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Abstract 
This paper consider modelling the level of uptake of long-term investments 
such as olive trees, coppicing for fuel, changing from dairy farming to cereal 
farming, or in particular building an irrigation reservoir.  In each case, many 
models exist to calculate the profitability of the new enterprise or investment.  
Being profitable, in some sense, is clearly a necessary condition for adopting 
something new, but it is equally clear that all farmers do not assess the 
‘profitability’ as the same.  A method is described which attempts to model 
what proportion of farmers would adopt a change.  The problem is divided up 
into the capital cost, the interest rate and the annual profit.  The interest rate 
and profit are considered as distributions over the population of farmers.  Each 
farmer is then a sample from each distribution and if their rate of return is 
sufficiently greater than the required rate, then this farmer will invest.  Thus 
the proportional uptake of farmers is estimated. 

The procedure was applied to options of increasing the price of water to 
persuade farmers to invest in winter-storage reservoirs, rather than summer 
abstraction.  The model first estimated the proportion of farmers, given the 
soil types and climate in East Anglia, who would currently grow irrigated 
crops and have reservoirs, and gave a good estimate.  Then for different levels 
of increased water prices and future climates, the increased number and size of 
reservoirs to be expected was estimated. 

Introduction 
Annetts & Audsley, 2004 describes a linear programme (LP) model to select the 

optimum cropping for an arable farm. LP models to optimise cropping have a very long 

history.  This particular model is a multiple objective linear programming model which 

optimises profit and environmental outcomes. The model considers the problem of 

identifying the best cropping and machinery options, depending upon the farm situation 

of market prices, potential crop yields, soil and weather characteristics. The model uses 

a particularly flexible approach to choosing the machinery, timing of operations, crop 

rotations and levels of inputs.  It is embedded within the framework of an interactive 

database, which, given a change in soil type, rainfall, price or input cost, automatically 

calculates the effect on all the coefficients of the LP model.  
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A major use of the model, because of its flexibility, is predicting future agricultural 

land use.  The model simulates the behaviour of a profit-maximising farmer.  Changes 

can be due to the CAP system – a new subsidy system, environmental pressures or 

government legislation – taxation of inputs, or climate change – increased yields, 

reduced prices.  Although individual farmers have many motivations, at the regional 

and long-term level, the model provides is a good description of agricultural changes 

(Rounsevell, 2004), particularly trends in arable cropping.  

 

MAFF data (1998)                                    Baseline (1995) 

Figure 1. Wheat distribution 

However the model appears to overestimate or be over-sensitive to changes that 

involve large structural changes.  Examples include investment in olive trees, coppicing 

for fuel, changing from dairy farming to cereal farming (or vice-versa), and building an 

irrigation reservoir.  Although being profitable in some sense, is clearly a necessary 

condition for adopting something new, it is equally clear that all farmers do not assess 

the profitability as the same.  Thus some opt for the reservoir, some elect to continue 

irrigating without a reservoir (at higher cost and lower reliability of supply) and some 

elect not to grow irrigated crops.   

Over a period of time, say 10 years, one would expect all farmers who deemed a 

change worthwhile to have adopted it.  The problem is therefore to estimate what 

proportion of farmers on a regional scale would think it is worthwhile to adopt the 

change. 

Method 
The following items describe the problem: 
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• the capital cost required for change – thus the investment in a reservoir, in 

planting trees or in purchasing new equipment.  Subsidies may be available but 

these can be easily be built into the calculation, either directly by reducing the 

capital cost or as future annual income; 

• the time required before the full return is obtained; 

• the interest rate on the capital.  Farmers have different access to capital.  Some 

will have access to money at a low interest rate, others will need to borrow at a 

high rate, depending on the security they can offer.  Taken as a whole this can be 

considered as a probability distribution over farmers, with a minimum rate.  The 

distribution is taken to have a PDF (probability density function) f(x) = 1/ae
−x/a; 

• the annual profit one would obtain once the system is working and the annual 

profit of the current system.  Farmers have different views about future prices.  

This is particularly true the longer the investment.  Prices (and yields) are clearly 

going to be variable, but some farmers will consider the ups exceed the downs, 

and vice-versa.  This view of prices and yields can also be considered to be a 

distribution over all farmers.  Long-term annual increase in profit is therefore 

also a probability distribution whose range depends on the price stability of the 

alternatives.  The distribution is taken to have a PDF (probability density 

function) ��
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2.1 Net present value 

The first step in comparing investment alternatives is to convert all costs and incomes 

onto a common basis.  Although the majority of the capital cost may well occur in the 

first year, there are likely to changes to future costs due to maintenance and repair.  

