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Abstract
An empirical study of the factors that influence the optimal degree of geographic and
product diversification to use as a risk mitigant in agriculture planning is carried out
using a simple crop planning optimisation model that maximises the expected profit.
The factors considered include the distance between the available plots, the amount and
variability of spoilage risk, the yield variability and the variance in the produce selling
prices. We propose a new metric, based on the entropy concept, for quantifying the
geographic diversification. The degree of geographic and product diversification of the
optimal plan, as well as the profit level, the overall percentage of demand satisfied and
the number of plots unused, are studied. The results show that the optimal combination
of the two types of diversification (geographic and product) are dependent on the
specific scenario considered, and the factor that has the largest influence on the degree
of geographic and product diversification is the separation between the plots. A similar
effect is in the variance of the selling prices. Also, as the geographic diversification of
the optimal solution increases so does its product diversification and its profit level. The

profit level decreases significantly as the separation between the plots and the average
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spoilage risk increases. Other effects that are worth mentioning are the reduction in the
percentage of demand satisfied as the separation between the plots increases, and when

the variance in the selling prices increases.

Keywords: Agriculture; crop planning; risk mitigation; geographic diversification;

product diversification

1. INTRODUCTION

Agriculture is an economic sector with significant risks, when compared to industry or
services. Different types of risks in agricultural activities can be considered (Nikolova
and Linkova, 2011). Some of them are related to the market in which the product is
sold, including exogenous factors (possibly generated by events in other countries) that
may affect the price of seeds and produce due to the instability of agriculture markets,
fluctuations in the cost of the resources used, such as labour, machinery, currency rates
and interest rates. All of them can severely affect the profitability of the agricultural
activity. Other risks are institutional, including production restrictions, export limitation,
or taxes, which can also change the expected outcomes of the business plan. There are
other risks related to the high dependence of crop yields on the climate as, more and
more frequently, there are heavy rains, droughts, hail and extreme temperatures. And,
finally, there is the risk of diseases, insect plagues, wildfires, etc. In these latter cases,

the problems are usually located in a specific area and affect only farms in that location.

To mitigate those risks, which overall make it very hard to forecast the expected losses,
there are some strategies that could be used. The most traditional is risk insurance.
However, the systemic risk of agricultural yield (it is estimated that in the US, the
portfolio risk of crop insurance is ten times the average risk of general industry, Feng
and Hayes, 2016) makes it difficult for the development of private crop insurance
markets, thus requiring government subsidies to support the insurance programmes. The
use of some financial tools via hedging or options could also be useful, spreading the

risk over time.

Finally, another alternative frequently used in investment is to spread the risks among
different objects, i.e. diversification, expecting that while some of them could fail,

others would be successful, thus reducing the global variance of the venture. Different



studies (Tadesse and Blank, 2003; Ogundari, 2013, etc.) show that, among the above
alternatives, diversification is clearly the preferred option for farmers around the world,

for its simplicity and effectiveness.

The most traditional way of diversifying in agriculture is to sow different crops (product
diversification). By doing so, in case selling prices evolve unexpectedly, which is likely
for some of the selected crops, the higher revenues from some products could
compensate for the losses in other commodities. A second clear alternative is to sow one
commodity in different parcels of land (geographic diversification), in which case, if
one plot is affected by a pest, localised storms or extreme weather, it is possible that the

others will not to be affected and thus part of the harvest may be saved.

Many authors have studied these two strategies, and their implementation in different
parts of the world (Krueger et al., 2002; Morrison Paul and Nehring, 2005; Ogundari,
2013; Pacin and Oesterheld, 2014; Djokoto et al., 2017). In most cases, they have
shown their effectiveness, and studied their relationship with other socio-economic
factors, explaining how these factors have an influence on the selection of either of

these two strategies.

In this paper we analyse not the socio-economic factors affecting the most convenient
strategy for diversifying risks as some authors have, but the economic factors (distance
between the parcels of land, price variability, spoilage rate, etc.) that could make it more
interesting to use one type of diversification or another. By simulating a high number of
scenarios with different values in these factors, and looking for the most efficient way to
define a cropping plan (using a linear programming optimisation model), we can
analyse the diversification level for all those experiments, and check whether those
factors have an influence on the optimal production plan. The goal is to better
understand which economic factors have an influence on the best cropping plan and on

its level of diversification.

