
ABSTRACT 

BAHTIAR, ADAM. Monetizing Watershed Services Provided by Forests in Indonesian 

Protected Areas. (Under the direction of Dr. Erin Sills). 

 

Among the various ecosystem services provided by forests, they are most often credited with 

watershed protection. This recognition has made payments for watershed services the most 

common type of PES scheme in the tropics. In this thesis, I examine one institutional 

mechanism for compensating forest owners for watershed services: the Indonesian Ministry 

of Environment and Forestry policy: P.18/MENLHK/SETJEN/ KUM.1/4/2019 that 

authorizes concessions for water extraction in protected areas. Commercial concession 

holders must compensate both the protected area and the surrounding communities. As of 

2018, 15 companies have obtained concessions to construct and operate water intakes or 

reservoirs in protected areas to obtain drinking water or channel water to micro-hydropower 

dams. In the first section of the thesis, I explain how the policy is implemented and identify 

factors that affect the probability that a protected area will have either a commercial or a 

community use concession. In the second section, I examine the relationship between forest 

cover change and watershed services in two case study protected areas that generate water for 

micro-hydropower and drinking water (Gunung Halimun Salak National Park and Gunung 

Ciremai National Park). I estimate the relationship between forest cover change and 

watershed services, using data from 2014 to 2018 on water quality and cost of operations of 

companies that obtain water through concessions for water extraction from the protected 

areas. Finally, in the conclusion, I put the Indonesian experience in context of the literature 

about payments or compensation for watershed and other ecosystem services from protected 

areas across the tropics. 
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INTRODUCTION 

The worldwide increase in the number of established protected areas (PAs) demonstrates 

escalating global awareness of the need to safeguard natural resources and mitigate negative 

impacts on biodiversity. By 2016, 14.7% of the Earth's land and 10% of its territorial waters 

were covered by protected areas (IUCN, 2016). In a terrestrial ecosystem, increasing the 

number of protected areas is considered to be an effective way to prevent deforestation 

(Joppa et al., 2008; Walker et al., 2009; Bebber and Butt, 2017), as it also decreases carbon 

emissions and loss of biodiversity. However, this dramatic increase is accompanied by many 

related consequences, because the sustainability of PAs and their integrity are influenced by a 

variety of factors, including financing, stakeholder involvement, and governmental power. 

Commitments from stakeholders and governments are not always sufficient to manage PAs; 

they will require financial sustainability as external perturbations increase over time. Dealing 

with threats to PAs drains even enormous budgets in the effort to maintain PAs’ integrity and 

allow them to continue in their role of safeguarding nature and biodiversity. 

Emerton et al. (2006) identify three conventional sources of global funding: 

1. Governmental funds. Governmental budgets are the most common and largest source of 

PA financing in many countries. PAs are owned and managed by the national or local 

government, and expenditures are covered by a share of total governmental spending. 

2. International funds. These funds typically come from various entities, including 

multilateral and bilateral donors. Organizations such as the Global Environment Facility 

(GEF) and World Bank provide access conservation funding. These funds can also be 

generated by bilateral cooperation between countries that share a commitment to 

conservation. 
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3. Private and community funds. This funding comes from business and philanthropic 

foundations, such as nongovernmental organization and local communities.  

As the number and extent of PAs increases worldwide, the financial responsibility for their 

management also expands. In the late 1990s, these three types of financial source became 

stagnant, which could influence the sustainability of PA management in many places 

(Emerton et al., 2006). Although governments have made commitments to finance PAs, some 

are encountering constraints, such as a decline in the effectiveness of management as external 

threats have emerged. With PAs’ rapid growth and the associated expenditures, moreover, 

financial sources, especially international donors, have not been able to keep pace (Flores et 

al., 2008). Given the slowdown in PA funding, initiatives for alternative funding schemes to 

supplement a PA’s main budget are generating a sustainable financing mechanism for PAs.  

