
Effect of yield and price risk on conversion from
conventional to organic farming*

Szvetlana Acs, Paul Berentsen, Ruud Huirne
and Marcel van Asseldonk†

Although the benefits of organic farming are already well known, the conversion to
organic farming does not proceed as the Dutch government expected. In order to
investigate the conversion decisions of Dutch arable farms, a discrete stochastic
dynamic utility-efficient programming (DUEP) model is developed with special atten-
tion for yield and price risk of conventional, conversion and organic crops. The model
maximizes the expected utility of the farmer depending on the farmer’s risk attitude.
The DUEP model is an extension of a dynamic linear programming model that maxi-
mized the labour income of conversion from conventional to organic farming over a
10 year planning horizon. The DUEP model was used to model a typical farm for the
central clay region in the Netherlands. The results show that for a risk-neutral farmer
it is optimal to convert to organic farming. However, for a more risk-averse farmer it
is only optimal to fully convert if policy incentives are applied such as taxes on pesti-
cides or subsidies on conversion, or if the market for the organic products becomes
more stable.

Key words: arable farming, conversion process, dynamic utility-efficient programming model,
organic farming, risk aversion.

1. Introduction

Increased consumer awareness of food safety issues and environmental con-
cerns in Europe has contributed to the growth of organic farming over the
last few decades. However, the overall significance of organic farming in the
European context is still quite small in terms of land area used. In 2002 it rep-
resented slightly more than 3 per cent of the total EU utilised agricultural
area (Lampkin 2002). Other major agricultural producers like the US and
Australia reached percentages of 0.23 and 2.3 respectively (Yussefi 2003). In
some EU-member states, such as in the Netherlands, the rapid growth in the
nineties has slowed down after the end of the century. The desired target of 5
per cent organic area of the utilised agricultural area in 2005, set by the Dutch
government in 2000, was not reached. It was only 2.47 per cent (Eurostat
2006). However, the target of 10 per cent by 2010 still remains (MINLNV
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2005). In order to reach the target, more insight is needed into factors which
hamper and stimulate the conversion of farms.
Previous studies showed that organic arable farms can achieve very similar

or even higher income levels than comparable conventional farms (Langley
et al. 1983; Offermann and Nieberg 2000; Morris et al. 2001; Acs et al.
2007a,b). These results cannot explain the stagnation of conversion over the
last years. An aspect that needs more attention in the models is the variability
concerning yields and prices, which poses a risk to farmers. Furthermore, it
has been common to assume, often implicitly, that decision makers are indif-
ferent to risk. However, assuming absence of risk aversion seems not suitable
as it is well known that risk aversion is widespread (Hardaker et al. 2004).
Some studies suggest that the main sources of risk for both conventional

and organic farmers are output prices and production risks (Martin 1996;
Harwood et al. 1999; Meuwissen et al. 2001). In arable farming in the Nether-
lands there is a large variation between the years in crops’ gross margin of
conventional, conversion and organic crops (LEI 2004). This is mainly
caused by large revenue (yield and output price) variation across the years.
Differences in variation between conventional, conversion and organic crops
are caused mainly by different management practices (i.e. restrictions on pes-
ticide use and fertilizer) and by different market opportunities and prices for
the products (Lampkin and Padel 1994). This suggests that it is important to
take into account the variation of revenue while analysing the conversion to
organic farming.
There is quite some literature on inclusion of risk in agricultural farm mod-

els (Hardaker et al. 2004). To incorporate risk in amathematical programming
model, two frequently used modelling practices can be taken into account.
One is quadratic risk programming (QRP) and the other is utility-efficient pro-
gramming (UEP) model. They both maximise expected income or utility of a
risk averse decision maker subject to a set of resource and other constraints
(Freund 1956; Lambert and McCarl 1985; Patten et al. 1988). The advantage
of QRP is that it requires only a vector of means and the variance-covariance
matrix of the revenues per unit of possible cropping activities. However, the
assumptions necessary to validate the use of QRP for farm planning under
risk, which are that the farmer’s utility function is quadratic or the distribution
of total net revenue is normal (Hardaker et al. 2004), are not necessarily met.
In contrast, UEP, as a non-parametric method, uses the discrete empirical dis-
tribution, and includes the joint distribution of yield and prices by means of
so-called ‘states of nature’ (specific combinations and probabilities of possible
outcomes). In contrast to QRP, in UEP a number of types of utility function
can be incorporated. Utility-efficient programming was applied by Flaten and
Lien (2007) on organic dairy farms but the model was used to optimise deci-
sions for only 1 year. Cocks (1968) and Rae (1971) were the first to introduce
the dynamic aspect in risk programming for agriculture in the form of discrete
stochastic programming. Any empirical multi-period UEP model analysis
in agriculture we did not find in the literature. In this paper the previously
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developed dynamic linear programming (DLP) model (Acs et al. 2007a) is
extended with price and yield risk and a utility maximizing objective function
(i.e. dynamic utility-efficient programming model, DUEP).
The objective of this paper is to describe the developed model and to apply

