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Abstract

The objective of this study was to infer the opportunity cost of land use of the Feijao River watershed (Sdo Carlos-SP,
Brazil), in order to estimate the financial resources necessary to compensate landowners willing to convert their
production areas into areas of environmental preservation. Net values were estimated by calculating the Annual Value
and the Net Present Value of each activity. The area used for agricultural production was estimated using the Land
Cover Map of the watershed. The study involved four production areas: forestry, livestock, sugarcane and orange,
accounting for 66% of the watershed area of 22,300 hectares. Considering a scenario of total consent from landowners,
the 2011 net annual values were estimated at RS 13.4 million: R$ 2.2 million (eucalyptus), R$ 1.9 million (livestock),
RS 1.1 million (sugarcane) and R$ 8.2 million (orange). This amount would be used as payment for ecosystem services.

Keywords: opportunity cost, watershed, ecosystem services, payment for ecosystem services (pes).

Estimativa dos custos de oportunidade para a conservacio ambiental na
bacia hidrografica do Ribeirao do Feijao (Sdo Carlos - SP, Brazil)

Resumo

O objetivo deste estudo foi inferir o custo de oportunidade do uso do solo da bacia hidrografica do manancial do Ribeirdo
do Feijao, Sao Carlos — SP, a fim de estimar o valor necessario para ressarcir os proprietarios de terras dispostos a
converter suas areas produtivas para areas de protecdo ambiental. Os valores liquidos foram estimados pelo célculo
do Valor Anual e o Valor Presente Liquido de cada tipo de atividade. A area ocupada foi estimada utilizando o mapa
de cobertura de solo. Foram analisadas quatro areas produtivas, das quais: reflorestamento, pecuaria, cana-de-agticar e
laranja, que juntas representam 66% da area total da bacia, que totaliza 223 km?. Os valores liquidos anuais, referentes
ao ano de 2011 e considerando um cenario de total adesdo dos proprietarios, foram estimados em R$ 13,4 milhdes:
R$ 2,2 milhdes (eucalipto), R$ 1,9 milhdo (pecuaria), R$ 1,1 milhdo (cana-de-agucar) e R$ 8,2 milhdes (laranja).
Este montante seria o valor necessario estimado para fins de ressarcimento pela prestagdo dos servigos ambientais da bacia.

Palavras-chave: custo de oportunidade, bacia hidrografica, servigos ecossistémicos, pagamento por servigcos
ecossistémicos (pse).

1. Introduction

In 2013 the agriculture and livestock sector responded
for about 23% of the Brazilian Gross Domestic Product
— GDP (CEPEA, 2014) and accounted for 41% of the
exportations (CONAB, 2014). According to the last
Agriculture and Livestock census by the Brazilian Institute
for Geography and Statistics - IBGE, the agriculture and
livestock production used around 42% (355 million hectare)
of the Brazilian territory in 2006 (IBGE, 2007). Due to
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the country’s rich flora and fauna and extensive land area,
Brazil is among a few countries able to produce food,
preserve biodiversity and keep adequate ecosystem services.
However, consideration should be given to the fact that
agriculture can only exist in balanced ecosystems able to
provide for ecosystem services. Therefore, a well-preserved
nature is the most precious asset of agriculture (Martinelli
and Filoso, 2009).
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The conversion of native vegetation into agriculture and
pasture areas drastically reduces biodiversity of affected
biomes (Galindo-Leal and Camara, 2003; Watanabe et al.,
2012). Martinelli et al. (2010) report that the development
of the Brazilian agriculture and livestock activities are
associated with massive deforestation. An aspect disregarded
in this process is the replacement of native vegetation by
agriculture and livestock activities, resulting in great loss
of the ecosystem services.

Pollution considerably increases the costs for treatment
of the public water supply, whereas protected areas
with good quality watersheds demand less investment.
According to Tundisi and Matsumura-Tundisi (2010),
treatment costs may be, at most, between R$ 2.00
and R$ 3.00 per 1,000 m® of treated water in these
environments, however, due to deforestation and
watershed degradation, these costs increase to R$ 250.00
or R$300.00 per 1,000 m*. Approximately 55% of the
variations in water treatment costs are related to the
percentage of forest cover in the watershed and for
each 10% increase in the forest cover there is a 20%
reduction in water treatment costs up to approximately
60% of coverage (Ernst, 2004).

