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Abstract
This article analyzes the programming of farm production, understood not only as the choice
among several crops, but also as their temporal distribution. The empirical study takes as a
reference the horticultural sector in southeast Spain, since this area constitutes the highest
concentration of small-scale farm production in Europe, where the climatic conditions allow the
possibility of several harvests in year-round production, as well as several alternative crops.
Firstly, we study the production programming for an individual farmer, under the assumption
that their decisions do not affect the balance of market prices. In this case a modified Markowitz
model is used for the scheduling of crop marketing. Secondly, we study the sales arrangements
for a farming-marketing cooperative, under the assumption that their sales volume is such that
the entity is capable of altering the market balance. A model of monthly revenues and margins is
proposed, and the results show a clear improvement in both margins and revenues if the harvest
is programmed in this way.
Keywords: horticultural farmer, optimization, planning, mathematical programming, marketing,
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Introduction
Production planning, seen from an operational point of view, implies making decisions about the
choice of crops and programming harvests over time. Doing this properly will avoid decreases in
prices (revenues) as the demand in the agricultural market is usually rigid. In other words, it does
not absorb unexpected increases in supply, particularly over short periods of time and with perishable products. For this reason prices and revenues experience disproportionate decreases. This
has been a very common situation in recent years for the Spanish fruit and vegetables sector (De
Pablo and Pérez-Mesa 2004) in which price fluctuation is very high (Galdeano-Gómez 2007).
For example, during the 2008/09 growing season there was a 10% production increase which led
to price drops of over 19% among key products such as cucumber, pepper and tomato (AFAC
2010).
The traditional agricultural systems in Spain are located mainly in the Mediterranean areas, and
southeast Spain currently represents the main horticultural concentration of the country. Production is based on greenhouses (over 26,000 hectares1) and over 13,500 small family farms with an
average of 2 hectares of land (Galdeano-Gómez et al. 2011). The climatic conditions and technology allow harvesting during most of the year, and farmers can alternate different horticultural
crops; mainly pepper, tomato, cucumber, zucchini, eggplant, melon, watermelon, green bean, and
lettuce. Over 95% of total production is marketed within the European Union, and exports represent about 65% of total sales.
In this horticultural sector not all variations can be attributed to programming deficiencies alone,
as climatic factors are also involved. The lack of organization related to supply is due to a production system comprised of small-scale farms, which makes coordination very difficult. The
low level of organization is also a result of the duality of the marketing systems: cooperatives
market 60% of total produce and are also closely related to farmers’ programming; the remaining
40% of produce is wholesale auctioned, which complicates crop scheduling (Pérez-Mesa 2007).2
The present study focuses on harvest programming and aim to put forward several management
systems to improve the decision making of both individual farmers and cooperatives. To this
end, certain challenges and considerations must be taken into account. In particular, in order to
correct the deficiencies in programming, the optimum production for a given system must be determined, i.e. the quantity that should be supplied to the market so that profits and revenues are
maximized. This proves difficult to calculate, since there is essentially only one reference variable: the price. As a result, production programming will ultimately depend on a sampling of prices which are subject to high variability for the following reasons: the existence of complementary supplies unrelated to those which we intend to plan, climatic factors (either seasonal changes
in demand, when planning production for periods of under one year) or structural changes (considering variations in consumption habits). Furthermore, when programming for operators that
1

This represents the highest concentration of greenhouses in the world (UNEP 2005).