it to the conversion process from conventional to organic farming, taking into
account the risk of yield and price variation before, during and after the con-
version years.
The paper starts with the description of the model. Here the inclusion of

risk in the mathematical programming model, the general structure of the
model, and the activities and constraints are described. Next, the data and the
set up of the calculations are presented. Then, the results of the model for a
basic situation are presented and analysed followed by a sensitivity analysis
for different factors. The paper ends with a discussion on the method and the
results obtained.

2. Method

2.1 Inclusion of risk in a mathematical programming model

In order to include risk in a mathematical programming model, two issues
have to be taken into account: (i) the uncertainty of the risky events, which
can occur in the future; (ii) the attitude of the farmer towards these risky
events. The risk in the model is represented by the probabilities of occurrence
of different events. Each event represents a state of nature. The attitude
towards risk is expressed by an assumed utility function of the farmer.
The arable farmer has the choice to stay conventional, to convert part of

the land or convert all the land to organic production. The conversion period
takes 2 years. The farmer can also choose to convert the land at once or step-
wise (converting in parts). In the model only one-way conversion is permitted.
It is assumed that if once the farmer decides to convert (a certain area), no
backward conversion can take place.
When assuming certainty, one average state can be included in the model,

as was done in the previous DLP model (Acs et al. 2007a). While including
risky outcomes, more states should be taken into account. Each alternative –
conventional, conversion and organic – has its own risk. In the DUEP model,
the states of nature are represented by the revenues of crops for a number of
individual years depending on crop yield and price for the particular year.
Each of the alternative states of nature occurs with a certain probability.
Most people are risk averse when faced with significantly risky incomes or

wealth outcomes (Hardaker et al. 2004). A person who is risk averse is willing
to forgo some expected income for a reduction in risk, the range of acceptable
trade-off depending on how risk averse that individual is. This trade-off can
be included by converting expected income to the utility of the individual,
which means that the individuals’ attitude towards risk has to be included.
Conversion of income to utility is done by using a utility function.
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In utility-efficient programming, any convenient form of utility function,
with the exception of risk seeking functions, can be used to represent the
farmers’ preferences (Patten et al. 1988). Preferences vary between farmers;
therefore, different assumptions can be used on their risk attitude in the range
from risk neutral to extremely risk averse. The assumption of risk aversion
implies a concave utility function. In our analysis the common negative expo-
nential function is used (Hardaker et al. 2004): U = 1)exp)Ra*z, where U is
the utility of a certain person, Ra is the absolute risk aversion coefficient of
that particular person and z is discounted labour income over a period of
10 years. Concavity of this function is ensured, as, U¢(z)>0, and U¢¢(z)<0.
This function exhibits constant absolute risk aversion. This means that pref-
erences between payoffs (labour income) are unchanged if a constant amount
is added to or subtracted from all payoffs. Labour income, which is used in
this paper as the income measure z, is defined as revenues minus all costs,
excluding the costs of family labour. It is therefore the remuneration for
labour and management of the farmer and his family.
According to Anderson and Dillon (1992), the degree of risk aversion of

any individual with respect to wealth (w) may be characterized in terms of the
relative risk aversion coefficient. The coefficient of relative risk aversion can
be calculated as Rr(w) = )wU¢¢(w)/U¢(w), where U¢¢(w) and U¢(w) represent
the second and first derivatives, respectively, of the utility function of a
person with respect to wealth (U(w)) (Mas-Colell et al. 1995). This means that
the risk aversion is reflected by the curvature of the individual’s utility
function. The relative risk aversion can be grouped as follows (Anderson and
Dillon 1992):
Rr(w)= 0, risk neutral;
Rr(w)= 0.5, hardly risk averse at all;
Rr(w)= 1.0, somewhat risk averse (typical);
Rr(w)= 2.0, rather risk averse;
Rr(w)= 3.0, very risk averse;
Rr(w)= 4.0, extremely risk averse.
As the utility function used includes the absolute risk aversion coefficient

Ra, a relationship is required between Ra(w) and Rr(w). Arrow (1965) and
Pratt (1964) showed that Ra(w) = Rr(w)/w in which w is the wealth
measure. In this paper the wealth measure w is measured at the initial wealth
level (Gollier 2001) which is approximated by the farm equity.

