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Abstract: Investment appraisal of agricultural projects (APs) is particularly demanding due to several
factors. Namely, APs may have longer time horizons, higher external and internal volatility, and
uncertainty caused by less control of production and external conditions (e.g., climatic conditions
and market demand). Indeed, these APs may face high and different risks that should be managed
properly. Nevertheless, both the literature and practice do not address such complexity and uncer-
tainty conveniently. Thus, this research aimed to develop an integrative and easy-to-use framework
to support the investment appraisal of APs, which goes beyond the traditional approach based on
simple and deterministic models. This framework is based on an approach that includes several
capital budgeting techniques integrating extended multi-index methodology (EMIM), Monte Carlo
simulation (MCS), and real options analysis (ROA). This framework allows dealing with different
risk and uncertainty scenarios and managerial flexibilities, which allow alternative and additional
investment options. A simpler and easier approach can be particularly important for family agribusi-
nesses, which usually do not use sophisticated decision-making tools. An AP in an agrosilvopastoral
system (i.e., agriculture, livestock, forestry) was used to present and discuss the proposed methodol-
ogy considering the relevance of such systems for sustainable agriculture and their higher risk and
complexity when compared to traditional approaches. The main contribution of the framework is
structuring a set of steps based on several tools to carry out investment appraisal in APs.

Keywords: agricultural project; investment appraisal; risk analysis; extended multi-index methodology;
Monte Carlo simulation; real options analysis

1. Introduction

Motivated by the increased need for food production to supply population growth
and the potential saturation of arable land, studies are needed to economically evaluate
sustainable food supply chains in the agricultural environment (Thesari et al. 2021). Invest-
ments in agriculture aim to improve production and economic results (OECD/FAO 2016a).
Furthermore, agricultural investment projects (AIPs) can promote economic development,
poverty reduction, and food security (OECD/FAO 2016b), contributing to sustainable
development goals (SDGs) and the 2030 Agenda (Zanin et al. 2022). This study focuses on
agribusiness investment projects inside the gate (i.e., agriculture, livestock, forestry), also
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called agrosilvopastoral systems. Indeed, AIPs that promote crop-livestock-forestry inte-
gration are important because of both economic and environmental sustainability (Kuypers
et al. 2021).

The high dependence of agribusiness on external factors makes it particularly suitable
for the application of investment evaluation methods that incorporate risk and uncertainty
(Deina et al. 2023). External factors are not just climatic, but also changes at the market
level, such as consumer preferences, disruptions in global supply chains, legal and health
impositions, etc. Currently, the global supply and demand for food are balanced but farmers
are worried, especially because of the impact of population growth and the saturation of
cultivable areas. Furthermore, facing more demanding competitive conditions, agribusiness
profit margins have decreased over the years (Bronson et al. 2019).

In this context, it is necessary to increase productivity, improve product quality, and
maintain a balanced sustainability tripod—economic, social, and environmental (Poffen-
barger et al. 2017; Crews 2019; Kruger et al. 2022). However, it is necessary to adequately
evaluate the costs and revenues of new investments and the use of new technologies in
such a way that it is possible to identify the best alternative for the invested capital (Deina
et al. 2023; Braun et al. 2018).

When implementing new technologies, it is necessary to evaluate the various risks
involved (Souza et al. 2020). In (Komarek et al. 2020) the authors developed a literature
review where five main types of risk in agriculture were identified: production risk, market
risk, institutional risk, personal risk, and financial risk. (Nadezda et al. 2017) argue about
the importance of managing investment risks because they can compromise the project in
the future if conditions vary from the most expected scenario. It should be noted that some
risks are not controllable (such as climatic factors), while others can be more controlled
(such as financial risk). Investment appraisal requires the use of appropriate methods
and techniques to deal with these constraints and risks (Kuypers et al. 2021; Spilioti and
Anastasiou 2024; Dranka et al. 2020).

The most used methods for the analysis of AIP include the discounted cash flow (DCF)
methods, such as the net present value (NPV), internal rate of return (IRR), and discounted
Payback (Zanin et al. 2022; Souza et al. 2020; Kruger et al. 2019). The NPV is the method
most used, including in agribusinesses (before, inside, and after the gate), as it is easy to
apply and understand (Souza et al. 2020; Copeland and Antikarov 2002; De la Torre-Torres
et al. 2024; Issa et al. 2024; Buchenberg et al. 2023; Pacassa et al. 2022). However, DCF
methods are deterministic, i.e., they do not incorporate uncertainty and risks (Kuypers et al.
2021; Dranka et al. 2020; Copeland and Antikarov 2002).