1.1. Diversification strategies

There are three main diversification strategies in agriculture (Tadesse and Blank, 2003).
The first is crop or product diversification, a practice derived from portfolio theory in



finance. The aim is to reduce variance in sales revenues, by selling more than one
product. It is easily implemented by any grower with the expertise to sow more than one
commodity, selecting those crops with non-positive correlation among their selling
prices, and benefiting from economies of scope. Genetic improvements have made it
easier for farmers to find convenient seeds to be used to diversify production in regions

where those crops were not common.

Mono-cultural practices are perhaps more efficient from the point of view of expertise
and know-how exploitation, taking advantage of economies of scale. But any disease
affecting a specific crop could mean the bankruptcy of the farm, making it less robust
from an economic and ecological point of view. Therefore, the practice of crop
diversification has attracted the attention of farmers around the world, not only for
reducing uncertainty, but also as a tool to reduce diseases, to increase soil fertility
(Nkurunziza et al., 2017) and to generate income and employment, i.e., because of its
many economic, social and agronomic benefits (Djokoto et al., 2017). It plays as well
an important role to increase resilience of agroecosystems and maintain diversity,

integrating diverse cultivars, crops and intercrops (Wezel et al., 2014).

Schroth and Ruf (2014) published a review, analysing the factors affecting this type of
diversification, concluding that the age (although being younger is not always a driver),
education and family size have influence in the decision. They consider this practice a
sort of self-insurance that makes farms more resilient to climate change. In addition,
farmers increase their food security, and spread their income to periods between the

harvests of their traditional produce.

However, there are also some downsides. The farmer incurs additional opportunity costs
sowing not the most profitable crop, reducing economies of scale, and requiring an extra
effort to market small quantities of the new produces. Also, diversified farms suffer
from more complex management systems (Navarrete et al., 2015). In this line, Meynard
at al. (2018) analyse the case of France finding that although traditionally the major
modernisation movement was towards specialisation looking for economies of scale,
that implied tensions on water, increase in greenhouse emissions and use of pesticide,

and a reduction in biodiversity. Crop diversification could help to sort that out, but to



succeed it is necessary that all the stakeholders along the value chain collaborate and

mobilise to work in this new and more complex environment.

Many cases of this practice around the world have been reported in literature. Ogundari
(2013), for example, confirmed the importance of the implementation of this strategy in
Nigeria, identifying it as one of the factors affecting the technical efficiency of farms in
the country, together with peasants’ education and extension of the parcels of land. In
India, Ali (2015) found that age, education, income and landholding size have all
influenced the choice of diversification strategies. However, Djokoto et al. (2017)
concluded that, in Ghana, age was not significant in deciding to diversify by product,
but that marital status, total land endowment, and the cultivation of cocoa as the main

product were.

A variant of the product diversification strategy is the diversification of activities
(Nikolova and Linkova, 2011), i.e. introducing related productions that could take
advantage of the resources and know-how available (for instance, developing organic
products, or providing agricultural services, or even providing tourism service, Yang et
al., 2018).

To analyse the level of product diversification in different scenarios, some authors have
proposed different ways of measuring the implementation level of that strategy based on
metrics taken from ecology and economics. Thus, Djoko et al. (2017), Ogunda (2013)
and Shaxson and Tauer (1992) present the mathematics of different indices, such as the
Herfindahl index, the Ogive index, the Simpson index, and different variants of entropy
metrics. Most are based on considering for each item of produce the percentage of
contribution to total production, and analysing that distribution, i.e., not only the
number of commodities sown, but their contribution to global outcome. In particular,
one of the most used metrics for measuring product diversification is the Shannon
entropy index (Shannon and Weaver, 1949). If we call pi the proportion of area of the
total land considered to be assigned to produce i, this index is defined as the entropy
—=2pi In(pi) of that distribution.

The second type of diversification is geographic diversification. Here the goal is to
reduce yield variance, instead of variance in sales revenues (Tadesse and Blank, 2003).



It is more difficult to implement as growers need to have at their disposal two or more
parcels of land, distant geographically and with a non-positive correlation in their
climate extremes in which to sow the commodity. Therefore, apparently only big
farmers would be able to afford to implement this strategy. However, small farmers also
are often forced to use this strategy as a result of the land fragmentation, which is
widespread due to political and sociological factors (Latruffe and Piet, 2014).