2.2 General structure of the model

The general structure of the DUEP model is formulated as follows:

MaxE½U� ¼
X

Scomb

pScomb
UScomb

ðREVSy;Cy;RaÞ;Ra varied ð1Þ

subject to:
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AyxyOby ð2Þ

�Byxy þAyþ1xyþ1O0 ð2aÞ

xyP0 ð3Þ

Table 1 gives an overview of all the variables and symbols used in the model.
The expected utility of the farmer over the 10 year planning horizon is maxi-
mized, which is a function of different crop revenues (determined by the states
of nature), their variable costs, fixed costs and the risk aversion coefficient of
the farmer (Equation 1). The 10 year planning horizon is long enough not to
influence the results of conversion – usually conversion is completed after
3–6 years (MacRae et al. 1990). Maximization is subject to several activity
constraints (Equations 2 and 3). The model each year chooses between the
activities (x), which together with the states of nature will determine the final
outcome.
Activities and constraints are included in each period (year) for all the rele-

vant decisions and many of them are duplicated from 1 year to the next (e.g.
annual crop activities). The link between the years is provided by the rotation
requirements and the conversion of the land area (Equation 2a) and the
objective function. For a more extensive description of the dynamic aspects
of the model see Acs et al. (2007a).
Following Von Neumann and Morgenstern (1947) the expected utility

value is calculated from the utility values weighted by the corresponding
probabilities (Equation 4).

Table 1 Variables and symbols used in the model

E[U] Expected utility
Scomb States of nature for combination of the stages

[Sc1St1So1, Sc2St1So1,…, Sc15St2So15]
Sy States of nature of different stages for each year [Sc, St, So]
Sc States of nature of conventional stage [Sc1, Sc2, …, Sc15]
St States of nature of conversion (transition) stage [St1, St2]
So States of nature of organic stage [So1, So2, …., So15]
pScomb Probability of states of nature for combinations of stages
ps Probability of each state of nature
UScomb Expected utility of states of nature concerning crop

revenues for combination of stages
Us Expected utility per state of nature of different crop revenues
REVSy Revenues per year per state of nature
Ra Risk aversion coefficient, Ra > 0
y Year [y = 1,2,…,10]
Cy Total costs per year (variable and fixed) for activities of xy
xy Vector of activities per year
Ay Matrix of technical coefficients per year
By Matrix linking activities of year (y) to the following year
by Vector of right hand side value per year
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MaxE½U� ¼
X

Scomb
UScomb

� pScomb
ð4Þ

where

X
Scomb

pScomb
¼ 1 ð5Þ

The utility values are calculated by transferring the discounted labour
income into utility values using the negative exponential utility function:
UScomb

¼ 1� exp�Ra�zScomb , where zScomb
¼
P

y ðGMSy � CFyÞ. The discounted
labour income over 10 years per state (zScomb) is the sum over 10 years of the
discounted gross margin per state of nature per year (GMSy) minus the dis-
counted fixed costs (CFy) per year (costs of land, machinery and buildings).
The discounted annual gross margin is calculated as follows:

GMSy ¼
P

L ðREVSLy � CLyÞ � LUSLy

ð1þ iÞy ; Sy � ½Sc;St;So� ð6Þ

where REVSLy is the revenue per state of nature per crop per year, CLy is the
variable costs per crop per year, LUSLy is the land use system (cropping pat-
tern) in hectare of each crop per year, L is the crop type and i is the discount
rate (4 per cent). The choice of activities determines the revenues and the costs
of farming. The revenues represent the discrete stochastic element in the
model, which depends on the chosen crops and the states of nature of each
crop. Variable costs include crop production costs (including costs of variable
operations, pesticide use, energy use, contract work, marketing costs and
other remaining costs), costs of purchased nutrients (manure and fertilisers),
hired labour costs and nutrient taxes. The final production plan maximizes
the probability-weighted average of the utilities of the discounted labour
income of the cropping patterns over the 10 years.
The matrix developed comprised 9845 activities and 11 031 constraints.

The model was solved using GAMS programming language and SBB solver
(Brooke et al. 1988).