2

We are analyzing a sector with many types of small-scale farm traditionally using two kinds of marketing. In the first, the farmers themselves auction their goods and also follow their own individual programming system. In the second, farmers are members of a cooperative which markets goods collectively. In addition, the presence of high sales margins has often made it difficult
to impose any strict scheduling on growers, even in the case of cooperatives. In fact, many cooperatives merely go as far as suggesting scheduling, without ever imposing it. Altogether, these factors cause a relative lack of supply planning.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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control a substantial percentage of the sector and are therefore capable of altering the market balance, this fact must also be included in order to maximize their margins and revenues.
Several studies have tackled these questions by implementing different methodologies. The classic method for production programming is the mean-variance quadratic equation (M-V) developed by Markowitz (1952), applied by several researchers to schedule crops efficiently (e.g.
Alejos and Cañas 1992; Gómez-Limón and Arriaza 2003). Other programming models utilized
in the farming sector include MOTAD (Minimization of Total Absolute Deviation) and Target
MOTAD. The objective of these methods is to minimize absolute deviations for a sector of activities using a risk aversion parameter which is subjective for each decision-maker (Romero and
Rehman 2003). Another model is Mean-SAD, which uses Semi-Absolute Deviation as a risk estimator to study variable values, with respect to a fixed goal (see e.g. Berbel 1988, 1989).
Advances in non-linear programming techniques should also be mentioned. The following are
particularly noteworthy (Ahumada and Villalobos 2009): Direct Expected utility Maximizing
non-linear Programming (DEMP) developed by Lambert and McCarl (1985), Utility Efficient
Programming (UEP) by Patten et al. (1988) and the combination of both (DEMP-UEP) proposed
by Pannell and Nordblom (1998).3
The present study has several objectives. The first is to develop a harvest programming model
which can easily be applied by grower-marketing entities, i.e., cooperatives, and utilized for both
the selection of crops and their distribution throughout the growing season. The second, proposes
the creation of a programming optimization method that can be employed by large-scale operators with the capacity to alter the price balance. In order to achieve the first objective it is proposed that the M-V model be modified so as to adapt it to the requirements of programming over
time, as well as to include commercial aspects in its formulation. To attain the second objective
we develop a multi-equation model for revenue and margin maximization using a monthly system of simultaneous equations.
The rest of the paper is structured as follows. Section 2 outlines the management system of programming production for an individual farmer (M-V model) and shows an empirical application.
Section 3 presents a model of management decision considering a monthly program. Section 4
shows the application to a large-scale producer or cooperative. Section 5 outlines the discussion
of the results. Finally, conclusions are drawn in Section 6.

Programming Production for an Individual Farmer
Framework and Markovitz Model
Decisions in the horticultural sector are rarely based on certainty due to price variation alone and
usually include technical and climatic factors. When we are incapable of predicting or quantifying the future, we find ourselves in a context of uncertainty. When it is possible to calculate the
probabilities of those events relevant to our decision, we are in a context of risk. In the present
analysis, we consider that decisions will be made in a context of risk. Indeed, several studies
3

It is important to point out that all the models, including M-V, have the same drawback, which is the 'subjective'
selection of the mathematical expression of the utility function.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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suggest that the decision making process in the agricultural sector is subject to risk aversion (e.g.
Pannell and Nordblom 1998; Hardaker et al. 1991, 1997). When faced with this type of situation,
farmers will normally try to diversify, either by introducing new crops or by modifying their
production calendars (Pannell and Nordblom 1998).
The present study implicitly assumes that individual farmers are profit maximizers, and that in a
situation of risk they behave following the postulates of the Expected Utility Theory (EUT) according to Von Neumann and Morgenstern (1947). At the same time, through empirical studies
evaluating different criteria, various authors have revealed the complexity of decision making for
farmers (Willock et al. 1999; Costa and Rehman 1999; Solano et al. 2001; Gómez-Limón et al.
2003, 2004). These studies share the same conclusion, namely that when the time comes to make
decisions on production, in the farmer’s mind, besides the hope of profit, there are a series of
considerations related to their economic, social, cultural and environmental surroundings. As a
result, they will try, insofar as it is possible, to satisfy all of these objectives simultaneously. Despite this series of drawbacks, the overall approach followed is considered adequate because it is
a plausible correct approximation given the highly competitive system which characterizes intensive farming in southeast Spain. In fact, if there were any growers who deviated from this type of
behavior which seeks maximum profit, they would be quickly expelled from the market.
In the case of an individual farmer, we propose the Markowitz model (1952) for its simplicity
and easy iterative resolution4. Furthermore, this model offers an intuitive analysis system that is
easy to understand with respect to other programming methods insofar as it does not require prior knowledge about how to apply the expected utility theory (Duval and Featherstone 2002).
This also makes it that much easier for farmers to implement. The general formulation of the
model has been improved in order to program on a monthly basis and to select among a wide variety of products. Moreover, this makes it possible to introduce commercial criteria when deciding on a production-marketing plan:
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For example using an Excel spread sheet by means of the option 'solver'. Although some authors criticize that a
quadratic utility function is rarely observed in reality (Meyer and Rasche 1992), Kroll et al. (1984) demonstrated
that the E-V analysis is a good approximation to reality even when these conditions are not met.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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X ic = Production that will be marketed of crop c for month I, which is, therefore, the decision variable.
M ic = mean gross unit margin of crop c for month i; meaning, the arithmetic mean, for
the years considered in the series, of the difference between variable prices and costs
(which are considered fixed for a given month) expressed in euros/kg:

