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Abstract

This paper consider modelling the level of uptake of long-term imesgs
such as olive trees, coppicing for fuel, changing from damyifay to cereal
farming, or in particular building an irrigation reservoir. Inleaase, many
models exist to calculate the profitability of the new eorise or investment.
Being profitable, in some sense, is clearly a necessary amditi adopting
something new, but it is equally clear that all farmers do seess the
‘profitability’ as the same. A method is described whichnagies to model
what proportion of farmers would adopt a change. The problem is divjzled
into the capital cost, the interest rate and the annual profie ifterest rate
and profit are considered as distributions over the population of farreach
farmer is then a sample from each distribution and if their shteeturn is
sufficiently greater than the required rate, then this fanmk invest. Thus
the proportional uptake of farmers is estimated.

The procedure was applied to options of increasing the price of water
persuade farmers to invest in winter-storage reservoirs, rdtaersummer
abstraction. The model first estimated the proportion of farnggven the
soil types and climate in East Anglia, who would currently gravgated
crops and have reservoirs, and gave a good estimate. Thendogrditevels
of increased water prices and future climates, the increased nantbsize of
reservoirs to be expected was estimated.

Introduction

Annetts & Audsley, 2004 describes a linear programme (LP) modetléxt sthe
optimum cropping for an arable farm. LP models to optimise croppinganaeey long
history. This particular model is a multiple objective lineagpaoaming model which
optimises profit and environmental outcomes. The model considers thenproble
identifying the best cropping and machinery options, depending upon thsitaation
of market prices, potential crop yields, soil and weather chaistter The model uses
a particularly flexible approach to choosing the machinery, tiroingperations, crop
rotations and levels of inputs. It is embedded within the framewbdn interactive
database, which, given a change in soil type, rainfall, pricepat icost, 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 predgctuture agricultural
land use. The model simulates the behaviour of a profit-maximiainger. Changes
can be due to the CAP system — a new subsidy system, environmesslires or
government legislation — taxation of inputs, or climate change —aisede yields,
reduced prices. Although individual farmers have many motivationeategional
and long-term level, the model provides is a good description of agrimuthanges

(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-sensitiverniges that
involve large structural changes. Examples include investment int@e® coppicing
for fuel, changing from dairy farming to cereal farming Yare-versa), and building an
irrigation reservoir. Although being profitable in some sense,earlgl a necessary
condition for adopting something new, it is equally clear thataathers do not assess
the profitability as the same. Thus some opt for the reservoir sbeat to continue
irrigating without a reservoir (at higher cost and lower religbdf supply) and some
elect not to grow irrigated crops.

Over a period of time, say 10 years, one would expect all famtersdeemed a
change worthwhile to have adopted it. The problem is therefore itnagstwhat
proportion of farmers on a regional scale would think it is worthwtal@dopt the

change.

Method
The following items describe the problem:
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the capital cost required for change — thus the investment ineavaes in
planting trees or in purchasing new equipment. Subsidies may babdedilt
these can be easily be built into the calculation, either dirbgtireducing 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 differeesado capital. Some
will have access to money at a low interest rate, othetsi@éld to borrow at a
high rate, depending on the security they can offer. Taken as a wholentbis ca
considered as a probability distribution over farmers, with a minimaien The
distribution is taken to have a PDF (probability density functipd)= /.e™;

the annual profit one would obtain once the system is working and the annual
profit of the current system. Farmers have different views dure prices.
This is particularly true the longer the investment. Prices (and ymld<learly
going to be variable, but some farmers will consider the ups @xbeedowns,
and vice-versa. This view of prices and yields can also bedsoedi to be a
distribution over all farmers. Long-term annuiatrease in profit is therefore
also a probability distribution whose range depends on the priuétgtaf the
alternatives. The distribution is taken to have a PDF (probalulktysity
function) f (x) = — = ex —(X_a)zj .

bv2rr 2b?

2.1 Net present value

The first step in comparing investment alternatives is to comallecbsts and incomes

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

first year, there are likely to changes to future coststdumaintenance and repair.

Changes to income are very likely to be non-uniformis likely to be a number of

years before the income begins — for example with olives toeecoppicing. In many

cases subsidies are phased over the project or maylastljor a number of years.

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

negative). Using the effective interest rate as the discotent,réhe present value of

future money can be calculated:

NPV => x /@+r) -C
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If the future profit is P and there is a delay before thidsstd | years, then continuing

up to year N, the life of the project, this part becomes:
NPV =P+ " /r@+n)"*-C
This net present value can be converted to an annual Egquipaofit every year of the
life of the project:A= NPVr @+n)"*/(A+r)" - 1)
Note that the capital cost can be considered as a capitalrashartgage over a

number of years at an interest rate of r but the atbesudtris 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 figisut for any individual to
make the investment. Clearly an increase in profit of cgreny is unlikely to be
sufficient to persuade a farmer it is worthwhile. Howevehd# investment required
was very small, a small return would be adequate incenivethe other hand if a large
investment was required, then the gain required would @ge to be similarly large.
A typical way of measuring this is the number of timesitiberest on the investment is

covered by the gaing = (A- A,)/Cr where A is the current level of annual profit.

