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Abstract: The prototype Spatial Optimizer 1.0 program for allocation of commodity
production is demonstrated to show its potential as a decision support aid for policy
making. The case study involves a set of agricultural commodities in south eastern
Australia and the program uses estimates of each grid cell‟s soil suitability for each of
the eight crops, both in the year 2000 and in the year 2050, by which time soil
characteristics are expected to have been affected by environmental change. We first
predict how much total regional production will result from a judicious re-location of
commodity types, both under conditions of complete flexibility and when constrained
by more realistic, upper and lower limits on production, and we compare such
predictions with current production levels. We also estimate potential total regional
revenue, both in the short term when current prices are assumed to remain static and
in the long term when prices are assumed to change according to how much of each
commodity is produced compared to its current output level, and we compare these
results with current agricultural revenue. Our long-term estimates are based on year
2000 soil-suitability values and then on year 2050 soil-suitability values in order to
gauge the probable impacts of environmental change. Finally, we run the 2050
simulation twice more, with one of the recommended, dominant crops removed in
each instance. This generates maps of some localised concentrations of other
commodities that will become necessary in the future if maximum revenue is to be
retained after one of the more lucrative crops is discontinued.

Keywords: Spatial analysis, optimisation, agriculture, policy development, land
suitability analysis, productivity, commodities.

1. Introduction
There is little doubt that most farmers try to maximise production by deciding where it is best
to grow what type of crop on their own farm. This may, or may not, lead to the maximisation
of production across a whole region – the subject of this paper. In reality, there exists
uncertainty as to whether maximisation at the “farm level” can be aggregated or extrapolated
to the ”regional level” due to variations in climate, landscape features, transport costs, or
water supply.
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In our model we have used estimates of soil suitability for growing each of eight crop/pasture
types within each five-kilometre-square grid cell across a case study region in order to
recommend what should be the dominant commodity within each cell. We might, therefore,
be able to improve overall regional productivity beyond what is currently being achieved via
farm-by-farm crop allocation.
In other words, we see crop planning at a regional level as a macro-scale process which is
guided by policy incentives that replace the uncoordinated activity of local farmers acting
independently. It acts at a global rather than local scale, and so significant improvements in
production for a region as a whole might be possible, including a reduction of that economic
activity which is not appropriate for market prices or land suitability.
At first sight it seems, because we only have farm-specific data, rather than statistics about
the currently dominant crop across each grid cell, that it will be impossible to compare the
current situation with any macro patterns that we might recommend. But we do have data
for each crop‟s total, current, regional output -- and since the soil-suitability data enables us
to estimate the likely yields of each crop within each grid cell, we can actually compare
current regional tonnages with the total tonnages predicted to be associated with any macro
pattern of crops. In addition, since we also know the current market prices of commodities,
we can compare today‟s total regional revenue with the total revenue that will be generated
from any macro pattern.
Before proceeding we need to define some terms. Firstly, although we will here consider
different grains, trees and pastures, for simp0licity we will refer to them all as “crops”, or
even as “commodities”. Secondly, we would suggest that “production” is actually different to
“productivity”, as shown in equations (1) and (2). Note that the only “input” we have
incorporated into this paper‟s calculations is transport expenses; we have ignored additional
inputs to agricultural production such as equipment, fertilizers and marketing.
n

Production

Outputs(i)

(1)

i 1
n

Productivity
i 1

Outputs(i)
Inputs(i)

(2)

The authors previously published their approach to optimising crop distributions when their
program was known as Crop Optimizer, and their articles provide background and familiarity
for this paper (Wyatt & Hossain, 2006; Benke et al, 2011). Yet by the time of writing our
software had been made more generic in the sense that it can now also be applied to nonagricultural spatial problems, and so its name has been changed to Spatial Optimizer 1.0.
Because its approach is based on simple sorting, conditional logic and scoring using data in
a GIS framework, it differs from the type of classical, purely numerical optimisation that is
frequently used in resource management (Duan et al, 1992; Horst et al, 2000; Hillier &
Lieberman, 2004). It also differs from the kind of spatial optimisation that is often applied to
natural patterns (Benke, 2000). Despite this, we hope to demonstrate that our software
constitutes a potentially very useful decision-support tool for strategic planners, economists,
and policy analysts who are engaged in land use planning (see issues raised by Banks et al,
2010; Pannell et al, 2012).