2.3 Activities and constraints

The main groups of activities (x) in the model are:

1. Crop activities:

Conventional: winter wheat, spring barley, ware potatoes, seed potatoes,
sugar beet, onion, and carrot;
Organic: winter wheat, spring barley, ware potatoes, seed potatoes, sugar

beet, onion, carrot, spring wheat, kidney bean, green pea, alfalfa celeriac,
grass-clover;
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Conversion: the same as organic crop activities with only difference that
organic yields and conventional prices are used.

2. Hired labour. There is an opportunity to hire unlimited amount of skilled
and unskilled labour at any time of the year for 18 Euro/h and 9 Euro/h,
respectively (CAO 2002).

3. Manure and fertiliser purchase.
4. Activities for calculating nutrient surplus, organic matter input and pesti-

cides use.

The main groups of constraints are:

1. Land availability. A 48 hectare farm size is assumed, which is an average
farm size in the central clay region in the Netherlands.

2. Rotation restrictions. All the individual crops and groups of crops have
their own rotation constraints which are mainly based on agronomic rea-
sons. For conventional production 3 year crop rotation is used for the
whole land area, which is characterising the region. For conversion and
organic production 6 year crop rotation is used. This more diverse crop
rotation is a requirement for organic farming. More detailed information
concerning crop rotations can be found in Acs et al. (2007b).

3. Conversion restrictions. Technical constraints concerning the dynamic
aspect of the model. The first year the model is restricted to produce only
in conventional way. This restriction was imposed in order to be able to
compare the conventional production with the conversion and organic
production plan. From the second year onwards the model can convert to
organic production. In case land goes into conversion, it will be in conver-
sion for 2 years to become organic land area. The model decides how
much land goes from conventional into conversion. In the model the con-
version is restricted to one-way direction, so the model excludes the possi-
bility to convert back.

4. Household labour constraint. The available amount of family labour is
assumed to be 1.1 full-time labour (2255 h/year), which is an average
labour supply in this region for 48 ha land area (De Wolf & De Wolf,
pers. comm., 2004). Family labour supply per period is assumed to be con-
stant over the year.

5. Nutrient balance calculation for Dutch Mineral Accounting System
(MINAS) regulation. MINAS calculates a nutrient balance at farm level
per hectare. Above the acceptable level (100 kg N and 25 kg P2O5 per
hectare in year 2002) the farmer has to pay a levy in Euro/kg of unaccept-
able surplus, which is 2.3 Euro/kg in the case of nitrogen and 9 Euro/kg in
the case of phosphate (MANMF 2004).

6. Maximum manure input restriction for Manure Transfer Agreement Sys-
tem (MTAS) regulation. MTAS sets a limit to the amount of manure that
can be used on the farm. This limit is based on nitrogen (N) content which
is 170 kg N from manure per hectare.
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7. Several counting rows for pesticides use and organic matter input to the
farm.

2.4 Data

Regarding crop revenues, yearly average data for different crops were avail-
able from the Farm Accountancy Data Network (FADN) from the Agricul-
tural Economics Research Institute (LEI) in the Netherlands (LEI, 2004).
FADN is a unique panel dataset, which includes crop-level information for a
representative sample of farms. The number of conventional, conversion, and
organic farms in the sample was 400, 80, and 32 respectively. As farm level
data were not available, the data used in this paper consists of average yields
and product prices per crop per year. For conventional crops data were avail-
able from 10 years, for conversion crops data were available from only
2 years, and for organic crops data were available from 3 years. Because
prices and yields tend to change over time in a more or less consistent and
predictable way, they were de-trended to account for inflation and technical
progress (Barry et al. 2000), with 2002 as the base year. Prices were corrected
for inflation by using the inflation index of prices (CBS 2005). Crop yields
were corrected for technical progress by regressing yield on time as an explan-
atory variable. Consequently, inflation and technical progress are absent in
modelling.
To avoid shock effects because of lumpiness of data, the corrected data on

conventional and organic crops were transformed into 15 states of nature by
using the procedure for simulating multivariate empirical probability distri-
butions described by Richardson et al. (2000). This procedure takes into
account stochastic correlation between crops and produces a smoother distri-
bution of states of nature given the probability distributions encapsulated in
the original data. Serial correlation was not taken into account as this corre-
lation appeared to be very low (R2<0.25). Latin Hypercube sampling was
used to simulate 15 states of nature, which are considered enough to get reli-
able results (Lien et al. 2009). The resulting 15 states of nature for conven-
tional and organic farming are presented in Tables 2 and 3. For conversion
crops it was judged that simulation of 15 states was not justified given that
there are only 2 years of data. Data from these 2 years were used as two
states of nature (see Table 4). Within each stage of cropping (conventional,
conversion, and organic) each state has the same probability to occur:
psc = 0.06667 for conventional, pst = 0.5 for conversion and pso = 0.06667
for organic states of nature. Based on this, the joint probability (pScomb) for
all combinations of states of nature is 0.02222 (ps = psc · pst · pso), which
all together sum up to one.
Regarding variable costs of crops, data was obtained from Quantitative

