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Diversification of crops:
Assessment of managerial
flexibility and economic impact
on sugarcane medium-sized
farms

David Ferreira Lopes Santos* and Samara Marques Gomes

School of Agricultural and Veterinarian Science, São Paulo State University, Jaboticabal, Brazil

The aim of this study is to assess the economic viability of a medium-sized

sugarcane farm applying a diversification strategy, including the possibility of

managerial flexibility in changing its portfolio over time. There is a theoretical

gap in the economic evaluation of diversified production systems in farm

space. We assessed one diversified structure for the sugarcane agricultural

farm that included land areas dedicated to the rotational cultivation of

soybean/corn, corn/peanut, and corn/green manure. We considered the

managerial flexibility when replacing sugarcane culture. Primary and secondary

data were used based on the agricultural context of São Paulo State, Brazil,

where the modal profile of medium-sized producers in the region was defined

with the support of technicians from the leading agricultural cooperative and

sugarcane suppliers association. The results indicate that the diversification

strategy for the investigated context generates: lower financial risk for the farm,

higher potential return on investment, and higher economic value added.

KEYWORDS

agribusiness, investment analysis, portfolio, Real Options Theory, rotational
cultivation

Introduction

As a result of new social, environmental, political, and regulatory demands for

sustainability, new forms of land use are required for food production (Regan et al., 2015;

de Roest et al., 2018; Qureshi et al., 2018) which can be a challenge to develop public

policies (Ferreira and Féres, 2020). Additionally, sustainable food production is one of

the central themes for achieving the United Nations Sustainable Development Goals

(SDGs), as it directly influences such objectives as poverty eradication, zero hunger, clean

water provision, sustainable production and consumption, combating climate change,

and the preservation of life on earth (United Nations, 2020).

Paralleling the development of sustainable food production environments, there is a

need to increase the global food supply due to the increase in the worldwide (Mukherjee,

2021). According to the latest FAO report (2022), after the COVID-19 pandemic, the

global hunger has increased and by 2030 the projections are that 670 million people will

still be facing hunger, which represents 8 percent of the world population, the same as

the projections when 2030 agenda was launched in 2015. The increase is a reflection of

inequalities across and within countries and an unequal pattern of economic recovery.

Frontiers in Sustainable FoodSystems 01 frontiersin.org

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2022.987214
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2022.987214&domain=pdf&date_stamp=2022-11-21
mailto:david.lopes@unesp.br
https://doi.org/10.3389/fsufs.2022.987214
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsufs.2022.987214/full
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Santos and Gomes 10.3389/fsufs.2022.987214

Family farming represents 80% of the world food production

and suggests the relevance for food supply (Cavalli et al., 2020).

Brazil has shown steady growth in agricultural production since

1970 and has become one of the major agricultural producers

in the world (Corcioli et al., 2022). Despite this scenario, small

producers have an essential socio-economic role (Maia et al.,

2019), since the majority of people working in agriculture are

family farmers and it represents 77% of the total farmers units

and generate 10.1 million jobs in agricultural establishments

(Cavalli et al., 2020).

A diversified agricultural production system is one of the

most ecological viable, economically feasible, and rational

practices, which maintains biodiversity, can reduce the

incidence of disease and pests, and allows the original regional

ecosystem to retain the capacity to return to the original native

state (McCord et al., 2015; Mango et al., 2018; Piedra-Bonilla

et al., 2020; Ponce, 2020; Rodriguez et al., 2021; Rosenberg

et al., 2022). Diversification can result in cost reductions for the

resulting crop, as there is a reduction in the use of fertilizers (de

Roest et al., 2018).

Although the diversification of crops is an already

consolidated practice, the production systems of large-scale

crops such as sugarcane, soybeans, corn, among others, occur

in monoculture systems in emerging countries (Faleiros et al.,

2018).The monoculture system allows the reduction of unit

costs and ensures cost competitiveness. However, traditional

economic techniques do not consider the environmental effects

on economic risks with concentration (Farinelli et al., 2018).

Sugarcane production in Brazil has traditionally focused

on monoculture-based production systems, so much so that

this method is now considered paradigmatic, and Brazilian

sugarcane suppliers traditionally dedicate themselves entirely to

this crop (Farinelli et al., 2018).Currently, Brazil is the largest

producer of sugarcane, with 37 percent of global production, a

value double that of second-place India (FAO, 2018).

This is to some extent reinforced by the fact that, sugarcane

has an annual harvest, from 4 to 6-year production cycle, plus

price and productivity volatility and high planting costs has

generally limited the sustainability of sugarcane as a crop for

small and medium rural producers in Brazil (Farinelli et al.,

2018).

Accordingly, crop diversification on small and medium-

sized rural properties, formerly dedicated to sugarcane, may

form an appropriate strategy for the sustainability of such

holdings, since in addition to diversifying the income sources of

the producer and reducing inherent risk, using crop rotation and

succession systems can contribute to better use of land in terms

of conservation of soil physicochemical properties, while helping

to guarantee greater supply of more varied foods (McCord et al.,

2015; Adjimoti et al., 2017; Asante et al., 2017; Boncinelli et al.,

2018; de Roest et al., 2018; Mango et al., 2018; Douyon et al.,

2022).