The sustainable financing concept provides innovative, long-term and diversified 

financing for PAs. By engaging multiple stakeholders ranging from local communities to 

large multilateral financial institutions, private corporations, and national governments, this 

financial framework can encompass ecoregions, landscapes, PA networks, and large 

terrestrial, freshwater, coastal, and marine areas (WWF, 2009). Many effective types of 

conservation financing have innovatively supported PA management. These are not limited 

to conventional funding sources but are generated by the PA itself—for instance, tourism 

fees and taxes, natural resources fees, carbon financing, and payments for environmental 

services. These schemes provide financial sustainability to supplement governmental 

funding, which often face social and political challenges.  While this scheme cannot stand 

alone as a single source of financing for PA management, it has immense potential to create 

alternate funding for PAs. Moreover, PA financing should address the effectiveness of its 
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management and the efficiency of financial plans and business principles to ensure the 

sustainability of the financing mechanism (Emerton et al., 2006). In short, conservation 

financing’s purpose is to support the quantity and quality of sustainable management 

necessary in PAs.  

In discussing sustainable PA financing in this thesis, I focus on payment for 

environmental services (PES). PES has been widely used to finance PAs as an internal source 

of funds generates by the PA itself. A healthy and productive ecosystem offers myriad 

benefits to the well-being of all species, including human. The goal of a PES program is to 

provide incentives and compensation for a healthy ecosystem that enhances well-being by 

rewarding the people who maintain its sustainability. This concept positions the PA as a 

provider of human benefits, such as sustainable sources of water and food, as well as indirect 

benefits such as flood regulation, pollination, etc. Using a market-based approach, this 

scheme involves at least one provider and one buyer in the transaction of the ecosystem 

services flow (Noordwijk et al., 2012). The scheme encourages providers and buyers to 

interact through compensation and rewards. In a later discussion, I focus on watershed 

services, which are the interactions between forest and water that yield important benefits to 

humans. While the definition of PES definition is a topic for debate, in this thesis I discuss 

the payment for ecosystem services scheme that has been institutionalized by PAs authorities 

in Indonesia and that transforms ecosystem services transactions into policy. 

 

Forest-watershed services 

There are two main topics of discussion regarding watershed services: interactions within the 

terrestrial ecosystem and water. In term of water quality, a healthy forested watershed 
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provides benefits in terms of water quality improvement. A healthy watershed’s inexpensive 

water treatment can be an effective investment in water purification compared with building 

an artificial water treatment system. However, when disturbances occur, which tend to 

disrupt the ecosystem in a forested watershed, these services may also be altered. Another 

benefit that can be derived from the forest ecosystem in a watershed is stabilizing the soil and 

maintaining the flow into stream channels. Forest can control erosion and flow compared 

with degraded land (Giambelluca, 2002). Therefore, the healthy forest in a watershed plays 

an important role by sustainably providing services in terms of water quality and quantity. 

 Alteration of the land cover simultaneously influences multiple results in watershed 

services. Developing countries that demographically rely on agricultural production may 

undergo the alteration and fragmentation of forest cover due to land conversion. In the 

tropical forest, for example, Giambelluca (2002) has shown that deforestation is rapidly 

occurring in primary forest areas, which affects the forests’ ecological functions and may 

influence economic and social values. In terms of the hydrological cycle, Giambelluca also 

found that evapotranspiration (ET) and the water infiltration occur at higher rates than in 

cleared land; tropical forest has the highest rates of evaporation and transpiration of 

intercepted rainfall. Giambelluca’s study also demonstrated that deforestation leads to a 

reduction in ET, which results in decreasing regional rainfall in both dry and rainy seasons. 

Furthermore, fragmentation of forestland also alters the hydrological cycle through 

evaporation reduction and results in higher surface runoff than in a forest block. By 

understanding the alteration in forest cover, the relationship between land cover change and 

the hydrologic cycle—which can influence hydrological services in terms of water quality 
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and yield for drinking, household activities, agriculture, and industries—can be more 

effectively managed. 

