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Abstract: The policy of payments for environmental services is implemented in public policies in
Brazil, and there are many efforts to increase projects that subsidize rural producers, combining
payments with incentives for good agricultural practices that promote these services. Thinking about
ways to add these values in projects to restore degraded areas is an opportunity to generate monetary
benefits for producers and attractiveness for stakeholders, aiming to increase investments in projects
of this nature and gain scale in the restoration of these areas. In this way, this study evaluated the
financial viability of a project to implement 16.9 hectares of agroforestry systems in agrarian reform
settlements located in the Descoberto HydrographicBasin near Brasília, Federal District, and the
proposition of a scenario of payment for environmental services associated with adoption of this
agricultural practice by producers. The results were promising for both investors and farmers, as
demonstrated by the financial analysis criteria (NPV: USD 63,097.49, IRR: 71%, simple payback:
3 years). The PES scenario was even more attractive, proving to be an encouraging increase for the
adoption of this practice by producers.

Keywords: agroforestry; environmental services; environmental valuation; payments for environmental
services (PER)

1. Introduction

Soil management, along with declines in its quality and productivity due to natural
factors or human activity, hashad negative impacts on food production, provision of ecosys-
tem services, and livelihoods on a global scale [1]. By 2030, demand for food is expected
to increase by at least 50%, requiring the conservation and restoration of agricultural land
productivity. It is estimated that an increase of between 46% and 70% in agricultural
productivity will be necessary by 2050 to combat hunger and food insecurity [2,3].

In Brazil, agroforestry systems have assumed the role of uniting agricultural pro-
duction with various ecosystem services, such as carbon sequestration, increase in water
stock and quality, soil conservation, and reduction of erosion, in addition to increasing
the biodiversity of productive systems, complementing government policies that aim to
encourage socioeconomic development in the context of environmental protection and
sustainability [4,5].
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According to the Millennium Ecosystem Assessment [6], ecosystem services are de-
fined as the benefits that human beings obtain from ecosystems. Ecosystems, in turn, are
defined as a set of living beings and abiotic factors and their interrelationships [7]. In this
context, there is much talk about paying for these services, to compensate the maintainers
of these areas, encouraging appropriate management and consequently the conservation
of biodiversity.

Payment for Environmental Services (PES) is a market-based conservation financing
mechanism that is guided by the principles of user-pays and provider–receiver [8–12]. In
practice, those who benefit from environmental services must bear the costs associated with
these services. On the other hand, those who contribute to the generation of these services,
such as land users who conserve their resources, must be compensated for conserving and
making them available for the good of society at large.

In January 2021 in Brazil, the concept of Payment for Environmental Services (PES) was
formally established with the promulgation of Law N◦ 14,119/2021, which constitutes the
National Policy for Payment for Environmental Services (NPPES) and the Federal Program
for Payment for Environmental Services (FPPES). The new law was created with the aim of
providing standardized national guidelines to meet the demand for more comprehensive
guidance and regulations under the PES.

Searching for appropriate practices that can contribute to the application of this policy
is a necessity, and much has been seen in the development of techniques and projects in
the rural context that combine production with conservation, such as agroforestry systems.
This agricultural practice aims to restore ecosystem functions, producing, in addition to
goods such as forestry and agricultural products from the species used, services for the
environment. The use of this technique has increased significantly in Brazil, in large part by
family farmers who have been using its principles on their properties since the 1980s [13].

The use of agroforestry systems as a technique for conserving natural resources has
been introduced in the context of socio-environmental projects by several institutions,
NGOs, and governments around the world, as they aim to propose measures for the
environmental restoration of properties with environmental liabilities in degraded areas.
These systems are said to offer the opportunity to increase income and generate attractive
revenues for the producer [14–16] when analyzing theirfinancial viability.

One of the bottlenecks for the adoption of agroforestry systems by farmers and stake-
holders, with a view to the massive expansion of agroforests, is the lack of investment
inlarge-scale production. Considering ways of attracting investment by both parties so that
it is scalable at the level of rural development projects is a difficult task, but is extremely
important, since Brazil has objectives of increasing the restoration of degraded areas due to
international agreements that include financial resources for the restoration of these areas.

The financial viability of projects using large-scale agroforestry systems is little studied,
with studies being more common in small areas and never at the level of larger projects.
Thus, the objective of this study was to financially evaluate an agroforestry project in which
16.9 hectares were implemented in the Descoberto Hydrographic Basin, also estimating,
through the methodological proposal for the valuation of environmental services for soil
conservation, an amount paid to the farmers who adopted the technique on their properties.