In addition, the strategy of using diversified production

systems means a rural property can more closely resemble

an ’investment portfolio’, guaranteeing farmers access to new

investment alternatives to reduce the risk of exposure inherent

in a single crop. In addition, such options allow the decision-

making process to include changing the composition of the

production structure overtime to increase cash flow generation

capacity (Farinelli et al., 2018).

In agribusiness, investment analysis techniques are compiled

from corporate finance, associated with Discounted Cash Flow

(Bonacim et al., 2013; Santos and Jurca, 2013) and Real Options

Theory (TOR) (Santos et al., 2016).

The suitability of an investment technique is determined

through the characteristics of an investment project, in addition

to the level of environmental uncertainty. However, the

traditional Discounted Cash Flow model is the commonly used

technique (Pivoriene, 2017).

The DCF technique is based on the value of money over

time. It is a technique widely taught and disseminated in the

literature, in addition to being easy to implement and evaluate

(Pivoriene, 2017).

However, expanding the crop portfolio is an activity that

involves technical, operational and financial factors of the

rural company, which becomes a complex activity, as it

affects production planning in different ways, in addition to

the need for more investments in fixed and specific work

(Oliveira et al., 2012), effectively, an investment analysis is

demanded that considers these particularities in the midst of

the flexibility of the greater range of choice than planting,

and it is in this context that the Real Options Theory

becomes the technique more appropriate. The importance of

managerial flexibility in agricultural activity under market or

production risk conditions has already been explored in other

studies (Lee et al., 2016; Panichvejsunti et al., 2018), since

managerial flexibility adds value to an investment analysis by

adapting in response to new information (Farinelli et al., 2018).

In the agricultural sector, managerial flexibility is essential,

mainly due to the tendency of commodity prices to fluctuate,

changes in environmental conditions (Lee et al., 2016) lack of

technology and mechanization, low availability of credit and

lack of knowledge on agricultural techniques by producers

(Panichvejsunti et al., 2018), which are a source of uncertainty.

Real Options Theory (ROT) allows project evaluation

considering the managerial flexibilities added to the investment

analysis model and the investor’s decision-making capacity,

filling the gap that exists in traditional methods (Oliveira, 2020).

However, only the study by Farinelli et al. (2018) used

ROT to model market and production risk in an integrated

manner. Although Farinelli et al. (2018) demonstrated the

importance of managerial flexibility in the cultivation of

sugarcane, the study restricted the option alternatives to

soybean cultivation.
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The objective of the current study is to evaluate the

economic viability of a medium-sized rural sugarcane-

producing farm using a diversification strategy, including the

possibility of managerial flexibility in changing its portfolio

over time.

In addition, in a different way to the reference studies,

this work proposes to evaluate the value creation potential of

diversification with corn, safrinha corn, soybeans and peanuts,

which are the main oilseed crops in the Jaboticabal region. In

this way, this study can also bring social and productive impact

in its context and help producers and entrepreneurs toward

new production systems that will be more efficient, sustainable

and economically viable than the long-established monoculture

paradigm of Sugar Cane production.

The results of this study can contribute to the strategic and

tactical decisions of sugarcane farms in both Brazil and the 104

other countries in the world that produce sugarcane. It is also

understood that this analytical methodology can be extended to

other large-scale crops, thus broadening the discussion on the

sustainability of diversified production systems.

Materials and methods

The strategy used to carry out the research used a

representative medium-sized farm dedicated to sugarcane

production in the State of São Paulo, Brazil, which is the

state where more than 60 percent of the country’s sugarcane

production is produced occurs.

To define a representative farm for this study, data from the

most recent Agricultural Census in Brazil and that for the State

of São Paulo were analyzed. In these, small and medium-sized

rural properties (10–100 ha) represent 39% of rural properties

and occupy 18 percent of the total area-−63 million ha (IBGE—

Brazilian Institute of Geography Statistics, 2019). Due to the

diversity of farm forms, it was decided to use a maximum size

of 100 ha to maximize production structures and avoid fixed

cost apportioning. On these 100 ha properties, 75 ha was used

for planting, guaranteeing a minimum of 20 ha to meet natural

reserve requirements, and 5 ha to be used for improvements and

access roads for the movement of machinery and equipment.

Finally, it was decided to focus on the mesoregion of Jaboticabal,

São Paulo State, as this is one of the main sugarcane producing

regions within the state and has a fully functioning information

system on rural properties documentation, from cooperatives

and producer associations.

According to the latest IBGE Agricultural Census (2017), the

region of Jaboticabal has a total of 67.115 ha, including crops,

pastures, woods and forests, which sugarcane area represents 64

and 60% of the total area. Considering the temporary crop area,

sugarcane represents more than 74% (IBGE, 2017).

To achieve study objective, the research was organized into a

series of steps: (i) Analyze value of current program and those

of alternatives; (ii) Analyze fiscal outlay-income relations to

determine break-even-point; (iii) Evaluate production structure

to minimize risks, while considering agronomic limitations;

(iv) Structure a model of real options to perform rotations or

successions of cultures.