 Studies on the correlation between land cover change and water are notably broad in 

terms of water quality and quality (Brauman et al., 2007). By understanding fundamental 

concepts of ecosystem services valuation, Brauman et al. (2007) examine how water 

resources and watershed management in terrestrial ecosystems connect the forest’s role to 

human well-being in terms of hydrological services. Research on the forest’s role in water 

quality using a hydrological framework has been varied and seeks to comprehend the 

biophysical functions related to human well-being. In this relationship, a hydrological 

framework is commonly used to monetize benefits of provisioning services, which may 

benefit constituents. Additionally, many studies have been conducted on the correlation of 

forest ecosystem services to water quality and what benefits are transferrable to human well-

being using economic valuation (Brauman, 2015). As the primary forest is decreasing and 

this alters other types of land use, these changes may influence hydrological regimes in terms 

of water yield and quality. As a result, the connection between land cover change and human 

well-being can be investigated using economic approaches that represent the costs and 

benefits to people.  

 In discussing the economic valuation of water resources, previous studies explain 

how land cover amplifies water resources by investigating the direct and indirect value of 

hydrological services. Vincent et al. (2015), for instance, estimate the water purification 

provided by forest than can reduce water treatment cost. In their paper, the direct cost of 

conserving virgin forest and water treatment facilities has been used to value the water 

quality, which results in a low cost of water treatment by protecting virgin forest. 
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Furthermore, Singh and Mishra (2014) conclude that deforestation or forest cover loss caused 

the high cost of drinking water treatment in Mumbai, India. Singh and Mishra also found that 

the treatment cost of water is relatively high, since forest cover loss has increased. In another 

valuation study, Ninan and Inoue (2013) used sedimentation to evaluate the watershed 

benefits for drinking water, irrigation, and hydropower. They used the economic cost of 

water derived from a production function analysis that relates drinkable water output to either 

stream flows and other variables or the avoided costs (sediment control) of water 

purification. From those studies, the relationship between ecosystem services and human 

well-being within a hydrological framework has been extensively documented by linking 

ecological functions and economic value. 

 

Watershed services and protected area financing  

Most PAs worldwide are dominated by forest biomes, with 23% of the total area of Earth’s 

temperate, tropical, and boreal forest biomes in protected areas (Yale University, 2019). 

Some of these areas are untouched by humans, because they have low accessibility and are 

mostly in remote and steep mountainous areas. With the vast amount of forest in PAs, 

watershed services remain sustainable as the PAs are within watersheds. These services are 

widely used for human purposes, such as water for drinking, clean water, agriculture, and 

generating renewable energy. Thus, the PA’s existence is essential to sustainably provide 

water goods and services.  

  Considering the essential role of PAs in watershed services, a sustainable financing 

mechanism can be generated from these types of services. Watershed services provided by 

PAs are enjoyed by producers and consumers at very low or zero cost, with almost zero 
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compensation to the people who protect PAs (Emerton et al., 2006). To overcome this 

challenge, PA authorities adopt and implement PES schemes to gain mutual rewards and 

incentives for watershed services. A PES system innovatively creates financial incentives for 

resource users and managers to adopt activities and technologies that generate environmental 

benefits (Emerton et al., 2006). The use of PES systems for watershed services has become 

popular in countries that seek to generate alternative funding for PAs. Examples of 

implemented PES systems for PA management can be found in Costa Rica, the Philippines, 

and Guatemala (Emerton et al., 2006; WWF, 2009). Implementation of a PES system 

encourages people to provide compensation and incentives to protect upland protected forest 

through guidance from NGOs and governments.  