Different authors have studied the benefits of implementing this strategy, with
contradictory results. Lu et al. (2018) consider that only in case of low costs is this
strategy reasonable. As costs increase, expanding the area of each plot and reducing the
number of plots can lead to economies of scale, thus compensating its negative
influence on yields. However, Latruffe and Piet (2014) claim that although it is harmful
for farm performance overall, there are other benefits associated with land
fragmentation, mainly related to the reduction of production risk and the increased

biodiversity due to better matches between crops and soil.

One of the first papers to study this strategy was by Nartea and Barry (1994), who claim
that it is important to understand this type of diversification, because its benefits would
include the reduction in crop insurance premiums, more credit availability for farmers
and an increase in the rents obtained. They note that although the variance of returns
decreases, it must be taken into account that there are new costs to be introduced in the
equation (transportation, monitoring, yield loss due to delays, idle resources). They
consider three factors in their experiments based on Central Illinois data: farm size,
number of tracts, and dispersion of tracts (with distances between 8 and 13 miles),
always with the headquarters in the geographic centre. They conclude that only for
groups of farmers forming a cooperative could this diversification be effective, given
the increase of costs observed in their experiments. Regarding distance (which clearly
increases cost), Davis et al. (1997) found in their study that to obtain a reduction of 30%
in yield variation using this diversification, the distance between the orchards needs to
be between 4.83 miles and 72.50 miles, depending on the number of orchards owned by

the grower.

Krueger et al. (2002) compare geographic diversification of table grapes, with

production in California alone, finding that extending production in different climate



zones, results in being more profitable and helps in crossing international borders.
Larsen et al. (2015), using finance theory, developed a Monte-Carlo simulation model
to evaluate this type of diversification, considering three separate locations in Kansas,
Texas and North Dakota, assigning acreage to each farm. The results support the

benefits of spreading crops but without considering all the costs involved.

Regarding existing metrics to measure its level of implementation, some authors
consider Simpson’s index Szl—(Zai2 1(>a) ) used for product diversification, but

in this case a; is the area of each plot i=1..N instead of the value of each produce i=1..P
(Ciaian et al., 2018; Lu et al., 2018). However, this index cannot capture all the
complexity of land fragmentation, that includes not only the number and plot size, but
also the shape of plots, the distance to farm building or the plot scattering (Latruffe and
Piet 2014). Given the difficulty of including all those factors in a simple metric, in this

paper a new metric based on the entropy of crop planning spread will be used.

Finally, a third diversification possibility considered by Tadesse and Blank (2003) is to
implement cultivar diversity, which tries to capture the advantages of the two previous
strategies. By selecting cultivars of one produce uncorrelated in their growing
schedules, the harvest can be collected in different periods of time, reducing yield
variance, by reducing exposure to climate extremes, and improving sales revenues by
accessing different season markets. Weeks et al. (2016) study the risk and profitability

of this strategy in the case of soybeans.

Note that although there can be different drivers of diversification (food security, soil
fertility increase, job creation, etc.) here we are mainly focusing on risk minimisation.
This is one of the strongest advantages of using geographical diversification and
product diversification, and here we are going to compare the contribution of these two

strategies when the goal is to search for the best crop plans (i.e. with maximum profit).

Ciaian et al. (2018) studied the relationship between product and geographic
diversification in the specific case of Albania, a country with a high land fragmentation
after the land privatization of 1991. Measuring both diversification strategies using

Simpson’s index and using a linear regression model, they observed that product



diversification increases with the land fragmentation. The drivers of such behaviour
seemed to be efficiency motives (allocating land to its best use) and the need of self-

consumption.

It seems interesting to study how optimizing crop plans could affect the implementation
of both strategies. However, from the literature review carried out, it appears that no
study has tried to identify which factors have an influence on the degree of utilisation of
each of the two diversification strategies. Hence, in this paper, we carry out an empirical
study in which a number of scenarios are considered with different combinations of
selected experimental factors. For each scenario the optimal cropping plan is determined
using a simple optimisation model, and the extent to which this optimal solution uses
product and geographic diversification; also other relevant characteristics of the

solution, are analysed and related to the factors considered.

2. EXPERIMENTAL SETUP

For testing to what extent the optimal crop plan is affected by the characteristics of the
farming scenario, an experimental framework was designed. It includes five potential
products to be harvested, and a reticular layout of the potential farms (plots), with the
central facilities (deposit of all required machinery and warehousing for the collection
of all the harvested products) located in the grid centre — a configuration similar to the
one used by Nartea and Barry (1994) in their research. This structure with 24 potential

plots seems quite general for our purposes (see Figure 1).