2. Materials and Methods
2.1. Description of the Study Area

The Rio Descoberto Hydrographic Basin (BHRD) covers an area of 895.9 km2, ex-
tending between latitudes 15◦36′00′ ′ S and 16◦05′00′ ′ S, and longitudes 48◦18′00′ ′ W and
48◦06′00′ ′ W, located in the western portion of the Federal District (DF) (Figure 1). The
area covered by the Descoberto Reservoir encompasses approximately 437 km2, of which
around 70% are in the Federal District and the other 30% in the State of Goiás, in the
municipalities of Águas Lindas and Padre Bernardo.
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Figure 1. Location of the study area. Source: prepared by the authors.

Within the area belonging to the Federal District, the management of water resources
is the responsibility of the Water, Energy and Basic Sanitation Regulatory Agency of
the Federal District (ADASA) and six sub-basins are adopted as the most representative
for the flow of water towards to the reservoir. These sub-basins are: Chapadinha, Rio
Descoberto, Olaria, Ribeirão Redeador, Capão Comprido, and Ribeirão Pedras [17]. It plays
a fundamental role in supplying approximately 66% of the water consumed in the Federal
District, holding the largest water reservoir of the Federal District [18].

The characteristic climate, according to [19], is tropical, with a cold and dry season
(winter) and a hot and rainy season (summer). According to the Köppen classification,
the climate is tropical (Aw) and high-altitude tropical (Cwa, Cwb). The Aw climate type
is predominant in areas with altitudes below 1000 m, covering the basins of the São
Bartolomeu, Preto, Descoberto, and Maranhão rivers.

The average temperature in the coldest month is 18 ◦C. The Cwa climate type is
predominant in areas with altitudes between 1000 m and 1200 m. The average temperature
in the hottest month is below 22 degrees. Type Cwb occurs in areas above 1200 m. Precipita-
tion varies between 1500 mm and 2000 mm annually, with an average of around 1600 mm.
The month of January records the highest rainfall, reaching around 320 mm, while in the
months of June, July, and August, the total monthly average is approximately 50 mm [19].

2.2. Agroforestry Systems

The agroforestry systems evaluated were implemented within the scope of the GEF
project—CITinova Project—Integrated Planning and Technologies for Sustainable Cities,
developed by the Federal District’s Environment Secretariat, together with local NGOs
and financed by the Global Fund for the Environment (GEF). With national coverage
and specific activities in Recife and Brasília, CITinova is a multilateral project, carried
out by the Ministry of Science, Technology, Innovations and Communications (MSTIC),
with financing from the Global Fund for the Environment (GEF), managed by the UN
Environment Program, and executed by co-executing institutions. The main objectives
are to develop innovative technological solutions and offer integrated urban planning
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methodologies and tools to support public managers, encourage social participation, and
promote fairer and more sustainable cities.

The project included the planting of a total area of 16.9 hectares of agroforestry systems
in areas characterized as degraded. There are 22 producer beneficiaries, the majority of
whom are settled under the agrarian reform of the Landless Movement (MST) settlements
located in the river basin. Agrarian reform movements have been widely recognized in the
last decade as a way of generating work and income for the less-favored classes, and a way
of promoting food security not only in the countryside, but also in urban centers.

2.3. Agroforestry Arrangements

The project’s agroforestry model was composed of interspersed species with regular
distribution per unit area, with a general spacing of 1.5 m, 3 m, and 6 m between plants
and 8 m between lines (Figure 2). The planted plots were of 3 sizes (1 ha, 5000 m2, or
2500 m2) depending on the producer’s availability of land and labor, occupying a total basin
area equivalent to 16.9 ha. The agroforestry model was composed of several commercial
fruit trees (Table 1), interspersing tree beds (timber/fertilizer trees, banana trees, fruit
trees, and annual crops) with different plantings between these lines of trees, which could
be vegetables (for self-sustenance and farmers’ income), production of green manure
(brachiaria grass or mombaça), or annual crops (“roça”: cassava, beans, corn). In addition
to these species, eucalyptus entered the system together with mutamba (Guazuma ulmifolia)
to supply organic matter and, in the future, wood.
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Fruit species (Table 1) are income alternatives in the medium and long terms, as they
have greater added value than other species, such as banana or cassava. The latter are
suggested for the plansfor the initial years 1 and 2, in addition to the vegetables planted
by farmers, being the system that best optimizes the area with the diversity of crops. The
project outlined agroforestry systems with the participation of farmers, seeking to form
consortia with the same species.

