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Abstract 
The importance of sheep farming in Greece and the increasing demand for specialised and traditional products create positive opportunities for the 
reorganisation of the dairy sheep sector during the current economic crisis. New policy measures have been introduced to transform Greek dairy 
sheep farming into a more innovative, environmentally friendly and economically sustainable sector. However, farmers will adopt these measures 
only if they are confident about their future returns. Under uncertain conditions, investment in agriculture involves a risk, which plays a significant 
role in farmers’ decision making. Well-designed policy schemes which take into account the dynamic nature of the agricultural industry and that 
reinforce the sector will determine the right framework for understanding the investment behaviour of farmers. This study examines the effects of 
income variability on decisions to adopt new techniques and production systems by dairy sheep farmers in Greece. More specifically, two 
investment options for organic and conventional Greek dairy sheep farmers are evaluated, both for newcomers to the industry who undertake large- 
scale investments and for existing farmers who improve their farms under small-scale investment programs. Real options analysis reveals that 
investment in dairy sheep farming is viable if attractive economic incentives are offered to farmers to compensate for the risk and uncertainty of the 
activity. Recommended financial incentives will have a significant impact on the dairy sheep sector by encouraging innovation, increasing competitiveness, 
preserving ecosystems and promoting rural development. 
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Introduction 
In the Mediterranean zone, the sheep sector makes a significant 
contribution to the economic, environmental, social and cultural 
reality of rural areas. Mediterranean countries, such as Greece, 
Italy and France, have established a long and diversified tradition 
in dairy sheep products. Among these countries, Greece – with 
8.9 million animals – is the second largest producer of sheep milk 
in the world and the largest within the EU 1. Its small ruminant 
livestock sector accounts for 27% of the gross animal production 
value and 7.2% of the gross agricultural production value of the 
country 2. Moreover, as livestock production employs 10.64% of 
the agricultural work force, it is not surprising that agricultural 
policy makers see livestock as a valuable vehicle of economic and 
social development for less-favoured rural areas 2. The 
contributions of livestock to Greece’s rural economy are threefold: 
a) it promotes the production of biologically and nutritionally 
valuable traditional products; b) it creates added value through 
the processing and trading of sheep’s meat and milk; and c) it is a 
valuable source of both direct and indirect employment that could 
act as a safety net to a large number of families in less-favoured 
areas, which constitute 80% of the Greek country 3. 

Small ruminant holdings are a long-established, traditional way 
of farming in Greece and are very adaptable to the country’s 
environmental conditions. The numerous Greek sheep farms are 
highly diversified in terms of herd size, capital and productivity. 
However, these farms still struggle to serve multiple and often 
conflicting objectives, such as maximising profits, minimising 
environmental damage and improving animal welfare, biodiversity 
and environmental goods. Sheep farmers face several risks due to 
physical, technical and socio-economic conditions. Moreover, 

typical characteristics of the activity, such as hard working 
conditions, low levels of social acceptability, low incidence of 
success, weak market position in an increasingly competitive 
environment and low agricultural income, restrict development of 
the sector 4. 

In recent years, Greek sheep farmers – like many others in EU 
agriculture – have relied heavily on subsidies for increasing their 
incomes. The sector seldom works towards improving production 
efficiency targets; therefore, farmers have mainly tried to improve 
their labour efficiency without accordingly increasing their capital 
investments. The overall goal of renewing the dairy sheep sector 
has often enjoyed the support of public authorities and, in spite 
of the present structural weakness, this trend is expected to persist 
as sheep farmers take advantage of the opportunities that the 
expanding livestock sector provides and as increasing competition 
encourages them to better manage risk 1. 

The growing demand for sheep products creates opportunities 
and favourable conditions for further development of the Greek 
sheep sector. Excess domestic demand for sheep meat is covered 
by imports, while demand for other sheep products is far from 
described as self sufficient. Thus, the development of specialised 
and “traditional” products along with the adoption of structural 
measures for protecting sheep farmers are regarded as promising 
responses for meeting the growing demand for small ruminant 
livestock products. Additionally, the 2007 implementation of the 
EU decision on protected designation of origin (PDO) feta cheese 
is expected to increase demand for Greek dairy sheep products as 
inefficient marketing strategies and the misapplication of the 
relevant EU quality schemes are remedied. These changes may 
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increase Greece’s market share in both European and international 
markets. On the other hand, researchers 4 have argued that many 
farmers will leave the sector due to the age of the farming workforce, 
the inefficient small size of their holdings, high production costs, 
low income, low productivity and low efficiency, all reasons that 
enforce deficient supply. Indeed, the number of animals and sheep 
farms has followed a steadily decreasing trend in recent years due 
to the last CAP reform. 