2. Study area and data sources
Our case study area is the south west corner of the state of Victoria in Australia. It is known
as the Corangamite and Glenelg-Hopkin Region (Sposito et al, 2008), and it is mapped in
Figure 1. It extends westwards from the city of Geelong right up to the state‟s border with
South Australia.
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Figure 1 – The south west region of the state of Victoria in Australia, also known as the
Corangamite and Glenelg-Hopkin Region (adapted from Sposito et al, 2008).
We have partitioned this region into an array of 41 rows and 65 columns of five kilometre
square grid cells, making 2,665 cells in total, many of which are empty because they are
outside the irregular perimeter defining the region. Of those remaining, most have been
assessed in terms of average soil suitability for a range of grain, tree and pasture crops as
part of ongoing research both to develop a regional-level framework for sustainable,
agricultural production (Nakicenovic et al, 2000) and to analyse climate change‟s possible
impacts upon agricultural production.
Our soil-suitability assessments were generated by agricultural experts, assembled at
regional workshops, who rated the relative importance levels of different soil characteristics
in terms of their impact on the potential yields of the different crops, both in 2000 and as
anticipated after climate change occurs by 2050. Such soil characteristic importance levels
were amalgamated using the Analytic Hierarchy Process (Saaty, 1994), which is a multicriteria approach that combines quantitative data with expert opinion and whose details have
been described elsewhere (Hossain et al, 2006). This was regarded as superior to deriving
soil-suitability values solely from predictions from biophysical models. The latter‟s data is
sparse and not available at sufficient resolution for adequate coverage at the regional level.
By combining the amalgamated, soil characteristic importance levels with additional
information from the Australian Bureau of Statistics (ABS, 2008), it was then possible to
express each cell‟s suitability, for growing each crop type, as a number between one and
ten. These numbers for the year 2000 are shown in Figure 2, and Figure 3 shows them for
the year 2050.
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Figure 2 – Year 2000 soil-suitability maps for all eight crops considered in this paper
The detailed process through which we derived these numbers have been extensively
documented (Sposito et al, 2008; Pelizaro et al, 2011) and so it will not be repeated here
except to report that a spatially based, multi-criteria decision analysis (MCDA) was
implemented within a Geographic Information System (GIS). Moreover, the most extreme
form of climate change - the so called A1FI scenario, along with its anticipated effects on soil
characteristics, was assumed for the 2050 exercise.
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Figure 3 – Year 2050 soil-suitability maps for all eight crops considered in this paper

3. Computer model
The Spatial Optimizer 1.0 software was written in the Visual Basic 6 programming language
and then converted to an executable file which runs on any personal computer. Although its
routines are computationally complicated, it is a fairly simple search and optimisation
program that is predicated upon two basic assumptions. Firstly, it assumes that the tonnes
of any commodity that can be produced within any cell is determined by up to six “influents”,
such as soil suitability. Secondly, it evaluates any spatial pattern by multiplying cell
tonnages by up to six positive or negative “multipliers”, like crop market price, crop transport
cost or environmental damage per tonne.
5
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In other words, the program allocates different commodity types to different cells, scores the
resulting, region-wide pattern and declares that pattern which scores the highest on the
following objective function to be “optimal”:
Maximise either:
Production
where,
n

m

Production

x j /10 * y ij * A j

(4)

i 1 j 1

xj =

average of the influents acting on cell j

y ij =

maximum yield for commodity i in cell j

A j = area of cell j
or:
Revenue
where,
Revenue

Production *

mijk

(5)

i,j,k I

mijk = k th multiplier of commodity i in cell j, where I = {set of integers}
More explicitly, the program first calculates each cell‟s standardised (divided by ten) average
of the scores for that cell‟s influents (such as soil suitability) upon the yield. It then multiplies
this by the maximum conceivable yield to estimate the attained density for that commodity in
that cell. Hence wherever the influent(s) average score is close to the maximum value of 10,
the estimated density will be close to that commodity‟s maximum conceivable density; but if
the influents are closer to zero, then the estimated yield of that commodity will be only a
small fraction of its maximum conceivable density.
The theoretical production of the commodity in that cell is then calculated by multiplying this
estimated cell density by the cell‟s area and, if, if revenue is being calculated, this theoretical
production is multiplied by the sum of all the multipliers of the commodity/commodities in the
cell. Finally, these cell-specific tonnages/revenues are summed over all cells to give a score
for each regional crop pattern.
When the Spatial Optimizer 1.0 software runs, it generates just one computer screen, which
is divided into four (4) window panes:
Parameters window –

shows the method used, iterations, influents, multipliers,
maximum and minimum values for the multipliers, etc