Regarding the factors that are likely to affect the diversification strategies in any
specific scenario, first, the distance between the potential plots seems to be a relevant
variable, as indicated by previous works (e.g. Davis et al., 1997), since the farther the
potential locations, the higher the transportation costs due to geographic diversification.

This distance factor (F1) will thus have two levels: low level, corresponding to a



separation of 15km between two adjacent plots in the grid (same distance used in Nartea
and Barry, 1994) and high level (separation of 30km).

As mentioned in section 2, a variable that makes geographic diversification more
attractive is the likelihood of any farm experiencing problems and a percentage of the
produce then being spoilt. Therefore, the likelihood of harvest failure must be captured
in our scenarios. We divided that probability into two factors: F2 will consider the
general level of spoilage in all the plots (low level corresponds to an average expected
loss of 10% of harvest in all farms, and high level corresponds to an average loss of
20%), while factor F3 will capture the variability of spoilage probability among all the
plots (in the low level, it will randomly assign an expected percentage of spoilage to
each farm k, m, in the interval F2 +5%, while in the high level the interval will be F2
+15%).

In the real world, not all the plots are expected to have the same yield, and for that
reason a factor F4 is introduced, randomly assigning a yield for product i at plot k, pix,
with a low level corresponding to a yield of +10% around the average yield and a high

level of £25% around the average yield).

Finally, as the interest of diversifying products is due to the prices of the different
cropping alternatives, a factor F5 is included, capturing the price pi of produce i
computed as pi=p’x(1+U[0;F5]) where U[O;F5] is a random variable uniformly
distributed between 0 and F5 and p’ is a base price level for all the produces (low level
of factor F5=1.1; high level of factor F5=1.5).

For each of the 2° treatments in this experiment, 32 replications were generated, and
each of the 1024 instances were solved using the linear programming optimisation

model described below.



2.1. Crop planning model

Let

Instance data

K
I

Di

dx

Pik
Ttk
Pi

Ai

Si

fi

tk

set of plots, K={1...24}

set of produces, 1={1...P}. (P=5)
potential demand of produce i.
area of each plot, m?.

distance from plot k to the central deposit (depends on the plot separation factor
F1).

yield of produce i in plot k (depends on F4).
mean harvest spoilage in plot k (depends on factors F2 and F3).

unit selling price of produce i (depends on 54).

kg of seeds of i needed to plant one m?

machinery transportation cost per km
planting cost per kg of seed of produce i.
manpower cost of harvesting per kg of produce i.

transportation cost per kg km of harvested products transported to the central

deposit.

Decision variables

Xik

Yk

% of plot k planted with produce i (continuous non-negative variable)

binary variable that when equal to one indicates that plot k is planted (with any

produce)

With those variables defined, we note that the expected amount of produce harvested

can be evaluated as Zx xik -A-Ai-pik - (1-nk), and therefore the objective function will
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consist of the income from selling that amount, minus the machinery transportation

costs, planting costs, and harvesting manpower and transportation costs:
Max Zi pi [Zk Xik -A-Ai-pik - (1-1)] - {Zk Mk-2dk-yk + Zi Sic[Zk Xik- A-Ai] +
%i i [Zk Xik -A-Ai-pik - (1-m)] + 2k te-2dk-[Zi Xik -A-Ai-pik - (1-76) ]} [1]

The constraints in this model only need to impose that the production of each produce
should not be larger than its demand, and that the binary variables yx are correctly

related to the continuous variables Xix:

Zk Xik-A-di-pik- (1-mk) < Di Vi [2]
TiXik<yk VK [3]
Xik=0 Vivk  ykbinary Vk [4]

2.2. Response variables

To evaluate the optimal crop plan found for each instance and assess the influence of
the factors considered to define its parameters, some measures for the diversification
levels need to be defined. As indicated in section 2, in the literature, only metrics to
assess the product diversification have been defined. Among them, those based on the
entropy of the distribution of the area sown with each crop are commonly used to
measure how different the distribution of produce planted in each plot is. High entropy
levels indicate high product diversification, while low levels mean that a few different

crops are being used.