Changes to income are very likely to be non-uniform.  It is likely to be a number of 

years before the income begins – for example with olive trees or coppicing.  In many 

cases subsidies are phased over the project or may only last for a number of years.  

Suppose the cost is C and the income (cash flow) is xi in year i (which could be 

negative).  Using the effective interest rate as the discount rate r, the present value of 

future money can be calculated: 

CrxNPV i

i
i −+=� )1(/  
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If the future profit is P and there is a delay before this starts of I years, then continuing 

up to year N, the life of the project, this part becomes: 

CrrrPNPV NIN −++= −+− 11 )1(/)1(  

This net present value can be converted to an annual equivalent profit every year of the 

life of the project: )1)1/(()1( 1 −++= − NN rrNPVrA  

Note that the capital cost can be considered as a capital cost or a mortgage over a 

number of years at an interest rate of r but the above result is the same. 

Table 1. Example of the calculations for two example future projects 

 Example 1 Example 2 

Capital cost 100 300 

Annual profit 76.2 98.9 

Years delay 1 3 

Years of production 10 40 

Net present value NPV= 414.9 973.0 

Annual equivalent profit A= 53.5 62.0 

2.2 Choice of investment 

The second step is to decide whether this gain in profit is sufficient for any individual to 

make the investment.  Clearly an increase in profit of one penny is unlikely to be 

sufficient to persuade a farmer it is worthwhile.  However if the investment required 

was very small, a small return would be adequate incentive.  On the other hand if a large 

investment was required, then the gain required would also have to be similarly large.  

A typical way of measuring this is the number of times the interest on the investment is 

covered by the gain: CrAAg /)( 0−=  where A0 is the current level of annual profit. 

If g=1, then the gain is effectively twice the interest charge on the capital cost. 

Table 2. The gain on the example investments 

 Example 1 Example 2 
Gain if A0=48.0: g= 0.88 0.76 

 

Thus at a threshold of g=1, neither of the above choices is sufficiently profitable. 

The final step is to calculate the proportion of farmers who will choose the possible 

investment(s).  This is simply a case of sampling at random from the above probability 
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distributions, calculating the gain and recording the number for whom the investment is 

sufficiently profitable. 

Table 3. Proportion of the population of farmers selecting the investment 

 Example 1 Example 2 
Annual profit 70�5 90�13 
Discount rate 5�2 5�2 
Proportion choosing versus 50�5 4% 12% 

2.3 Calibration 

Although we now have a method, there are a number of parameters within this model 

which need to be determined.  Although some are obvious, several represent the social 

and psychological behaviour of farmers rather than something physical that can be 

measured.  In addition many are actually relevant to the duration of the investment not 

what the value is at the beginning. For example coppicing will produce wood to burn to 

produce electricity.  The relevant price of electricity is that over the next 5-20 years, not 

now.  For every view about oil and gas supplies, there are probably a similar number 

about the likely future level of production of wind, wave and nuclear electricity, not to 

mention other biofuels. 

• The interest rate is probably the easiest to estimate.  Firstly it must be noted that 

it refers to the effective interest rate (1+interest)/(1+inflation).   However some 

farmers will have money in investments so that the effective interest rate is the 

return lost which is likely to be something a little less than the bank rate.  Most 

will have overdrafts, in which case it will be more than the bank rate.  However 

some will be large farmers with significant assets able to command a 

competitive interest rate just above the bank rate, ranging to smallest poorer 

farmers whom the bank regard as poor risk and quote a high rate of interest.  For 

the UK, a negative exponential with a mean of 2 added to a minimum of 5, is 

probably a fair assessment of the interest rate. 

• The annual profit and variability seems deceptively easy to calculate.  One can 

easily obtain values for the range of crop yields and prices obtained by farmers 

in a region over many years and surveys of farms also give details of the range 

of profitability of farms.  Thus one can derive the mean and standard deviation 

of the mean for a farmer.  However this does not represent the population of 

farmers.  A more useful statistic, that is often available, would seem to be the 

average of the top 10% or 25% of farmers, which is the distribution over farmers 
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not years.  However given that the ‘worst’ farmers are often the worst farmers 

for a good reason (which may simply be the soil), one needs to introduce a 

correlation between the profits from the different alternatives.  That deals with 

the current profit, but one also needs to predict the likely future (increase in) 

profit from the new investment.  As discussed future energy prices are unknown, 

but equally, if the investment in olive trees is profitable, how many more people 

will be doing the same?  In that case the price of your new production will fall 

due to over-supply, while the price of your current production will increase due 

to scarcity.  But if everyone thought the same way…!  It is not the purpose of 

this analysis to predict future economics, but rather to know what proportion of 

farmers, now, think in the opposing ways, and express this as the variability of 

views of future profitability.  In the above example 2, it is supposed there is a 

very large range of views as to the future, partly because of the long-range of the 

investment. 