Still, decoupled payments were introduced to motivate farmers 
to focus on the market and to allow market forces and functions to 
shape a different primary production structure where products 
with increased competitiveness will gradually gain shares in 
agriculture. At the same time, the application of structural measures 
to prevent illegal imports, the obligatory identification of animals 
with ear tags and measures that connect animal and crop production 
are expected to have positive effects. Many areas will be free to 
crop with animal fodder and concentrate supplements due to 
significant changes in land use patterns. Moreover, additional 
rural development policy measures have been designed to induce 
and motivate farmers to maintain and enhance the quality of life in 
rural areas. Finally, policies that improve farmers’ access to 
information and education about new breeding systems, new 
methods for rangeland, better flock performance, safe and high- 
quality products, improvement of low investment and productivity 
of livestock farms are also considered necessary. 

The adoption of appropriate financial and structural measures 
is expected to enforce the need for reorganisation and 
specialisation in the sector to be competitive in the global 
environment, particularly given internal socio-economic factors. 
Toward that aim, the Hellenic Ministry of Rural Development and 
Food has proposed specific measures for restructuring and 
supporting the livestock sector. The main policy priorities are to 
help farmers improve their incomes, to create direct and indirect 
employment opportunities to maintain active populations in rural 
areas, to protect the environment and natural resources and to 
build the necessary framework for enhancing the quality and 
safety standards of livestock products to meet consumer demands. 
To meet these goals, the Greek sheep sector needs substantial 
investment and stronger institutions at the national, regional and 
local levels. However, the relatively high cost of investment is a 
significant barrier for farmers. Policy makers could thus assist 
farmers by providing economic incentives for the modernisation 
of existing sheep farms and/or for the establishment of new, modern 
sheep farms. In this direction, the Greek national investment 
incentives scheme and the European rural development programs 
can definitely assist in overcoming barriers, offering subsidies for 
the initial investment cost, among other incentives. 

Several research efforts have studied the economics 5, 
production-cost structure 6, 7, competitiveness 8, efficiency 9-11, 
long-term problems 12-14 and agricultural policy implications of the 
Greek sheep farming sector 15. Nevertheless, an analytical review 
of the most significant research on the Greek sheep sector 3 
revealed that little work has been done in specifically assessing 
the financial incentives for livestock-related entrepreneurial 
activity. As such, a careful analysis of the investment options and 
initiatives is obviously required given the current efforts to support 
small ruminant livestock. Before implementing any new incentives, 
it is desirable to carefully examine the viability of the proposed 
measures. Thus, it is this very shortcoming in the relevant literature 

that the present paper will address. 
The study assesses two typical investment options for modern 

dairy sheep farms in Greece, particularly in the region of Macedonia 
–organic dairy sheep farming and conventional dairy sheep 
farming. The study focuses on the available policy tools and the 
impact of variability in returns on farmers’ decisions regarding the 
adoption of new techniques in organic and conventional 
production systems under both small-scale and large-scale 
investments. Real options analysis is employed because it is an 
appropriate methodology for examining potential investment 
profitability under the prevailing conditions of risk and uncertainty 
associated with variable climatic conditions, uncertain markets 
and changing government policies. 

The rest of the paper is organised as follows: the next two 
sections describe the applied methodology and data sources used 
in the study; the results of the empirical application to determine 
the optimal threshold for investing in Greek dairy farms are then 
illustrated and discussed; and the paper concludes with a summary 
of the main findings about the investment strategies of dairy sheep 
farmers and agricultural policy designers. 