Thus, DCF methods can be complemented with sensitivity analysis, scenario analysis,
decision trees, and Monte Carlo simulation (MCS). The risk of an investment project is
related to the variability of costs and revenues, interest rates and opportunity costs, etc.,
which may result in financial losses (Gitman and Zutter 2017). Risks can be assessed
through the use of MCS, which is a statistical approach used in capital budgeting for
risk perception through the application of predetermined probabilistic distributions and
pseudo-random numbers to estimate the expected results. The components of the cash flow
(CF) can be included in a stochastic and computational model, through a process repeated
thousands of times. Such an approach generates probabilistic distributions of the probable
return and risks of the project (Spilioti and Anastasiou 2024; Issa et al. 2024; Pacassa et al.
2022; Gitman and Zutter 2017).

As there are several forms of investment appraisal, the choice must be judicious
(Dranka et al. 2020; Damodaran 2018). In addition, when evaluating a real asset, we should
not use more inputs than necessary (Damodaran 2018). How to apply these analyses is
already known and can be found in a high number of scientific papers (Kuypers et al. 2021;
Spilioti and Anastasiou 2024; De la Torre-Torres et al. 2024; Issa et al. 2024; Buchenberg
et al. 2023; Pacassa et al. 2022; Noja et al. 2015; Mota and Moreira 2023; Horobet et al. 2021;
Morera et al. 2023; Gorman 2023), being such discussion is outside the scope of this study.
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The original contribution of this paper is a framework to guide the analysis of agri-
cultural investment projects, which includes (i) the expected return, (ii) potential risks,
(iii) sensitivity analysis, (iv) Monte Carlo simulation (MCS), and (v) real options analy-
sis (ROA).

Thus, this paper is organized as follows. Section 2 presents the structure of the
proposed framework. Sections 3 and 4 present the case study and the application of
the framework. Section 5 discusses the results and offers some insights for additional
applications. Finally, Section 6 presents the main conclusions of this research.

2. Structure of the Framework

Variability, risks, uncertainty, and managerial flexibilities are characteristics present
in most AIPs (Kuypers et al. 2021). Variability can occur in terms of time, volume, costs,
and quality of production, as well as in market prices of agricultural commodities. The
main risks include, among others, climate changes and unpredictability, the impact of
pests, and several types of financial risks. The uncertainties are related to market demand,
financial results, and agricultural policies. Finally, managerial flexibilities (MFs) can be
found before, during, and after production, e.g., when farmers decide about how much and
which products will be produced, when agricultural production is substituted by livestock
or forestry, and in the way activities are integrated (e.g., in an agrosilvopastoral system)
(Kuypers et al. 2021; Poffenbarger et al. 2017; Komarek et al. 2020).

Investment appraisal approaches in agricultural projects can be divided into four
groups: (i) those using a deterministic multi-index methodology (Souza et al. 2020; De la
Torre-Torres et al. 2024; Souza and Clemente 2015, 2022), (ii) those based on a deterministic
extended multi-index methodology (Kuypers et al. 2021; Lima et al. 2015; Noja et al. 2015),
(iii) stochastic models using MCS (Spilioti and Anastasiou 2024; Issa et al. 2024; Buchenberg
et al. 2023; Pacassa et al. 2022; Lima et al. 2017), and (iv) those that consider managerial
flexibilities through real options analysis (ROA). ROA allows assessing managerial flexi-
bilities related to irreversible investments and operational strategies (Dranka et al. 2020;
Copeland and Antikarov 2002), which are the focus of the case study.

The first group includes AIPs that do not have relevant uncertainties and managerial
flexibilities, i.e., projects whose results can be easily predicted before execution, since
the value of the initial investment, the costs of operation and maintenance, the revenues,
and the residual value are well known in the project planning stage. These AIPs can be
analyzed using an extended multi-index methodology—EMIM (Kuypers et al. 2021; De la
Torre-Torres et al. 2024; Noja et al. 2015; Horobet et al. 2021; Morera et al. 2023; Manna et al.
2022). These deterministic approaches use criteria related to economic return, risks, and
sensitivity analysis, which are acceptable in the presence of small variability in the input
data (Kuypers et al. 2021; Lima et al. 2015).

