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A B S T R A C T

The objective of this study was to evaluate water production within a national park in order to characterize
quantity and quality when associated with preserved landscapes in rainforests. After acquiring the necessary
quali-quantitative information, a second objective was defined, aiming to propose a new approach for water
valuation in preserved forest areas within a scenario of integrated water resources management. Field campaigns
were conducted in subwatersheds within the Serra das Lontras National Park in order to collect hydrological and
hydrochemical data. Results showed that the effluent streams presented perennial water production of
4,000 l ha−1 day−1 in the most conservative scenario. Regardless of flow rate regimes, waters were well-oxy-
genated and presented low salinity and low concentration of total suspended solids. These results prove the
effectiveness of a montane rainforest in providing protection to water bodies and in delivering important eco-
system services. Thus, we propose the inclusion payments policies for watershed services (PWS) by water re-
sources management from an alternative approach. In conclusion, these policies could be reviewed with the
objective of adding water valuation, making programs more robust and attractive to rural producers and other
stakeholders. Water catchment and treatment agencies could also be part of this process, including PWS in their
revenue budgets, and using their prices to stimulate the ecosystem service market.

1. Introduction

Water is one of the main natural resources that living beings depend
on, regarding both quantity and quality. Climatic changes and oscilla-
tions, population growth, and complex economic activities promote
increases in pressure on water resources, compromising runoffs and the
quality of the world’s large freshwater ecosystems (Grafton et al.,
2013). In this context, according to Tundisi and Barbosa et al. (1995),
knowledge on environmental processes, water uses, and the socio-
economic aspects of watersheds is paramount for formulating water
resource management strategies.

The volume and hydrochemical characteristics of water produced
by areas with preserved vegetation cover reflect the interactions of
factors such as climate, soil, relief, geology, and vegetation of a wa-
tershed (Neary et al., 2009; Souza et al., 2013; Van Lear et al., 1985).
According to Sopper (1975) and Neary and Leonard (1978), watersheds
that present dense forest cover provide protection against soil erosion
and excessive inorganic matter lixiviation into river waters. Areas with
these characteristics are in better condition to produce high-quality

water (Bateni et al., 2013; Fiquepron et al., 2013; Jayawardana et al.,
2017).

Investing in the protection and conservation of forest areas in wa-
tersheds may be the most prudent and lucrative path, as shown by
Chichilnisky and Heal (1998). This investment is able to reduce the cost
of water treatments, as indicated in the studies conducted by Ernst et al.
(2004) and Abildtrup et al. (2013). Thus, promoting mechanisms that
alter agricultural land uses into forest land uses in zones that are stra-
tegic for fluvial and underground recharge is paramount to allow sig-
nificant volumes of water with high environmental quality and low
economic cost.

In Brazil, initiatives at the federal level (ANA - Agência Nacional de
Águas, 2011) and also by state water supply agencies support main-
tenance and regeneration actions towards native vegetation in areas
often as far as a hundred kilometers upstream, in order to guarantee the
runoffs and to reduce the load of inorganic matter drained. These in-
itiatives are structured within the principle of Payment for Ecosystem
Services (PES). Regarding water resources, approximately 129 in-
itiatives of Payment for Watershed Services (PWS) have been mapped
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in Brazil (http://www.brazil.forest-trends.org/). According to Guedes
and Seehusen et al., 2011, the effectiveness of most programs is as-
sessed through monitoring activities regarding the preservation of a
pre-determined area. However, according to Forest Trends (2015), the
implementation of monitoring activities regarding water volumes pro-
duced and the quality of these waters is low.

Several aspects should be taken into account when executing PES-
PWS in Brazil. Research studies should be especially encouraged in
order to implement this type of program, be them of either a physical/
environmental nature or from a political or socioeconomic standpoint.
Studies are indispensable tools to measure the productive ability of a
natural system and to identify the needs of a certain region in face of
socioeconomic objectives. Liu et al. (2013) and Pereira et al. (2015)
conducted participatory action research projects considering natural
drivers in watersheds and the environmental perception of water users.
According to Quintero et al. (2009), experiments such as these serve as
tools for the decision-making process, diagnosing the implementation
of a PWS program in a given region as either viable or not.