(5)

M ic  Pxic  Cx c

N = Total production by farmer. N = 1 is normally utilized (this will allow us to deal
with percentages).

 iicc = Variance of gross margins obtained during different years for crop c for month i.

 ijsc = Covariances of gross margins obtained during different years between crop c and
crop s for months i and j; or between crops s and c for month i.
Expression (1) will be the variance for the marketing plan, which will measure the risk assumed,
which is nothing more than the sum of the variances and covariances of the gross margins
weighed by production-marketing dedicated to each crop in a given month. Equation (2) shows
the expectations of the production-marketing plan as the sum of the mean gross margins multiplied by the amount. This restriction is parameterized. By varying Mo, specific plans will be attained which satisfy the economic expectations. In short, the calculated plans will minimize the
variance-risk (1) for the value of the expectations (2).
The proposed model will make it possible for a company to decide what to market and at what
time of year. Nevertheless, reality tends to be more complicated:
It is possible that the production capacity is such that it does not permit substituting one
crop for another; for example, only two types of farming machinery are owned, one
used for peppers and the other for tomatoes, meaning the products cannot be switched.
In this case two models can be calculated, one for each crop. If we decided to include
this in only one model, we would introduce the following restriction substituting (3):
(6)
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where h c is the production of crop c which can be managed by the production capacity. For example, let us suppose that a company has only two pieces of farming machinery at its disposal
(crop specialized and with equal working capacity), one for tomatoes and the other for peppers.
As a result, half of all commercialization will necessarily be dedicated to peppers and the other
half to tomatoes, meaning, (with N=1) hTomato  0.5 and h Pepper  0.5 .
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On the other hand, if a farmer has programmed commitments with customers, a new restriction will be introduced that will imply the existence of a production n designated for
a specific product and fixed date:
(7)

X ic  nic

If the farmer has a maximum monthly capacity m available per crop, we will add the restriction:
(8)

X ic  mic

If we consider that a farmer must cover fixed monthly costs CF, we will introduce the
restriction:
(9)

X ic  M ic  CFi

Should we be interested in studying in greater depth the relationship between risk (variance) and
profitability (margin), the starting point would be to reformulate the classic M-V problem using
the compromise-programming approach5 (Duval and Featherstone, 2002):
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Where M ( x)   M ic X ic ; C = a constant; M+ = the maximum portfolio margin possible, M− =
the minimum margin possible, V− = the minimum portfolio variance possible, V+= the maximum
variance possible, and wM and wV are weights (or coefficients) on the margin and the risk, respectively. Solutions to (10) satisfy the following first order condition (11) which means that for
any result there is a stable relationship between the program variance and its expected margin,
which depends on the weights attributed to the margin and risk (i.e., the value of  ):
(11)

wV ( M   M  )
M ( x)  V ( x) ;  
wM (V   V  )

As can be seen in (11), varying the weights, wM and wV , we can trace out the EV efficient set,
as occurs in the original problem defined by (1) to (9), since, according to Duval and Featherstone (2002), the compromise programming approach is a generalization of the traditional M-V
models. Taking (11) as the starting point and knowing the values of  calculated, we can ascertain the values of wV and wM . This approach provides an intuitive view for the decision maker,
5