The development of these research stages allows aligning the

methodological design to the theoretical-empirical gap that this

study seeks to contribute. The steps demonstrate the complexity

of the information structure that producers need to use when

diversifying their production (steps 1 and 2) and, equally,

establish opportunities for flexibility in the decision process, as

risks are understood and inserted into the model analysis (steps

3 and 4). Finally, by structuring the model of economic analysis

in the framework of the theory of real options, opportunities for

value creation can be highlighted (step 5).

Materials

Information was gathered in the second half of 2018 and

analyzes were conducted in 2019 along with the gathering of

primary and secondary data. Primary data were obtained from

the technical team of one of the main agricultural cooperatives

in the State of São Paulo dedicated to sugarcane production, but

with an active focus on practical crop diversification, including

the production of soy, corn and peanuts. The crops were

chosen following the greatest cultures of the state of São Paulo

according to the IEA (Agricultural Economics Institute). These

primary data refer to technical recommendations regarding

the nature of machinery and equipment required for a

diversified farm, and the best practices for soil preparation,

planting, crop management and harvesting. To avoid bias and

ensure informational reliability, these data were compared with

the literature.

To estimate monetary and productivity values, different

databases were consulted to ensure that all data reflected

market practices. Data were obtained from the Association

of Sugarcane Suppliers of Guariba (SOCICANA), from São

Paulo State Council of Sugarcane, Sugar and Ethanol Producers

(Consecana), from the National Supply Company (CONAB) of

the Paraná State Secretariat of Agriculture and Supply (Seab),

and the Center for Advanced Studies in Applied Economics

(CEPEA), from the University of São Paulo (USP).

All prices were deflated for December 2018, using the official

IPCA inflation index for Brazil.

Methods

The presentation of the research methods was structured

according to the steps necessary to build the results and to

support the discussions. The use of statistical methods (ARIMA

and Monte Carlo Simulation) was combined with financial
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methods (Discounted Cash Flow and Real Options Theory) to

construct the results. Validation tests are presented according to

the literature.

Price modelinginitially, it was necessary to
identify price uncertainty and provide a price
forecast model for each commodity.

To estimate the prices of the agricultural commodities of

interest for the 2018/2019 harvest, and to determine volatility

patterns, it was necessary to carry out an analysis of the

descriptive statistics of the time series, an analysis of the

price series characteristics regarding stationarity, and finally

evaluation of the forecasting models to estimate prices (Hair

et al., 2009).

Statistical analysis allowing construction of the information

used to generate research results took place using Gretl

1.91 Software.

To analyze the descriptive statistics of the series, price

variation was calculated from real prices of each commodity,

using Equation 1.

1Pi =
Pt

Pt−1
−1 (1)

Pt—Price in the period t

Pt-1—Price in the previous period

For periodicity of “t” was used months.

Following variation calculation, analysis of the measures of

position, dispersion and correlation were calculated (shown in

Table 1).

It can be noticed in Table 1 that soya has the highest positive

correlation with corn and corn has the only negative correlation

with sugarcane (represented by ATR).

A priori, possible atypical observations were verified in a

univariate form, using the equation:

1% Standardized =

(

1Pi−1P
)

1δP
(2)

Atypical observations were defined as those with scores

greater than 4 produced by Equation 2, since the database

has 286 observations for each variable. Detected outliers were

replaced by the series average from each commodity without

outliers. The outliers were identified by the Mahalanobis

distance technique and the decision to replace the original values

with the average is due to the qualitative assessment of these

values (Hair et al., 2009). It was found that the four outliers

occurred due to specific institutional changes in the country that

impacted the results in a specific way.

From Dickey-Fuller Test results, it was possible to test

series stationarity. Results are shown in Table 2. All series are

stationary, since the p-value rejects the null hypothesis of the

existence of a unit root.

Evaluation price estimation forecasting models was

necessary to understand the variables used to construct the

results. Price volatility was the controlled variable in the price

model options analysis.

Table 3 shows the average prices, standard deviation and

coefficient of variation for prices of the agricultural products

under study.

Risk modeling

Finally, to determine risk it was necessary to determine

the contribution (W) of each crop (A, B, C, and D) using

the risk optimization procedure, considering the portfolio risk

model defined Markowitz (1952). After defining proportional

contributions, risk was defined via Equation 3:

σportfolio =

[

(W2
A × σ 2

A )+ (W2
B × σ 2

B )+ (W2
C

× σ 2
C ) + (W2

D × σ 2
D)+ 2×WA ×WB

× COVA,B + 2×WA ×WC × COVA,C + 2

×WA ×WD × COVA,D + 2×WB ×WC

× COVB,C + 2×WB ×WD × COVB,D + 2×

WC×WD × COVC,D
]
1
2 (3)

To find the ideal proportional land allocation that would

provide the highest return and the lowest risk for diversification,

the optimization model was used based on the seminal concept

of Markowitz for the financial assets market. Risk optimization

method provides a unique solution that brings the lowest

possible risk considering the correlated price variations and

changes in the different characters and proportions for each

asset, where proportion was the area of land allocated to each

crop (Knoke et al., 2015).

