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Abstract: Background: The commonly used methods for the financial evaluation of plantation forest
investment projects do not incorporate uncertainties and ignore the value related to flexibility. The
real options analysis makes it possible to capture these values in investment projects, increasing their
value and return. Despite this, studies involving real options in forest investment projects are scarce,
specifically those related to Pinus spp. Therefore, this study aimed to: (a) analyze whether the real
options analysis adds value to investment projects of Pinus elliottii Engelm. plantations; and (b) make
the real options analysis more accessible to forest managers and potentially increase its use in the
investment projects of Pinus spp. plantations. Methods: We evaluated two investment projects in
P. elliottii plantations in southern Brazil, which differed in the way of obtaining the land for planting:
with lease or purchase of land on a planning horizon of 21 years. In the real options analysis, we
used deferral, expansion, and abandonment. Results: Individually, the deferral, expansion, and
abandonment options add value to investment projects in Pinus elliottii plantations. The option to
expand the forested area is one that adds the most value to the investment project with land lease.
In the investment project with land purchase, it is abandonment. Conclusions: Investment projects
in Pinus elliotti plantations that contemplate the land purchase analyzed through the real options
analysis present higher financial returns than those that consider land lease, inverting the result
provided by the traditional analysis.

Keywords: biological assets; managerial flexibility; forest management; binomial model; silvicultural
practices; net present value

1. Introduction

The forest plantations require important financial contributions because they are being
long-term projects, usually under conditions of uncertainty, with managerial flexibilities
that can be exercised over the useful life of the biological asset. In addition to the financial
aspect, the forest plantations provide multiple ecosystem services like supporting (e.g.,
nutrient cycling), provisioning (e.g., wood and non-wood forest products, and fresh water
production), regulating (e.g., local climate regulation, carbon sequestration and storage, and
preventing soil erosion), and cultural (e.g., aesthetic values, recreation, and eco-tourism)
when compared to previously deforested lands [1–4].

The planting of homogeneous forests has been increasing in order to meet the growing
demand for wood in world markets [5]. In Brazil, the area of forest plantations totals
9.6 million hectares. Of this total, 19.0% represents Pinus spp., with 1.8 million hectares [6].

Forest management integrates silvicultural practices and business concepts, as eco-
nomic alternatives, in order to better achieve the investor’s objectives [7]. The analysis of a
forest investment involves the use of techniques and criteria that compare costs and rev-
enues inherent to the project, aiming to verify whether or not it should be implemented [8].

The commonly used methods for the financial evaluation of forest investment projects
are those based on performance metrics, among which is net present value (NPV). However,
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NPV does not incorporate uncertainties and ignores the value related to flexibility, that is,
management is not able to adapt and review decisions in response to changes in market
conditions [9–11]. The forest investment projects have a higher cost in the first months of
planting and revenues, in general, occur at the end of their useful life. Traditional methods
of financial evaluation do not provide the necessary flexibility in the face of inherent
uncertainties of the forest sector and can present an obstacle to new business [12].

The price of wood, for example, has associated uncertainties that culminate in price
fluctuations mainly due to the volatility of wood demand in the forest sector [13]. Reliable
price and wood production estimates, as well as the calculation of criteria that include
uncertainty, are necessary to make the decision-making process more robust [14]. The
stochastic methods of investment analysis contemplate investors with possibilities that add
value to the project, exploring uncertainties and, consequently, managerial flexibilities.

When considering managerial flexibility, managers can better evaluate project alterna-
tives and allocate capital resources more efficiently [15]. The value of flexibility allows the
decision-maker to decide what to do after some of the uncertainties related to the future
are at least partially resolved [16–18].

The real options analysis makes it possible to capture the value of managerial flexi-
bilities in investment projects [19–22] by means of options available throughout the life of
the project, increasing its value and return. This is possible when management uses real
options as a way to limit possible losses and enhance or protect positive results [23–25] in
environments with irreversibility and uncertainties, like the forest sector [26–30].