For an introduction to compromise programming in agricultural economics literature see Romero and Rehman
(2003) and Ballestero (1997).
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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who can easily check the weighting of risk and profitability that is being assumed in each case
without understanding the concept of utility. In order to interpret the weights it must be taken
into consideration that wM , according to (10), ponders the degree of drift from the desired margin in relation to the maximum margin; and that wV is the degree of drift from the desired variance in relation to the maximum variance. Therefore, an elevated value for wM and a low value
for wV will provoke a “high risk” position.
Example of Application
In the example, for the sake of simplicity in estimations, we assume that there is a farmer who
produces and markets two products via a cooperative: tomatoes and peppers. These two products
were chosen because in the study area (southeast Spain) tomatoes and peppers represent nearly
50% of all production and marketing (Figure 1).

Figure 1. The most important crops produced and marketed in southeast Spain.
Tons. 2007/2008 Season.
Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez. Created using data from the Agricultural Ministry of Andalusia

For our analysis we use the following data:
1. Spanish export prices to the European Union (FOB) expressed in euros/kg were collected
from Eurostat.6 Bear in mind that southeast Spain represents 71% of Spain’s annual pep6

The FOB prices maintain a relationship with the payment price given to the farmer in a cooperative. At the same
time, a relationship exists between these prices and the exchange prices as the cooperatives have to follow auction
prices to establish their payment price (as these are the only references available on site); otherwise they could lose
their members. For a detailed description of the relationship between Cooperatives and Exchanges see e.g. De Pablo
and Pérez-Mesa (2004).
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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per exports (De Pablo and Pérez-Mesa 2004). We have a seven-year series of data for the
months that comprise the typical growing season in southeast Spain:7 September-May.
The prices have been deflated and expressed in 2007 monetary terms.
2. In order to calculate the monthly commercial margins, we deduct from the prices per kg
the sum of the variable production and marketing costs8: 0.51 euros/kg for tomatoes and
0.64 euros/kg for peppers.
The description of the calculated margins can be seen in Table 1. It should be remembered that
this margin must include a hypothetical profit attributed to the member-farmer9 and the company, as well as the fixed costs of both.
Table 1. Monthly and total margin for tomato and pepper crops. Jan 1999 to Dec 2005.
Data used for the Markowitz model.
Month
September
October
November
December
January
February
March
April
May

Average
€/kg
0.19
0.37
0.37
0.48
0.47
0.52
0.59
0.57
0.19

Tomato
Standard
Dev.
0.13
0.19
0.14
0.12
0.15
0.21
0.30
0.25
0.13

Var.
Coef.
0.70
0.51
0.38
0.25
0.32
0.40
0.51
0.44
0.70

Average
€/kg
0.26
0.34
0.46
0.64
0.68
0.70
0.77
0.70
0.64

Pepper
Standard
Dev.
0.08
0.09
0.21
0.21
0.19
0.23
0.19
0.22
0.22

Var.
Coef.
0.28
0.25
0.44
0.31
0.26
0.31
0.24
0.30
0.33

Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez.

As this is an example, an unrestricted model is applied (Table 2, See Appendix), which means no
kind of restriction is imposed. This model chooses between the two crops; for example, for the
most conservative distribution (expectation of 0.38 euros/kg) 49% tomatoes would be produced
(with peaks in the months of October, December and April) and 51% peppers (concentrated in
the months of September and October); for the distribution with the highest risk (expectation of
0.77 euros/kg), only peppers would be produced in the month of March 10. The scenario which
offers the lowest risk per margin unit (expectation of 0.50 euros/kg), in other words, with the
smallest variation coefficient, would be that which produces 62% tomatoes (with peaks in December and April) and 38% peppers (with peaks in February and April).
7