Cash flow and Monte Carlo simulation

From the data obtained modeling the monoculture-based

cash flow, cash flow for the diversified system could be

constructed using the proportional land-use from the crop

diversification model.

Due to the volatility of agricultural crop prices, evaluation

of potential annual results also used a Monte Carlo Simulation

to estimate diversified farm Cash Flow, as this could incorporate

such inherent combined variation.

To perform the Monte Carlo Simulation, estimated 2019

prices used in the predictive models were deployed and,

considering the standard deviations of each series, 10,000

price simulations were carried out for each crop across 5

years, thus varying price variation combinations, using a

normal distribution.
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TABLE 1 Descriptive statistics for commodity price variations.

Variables Mean Median Standard deviation Correlation

ATR Peanut Corn Soya

ATR 0.00441 0.00235 0.0650 1.0000 −0.0169 0.1542 0.0135

Peanut 0.00450 −0.00239 0.0703 1.0000 0.1120 0.1835

Corn 0.00164 −0.00189 0.0702 1.0000 0.4760

Soya 0.00323 0.00130 0.06120 1.0000

The correlation between peanuts, corn and Soya refers to the period from 1995 to 2018, while the correlation for ATR with the same crops refers to the period between 1999 and 2018.

Total recoverable sugar (ATR).

Source: Results obtained from research data.

TABLE 2 Results of enhanced Dickey-Fuller Tests, showing the p-value for the studied variables.

Variable Enhanced Dickey-Fuller Test (CC) P-value Enhanced Dickey-Fuller Test (CCT) P-value

ATR tau_c(1)=−5.16989 9.052e−006 tau_ct(1)=−5.16652 8.444e−005

Peanut tau_c(1)=−9.21375 1.032e−016 tau_ct(1)=−9.27828 5.595e−017

Corn tau_c(1)=−11.8716 2.087e−021 tau_ct(1)=−11.8518 2.989e−021

Soya tau_c(1)=−8.03787 3.87e−013 tau_ct(1)=−8.04041 1.431e−012

CC, with constant; CCT, with constant and tendency.

Source: Results obtained from research data.

The construction of the decision tree followed the Binominal

Model of Cox et al. (1979), based on the assumption that pricing

behavior is consistent with the Brownian Geometric Movement

(BGM) (Farinelli et al., 2018).

The Brownian stochastic process, with tendency, is given by

Equation 04:

dx = α . dt + σ . dB (4)

where α—growth parameter (tendency); σ—variance; x—

stochastic process for any asset; dB—continuous time.

As the financial asset assumes different values across a

given time interval, it is possible to define Brownian Geometric

Movement (BGM) with tendency, using Equation 05:

dx = α . x . dt + σ . x . dB (5)

In a given time period 1t, the underlying asset will assume

two values; an ascendant characterized by u(u > 1)u and a

descendent given by d (d < 1).

Following (Guo et al., 2019), the present value, based on

risk-neutral probability, can be determined with Equation 6:

fi−1.j−1 = e−rf 1t(pf i.j +
(

1− p
)

fi.j−1) (6)

Where:

r_f : risk-free interest rate

f _(i,j:) price

The risk-free interest rate used for calculation was the Selic

rate, which is the basic interest rate in economy.

Therefore, it is necessary to determine the values of p and

q, that represents the probability of ascendant and descendent.

These are defined in Equations 7 and 8 as:

ρ=

(

1+ Rf

)

−d

(u− d)
(7)

q= 1− ρ (8)

Results

The results section is structured as follows: (i) analysis of the

current value and risk of individual crop alternatives; (ii) analysis

of cost-volume-profit ratio for each alternative; (iii) production

structure involving minimizing producer risk; (iv) a real options

model incorporating managerial flexibility.

Analysis of the present value and risk of
individual crop alternatives

Tomodel cash flow, it was necessary to forecast prices for the

next harvest. For sugarcane it was used ATR for pricing, which

represents the quality of the sugarcane and its capacity to convert

into alcohol or sugar. Accordingly, autoregressive models with

moving averages (ARIMA) were used to estimate pricing for

each crop, to give an ATR, with the model adjusted as ARIMA

(3,2,1). Thus, for peanuts it was adjusted as ARIMA (1,1,1),
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TABLE 3 Mean price, standard deviation and coe�cient of variation for prices of studied variables.

Variables Mean Standard deviation Coefficient of variation (%)

ATR (Kg) 0.37 0.16 44.44

Peanut (sack) 51.07 14.28 27.97

Corn (Sack) 33.42 7.69 23.01

Soya (Sack) 66.59 15.46 23.22

Source: Results obtained from research data.

TABLE 4 Predicted and actual monthly values in Reais (R$) for the months January to April 2019 for the commodities studied.