In the second group, AIPs consider the variability of some key parameters of the
project, generally related to revenues and costs. In these cases, Monte Carlo simulation
(MCS) is considered an effective approach (Spilioti and Anastasiou 2024; Issa et al. 2024;
Buchenberg et al. 2023; Lima et al. 2017; Gorman 2023). MCS is a computational tool that
can be used in uncertain environments through the elaboration of hundreds of thousands
of possible scenarios and their respective probability distributions (Graveline et al. 2012;
Bertolozzi-Caredio et al. 2022). Among others, the average NPV and the probability of a
negative NPV can be calculated, as well as value at risk (VaR), conditional VaR (CVaR), cost
at risk (CaR), etc. (Issa et al. 2024; Buchenberg et al. 2023; Lima et al. 2017; Rockafellar and
Uryasev 2000; Rockafellar and Uryasev 2002; Jiménez and Afonso 2016).

The third group considers uncertainties and management flexibility (MF) in AIPs.
MFs generate options that the decision maker faces in terms of maintaining, expanding,
reducing, or abandoning the project. Generally, these projects are more complex, and
real options analysis (ROA) can be used to deal with such complexity (Dranka et al. 2020;
Copeland and Antikarov 2002). The traditional methods based on the discounted CF do
not present relevant errors when uncertainty is low and MF is reduced (Minardi 2004).
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However, in the presence of significant uncertainties and high MFs, these methods can lead
to inadequate decisions (Dranka et al. 2020; Copeland and Antikarov 2002; Nardelli and
Macedo 2011; Zilio and Lima 2015; Souza et al. 2019).

The economic return, risk, and sensitivity indicators are included in the EMIM pro-
posed by Lima et al. (2015), which have already been used in a significant number of
publications such as Lima et al. (2017) and Dranka et al. (2020). EMIM includes all the indi-
cators of MIM (multi-index methodology) and CM (the classical methodology). Thus, we
can state that EMIM is superior to other deterministic approaches because it produces more
qualified information using the same input. On the other hand, in a stochastic environment,
the choice of MCS or ROA depends on the specificities of the agricultural project under
evaluation. MCS can be used to evaluate projects that do not present relevant uncertainties
and flexibilities (Souza et al. 2020; Dranka et al. 2020; Lima et al. 2017; Lima and Southier
2024). In addition, MCS is used to estimate the volatility of a project, which is essential for
the application of ROA. Appendix A shows the mathematical models of the indicators of
the EMIM, MCS, and ROA methodologies.

Here, we provide an easy-to-use framework to guide decision makers in the investment
appraisal of agricultural projects. Through two simple questions, the framework indicates
the most appropriate approach considering the project’s singularities. The first question
assesses the presence of managerial flexibility. The second question verifies whether the
project is highly sensitive (33.33%). EMIM uses the following scale to classify sensitivity:
(i) high: <33.33%, (ii) low > 66.66%, and (iii) medium in all other cases (Dranka et al. 2020;
Lima et al. 2015).

Figure 1 presents the 3 main steps of the proposed methodology. The first step is to
find potential significant management flexibilities (MFs). If yes, real options analysis (ROA)
must be used (Dranka et al. 2020; Copeland and Antikarov 2002). Furthermore, in projects
without relevant MF, we must apply a deterministic approach (Lima et al. 2015), and the
need for using Monte Carlo simulation (MCS) must be evaluated—e.g., if the elasticity limit
is less than or equal to 33.33%, a stochastic analysis, for instance, based on MCS, should be
made (Lima et al. 2017).

The main variables for calculating the EMIM are initial investment, operating and
maintenance costs, quantity, unit sales price, unit variable cost, and fixed cost, i.e., these
are the variables that characterize an investment project. To apply the MCS, it is necessary
to identify the random variables and their respective probability distributions, such as
manufacturing quantities, unit manufacturing cost, and unit marginal result. Finally, the
application of ROA is more complex and was, therefore, the subject of the case study.

The last step is focused on the analysis and the decision, e.g., to invest or not to
invest, to postpone or to anticipate the AIP. Finally, if the project is approved, regardless
of the investment analysis made, it is essential to monitor and control it, and if there are
deviations, corrective actions must be implemented. However, some variables cannot be
controlled (e.g., climate, pests, price, and new health restrictions). A real case study is used
to present and discuss the proposed methodology.
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Figure 1. Framework for Investment and Risk Assessment of Agricultural Projects. Legend: PV
(present value), NPV (net present value), ANPV (annualized net present value), BCR (benefit-cost
ratio), ROIA (additional return on investment), index MARR/IRR (minimum attractive rate of
return/internal rate of return), index Payback/N (N is the number of periods of the AIP), DRC
(degree of revenue commitment), BR (business risk), MR (management risk), P(NPV < 0)—probability
that the agricultural investment project (AIP) will produce a negative value, VaR5%—value at risk at
level 5%, and CVaR5%—conditional VaR at level 5%.