Araújo et al. (2015) reiterated that investments in research and
development of water resource management plans are ineffective if
monitoring and inspection actions are not implemented. Monitoring
should aim to evaluate the effectiveness of the program regarding not
only water production but also water quality, as indicated by He et al.
(2015), who detected gradual and sharp changes in water quality after
the implementation of a PWS program in essentially agricultural areas.
In order to understand the processes related to PES programs, Grimma
et al. (2016) analyzed 40 PES programs in Latin America since 1990.
These authors identified that an essential characteristic of successful
programs was the use of data from local-regional studies, incorporated
into cultural and political contexts.

The use of this type of data in order to guarantee the success of a
program should be based on the execution of correct policies, encom-
passing innovative public incentive and subsidy mechanisms, as well as

awareness and transparency. These policies should necessarily follow
these recommendations because environmental services become com-
modified and, therefore, promote complex relationships of power,
which can cause value subjectivities and imbalances from one region to
the other, causing dissatisfaction among those participating in the
program. Thus, Guerra (2016) considers PES an important tool, but also
one that requires careful analysis before implementation in order for it
to be more coherent (optimization between theory and practice) and
flexible, and to guarantee that the social and cultural aspects of the
region are taken into consideration. According to Muradian et al.
(2010), the effective policies of PES initiatives can be grouped ac-
cording to three criteria: i) importance of economic incentive; ii)
transparency in transactions between suppliers, intermediates and
buyers of an environmental service; and iii) degree of commodification
of these services.

A systemic approach was taken towards the relationship between a
montane rainforest and water production and water resource manage-
ment based on data obtained from subwatersheds located within a
National Park in the southern portion of the State of Bahia (north-
eastern Brazil). The objective of the present study was to evaluate the
quantity and quality of water produced within a preserved area in order
to characterize these measures when associated with preserved rain-
forest landscapes. After acquiring the necessary quali-quantitative in-
formation, a second objective was defined, aiming to propose a new
approach to water valuation in PWS policies of preserved forest areas in
a scenario of integrated water resources management.

2. Material and methods

2.1. Study area

The present study was conducted in the Serra das Lontras National
Park - SLNP (ID No. 555,576,352 in the World Database on Protected

Fig. 1. Location of sampling stations in watersheds within the SLNP.
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Areas: http://www.wdpa.org/parque-nacional-da-serra-das-lontras-
park). The SLNP covers an area of approximately 114 km² located in
the southern region of the State of Bahia, northeastern Brazil, between
geodesic coordinates 15°4′ and 15°14′S and 39°16′ and 39°25′W
(Fig. 1).

The climate in the region, according to the international classifica-
tion proposed by Koppen (1948), is type Af, which represents a warm
and humid tropical climate, without a defined dry season and with
annual rainfall of approximately 1500mm equally distributed over the
year. Temperature varies only slightly throughout the year, with mean
values of approximately 23 °C, and minimum temperatures never below
18 °C (BRASIL - Ministério das Cidades, 2016). This climate typology
promotes exuberant vegetation cover, classified as montane rainforest,
which is in an excellent state of preservation (Pardini et al., 2009). The
preservation status of the region is attributed to its designation as a
National Park, which according to Brazilian legislation is classified as
one of the most restrictive types of Conservation Units regarding the
state of the ecosystems found within its limits. The main land use in the
area is characterized by century-old cacao cultivation shadowed by the
canopies of emerging trees and common subsistence agriculture.

The geology of the study area is dominated by orthogneissic rocks of
the Buerarema Complex, with fissure aquifer systems that belong to the
Hydrogeological Province of the Eastern Shield of the Crystalline
Domains (CPRM - Serviço Geológico do Brasil, 2004). Soils of the lowest
portions of SLNP are predominantly represented by deep, porous, and
well-drained latosols, while litholic soils are found in the areas of
steeper relief (Nacif et al., 2009). The relief of the Serra das Lontras is
quite wavy, with an approximate altitude of 1,000m at its highest
point, presenting steep slopes and occasional scarps.

2.2. Methodology

After analyzing and interpreting the area using Geographic
Information System (GIS) tools and field surveys, a total of seven sub-
watersheds were included in the present study. These subwatersheds
were chosen because they represent water courses with springs within
the area of the SLNP. Sampling stations were located as close as possible
to the borders of the Park (Fig. 1). These locations were systematically
visited during 16 field campaigns, between April 2012 and January
2013. Table 1 presents a summary of these subwatersheds, all of which
are typical of headwater regions, with encased valleys and mean slope
values within the lower limit of a strong wavy relief classification.
Subwatershed E (Rio Una) was particularly important to include in the
present analysis considering that it represents the water source used to
supply two small municipalities (Buerarema and São José da Vitória),
which together add up 25,300 inhabitants (IBGE - Instituto Brasileiro de
Geografia e Estatística, Cidades, 2016).