The agroforestry system presented was guided in accordance with [20]. It followed
the premises in which the plantations aim to market and contribute to food security, using
available production technologies and without the use of fire, thus being able to develop
the productive potential of the selected species. Furthermore, according to the authors,
to create the database for financial analysis, it was necessary to plan the system based on
the identification of the technical coefficients of the species used, with the aim of making
decisions regarding the investment.
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Table 1. Relationship between fruit species and strata.

Scientific Name Popular Name Stratum

Persea americana Avocado High
Malpighiaemarginata Acerola High

Morus alba Blackberry High
Eucalyptus sp. Eucalyptus Emergent

Artocarpusheterophyllus Jackfruit High
Genipa americana Genipap Emergent

Averrhoa carambola Star fruit High
Annonamuricata Soursop High
Psidiumguajava Guava High

Ficuscarica Fig High
Plinia cauliflora Jabuticaba Low
Litchichinensis Lychee High
Citrus limon Lemon galego Low

Citrus limonia Lemon cravo Low
Citrus latifólia Tahiti Lime High

Citrus volkameriana Sicilian Lemon Low
Mangifera indica Mango High
Citrus reticulata Tangerine Medium

Guazumaulmifolia Mutamba Emergent
Eugenia iniflora Pitanga Medium
Bactrisgasipaes Peach Palm High

Tamarindus indica Tamarind High
Spondias tuberosa Umbu High

Bixaorellana Annatto Medium

2.4. Data Collect
2.4.1. Costs and Revenue

Data collection was based on monitoring the amounts spent throughout the imple-
mentation and development of the project that lasted 2 years. These data were organized
into electronic spreadsheets in Microsoft Excel®. All costs were accounted for: the labor
of technicians and managers, inputs, tools, safety materials, fuel for take-offs, and freight,
leaving out the cost of land.

Revenue values for the first two years were obtained by averaging the revenues of the
22 project beneficiaries, through periodic interviews with farmers throughout the evaluated
period. And for future revenues, a projection of the productivity of the planted species was
carried out over a 10-year time horizon usinga bibliographic review and the market value
of the products that could be sold over that time. A loss rate of 10% in total productivity
was attributed to losses in seedlings that may occur over time.

Future costs and revenues were corrected for the year 2023 using the General Price
Index (IGPDI).

2.4.2. Financial Analysis

The financial analysis methodology was applied to the total area planted in the project
(16.9 hectares), to analyze whether the return from agroforestry systems could remunerate
the capital invested in the project.

The analysis of financial viability considered the calculations of costs and revenues
for implementing the project. The data and calculations were processed in Microsoft Excel
software version 2007, and based on the operating cash flow (OCF) values it was possible
to calculate the economic-financial viability indicators.
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2.4.3. Net Present Value—NPV

The economic viability of a project, assessed using the net present value (NPV), is
determined by the positive difference between updated revenues and costs, considering a
certain discount rate [21,22].

NVP = ∑ n
j = 1

Rj

(1 + i)j −∑ n
j = 1

Cj

(1 + i)j (1)

where:

Rj = revenue in period j;
Cj = costs in period j;
i = discount rate;
j = period of occurrence of Rj and Cj; and
n = project duration, in years, or number of time periods.

2.4.4. Benefit/Cost Ratio—B/C

This method consists of calculating the relationship between the present value of
benefits and the present value of costs, using a certain interest or discount rate (Equation (2)).

B
C

=
∑n

j=0 Rj(1 + i)−l

∑j=0 Cj(1 + i)−l (2)

where:

Rj = revenue at the end of year j;
Cj = cost at the end of year j; and
n = project duration, in years.

A project is considered economically viable when the B/C (benefits/costs) ratio is
greater than 1. When there is a comparison between two or more projects, the one with the
highest B/C value is considered more viable, as mentioned by [21]. In the case where B/C
equals 1, the net present value (NPV) of B/C equals 0. In this scenario, the internal rate of
return (IRR) associated with a project can also be determined as the rate thatmakes B/C
equal to 1.

2.4.5. Internal Rate of Return—IRR

The internal rate of return (IRR) is the discount rate that makes the present value of fu-
ture revenues equal to the present value of the project’s future costs. It represents a relative
measure that reflects the growth in the value of the investment over time, considering the
resources necessary to generate the revenue flow, as mentioned by [21,22].

0 = NVP = ∑ N
n = 1

OCFn

(1 + I IR)n (3)

where:

IRR = internal rate of return;
NPV = net present value;
n = number of periods;
FC = cash flow.