3. Case Study

Agriculture worldwide involves approximately 570 million people throughout its
value chain (FAO 2022). In the European Union (EU), the agribusiness sector employs
44 million people, with approximately 20 million of these jobs being exclusively “agribusi-
ness inside the gate” (EU 2019). In Portugal, for example, agribusiness involves 750,000 peo-
ple, and more than 90% are family farming, responsible for 55% of the planting area and
50% of the country’s food (DGADR 2021). In Brazil, more than 80% of farmers are family
businesses, totaling approximately 4.4 million families. These producers represent 35%
of the gross domestic product (GDP) (MDA 2021). The relevance of family agribusiness
in Brazil is similar to what happens in other economies, and it is evident from the data
published by the Brazilian Institute of Geography and Statistics related to economic and
social development (IBGE 2017).

In family agribusiness, farmers are particularly skilled in operational activities and
have, in general, reduced financial literacy. The level of digitalization in these companies
is also very low, without access to modern software and information technologies, which
reduces the amount and availability of financial and non-financial data for both operational
and strategic decision making (Deina et al. 2023). Considering the increasing competition
and complexity that characterizes agribusiness, managers of smaller farms need cheap and
easy-to-use tools to support decision making. Current solutions are expensive and complex
to handle (Deina et al. 2023; IBGE 2023).
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Agribusiness has also been pushed to be more sustainable and to use land in a much
more rational way. The integrated production of crops, livestock, and forest, the so-called
ASS (agrosilvopastoral system), has been a trend in Brazil in recent decades.

The use of ASS offers a variety of benefits, mainly the mitigation of risks in the face of
variability in production and prices. A mixed portfolio is an efficient risk regulator. Thus,
these systems may help risk-averse farmers and regions that face climate problems and
consequent variability in production and annual volatility in commodity trading prices
(Cordeiro et al. 2018; Figueroa et al. 2022; Bell et al. 2021; Varela and Santana 2009). Indeed,
diversifying agricultural production aims to enhance ecological and economic benefits.
Gains from diversifying agricultural activities include risk reduction using a portfolio
perspective. Thus, given the relevance of investments in ASS for economic development
and sustainability, it was decided to apply the framework to this type of agricultural
investment project.

A large farm located in the municipality of Campo Erê in the western region of the state
of Santa Catarina, Brazil was selected. The data were collected through semi-structured
interviews, document analysis, and systematic observation, similarly to (Gil 2010; Yin 2005).
The farm’s main activity is the production of grains, particularly soybeans. The choice of a
large property to carry out the analysis is justified by the possibility of creating simulations
combining the cultivation of eucalyptus on a large scale, the production of grains following
two or three harvests per year, and the production of beef cattle for commercial purposes.

The farm has a total area of 640 ha, from which 500 hectares are used for mechanized
planting, and the AIP that was studied has a planning horizon of 10 years (2023 to 2032). In
this case, the land use was distributed as follows: (i) 160 hectares for beef cattle production
(including crop areas for animal feed), (ii) 90 hectares of eucalyptus plantations, and (iii)
250 hectares of grain production. In the area intended for grain production, soybeans
and corn are the predominant crops, with two annual harvests, one for each crop. The
planting of oats for soil cover in the winter was considered. Some fallow periods for soil
recovery between crop rotations were also considered. In crop rotation, the period of
sanitary emptiness was not considered.

4. Application of the Framework

To discuss the applicability of the framework proposed in this research, we focus
on ROA, which presents greater complexity and less empirical evidence in the literature.
Nevertheless, all the framework steps were performed, namely, the application of EMIM
(see Appendix A and (Pacassa et al. 2022; Lima et al. 2015, 2017) for additional information).
Furthermore, the application of MCS in AIPs can be found in (Dranka et al. 2020; Lima
and Southier 2024). An interest rate of 13.75% per year (BACEN 2024) (i.e., minimum
attractiveness rate of return (MARR) or risk-free rate) was considered for the computation
of the discounted cash flows. This discount rate is based on the “Selic” rate, which is the
reference interest rate in Brazil, influencing the rates used in financing and investments.