 Although there are many examples of PES practices worldwide, most designed for 

PA financing are still on a small scale or regional pilot projects, some of which have been 

institutionalized. Especially in watershed protection, this scheme sporadically begins 

trending in tropical regions (Lele, 2009; Ninan and Inoue, 2013), where its purpose is often 

watershed protection. In Indonesia, the PES for watershed protection has become popular, 

since many entities, such as NGOs, were implementing the concept to reduce forest 

degradation and other environmental perturbations. Therefore, in this thesis, I investigate one 

of the policies for payment for watershed services as a method of PA financing.  

 

Study Objectives 

This research aims to examine one institutional mechanism for compensating PAs for 

watershed services: the Indonesian Ministry of Environment and Forestry’s policy 

P.18/MENLHK/SETJEN/ KUM.1/4/2019, which authorizes concessions for water extraction 
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in PAs. The policy regulates payments for watershed services in PAs in Indonesia by 

granting permits to consumers and collecting permit fees for PA financing through non-tax 

revenue transferred to the national treasury. Two study sites, Gunung Ciremai National Park 

and Gunung Halimun Salak National Park have been selected to investigate the watershed 

services provided by forests in terms of water quality and quantity. By identifying the 

relationship between forest and water quality and quantity, the value of watershed services 

can be estimated. Two statistical analyses have been performed to estimate the correlation 

between forest and water goods and services, as follows: 

1. Estimating the probability of water contracts on protected area types. In this section, I 

elaborate on ministerial policy P.18/MENLHK/SETJEN/ KUM.1/4/2019 to characterize 

the components of watershed services. Further, I employ statistical and spatial analysis to 

estimate the likelihood of water permits being issued in Indonesian PA types. This 

analysis involves vegetation, geological, and climate factors that influence the issuance of 

water permits.  

2. Monetizing watershed services provided by forest. This section discusses the interactions 

between forest cover and water quality and quantity to estimate the value of forest in two 

study sites by using a time-series dataset from 2014 to 2018 for a drinking water 

company and from 2017 to 2018 for small-scale hydropower company. Moreover, by 

employing the companies’ datasets, I am able to estimate the correlation between forest 

cover and financial aspects, such as production and total cost. This section proposes to 

calculate the forest alteration that influences production and cost for those companies 

within the study sites.  

  



   

9 

 

CHAPTER 1 

WATERSHED SERVICES AND PROTECTED AREAS IN INDONESIA 

The role of protected areas (PAs) varies across countries and over time. Protected areas are 

defined as areas “of land and/or sea especially dedicated to the protection and maintenance of 

biological diversity, and of natural and associated cultural resources, and managed through 

legal or other effective means” (IUCN, 1994). In the past, protected areas were managed 

primarily for conservation of biodiversity. Global good practice now positions PAs as a 

system that sustains biological, natural, and cultural resources (IUCN, 2000). To this end, 

current practice in protected area management recognizes their importance not only for 

biological conservation but also for ecosystem services that provide economic and cultural 

benefits for human well-being. 

 In this chapter, I examine the regulation of watershed services provided by protected 

areas in Indonesia.  After reviewing the literature, I explain the Indonesian policy that 

regulates use of water from protected areas first in general conceptual terms and then in 

terms of the specifics of how water utilization contracts are implemented.  Next, I present 

statistics on how these contracts are distributed across different types of protected area and 

different regions of Indonesia.  Finally, I present logistic regression models of the probability 

that any given protected area has a contract as a function both of the type of protected area 

and other factors related to the supply and demand for watershed services.  

1.  Ecosystem services in protected area management 

The role of protected areas in generating ecosystem services is subject to debate (Hummel et 

al, 2017) and varies across different types of PAs.  PAs can be grouped into categories that 

range from strict protection, to non-consumptive use, to extractive resource utilization 



   

10 

 

(Emerton et al, 2006). In practice, different management objectives are combined in most 

PAs with various policies and arrangements to manage the ecosystem (Dudley et al., 2008). 