Time Period ATR (Kg) Peanut (Sack) Corn (Sack) Soybeans (Sack)

Predicted Actual Predicted Actual Predicted Actual Predicted Actual

January/2019 0.6113 0.5841 43.01 44.18 37.73 35.24 74.57 70.51

Febuary/2019 0.6210 0.5966 42.23 45.09 38.69 36.23 74.22 69.99

March/2019 0.6303 0.6365 41.54 46.00 39.67 35.52 74.14 70.65

April/2019 0.6424 0.6423 40.86 45.24 40.71 32.93 74.17 68.77

Source: Results obtained from research data.

for corn it was adjusted as (1,1,1) and finally for soybeans the

model was adjusted as ARIMA (1,1,1). This allowed forecasting

of commodity prices until April 2019, and calculation of the

price volatility of each crop. The results of the empirical models

are in Annexes A, B, C, and D.

The period of January 2019 was defined, as it is

the start period of the research and is in the period of

sugarcane harvesting in the investigated region. Thus,

the forecast for April/2019, as a way of representing

the planning conditions of the rural producer’s

next harvest.

From the data obtained with the ARIMA method, it was

possible to forecast estimated prices for each crop, as shown in

Table 4:

From Table 4, values forecast for each crop from January

to April 2019, approached the real-world value, especially

the ATR for sugarcane. It should be noticed that, when

the model is used to predict value for the months farthest

from the end of the series, its predictive ability is reduced.

However, the modeling proved to be accurate, as for the months

of January and February, where the difference between the

real and predicted values for all crops was less than 10%.

A result of 10% or more may result in the project being

inviable, this shows the importance of ROT as an investment

analysis tool.

The cash flows obtained, allowed comparison of the

necessary investment, the present value of the operational

cash flow for each hectare, plus the return and risk for

each crop under monoculture and with diversification

(see Table 5).

It should be noted that for individual analysis of

monocultures, the use of rotations between annual crops

(peanuts, corn and soybeans) was not considered. This

meant that results would be equivalent to a single harvest

of sugarcane.

Results given in Table 5 show that all production

strategies have an ROI below the capital opportunity

cost (CAPM), which results in “wealth destruction,”

with peanuts, sugarcane and diversified farm showing

positive ROI. In the case of diversified farm, differences

between ROI and CAPM are the smallest among

the alternatives, even though the investment is

the greatest.

Analysis of the cost-volume-profit ratio
of each alternative

Modeling cash flows for each crop under monoculture (see

Appendix C–F), allowed equilibrium points to be established

for peanuts, sugarcane, corn, off-season corn and soybeans.

The Fixed and variable costs for these are in Appendix A and

B, while the breakeven point for each crop can be seen in

Table 6:

As shown in Table 6, the break-even for the crops under

study are between 133 and 432 hectares, when considering the

fixed cost and equilibriummargin obtained previously. It should

be noticed that for corn and summer corn, production is not

feasible at any level.
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TABLE 5 Investment, PV/ha, ROI, and CAPM/Risk for the studied scenarios.

Investment /ha (R$) VP/ha (R$) ROI CAPM/risk

Peanuts 14.590 11.435 4.21% 5.76%

Sugar Cane 20.809 13.247 2.80% 5.53%

Corn 13.905 6.450 −2.82% 5.62%

Soybeans 14.004 5.983 −3.79% 4.91%

Diversified 21.908 14.781 4.59% 5.37%

Source: Derived from current research data.

TABLE 6 Equilibrium points in hectares for the crops under study.

Variables Peanuts Sugar Cane Corn Summer Corn* Soybeans

Total fixed costs (R$) 1,047.054 1,231.358 72,142 1,040.730 1,046.350

Contribution margin per unit (R$) 7,832 4,998 – 3,384 – 1,700 2,422

Equilibrium point (hectares) 133.69 246.37 n.v. n.v. 431.90

n.v., not viable at any level. *known locally asmilho safinha (literally “small crop corn”), this is planted in February–mid-March (the Austral summer: 21 December–20 March), as opposed

to the ‘normal’ Austral spring planting season of October–December.

Source: Derived from current research data.

TABLE 7 Proportion, return and risk of diversification.

Cultures Otimized Risk

Proportion Return

Peanuts 12.61% −0.07% 8.17%

Sugarcane 56.22% 0.09% 4.48%

Corn 6.20% 0.07% 7.67%

Soya 24.97% 0.14% 6.12%

Diversified 100.00% 0.08% 3.24%

Source: Derived from current research data.

Production structure with risk
minimization

To find the ideal ratio, one providing the highest return and

the lowest risk, for diversification, an automated Markowitz-

based optimization model was used, to analyze risk across a

series of possible combinations. This revealed ways to reduce

the risk of diversification and increase the return, as shown in

Table 7:

Such proportionalities allowed estimation of values for each

crop when constructing the diversified cash flow.

For the 75 hectares diversified farm whose production

structure is considered in the current study, the diversification

and rotation opportunities used were those available in the

Jaboticabal region. Accordingly, an operational model rotating

peanuts with summer corn on 9 hectares, rotating soybeans with

summer corn on 19 hectares, corn on 5 hectares (with green

manure) and sugarcane on 42 hectares, was used, as defined by

the diversification model.