The ecosystem services provided by watersheds,
specifically the hydrological services, can be described
in four major categories: filtration of water, water regime
regulation, erosion control and sediment and preservation
of habitat (Postel and Thompson, 2005 and Periotto
and Tundisi, 2013). Therefore, watersheds with natural
characteristics are essential for the correct functioning of
the system and the evaluation of these services contribute
substantially to sustainable management of natural capital
(Frelichova et al., 2014).

Studies performed by Dupas (2001), Cunha et al. (2011),
Costa et al. (2012, 2013), Machado and Dupas (2013)
and Machado et al. (2014) depict intensive land use due
to agricultural activities and population growth resulting
in adverse impacts to the land cover in Sao Carlos — SP,
most specifically in the Feijao River watershed. Such
impacts are caused mainly due to sugarcane, orange and
livestock activities in highly fragile environmental areas
regarded as aquifer recharge areas (Tundisi et al., 2008;
Zuquette et al., 2009). Disordered development as a
result of lack of planning generates high costs to the city
administration and, as consequence, to the population
(Sperandelli et al., 2013).

Based on the above, the Feijao River watershed is
regarded as an important and strategic environmental asset of
Sao Carlos, with its preservation and/or conservation being
essential as a public water supply watershed. Therefore,
the purpose of this study was to estimate the opportunity
cost of agriculture and livestock production in areas within
the Feijao River watershed, with a view to offer financial
compensation to landowners willing to convert their land
into areas of environmental preservation.
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2. Methods and Material
2.1. Study area

The Feijao River, a public water supply watershed in the
city of Sao Carlos, is located in the southeast region of the
country, 230 km northwest of Sdo Paulo, with mild climate,
uneven terrain, annual average temperature of 19.5°C and
average altitudes ranging between 800 and 1000 meters,
with cerrado (tropical savanna) being the predominant
biome (Dupas et al., 2006). According to IBGE (2014)
data, the city has a population of 228,556 inhabitants
(about 20,000 are floating population), 1,141 km? of land
and a population density of 201 inhabitants per km? in
2013. The population is predominantly urban and the
GDP was R$ 5.526 million (R$ 24,678.10 per capita) in
2011 (SEADE, 2014).

The Feijao River is a sub-watershed of the Water
Resources Management Unit n° 13 (Tieté/Jacar¢) of Sao
Paulo state, situated in the center of the state with 34 cities
in the countryside (Tundisi et al., 2008). Located between
22° and 22°10’ parallels of south latitude and 47°45’and
47°50’meridians of west longitude, its water spring is in
Cuscuzeiro Hill (Analandia-SP), in Bauru’s sandstone-basalt
interface (SAAE, 1995).

The Feijao River watershed is Sdo Carlos’ primary
raw water supply source (Rodriguez, 2001; SAAE, 1989),
accounting for 27% of the total volume of surface water
collected for public supply in 2009. The Feijao River drains
the Itirapina plateau (where part of the tributary springs
are located), a depressed formation among the Itaqueri
and Santana do Sul Hills with Cuscuzeiro and Sao Carlos
Hills to the north. It runs NE-SW and ENE-WSW upon
sandstones along the Botucatu formation in its mid and
long courses; in its lowest part it runs over diabasic terrain
of basaltic origin between layers of Botucatu (SAAE,
1995). The perimeter of the watershed is 68.75 km; average
declivity of 2.73%; maximum altitude of 1,020 meters;
average altitude of 870 meters; minimum altitude of
720 meters; and drainage area of 223 km? (SAAE, 1989).

Figure 1 shows the land cover map and the drainage
system of the Feijdo River. The cartographic elements
adopted for the map elaboration follow guidelines from the
Brazilian Geodesic System, making use of the planimetric
datum of Alegre Stream, which uses the Hayford ellipsoid,
with projection in degrees, minutes and seconds in relation
to the 23 Time Zone and the altimetry data of Imbituba
Marigraph. The map elaboration was performed through
supervised ranking (maximum-likelihood estimation) using
an Alos satellite image dated November 12th, 2006, with
10 m of spatial resolution (Cunha, 2012). In this figure
is shown the extent of pasture areas, sugarcane, orange
and forestry/reforestation activities in the Feijao River
watershed. It is also observed the urban sprawl of Sao
Carlos inside the perimeter of the watershed, the result
of a population growth of 226% and a 310% increase
of impervious surface between the years 1962 to 2006
(Costa et al., 2013).
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Figure 1. Land cover map of the Feijio River watershed made from the ALOS satellite imagery of November 2006.