In this financial analysis, as advised by [23,24], the application of real discount rates of
6% per year (i = 6% p.a.) was considered.

2.4.6. Payback Simple

The payback method verifies the period necessary for total revenues to equal total
costs, representing the return on capital. This approach does not consider the variation
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in capital over time. It is easy to apply and is recommended for projects with high risk
involved [22].

Payback =
OCF outstanding balance amount∗(−1)
Positive later year OFC + project year

(4)

A project is considered economically viable when the payback period is shorter than
the established planning horizon. The best project is the one with the shortest payback
period, indicating a faster return on the initial investment [22].

The interest rate used, considered as an opportunity cost to compensate for the in-
vested capital, was 5% per year, which is the rate adopted by the National Program for
Strengthening Family Agriculture (PRONAF).

2.4.7. Valuation of Environmental Services

The valuation of environmental services is important for implementing public policies
that encourage the conservation of natural resources. As it cannot be carried out in a trivial
way, it is essential to obtain metrics for its evaluation in qualitative and quantitative terms
and touse methods for valuing the indices arising from these metrics.

Many authors detailed that developing these methods is not always an easy
task [20,25,26] and many parameters must be taken into account, such as availability of
resources for payment, the techniques applied, the sizes of the areas that must be considered
for the application of the techniques, which in turn impact in the area, the scale of the project
and how the benefits can be measured at the landscape level, and finally and perhaps most
importantly, what service is intended to be generated with the use of a given technique.

Therefore, the present study analyzed the different forms of valuation for payment
of environmental services implemented in projects in Brazil, evaluating their components,
metrics, and values that gave rise to government programs to encourage conservation
techniques [9,20,26,27]. In the context of this study, the methodology of the Water Producer
program [18], described below, was used, as it is a method that is based on soil conservation.

2.4.8. Estimation of Erosion and Sedimentation Abatement

The environmental service evaluated was the control of erosion, and consequently
sedimentation, using agroforestry systems. The estimate of soil erosion and sedimentation
reduction was made using the following calculations [18].

The level of erosion A0 (ton/ha.year) was estimated at the initial stage on the land,
that is, before the implementation of agroforestry systems. The same estimate was made
after the implementation of the conservation project, obtaining A1.

Thus, the percentage of erosion and sedimentation reduction (P.E.R) obtained with the
use of agroforestry, on each property, was given by the following equation:

P.E.R. (%) = 100 ∗ (1− A1

A0
) (5)

where:

P.E.R. (%) is the percentage of erosion and sedimentation reduction;
A1 (ton/ha.year) is the level of erosion before the implementation of agroforests;
A0 (ton/ha.year) is the level of erosion after the implementation of agroforests.

However, as advised by [18], the quantification of average erosion values measured in
the conditions before the project and after its implementation, that is, A0 and A1, requires
the application of erosion-prediction models. Thus, the authors suggest the use of the uni-
versal soil loss equation (USLE), as it presents the availability of local data and parameters,
the accuracy of predictions, and the robustness of the model and its ease of use, giving
USLE the necessary criteria for proper model selection. The USLE, in turn, is given by the
following equation [28]:

A = R ∗ K ∗ L ∗ S ∗ C ∗ P (6)
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where:

A (ton/ha·year) is the average annual soil loss on the plot of interest;
R (MJ mm/ha h) is the erosivity of rain and runoff;
K (t·ha·h/ha·MJ·mm) is the erodibility of the soil;
L (dimensionless) is the ramp length factor;
S (dimensionless) is the slope factor of the ramp;
C (dimensionless) is the soil use and management factor; and
P (dimensionless) is the conservation practices factor.

As guided in the methodological proposal, due to the evaluated areas being in the
same region, where their biophysical conditions are similar, we can consider the parameters
R, K, L, and S to be constant before and after the project, which allows them to be canceled.
The methodology proposes that the product of C∗P is equal to Z; thus, after dividing the
soil loss under the proposed condition (A1) by the loss in the initial condition (A0), and
canceling the common terms in Equation (7), we have:

A1

A0
=

Z1

Z0
(7)

Substituting Equation (7) into Equation (5), we finally have:

P.E.R. (%) = 100 ∗ (1− Z1

Z0
) (8)

The method proposal is based on the advantage of this simplification, where knowing
only two of the six original factors (C and P) of the USLE, it becomes possible to calculate
the reduction in soil loss, in relation to the initial situation, without loss of generality or
model robustness [18]. According to the authors, a complication in using this formula
would be if there was the introduction of level terracing, which is a practice used to combat
erosion based on the construction of terraces that aims to regulate the volume of rainwater
runoff, which would change the L and S factors. However, this was not the case in our
study areas.