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

Table 2. The gain on the example investments

Example 1 Example 2
Gain if A;=48.0: g= 0.88 0.76

Thus at a threshold of g=1, neither of the above choicasdfisiently profitable.
The final step is to calculate the proportion of farmers witlcchoose the possible
investment(s). This is simply a case of sampling at rarfdom the above probability
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distributions, calculating the gain and recording the numbewifimm 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 80 4% 12%

2.3 Calibration

Although we now have a method, there are a numberrafrpers within this model

which need to be determined. Although some are obvieusra represent the social
and psychological behaviour of farmers rather than songegbhysical that can be
measured. In addition many are actually relevant to thetido of the investment not
what the value is at the beginning. For example coppicing vadye wood to burn to

produce electricity. The relevant price of electricity is thadr the next 5-20 years, not
now. For every view about oil and gas supplies, thergmgably a similar number

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

mention other biofuels.

* The interest rate is probably the easiest to estimate. Hirsilyst be noted that
it refers to the effective interest rate (1+interest)/(1+inflatiofjowever some
farmers will have money in investments so that the effectivezast rate is the
return lost which is likely to be something a little less tharbtngk rate. Most
will have overdrafts, in which case it will be more than thekbarte. However
some will be large farmers with significant assets able tonwamd a
competitive interest rate just above the bank rate, ranging atlesinpoorer
farmers whom the bank regard as poor risk and quiigherate of interest. For
the UK, a negative exponential with a mean of 2 added tmeanom of 5, is
probably a fair assessment of the interest rate.

* The annual profit and variability seems deceptively easyltulate. One can
easily obtain values for the range of crop yields anceprabtained by farmers
in a region over many years and surveys of farmsgilaodetails of the range
of profitability of farms. Thus one can derive the mead standard deviation
of the mean for a farmer. However this does not reptethe population of
farmers. A more useful statistic, that is often available,ldveaem to be the

average of the top 10% or 25% of farmers, which is ibteilolition over farmers
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not years. However given that the ‘worst’ farmers dtenothe worst farmers
for a good reason (which may simply be the soil), oeeds to introduce a
correlation between the profits from the different alternativesat deals with
the current profit, but one also needs to predict the likeiyré (increase in)
profit from the new investment. As discussed future enpriggs are unknown,
but equally, if the investment in olive trees is profitable, Imaany more people
will be doing the same? In that case the price of yourpreduction will fall
due to over-supply, while the price of your current pietsbn will increase due
to scarcity. But if everyone thought the same way...! ttasthe purpose of
this analysis to predict future economics, but rather to kwbat proportion of
farmers, now, think in the opposing ways, and expressathike variability of
views of future profitability. In the above example 2, isigoposed there is a
very large range of views as to the future, partly beead the long-range of the
investment.

* Finally the gain required to invest is very much behavioufdlis can only be
estimated by considering previous farmer investments. Waetkeeshold value
for g=1, as this seems to give answers which accord watlsdht of levels that

we observe.

3. Example

The procedure was applied to study the option of increakiagprice of water to
persuade farmers to invest in winter-storage reservoitberrgahan use summer
abstraction. This was part of a study of the Broadlaradshment, for a Water
Framework Directive project in which the aim was actually tiedy multi-criteria
decision making. The options were different prices andghit of the study was to
assess the effect on the agriculture in the catchment.

The model first estimated the proportion of farmers, givensibié types and
climate in East Anglia, that would currently grow irrigated crapsl have reservoir.
Then for different levels of increased water prices arndréuclimates, the increased
number and size of reservoirs to be expected was estimated

The model of Annetts & Audsley, 2004 was used to calctiegeropping chosen
and the farm profit given the choices of no irrigation, atign using summer
abstraction at 2.8pfinand irrigation from a reservoir filled using winter abstraco

0.25p/m. The profit was determined for three sizes of reservogmall, large and
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unrestricted. A separate model provided the simulated giettde crops considered
under different irrigation strategies, in which the crop wagated only when it

reached progressively higher levels of stress. Water avadable to supply that
required for the ¥ worst year in 10 and thus irrigation had to stop in veyyyears.

The model thus also determined the water needing to be dedalthe crop. The LP
model included a constraint on the irrigated crops basedeoantount of water in the
reservoir, so that the model selected the crops and versidhe crop which were most
profitable. The model calculated the profits for each sizesérvoir for each soil and

weather type in the region.