A real option is a right, not an obligation, to execute a particular investment project
or to make certain decisions in more advanced stages of the project [25,31–33] at a pre-
determined cost called the exercise price of the option. The real value of an investment
project can be assessed by combining the value provided by real options of this investment
with the value of the result of traditional static NPV [34,35]. However, as real options are
usually not traded in the market, each one is exclusively defined by its context and needs a
personalized assessment [36].

Among the methods used to calculate the value of real options is the discrete-time
binomial model (CRR) [37]. The CRR model is also called the binomial tree, as the pricing
process is to build a binomial tree to evaluate underlying assets over a given period of
time [37,38]. This model is one of the most common tools for real options and its structure
provides greater modeling flexibility to analyze multiple real options [39–41].

Despite these positive characteristics, the use of a real options analysis is relatively
new for evaluation and decision-making solutions [42–44]. Studies involving real options
in forest investment projects are scarce, specifically those related to Pinus spp. Therefore, by
weighing that capital investment is irreversible and that there are uncertainties associated
with the forest sector, this study aimed to: (a) analyze whether a real options analysis adds
value to investment projects of Pinus elliottii plantations; and (b) make the real options
analysis more accessible to forest managers and potentially increase its use in the investment
projects of Pinus spp. plantations.

2. Materials and Methods
2.1. Site Description and Experimental Details

The study was conducted on a Pinus elliottii Engelm. plantation area of one hectare
at 3 × 3 m spacing (1111 trees per hectare) located in the São Paulo State, Brazil. The
mean annual increment (MAI) of this plantation was 21 m3 ha−1 year−1, obtained from the
forestry inventory.

The climate of the region is Cwa (temperate humid altitude climate with rain in
summer and dry winter, and the average temperature in the hottest month is above
20 ◦C), according to the Köppen classification. In addition, the average annual rainfall is
1278 mm [45]. The soil is a Dystrophic Yellow Argisol (Ultisol) [46].

We evaluated the following silvicultural operations pre-planting: mechanized weed
mowing, manual control of leaf-cutting ants with ant traps (Mirex-S® active ingredient
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sulfluramid), and soil preparation with a subsoiler pulled by a tractor [47–49]. After the
planting of Pinus elliottii seedlings produced in polyethylene tubes, we evaluated the
following silvicultural operations: replanting, manual and mechanized weed mowing until
1 year after planting, manual control of leaf-cutting ants with ant traps until 3 years after
planting, mechanized application of post-emergence herbicide (Roundup Original® active
ingredient glyphosate) until 4 years after planting, pruning, and thinning [47,48,50–52]. The
maintenance of firebreaks started in the 1st year and ended in the 21st year. The planting
occurred in an area of leased land and, as an alternative, we analyzed the project also
considering the purchase of land for the same planting area.

The forest products marketed were resin, wood thinning, and standing trees. The
resin extraction started in the 10th year and ended in the 20th year; therefore, we used the
average annual amount of resin production. In the 8th year, we conducted the systematic
thinning of 25% of the trees in the stand to increase the production of resin and the volume
of the trees and we pruned the remaining trees to improve wood quality. These woods
were marketed as firewood for energy production. The standing trees in the 21st year were
marketed with the sawmill industry.

2.2. Deterministic Model

This work is based on empirical data and silvicultural inputs and expenditures were
obtained from forestry suppliers. Further details regarding the components of costs, year of
occurrence, and monetary values in our study are provided in the Supplementary Material
(Table S1).

In this study, we projected cash flows over a 21-year time horizon based on the
useful life of biological assets. The demanded silvicultural costs for the execution of
investment projects included expenditures on land lease for reforestation, land purchase
for reforestation, silvicultural operations, chemical inputs, Pinus elliotti seedlings, and
maintenance of firebreaks. Overhead costs and resin extraction costs were also considered.
The capital demanded the implantation of the forest (capital expenditure-CAPEX) was
related to the costs arising from the first year of investment projects. The revenues came
from the sale of resin, wood thinning, and standing trees.