Source: Adapted from Cunha (2012).

Table 1 shows the distribution of different covers in
the watershed and their respective percentages. The most
predominant is pasture, accounting for 38% of the area,
followed by orange activities (14%).

2.2. Economic analysis

Studies on the economic valuation of the environmental
impacts caused by anthropic activities over natural
resources have been performed incorporating economic
analysis in the environmental dimension. Such valuation
are comprised a set of methodologies to estimate values
for the environmental assets and for the goods and services
they generate (Machado and Dupas, 2013).

Based on production costs and on the financial return
for the agriculture and livestock activities developed in the
watershed, the net profit was estimated for each type of
culture. The purpose was to identify the financial investment
necessary to indemnify rural landowners willing to convert
agricultural areas into areas of environmental protection
and thus improve the offer of water with better quality
and higher quantity.

The proposal is based on opportunity cost, which refers
to the difference between the income derived from the land
before the Payment for Ecosystem Services - PES and after
the adoption of the PES and their respective conservationists
measures (Wiinscher et al., 2008). The opportunity costs
of conservation are defined by the lost opportunities that

30

Table 1. Distribution of land cover in the Feijao River
watershed in the year 2006.

Cover classes Area Area
(ha) (%)
Ciliary forest/Hillside 2,358 10.58
Urban 1,084 4.84
Cerrado (savanna) 1,293 5.78
Reforestation 2,281 10.22
Exposed soil 2,861 12.83
Pasture 8,647 38.79
Sugarcane 681 3.05
Orange 3,085 13.86
Water 13 0.04
Total 22,302 100

Source: Adapted from Cunha (2012).

occur in the process of using land for economic purposes
(Adams et al., 2010).

With this proposal, producers in the Feijao River
watershed would give up using the land for economic
purposes to receive financial compensation to protect the
area at the amount of the net profit of the current land cover.
It is worth mentioning that the intention was to identify
the opportunity cost involved in ceasing agriculture and
livestock production. Overhead costs, such as social costs
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(unemployment), conversion costs, and tax collection, among
others, were not considered, but require further studies.

The market price of the lands subject to this study were
not considered either, once they may be converted into
monetary units when sold or the owners may be indemnified
in case of expropriation. Furthermore, indirect revenue from
the protection of the watershed, such as costs reduction
for treating the public water supply, among others, was
also not accounted for.

To create the proposal, a land cover map and its
respective areas were used as a source of data (Figure 1
and Table 1). A fieldwork study was performed in the
watershed in March 2010 aimed at analyzing the area and
checking if the covers seen in the map were consistent
with reality on the ground.

Productive areas defined in this economic analysis
were: reforestation (eucalyptus cultivation), pasture (beef
cattle), sugarcane and orange. The exposed soil, in spite of
representing a possible area for agriculture and livestock
activities, was not considered in this analysis, as it may
represent degraded areas not used for economic purposes,
as well as resting areas for culture or pasture rotation.
Therefore, we opted for a more conservative estimation,
which, somehow, can underestimate the final estimation.

2.2.1. Methods of economic analysis

The Uniform Annual Value - AV is a method to analyze
a project’s feasibility with different lifespans, such as for
this study. The AV represents an equivalent uniform annual
value of all estimated, paid and received amounts during
the life-cycle of a project (Blank and Tarquin, 2008).
This method divides the project’s current net value by
equal values of n throughout the project’s lifespan, although
calculated from the same focal date. According to Neves
(2005), the AV is expressed by Equation 1:

(+i) *i
(1+i)" -1

AV = NPV * (1)

Where:
AV = Annual Value
NPV — Net Present Valuei = Attractive rate of the period
n = Total number of time periods

In order to calculate the AV, it is necessary to calculate
the Net Present Value of the project. The method of Net
Present Value (NPV) determines investment feasibility by
calculating the positive difference between revenues and
costs, updated to the present time, by a minimum attractive
rate (Dossa et al., 2000). Despite the change risk analysis
had not been considered in its variables, NPV is one of
the most commonly used methods to analyze investments,

as it complies with a set of important properties, among

which are: cash flow, money value over time, all cash

flows of the period, only one result, and no scale problems

(Ross et al., 2002). According to Ross et al. (2002), the

NPV is calculated by Equation 2:

NPV =ZL C’ @
o A+

Where:

R=Revenue of the period j

Cj= Cost of the period j

i= Interest rate (% per year)

j= Period of revenue or cost (years)

n = Maximum number of periods (years)

According to the NPV, if the present value of the sum
of expenses and revenues is positive, the project is viable;
otherwise, the project is deemed economically unviable.
An important variable is the choice of interest rate. In this
study, the rate used to calculate the NPV for all activities
analyzed was 6.75% per year. This interest rate is the
same used in governmental programs for rural credit, as
described in the 2010-2011 Agricultural and Livestock
Plan of the Ministry of Agriculture, Livestock and Food
Supply (Brasil, 2009).

2.2.2. Data sources

Due to lack of data, especially for production costs, and
costs and revenues of agricultural products from different
datasets, it was necessary to use different periods as well
as different Brazilian States. Table 2 shows the respective
reference years of the data used in this study.

Subsequently, the values (Table 2) were adjusted
for the year 2011 according to the monetary updating of
the respective periods (i.e., values of costs and revenues
of years prior to 2011 were updated following annual
monetary updating as per the National Broad Consumer
Price Index - IPCA (IBRE, 2011). Table 3 shows the 2004
to 2010 annual inflation rates used to update the values and
to estimate the inflation of the referred period.

2.2.3. Comparison between producers’ profits and
people’s willingness to pay

The outcome of the economic analysis of land use was
compared with the values of Willingness to Pay - WTP
of the population of Sdo Carlos to protect the Feijao river
watershed in order to determine a representative WTP
figure. The WTP was estimated by Machado and Dupas
(2013) utilizing the Contingent Valuation Method - CVM,
with data collected through personal interviews using
questionnaires conducted at the interviewees’ homes.

Table 2. Years of costs and revenues of agriculture and livestock activities.

Activity Year Source
Eucalyptus 2007  Anuario da Agricultura Brasileira — Agrianual (2008) and Galo (2008)
Beef cattle 2009  Anuario da Pecuaria Brasileira — Anualpec (2010)
Sugarcane 2011  Federagao da Agricultura e Pecuaria do Estado de Goias — FAEG (2011)
Orange 2004  Ghilardi et al. (2004) e Instituto de Economia Agricola de Sao Paulo (IEA, 2010)
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31



Machado, F.H. et al.

In October 2010, 280 questionnaires were responded to
by probabilistic sample of the population. The interview
was preferably carried out with the head of the household
or, alternatively, with a person in the household that was
18 or over. The referendum model and bidding-games
were used as the elicitation technique. The structure of the
questionnaire (addressing socio-economic characteristics
and questions concerning the environmental perception
of' the interviewee) consisted of dichotomous choices and
multiple choice questions, all conducted by the interviewer.

3. Results and Discussion

3.1. Estimation of net profit produced in the watershed

Below are the net profit estimated values produced for
each type of agriculture and livestock activity in the land
cover map of the Feijdo River watershed, calculated from
Equations 1 and 2. Table 4 shows the results obtained for the
production of orange, sugarcane, eucalyptus (reforestation)
and beef cattle (pasture).

Table 3. Annual inflation rate IPCA/IBGE.

Year IPCA (% per year)
2004 6.6

2005 6.87

2006 4.18

2007 3.64

2008 5.9

2009 431

2010 591

Source: IBRE (2011).

The net profit from the area allocated to reforestation
(in this study, eucalyptus plantation — as verified in
fieldwork) was estimated based on data collected from the
Agriculture in Brazil Yearbook (Agrianual, 2008; Galo,
2008). An eighteen-year lifespan life was estimated, with
three cut periods for the region of Minas Gerais State, three
cuts in the period (year 6, 12, 18), density of 1,600 tree/ha
and spacing of 3x2 (Agrianual, 2008). All data related to the
18-year period making up the eucalyptus productive cycle
are from 2007. Therefore, values were updated to 2011
based on accumulated inflation rate from 2007 to 2010.