For peppers, there is a sampling that extends from January 1995 to December 2005 (11 years). In this section we
will use the shorter sampling for both peppers and tomatoes (7 years).
8
The updated costs have been calculated based on Salinas and Palao (2002). They include the variable production
costs assumed by the farmer-member: manual labor and maintenance. Marketing costs are: packing, handling
(including manual labor), overheads and transport costs. Fixed monthly costs are established (per year) as a great
deal of costs only receive annual survey (e.g. manual labor of the farmer that affects production costs; and manual
labor for packing and handling that influences marketing costs). This hypothesis is used to simplify modeling.
9
The payment price of the product weight the farmer brings to the cooperative could have been considered a cost,
later adding the marketing costs of the company.
10
In this item it is worth pointing out that the optimum solution chosen for each farmer and company will depend on
their ‘absolute’ and ‘relative’ aversion to defined risks respectively, by Pratt (1964) and Arrow (1965).
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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Subsequently, we assume that there exists a fixed production capacity which permits management of 65% tomatoes and 35% peppers (Table 3, See Appendix). This system is equivalent to
applying the model independently to later distribute marketing in the proportion deemed appropriate: the results show a conservative distribution (0.41 euros/kg margin) concentrated in the
months of October, December and April for tomatoes; and in September for peppers. The highest
risk model (0.64 euros/kg) would mean marketing tomatoes in April and December and peppers
in March. The scenario which offers the lowest risk per margin unit (expectation of 0.50 euros/kg) would mean marketing mainly tomatoes in the months of October, December and April,
and selling the majority of peppers in October, February and April.
Figure 2 shows the actual distribution and those programs with the lowest variation coefficient,
that is, those with a lower risk-margin ratio. The actual distribution is softer than the rest and it
underlines the difficulty in achieving efficient programs, even in those cases which include restrictions which are in agreement with the observed distribution of production (pepper = 35% of
production; tomato = 65%). It can be seen that the actual distribution is no more than a program
that is severely restricted by external and internal factors (for instance, demand, production capacity, climate, etc).

Figure 2. Distribution of pepper and tomato production-exports. Sampling average (actual situation) and calculated closest optimal distributions.
Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez

From the calculated weights11 (Tables 2 and 3), wV and wM , it follows that at all the points on
the efficient frontier M-V the weighting of the risk is very much lower than that of the margin.
Using these weights, the decision maker can easily see that even in the case of programs with
higher variances, excessive risks are not being taken. Moreover, the weights for actual distribuThe value of  will be equal to the ratio between margin and variance calculated in Tables 2 and 3. The maximums and minimums of the margin and the variance (M+, M−, V+ and V−) will be the same as those in Tables 2 and 3. Moreover, knowing that
11

wM + wV =1 we can clarify the value of wV

and wM .

 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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tion of the production show that the average horticultural farmer in southeast Spain is not conservative but nor do they assume excessive risk when temporarily programming their farming
production. Nonetheless, farmers may not want to implement the optimal plans (although they
imply lower risk) as they mean reducing the possibility of obtaining the highest revenues.

Production Programming for a Large-Scale Producer: Cooperative
Monthly Model
The problem now at hand is how to program the production of a cooperative which has the capacity to alter market balance as a result of its marketing volume. European Union regulations
allow a group of companies (Associations of Fresh Fruit and Vegetables Producer Organizations)
to collaborate in programming harvesting, that is, adapt their supply to the demand. Let us suppose there is a company or group of companies (Associations of Fresh Fruit and Vegetables Producer Organizations) with a high percentage of marketed production and we apply the Markowitz model described above. As expected, although its function is optimal, prices suffer because
the crop is concentrated into a few months12 since the distribution of production will alter the
market balance prices which will be static as occurred in the Markowitz model.
An alternative approach to the programming model, which tries to resolve the above-mentioned
problem set, would consist of estimating a function for demand per crop13
(12) X  f (Px )
which would relate the monthly marketed amounts with their corresponding prices ( Px ) for the
total sampling of years available14. Multiplying (12) by Px , we would obtain the revenue
IT ( Px)  Px  f ( Px) , calculating with respect to the price and equaling it to zero


(13) IT   f ( Px )  1  f ( Px )  Px   0
f ( Px )




we would attain a value of an optimum price ( Px opt ) that would maximize revenue and entail an
optimum quantity of monthly commercialization. Bear in mind that the second part of the brackets in (11) corresponds to the price elasticity of the estimated function (which requires that  Px =
-1 so that the derivative is equal to zero). Also, taking into consideration that the total margin MT ( Px)  ( Px  Cx)  f ( Px) could have been maximized; obtaining the optimum price by
means of: MT   f ( Px)  ( Px  Cx) f ( Px)  0 ; and later finding X opt of (12).
Example of Application
12