We adopted the tax regime based on in-force Brazilian legislation [53]. Thus, we
considered the presumed income, in which the base of presumption for forest activity on
the gross revenue was 8% for corporate income tax and 12% for social contribution on net
profit. We adopted the rate for the social integration program of 0.65% and social security
financing contribution of 3%, incurred on gross revenue.

The cash flows prepared were unconventional as described by the authors in [54].
Thus, we prepared the budget based on cash inflows and outflows that occurred over the
planning horizon (Equation (1)).

CFt = GRt −GRt (IT + PC)− SCt −CRt −OCt − LCt −CAPEXt (1)

In which t are the cash flow periods, CFt is the cash flow, GRt is the gross revenue,
IT are the taxes based on the presumed income, that is, corporate income tax and social
contribution on net profit, PC is the rate related to the social integration program and social
security financing contribution, SCt are silvicultural costs, input, and maintenance costs,
CRt are the costs of extracting the resin, OCt are overhead costs, and LCt is the cost of
leasing or purchasing land.

Opportunity Cost Rate Estimate

According to [55], we estimated the opportunity cost rate of capital using the weighted
average cost of capital (WACC) (Equation (2)).

i = kd(1− τ)wd + kewe (2)
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in which, i is the weighted average cost of capital, kd is the cost of debt capital, τ is the
corporate income tax plus the social contribution on net profit, wd is the weight relative to
the debt capital component expressed as a percentage of the total investment resource, ke is
the cost of equity capital, and we is the weight relative to the equity component expressed
as a percentage of the total investment resource.

We estimate the cost of debt capital (7.93%) by adding to the risk-free rate the spread
related to countries with a BA2 credit rating (2.51%), according to [56]. The cost of eq-
uity capital was calculated using the capital asset pricing model (CAPM) methodology,
expressed in [57] (Equation (3)).

ke = rf + β(RM − rf) + λ (3)

in which, rf is the risk-free rate of return, β is the beta coefficient, which represents the
systematic risk factor of the project, RM is the expected rate of return for the market
portfolio composed of risky assets from the forest sector, (RM − rf) is the mature market
risk premium, and λ is the country risk premium.

We adopted, as a reference for the risk-free rate of return, the securities issued by
the U.S. Department of the Treasury [58], accepted in the market as risk-free security. As
a result, the risk-free rate (5.42%) came from the historical series from January 1962 to
December 2019, with a ten-year maturity, which according to the authors of [59] is normally
used by financial analysts.

According to [60], we estimated the beta coefficient of 0.33. We considered five com-
panies in the Brazilian forest sector that have shares traded [61]: Dexco S.A., Eucatex S.A.
Indústria e Comércio, Klabin S.A., and Suzano S.A. As for the expected rate of return of
the market portfolio, we adopted the value available on the S&P Global Timber & Forestry
Index [62] over a 10-year period (5.42%).

Regarding country risk related to Brazil, we adopted the Emerging Market Bond
Index Plus (EMBI+), according to data provided by the authors of [63]. Thus, we obtained
the country risk of 4.03%, from the historical series for the period from April 1994 to
December 2019.

We preferred to adopt a series with long periods of time for each parameter intended
to eliminate any trend. It was necessary to calculate the geometric mean of the series in
order, according to [64], to not overestimate the values of variables due to the long periods
of data and eliminate moments of seasonality.

We obtained the cost of the capital of 9.45%. From the third-party capital and the
proportion of equity, we estimated the opportunity cost rate of 7.64%.