Information Handbook (KWIN 2002). Fixed costs for conventional and
organic farms were calculated from the results of real farms (Wijnands and
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Dekking 2002). The direct costs (variable costs without nutrient and labour
costs) and the labour and nutrient requirement per crop are summarized in
Table 5. Detailed information about these input data and about fixed costs,
crop rotation, household labour use and organic matter input can be found
in Acs et al. (2007a,b).
For the calculation of the absolute risk aversion coefficient (Ra) with

respect to wealth, by means of formula: Ra(w) = Rr(w)/w, an assumption on
wealth should be made. For this the average owners equity was used of the
same farms from which the yields and product prices were taken. The average
ownership equity amounted to 835 000 Euro (LEI, 2004). As shown before
the relative risk aversion coefficient (Rr) can take the range between 0 and 4.
This means that the corresponding absolute risk aversion coefficient can take
values between 0 and 0.0000048.

3. Results

3.1 Basic results of DUEP model

The results in Table 6 show the expected discounted labour income with the
accompanying standard deviation and certainty equivalent, the area con-
verted to organic farming and the optimal cropping plan across different risk
aversion coefficients. The degree of risk aversion has a strong effect on the
optimal decision of a farmer to convert. While it is optimal for the risk neu-
tral farmer to convert the whole area to organic production, for a farmer with
a relative risk aversion ranging from 0.5 to 2.0 it is optimal to convert only

Table 2 Simulated states of nature for gross revenues of conventional crops (Euro/ha)

State of
nature

Winter
wheat

Seed
potato

Sugar
beet

Seed
onion

Carrot Spring
barley

Ware
potato

P-value

Sc1 1842 8778 3244 5919 13 516 1452 6015 0.06667
Sc2 1637 6627 3329 3702 12 990 1559 5744 0.06667
Sc3 1636 7034 3382 5785 11 635 1519 5159 0.06667
Sc4 1757 9623 3728 10 237 14 182 1415 9134 0.06667
Sc5 1857 7450 3230 3857 7832 1499 5507 0.06667
Sc6 1824 7163 3264 3086 9818 1565 4748 0.06667
Sc7 1836 7242 3213 5929 13 479 1509 4999 0.06667
Sc8 1838 7470 3647 3001 13 134 1646 4546 0.06667
Sc9 1843 7117 3376 3091 12 231 1628 3893 0.06667
Sc10 1859 6403 3192 2899 13 119 1620 3640 0.06667
Sc11 1818 9806 3218 10 720 15 393 1453 8479 0.06667
Sc12 1610 9069 3599 10 720 10 837 1417 6005 0.06667
Sc13 1932 7711 3026 3462 12 763 1463 5311 0.06667
Sc14 1858 5839 3258 2699 13 474 1654 3331 0.06667
Sc15 1708 9659 3846 10 240 12 977 1442 8600 0.06667

Mean 1790 7799 3370 5690 12 492 1523 5674 —
SDs 98 1269 230 3183 1852 84 1782 —
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part of the area. In the case the farmer is even more risk averse (3.0 £
Rr £ 4.0) conversion is not optimal.
Up to a relative risk aversion of 1.0 the type of crops included in the con-

ventional and organic cropping plan remain the same. The only change is that
the area of organic farming decreases. When going from somewhat risk
averse to rather risk averse, the organic area increases, which might seem con-
trary to what would be expected. However, the replacement of the risky
organic crop seed onion by organic sugar beet (see Table 3 for revenues and
SD of revenues of organic crops) makes organic farming as a whole less risky,
causing the increase of the organic area. At high risk aversion
(3.0 ‡ Rr ‡ 4.0) organic farming is not interesting. Moreover, less risky con-
ventional crops like seed potato and sugar beet take the place of more risky
crops like ware potato, seed onion and carrot (see Table 2 for revenues and
SD of revenues of conventional crops).