• Finally the gain required to invest is very much behavioural.  This can only be 

estimated by considering previous farmer investments.  We set a threshold value 

for g=1, as this seems to give answers which accord with the sort of levels that 

we observe. 

3. Example 
The procedure was applied to study the option of increasing the price of water to 

persuade farmers to invest in winter-storage reservoirs, rather than use summer 

abstraction.  This was part of a study of the Broadlands catchment, for a Water 

Framework Directive project in which the aim was actually to study multi-criteria 

decision making.  The options were different prices and this part of the study was to 

assess the effect on the agriculture in the catchment. 

The model first estimated the proportion of farmers, given the soil types and 

climate in East Anglia, that would currently grow irrigated crops and have reservoir.  

Then for different levels of increased water prices and future climates, the increased 

number and size of reservoirs to be expected was estimated. 

The model of Annetts & Audsley, 2004 was used to calculate the cropping chosen 

and the farm profit given the choices of no irrigation, irrigation using summer 

abstraction at 2.8p/m3, and irrigation from a reservoir filled using winter abstraction at 

0.25p/m3.  The profit was determined for three sizes of reservoir- - small, large and 
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unrestricted.  A separate model provided the simulated yield of the crops considered 

under different irrigation strategies, in which the crop was irrigated only when it 

reached progressively higher levels of stress.  Water was available to supply that 

required for the 7th worst year in 10 and thus irrigation had to stop in very dry years.  

The model thus also determined the water needing to be available for the crop.  The LP 

model included a constraint on the irrigated crops based on the amount of water in the 

reservoir, so that the model selected the crops and versions of the crop which were most 

profitable.  The model calculated the profits for each size of reservoir for each soil and 

weather type in the region. 

 

Figure 2. Typical costs of the reservoirs for the different choices 

Figure 2 shows typical costs of the reservoirs for the different choices.  The second 

column (192.07) is the ‘infinite’ size which is set to the size required for the cropping 

and which in this case is smaller than the large option.  For each soil, the profit values 

are read in and the procedure is then applied using the sample of 5000 farmers to 

determine the proportion of farmers selecting each irrigation option.  Overall the 

proportion of each option selected was 40%, 33%, 13%, 14%, 0% respectively.  From 

data on the current number of reservoirs and the amount of irrigation water used, the 

results were reasonably close for the region, suggesting that the calibration of the gain 

to 1.0 was a reasonable value.  Table 4 shows the effect of increasing prices.  Although 

there is a gradual increase in the umber of reservoirs, there are as many farmers ceasing 

to grow irrigated crops.  Note that farmers are also using less water in the higher cost 

scenarios which is not shown in the table. 
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Table 4. Proportion of farms choosing each irrigation/reservoir type 

 No 
irrigation 

Summer 
abstraction 

Full size 
reservoir 

Small 
reservoir 

Current prices 24% 56% 9% 11% 
Prices * 2.5 27% 50% 11% 12% 
Prices * 5 32% 42% 12% 14% 
Prices * 7.5 35% 35% 14% 15% 
Prices * 10 38% 31% 15% 16% 
Summer only * 10 38% 30% 14% 17% 

 

The results could then be used in a multi-criteria assessment of the options, which 

also examined other impacts such as river flow, groundwater level and rural 

employment.  Figure 3 show the matrix of values for the catchment, which combines 

the results from the farm model with the results from a hydrological model which 

simulates river flow and groundwater levels. 

 

Figure 3. Example of using the results in a multi-criteria assessment 

 The MULINO program considers the full range of stakeholders and systematically 

derives appropriate criteria to describe their concerns.  It then provides various 

procedures to derive the weights to apply to each criteria, using a hierarchical system 

for economic, environmental and social criteria.  Figure 4 shows an example of using 

the program with simple additive weighting with these derived weights.  The pricing 

option which best meets the criteria is 2.5*. 

4. Conclusion 
This method provides a systematic procedure for analysing the behaviour of a 

population of decision makers.  The method has been shown to give reasonable results 

for irrigation choices in North-east East Anglia.  Issues such as the need to irrigate to 

achieve the quality demanded by the supermarkets can be included in this method.  

Further research is needed to determine how well it matches the behaviour of farmers in 
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other problems.  A similar procedure might also be used to determine what proportion 

of a farm (number of fields) a farmer is likely to devote to a new enterprise such as 

coppicing. 

 

Figure 4. Example of the results in a multi-criteria assessment. (Green is 2.5*) 
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