2.3. Stochastic Model
2.3.1. Modeling Investment Projects and Uncertainties

Regarding uncertainties of investment projects, we used three different historical
series to model the price of marketed products. The historical series of the tonne price
of resin considered monthly data from January 2013 to December 2019 [65]. As for the
historical series of standing tree prices from thinning and clearcutting, the frequency was
also monthly; however, the period was from June 2017 to July 2019 [66]. Due to the
devaluation of the national currency (BRL), we deflated these monetary values to compare
and analyze them over time without distortions caused by inflation. According to [67],
we remove the effect of nominal value inflation using the General Price Index—Internal
Availability. We adopted December 2019 as a new basis for deflated values.

We performed econometric tests on the Napierian logarithm of price returns using
the R software [68]. The aim was to establish the stochastic process that best described the
future price trajectory of resin time series, thinning, and clearcutting standing.

First, we checked whether the price series were normally distributed using the Jarque–
Bera test [69] with a null hypothesis of normal data distribution, using the t series package.
Then, we performed the Cox–Stuart test [70] with the null hypothesis that time series did
not have a trend, using the randtests package. Through the Dickey–Fuller test [71], with a
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null hypothesis that the series had a unit root, using the urca package, we analyzed whether
the price series were stationary.

We applied the linear regression test to verify whether the price of the historical series
in period t − 1 influenced significantly the price in period t. Then, we performed the
analysis of residues using the normality test [69] with a null hypothesis of normal data
distribution through the t series package.

The three historical series of prices showed characteristics that allowed us to define
the geometric Brownian motion (GBM) as the stochastic process for modeling prices. The
GBM is a linear first-order stochastic differential equation (SDE) model that consists of a
deterministic and a stochastic component [72]. The GBM process described by SDE has an
analytical solution using the Itô’s Lemma [73], in which the variable follows a GBM if it
satisfies the condition derived from following SDE [74].

dPt = µPtdt + σPtdwt (4)

in which, Pt is the price of the asset at time t, µ is the drift parameter, σ is the standard
deviation of the Napierian logarithm of price returns, and dwt it is the standard increment
of a Wiener process.

We adopted the GBM equation, which simulates future prices of assets as a func-
tion of asset prices at time t, to model prices of resin and standing trees, according to
Equation (5). We determined the stochastic component by the standard normal random
variable, ε ~ N (0.1).

Pt+1 = Pte(µ −
σ2
2 )∆t+σε

√
∆t (5)

We obtained the annual volatility from the standard deviation of the Napierian loga-
rithm of price series returns multiplied by

√
12. According to [75], we calculated the drift

as a function of annual variance (σ2) and the annual average of the Napierian logarithm of
price series returns (z), according to Equation (6).

µ = z +
σ2

2
(6)

2.3.2. Volatility of Investment Projects and Risk-Neutral Probabilities of Upward and
Downward Movements

We obtained the volatility of investment projects according to [76], which uses the
Monte Carlo simulation (MCS) method to estimate the volatility of the project when the
underlying asset is the project itself without flexibility.

For this, it was necessary to build stochastic cash flow, that is, to insert uncertainties
from resin and standing tree prices and perform MCS. Thus, we considered that the value
of the project also followed a GBM. We performed the simulation with the generation of
100,000 iterations, with a fixed initial parameter 12,345, using software @Risk© 2020 [77], in
order to find the probabilistic present value of projects.

Keeping the deterministic present value (PV0) constant at the focal date and iterating
the stochastic present values (PṼ1) in the period one, we found the Napierian logarithm
of random returns of investment projects, (ṽ), according to Equation (7). As cash flows
followed a GBM, the annual volatility of investment projects (σp) was given as the standard
deviation of random variable ṽ.