Optimum window –

reports the commodities‟ optimal tonnages, areas,
densities, yields, etc

Mapped Optimum window –

maps the optimal pattern, and

Mapped Input window –

maps a chosen influent on a chosen commodity,

and these are shown in Figure 4 below.
To run the program‟s user needs to manipulate choices in the Parameters window and then
click on the “Go” button. S/he can then either de-select one or more of the commodities or
change any input value that is printed in the Optimum window in blue font, such as the
maximum attainable yield or market price of any crop(s), and then run the program again. In
this way it is possible to test the impact upon the “optimal” pattern of different crops being
absent and/or changes in yields and/or prices. As such the program is as much a simulation
package as it is an optimisation program.
6
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Note that the basic information which underpins the program – the number of rows and
columns of grid cells, the area of each cell, the number of commodities, influents and
multipliers and the value of each influent on each commodity in each cell, are supplied by
the user as a series of text files. To make the software work properly all the files‟ structures
need to conform exactly to the user manual‟s detailed instructions.

4. Maximising production
The theoretically optimal spread of crop types, given year 2000 scores for soil suitability, is
shown in Figure 4. The program used the “Probabilize” method to produce this result and
the latter algorithm has been directed to pass through 50 iterations in which every cell is
visited in random order. At the first iteration a random crop is allocated to each eligible cell,
but in subsequent iterations, if another random crop is found to be more productive than the
one already there, it is substituted. If the new random crop is not more productive, then the
cell is left alone. In this way the iterations converged to an optimal pattern, as shown by the
progress graph in the lower left corner.

Figure 4 – Maximum-production pattern in 2000.
It is no surprise that the maximum possible production pattern for our region involves
covering most of it with our highest-yielding commodity – ryegrass, with some lucerne in
some areas where the soil characteristics are unsuitable for growing ryegrass. Only very
small amounts of the other six crops should be grown, the largest among them being
Phalaris at 19,000 tonnes, and no tree crops (blue gum or Pinus radiata) should be grown at
all.
The numbers in the Optimum window in Figure 4 reveal that, if the region were to be almost
completely dominated in this way by ryegrass and lucerne, total agricultural production could
7
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theoretically be increased from its present level of 2.82 million tonnes to 9.62 million tonnes
– using about the same number of total hectares. That is, total agricultural output can be
boosted more than threefold by growing ryegrass almost everywhere because the latter has
the highest potential yield at 15 tonnes per hectare.
Moreover, this situation is unlikely to change very much under the influence of climate
change, as shown in Figure 5 – total output would be 9.46 million tonnes instead of the 9.62
million tonnes of 2000. It can also be seen that ryegrass should still dominate, with just a
little more lucerne and phalaris than was recommended in 2000, plus even a small amount
of radiata pine. The grain crops however – barley, oats and winter wheat, should not be
grown at all by 2050. In other words, if the aim is to maximise total, regional agricultural
tonnage, climate change will wipe out all of the grain crops.

Figure 5 – Maximum-production pattern in 2050.
However, producing such a massive amount of ryegrass – about ninety times its current
output, is probably impractical given that our region is currently organized to produce a
mixed pattern of agricultural products. The largely mono-culture patterns shown in Figures 4
and 5, therefore, should be regarded as theoretically optimal rather than as realistically
optimal.
Consequently, a more realistically optimal pattern is shown in Figure 6, which was produced
by manipulating the “Production limits” part of the Parameters window in order to constrain
the maximum production of any crop to a more realistic ceiling of 3 times its current level,
and to ensure that every crop will maintain production at a level of at least half its current
output. These are arbitrary constraints of course.
Although such limitations have reduced the proposed total output to only about double the
current output level, they have generated a few surprising results. Firstly, it is recommended
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by the program that there should be far less growing of ryegrass. This happens because
ryegrass production is currently very low, at only 90,000 tonnes annually, and so the
program has only boosted it to the maximum allowed of around 3 times this. The program
can no longer recommend the growing of ryegrass in a vast number of cells even though it
is, in fact, the highest yielding crop.
Into the resulting vacuum have come other, but less productive crops like lucerne, phalaris,
winter wheat, blue gum and radiata, all of which, except for phalaris, are being
recommended to reach close to their maximum limit of 3 times their current output. By
contrast, only the limitation that all crops must retain at least 0.5 times their current output
has saved barley and oats from not being recommended at all.