. Set up probability plans x|

Calculate

Interest rate, & |5_[|
+YE YaNance |2_E|
MHumber of farmers |5[|[|E|

Surnrrer Yfinter Yfinter Yfinter
Mo W ater Abstraction abstraction abstraction abstraction Dairy Farm

2.8p/m3 0.25p/m3 0.25p/m3 0.25p/m3
Profit. £ha [0 Joo Joo Jono Jono Joo
Wariance, £/ha 3510 |35.0 |35.0 |35.0 |35.0 j320
Capital Cost. £/ha (10 j1zo 19z07 j1zo JF3z.0 jo.o

“f'ears to production ID ID |1 |1 |1 |1

Duration, years |1 |20 |20 |20 |20 J30

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

Figure 2 shows typical costs of the reservoirs for thewdifft choices. The second
column (192.07) is the ‘infinite’ size which is set to the sizguired for the cropping
and which in this case is smaller than the large option. d&r soil, the profit values
are read in and the procedure is then applied using thplesaxh 5000 farmers to
determine the proportion of farmers selecting each irrigatipion. Overall the
proportion of each option selected was 40%, 33%, 13%, D48orespectively. From
data on the current number of reservoirs and the amdurigation water used, the
results were reasonably close for the region, suggestaghé calibration of the gain
to 1.0 was a reasonable value. Table 4 shows the effeutreasing prices. Although
there is a gradual increase in the umber of reservoee Hre as many farmers ceasing
to grow irrigated crops. Note that farmers are also usisg 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 Summer Full size Small

irrigation  abstraction reservoir  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 assessh#re options, which
also examined other impacts such as river flow, groundwhkseel and rural
employment. Figure 3 show the matrix of values for thiehtaent, which combines
the results from the farm model with the results from a digdical model which

simulates river flow and groundwater levels.

E-i[UK—EA.muI]::MULIND DSS = Choice Phase = Evaluation matrix - IEI|5|
File Wiew Modeling Help Exit
Introduction ANALYSIS MATRIX
Conceptual Phase
P PARAMETERS Basesetof | 25x[base|5x(baseset| 75x(base| 10%[base| 0=l <]
- *whaber volume for irigation 18844 16863 14271 12137 10346 11259
thoice Phase frea of vegetable 707 7.00 £.86 £.70 £.59 E83
Area of potatoes a7 701 620 S4B 437 a0E
Farmed area under imigation a1.3 721 E0.E 52.0 451 a0y
Reduction in agriculiural profit a 393498 843512 1116668 1283730 1177310
Lozt of watker 280978 528571 1080074 1382114 15A0554 1561334
Reduction in number of days 0 23 34 46 54 47
Yolume below Ecological river How 2411 5321 5336 4235 3529 40m
Groundwater reserve 133266 133365 134780 135441 135807 90T

Weights and rules

Figure 3. Example of using the results in a multi-criteria assessment
The MULINO program considers the full range of stakeéi@dnd systematically
derives appropriate criteria to describe their concerns. e frovides various
procedures to derive the weights to apply to each critesinga hierarchical system
for economic, environmental and social criteria. Figureawshan example of using
the program with simple additive weighting with these derivedjisi The pricing

option which best meets the criteria is 2.5*.

4. conclusion

This method provides a systematic procedure for analy#ieg behaviour of a
population of decision makers. The method has been stwgine reasonable results
for irrigation choices in North-east East Anglia. Issues @scthe need to irrigate to
achieve the quality demanded by the supermarkets cancheled in this method.
Further research is needed to determine how well it matisbdsehaviour of farmers in
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other problems. A similar procedure might also be usetktermine what proportion

of a farm (number of fields) a farmer is likely to devdo a new enterprise such as
coppicing.

E-i[UK—EA.muI]::MULIND D55 = Choice Phase = Evaluation matrix - IEI|5|
File Wiew Modeling Help Exit
Introduction o Simple Additive s Order wWeighting e |deal Paint
Conceptual Phase “wfeighting [Saia] Ayerage [Dwia) tethod [TOPSIS)
Design Phase
Choice Phase
Weights:
i+ Independent Mormalize | " Dependent Responses for SAW
Farmed area under irmigation s

. O — |
4 LU QLT nmn
0.01
Reduction in agricultural profit
; t

Base setofwate| 059%| —— =
Jase setprices)| 0525 ———
Jase set prices

0497 | ——

)
Cost of wag.f? aase setprices)| 04788 ——
— hase set price)

Reduction in number of days Ecological River flow

£

0.47504| ———

Yolume below Ecological river How objectives

I

013 Sustainability Chart |
Groundwater reserve
—f o o Sawve the Options ... | Sensitivity Analysiz
0.07 -
P LW Load the Hierarchical Save the
weights. .. weighting weights ...

Spatial view

Figure 4. Example of the results in a multi-criteria assessment. (Graes 2.5%)
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