ṽ = ln

(
VP̃1

VP0

)
(7)

Thus, we calculated the up (u) and down (d) factors for each node in the binomial tree
according to Equations (8) and (9), respectively [78].

u = eσp
√

∆t (8)
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d =
1
u

(9)

The dynamic presents values generated in the binomial tree so that they are discounted
at a risk-free rate instead of the risk-adjusted rate. Thus, the risk-neutral probability
(Equation (10)) for values of the investment projects goes up (p) and down (1 − p).

p =
(1 + rf)− d

u− d
(10)

2.3.3. Binomial Options Pricing Model

According to [79], we build the binomial tree model using DPL decision analysis
software [80]. We used the market asset disclaimer (MAD) approach for modeling, so we
assumed that the underlying asset was the value of the project without any flexibility [76].
We modeled the investment projects with the management flexibility provided by the
application of four different real options models.

First, we analyzed independently the options to defer, expand, and abandon. In this
step, we observed the value that each option, individually, added to the investment projects.
Subsequently, we analyzed projects with multiple options in the same model, composed of
three initial options, to obtain the value attributed to projects when we evaluated the three
options combined.

We placed the deferral option for period two of the binomial tree (Figure 1), that is, if
the investment was not made at the beginning of the binomial tree, the manager could wait
for two years to decide on the investment in case market conditions were more favorable.
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Figure 1. Model with defer option to the project.

We allocated the option to expand the plantation area by 30% and the option to
completely abandon the investment projects in period eight of the binomial tree, as it was
the moment that the thinning of the forest would happen (Figures 2 and 3). In addition, in
case of the abandonment of projects, we obtained a value referring to the sale of the entire
forest in the period, added to the sale value of land in the case of the project with land
purchase for planting.
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Figure 2. Model with expand option to the project.
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Figure 3. Model with abandon option to the project.

The multiple option model (Figure 4) aimed to obtain the value of the options when
combined. That way, we offered more options to expand the possible manager decisions.
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Figure 4. Model with combined real options.

In order to obtain the real probabilities of the options being exercised, we executed
the models using a risk-adjusted rate, that is, the opportunity cost rate of the capital of
investment projects, instead of the risk-free rate, according to [81]. We determined the
value of real options by maximizing the difference between the value of the underlying
asset and the exercise price of the respective option and zero.

Considerations of investments made from the perspective of uncertainties demanded
the need to adopt the expanded net present value criterion (ENPV), in order, according
to [82,83], to incorporate the additional value related to managerial flexibility. That way,
we added ENPV, which was given as the value of real options (ROV) to the traditional net
present value (NPV).
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3. Results and Discussion
3.1. Deterministic Ecoomic Model

The present value of the land lease project was USD 723, which when added to the
project’s CAPEX resulted in a traditional NPV of USD 371. Likewise, the present value of
the project that included land purchase was USD 4083, and the NPV was -USD 610.

The investment project with the land lease was viable. However, the investment project
with the land purchase was not viable, as the NPV was less than zero since disbursements
were not recovered over the life of the project and managers only decide to invest if the
project creates value, that is, if the NPV is positive. Therefore, by the traditional analysis
of investment based on discounted cash flow, the project with land purchase would be
neglected and an investor would look for alternatives with a positive NPV to allocate
his capital.

Although the project with the land lease was feasible, it presented a lower present
value compared to the project with land purchase, as the annual expenditures were higher
due to the cost of the land lease. On the other hand, even with a higher present value, the
project with land purchase had a lower NPV since its CAPEX, due to the acquisition of
land, was considerably higher than the project with the land lease.

It is noteworthy that a traditional NPV ends to undervalue the value of an investment
project, and this makes it unsuitable for risky projects [84,85] and with long planning
horizons, as is the case of Pinus elliottii plantations. Thus, when accepting or rejecting
investment projects based only on current information and not considering future uncer-
tainties [86,87], inherent in the forest sector, the NPV did not reflect the potential value of
the investment projects analyzed.

These weaknesses related mainly to the non-approach to flexibility by the traditional
model which can cause inaccurate estimates regarding value generated by cash flows and,
consequently, can lead to a devaluation of investment projects [88–90].