Methodology 
The application of new policy tools referring to financial incentives 
in agriculture should be carefully examined for their viability and 
effectiveness before implementation. The most common way to 
evaluate an investment opportunity is to use traditional discounted 
cash flow (DCF) methods 16-18. The DCF technique has been used 
in the literature to examine the profitability of agricultural 
investments without considering potential fluctuation in prices 
or uncertainty over returns. This type of analysis assumes either 
that the investment opportunity is reversible or it is a now-or- 
never opportunity. The adoption of a project is based on the 
comparison of the investment costs of the new techniques (I) 
with the present value of its net revenue flow (V) under conditions 
of certainty. This can be expressed as follows: 

(1) 

in which ρ is the real discount rate; t is the time period; E is the 
expectations operator; P is the output price; Q is the output 
quantity; C is the variable costs of production; and S is the subsidy. 
According to the so-called ‘acceptance rule’, projects are adopted 
if net revenues are greater than or equal to investment costs (that 
is, if V≥I). 

In husbandry, sheep farmers face uncertainty about future 
returns and costs. Recent agricultural policy changes have caused 
very low and volatile producer prices coupled with increased feed 
costs that have accelerated the abandoning of the ruminant sector. 
In addition, the relatively high sunk cost for sheep farmers to 
consider environmental sustainability, animal welfare, hygiene and 
the quality of products (in the absence of appropriate financial 
incentives) has been an obstacle to farm profitability and 
competitiveness. 

It has often been argued that traditional investment analysis 
does not work properly under such conditions of uncertainty. 
However, recent developments in investment analysis, such as 
real options analysis, can be used to examine the sheep farmers’ 
investment opportunities under uncertain returns and in light of 
the available policy tools for investment opportunities 19-21. Real 
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options analysis gives a farmer the right to invest with a variable 
flow of returns which depends on revenue, operating cost and 
policy changes. Farmers will weigh the net present value of 
expected net returns against the full investment cost plus the 
value of the option to postpone the investment until conditions 
are more favourable 22. Taking option values into account, one 
would invest in a project only if the incremental net present value 
of the project meets or exceeds the full investment cost plus the 
value of the option of investing at some time in the future. 

According to Dixit 23, the value of the opportunity to invest is 
dependent on two variables – the value of waiting ( BRβ) and the 
value of investing (R/ρ − Κ). This can be expressed as follows: 

 (2) 

in which R equals the expected uncertain returns from the 
investment; B is a parameter equal to (H- ρΚ)/Ηβ 24; K is the sunk 
cost of initiating the investment project; and ρ is the opportunity 
cost of capital or a risk-adjusted discount rate. 

Dixit 23 described the optimal timing of an investment as a 
tangency between the value of investing and the value of waiting 
to invest. The optimal investment trigger is at point ‘H’, where the 
expected returns from initiating the investment are sufficiently 
high to make proceeding optimal. The optimal investment derives 
from the real options analysis if the value-matching condition and 
the smooth-pasting condition are simultaneously satisfied 23. This 
solution can be expressed as follows: 

   (3) 

in which 

                                                                                                            (4) 

and ρK is the Marshallian trigger. 
The parameter β is a function of two known or estimable 

parameters (ρ and σ2). As the uncertainty of returns from investing 
increases the parameter (β) decreases while the difference between 
the Marshallian trigger (M) and the optimal trigger increases. 
Raising the discount rate increases β and reduces the difference 
between the Marshallian trigger (M) and the optimal investment 
trigger (H). 

The relationship between dz and dt is given by dtdz tε=z tε= , in 

which ε
t 
has zero mean and unit standard deviation. Therefore, 

changes in V over time are a function of a known proportional 
growth rate parameter µ, and σ, which is governed by the increment 
of the Weiner process 22. It is modelled as the discounted sum of 
random draws from the distribution of expected returns from 
investing (R), annualised and projected into perpetuity. More 
specifically, the opportunity to invest for time t (V

t
 ) is estimated 

by equation (5) and for a period hence (V
t+1

) is estimated by 
equation (6) 22, 25: 

in which R = expected returns from investing; ρ is a discount rate; 
and t is the time period of the investment. 