It is noted that no small and medium-sized rural properties

were found in the Jaboticabal region to be using the kind of

diversification strategy under study. This was confirmed by the

and from agricultural cooperative technicians, and the sugarcane

suppliers association agroengineers. However, consultation with

engineers revealed that large producers (> 500 ha) do have

diversified production structures. However, the decision onwhat

crops to plant and in what proportion are based on empirical

evaluations by the producers.

It is important to emphasize the central nature of

diversification as a means of reducing farm risk. The option

that best minimizes risk to the farm has 74% of the production

area devoted to crops that have a risk value >5.37% of the

farm risk. Only soybean crop has an individual risk lower than

5.37%, and this when it occupied<25% of the area. Accordingly,

the impact of diversification on risk reduction to the farm is

established, based on the weak correlations between the variables

(Table 1), as is the possibility of extending the Markowtiz model

to agricultural assets.

The data obtained cash flow under monoculture, allowed

the construction of a diversified cash flow model using the

proportions given by the crop diversification model. The results

for a diversified farm are given in Table 8.

It is pointed out that the decline in sugarcane gross revenue

is due to the drop in productivity of this agricultural crop over

the course of production cycles. The other crops in rotation

systems and with the adoption of recommended management

techniques maintain average productivity over time (Faleiros

et al., 2018; Farinelli et al., 2018).
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TABLE 8 Cash flow frommodal farm per hectare, and total under crop diversification.

VP/ha VP 0 1 2 3 4 5

P/SC Net revenue 4,761 357,080 0 83,328 83,328 83,328 83,328 83,328

Variable costs 4,004 300,317 66,509 66,509 66,509 66,509 66,509 0

Contribution margin 757 56,763 −66,509 16,820 16,820 16,820 16,820 83,328

SG Net revenue 19,701 1,477,583 0 461,760 369,408 313,996 284,444 269,668

Variable costs 12,532 939,867 332,079 196,885 174,835 161,605 154,549 0

Contribution margin 7,170 537,716 −332,079 264,874 194,573 152,391 129,895 269,668

CO Net revenue 1,226 91,952 0 21,458 21,458 21,458 21,458 21,458

Variable costs 1,005 75,391 16,696 16,696 16,696 16,696 16,696 0

Contribution margin 221 16,561 −16,696 4,762 4,762 4,762 4,762 21,458

S/SC Net revenue 7,965 597,398 0 139,409 139,409 139,409 139,409 139,409

Variable costs 7,802 585,142 129,587 129,587 129,587 129,587 129,587 0

Contribution margin 163 12,255 −129,587 9,822 9,822 9,822 9,822 139,409

Total area Contribution margin total 8,312 623,393 −544,870 296,278 225,976 183,795 161,298 513,863

Fixed costs 4,870 365,233 80,881 80,881 80,881 80,881 80,881 0

EBITDA 3,442 258,160 −625,751 215,397 145,095 102,914 80,417 513,863

Depreciation 6,340 475,520 89,966 89,966 89,966 89,966 89,966 89,966

PBT −2,898 −217,364 −715,718 125,430 55,129 12,947 −9,549 423,896

Tax 1,620 121,464 0 30,103 13,231 3,107 0 101,735

OCF 1,823 136,692 −625,752 185,293 131,864 99,806 80,417 412,127

Investment 8,947 671,040 1,017,350 0 0 0 0 −449,831

Common 5,231 392,360 591,850 0 0 0 0 −259,123

Sugar Cane 2,619 196,395 300,500 0 0 0 0 −135,225

Peanuts/Soya/Corn 1,097 82,286 125,000 0 0 0 0 −55,483

FCF −6,909 −518,169 −1,643,102 196,582 136,825 100,972 80,417 861,958

The proportion of crops was divided as follows: Peanuts (P)–9 hectares; Sugar Cane (SG)– 42 hectares; Corn (CO)–5 hectares; Soya (S)–19 hectares, with annual crops rotated with summer corn (SC). EBTIDA–Earn before, interest, tax, depreciation and

amortization. PBT–Profit before tax. OCF–Operation Cash Flow. FCF–Free Cash Flow.

Source: Derived from current research data.
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TABLE 9 Mean discounted contribution margin calculated in R$ per hectare.

Crops Year 1 Year 2 Year 3 Year 4 Year 5

Sugarcane 2,228 604 −271 −695 1,646

Soya/Summer corn 4,961 4,710 4,481 4,251 4,373

Peanuts/Summer corn 1,343 1,269 1,205 1,136 1,075

Corn 655 618 586 556 556

Source: Derived from current research data.

It can be noticed that all crops have a positive contribution

margin, that is, although there are differences in profitability

between them, all contribute positively from the financial point-

of-view of the farm to the payment of the fixed cost and the

return on invested capital.

However, the economic result is negative by R$ 6,909/ha,

reflecting the fact that Return on Investment (ROI) is lower than

the cost of capital determined by CAPM (see Table 9).

Since the results in Table 8 represent average values of the

Monte Carlo Simulation, Figure 1 shows Present Value per

hectare (PV/ha) in terms of cash flows for a diversified farm,

excluding the original investment.