In the studied AIP, the company faces managerial flexibilities (MFs) related to the
land distribution options, and uncertainty related to the production volume, sales prices,
production costs, etc., which present significant variation in each harvest.

Following what was proposed in the framework, the AIP characterized by MF and
uncertainty must be analyzed through real options analysis (ROA) using the binomial
model and the four steps presented in (Copeland and Antikarov 2002). The binomial model
makes it possible to compute the economic value of the real options (RO) at each node of the
model, identifying investment opportunities that may not be considered using traditional
analysis methods (Nardelli and Macedo 2011).

Considering the expected revenues and costs and corresponding discounted cash-
flows per year, an NPV of BRL 15,562.27 per hectares was computed. Given the lack of
historical references to volatility for this type of investment, it was necessary to use an
approximation measure to estimate it (Souza et al. 2019). Thus, the volatility (σ) of the AIP
was calculated based on the prices of soy, corn, eucalyptus, and beef cattle. The historical
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series of annual prices for ten years (2013 to 2022) was obtained from the databases of
CEPEA (center for advanced studies on applied economics) and SEAB (department of
agriculture and supply). The series was deflated using the IGP-M (general price index–
market) index from the Fundação Getúlio Vargas (FGV), for the end of the period under
analysis. The standard deviation of the price series was calculated, and a weighted average
was used to find the volatility result (σ). The estimated value for “σ” was 17.77% per year.

With the estimated volatility, it was possible to calculate the factors “u” (upward
movement) and “d” (downward movement) and their respective probabilities. The results
obtained were the following: (i) annual volatility (σ) 17.77% per year, (ii) upward movement
(u) 1.19446, (iii) downward movement (d) 0.83719, (iv) risk-neutral probability of an upward
movement (p) 84.06%, and (v) risk-neutral probability of a downward move (q) 15.94%.

From a deterministic perspective, the project presents a positive NPV (BRL 15,562.27/ha).
However, a deterministic NPV is not enough, as it does not consider the uncertainty, that is,
the volatility of the project return and the economic value of the implicit MFs related to this
type of investment. In agribusiness, MFs are typically the options to expand, abandon, or
postpone the cultivation, harvest, and sale of crops.

To build the event tree (ET) and its nodes, the NPV was multiplied by the value of the
upward movement (u) or downward movement (d) in each period. The real options (RO)
binomial tree of the project is shown in Figure 2.
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On the one hand, with the application of the upward movement (u) in the 1st period,
the NPV value is BRL 18,588.62. On the other hand, considering the downward trend
(d), the computed NPV is BRL 13,028.63. For the 2nd period, the ascending NPV of the
1st period can be ascending again (BRL 22,203.49) or descending (BRL 15,562.27). The
descending NPV of the 1st period also has two forms: ascending (BRL 15,562.27) or
descending again (BRL 10,907.49). The calculations were made successively for 10 periods.

The analysis of the binomial tree shows that the NPV of BRL 15,562.27 measured
in terms of present value can reach, in the best possible scenario, BRL 92,005.60 in the
tenth period or BRL 2632.28 in the worst possible scenario. This information shows the
economic feasibility of the project, which, even in the worst possible scenario, presents
positive financial results.

Extending the analysis, a different scenario for the distribution of the land was consid-
ered, according to the data collected from the case study. The eucalyptus area was expanded
and redistributed as follows: (i) 160 hectares for beef cattle (including crop areas for animal
feed), (ii) 150 hectares of eucalyptus, and (iii) 190 hectares for grains. Accordingly, new CFs
were computed and a new tree, shown in Figure 3.
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In this new scenario, the NPV reaches BRL 95,917.51 in the best possible scenario, BRL
3911.91 more than in the previous analysis. Therefore, expanding the eucalyptus plantation
area is a better option. Table 1 shows a comparative analysis of these different scenarios.

Table 1. ROA of the Different Scenarios.

Scenario Deterministic
NPV

Final Node
NPVMin

Final Node
NPVMax

■ 160 hectares for work with beef
cattle (including crop areas for
animal feed);

■ 90 hectares of eucalyptus;
■ 250 ha of grain planting

BRL 15,562.27 BRL 2632.28 BRL
92,005.60

■ 160 hectares for work with beef
cattle (including crop areas for
animal feed);

■ 150 hectares of eucalyptus;
■ 190 hectares of grain planting

BRL 15,691.96 BRL 3911.91 BRL
95,917.51

Difference between scenarios BRL 129.69 BRL 1279.63 BRL 3911.91

The investment appraisal showed the existence of positive financial results in the
example studied, even when the NPV was stressed by risk situations. With this result, the
implementation of the studied ASS proved to be a good alternative for farmers, mainly
because the project reduces business risk by diversifying activities over the years.