We find ourselves before a spider’s web effect, but with additional complications as we analyze not only the total
annual variation of the production but also its distribution throughout the year.
13
The superscript c is omitted in the notation. Also, it is assumed no relationship exists between different crops.
14
This analysis could have been complicated by introducing other explanatory variables along with price; on the
other hand, when using periods of data of less than one year price plays a more important role against other variables
(e.g., income).
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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In this section we will utilize the monthly series of prices and export amounts for Spanish peppers in the EU (between January 1995 and December 2005) to obtain a marketing distribution
which maximizes monthly revenue and margin. A summary of the data utilized can be seen in
Table 4.
Table 4. Prices and export amounts for Spanish peppers to the EU. Jan 1995 to Dec 2005.
Data used for the revenues and margins maximization model.
Average
Prices (€/kg)

Average
Exports (tons)

Standard
Dev. Prices

Standard
Dev. Exports

September

0.95

9,927

0.09

1,974

October

1.00

16,174

0.12

3,242

November

1.08

30,469

0.22

3,961

December

1.26

43,354

0.21

6,167

January

1.35

48,715

0.20

4,814

February

1.33

47,673

0.23

5,759

March

1.10

43,948

0.18

3,212

April

1.36

31,394

0.25

3,857

May

1.25

26,020

0.23

2,979

Month

Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez.

We will concern ourselves only with the typical growing season in southeast Spain from September to May (n=8), for which we will use the following model. The estimation made is:
n 1

(14)

X it     Pxt    i Dit   it
i

where Dit will be a dummy variable that will take a value of 1 for the corresponding month (n)
and zero for all other cases. The original remainders  it will be modeled using:
(15)

 it   it 1  it

Therefore, model (13) would equate to the estimation of n-1 equations15, one per month (i) which
would take the following structure:
(16)

X it  (   i )(1   )  Pxit   Pxit 1  X it 1  it with i=1…n-1

Where  it are the remainders of the final model. Modelling (15) would serve to test the possibility that amounts marketed are influenced by the results of previous years, as can be seen in equation (16). We should bear in mind that the model assumes no production capacity restrictions
and no substitution in production among commodities.

15

Note that we use n-1 dummies to avoid multi-collinearity.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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The results of the model (14) including the modelling of the residues (15) can be seen in Table 5.
The estimations are carried out following linear and logarithmic models, obtaining similar results16. The calculated models show a high significance. The logarithmic estimation considers the
existence of a single price elasticity (value of  ) irrespective of the month in question. In this
particular case   1 , and so the short-term price variations will produce changes that are less
than proportional to the amount sold. Nevertheless, it is considered that a single elasticity (logarithmic model) may lead to results that are unrealistic, and so price elasticities are calculated
monthly using the linear model (Table 6).
Table 5. Estimation of models
Xt
ln( X t )
Variable




DJan
DFeb
DMar
DApr
DMay
DSept
DOct
DNov


R2
H-Durbin
F

58,581.730
(0.000)
-140.980
(0.000)
4,724.302
(0.000)
4,163.992
(0.011)
2,569.409
(0.130)
-9,959.225
(0.000)
-17,874.34
(0.000)
-39,592.31
(0.000)
-32,168.60
(0.000)
-15,033.13
(0.000)
0.449
(0,000)
0.946

12.452
(0.000)
-0.554
(0.000)
0.107
(0.001)
0.097
(0,058)
0.074
(0.154)
-0.230
(0.000)
-0.481
(0.000)
-1.634
(0.000)
-1.098
(0.000)
-0.390
(0.000)
0.419
(0.000)
0.961

1.808
165,34
(0,000)

1.821
234,668
(0,000)

Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez.