For the farmer, PV/ha of the farm represents the value

of the farm when opting for the given investment. The PVs

in Figure 2 indicates that a diversified farm can generate

positive free cash flows under any of the 10,000 possibilities

evaluated, with an average value of R$ 10,175. However, this

is insufficient to remunerate the investment per hectare [R$

21,908 (Table 9)] over a period of 5 years, even considering

the demobilization of capital at its residual book value in the

5th year.

The maximum VP of FCF value, without the investment,

is shown to be R$ 12,295. Therefore, under the premises used,

there is no expectation of investment recovery.

A real options model that incorporates
managerial flexibility

From average discounted contribution margins of the crops

for each year generated by the Monte Carlo Simulation

(Table 9) it was possible to compare the peanut/corn

crop, soybean/off-season corn crop and corn. With this

the crop with the highest average discounted margin

contribution would be used as a replacement, if it had

a higher value at the diversified farm valuation stage

with managerial flexibility than management under the

sugarcane cycle.

With the aims of using managerial flexibility to add value to

production, the exchange of sugarcane for another crop occurs

when one of them is more profitable, when the contribution

margin is higher than the current margin. In the current study,

such alterations were made considering the margins per hectare.

The results obtained can be seen in Table 9.

As shown in Table 9, among the options for exchange, soy in

rotation with summer corn, was the option that gave the highest

advantage in relation to peanuts (in rotation with summer corn)

and corn.

Accordingly, in the next modeling step, soy was used as an

exchange parameter for the sugarcane cycle if cane contribution

margins in the decision tree were greater.

When constructing a decision tree, a comparison was made

from year 5 to year 1, that is backwards, considering the rising

and falling of prices for each crop. Accordingly, comparison

between the contribution margins of the peanuts, sugar cane,

corn and soybeans, allowed the identification of those crops with

a contribution margin higher than that of sugarcane.

From the standard deviation of the underlying assets, it

was possible to calculate the upward “u”, and downward “d”

movements (see Table 10):

Table 11 shows rising and falling price probabilities.

Figure 2 shows the per hectare contribution margin for the

sugar cane cycle. Contribution margins per hectare of sugarcane

were used for comparison with the margins of soybean/summer

corn derived in the previous step. Exchange would take place if

values for soybeans were higher than those for sugarcane.

It can be seen from Table 9 that soy potentiated an exchange

in year 5. From a value of 2,251, in year 4, an exchange could be

made from the value of 3,511, and in year 3 an exchange could

be made from the value of 2,251 (see in Figure 3).

Using the decision tree to compare year 1 of the sugarcane

marginal contribution to the situation when the crop exchange

occurred, gave a per hectare value of R$ 1,661, indicating the

positive impact of diversifying and managerial flexibility, which

resulted in a net value increase of R$ 124,575 for the farm.

Figure 3 shows a decision tree for crop exchange options in

the sugarcane cycle, for soybean in rotation with summer corn,

based on the per hectare contribution margin.

Figure 3 shows that, under crop exchange managerial

flexibility, soybeans are the most viable option among the

studied crop options (peanut, corn and soybean), they have a

higher contribution per hectare in Year 2.
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Analysis and comparison of results

The price prediction results given in Table 4 for each crop

show that the model lost predictive capacity for the most distant

months in the series. However, modeling demonstrated that the

FIGURE 1

Derived from current research data. Crops proportionality was

distributed as follows: Peanuts−9 hectares; Sugar Cane−42

hectares; Corn−5 hectares; Soya−19 hectares, with annual

crops are rotated with summer corn.

FIGURE 2

Derived from current research data.

difference for all crops between the predicted and actual prices

was <10% for the months of January and February of 2019.

In addition, the capacity of the model to scale an estimated

value and the risk was notable. Using the ATR prediction, it

was possible to show that the predicted price was very close to

the real price. Indicating that the predicted results used in the

Monte Carlo Simulation bore close approximation to the values

of real prices.

The results given in Table 7 show that the model-derived

proportions were 12.61% for peanuts, 56.22% for sugarcane,

6.2% for corn and 24.97% for soybean. In these proportions risk

was estimated at 3.24%, with a return of 0.08%. This was the best

diversification option considering price variations for each crop.

In contrast, in a study by Farinelli et al. (2018), the proportions

for diversification were 56% for Soya and 44% for Sugar Cane,

with 127 hectares for Soya and 100 hectares for sugarcane.

In addition, the diversification study by Farinelli et al. (2018)

based on soya and sugarcane, produced a discount rate of 4.54%

and a return of 7.42%. The results given in Table 5 of the current

study show that the proportion used for crop diversification,

FIGURE 3

Derived from current research data. The gray cells with bold

numbers represent the change from raising sugarcane to

growing soya; the given values show the contribution margin

per hectare.

TABLE 10 Rising “u” and falling “d” movements for the studied commodities.

Variables ATR Peanuts Corn Soya

U 1.5595 1.3228 1.2587 1.2614

D 0.6412 0.7560 0.7944 0.7927

Source: Results obtained from research data.

TABLE 11 p and q values derived for the studied commodities.