3.2 Sensitivity analysis

The basic outcome of the DUEP model shows that partial conversion takes
place when relative risk aversion ranges between 0.5 and 2.0 while no conver-
sion takes place when relative risk aversion is 3.0 or higher. In the sensitivity
analysis, different policy incentives (i.e. taxes on pesticides and subsidies

Table 5 Costs, labour and nutrient requirement of conventional, conversion and organic
crops

Crops Costs (Euro)* Labour requirement (h) Nutrient requirement
(kg)

Conventional Conversion/
organic

Conventional Conversion/
organic

Conven-
tional

Conver-
sion/

organic

N P2O5 N P2O5

Ware potato 1681 2255 26.4 20.6 255 120 150 48
Seed potato 3245 2226 95.3 77.1 125 120 50 47
Sugar beet 1008 884 19.2 86.1 150 80 80 160
Seed onion 1975 1284 37.7 316.5 110 120 50 43
Carrot 9450 12 450 29.3 185.7 80 120 40 57
Winter wheat 484 439 10.4 13 210 20 125 62
Spring barley 312 393 9.6 12.1 65 20 25 60
Winter barley — 339 — 12.1 — — 75 53
Spring wheat — 415 — 13.5 — — 75 62
Kidney bean — 624 — 25.6 — — 50 20
Green pea — 658 — 22.5 — — 10 25
Alfalfa — 169 — 2.2 — — 0 133
Celeriac — 2666 — 134.9 — — 140 74
Grass-clover — 141 — 5.5 — — 0 105

*Direct production costs do not include the costs of nutrients and labour.
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for organic production), the effect of market stabilization, and the effect of
learning are examined for a somewhat risk averse (Rr = 1) and a extremely
risk averse farmer (Rr = 4.0).

Table 6 Optimal farm plan over time for different risk aversion coefficients

Risk attitude Risk aversion

Risk
neutral

Hardly
risk

averse

Somewhat
risk averse

Rather
risk

averse

Very risk
averse

Extremely
risk averse

Ra 0 0.0000006 0.0000012 0.0000024 0.0000036 0.000048
Rr 0 0.5 1.0 2.0 3.0 4.0

Expected discounted
Labour
income (Euro)

296 653 262 867 252 885 212 025 145 482 138 899

Standard
Deviation (SD)

607 593 423 544 398 310 320 711 209 501 206 642

Certainty
Equivalent (CE)

296 653 213 062 152 916 109 719 89 686 71 308

Conventional (ha) 0.0 19.6 25.2 22.6 48 48
Converted to

organic (ha)
48.0 28.4 22.8 25.4 0 0

Total area (ha) 48.0 48.0 48.0 48.0 48.0 48.0
Optimal cropping plan (ha)
Conventional (t = 1)
Winter wheat 16.0 16.0 16.0 16.0 16.0 16.0
Seed potato 6.9 6.9 6.9 6.9 11.4 11.5
Ware potato 9.1 9.1 9.1 9.1 4.6 4.5
Seed onion 9.6 9.6 9.6 9.6 — —
Carrot 6.4 6.4 6.4 6.4 4.0 4.0
Sugar beat — — — — 12.0 12.0

Conventional (t = 2–10)
Winter wheat — 6.5 8.4 7.5 16.0 16.0
Seed potato — — — — 11.4 11.5
Ware potato — 6.5 8.4 7.5 4.6 4.5
Seed onion — 3.9 5.0 4.5 — —
Carrot — 2.6 3.4 3.0 4.0 4.0
Sugar beat — — — — 12.0 12.0

Conversion (t = 2–3) No
conversion

No
conversion

Spring wheat 16.0 9.5 7.6 8.5
Seed potato 8.0 4.7 3.8 4.2
Seed onion 4.0 2.4 1.9 2.1
Sugar beet 12.0 7.1 5.7 6.3
Alfalfa 8.0 4.7 3.8 4.2

Organic (t = 4–10)
Spring wheat 8.0 4.7 3.8 4.2
Seed potato 8.0 4.7 3.8 4.2
Seed onion 8.0 4.7 3.8 —
Celeriac 8.0 4.7 3.8 4.2
Kidney bean 8.0 4.7 3.8 4.2
Green pea 8.0 4.7 3.8 4.2
Sugar beet — — — 4.2
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3.2.1 Taxes on pesticides
The first policy incentive to convert is a tax on pesticides. Pesticides are used
only for conventional crops, as the use of synthetic chemical inputs in organic
farming is not allowed. This gives an option to impose a tax on pesticide use
in order to stimulate the farmers to convert to organic production. The
amount of pesticides used for each crop activity is fixed in the model (i.e. it
does not allow to use less pesticide which could have an affect on the output
results). Pesticides use is measured in active ingredient (a.i.), which is the
weight of the toxic substance in the applied product in kilograms. In this
analysis the minimum amount of tax (in Euro/kg a.i.) necessary for conver-
sion is determined.
The sensitivity analysis shows that, taking into account a somewhat risk

averse farmer, a tax of at least 13 Euro/kg active ingredient would cause the
farm to fully convert (Table 7). The area converted increases by raising taxes
up to 13 Euro as this leads to higher costs of farming conventionally. Besides,
by raising taxes crops requiring more pesticide are being replaced by crops
requiring lower amount of pesticide (i.e. winter wheat is replaced by spring
barley, seed potato by ware potato). For a very risk averse farmer full conver-
sion would take place if taxes exceed 35 Euro/kg a.i.