The trend (µ) of the geometric Brownian motion process can be 
estimated by 

and the variance of the value of the opportunity to invest can be 
estimated by 

To calculate the statistics and  from simulation data, the mean 
of N simulated log differences investing in t and t+1 can be 
calculated. The difference between the natural logarithms of V

t
 

and V
t+1

 gives a discrete estimate of the change in the value of the 
investment opportunity, as occurring over an increment of a 
geometric Brownian motion process. In the present study, the 
estimate of this discrete difference was simulated over 10,000 
iterations. In each of these iterations, the estimation of equations 
of present value required n and n+1 draws, respectively, with 
each draw representing an observation of annual returns from 
investing. The evaluation of the variance of the opportunity to 
invest was used to estimate the optimum investment trigger under 
uncertainty and irreversibility. 

Materials 
Two typical investment options were evaluated – organic dairy 
sheep farming and conventional dairy sheep farming – assuming 
a herd of 200 productive ewes and 13 rams, a common herd size in 
Greece. The empirical application of an investment’s evaluation 
requires data on sunk cost (i.e. fixed cost), operating production 
cost, cost of capital and information about the returns of the two 
alternative investment options. 

According to information obtained through interviews with 
experts in the field (e.g. agriculturalists and entrepreneurs), the 
cost of the initial investment for a typical modern farm (whether 
conventional or organic) covers three main parts: buildings, 
equipment and animal capital. Buildings include resting and 
milking areas and barns. In this analysis, it was assumed that a 
typical stable was made of prefabricated metal and it included 
both resting and milking areas. It was also assumed that the farm 
owned a barn for the storage of fodder. Equipment includes the 
milking machine, mill and mixer, troughs and waterers. The fixed 
costs for the buildings and equipment were equivalent in the two 
farming practices and stood at €120,020. The only difference 
between organic and conventional sheep farming in terms of fixed 
costs resided in the value of animal capital (200 productive ewes 
and 13 rams). The relevant cost for an organic farmer was equal to 
€25,755, well below that for a conventional farmer, which stood at 
€32,145, because organic flocks usually consist of indigenous 
sheep breeds that are resistant to disease and better adapted to 
the natural environment. At the same time, it should be noted that 
the milk productivity of organic sheep is lower. 

The annual operating costs for both organic and conventional 
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sheep farming, which were calculated in accordance with the 
deterministic enterprise budgets, are presented in Table 1. Data 
were collected from 50 farms (34 conventional and 16 organic) in 
Macedonia through face-to-face interviews as part of a broader 
survey of organic and conventional sheep farming in northern 
Greece. The field survey was conducted between October 2007 
and March 2008. All conventional farms had similar characteristics 
and were close to the typical sheep production system in the 
region under study; this was also the case for the organic farms in 
the sample. The cost of feed was the major component of the total 
cost in both organic and conventional sheep farming, although it 
should be noted that conventional farms had a larger feed cost 
than organic farms, which utilised pasture feed to a greater extent 
than conventional farms in accordance with EC regulation 1804/ 
99 for organic farming. Conversely, total land rent and labour costs 
were greater in organic farming than in conventional farming as a 
consequence of the land and labour required for grazing. 

The opportunity cost of capital is approximated by the cost of 
capital, which is estimated to be the medium-term lending rate 
charged by the Agricultural Bank of Greece. This opportunity 
cost of capital is equal to 8% for investments in agriculture. 

According to Kitsopanidis 6, the main factors that affect gross 
revenue in Greek sheep farming are the gross production values 
of milk and lamb meat. More specifically, according to relevant 
data on dairy sheep farming, the gross production value of milk is 
greater than that of lamb meat as approximately 56.8% of the gross 
revenue comes from milk production and 43.2% comes from lamb 
meat 5. The value of by-products, such as wool is negligible. Milk 
yield and prices that determine the gross production value of milk 
were modelled as stochastic variables. In the case of the gross 
production value of meat, uncertainty arose mainly from price 
fluctuations, which were incorporated as a stochastic price variable. 
The gross production value of meat from non-productive ewes 
contributed less to the total gross production value of the farm. 
Moreover, given that the replacement rate of ewes was similar in 
all types of farms and that the market price of ewe meat was stable, 
the uncertainty associated with fluctuations in the yield and the 
price of ewe meat was not considered in this study. It should also 
be noted that feed requirements were recalculated 
as the milk yield was simulated 26. Therefore, the 
stochastic part of the variable cost is the feeding 
cost for milk production. 