Figure 6 – The maximum-production pattern. This is based on year 2000 soil-suitability
data and arbitrary maximum and minimum crop-production limits of 3 and 0.5
times current output respectively.
Note that phalaris seems to be in a category of its own. It has the highest current production
level out of all the crops, and with extensive areas of suitable soils it is recommended for
many cells to the point where it is recommended to be the second most dominant commodity
after lucerne. However, recommended production is still less than double its current output,
and this is almost certainly because phalaris has the lowest yield of all crops - a mere seven
tonnes per hectare.
In terms of commodity distribution, it can be seen that blue gum and radiata, with some
minor incursions of lucerne and winter wheat, should dominate close to the southern
coastline, and phalaris should dominate in central and northern areas - except in the patches
9
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where the soils are not at all suitable for ryegrass (see Figure 2 above). In these patches,
winter wheat and lucerne should dominate.
One might reasonably ask why so little ryegrass is recommended to grow near the coast,
even though the very best soils for this crop are, in fact, along the coast. Why is it
recommended that the small amount of ryegrass to be produced should be grown almost
exclusively in the north? But close inspection of the ryegrass‟ soil-suitability map reveals
that some northern areas also have highly suitable soil for ryegrass, and there is not as
much competition from other crops there, since the majority of the latter, except for phalaris
and lucerne, also tend to find their best soils near the coastline (see Figures 2 above).
It is important to consider carefully what we have in Figure 6. It is the result of having placed
constraints on our program to severely restrict the recommended production of our most
productive crop, ryegrass. Hence the recommended pattern is not optimal, in the
unrestricted sense, like that shown in Figure 4 above. It is only optimal in relation to the 3
times and 0.5 times limits that were placed upon crops‟ production totals. Other sets of
limitations would produce different “optimal” patterns.
Hence no true policy-guiding optimal pattern, in an absolute sense, exists. All optima are
very much determined by the nature of the limitations imposed upon the search algorithm by
the program‟s user. And since the user-imposed constraints are usually arbitrary, it is
anybody‟s guess as to what the globally optimum pattern is. It is only in circumstances
where there is a deliberate policy, or a necessity for imposing specific limits on crops‟
production that the program will act as a true optimiser. Since this is unlikely to be the case,
again, the Spatial Optimiser 1.0 program should be regarded more as a simulation program
than as an optimising program.
Even so, it is important to be sure that our program generates accurate outputs, and so we
experimented further with it to satisfy ourselves that it does. Specifically, when ryegrass is to
be so severely cut back by the upper limit placed upon its total production in Figure 6, we
wondered whether, if the program were run multiple times, its probabilistic nature would
make substitute crops appear in an unpredictably, inconsistent ways.
But thankfully, results were consistent from run to run, as shown in Figure 7. Total regional
production varied by no more than 0.004%; the recommended amount for extensively grown
crops never varied by more than 1% and recommended amounts for the more minor crops
never varied by more than 20%. The result was that recommended patterns were always
fairly similar to the one shown in Figure 6 above.
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Figure 7 – Confirmation that the program generates consistent “optima”.