Flow rate measurements were conducted using the area versus ve-
locity method. To do so, measuring tapes, rulers and a flow meter were
used. In these measurements the lower speed accuracy limit
(± 0.1 ft s−1) calculated by the flowmeter was always used: (http://
www.globalw.com/downloads/flowprobe/FP111.pdf). Portable elec-
trodes of an YSI® 556 MPS multiparameter probe were used in order to
determine temperature, pH, electric conductivity, and dissolved

oxygen. Water samples were collected in duplicates using wide mouth
flasks, transferring their contents into previously decontaminated flasks
that were stored in polystyrene boxes with ice and transported to the
Limnology Laboratory of the Universidade Estadual de Santa Cruz.
Concentration of total suspended solids (TSS) was determined in the
laboratory by gravimetric analysis after filtration through a 47-mm GF-
F membrane, previously tared (Strickland and Parsons, 1972). The
variation coefficient between duplicates was always below 10%.

Fixed (FS) and volatile solids (vs) of the SPM were separated
through the calcination method, performed at 450 °C for four hours
(Heiri et al., 2001). Duplicates and “analytical blanks” were used to
evaluate the quality of the data obtained. All values above 100% were
discarded, being considered beyond the detection ability of the method
used. The variation coefficient between duplicate pairs ranged between
0 and 9%, with a mean value of 2%.

3. Results and discussion

3.1. Water production

Fig. 2 presents the flow rates recorded throughout the sampling
period. Two different moments are distinguishable in the hydrograph of
the streams sampled. The first represents a period with higher flow
rates, which was concentrated over the months spanning the middle of
the year. The second was a drier period, observed during the first and
last field campaigns. Despite the reduced number of field campaigns,
sampling was considered to have contemplated all the varying phases of
the hydrograph and the hydrochemical characteristics associated with
seasonal variations in the area. In fact, some of the streams sampled
varied as much as one order of magnitude throughout the sampling
period (Fig. 3). These values were within the intervals recorded in
watersheds with preserved forest cover in Brazil (Forti et al., 2007),
which are characterized by perennial regimes and high water pro-
ductivity.

Table 2 also presents daily water production per hectare of the
subwatersheds studied. If on one hand there were significant differ-
ences between median values of flow rates recorded due to the obvious
influence of the different areas of each watershed, on the other hand
water production presented values within a more restricted interval of
values. The differences found among production values were due to
either the presence or absence of shallow soils, rock outcrops, and even
watershed slope variations, which can either favor or not surface runoff
over infiltration.

Therefore, results demonstrated that in the most conservative sce-
nario each hectare of montane rainforest provides at least, during 95%
of time, approximately 4,000 L of water per day. These results offer the
first characterization of runoffs found in preserved montane forest areas
of southern Bahia and represents implications for water resource
management, as discussed below in topic 3.2.

Fig. 3 presents the values of physicochemical parameters obtained
over the various phases of the hydrograph. The low regression value
found is particularly interesting because, although variations as high as
one order of magnitude were recorded for the flow rates, the measured
parameters occurred within a narrow interval of values. Waters were

Table 1
Characteristics of the watersheds sampled in the SLNP.

Watersheds Area (ha) Forest (%) Sampling stations altitude Slope average (%) Stream order Drainage density Compactness factor

B 326 97 280 20 3rd 2.31 1.25
D 714 99 200 23 3rd 2.32 1.36
E 924 91 300 27 3rd 2.31 1.39
F 1,746 93 180 25 4th 2.44 1.27
G 1,184 96 240 24 3rd 2.41 1.57
H 403 99 300 24 3rd 2.26 1.64
J 706 97 300 23 3rd 2.37 1.52
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Fig. 2. Flow rates recorded in all studied watersheds in SLNP, throughout the sampling period.

Fig. 3. Physicochemical parameters (TSS= total suspended solids; EC= electrical conductivity; pH; DO=dissolved oxygen saturation) and flow rates, recorded in all studied watersheds
in SLNP throughout the sampling period.

Table 2
Flow rates and water production in watersheds sampled in SLNP.