Variables ATR Peanuts Corn Soya

p 0.4615 0.5452 0.5827 0.5808

q 0.5385 0.4548 0.4173 0.4191

Source: Derived from current research data.
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makes it possible to reduce the overall risk to 5.37% and a

return of 4.59%. Although no greater than the risk, this gives

a better result than the other monoculture options, in which

the diversified culture has a lower risk value compared to the

risk for individual crops, as well as a higher rate of return than

individual crops, effectively demonstrating the importance of

diversification for rural properties.

As shown in Figure 3, the possibility of exchanging the

Sugarcane culture for soya, agrees with the study carried out by

Farinelli et al. (2018), in which this replacement also proved to

be feasible from the 2nd cut.

The results obtained in the current study agree with the

studies of Farinelli et al. (2018), in which diversification proved

to be the option that produced greater return than risk/CAPM

(see Table 5), considering diversification between sugarcane and

soya cultivation.

As a form of riskmodeling for investment analysis that treats

the risks of each crop separately, the use of beta appears highly

appropriate. Even if they are not yet used in the literature focused

on the agricultural market, this mechanism provides a tool that

allows a systematic way the of modeling the reality of systemic

risk in diversified production systems.

The use of the CAPM model allows the required return for

each production system to be incorporated, so guiding the use of

appropriate rates for investment analysis. This is advantageous

as it does not only use rates that express the basic interest rate of

the countries, so permitting a more realistic analysis.

Crop replacement provided the opportunity to create value,

as seen from the fact that managerial flexibility allowed an

additional R$ 1,661 per hectare, when soya replaced sugarcane

from year 2, resulting in a value of R$ 124,575 for a 75 ha farm.

Additionally, the obtained results extend the studies of Farinelli

et al. (2018), by including an analysis of the investment required

when growing Peanuts and Corn.

Furthermore, in the current study, as in the work carried

out by Farinelli et al. (2018), sugarcane on a 75-hectare farm

has negative PV/ha. In contrast, crop diversification generates a

positive PV of R$ 1,823. This further emphasizes the importance

of crop diversification for creating higher value, while lowering

financial costs, as a result of capacity for reducing risks.

Other studies have shown that applying TORwhen choosing

or analyzing new crops options in place of traditional ones,

makes it possible to improve Present Cash Flow Value, as shown

by Musshoff (2012) and Farinelli et al. (2018). In addition, there

are benefits related to increased productivity and the possibility

of managing production price and risk (Mango et al., 2018).

The consequent expansion of economic gain, and risk reduction,

confirms that diversification can contribute to the expansion of

sustainability of such systems.

Accordingly, the current study has extended the results

obtained by Farinelli et al. (2018), introducing Peanuts and Corn

crops into diversification modeling and the use of summer corn

in rotation with annual crops. The result is important, since it

allows for the paradigmatic agricultural practices to be altered

radically, thus assisting rural producers who are limited to the

cultivation of Sugar Cane and the use of succession, only in the

regenerating areas of sugarcane fields, with rotation cultures in

the same places.

Conclusion

Results obtained from this study indicate that crop

diversification and rotation can add value to a farm, which

occurs when the return obtained from the diversified portfolio

is greater than the risk and the return required for the asset

portfolio. Under such circumstances, return on the diversified

portfolio exceeds the individual return on the crops, and the risk

of the portfolio according to the proposed proportions, is lower

than their individual risk.

In addition, modeling managerial flexibility of the sugarcane

cycle reveals that exchange of sugarcane for soya can occur in

the second year, which goes against what has been common

practice in the region, but can be a beneficial alternative for

rural producers.

The obtained results can be used to guide producers and

entrepreneurs toward new production systems that will be more

efficient, sustainable and economically viable than the long-

established monoculture paradigm of Sugar Cane production,

so resulting in beneficial system change. Additionally, this study

made it possible to fill the existing gap in the analysis of

agricultural investments using the Real Options Theory, in

which the results were obtained considering the possibility of

managerial flexibility in changing its portfolio over time and

expanding the potential for value creation by adding corn,

safrinha corn and peanuts to analysis.

Among the limitations of the current study are: (i) the

structure proposed in this work considers an average farm,

while results can be different from properties with different

characteristics; accordingly, the expectation is that each farmwill

builds its own model; (ii) portfolio definitions have to respect

the agronomic characteristics of the farm in relation to the soil;

(iii) the price and production contracts operated under the spot

system; thus, there are agricultural partnership contracts and

these must be respected; (iv) financing possibilities were not

considered for calculating the discount rate, as only the equity

cost was used.

Accordingly, suggestions for future work include studies

that: (i) evaluate the economic potential of diversification

considering properties of different sizes; (ii) evaluate

managerial flexibility in diversified systems that integrate

crop-livestock-forest; (iii) extend diversification analysis to

large scale fruit production systems (orange, lemon, banana,

mango, among others); (iv) find new potential management

practices and public policies for the ongoing evolution of

the sector.

However, due to the sector’s social and economic

importance, public policies need to be able to leverage
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process by small farmers, since expanding crop portfolio

requires technical, operational and financial factors, as it

affects production planning and requires more investments

in fixed and specific work. The development of small farmers

can contribute both government and society by expanding its

capacity to produce food in sustainable manner and help the

world to achieve the goals to food and hunger insecurity.
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