To obtain a better yield and price distribution 
for conventional sheep milk, we used historical 
data for yield and price, which were extracted from 
the Greek Farm Accountancy Data Network 
(FADN). From this FADN sample, all sheep farms 

located in Macedonia that had available data on milk price and 
yield for five years (1999-2003) were included. Time-specific and 
farm-specific effects were removed from the panel data using a two- 
way fixed-effect model 27, 28. The residuals of the OLS regression 
were found to be normally distributed; therefore, the conventional 
milk yield distribution was considered normal. The deterministic 
component of the milk yield is the expected value of the milk yield, 
while the stochastic component is the standard deviation of the 
residuals. The stochastic milk yield variable was simulated by 
1000 Monte Carlo iterations. A statistical summary of the simulated 
and de-trended historical yield data is presented in Table 2. 
Hypothesis tests were performed to determine whether the 
simulated stochastic variable reproduced the de-trended historical 
data. These tests failed to reject the null hypothesis that the 
simulated means and variances are statistically equal to the de- 
trended historical data at a 95% confidence level (Table 2). Due to 
a lack of historical data, we assumed that the milk yield for organic 
farming was represented by a normal distribution. Experts in native 
breeds were asked to determine the mean value and the standard 
deviation of the organic milk yield in the region of Macedonia. 
The mean milk yield was 84.4 kg with a standard deviation of 17.4 kg 
(Table 2). 
      The data used to build the price distribution for conventional 
farms also came from the Greek FADN. All the observed prices 
were deflated using the corresponding price indices provided by 
the Hellenic Statistical Authority. A two-way fixed effect model 
was also used to correct the conventional milk price panel data. 
The residuals of the regression model were normally distributed; 
therefore, the price distribution for conventional milk was also 
normally distributed. The stochastic price distribution was 
simulated by 1000 Monte Carlo iterations. A statistical summary 
of the simulated price data is shown in Table 2. The same 
hypothesis tests used to consider the milk yield were performed, 
and they failed to reject the null hypothesis that the simulated 
mean and variance are equal to the de-trended historical data at 
the 95% confidence level. In addition, milk yield and price data 
were tested for correlation using a Simetar correlation matrix, and 
no correlation was found 29. For the same reasons mentioned above, 
the milk and lamb meat prices for organic farming and the lamb 
meat price for conventional farming were represented by a triangle 
distribution. The minimum, maximum and mode used for the organic 
milk price were 0.75€, 1.1€ and 0.91€, respectively; for the organic 
lamb meat price, they were 3.5€, 5.5€ and 4.5€, respectively; and 
for the conventional meat price, they were 3€, 5€ and 4.1€, 
respectively (Table 2). 

Results and Discussion 
Investment analysis is applied to investigate the role of investment 
subsidies, organic subsidies and stochastic factors, taking into 
account irreversibility, flexibility and uncertainty in Greek dairy 

Table 1. Annual operating costs of a 200-ewe flock for 
              conventional and organic sheep farming. 

* Veterinary and medicines, fuels, lubricants, water, electricity, certification 
cost, variable capital interest etc. 

Organic Conventional 

 € % € % 

Land 1082 5.00 552 1.96 

Labor 7962 36.86 7424 26.36 

Variable cost 12560 58.14 20186 71.68 

Feed cost 10018 46.37 18056 64.12 

Other* 2542 11.77 2130 7.56 

Total operating cost 21604 100.00 28162 100.00 

Table 2. Statistics for milk yield, milk price and meat price. 

Con S, Conventional Simulated; Con H, Conventional detrended Historical; Org, Organic.*P<0.05, Fail to Reject the Ho that the 
simulated means vs. observed means (two sample t test) and the simulated variances vs. observed variances (F test) are equal. 