Observing the results and speaking in terms of total levels (Table 6), there is currently a
calculated 40% supply excess in respect of maximum revenue and 73% in respect of maximum
margin. January to March is the period in which the most substantial excess can be seen (Figure
3). These months coincide with the period of greatest production and the highest prices of the
whole season. What the marketer cannot know is that prices could increase even more if the
amount produced were reduced. At the start of the campaign (September-October), the potential
for price increase by regulating production is moderate due to the existence of other areas of

Estimations have also been made including dummy variables on slope (  ) of equation [13), but without significant results.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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production (e.g. Holland). Generally speaking, it seems that companies in southeast Spain are
only interested in sales, and they neglect the temporal programming of their production.
Table 6. Optimum quantity distribution using the Linear Model.
Sept

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Total

Actual Situation
Average X (t)

9,927

16,174

30,469

43,354

48,715

47,673

43,948

31,394

Average Px (€/100 kg)

95

100

108

124

130

133

140

136

125

*119

Total Revenue (Mill. €)
Total margin
(Mill. €)

9.4

16.2

32.9

54.8

65.9

63.4

48.3

42.7

32.5

366.1

3.1

5.8

13.4

27.0

34.7

32.9

20.2

22.6

15.9

175.6

-1.349

-0.872

-0.500

-0.411

-0.392

-0.393

-0.353

-0.611

-0.677

-0.743

-0.480

-0.275

-0.226

-0.216

-0.217

-0.194

-0.337

-0.373

144

 Px
 Px

Short-term
Balance

26,020 297,674

Max Revenue
Px (€/100 kg)
Quantity (t)
Total Revenue (Mill. €)
Total margin
(Mill. €)

67

94

154

208

225

223

217

172

9,495

13,207

21,774

29,291

31,653

31,373

30,576

24,311

6.4

12.4

33.5

60.9

71.2

70.0

66.3

41.8

29.3

391.9

0.3

4.0

19.6

42.2

51.0

49.9

46.8

26.3

16.3

256.2

176

*199

*167

20,354 212,033

Max Margin
Px (€/100 kg)
Quantity (t)
Total Revenue
(Mill. €)
Total margin
(Mill. €)

99

126

186

240

257

255

249

204

4,983

8,695

17,263

24,780

27,142

26,862

26,064

19,800

4.9

11.0

32.1

59.5

69.8

68.5

64.9

40.4

27.9

378.9

1.7

5.4

21.1

43.6

52.4

51.3

48.2

27.7

17.7

269.2

15,842 171,431

(*) Average.
Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez

Equation (16) shows that there exists a lagged price in one period which means we must identify
two types of elasticity: one is short-term17 (all, except September, are inferior to the unit, which
demonstrates that price is losing importance in favor of quality and service issues); and the other
is balance elasticity, which we calculated for equation (17) utilizing:
(17)

 Px  Balance  f ( Px ) 

Px
Px
  (1   ) 
f ( Px )
f ( Px )

with price and amounts being the averages of the sampling18.

Px
Px , using the average values per month of amounts and prices.
Calculating as:  Px
 f ( Px ) 

 Short
f ( Px )
f ( Px )
95
For example, for September 
 1.349
Px Short  140.580 
9,927
18
For September,  Px Balance  1.349  (1  0.449)  0.743
17
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The balance elasticity is composed of a short-term elasticity and a long-term one. Therefore, the
price elasticity will depend on two circumstances: i) pricing strategy, in the short-term, which is
something that will indeed be controllable and with which we can influence demand; ii) whether
products are marketed in function of the prices and amounts of the previous season (which is
equivalent to   0 ). The estimation of  (Table 5) shows that the decision maker takes into
account the prices and amounts marketed during the previous cycle when scheduling crops. This
may prove hazardous, as it may result in major fluctuations in prices and amounts marketed from
one season to the next.
From our perspective, our mission should be to influence the system so   0 , in other words,
provoke a structural change (something that logically cannot be achieved in the short or mediumterm). Consequently we focus our interest on the short-term elasticities, which we will utilize to
maximize revenue and margin. In this case   0 and the equilibrium price elasticity is lower
than that in the short-term, which indicates that when growers plan their marketing they place
more importance on the volumes from past years than on price.