Thus, the investment project with land purchase should not be immediately discarded,
since the value related to managerial flexibility should be accounted for and added to the
deterministic value of the project. With this, the manager would have information with
values that better represent the potential of projects and, consequently, could make the best
decision on whether or not to invest in the projects presented.

3.2. Stochastic Model

In econometric tests for the analysis of the stochastic process, the null hypothesis of
normality of data was accepted with a p-value of 0.49, 0.60, and 0.14 for the price historical
series of resin, thinning, and clearcutting standing trees, respectively. The null hypothesis
that the price series had no trend was rejected, with a p-value of less than 0.05 for the three
price series. The null hypothesis that the series had a unit root was rejected, so the price
series were non-stationary.

In addition, with the linear regression test, we found that the price was significantly
influenced by the price of the exactly previous period. The null hypothesis that residues
had a normal distribution was accepted, with a p-value of 0.36, 0.57, and 0.26, for the price
of resin, thinning, and clearcutting standing trees, respectively.

Thus, the main characteristics of GBM could be observed in the historical price series
analyzed, which supported the choice of GBM as the stochastic process in the price mod-
eling of uncertainties considered in investment projects. We obtained through the MCS
the values of 91.25% and 79.87% for the volatility (σ) of the investment project for land
purchase and land lease, respectively.

When we conditioned the expectations of the present values from the second to the
twenty-first year, the volatility of the projects was characterized by the standard deviation,
a measure of dispersion, of the returns of the first year considering the expected values of
the following years. From this, the volatility was considered constant throughout the life of
the project. Thus, the necessary parameters for building the binomial model were obtained
after MCS (Table 1).
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Table 1. Parameters to build the binomial trees.

Parameters Land Lease Land Purchase

Volatility (σp) 0.7987 0.9125
Up factor (u) 2.2226 2.4906

Down factor (d) 0.4499 0.4015
Risk-neutral probability (p) 0.3409 0.3124

Present value at focal date (PV0) USD 723 USD 4083
CAPEX USD 352 USD 4693

When executing the model with the deferral option, the land lease project showed
appreciation, becoming more attractive than the deterministic model when presenting
higher ENPV. The land purchase project, previously considered unfeasible because it had
an NPV inferior to zero, became viable with the value added by option, since the ENPV
was positive (Table 2).

Table 2. Value of projects with deferral, expansion, and abandonment options.

Real Option Indicators Land Lease Land Purchase

Deferral
ENPV (USD) 486 1812

Real option value (USD) 115 2422
Increase in NPV value (%) 31 397

Expansion
ENPV (USD) 559 392

Real option value (USD) 188 1002
Increase in NPV value (%) 51 164

Abandonment
ENPV (USD) 545 1949

Real option value (USD) 174 2559
Increase in NPV value (%) 47 420

Thus, the premium for the deferral option was higher for the land purchase project and,
consequently, the percentage valuation and ENPV were greater. The volatility of the project
with purchased land was greater, and according to [91], with increased uncertainty, the
option to defer becomes more valuable. This happens because that uncertainty generates
a risk premium for waiting to obtain more information, which is the value of the option
to defer. According to the authors of [92], this relationship shows that a higher level of
uncertainty results in a higher value of deferral option.

In the execution of the binomial model, both investment projects would not be imple-
mented immediately. The option to defer would be exercised, which would postpone the
decision to invest for year two of the binomial tree, that is, within the term of the option’s
maturity.

When designing an investment, its feasibility will depend on the planning and analysis
of financial impacts. When solving expected cash inflows and outflows, it is expected that
a well-informed forest manager has an awareness of market risks and fluctuations in
projected profitability.

Incorporating the real options analysis into forest investment projects promotes the
investor’s perception of risk and managerial flexibility by strategically guiding decision-
making. Negotiating the right of deferral does not necessarily impose on the forest manager,
when the project is implemented, its feasibility, but rather configures a perspective of
opportunity for, if feasible at the time, its assimilation.