 Milk Yield (kg) Milk Price (€/kg) Meat Price (€/kg) 

 Con S Con H Org Con S Con H Org Con Org 

Mean 121.50* 121.54 84.40  0.86* 0.86 0.91 4.10 4.50 

Std. dev. 12.38 11.46 17.46 0.02 0.02 0.07 0.41 0.41 

CV 10.19 9.43 19.44 2.56 2.57 7.78 10.14 9.07 

Min 77.87 93.19 50.71 0.78 0.79 0.75 3.02 3.50 

Max 160.70 158.24 135.00 0.93 0.91 1.10 4.98 5.50 
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sheep farming. Under the financial support scheme for improving 
the competitiveness of the agricultural sector, dairy sheep farmers 
will have the opportunity to improve and harmonise their farms 
with the latest trends. Currently, economic performance is very 
important because competitiveness is the core aim for Greek 
agriculture and  the availability of agricultural funds is very limited 
given the current economic crisis. In this study, the real options 
methodology is applied to evaluate the following two main 
investment options for organic and conventional Greek dairy sheep 
farmers: a) for a newcomer in the industry to develop a large-scale 
investment project; and b) for an existing farmer to improve his 
farm under a small-scale investment program. Furthermore, a 
sensitivity analysis will be employed to examine the effect of 
subsidies on the sunk cost, feed cost and the real effect of the 
capital cost. 

Option 1: Large-scale investment - newcomer in the Greek dairy 
sheep industry: The first option examines the entry of a new farmer 
into the Greek dairy sheep industry. In the midst of the current 
economic crisis, a significant new trend is for people to return to 
rural areas to seek new opportunities in agriculture. The applied 
Greek national investment incentives scheme and the European 
rural development programs can assist in overcoming barriers 
that prospective farmers might face by offering subsidies for the 
initial investment cost. The sunk cost for investing in dairy sheep 
farming was estimated at €152,165 for a conventional production 
system and at €145,775 for an organic system. This cost covers 
the buildings, equipment and animals necessary for starting in 
the Greek sheep industry. The annuity was calculated on the 
assumption of a long-run loan of ten years with an interest rate of 
7%. The corresponding Marshallian investment triggers were 
€20,775 and €14,546 for the organic and the conventional dairy 
sheep system, respectively, if the investment subsidies under large- 
scale investment projects are not taken into account (Table 3). 

Net annual returns for both conventional and organic dairy 
farms were determined by 1000 Monte Carlo iterations using 
Simetar software 29. Simulated net annual returns [E(R)] from 
investing in a modern conventional dairy sheep farm had an 
expected mean of €11,910 with a standard deviation of €2,667, 
whereas the returns from investing in a modern organic dairy 
sheep farm had an expected mean of €13,483 with a standard 
deviation of €3,513 (Table 3). The results show that the organic 

system provides higher economic benefits due to subsidies for 
organic production. The range of return is greater in organic than 
in conventional sheep farming, albeit with higher relative risk. 

Under the baseline analysis, it was assumed that a dairy sheep 
farmer could use a real discount factor of 8% on his investment. 
Under the real options analysis framework, it was necessary to 
allow for the effect of uncertainty and irreversibility on optimal 
investment behaviour. The numerical solving of the system of 
equations suggests that a newcomer in organic dairy sheep farming 
must use a modified hurdle rate of 12.51%, whereas the 
conventional farmer must use a modified hurdle rate of 11.92%. 
This indicates that the internal rate of return must be higher than 
that used in the traditional analysis to incorporate uncertainty. 
Additionally, it can be seen that because organic farmers face 
higher volatility (σ2 = 0.0325), they have to use higher interest 
rates than conventional farmers (σ2 = 0.0257). As a result, the net 
expected annual returns of the investment on conventional dairy 
sheep had to be 1.4897 times greater than the corresponding 
annual sunk cost, whereas the net expected annual returns for 
organic farming had to be 1.5641 times greater than the annual 
sunk cost. 

For a project life of 10 years, the optimal investment trigger (H) 
for conventional dairy sheep farming was €21,594. This means 
that the expected returns (€11,910) from investing in conventional 
dairy sheep farming were below the optimal investment trigger 
[H>E(R)]. The real options analysis thus suggests that an 
investment in conventional dairy sheep farming must be 
postponed, while the option of investment should be kept alive 
(because the potential returns from conventional dairy sheep 
farming are not high enough to offset the relevant risk and 
uncertainty). However, these results could change if the annual 
amount of the investment outlay could be reduced through the 
funding programs. Thus, if the subsidy for the sunk cost is 70% 
of the total cost, i.e., the highest eligible level of support, then the 
investment in modern conventional dairy sheep farming would be 
desirable. 