Figure 3. Distribution of pepper production-exports
Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez

In accordance with Table 6, the average price obtained as a result of revenue maximization
would be 1.67 €/kg, meaning there is a price increase upward of 40% with respect to the actual
price. The average price obtained as a result of margin maximization would be 1.99 €/kg; a 67%
price increase in relation to the actual price. Maximizing the total revenues would obtain 391.1
million euros; a 7% increase with respect to the actual revenue. The maximum margin calculated
would be 269.2 million euros (a 53% increase with respect to the actual margin).

Discussion
In general, there is a significant improvement observed in the results, which is a consequence of
reducing the amounts of the produce marketed; primarily in the months with the highest sales.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.

158

Pérez-Mesa et al. / International Food and Agribusiness Management Review / Volume 14, Issue 4, 2011

This problem would be easy to solve for an individual company programming its dates for planting . In southeast Spain there are more than 110 cooperatives (Galdeano et al. 2011) that market
fruit and vegetables. As individual entities they have no bargaining power with their customers
(large distribution chains), but if they sold together (for example through an Association of Producer Organizations) they would have a substantial market share that would boost their market
power. Figure 4 displays southeast Spain’s market share in relation to all the tomatoes and peppers marketed in the EU.

Figure 4. Market Share of each exporting region over the amount purchased by the
27 members of the EU. Tons.
Source: Pérez-Mesa, Galdeano-Gómez and Aznar-Sánchez. From Euostat, 2010.

In addition, by way of example, we would like to highlight that the approach of the monthly demand model could be compatible with the Markowitz model if we supposed that the monthly
variance between years would remain constant. Then, by transferring the data to a spreadsheet,
which in this case is the distribution in terms of percentages which maximizes margin, we could
automatically get an idea of the risk involved, which would be the same as the variance of the
proposed program (according to equation 1). Therefore, in the case of peppers, applying the
Markowitz model to the distribution calculated according to (13) which maximizes revenues, we
would obtain a margin of 0.67€/kg and a variation coefficient of 0.22. If we apply the same process to the distribution of marketing that maximizes the margin, we would obtain a variation coefficient of 0.21 and a unitary margin of 0.68€/kg. In short, this would mean making decisions
with more information in different scenarios.
These results also demonstrate that a maximization strategy for revenues and margins need not
be optimal from the point of view of risk minimization. Caution should be taken, however, when
making any comparison of the M-V model and the optimization model calculated by regression,
as they are based on different assumptions.
 2011 International Food and Agribusiness Management Association (IFAMA). All rights reserved.
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Conclusions
This paper provides an analytical framework on harvesting programs for horticultural production. The empirical analysis takes as a reference the case of farmers and cooperatives in Southeast Spain.
The results show that the Markowitz model (improved to facilitate provisional planning for harvest and also to include commercial aspects) can be easily utilized for the monthly production
programming of an individual farmer. However, by assuming static prices, it is assumed that the
decisions made by the farmer will not affect the general balance of the system. In order to avoid
this drawback, we have developed a model for maximum monthly revenue (or margin), which
helps to program production for a cooperative which has a significant presence in the sector and
can therefore alter the market balance.
Through empirical applications we obtained different results when considering a M-V model and
a monthly model. Nevertheless, an improved Markovitz model and the monthly model are compatible under the assumption of constant variance. Aside from concrete numbers, a clear improvement is observed due to the process of trying to program production: something which is
impossible to do without improving the coordination mechanisms between production and marketing within companies.
For southeast Spain, crop scheduling with the objective of maximizing prices and margins is
complicated; given the current situation of multiple and small businesses. It would imply coordinating a very large number of companies. However, if the scheduling was coordinated, profits
could increase substantially, as shown in the model estimations.
Finally, this article hopes to serve as an incentive to promote a debate concerning the most appropriate methodology to utilize in the search for a method for seasonal programming of agricultural production. To date, books and studies have focused more on the selection of different
crops than on the seasonal distribution of marketing over time.
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(*) Actual distribution of production.

Table 3. Results of restricted capacity model (35% pepper, 65% tomato)

Table 2. Results of unrestricted model
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