The total estimated net values for the eucalyptus
plantation in one cycle only were around R$ 9,751 per
hectare or R$ 952 per ha/year. Extrapolating this value to
the eucalyptus farming area in the watershed (2,281 ha),
we have a value close to R$ 2.2 million per year.

Revenues and production costs provided by the Agriculture
and Livestock Federation of the State of Goias — FAEG
(2011) were used to calculate the values of a five-year
sugarcane cycle. The first cut is referred to as “cane plant”
and, from the 2nd to the 5th, “ratoon cane”. Based on these
results, we can estimate that for each hectare the annual net
revenue is R$ 1,581. Extrapolating this result to the current
681 hectares of sugarcane plantation in the watershed, we
have annual revenue of about RS 1.1 million.

The net revenue evaluation for the orange culture was
performed based on production costs and revenues of
industries in the south of the state of Sdo Paulo. According
to Ghilardi et al. (2004), in a 19-year life cycle of orange
orchards, four years are unproductive (growth period).
For our study we considered a productive orchard with
300 plants per hectare, producing 600 boxes of 40.8 kg
(average production of a 7 to 9-year orchard) at the cost

Table 4. Opportunity cost from agriculture and livestock activities analyzed (adjusted to the year 2011).

Description Unit Eucalyptus Sugarcane Orange Cattle
Used area (Figure 1) 2,281 681 3,085 8,647
Length of cycle (full cycle) years 18 5 19 2.75
Revenue considering the full cycle R$/ha/year 28,700 24,595 73,620 -
Cost considering the full cycle R$/ha/year 20,658 18,070 54,132 -
Result considering the full cycle R$/ha/year 8,042 6,526 19,488 202
(revenue - cost)'?
Updated value per accumulated inflation rate of - - 28,044 -
the last 7 years (2004-2010)
Updated value as per accumulated inflation rate 9,751 - - -
of the last 4 years (2007-2010)
Updated value as per accumulated inflation rate - - - 223
of the last 2 years (2009-2010)
Correction factor by the agriculture and livestock 10.2 4.4 10.5 -
sector finance rate’
(6.75% - rate used to calculate the NPV)
Annual value in 1 ha 952 1,581 2,663 2233
Annual value per total used area R$ (million) 2,171 1,077 8,215 1,928
Total annual value RS (million) 13,391

(orange + sugarcane + eucalyptus + cattle)

! Forecasted values disregarding monetary update of the execution time (except sugarcane - date of 2011). >* Estimated by

Anualpec (2010).
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of R$ 6.01 per box in May 2004. The producer received
R$ 8.18 per box in the referred month (online databank
of the Institute of Agricultural Economics — IEA, 2010).
The data was updated to take into account the accumulated
inflation of the last six years (2004-2010). The annual net
profit per hectare was around R$ 2,663. Extrapolating
this result to the orange plantation area in the watershed
(2,281 ha), the estimated net profit was R$ 8.2 million/year.

In terms of pasture, we considered the area for the
growth, reproduction and fattening of extensive beef
cattle — the main activity observed in the fieldwork. As the
data was from 2009, the values had to be updated to 2011.
The estimation resulted in a net profit for beef cattle of around
R$ 223 per ha/year, which totals to R$ 1.9 million/year
for an area of 8,647 hectares.

The total annual net profit of the four studied activities
in the watershed (accounting for 66% of its total area) is
in the order of R$ 13.4 million. Of the four productive
activities, the most profitable per hectare/year is orange
(R$2,663), followed by sugarcane (R$ 1,581), eucalyptus
(R$ 952) and beef cattle (RS 223).

3.2. Producers’ profits and people s willingness to pay

The study carried out by Machado and Dupas (2013)
showed that the WTP of Sdo Carlos inhabitants for the
environmental protection of the Feijao River watershed is
RS 3.1/person/month. Extrapolating this value to the city’s
population, Machado and Dupas (2013) estimated that an
amount of R$ 8.2 million/year that could be allocated to
the environmental protection of the watershed.

Comparing the estimated values with the four productive
activities in the watershed with the amount obtained with
the population’s WTP, we observe that the later represents
approximately 60% of the amount needed to cover the
total production of the agriculture and livestock activities
analyzed in this study. Considering the amount that could be
collected annually for the environmental protection of the
watershed (R$ 8.2 million), this value would be equivalent
to R$ 558 ha'.year' of the productive area covered in this
study or R$ 368 ha/year of the watershed’s total area.