5. Maximising short-term revenue
Maximising production is one thing, but it is of equal, if not greater importance to try to
maximise revenue. Obviously, this can be achieved by sewing a relatively larger area with
crops that fetch higher market prices and by cultivating a relatively smaller area with crops
that do not fetch high market prices, as well as by biasing the pattern away from crops that
are expensive to transport.
Accordingly, we now bring profitability into our analysis - by clicking on both the prices
(„Profit‟) and the transport costs multipliers in the multipliers‟ list shown in the Parameters
window. Optimal results, again given our 3 and 0.5 times current production constraints, are
shown in Figure 8, which conveys several messages, not the least being that it should be
possible right now, by judiciously growing crops in their correct locations, to more than
double regional revenue from its current level of $351 million.
In order to achieve this, lucerne and phalaris should be the dominant crops, and winter
wheat and ryegrass, like the dominant two, should also be boosted to their limit of 3 times
current output. By contrast, barley and oats should be boosted only marginally above
current production levels, and the production of the two tree crops, blue gum and radiata,
should be reduced to below their current levels.
Closer inspection of Figure 8 reveals why. Each crop‟s current market price („Profit‟),
expressed in dollars per tonne, is shown in the left-hand column under the “Multipliers”
heading, and each crop‟s estimated transport costs, expressed as a negative number of
dollars per tonne, is shown in the right-hand column. This allows us to conclude that
phalaris and lucerne dominate not only because they have the widest distribution of suitable
soils (see Figure 2 above), but also because they have fairly high profitability at $140 and
$150 per tonne respectively, and fairly low transport costs of $10 and $20 per tonne
respectively.
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Figure 8 – The short-term, maximum-revenue pattern. This is based on year 2000 soilsuitability data and arbitrary maximum and minimum crop-production limits of 3
and 0.5 times current output respectively.
The other two crops which need to be raised to their production limits, winter wheat and
ryegrass, have the highest profitability of all, at $205 and $170 per tonne respectively,
although winter wheat has the highest estimated transport cost at $33 per tonne. Ryegrass
actually has the cheapest estimated transport cost of all, at $10 per tonne, but again, it
should be far less widespread than winter wheat because it is being held back by its
production limit of 3 times its (currently low) production level.
Finally, the two crops whose production is recommended to increase only slightly, oats and
barley, have medium price but high transport cost, and low price but medium transport cost
respectively. Finally, the two tree crops, blue gum and radiata, are recommended to
decrease their production because they both have low market price and high transport cost.
In terms of crops‟ locations, for maximum short-term revenue the three most-produced crops
- phalaris, lucerne and winter wheat, ought to be grown throughout the region, as should
barley. By contrast, both ryegrass and oats, particularly ryegrass, should be largely confined
to northern areas. Also, the production of blue gum needs to be almost entirely confined to
the south east corner, and radiata should be mostly restricted to just four sub-regions –
immediately northwest of Geelong, to the east of Warnambool, to the north of Camperdown
and to the west and south of Hamilton (areas 1-4 respectively).
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6. Maximising long-term revenue
Such conclusions, however, are still a little unrealistic. In the real world, when crops‟
production levels are increased and reduced to the extents recommended here, their
profitability (price) will change. Hence the situation shown in Figure 8, where all multipliers
are assumed to remain static no matter how much or how little of each crop is produced, is
unrealistic and refers to the short term only – over the long term the market prices shown will
be sure to change.
Accordingly, to better simulate the real-world a more plausible simulation was run in which
the “Profit” multiplier is continually altered to reflect market shortage and market flooding.
Users can do this by clicking on the check box in the Parameters window that is next to the
“Profit” multiplier, thereby changing this multiplier from “Static” to “Dynamic”.
Naturally, when crop prices are dynamic, the program‟s search mechanism will become
more complicated. Specifically, in every iteration each time one of the 2,665 cells is visited
in order to test the desirability of placing a new crop there, it is necessary to insert the latter
and take out the existing crop (ties are not allowed when a multiplier is dynamic) and
calculate what this does to the total production of each crop and its consequent, potential
new price. The program then needs to calculate the revenue of this new, potential pattern
given the new potential prices for the two crops in question. Then, if the score for this new,
potential pattern is higher than the current pattern‟s score, the new crop is assigned to the
cell, the existing crop is removed from it and the two crops‟ actual prices are changed
accordingly.
The benefit of such complication is that, provided the pattern converges to some sort of
equilibrium, the re4sulting equilibrium will more closely represent the truly optimal, long-term,
revenue-maximising, crops distribution for our region. That is, the map that our program
generates will show the ideal situation when market forces have run their course - when
long-term price fluctuations have stabilised. Again however, the “optimal” pattern generated
will be constrained by the user-input limitations on maximum and minimum production and,
this time, also on maximum and minimum prices.
Now, over the long term it is probable, and perhaps even desirable that some crops will
flourish while others will disappear. So it is time to relax our above assumption about no
crop being able to expand beyond 3 times its current production or fall below 0.5 times its
current production. Accordingly, the upper margin has been set at 10 times current
production and the minimum production has been set to zero. It has further been assumed
10 times the current price, and if its production rises to 10 times the current level the overabundant crop‟s price will fall to 0.2 times its current level.
Again, such constraints are arbitrary. We have no basis for assuming that they will apply in
the future. Yet we really do need to make some assumptions about the future in order to
control the program‟s dynamic, price adjustments, and these were the most plausible
assumptions that we could come up with.
The program also assumes that if production is the same as it is currently, then the current
market price will persist, but if production increases or decreases, the crop‟s price will fall or
rise respectively – in direct linear proportion to how closely it approaches its designated
lower and upper limits respectively. Some people will argue that the relationship between
production and market price should always non-linear, but since we do not have any
evidence about the shape of such non-linearity for the particular crops that we are studying
within our particular region, we have opted for the simpler, linear, proportional function, and
the result of running our program with longer-term, dynamic market prices is shown in Figure
9, where a typical output from a number of program runs is shown. Again, the outputs
seemed to converge to a rough equilibrium - the total revenue generated varied by no more
than 0.5%, tonnages of lucerne and winter wheat varied by no more than around 25%, and
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even though tonnages of the minor crops varied by up to 50% this had little impact upon
overall revenue.

