chosen at random and compared, because 
output diffi culties prevented more comprehensive 
comparisons. 

Comparing different soil property inputs   We used 
the GIS model to compare TI, MI and GI predictions 
using fi xed soil water holding capacity as per Climex 
(default value of 100 mm) with those using varying soil 
water holding capacity (using major soil type data). 
The Atlas of Australian Soils (AFFA 1999) was used to 
derive the major soil categorisations within six minute 
grid cells across Queensland. The Atlas provides esti-
mates for soil water holding capacities based on four 
categories – less than 50 mm, 50–150 mm, 150–250 
mm, 250–350 mm and greater than 350 mm. Climex 
calculates soil moisture water holding capacity within 
the top one metre of the soil profi le. Soil moisture 
values of one (1.00) indicate the soil has reached its 
maximum moisture holding ability. Values greater than 
one indicate a water content greater than the soil hold-
ing capacity (i.e. runoff, deep drainage). MI is an index 
indicating the degree of suitability of the plant to soil 
moisture. Simple comparisons were made using MI 
and GI between the constant and varying approaches, 
using the following equation.

Model Difference = 
(Varying Index – Fixed Index)

  Fixed Index

RESULTS
The GIS output for both TI and MI closely mim-
icked that of Climex. The TI was within 0.5 to 0.8 
percent. The slight discrepancy is most likely due 
to a different interpolation method being used for 
interpolating the monthly meteorological base data 
to weekly values in the GIS. The end result is a slight 
shift in the overall temperature, moisture and growth 
indices.

Soil moisture holding capacity does have an over-
all effect on the resulting MI (Figure 1). The results 
suggest that the default value of 100 mm is a reason-

Figure 1.   Difference between MI predictions from 
fi xed and variable models in Queensland. 

Figure 2.   Difference between predictions from fi xed 
and variable models for GI in Queensland. 
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able representation of the overall soil moisture. How-
ever, there is considerable variation across Queensland, 
with variable soil water holding capacities resulting in 
lower MI in regions such as the Atherton Tablelands, 
and in parts of south-west Queensland (Figure 1) with 
areas in a line west of Charleville to Mt. Isa showing 
up to 100% greater soil moisture. The increase in soil 
water reducing the overall MI in these areas. There is 
also up to twice the value of MI suitability in some 
areas.

Differences carry through from the moisture index 
to growth index (Figure 2). Overall there is a higher 
growth index (by two percent) using the variable soil 
moisture capacity method compared with the fi xed soil 
moisture capacity method. In this simplifi ed model, 
the growth and moisture indices are for all intents and 
purposes the same. The differences in growth index are 
almost entirely driven by the moisture index.

DISCUSSION
Climex and the algorithms that drive Climex (when 
used within the GIS) produced predictions within a 
few percent of each other when the same input vari-
ables were used. These differences are almost certainly 
the result of differing interpolation routines between 
Climex and the GIS. 

The GIS has the added advantage of being able 
to access spatially explicit inputs, such as the variable 
soil moisture holding capacity. Soil moisture is par-
ticularly variable both spatially and temporally and is 
determined by many aspects such as rainfall, humidity, 
temperature, depth of profi le, slope, soil texture and 
soil type (Svetlitchnyi et al. 2003). However, adjusting 
values of water holding capacity produce quite differ-
ent predictions for growth indices at the state level. 
Provided the level of resolution and data is available 
there is no reason why this could not be applied at a 
fi ner scale. 

There is scope for application of the model to 
different spatial scales. When looking at a landscape 
scale, a six minute grid cell is still relatively coarse in 
comparison to landscape specifi c variation. It is our 
intention to develop and test the models at landscape 
scale, for regions where input data is available at suf-
fi cient resolutions. 

GIS provides an avenue to incorporate much more 
sophistication and complexity in terms of modelling 
soil moisture that incorporates other variables such 
as effective rainfall, slope, aspect, fl ow direction, 
evapotranspiration, wind direction, run-off and deep 
drainage. 

It is our ultimate intention to incorporate other 
processes that may be important in determining plant 
distribution and density, such as fi re, competition and 
grazing through the development and addition of fur-
ther algorithms to capture these processes. 
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