3.2.2 Subsidies for organic production
Another option to stimulate conversion to organic farming is using subsidies
on organic production. Subsidies can take different forms: (i) subsidy at once,
at the beginning of the conversion period; (ii) conversion subsidies, given dur-
ing the conversion period which would serve as a compensation for switching
costs (i.e. costs of investment/disinvestment, learning costs, lower revenues
during this period); (iii) subsidies for all organically produced crops starting
from conversion years. All of these are hectare-based subsidies for the
area converted. The minimum amount of subsidy required to convert is
determined by the DUEP-model.

Table 7 Conversion ranges for different factors used in sensitivity analysis for somewhat risk
averse (Rr = 1) and very risk averse farmers (Rr = 4)

Tax on
pesticides

(Euro/kg a.i.*)

Yearly subsidy
for organic
production
(Euro/ha)

Reduction of SD
due to market

stabilization (%)

Reduction of SD
due to learning
effect* (%)

Rr = 1
Partial conversion 0–12 0–147 0–22 —
Full conversion ‡13 ‡148 23–100 0–100

Rr = 4
No conversion 0–6 0–220 0–29 0–8
Partial conversion 7–34 221–440 30–34 9–22
Full conversion ‡35 ‡441 35–100 23–100

a.i., active ingredient. *Mean of organic revenues is raised by 5 per cent.
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Model calculations show that for a somewhat risk averse farmer at least
148 Euro/ha subsidy would be required for every year of organic farming,
starting from conversion, to make the farm fully organic. For extremely risk
averse farmer a 221 Euro/ha subsidy would be needed for partial conversion
and 441 Euro/ha for full conversion (Table 7). Partial conversion enables the
farmer to keep one part of the area with more stable income originating from
conventional production while with the other part the riskier organic produc-
tion would be compensated by the provided subsidies.
In the case if the subsidy would be given at once, at the beginning of the

conversion period then somewhat risk averse farmer would need to be paid
1144 Euro/ha/year for full conversion, and extremely risk averse farmer
would require 1708 Euro/ha/year for partial and 3410 Euro/ha/year for full
conversion. If the subsidy were given during the 2 year conversion period
then for somewhat risk averse farmer 584 Euro/ha/year and for extremely
risk averse 872 Euro/ha/year (1739 Euro/ha/year for full conversion) would
be required, given the 10 year planning horizon.

3.2.3 Market stabilization
In this analysis, we explore how the conversion would take place if the mar-
ket for organic products were more stable, meaning less variability in
organic revenues. The decrease of the organic revenue SD at which it is opti-
mal to convert is determined. This is done by redefining the values in Table 3
(same average, decreased SD) and doing model calculations based on the
redefined data. By trial and error the required decrease of SD was deter-
mined.
Table 7 shows that the SD of organic revenues has to be reduced by at least

22 per cent of the current SD before the somewhat risk averse farmer would
convert fully to organic production. For an extremely risk averse farmer a
reduction of SD by 30 per cent would be required to make the farm convert
partly while 35 per cent reduction would lead to full conversion.

3.2.4 Learning effect
During the conversion years, the farmer has to learn organic production prac-
tices. After a few years of experience, the organic crops might give higher and
more stable yield and thus more stable revenues. In this scenario, this effect is
investigated by raising the mean and decreasing the SD of organic crop reve-
nues from the fourth year onwards. The mean is assumed to rise by 5 per cent
and stay at this higher level the following years, and the percentage reduction
in SD that is necessary for conversion is determined.
The results in Table 7 show that assuming 5 per cent rise in organic crop

revenues from the fourth year would in itself cause the somewhat risk averse
farmer to fully convert. For an extremely risk averse farmer, next to the rise
in organic crop revenues the SD of it should be 9 per cent lower than the ori-
ginal SD in order to make the farm convert partly (23 per cent lower for full
conversion).
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4. Discussion and conclusion