Figure 9 – The long-term, maximum-revenue pattern. This is based on year 2000 soilsuitability data and arbitrary maximum and minimum crop-production limits of 10
and zero times current output respectively, along with corresponding market
price limits of 0.2 and 10 times current prices.
Figure 9 conveys at least two strong messages, the first being that long-term, maximum
revenue can be boosted to $984 million, which is higher than what short-term, static-priced
revenue, at $826 million (Figure 8) can be raised to. In other words, by judicious location of
crops, the region‟s total revenue from our eight crops can be almost tripled in the short term
and raised even more in the long term.
Secondly, when long-term revenue is being optimised it is advisable to produce not much
phalaris at all - unlike in the short-term revenue maximising pattern where it was
recommended to be the second most dominant crop. Hence although phalaris is currently
the most common crop throughout the region, probably because soils suitable for it are
widespread (see Figure 2 above), it is low-yield and fairly low priced; so it should be
decreased over the longer term and replaced by more lucrative crops.
Putting this in another way, it is being recommended in Figure 9 that for maximum, long-term
revenue, phalaris should be drastically reduced from its current level of production so that it
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commands a higher market price and, therefore, remains reasonably lucrative despite being
grown at so few locations.
It is recommended that phalaris be largely replaced with the high-yielding and higher-priced
lucerne, as well as by the much higher-priced winter wheat. Even though these latter two
crops should be over produced to around four and seven times current output respectively,
they will still be reasonably priced and high yielding, which is why they tend to dominate
Figure 9‟s pattern.
Note that two other crops are also recommended to be increased above current levels –
ryegrass and oats. Ryegrass is, as usual, near its maximum limit, which is now 10 times
current production, and this is why its price has sunk so low. But ryegrass is still worth
producing because its yield is so much higher than other crops. In fact, running our program
with an upper limit of 30 times current production makes ryegrass begin to dominate the
region much like it did in Figures 4 and 5 above.
The recommended tonnage of oats - about four times its current production, represents a
revival compared to Figure 8‟s short-term optimum in which it is recommended that oats
production should barely exceed its current level. This is probably because it has a
reasonably high market price, which ensures that returns from it still remain substantial even
when its tonnage is high – its price reduces from a high starting point.
Finally, for maximum long-term revenue barley, blue gum and radiata should all be
drastically reduced so that their market prices increase substantially. That is, over the long
term it should be wise to produce just small and controlled tonnages of these three crops so
that their inflated price makes any small effort to grow them worthwhile, as indeed was the
recommendation with phalaris.
In terms of spatial distribution, lucerne should be widespread but slightly more prevalent in
central regions rather than in the western third or south eastern corner of our region. Winter
wheat needs to be grown at most locations, as do the small amounts of phalaris and barley.
Also, unlike when prices were held static, ryegrass should in the longer term not only be
grown in the north but in central areas as well, and oats should be cultivated in northern, in
central and in southern areas. Finally, the small recommended amount of blue gum should
be largely confined to the south east as usual.
It should be noted that these results will hardly be influenced at all by climate change. We
know this because we ran the model again, but this time using year 2050 soil-suitability data
and the results were different to Figure 9‟s on only one minor way - more lucerne and less
winter wheat was recommended. This is probably because climate change will have far less
impact on soil suitability for lucerne than on soil suitability for winter wheat (compare Figure
2 with Figure 3 above).
It was also evident that this change will cause overall regional revenue to increase slightly,
with projected total revenue averaging around $1.084 billion compared to Figure 9‟s total of
$984 million. The cause is obvious. Lucerne, a high yielding crop with a fairly high price
whereas winter wheat‟s yield is lower and its price is forecast to decrease nearly as much as
lucerne‟s. In other words, climate change is likely to slightly increase overall agricultural
revenue but the casualty will be a small change to diversity in general and to winter wheat
production in particular.