For the case studied, a more detailed analysis was requested, considering ASS risks
and MFs. In this case and similar projects, the analyst needs to use ROA to obtain a full
perspective of all possible results.

The two studied scenarios presented financial viability, with the second one (with
more Eucalyptus and smaller grain planting areas) being a more attractive option. We
emphasize that after the analysis and decision to invest, those responsible must monitor
and follow up on its execution. We recommend monitoring the expected results of the AIP
and applying corrections, if necessary, in its implementation.

5. Discussion

Every investment project faces some risks and uncertainty, but projects in agriculture
are more prone to situations that cannot be controlled by the farmer, due to the uncertainty
inherent in this sector, such as climate variations, variability in the price of commodities
due to market conditions and exchange rate variations, global political and logistics issues,
and problems with the supply of water for irrigation (Graveline et al. 2012). To mitigate
these problems, it is necessary to use more powerful investment appraisal methods.
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The literature highlights the use of NPV (net present value), IRR (internal rate of
return), and discounted payback methods and traditional techniques such as sensitivity
analysis, scenario analysis, and decision trees. However, this approach does not adequately
assess the risks, uncertainty, and management flexibilities present in most AIPs (Dranka
et al. 2020; Lima et al. 2015). The methodology proposed here also considers the inherent
risks and variability related to the project using MCS and ROA.

Thus, this work contributes to mitigating a significant gap in the literature and in
practice by presenting a methodology that establishes a set of criteria to be used in the
investment appraisal of projects characterized by high variability and risk, as well as a high
number of managerial flexibilities and real options for decision makers, as is the case with
many agricultural investment projects (AIPs).

Applied individually, traditional methods are useful for investment analysis, but such
an approach is not sufficient to deal with the complexity of the agricultural environment.
The integration of risk analysis, economic return, sensitivity analysis, and a stochastic
approach focused on real options theory makes the investment appraisal framework much
more efficient for complex environments.

The proposed framework also can be applied in other complex investment decision-
making environments by jointly using consolidated analysis tools and methodologies
(expected net present value or expected return on investment, potential risks, sensitivity
analysis, Monte Carlo simulation (MCS), and real options analysis (ROA)). The application
of the framework is particularly well explained and discussed in the agricultural context
due to the usual complexity and uncertainty that characterize such an environment.

The relevance of the proposed framework to guide and support decision making
in AIPs was verified. Particularly, the use of tools and methods to carry out a complete
investment analysis is an essential contribution to decision-making in such environments
characterized by high levels of uncertainty. Thus, the main contribution of the proposed
framework is to structure a set of steps based on several tools to carry out investment
appraisal in agricultural contexts. Being easy to use and flexible, this framework can be
used by managers with more or less experience in capital budgeting techniques and with
low or high financial literacy. Nevertheless, the use of the most complex tools, such as MCS
and ROA, requires support from consultants or academics with expertise in these domains.
The framework proposed here bridges people with those different expertise and literacy,
contributing to the diffusion of financial knowledge and good practices.

For the generalization of the use of this framework, its different users must understand
their roles and contribution in terms of data collection and analysis. Particularly, farmers
must be encouraged to participate actively in the process turning capital budgeting a
routinized process in their management activities.

The presented framework goes beyond the methods offered by De la Torre-Torres
et al. (2024), Noja et al. (2015), Horobet et al. (2021), Morera et al. (2023), and Manna
et al. (2022) by presenting elements of analysis aimed at rural activity simultaneously, such
as (i) estimated expected return, (ii) indication of potential risks, (iii) sensitivity analysis,
(iv) Monte Carlo simulation (MCS), and (v) real options analysis (ROA). In addition,
the study corroborates the indications of research by (4) when describing the adequacy
of management tools with the sustainable development goals—ODS (ONU 2021), more
specifically with ODS 8: “Promote sustained, inclusive and sustainable economic growth,
full and productive employment and decent work for all”, helping to increase the level of
employment and stable income, through the strengthening of organizations.