The developed method is suitable to model the conversion from conventional
to organic farming including future yield and price risk of conventional and
organic crops. The dynamic aspect and the inclusion of stochastic elements
into the model is one of the advantages of this modelling approach. This
makes farm level analysis of conversion closer to the real situation compared
with static and deterministic models. The model can also be used as a tool for
policy makers to analyse the effect of certain incentives at farm level conver-
sion. However, the model strongly depends on the data available for use.
In this research, survey data were used for assessing risks. For conversion

and organic crop yields and prices there were only 2 and 3 year data observa-
tions available, respectively. This questions the reliability of the model results.
Especially for established organic systems data availability is improving by
collection and publication of data from organic farms (FADN data collected
by LEI), and from BIOM-projects (Organic Farming: Innovation and Con-
version). However, more observations are needed also from in-conversion
farms in order to get more realistic model results. The low data-availability
prompts for reserve regarding the validity of the conclusion.
The survey data used in this article concerning yield risk and also other evi-

dence (Morris et al. 2001; Van Bueren et al. 2002) showed that in organic
farming the variability of crop yields is higher compared to conventional
farming. However, the conclusion that organic yields fluctuate more than in
conventional systems is not a ‘fact’, there is also evidence in the opposite
direction (Lampkin and Padel 1994). In the case organic farming would have
more stable yields, compared to conventional farming, a risk averse farmer
would convert ‘more easily’ to organic production given its higher expected
revenues.
Calculations with the DLP model developed by Acs et al. (2007a) showed

that one-step conversion of the whole farm area would maximize net present
value in 10 years. This result is valid in the case when there is no risk aver-
sion. When including a typical risk aversion level of one in the DUEP model
only partial conversion takes place. At a risk aversion level of 3.0 or higher
conversion does not take place at all. Moreover, in that case the optimal (con-
ventional) production plan of the farm is affected. Other studies on inclusion
of risk aversion into mathematical modelling showed that the cost of ignoring
risk aversion may be small in short-run (tactical and operational) decision
problems in farming (Pannell et al. 2000; Lien and Hardaker 2001; Flaten
and Lien 2007). Our results suggest that in considering risk aversion in the
decision problems with a longer planning horizon (strategic decisions for sev-
eral years) the effect of risk aversion can be considerable.
Sensitivity analysis showed that policy incentives such as taxes and subsi-

dies and output price and yield stabilization stimulate the conversion to
organic farming. The model results show that for a somewhat (i.e. typical)
risk averse farmer in the case of a 13 Euro tax on pesticides it would be
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optimal to convert the whole area to organic farming (35 Euro tax for an
extremely risk averse farmer). A tax of 13 Euro and a Rr of 1.0 would mean
that in the first conventional year 10 993 Euro tax has to be paid while this
amount would be 25 297 Euro if tax per kg a.i. would be 35 Euro and Rr
would be 4.0.
In case subsidies are implied, the model results show that subsidies required

for full conversion of arable farms (Rr = 1.0) is almost equal to the actual
subsidies paid to farmers between 2000 and 2003 in the Netherlands. The ini-
tial conversion subsidy was 1136 Euro/ha (MINLNV, 2000) while the mini-
mum required amount calculated by the model for a somewhat risk averse
farmer is 1144 Euro/ha/year. This means that the governmental subsidy level
should be higher to persuade somewhat risk averse farmers to fully convert
their farm, especially if any non-economic reluctance to change would need
to be overcome. For extremely risk averse farmers the required subsidy
should be more than three times as high as was paid in reality.
Analysis of the impact of a more stabilised market for organic products

and on the learning effect showed that the variation of expected revenue of
organic products must be considerably lower than the observed variation.
Prices of organic crops might have great variability also in the future, due to
the small-scale, immature nature of the organic market (easy substitutability
of organic products with the conventional ones) and the lack of government
intervention to stabilise prices (Lampkin and Padel 1994). Yields are also sub-
ject to weather and other agronomic factors, which mean that the yields stay
rather volatile also in the future. This suggests that policy incentives, such as
taxes or subsidies, will also in the future be needed to stimulate conversion.
This study provides valuable insight into the farm-specific decision as to

whether or not to convert to organic farming. The results show that for a
risk-neutral farmer it is optimal to convert to organic farming; however, for
a risk-averse farmer it is only optimal to fully convert if policy incentives
are applied such as taxes on pesticides or subsidies on conversion, or if the
market for the organic products becomes more stable. The more risk averse a
farmer is the more incentive is needed to make a farmer convert to organic
farming. Although this seems obvious, risk aversion of farmers is often
ignored. This model provides the basis to determine such incentives.
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