6. Sensitivity Analysis
Staying with the long-term, 2050 simulation, we will now finish this paper with some
sensitivity analyses. The latter are possible because on our software‟s computer-screen
interface (see Figures 4 and 5 above), the blue numbers, such as maximum conceivable
density (yield) and the multipliers, can be varied by users. This allows anyone to test the
impact, on the recommended optimal crops pattern, of changes to current prices and yields.
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Testing the sensitivity of prices, however, would seem to be pointless when prices are
dynamic; no matter what the user starts them off at, they should converge to optimal values
anyway. So what we have done here, for demonstration purposes, is to simply click on each
of the year 2050‟s recommended dominant crops – lucerne and winter wheat, thereby
eliminating them from consideration. Such testing gives us a good idea of which crops need
to be substituted for them should they be removed from our region due to accident or market
circumstances.
For instance, if lucerne ever stops being grown in our region the consequent, long-term
regional, revenue-maximisation pattern is shown in Figure 10. It can be seen that without
lucerne, the long-term, maximum total revenue that will be achievable in our region will
decrease by around 20%, and into the gaps left by this demise of lucerne will come oats,
phalaris, ryegrass and, to a lesser extent barley and winter wheat. In fact, if lucerne
disappears phalaris should be boosted to more than its current level of production rather
than left at half this level when all crops are grown (see Figure 9 above).

Figure 10 – The long-term, maximum-revenue pattern with lucerne removed. This is based
on year 2050 soil-suitability data and arbitrary maximum and minimum cropproduction limits of 10 and zero times current output respectively, along with
corresponding market price limits of 0.2 and 10 times current prices.
Note that oats, rather than be increased about four and a half times current production,
should be increased to close to its limit of 10 time its current output, as should ryegrass, and
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even barley needs to be increased to about five times more than was recommended when
lucerne was present. Winter wheat, however, does not seem to be a suitable replacement
for lucerne because it is recommended that this crop be increased less spectacularly.
In terms of distribution, most lucerne that was recommended to be in central areas should be
replaced by ryegrass, phalaris and to a lesser extent, winter wheat, while in the south
lucerne should be replaced by oats. Indeed, there will need to be concentrated areas of oats
growing around Portland and a swathe of oats production extending west of Warnambool
and south of Camperdown (areas 1 and 2 in Figure 10). There should also be a
concentration of blue gum production just northwest of Geelong (area 3) and a change from
“lucerne plus phalaris” to “oats plus ryegrass” around Ballarat (area 4).
Finally, Figure 11 shows what pattern of crops would be needed to retain maximum, longterm revenue should the production of winter wheat ever cease. The total agricultural
revenue will drop by around 20% again, and where winter wheat used to be recommended
to be grown will need to be planted not so much with lucerne but with oats, ryegrass and
phalaris.

Figure 11 – The long-term, maximum-revenue pattern with winter wheat removed. This is
based on year 2050 soil-suitability data and arbitrary maximum and minimum
crop-production limits of 10 and zero times current output respectively, along
with corresponding market price limits of 0.2 and 10 times current prices.
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While oats and ryegrass will once again need to be taken close to their limit of 10 times their
current production, it is phalaris that really expands to fill the winter wheat vacuum.
Whereas it was only required to expand to about 110% of current production if lucerne
disappeared, if winter wheat ceases phalaris will needs to rise to around 150% of its current
output.
Also, barley will need to increase again, but lucerne will only need to increase to about four
times its current output compared to the five times current output required of it when all
crops were present. That is, just as winter wheat does not seem to be a very suitable
replacement for lucerne, and in turn, lucerne does not seem to be a useful substitute for
winter wheat. Moreover the tree crops, as usual, are still not required to get anywhere near
their current production levels.
In terms of spatial distribution, if winter wheat is no longer grown, there ought to be a small
concentration of radiata cultivation just northeast of the town of Camperdown (area 1 in
Figure 11) and there should be a concentration of barley around Colac (area 2).