For an organic farmer, entry into the dairy sheep industry under 
the current conditions reveals similar results. The simulated 
expected annual returns [E(R)] were smaller than €32,463, which 
corresponds to an optimal investment trigger (H) if a subsidy on 
the sunk cost is not assumed (Table 3). Under the subsidisation 
of the sunk cost with the highest eligible rate (i.e., 70%), the real 

options procedure projected that E(R)>H, 
suggesting that investment is feasible considering 
the stochastic nature of returns. Moreover, if these 
initial subsidies are combined with other relevant 
assistance measures for farmers in mountainous and 
less favoured areas, it can be argued that the Greek 
sheep-farming industry can prosper in the long run 
and thus significantly increase the resources 
available for agricultural development. 

Option 2: Small-scale investment -  improvement 
of an existing dairy sheep farm: The goals of 
enforcing and supporting the sheep sector drove 
the Hellenic Ministry of Rural Development and 
Food to announce a special program for small-scale 
investment in the sheep farming industry (Reg. 705/ 
2008 and 7931/2009 decision for implementation). 

Organic farmer Conventional farmer  

Newcomer Existing Newcomer Existing 

 (growth rate) 0.0756 0.0751 0.0751 0.0745 
2 (variance) 0.0325 0.0422 0.0257 0.0354 

 2.7728 2.5099 3.0419 2.6814 

/ -1 1.5641 1.6623 1.4897 1.5947 

’ (Modified hurdle rate) 12.51% 13.30% 11.92% 12.76% 

E(R) (Expected returns) 13 483 13 483 11 910 11 910 

Without investment subsidy for sunk cost 

H (Optimal investment trigger) 32 463 12 023 21 594 11 534 

M (Marshallian trigger) 20 755 7 233 14 546 7 233 

Low level of investment subsidy for sunk cost  

(for newcomer 40% or the fixed amount for the existing) 

Hs_L  19 478 189 19 365 182 

Ms_L  12 453 114 12 999 114 

High level of investment subsidy for sunk cost  

(for newcomer 70% or the fixed amount for the existing) 

Hs_H  9 739 189 9 682 182 

Ms_H  6 227 114 6 499 114 

Table 3. Parameters for the value of investment opportunity. 
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This development program refers to the installation of new small- 
scale technology such as milking machines, mills and mixers, 
troughs and waterers in existing organic or conventional dairy 
sheep farms; the program covers up to €50,000 of the referred 
sunk cost. As Greek dairy sheep farms are characterised by low 
penetration of technology and very low use of milking machines, 
it is expected that the installation of such equipment will 
significantly increase the labour efficiency at the farm level while 
dramatically improving the quality of milk. In essence, sheep 
farmers are expected to improve their product quality in a highly 
competitive market structure with limited sources of capital. 

Under these conditions, we evaluate whether such a program is 
worth pursuing and whether it provides valuable opportunities 
for dairy sheep farmers. The real options analysis indicates positive 
incentives for an existing organic dairy sheep farmer to invest in 
his farm because the simulated expected annual returns are 
sufficiently high to support the investment and the optimal 
investment trigger is €12,023. Organic subsidies offer the 
opportunity to make small-scale investments in farms. Therefore, 
with the possibility that subsidies can cover initial sunk costs, organic 
sheep farmers must seize the opportunity to upgrade their farms. 

On the other hand, conventional dairy sheep farmers’ expected 
annual returns are rather marginal and insufficient for taking on 
the risk of small-scale investments themselves (the optimal 
investment trigger is €11,534). However, schemes that support 
the sunk cost may nevertheless encourage investment. Thus, 
provided that such small-scale projects are compelling to sheep 
farmers, reorganisation and modernisation of the sector to make it 
more competitive can be achieved. 

  Sensitivity analysis: As argued earlier, the level of support for 
the initial sunk cost is vital for both new and existing sheep farmers. 
In the case of the newcomer, low prices and high production costs 
are overwhelming, and thus, entry is prohibitive for both farming 
systems without subsidising the initial cost. Therefore, the 
agricultural policy measures to support the dairy sheep sector are 
an important step in sustaining rural development. 