B D E F G H J
n 6 5 6 5 5 4 3

Discharge (l sec −1)
Min 68 188 80 64 180 120 137
Max 447 1,330 1,353 1,060 1,443 529 1,225
Median 88 298 669 657 1,142 276 204

Water production (l ha −1 day−1)
Min 18,022 22,750 7,481 3,167 13,135 25,727 15,542
Max 118,469 160,941 126,514 52,454 105,300 113,413 149,915
Median 23,190 36,061 62,509 32,511 83,335 59,065 24,965
5 Percentile 18,287 23,524 10,964 3,949 15,120 26,820 16,485
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clear, presented low salinity, and were well-oxygenated and slightly
acidic. This fluvial typology is characteristic of well-preserved water-
sheds found in rainforest areas (Andrade et al., 2011; Souza and Paula,
2013; Stallard and Murphy, 2014; Paula and Mozeto, 2001).

The vegetation cover within SLNP reduces the erosive effect of rain,
preventing the direct carrying of sediments into the aquatic environ-
ment, resulting in the extremely low SPM values found even during
periods of higher rainfall rates. Low salinity, represented by the electric
conductivity, was influenced by two factors: climate typology, with
constant water surplus throughout the year, and local lithology com-
posed of granulites, which usually present low electrolyte contents. The
steep relief of the Park is favorable for the occurrence of waterfalls and
rapids, therefore promoting the oxygenation of these waters. Moreover,

since there are no significant sources of organic pollution in the area,
oxygen saturation always oscillated around 100%. Values of pH re-
vealed neutral to slightly acidic waters, resulting from the presence of
weak organic acids.

Speciation of total suspended solids (TSS) (Fig. 4) shows the pre-
dominance of the organic fraction (vs), equally reflecting the excellent
preservation status of the vegetation cover within the studied sub-
watersheds. This reduces inorganic substrate denudation processes and
favors only the drag of organic matter provided by the litter.

3.2. Implications for water resources management

In face of the scenario depicted by the water production results,
SLNP was proven to contribute a significant net water production with
high environmental quality to its subwatersheds. Levels of water pro-
ductivity are high in preserved rainforest areas, therefore comprising an
instrument of high environmental and economic potential.
Conservation units are important not only for the environmental con-
servation actions they promote, but also due to the ability to illustrate
scenarios of high natural resource productivity in areas with no human
interference. This ability should serve as a subsidy for the management
of these resources not only in the Atlantic Rainforest but also in other
biomes around the world.

The water production observed in the subwatersheds of SLNP is one
piece of data among several others that reinforces the buffering func-
tion of preserved forest areas over water bodies, guaranteeing their
quality and quantity. Currently, this important environmental function
promoted by the conservation area provides economic value and,

therefore, may be exploited through legal mechanisms (judicial, poli-
tical, and economic). Thus, ecosystem services, as stated by Guswa et al.
(2014), become strategic factors for decision makers, since the valua-
tion of natural processes may create conditions that benefit the
economy, and human health and well-being.

The proposal for creating SLNP was not directly motivated by water
production, but rather by the need for local biodiversity conservation.
By identifying the hydric potential of the area, the present study allows
proposing the creation of preservation areas not only through conven-
tional mechanisms (decrees and expropriations). Proposals for creating
preserved areas for water production may stimulate the dialogue
among water users intermediated by an ecosystem service valuation
policy, such as the Payment for Environmental Services Program (PES).

The PES program for watersheds (PWS) consists of an inter-
nationally disseminated management element, where each country has
a specific way of managing their water and environmental resources,
defined according to the characteristics and needs of their society, and
their political and economic ability. According to Vogl et al. (2017),
PWS programs are expanding, but their full potential has not yet been
reached. In Brazil, the implementation of PES-PWS programs occurred
quite recently through experiments and pilot plans in a few watersheds.
According Garcia et al. (2013), given the context of Brazil’s new Forest
Code, these policies for economic incentives will be paramount in order
to safeguard Brazilian natural ecosystems.

Although PES in Brazil is in accordance with international trends
and that some advances can already be detected at a local scale, in most
of the country the execution of PWS is still in its infancy (ElabrasVeiga
and Magrini et al., 2013). The reasons for this low level of im-
plementation of PWS in Brazil, according to Forest Trends (2015),
Richards et al. (2017), and Zanella et al. (2014), are problems such as
bureaucracy, economic barriers, lack of governmental transparency,
lack of information, and the absence of mechanisms that facilitate the
implementation and execution of programs. Deficiencies were also de-
tected in Costa Rica, which was one of the pioneering countries to
implement PES-PWS, and corrections to the program needed to be made
(Pagiola, 2008). Similar problems associated with some market failures
are observed in other regions of the world (Vogl et al., 2017), high-
lighting the need for adjustments and improvements in PWS policy and
mechanisms.