To determine the Z values, we chose to use Table 2, proposed in [18], as it is already
being applied in payment projects for environmental services within the scope of the
Federal District.

As the land uses on the land that the study evaluated were under degraded pastures,
to calculate the erosion reduction, we used factor number 7 (degraded pasture) for the
value of Z0 and, due to the high density of plants in the systems implemented agroforestry,
to obtain the Z1 value, the reference values of items 36 (fruitculture and agroforestry) and
37 (reforestation and eucalyptus) were added together.

Table 2. Z values for conventional (Z0) and conservation (Z1) uses and management.

Water Producer Program—Valuesof C, P, and Z forAgro-Livestock-Forestry

N◦ Conventionaltillage C P Z0 Obs.

1 Grains 0.25 1.0 0.25 Corn, soybeans, rice, beans
2 Cotton 0.62 1.0 0.62
3 Cassava 0.62 1.0 0.62
4 Sugarcane 0.10 1.0 0.10 Averageof 4 cuts
5 Coffee 0.37 1.0 0.37
6 Vegetables 0.50 1.0 0.50
7 Degraded pastures 0.25 1.0 0.25



Forests 2023, 14, 2110 9 of 17

Table 2. Cont.

Water Producer Program—Valuesof C, P, and Z forAgro-Livestock-Forestry

8 Degraded capoeira 0.15 1.0 0.15

Minimumtillage C P Z1 Obs.

9 Grains, rotation 0.20 1.0 0.20 Grasses/Legumes
10 Grains, per level 0.25 0.5 0.13
11 Grains, rotation per level 0.20 0.5 0.10
12 Grains, vegetable bands 0.25 0.3 0.08 Bands 20% large
13 Grains, contourbunds 0.25 0.2 0.05
14 Grains, terraces 0.25 0.1 0.03 Level, withmain.
15 Grains, terracesrotations 0.20 0.1 0.02
16 Grains, no-tillage 0.12 0.5 0.06 Averageof 4 years
17 Grains, incipient no-tillage 0.20 0.5 0.10 No rotation and/or green manure
18 Grains, no-tillage, terraces 0.12 0.1 0.01
19 Cotton/Cassava, rotation 0.40 1.0 0.40 Rotationwithgrains
20 Cotton/Cassava, per level 0.62 0.5 0.31
21 Cotton/Cassava, rotation, per level 0.40 0.5 0.20
22 Cotton/Cassava, bands 0.62 0.3 0.19
23 Cotton/Cassava, contourbunds 0.62 0.2 0.12
24 Cotton/Cassava, terraces 0.62 0.1 0.06
25 Cotton/Cassava, terracesrotation 0.40 0.1 0.04
26 Cotton/Cassava, no-tillage 0.40 0.5 0.20
27 Cotton/Cassava, no-tillage, terraces 0.40 0.1 0.04
28 Sugarcane and forrage grass, per level 0.10 0.5 0.05

29
Sugarcane and forrage grass, contour
bunds 0.10 0.3 0.03

30 Sugarcane and forrage grass, terraces 0.10 0.1 0.01
31 Coffee, per level 0.37 0.5 0.19
32 Coffee, contourbunds 0.37 0.3 0.11
33 Vegetablesandespaliers, per level 0.50 0.5 0.25
34 Pasturewithterraces 0.10 0.1 0.01

35
Pasture in rotation with conventional
grains 0.15 1.0 0.15

36 Fruit-growingand agroforestry 0.10 1.0 0.10
37 Reforestationand eucalyptus 0.05 1.0 0.05

Source: ADASA, 2020—adapted by the authors.

2.4.9. Estimation of Financial Incentive Values for Participating Producers

Obtaining the P.E.R. value (Equation (8) and Table 2) for agroforests, we created an
index with percentage values for reducing erosion (Table 3) as proposed in the methodology
of [18]. In this project, as the majority of agroforests are composed of fruit trees, we validated
the index in addition to the mix of species used, which we considered to be of medium
density. The idea of Table 3 is that agroforests added to other conservation practices in
Table 2 can obtain values above 75%, agroforests with fruit trees and medium density follow
values (CTInova Project) between 50 and 75%, and simpler and less dense agroforests have
values below 50%.

Table 3. Table of indices for valuing payment for environmental services related to soil conservation.

Env. Serv. Criteria Indexes

Percentage of erosion
reduction in areas suitable for

agricultural production

High >75% 1.5
Average 50 to 75% 1.0
Low 25 to 50% 0.5

Source: ADASA, 2020—adapted by the authors.