Given that the characteristics of our experimental framework consider five potential
crops with their corresponding demands, and that our model will decide how many are
the most profitable to consider, we will take into account not the distribution of the land
area planted with each different product, as usually done in the literature, but the
distribution of the percentage of the potential demand for the different types of produce
that are covered by the crop plan. While constraint [2] guarantees that the expected

production cannot exceed the potential demand, depending on the exploitation costs and
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selling prices, it is possible that not all the potential demand for all the produce will be
covered. Therefore, the proposed measure of product diversification, PD, is related to
the percentage of potential demand for each produce i that is satisfied, Ai =(Z«k
Xik-A-Ai-pik- (1-7x)) / Di ,Vi. In an extreme case, if only one crop is planted, the product
diversification is 0, while if the demand for all five items of produce are equally
satisfied, the plan has a high level of product diversification, giving a similar priority to
satisfying the demand for all the potential produce. Denoting as A’ the normalisation of

those percentages of demand being satisfied (i.e., Zi A’j =1), we will define PD as the
entropy of distribution A, i.e., PD==>"A%-InAY.
icl

On the other hand, regarding the geographic diversification, GD, we will consider not
only the number of plots used for planting each item of produce, but how diversified the
amount planted in each one is. For instance, if 99% of the seeds of a specific crop are
planted in one plot and only 1% in another, this is not really describing a high level of
diversification. Moreover, when only one plot is used for one crop, the particular
geographic diversification is 0, while the maximum geographic diversification
corresponds to the case in which all the plots used for one crop have the same area
planted. Therefore, we define GD as the average, for the different crops I, of the entropy

of the distribution ®ix of the amount produced of i in plotk, i.e.
1
GD=TZ[—Z Dik In(q)ik)] [5]
| | icl keK
where
Xik *A-Aj - pi - Ay )

D Xig Ak pike - (L)
k'eK

Dy =

Vi, k [6]

To better understand which is the most convenient crop strategy in each case, some

other characteristics of the optimal crop plans will be analysed as well, including:

e whether the considered factors have an influence on the percentage of demand

satisfied, A=mean(Ai), and on the model objective function (i.e. expected profit)

12



e whether the number of unused potential plots (let us call it the Number of
Fallows) depends on the factors considered. Depending on the demand (or on the
profitability of each crop), it may be more or less likely that some plots are not

used to harvest any produce.

3. RESULTS AND DISCUSSION

Figure 2 shows the diversification metrics corresponding to the optimal solution of the
1024 different instances generated. For the Geographic Diversification response
variable (GD), it seems that for the second half of instances that correspond to the high
level of factor F1 (i.e., more distant plots), clearly the value of GD is lower, and a
similar behaviour can be observed for the Product Diversification (PD) response

variable.

—-== == == ==== FIGURE 2 ====================

To check whether the factors considered for the instance generation have influence on
the selected metrics, Figure 3 shows the average value for each level of each factor. In
general, it is observed that F1 (distance among plots) has a big influence on the mean
values of the four response variables. As the farms are more spread, both GD and PD as
well as the percentage of demand satisfied A have lower values, while the number of
unused plots increases. Also, factor F5 (variability among the selling prices of the
different produces) seems to be relevant for all the metrics, with lower values of GD,
PD and demand covered when there are crops that are much more lucrative than others
(the cheapest ones are not planted and their demand not served). The box-plots for
factors F1 and F5 also indicate their influence, affecting the optimal cropping plans as
regards their degree of diversification and demand satisfaction (Figure 4). To confirm
the statistical significance of these results, and given the non-parametric nature of the
data obtained, Wilcoxon rank-sum tests were run for F1 and F5 and for the four metrics
considered. These tests showed that the distribution of the results is different depending
on the level of each factor. An analysis of interactions did not show any

interrelationship between F1 and F5 for any of the response variables.
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=== == == = FIGURES 3 & 4 =================

Therefore, the results show that as the separation among potential plots increases, the
costs induced by transportation of harvest and machinery disincentive planting in distant
plots thus concentrate on cropping of fewer plots (reduced GD). This decision to not
plant in all plots reduces the overall production and hence average percentage of
demand satisfied. The results also show that a larger separation also leads (in an
optimum cropping plan) to a reduction in product diversification, i.e. a concentration on
fewer crops, presumably those that are more profitable. Regarding F5, as the crops
considered have more diverse unit selling prices, fewer crops are considered for
planting, thus reducing the average demand satisfied and product diversification. It also

reduces the number plots effectively used.