For a country such as Brazil, which is abundant in water resources,
an emerging economy and large population, perhaps a bolder plan

Fig. 4. Total suspended solids and volatile solids percent, in selected samples from studied watersheds in SLNP.
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would need to be elaborated and put into practice in order to execute
PWS across the country’s whole territory. PWS mechanisms can be re-
viewed in order to make the program more accessible and attractive to
rural producers. In the current scenario, these mechanisms need to be
incorporated into feasible economic assets for forest restoration con-
ception and implementation, as shown by Brancalion et al. (2012).
According to these authors, considering a balanced economic proposal,
within approximately ten years, rainforest restoration could become
more profitable than current land use by extensive cattle breeding.

Taking European practices as a reference, De Groot and Hermans
et al. (2009) present the results of an experiment in the Netherlands on
the negotiation of PWS schemes seeking to identify and structure fac-
tors that boost the execution of programs from an interdisciplinary
point of view, with analyses that involve especially economics, hy-
drology, and institutional relationships. Setting these programs into
motion and, consequently, expanding them may represent mid- to long-
term guarantees and incentives for the maintenance of preserved areas,
and also consequently the availability of water resources in excellent
conditions for various uses (Vogl et al., 2017).

Water production within SLNP illustrates this reality. According to
the data surveyed, each hectare of montane rainforest can currently
meet the water demand of at least 40 people per day, and up to 268
people during high rainfall periods, based on recommendations of the
World Health Organization (WHO - World Health Organization, 2013),
which determines net daily water consumption as at least 100 l per
individual. Within SLNP, soil loss due to surface runoff tends to be re-
duced, even during high rainfall and flow rate periods, since approxi-
mately over 75% of the suspended load in waters consist of forest-borne
organic matter. These results are corroborated by the studies of
Alvarenga et al. (2016) and Girardi et al.,(2016), conducted in water-
sheds located within (Atlantic) rainforests in Brazil. These authors de-
monstrated the ability of vegetation cover to control soil loss and sur-
face runoff. Notably, this protection is important for water resources
under various climatic contexts and regions of the world, preserving
soil stability and water quality within watersheds (Erol and Randhir,
2013, Mohammad and Adam, 2010; Yan et al., 2015; Zokaib and Naser,
2011).

The quality of the water produced in SLNP is another point that
illustrates the effect of forests on water resources. This should be of
particular concern to water managers since the water quality of a spring
is strongly correlated with the costs of treatment processes. Tundisi and
Tundisi (2010) compared water treatment values between waters from
protected areas and from degraded areas, identifying a one hundredfold
cost difference. Biao et al. (2010) and Fiquepron et al. (2013) developed
water treatment cost quantification models considering various land
uses, and also found low-cost scenarios for the water treatment in forest
areas, generating a significant money-saving situation for water users.

Fig. 5. illustrates the proposed mechanism for the implications of
water production for water resources management from a systematic
organization that approaches PWS adjustments, water valuation, and
associated benefits. The Brazilian National Water Agency (ANA) has a
PWS project called Water Producer Program, which currently pays up
to R$ 125 (approximately US$ 38, according 1.0 US$ = R$ 3.30 rate)
per hectare. Correlating these values to the water production values
surveyed in SLNP during the low-rainfall period would mean that, in
southern Bahia or in an equivalent region (rainforest), each hectare of
preserved areas hired by ANA would receive up to US$ 38 to produce
1,460m³ of quality water per year. In order to treat this volume of
water produced in these preserved areas, treatment and supply agencies
would spend just over US$ 20. Agencies such as the Water and Sani-
tation Company of the state of Bahia (EMBASA) currently receive from
water users approximately R$ 4467.00 (US$ 1350), representing a
mean cost of R$ 3.06 (US$ 0.92) per m³ in order to supply the same
volume of treated water (BRASIL - Ministério das Cidades, 2016).