The method usedto value these indices was through one of the methodologies for
valuing environmental services proposed by thereplacement cost method in [29]. This
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method assigns a value to certain environmental services that previously existed or may be
provided in the future, according to the market price for the restoration and/or replacement
of that good, which in turn generates an environmental service and in the case of this study
are agroforestry systems. In this study, a cost table was organized with the values for
implementing an area of one hectare of agroforestry (Table 4). Input values were obtained
using average market prices.

Table 4. Cost of implementing a hectare of agroforestry.

Description Unit Amout Uni Value (USD) Total Value (USD)

Organic fertilizer (certified and
bagged compost) ton 1.5 ton 260.52 260.52

Dolomitic limestone bag 25 40 Kg bags 4.61 115.23
Rock phosphate bag 20 50 Kg bags 16.03 320.64
Fruit tree seedlings for planting seedlings 250 3.61 901.80
Fruit tree seedlings for replanting seedlings 25 3.61 90.19
Native tree seedlings for planting seedlings 200 1.00 200.40
Native tree seedlings for replanting seedlings 20 1.00 20.04
Cuttings and roots bundle (±50 bundles) 24.05 24.05
Corn seeds kg 8 35.27 282.16
Bean seeds kg 8 44.09 352.71
Native tree seeds (mix) kg 15 26.05 390.78
Green manure cuttings (gliricidia) bundle 1 35.27 35.27
Crotalaria seeds for green manure kg 12 7.01 84.17
Bean seeds for green manure kg 10 5.31 53.11
Machine time (tractor + harrow) Un. 2 hs/machine 40.08 80.16

Total 3112.22

The table indicates the cost per hectare of an agroforestry system implemented using
family labor, using a tractor only for the initial harrowing of the area.

2.4.10. Payment Values for Environmental Services

The values referring to the payment for the environmental service were calculated by
multiplying the reference index of the percentage reduction in erosion that the agroforestry
can provide in the control (Table 3), obtained by calculating the P.A.E., by the value of the
cost of inputs for the planting of a one-hectare area of agroforestry (Table 4). The value of
this multiplication was divided by 12 months since the payment proposal is monthly.

Based on this criterion, incentive payment values (IPV) were defined as shown in
Table 5.

Table 5. Suggested values for incentive payments (IPV), depending on erosion abatement
percentage (EAP).

E.A.P. (%) 25%–50% 51%–75% 75%–100%
I.P.V. (USD/ha/month) 133.80 267.60 401.40

Source: ADASA, 2020—adapted by the authors.

3. Results and Discussion

The agroforestry systems implemented by the GEF’s CITinova Project played afun-
damental role in increasing the income of the producers and of the basin, making it a
financially viable project in the time horizon of 10 years. The results of the financial indi-
cators obtained in the analysis of the study (NPV, IRR, payback) (Table 6) demonstrated
positive values, validating the practice of this technique of recomposition of degraded areas
in the Descoberto Basin.
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Table 6. Financial viability indicators of the project.

Financial Indicators 10 Years
with P.E.R.

10 Years
without P.E.R.

Project’s IRR 71% 42%
Modified IRR 26% 19%
Project’s NPV USD63,097.49 USD 38,044.50

EUAW USD7127.50 USD 4297.52
Simple payback 3 years 3 years

B/C 11.96 11.96

The NPV representing the net values updated at the initial moment, based on a cash
flow formed by a series of revenues and costs, discounting the initial project investment,
was USD 63,097.49. The authors of [21] state that the project is viable when the NPV
exceeds 1. The examples in the following discussion show large fluctuations in the NPV of
agroforestry projects.

The internal rate of return found was 71%, and the payback is 3 years, confirm-
ing that the arrangement of the agroforestry system proposed by the technicians of the
project implemented in the Descoberto Basin was applied well to the context and reality of
the beneficiaries.

Studies confirm the viability of agroforestry systems, such as that of [20], which
foundanIRR of 30.6% in equal periods of ten years. The NPV was USD 20,372.75 in their
analyses, much lower than in this study. This is related to the difference in the species
used in the composition of the systems. In the case of these authors, vegetables were not
used, which provided products with greater added value than grains and return in the first
few months.

Analyses such as [30] identified an NPV of USD 1,533,261.01/ha in systems similar to
our project but analyzed with different periods. In a recent study, ref. [31] found an NPV
of USD 52,941.09/ha for AFS composed of annual crops and vegetables in the Cerrado.
Ref. [32], evaluating two AFS models in the Brazilian Midwest, obtained anet present value
of the analyzed AFS 1 of USD 11,018.24/ha, and the AFS 2 was USD 40,377.04/ha.