A sensitivity analysis was conducted to determine the role of 
production costs, particularly the cost of feed. Feed costs are 
significant elements of the total production cost. Alfalfa is the 
main forage produced in sheep farms, and the base scenario refers 
to a typical alfalfa yield. If the alfalfa yield decreased, the 
corresponding feed cost for sheep would increase due to the 
increased production cost of the own-produced alfalfa and higher 
costs of additional alfalfa that must be purchased. For existing 
farmers (whether conventional or organic), lower profitability 
results in years with low alfalfa yields. On the other hand, when 
alfalfa yields increase, the feed cost is smaller because of reduced 
production costs and the limited quantities of alfalfa that must be 
purchased. According to this scenario, the sensitivity analysis 
shows that decreasing production costs would increase 
profitability in the long run (Table 4). Moreover, the strategy to 
expand the forage cropping area instead of obtaining forage from 
the market is beneficial, especially for organic farmers, who demand 
more forage. 

Finally, we examined the effect of the discount rate of return, 
which is critical under the scarcity of funds and liquidity 
constraints currently found in the Greek economy. Clearly, if the 
discount rate of return increases, then the modified hurdle rate 
(which includes uncertainty) is positively influenced. The increase 
of ρ had negative effects on profitability and hence on investment 
decisions (Table 4). The corresponding optimal investment triggers 
increased with a direct effect on the optimal investment policy. 

 Conclusions 
This study has employed a real options approach to evaluate the 
potential impact of new rural-development programs that seek to 
reduce the burdens of sunk costs to encourage innovation, 
competitiveness and the preservation of ecosystems in Greek 
sheep farming. The rate of adoption of these investment programs 
will depend on the extent to which uncertainty affects investment 
decisions, and farmers will implement these programs only if they 
are confident that they will have positive economic results. The 
general implication from this empirical analysis of technology 

adoption is that risk and uncertainty do play 
important roles in farmers’ decisions. Moreover, 
the results confirm that such financial incentives 
will have a significant impact on dairy sheep 
farmers’ decisions. Finally, as long as the 
recommended financial tools are attractive to Greek 
farmers, it is obvious that the overall CAP policy 
target for environmental protection and economic 
sustainability is also served under such measures. 

The main implication of the results is that new 
entry into the organic dairy sheep industry is not 
advisable without subsidies to cover the sunk 
costs. The current economic incentives yield 
positive economic results despite the fact that 
organic farmers face significant production risks 
and uncertainty. The best strategy for farmers is 
thus to invest in improving dairy sheep farming 
techniques under the proposed organic support 
scheme. In doing so, and as the demand for 
traditional and natural products increases, the 
potential of the dairy sheep sector to leverage 
wider economic and social benefits is further 

Table 4. Sensitivity analysis on production costs and the discount rate of return. 

 Organic farmer Conventional farmer 

 Newcomer Existing Newcomer Existing 

Scenario +30%alfalfa    

’ (Modified hurdle rate) 12.49% 13.25% 11.76% 12.50% 

E(R) (Expected returns) 14 094 14 094 12 968 12 968 

H (Optimal investment trigger) 32 413 11 978 31 835 11 297 

Hs_L (Low level investment subsidy) 19 448 189 19 101 178 

Hs_H (High level investment subsidy) 9 724 - 9 550 - 

Scenario -30%alfalfa  

’ (Modified hurdle rate) 12.75% 13.64% 12.20% 13.20% 

E(R) (Expected returns) 12 708 12 708 10 682 10 682 

H (Optimal investment trigger) 34 309 12 331 33 045 11 933 

Hs_L (Low level investment subsidy) 19 850 194 19 827 188 

Hs_H (High level investment subsidy) 9 925 - 9 914 - 

Scenario  =10%     

’ (Modified hurdle rate) 15.10% 15.91% 14.47% 15.34% 

H (Optimal investment trigger) 34 309 12 590 34 317 12 143 

Hs_L (Low level investment subsidy) 20 585 198 20 590 191 

Hs_H (High level investment subsidy) 10 293 - 10 295 - 

Scenario  =12%     

’ (Modified hurdle rate) 17.83% 18.66% 17.08% 17.97% 

H (Optimal investment trigger) 36 776 13 411 36 767 12 917 

Hs_L (Low level investment subsidy) 22 066 211 22 060 203 

Hs_H (High level investment subsidy) 11 033 - 11 030 - 
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