The proposed framework goes beyond the multi-index methodologies already pre-
sented in the literature (Dranka et al. 2020; Lima et al. 2017; Lima and Southier 2024), as it
includes layers of risk analysis and a stochastic approach through MCS. This perspective is
aligned with the current volatile, uncertain, complex, and ambiguous (VUCA) world that
many managers face. This context promotes different investment alternatives and changes,
requiring managers to use adequate methods such as ROA, as suggested in the framework.
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Due to these aspects, the framework is, in fact, original and relevant for application in
complex investment appraisal projects, as is the case with many AIPs.

6. Conclusions

The research was carried out with the proposal to present a framework for investment
and risk assessment of agricultural projects, offering small, medium, and large farmers a
solution for investment appraisal. As a general objective, we sought to develop a framework
to support the appraisal of AIPs, which contains technical suitability, incorporating each
AIP’s specificities and complexities (uncertainties and managerial flexibilities). This study
achieved the desired objectives. The methodology and development of the framework
construction were also presented. The information generated in the analyses developed
using the framework was sufficient to aid decision-making.

The main contributions of this study are (i) presentation and validation of a frame-
work for investment appraisal and the risk of AIP, which contains technical suitability;
(ii) presentation of the indicators covered by the framework; and (iii) evaluation of an AIP,
using the framework, to confirm its applicability and functionality.

It was verified that agricultural activities are continuously undergoing relevant evo-
lutions, mainly caused by increased technologies in the activities of rural properties. In
this way, the necessary investments are more significant, making it essential to use the
proposed framework to analyze these investments. The development of tools that assist in
the execution of this analysis is a substantial contribution to the rural environment.

The framework results are sufficient to diagnose the current situation and identify
investment projects that can bring more returns with reduced risks and improve the farm’s
profitability. The specificities of the AIP make it notorious for difficulty in choosing the
form of an investment appraisal. Therefore, the framework fulfills this vital task.

The adoption of the framework by farmers can overcome the problems of similar
investments being evaluated with different methodologies, as this makes it difficult for
evaluators to choose the most appropriate analytical approach.

The proposed framework can be used to evaluate investment projects in different
industries and domains, such as energy (Dranka et al. 2020). However, it is important
to highlight that here we are focused on the investment appraisal process. Before using
the proposed framework, it is necessary to develop a technical, social, and environmental
feasibility study. Financial analysis will come later. The purpose of the framework is
only to guide the economic-financial assessment of a project previously approved from a
technical perspective.

The implementation of the proposed framework in the agricultural context may be
subject to several limitations, especially if the inputs databases used are limited and/or
incomplete, which can frequently occur.

Agriculture, in general, is strongly seasonal and influenced by internal and external
factors (for example, climate and exchange rates). Thus, databases should span several
years to incorporate all relevant variability and seasonality. In many cases, it is not possible
to use such databases because they are not accessible (to all decision makers) or because
they simply do not (yet) exist.

Furthermore, there are challenges with implementing the framework related to difficul-
ties in using technological tools. Particularly, many farmers, especially in small businesses,
have reduced technological literacy. However, these difficulties can be overcome with
specific training and the support of experts from both the industry and the academia.

One of the limitations of this research work is the need of a more generalized applica-
tion of the proposed framework. Indeed, studying more AIPs will offer interesting insights
on both the design and the application of all tools proposed. The current framework is
sufficiently comprehensive to deal with the different types of AIPs but it can be improved
and extended to deal with subsets and specific technologies, products and markets.

In future research, the framework proposed in this study can be applied and adapted
to other industries and companies. In the case studies analyzed, it is suggested that in
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future studies, the correlations and influences between variables be evaluated, such as,
for example, the correlation between the risk-free rate and volatility in applying ROA.
Furthermore, it is suggested that multi-criteria models be developed to support decision-
making and analyze decision makers’ opinions in choosing an investment.
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Appendix A

Appendix A: summary of the main methods/indicators, dimensions (return, risks, and
sensitivities), and methodologies (CM, MIM, EMIM, MCS, and ROA) used in investment
analysis in real assets.

EMIM (extended multi-index methodology) can be arranged into the return dimen-
sion (PV—present value; NPV—net PV; ANPV—annualized NPV; BCR—benefit-cost ratio;
ROIA—additional return on investment; and index ROIA/MARR—ROIA/minimum at-
tractive rate of return); risk dimension (IRR—internal rate of return; index MARR/IRR;
payback; payback/N—payback/horizon plan; DRC—degree of revenue commitment; BR—
business risk; and MR—management risk); and sensitivity analysis dimension (∆%MARR—
percentual variation of the MARR; ∆%CF0—percentual variation of the initial cash flow; and
∆%CFj—percentual variation of the CF per each period j) (Souza et al. 2020; Lima et al. 2015).