The payback criterion study by [32] demonstrated a longer return on invested capital
than in our analyses, with theirs being 9 and 10 years for each AFS analyzed. It is known
that the production of vegetables in the first periods confers on agroforestry production the
return on invested capital in the first months [30].

Comparing the NPV, IRR, and payback parameters with other studies is not always a
practice adopted by researchers, since agroforestry arrangements are very diverse in species
composition, and consequently different harvest times, resulting in different revenues and
costs throughout the year. Therefore, the information presented must be considered for
the evaluation of projects considering the criteria established in their theories, as described
in the methodology, translating the financial dynamics of the production system over the
planned time and return on invested capital.

According to estimates of eucalyptus production in the project, around 7750 seedlings
were planted, that is, approximately 8 hectares were planted, with a spacing of 3.5 × 3.0
to 3.5 m between roads × 3.0 m between plants, meaning that around 2217 m3 would be
produced in the first cycle and 1940 m3 in the second cycle, already considering a loss of
1% of seedlings [33]. According to the average price of m3 of eucalyptus in 2023 (USD
12.89/m3), the project would be able to financially return USD 28,589.96 in the first cycle,
and USD 25,017.83 in the second cycle if it were not replaced by more profitable species after
the 10-year project duration.On average, productivity per hectare would be in the order of
USD 3537.74/ha·year and USD 3127.22/ha·year, in the first and second cycles, respectively.

Wood production offers long-term returns and self-sufficiency for building infras-
tructure on the property. The use of eucalyptus in agroforestry systems is a widespread
practice, since its rapid growth and production of leaf biomass provide material for soil
cover and short-cycle forestry products, which can be used from year 5 of the agroforestry
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project [34,35]. Planting eucalyptus on the boundaries of properties and crops also serves
as a windbreak, reducing the risk of damage by pests or the effects of strong winds.

The average monthly income from the sale of products harvested in agroforestry
systems in the first two years of the project varied between USD 320.00/ha/month and USD
390.00/ha/month in the first two years of the project.Interviews with farmers regarding
monthly income showedthat 80% of farmers benefiting from the project obtained their
income only from these plantations, and previously made a living as service providers in
the city.The use of the agroforestry systems technique is thus proven as a way of producing
income for rural families, making it possible forpeopleto remain in the field and work
within the family. In 70% of the interviews, the labor used on the properties wasbasically
family, where children, fathers, and mothers worked together.

The P.E.R value obtained with the Water Producer Program methodology was 60%.
This value characterized the agroforestry of the CTInova Project as an average contribution
to the percentage of erosion reduction. The monetary value of the PSA found with the
replacement cost methodology was USD 3211.22/ha/year, or USD 267.60/ha/month,
already updated for the year 2023. We opted for the replacement cost method because
we believe it is possible to achieve real and attractive values so that the beneficiary, upon
receiving the incentive, can apply it to the expansion of plantations, which will consequently
allow them to receive the benefit again by increasing their areas, generating chain processes
in increasing revegetated areas, and offer ecosystem services, expanding plantations and
services. Furthermore, increased plantations result in increased production revenues if
designed and managed well over time.

In the first two years, the value of the PES paid to farmers wasequivalent to the
revenue from the sale of agroforestry products (Figure 3).
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Figure 3. Annual percentage of the contribution of payment for invironmental services to
producers’ revenues.

This value represents an important subsidy for maintaining farmers’ family income,
since in the first year of production, costs are greater than revenues (Figure 4).
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Figure 4. Annual revenue with the addition of payments for environmental services and annual costs.

In general, the study found a much higher value when compared to PES values from
other studies. The value of PES in the Riparian Forest Program of the São Paulo State
Secretariat for the Environment, in conjunction with the National Water Agency, estimated,
based on the average costs of soil conservation practices, that the value of the control
ecosystem service of erosion was up to USD 64.72/ha/yearalready with updated values
for 2023 [9]. Another study carried out by [9] using the same methodology as this study
found values around USD 67.31/ha/year in the Manancial Vivo Program, in the Guariroba
river basin, located in Campo Grande in the state of Mato Grasso do Sul.

This value represented a portion of the financial benefit that producers would have
when using agroforestry systems to restore degraded areas, increasing their income due
to the conservation/ecological management of the soil in these areas. The chosen method
proved to be efficient in obtaining real values to pay for ecosystem services in the basin.