The deferral option concatenated to the underlying asset modeled the implementation
of the project, aiming to improve profitability by postponing the investment until, according
to [93], the emergence of favorable market conditions. Essential in conducting uncertain
scenarios, this option provides high quality in management decisions [94,95].

In this period, the greatest probability would be that an investment should occur for
the land lease project (Figure 5A), mainly because the project already has a positive NPV.
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On the other hand, the greatest probability would be that the option was expired, and
no investment occurred in the project with land purchase (Figure 5B). As the uncertainty
increases, the probability of the project being implemented at that moment decreases [96].

In relation to the land lease investment project, the expansion option was one that
added the most value and, consequently, made the project more attractive. The expansion
option was one that least contributed to the valuation of the project with land purchase.
Despite this, the option added value and made the project viable, as the ENPV was greater
than zero (Table 2).

The option to expand the project should only be exercised when the market presents
favorable conditions, which allows a greater investment to increase production [97,98].
Thus, the real probability of exercising the expansion option demonstrated that projects
should be expanded only in the best scenarios (Figure 6A).
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In the project with land purchase, the low probability of exercising the option to
expand (8%) explained why valuation was lower compared to the other options (Figure 6B).
When indicating non-expansion, it means that the present value of the project’s expected
cash flows, if expanded, would not exceed the additional disbursement needed to finance
the expansion [99]. This means that when the project has a negative value, it does not
obtain any value from the option to expand.

With the expansion option, the forest manager has to allocate a budget to increase link
capacities, assuming some cost function with a capacity parameter [100]. The overall costs
of expanding capacity are therefore given by the sum of the investment costs. However, as
with deferral, managers have the option, but not the obligation, to expand if conditions
prove favorable, considering inclusively a management problem due to different cutting
and harvesting times.

The abandonment option was one that added the most value to the project with land
purchase (Table 2). As the abandonment option is more valuable when residual value is
more attractive [101], this higher valuation in the project with land purchase occurred due
to the cost of land purchase being recovered when abandoning the project if the scenario
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was not favorable. On the other hand, the amount spent on leasing land would not recover
if the project was abandoned, that is, it was an irreversible cost.

Another reason was the fact that the project with land purchase showed greater volatil-
ity. According to the authors of [102], the abandonment option has a more considerable
value the greater the uncertainty about the project.

An abandonment option is only exercised if the gain is greater than the present value
of expected cash flows until the end of the investment project’s useful life [99]. Thus, real
probabilities of the abandonment option being exercised were considerably higher for both
investment projects (Figure 7), which demonstrated that, with greater probability, the value
generated by projects’ cash flows did not exceed the value of abandoning them.
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Figure 7. Real probability of exercising abandonment option for the project with (A) land lease and
(B) land purchase.

The value of combined options corresponded to 83% and 72% of the sum of the
values of individual options for the projects with lease and purchase of land, respectively.
Therefore, the value of the combined options was less than the sum of the values for
individual options. According to the authors of [35], the value of multiple options does
not normally equal the sum of the same options analyzed individually, as the interactions
between the options can be negative or positive and do not occur in a linear way. In
addition, interactions depend on a combination of factors, such as type of options (buy or
sell), and time separation of their respective exercise dates, among others [103]. Thus, it is
imprudent to simply add the values of each real option [104], as the results showed that
the interaction between the options analyzed occurred in a negative way.

Although the option values cannot be merely added together, the flexibility of com-
bined options can be significant [105]. When analyzing the three real options together in the
model, the options’ value was higher when compared to the real options’ value analyzed
individually. With a greater number of choices available through multiple combined real
options, managerial flexibility provided to the manager was more expressive [40,106], as
shown by the modeling results. Consequently, with more choices available, it was possible
to add greater value to the projects, and in effect, increase their attractiveness.

In this way, as well as in the individual options, the project with land purchase was
considered viable when it applied the three real options in a combined way (Table 3). This
showed that the value of managerial flexibility, provided by the options’ premium, was
responsible for the viability of the project with the land purchase, since this occurred only
with the value of the ENPV which represents the stochastic analysis approach.