The set of indicators of MCS (Monte Carlo simulation) can be arranged in terms of
return (average NPV) and risks (P(NPV < 0)—the probability that the project will produce
a negative present value; VaR5%—Value at Risk at a significance level of 5%; and CVaR5%—
Conditional Value at Risk at a significance level of 5%—CVaR (Issa et al. 2024; Buchenberg
et al. 2023; Lima et al. 2017; Rockafellar and Uryasev 2000; Rockafellar and Uryasev 2002).
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Dimension Indicators Mathematical Model

RETURN 2

Present value (PV)
N
∑

j=1

CFj(
1 + MARR)j

Net present value (NPV 3)
N
∑

j=0

CFj(
1 + MARR)j

Annualized NPV
(ANPV)

NPV·MARR·(1+MARR)N

(1+MARR)N−1

Benefit-cost ratio (BCR)
∑N

j=0
CFj(

1 + MARR)j

|CF0|
ROIA 4 N

√
BCR − 1

MIRR 5 or ROI 6 (1 + MARR) · (1 + ROIA)− 1

Index ROIA/MARR 7 ROIA/MARR

Payback 3

min{k}, such that :{
k
∑

j=1

CFj(
1 + MARR)j ≥

∣∣∣∣∣CF0

∣∣∣∣∣
}

Internal rate of return (IRR 3)
N
∑

j=0

CFj(
1 + IRR)j = 0

Index Payback/N Payback/N

RISKS 2

Index MARR/IRR ROIA/MARR

SENSITIVITIES:
ELASTICITY

LIMITS
(EL)

∆%MARR IRR
MARR − 1

∆%CF0 BCR − 1

∆%CFj 1 − 1
BCR

LVMARR MARR · (1 + ∆%MARR) = IRR
LVCF0 CF0 · (1 + ∆%CF0) = PV

E
X
T
E
N
D
E
D

M
U
L
T
I
-
I
N
D
E
X

M
E
T
H
O
D
O
L
O
G
Y 1

SENSITIVITIES:
LIMIT

VALUES
(LV)

LVCFj (j = 1, 2, . . ., N) CF ·
(
1 − FCj

)

MCS

PROBABILITY:
P(NPV < 0) 8

6·SNPV − NPV
k

·∑k
i=1


1

sNPV ·
√

2π
· e

−
1
2
·(
−6·SNPV + (

2·i − 1
2

)·(6·SNPV − NPV
k

)

sVPL
)

2
VaR5%

9 NPV + Z5% · SNPV ∼= X5%, where X ∼ N
(

NPV, S2
NPV

)
CVaR5%

10 average(NPV), such that : NPV < VaR5%

ROA
Real Option Value

(ROV)
NPVExpanded − NPVTraditional

Legend: 1 Extended Multi-index Methodology (EMIM) proposed by (Lima et al. 2015). 2 Dimen-sions of the

Multi-index Methodology (MIM) proposed by (Souza and Clemente 2008). 3 Traditional indicators of the Classical

Methodology (CM) (Casarotto Filho and Kopittke 2020). 4 Additional Return on Investment (Souza et al. 2020;

Souza and Clemente 2008). 5 Modified Internal Rate of Return (Casarotto Filho and Kopittke 2020). 6 Return on

Investment (Casarotto Filho and Kopittke 2020). 7 Minimum Attractiveness Rate of Return (Souza et al. 2020;

Casarotto Filho and Kopittke 2020). 8 The probability of financial failure is measured by the NPVs resulting from

the Monte Carlo Simulation—MCS (Lima et al. 2017; Lima and Southier 2024). 9 Value at Risk (VaR) at level 5%

(Morgan 1996). 10 Value at Risk Conditional (CVaR) at the level 5% (Rockafellar and Uryasev 2000; Rockafellar and

Uryasev 2002). CF: Cash Flow; ∆: variation; j: period; and N: planning horizon. Z: Standard Normal Distribution:

N (0, 1). NPV: average NPV obtained numerically through MCS; SNPV : standard deviation obtained via MCS; X

is a random variable such that: X ∼ N
(
VPL, S2

VPL
)
. ROA: real options analysis. k: number of iterations.
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