The comparison of values between PES implemented in Brazil demonstrates that
public policies surrounding incentives for the implementation of good agricultural practices
favor large landowners, since the amounts paid are small and to obtain a satisfactory
benefit it is necessary to grid areas. The current study is a proposal for payment policies for
environmental services to be reviewed and reformulated, thus making the scenario more
favorable to family farmers who own small areas (up to fourfiscal modules) and contribute
to food production and maintenance of biodiversity, services that are important for the
well-being of society.

The advantages of using the reduction of erosion within the property as an indicator of
the basin’s ecosystem services are many, since its application uses only parameters related
to land use before the project and after its implementation. This considerably facilitates the
estimation of the environmental benefit generated by the practice adopted, using already
established metrics.

The economic valuation of environmental resources raises the question of which
method is most appropriate. This concern is expected, as there is no consensus regarding the
methodologies used and their effectiveness in achieving the intended objective. Assessment
methods can be classified as direct and indirect, using techniques that allow assigning a
monetary value to the assessed environmental goods and services [36].
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Ecological economics involve assigning monetary values to services provided by the
environment and environmental losses, aiming to correct externalities and address flaws
in macroeconomic accounting [37]. The economic value of a good (service) is constituted
by the interaction of the perceptions of all subjects considering its utility, whether they are
consumers or producers, determining prices as markers of this utility, resulting from the
offer and demand for the goods and equilibrium quantities [38].

One of the challenges faced in payment for environmental services (PES) policies is
the difficulty of capturing all the environmental benefits offered, since market mechanisms
often do not reflect the full value of these benefits [38]. It is difficult to quantify the value of
the clean air we breathe or the clean water we drink, since their value is intrinsically linked
to their availability in nature.

The adequacy of payments for ecosystem services (PES) offers a warning to think
about the real reliability of payments for these services as an efficient conservation tool [39].
The authorsmake the criticism that declared “win–win” interventions commonly fail, being
based on weak and often imaginary assumptions.

Some authors criticize PES as a policy where some environmental results are achieved,
while any impacts of poverty reduction are beneficial effects of a transversal nature, not
being the main focus [10,11]. Thus, the authors of [40] advise that in PES formulation, it is
necessary to consider situations where it is possible to achieve an objective, safeguarding
that others’ situations are not worsened by it.

The authors in [11] comment that while producer-funded PES programs focus on
their environmental objectives, government-funded programs are often politically oriented
towards win–win spheres of multiple cross-cutting objectives, such as poverty reduction,
regional development, or electoral reasons.

The case presented in this work represent the action of the Federal District government
in prioritizing conservation actions in areas of interest that safeguard the availability
of water resources in Brasília and neighboring cities. These areas are characterized as
rural areas that most often have the presence of agrarian reform settlements, resulting in
practices that also favor food security, poverty eradication, and job and income generation
in the basin.

In general, it is possible to identify other gains in addition to economic ones when we
analyze projects that combine conservation practices in river basins through the encourage-
ment of sustainable production and payment for environmental services. These gains are
then associated with the sustainable development of the entire area covered by the project,
where different organizations are mobilized for execution, offering technical assistance, re-
search, and a more accurate look at local needs by the technicians and researchers involved
in the project.

Examples such as the project evaluated in the study should serve as a model for the
advancement of public policies for the conservation of river basins, as they shelter, in
addition to ahigh diversity of natural resources such as water and biodiversity, the human
component, which in turn can organize the occupation of the landscape, ensuring the good
management of the resources necessary for life. If, on the one hand, PES is the incentive for
producers to adopt sustainable agricultural practices, agroforestry systems stand out as the
practice that combines the requirements for gaining the incentive, combining conservation
with economic return.

4. Conclusions

The study found that the useof the policy of payments for environmental services,
combined with good agricultural practices with the use of agroforestry systems, can present
a possibility in the construction of watershed conservation projects.

Financial feasibility analyses demonstrated that the project is viable, thus opening an
opportunity for investors and organizations to increasingly adopt practices of this type in
their projects.
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Agroforestry arrangements also proved to be viable for producers, offering satisfactory
income for rural communities that, for the most part, have restricted access to income and
work in the city.

The methodology used to value the PES validated the practice of agroforestry
in reducing erosion processes in the basin, allowing its use by technicians from
inspection organizations.

Finally, thinking about payments for those who adopt good production practices can
be a reality, since public policies are already moving in this direction. This study refers to
a pilot project that can be replicated by organizations in the construction of their actions,
joining efforts between government, organizations, and rural producers towards a common
objective, the defense and conservation of biodiversity.
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