The profit margin between what is collected and what is spent in
water treatment is significant, even in a scenario where waters flow

through degraded areas and need more complex and costly treatments.
These simulations are useful in order to show that water catchment and
treatment agencies need to organize their management actions aiming
for the inclusion of PES-PWS programs in their budget revenues.
Considering the funds currently available, there is margin for enough
economic resource application to cover the costs of PWS in Brazilian
(Atlantic) rainforests, and with attractive market conditions for water
producers. In addition, the implementation of PES schemes has been
shown to improve and recover ecosystem services at relatively low costs
to the Brazilian GDP, as shown by Banks-Leite et al. (2014), when si-
mulating a scenario in which an investment< 10% of agriculture
subsidies in Brazil would be enough to support strategic areas for forest
restorations. Obviously, other issues should be taken into account, such
as sociocultural aspects. However, regarding economic funds, there is
operational compatibility.

In southern Bahia, where SLNP is located, there are already sig-
nificant disturbances in watersheds to the point of triggering water
crises in a considerable amount of neighboring municipalities. The in-
crease in demand and deterioration of priority areas within watersheds
have been indicated as the main causes of water crisis in the region.
Itabuna, a medium-sized town from southern Bahia, for instance, pre-
sents over 220,000 inhabitants according to estimates from IBGE -
Instituto Brasileiro de Geografia e Estatística, Cidades (2016) and has
an intense regional market and service dynamics. The town suffered
during 2015 and 2016 a severe water crisis, which was caused by the
effects of the El Niño phenomenon associated with the inadequate
management of priority areas within the watershed. In this region, the
implementation and spreading of PES-PWS may certainly turn out to be
a solution to guarantee water security.

There are a few cases in Brazil that can serve as an example, such as
the municipality of Extrema, in the state of Minas Gerais, which was a
pioneer in conducting a municipal PES program. This municipality of
33,000 inhabitants is located within an area of predominantly Atlantic
rainforest. It is also part of a hydrographic system that provides waters
to reservoirs (Cantareira System) used by millions of people in the state
of São Paulo. A study conducted by Jardim and Bursztyn (2015) de-
scribes a panorama on the payment for environmental services in water
resource management in Extrema, demonstrating the effectiveness of
the program.

The success of the initiative in Extrema relied on strong political
articulation between the city hall, the watershed committee, govern-
mental agencies, and non-governmental organizations in order to de-
fine a solid structure that provided the program with guarantees.
Barbosa et al. (2016) shows that this kind of interaction is essential for
advancing the implementation of policies for water, however, the au-
thors emphasize that in order to improve it better coordination is
needed, because political, institutional and governance challenges are
often more important in decision-making processes. In the case of Ex-
trema, Richards et al. (2015) stated that the impact of municipal lea-
dership is evident, but in order to attract investments to other areas the
hydrological benefits obtained by forest restoration in these ongoing
projects should be better understood.

The results described in the present study suggest the possibility of
adopting economic mechanisms that include water valuation in PES
programs. For instance, an ongoing study of synoptic surveys in the
sampling station of subwatershed E and in the water catchment point
(11 km downstream, Fig. 1), has shown that 60% of the water volume
that reaches the catchment point originated from the 924 ha of this
subwatershed. This means that this subwatershed alone would be en-
ough to supply more than twice the population already assisted. Thus,
the annual water production per hectare of this subwatershed would be
worth approximately R$ 12,300 (US$ 3723). This value estimate refers
to prices charged by water catchment and treatment agencies, and
could be the basis for the policy of economic incentive to water pro-
ducers associated with PWS program.
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4. Conclusions

The results found in the present study showed that the effluent
streams of the area of SLNP presented water production in a perennial
regime of at least 4,000 l ha−1 day−1, with excellent quality. A pre-
served rainforest area may provide important ecosystem services with
operational conditions and accessible economic costs to Brazil. Water in
quantity and quality is a product of these ecosystem services in SLNP,
and may certainly be explored by an integrated water resources man-
agement framework that seeks to guarantee significant water produc-
tion in watersheds using policies such as PES-PWS.

In face of the water production scenario detected in SLNP and PES-
PWS policy in Brazil, the authors propose a review of the current me-
chanisms of these programs, with the objective of market strength-
ening, increasing robustness and attractiveness to rural producers. This
review could include, in addition to payments for the maintenance of
preserved areas, payments also for the water that is effectively pro-
duced by this same area, based on values charged by water catchment
and treatment agencies from water users. We show that there is op-
erational and financial compatibility for adhesion of PWS programs by
these agencies, being this a potential mechanism to reach a higher
stimulation of the ecosystem service market. The watersheds should not
be managed from an empty green discourse but rather respected as a
business partners, with PWS as part of infrastructure strategies that can
ensure water security.
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