Table 3. Projects with real options combined.

Indicators Land Lease Land Purchase

ENPV (USD) 768 3690
Real option value (USD) 397 4300

Increase in NPV value (%) 107 705

According to the authors of [81], the flexibility generated by the evaluation model with
all the combined options provides a more accurate estimate of the real value of the project
as to the isolated options. Thus, the combined options performed better when analyzing
investment projects, in which the value of the combined options was equivalent to 35% of
the present value of the project with flexibility with land lease, and 51% with land purchase.
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Although the project with the land lease was 100% likely to be executed (Figure 8A)
and the project with land purchase was 54% (Figure 8B), the percentage increase in value
from the traditional NPV to ENPV was considerably higher for the project with land
purchase (Table 3).

Therefore, it is possible to affirm that real options had a better influence on the project
with land purchase, since it presented a higher traditional present value and volatility,
in addition to offering a greater residual value in case of abandonment. Considering the
option of abandonment in a planning horizon makes forest managers develop flexible
strategies, acting proactively against the uncertainty that impacts investment over the
projected horizon.
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Managing through the real options analysis means effectively exercising its options,
which, in real contexts, are already related without prior planning. Anticipating in the
perspective of options trading promotes the redemption of the option premium when
the abandonment has the benefit of interrupting operational loss flows, which can be
aggravated over time. Even so, maybe after a few years, the market situation could be more
favorable again. With strategic alignment, abandonment can be optimized by a temporary
stop, until negative flows can be reversed. As they are empirical tasks, the assimilation
of the real options analysis needs to be dynamically validated in the provisioning and
strategic adequacy exercises.

Thus, although both investment projects are viable in the dynamic model when
applying the real options for investment in Pinus elliottii plantations, it is advantageous to
choose the project that contemplates the purchase of land, since the ENPV was superior.

As the real options analysis provides a theoretical framework for understanding the
impact of uncertainty on irreversible investment [92], the volatility of the project performs
a fundamental role in the behavior of value added by the options. That way, it was possible
to verify the sensitivity of the real options’ values as to the volatility variation of the project
with lease (Figure 9A) and land purchase (Figure 9B).
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Therefore, this was as predicted by the option pricing theory, in which greater uncertainty,
represented by higher volatility, means higher values for the real option [107,108].

In this way, real options associate uncertainty with flexibility and consider that volatil-
ity is the potential value-adding factor to the project [29], as the option values are directly
linked to the volatility of underlying asset values [109]. Therefore, real options are favor-
able in environments with irreversibility and uncertainty [26], characteristics present in
investment projects in Pinus elliottii plantations.

By demonstrating that the use of managerial flexibility added value to investment
projects and made them more attractive, the application of real options may be of interest to
the forest sector. Thus, this research indicates an understanding of the managerial flexibility
role and the structure of the real options analysis as a tool capable of providing the potential
value of investment projects in Pinus spp. plantations.
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Figure 9. Sensitivity of real options’ value in relation to the volatility of project with (A) land lease
and (B) land purchase.

4. Conclusions

When applying a real options analysis, individually, the deferral, expansion, and
abandonment options add value to investment projects in Pinus elliottii plantations.

The option to expand the forested area is the one that adds the most value to the
investment project with land lease. In the investment project with land purchase, this
option is abandonment.

Combined real options show the intrinsic financial potential of investment projects in
Pinus elliottii plantations, as they simulate the multiple management decisions that can be
exercised over a planning horizon.
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Investment projects in Pinus elliotti plantations that contemplate the land purchase
analyzed through the real options analysis present higher financial returns than those that
consider land lease, inverting the result provided by the traditional analysis. Thus, this
study contributes to making the real options analysis more accessible to forest managers,
allowing it to increase its use in the investment projects of Pinus spp. plantations.
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