This financial resource, once collected, may be used
for the protection of the watershed in different ways, such
as: partial financial compensation to cease productive
activities that impact the environment negatively, incentive
to implement organic agricultural practices, and payment
for ecosystem services to rural producers who allocate
areas to environmental protection.

Thus, this would encourage producers to change their
production practices and would, possibly, improve their
chances of making profits with more sustainable means.
The replacement of unsustainable practices to organic
agriculture and livestock could result in higher financial
profits in the future.

In this process, priority areas should still be defined
for implementation of the proposal. Technical issues must
be taken into consideration, such as greater attention to the
anthropogenic pressures close to water courses or areas of
recharge groundwater. The halting of activities located in
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places that can bring some risk or damage to water resources
should also be considered. It should also be highlighted
that different activities have different degrees of impact
on the water resources. Thus, in the implementation of
this proposal, criteria must be created to establish the
anthropogenic pressures and their relative impacts, give
priority to stopping the most harmful activities.

In this context, we highlight that this study may be
used as a management tool, serving as a guideline in
decision-making processes concerning policies for the
protection of watersheds in S@o Carlos as well as in the
other cities comprising the watershed. For this case study,
the payment for ecosystem services, most specifically
for water production, shall be regarded as a strategy to
preserve and assure water supply to urban areas. This way,
the benefits will be for those using and those preserving
the watershed through the recovery of degraded areas.

How costs will be shared among urban environments
in need of water is a current issue that foresees the
compensation of landowners who profit from agriculture
and livestock activities. Obviously, to make this proposal
effective, negotiations are essential with landowners.
From an amount of 223 km?, only 120.3 km? are in Séo
Carlos; however, the city is the most urbanized/waterproof
with 5.9% of the area, which, according to Tundisi et al.
(2007), has the greatest pollution indexes as a result of
residual effluents disposal.

4. Conclusions

According to Hupffer et al. (2011, p. 102), “[...] the
adoption of fiscal, tax and credit incentives has gained
recognition in the environmental area, mainly from the
concept of the protector-receiver principle.” Based on
this assumption, this study was aimed at establishing the
opportunity cost required to indemnify rural producers
willing to cease their livestock activities to preserve the
Feijao River watershed by turning it into an environmental
protection area, as well as comparing if the WTP of the city
of Sdo Carlos estimated by Machado and Dupas (2013)
would be enough to cover the cost. However, this result
shows that the population is aware of the importance of
preserving the watershed, and that alternatives must be
found for the financial deficiency.

If the objective is to immediately start replacing
productive processes, a possible approach could be to get
resources from alternative sources in the legislation by
mechanisms of fiscal exemption from the Corporate Fiscal
Responsibility - Normative Instruction n®. 87/1996 (Brasil,
1996). It should be considered that there is a large financial
savings in the water treatment process due to preservation
of a river basin (Tundisi and Matsumura-Tundisi, 2010).
The Sao Carlos population, main beneficiary of this
proposal, also proved to be willing to pay any amount
for the preservation of water resources in the Feijao River
watershed. Thus, this financial resource could be used to
compensate producers who preserve their land. Other sources
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of financial resources in Brazil are described by Whately
and Hercowitz (2008).

Furthermore, even disregarding outside resources, a
gradual replacement program may be established, as the
amount of producers willing to adhere to new production
rules may be initially low. We must highlight that as a
management strategy for a gradual replacement program,
negotiations should be started with producers with the
lowest annual net profit, that is, cattle breeders, and later
with eucalyptus, sugarcane and orange producers. Income
sources as poultry, pig and fish farming, horticultural
production and landscape were not taken into account
for this research. These income sources would raise the
watershed annual net profit and are therefore need of
complementary studies. The deduction of permanent
preservation and legal reserve areas established by the
Forest Code in force should also be considered in more
detail for further studies, as these areas should not be
considered as productive.

In summary, analysis of the opportunity cost of the
economic activities analyzed is a strategic tool to be used in
decision-making processes aimed at proposing alternative
production systems for the watershed. However, this tool
should not be regarded only as a method of encouraging
environmental preservation by means of financial
compensation. Non-economic factors involving other
values such as cultural, altruistic and landscape should
be carefully considered.
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