7. Conclusions
As reported in the review by Herath and Prato (2006), there has been a continuing worldwide effort to predict agricultural land suitability using multi-criteria decision analysis, and this
paper, with its computer model to combine multi-criteria decision analysis with an
optimisation-based approach for the spatial allocation of commodities, is part of it. Our
computer model can rapidly and cost-effectively determine the spatial allocation of
commodities on the basis of their contributions to regional-level production or revenue, and it
provides a top-down strategy for targeting regions for further analysis by more detailed,
resource-intensive, biophysical models (Pelizaro et al, 2011).
Spatial Optimizer 1.0 is a multi-dimensional sorting and evaluation program which reveals a
rich array of insights in landscape optimisation that would probably have been missed
otherwise. It lowers the risk of information overload for policy analysts, which is timely,
because the Commonwealth of Australia has supported quantitative approaches to policy
development through the Productivity Commission (Banks et al, 2010). Moreover, maps of
possible outcomes have been generated, which may have normally been impossible to
produce due to the great expense of exhaustive, experimental analysis which, in any case,
can only provide decisions that are based on hindsight.
Our case-study, computer simulations have suggested that a judicious location of crop types
can increase annual regional production by a theoretical 3 times and a realistic 2 times the
current output level. Moreover, total regional revenue can be boosted in the short term to
2.3 times current revenue; this can be raised to 2.8 times in the long term and it can even
boosted to an estimated 3 times current regional revenue after the impacts of climate
change have been felt.
To achieve maximum theoretical total tonnage it would be necessary to cover most of the
region with ryegrass, some lucerne, a small amount of phalaris, very little of anything else
and no tree crops at all. After climate change takes effect ryegrass should still dominate,
along with some lucerne and a small amount of phalaris again, but none of the other crops
should be grown at all, save for a token amount of radiata pine. That is, climate change will
theoretically wipe out all grain crops as well as blue gum.
This situation changes if we opt for maximum realistic total tonnage, in which case the
dominant crops need to be lucerne and phalaris, followed by winter wheat and the two tree
crops, plus a small amount of ryegrass. Both blue gum and radiata should be mostly
confined to the coastal belt, and ryegrass should be mostly restricted to northern areas.
Oats and barley should be severely curtailed to below their current levels of production.
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The recommended pattern changes again if we maximise short-term, static-priced revenue,
with phalaris becoming dominant, followed by lucerne. Winter wheat should be a distant
third and all other crops should be produced in fairly small amounts. In this pattern,
however, it will be necessary to have at least four localities specialising in radiata production
– west of Geelong, south of Camperdown, north of Camperdown and south of Hamilton.
Finally, if we maximise long-term, dynamic-priced revenue the ideal pattern of crops alters
yet again. Lucerne and winter wheat should become very dominant, philaris needs to be
very much reduced and the only other commodity required in anything like large amounts will
be ryegrass. In terms of geographical distribution, lucerne should be slightly biased towards
central regions rather than the west or the east, and ryegrass should be in both northern and
central areas, with blue gum, as usual, being largely confined to the south east. This needs
to alter very little under conditions of climate change except that lucerne should become
even more dominant and winter wheat should be scaled back a little.
In brief, our modelling suggests that lucerne and winter wheat might dominate our region in
the future and there should be much less production of the presently dominant crop –
phalaris. Moreover, the dominance of lucerne should grow even stronger once climate
change takes effect; it should expand slightly at the expense of winter wheat, particularly in
eastern locations. Finally, oats should be produced in far greater quantities than it is at
present, particularly in a band just north of the blue gum-growing areas of the south east.
In addition, we have simulated the situation should lucerne or winter wheat ever be taken out
of production. We found that in order to continue maximising total, regional revenue, a
number of unanticipated compensatory changes in commodity mix need to occur.
Specifically, if lucerne disappeared it would be necessary to have concentrations of oats
near Portland and between Warnambool and the south eastern coastline, as well as a
concentration of blue gum near Geelong and a mixed area of oats and phalaris near
Ballarat. Alternatively, if the growing of winter wheat were to cease it would be necessary to
have a concentration of barley farms near Colac and a patch of radiata forests near
Camperdown.
We caution that our case-study analysis was conducted in a reductionist manner. It took no
account of the synergies which can occur within any agricultural region. For example,
although the model suggests that blue gum production should be reduced, there could be
many good reasons why it should be retained, such as fauna and flora preservation and
wind protection of crops and animals. Moreover, farmers grow phalaris and other types of
grass not only to sell at the market but also to feed to their animals.
A more holistic, or systems-based approach would consider these factors, although this
would come with the cost of increased system complexity, and so it represents a future
challenge for research which should, perhaps, have more sophisticated costs and benefits
incorporated into its input data files. In the meantime, the patterns suggested here represent
an improvement to the current situation, at least in terms of overall regional production and
revenue. As such, they constitute a guide to the direction in which regional crop-distribution
might be improved, albeit cautiously, tentatively, slowly and in the light of expected
environmental change.
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