As regards the profit of the optimal cropping plans, it depends significantly only on
factor F1 (distance between plots) and factor F2 (the overall percentage of spoilage at
the farms). These two factors are therefore the most influential on the bottom line
(according to our experimental framework), more than other factors such as the selling
price of the produce. Figure 5 shows the box-plot of the optimal profit level for these

two factors.

=== == == ==== FIGURE § ====================

The relationships between the geographic diversification and the other response
variables are shown in Figure 6. Thus, in the optimal cropping plan, as the geographic
diversification increases, the product diversification (R?=0.68), as well as the percentage
of demand satisfied A (R?=0.80), also increase. Therefore, when the optimal decision
uses geographical diversification it also uses product diversification as well. When more
plots are used, it is more profitable to plant different crops than to concentrate on a
single one. Regarding the profits, the highest values are obtained in the cases in which
both geographic and product diversifications are used. However, this may not be a
direct consequence of these strategies but of the mediating effect of the distance
between the plots (factor F1): as the distance is smaller (low level of F1), the objective

function takes higher values because transportation costs are reduced, and at the same
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time as commented above, for the low level of F1, the geographic diversification is

significantly increased.

=== == == ==== FIGURE 6 ====================

As a summary of the results, Table 1 shows, for each type of diversification, whether
the average value for each level is above or below the average value for the whole
factor. The arrows are larger for factors F1 and F5 because they are the most influential
ones. Thus, as discussed above, for F1 (distance between plots) and F5 (variability of
selling price of the produce), the behaviour of both diversification metrics is the same:
for low distances and homogeneous selling prices, and the geographic and product
diversifications are high, while they are low as distance increases and selling prices
differ. The behaviour is different, however, for F2 (average spoilage) and F4 (plot
yield). When the risk of spoilage is low, the geographic diversification is low, while the
product diversification is high and the opposite when the spoilage level is high. As
regards F4, when the vyields of the plots are quite homogeneous (similar plots)
geographic diversification is high while the product diversification is small and the
opposite when the plots are heterogeneous in their yields. Finally, the effects of factor
F3 (variability of spoilage risk) are similar to (although much less significant than)
those of F1 and F5, i.e. low variability fosters geographic and product diversification,

while high variability reduces both.

=== == == ==== TABLE 1 ====================

4. CONCLUSIONS

In this paper, an empirical study of the factors that influence the optimal degree of
geographic and product diversification to use has been carried out. In particular, the
factors considered include the distance between the available plots, the amount and
variability of the spoilage risk, the yield variability and the variance in produce selling
prices. For each combination of the level of these factors, several instances have been
generated and solved using a simple crop planning optimisation model that maximises
the expected profit. The degree of geographic and product diversification of the optimal

plan thus computed has been measured using some entropy-based indexes. Three other
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response variables have been considered, namely the profit level, the overall percentage
of demand satisfied and the number of potential plots unused.

The results show that the optimal combination of the two types of diversification
(geographic and product) are dependent on the specific scenario considered and the
factor that has the largest influence on the degree of geographic and product
diversification is the distance between the plots. Thus, the closer the different plots, the
larger both types of diversification. A similar effect is the variance in selling prices, i.e.
the smaller the variance, the larger both types of diversification. The variability of the
spoilage risk also has a similar effect. However, other factors have different effects.
Thus, a high average spoilage risk increases geographic diversification but reduces
product diversification, while a high yield variability increases product diversification

and reduces geographic diversification.

It has also been observed that as the geographic diversification of the optimal solution
increases so does its product diversification and profit level. The profit level decreases
significantly as the distance between the plots increases (undoubtedly due to an increase
in transportation costs) and also when the average spoilage risk increases. Other effects
that are worth mentioning are the reduction in the percentage of demand satisfied as the
distance between the plots increases and when the variance in the selling prices
increases. Further research could focus on the development of more specific and
detailed optimisation models that could define pure strategies of diversification instead
of mixed strategies, as in our case. Also, more levels in the experiments (mainly when
discussing the factor distance) could facilitate the measurement of the outputs, namely

how distance affects diversification more accurately.
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Figure 3. Average values for each factor level for the different metrics (F1:
distance between plots; F2: general level of spoilage; F3: spoilage variability among
plots; F4: plot yield; F5: variability of selling prices)
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Table 1. Indication of whether the average value for each level of each factor is
above (1) or below ({) the global average value of each factor, for each type of

diversification.
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