Indonesia, for example, categorizes PAs based on ecological and social values under the 

objectives of preservation, protection and utilization. Table 1 relates IUCN categories 

(Dudley et al., 2008) to Indonesian policies (State Secretary of the Republic of Indonesia, 

2011).  

Table 1. IUCN and Indonesian protected areas categories 

IUCN Protected Area Categories Indonesian Protected Area Categories 

Ia: area managed mainly for science 

or wilderness protection 

Cagar Alam/Nature Reserve: area with 

unique flora and plants managed mainly for 

habitat protection and preservation 

Ib: area managed mainly for 

wilderness protection  

Suaka Margasatwa/Wildlife Reserve: area 

with unique fauna and wildlife managed 

mainly for habitat protection and 

preservation 

II: area managed mainly for 

ecosystem protection and recreation 

Taman Nasional/National Park: area with 

unique and pristine landscape/seascape, 

zoning system applied in management, 

designated for research, science, education, 

cultural, tourism, and recreation at limited 

utilization 

III: area managed mainly for 

conservation of specific natural 

features 

Taman Hutan Raya/Grand Forest Park: 

area managed mainly for flora and fauna 

collection (ex situ or in situ conservation, 

noninvasive species), designated for 

research, science, education, cultural, 

tourism, and recreation at limited utilization 

IV: area managed mainly for 

conservation through management 

intervention 

Taman Buru/Game Reserve Park: area 

managed mainly for hunting, recreation, and 

tourism 

V: area managed mainly for 

landscape/seascape conservation or 

recreation 

Taman Wisata Alam/Nature Recreation 

Park: area managed mainly for recreation 

and tourism purposes 

VI: area managed mainly for the 

sustainable use of natural resources 

 

 Most PA management authorities are government agencies although some PAs are 

managed by nongovernmental organizations, private businesses or local communities 
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(Emerton et al., 2006). In Indonesia, PAs are centrally managed by a government agency 

under the Ministry of Environment and Forestry (MoEF). As of 2017, 552 PAs were 

managed by the MoEF, including 214 Nature Reserve, 79 Wildlife Reserve, 54 National 

Park, 34 Grand Forest Park, 11 Game Reserve Park, 131 Nature Recreation Park, and 29 

areas that had not been designated as one of these management types (MoEF, 2017). Of these 

types, only National Parks are managed under a single agency, whereas the other types are 

managed by administrative agencies that are located in the provinces. Regulation of PA 

management is comprehensively described in law number 28 (2011) on nature reserve and 

PA management, including the utilization of their natural resources. 

 The Convention on Biological Diversity (CBD) endorsed comprehensive and effective 

strategies that recognize PAs as integrated ecosystems (Dudley et al., 2006).  Indonesia has 

adopted the “ecosystem approach” for PAs that contribute to ecosystem functioning on a 

landscape basis. According to current practice in PA management, ecosystem services are a 

keyway that protected areas can benefit people (MEA, 2005). These include provisioning, 

regulating, cultural, and support services.   

 

1.1. Watershed services in protected areas  

Ecosystem services related to water can be categorized as hydrological, marine, or aquatic 

services (Brauman, 2015). Hydrological services are created by the terrestrial ecosystem’s 

influence on freshwater ecosystems (Brauman, 2007), including the interaction of 

hydrological processes with biota, such as plants, in many ways (Hornberger, 2014). This 

interaction results in changes in precipitation, evapotranspiration, runoff, and infiltration, 

which impact the ecosystem on a local, regional, and global scale (Hornberger, 2014). 
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Aquatic and marine services are benefits generated by different types of water sources 

instead of the interaction between water and terrestrial ecosystems (Brauman, 2015).  

 Studies of hydrological services often focus on watershed services, in which a healthy 

watershed can enhance human well-being through mechanisms such as reducing soil erosion 

and avalanches and maintaining water quantity and quality (Dudley and Phillips, 2008; Lele, 

2009; Hornberger 2014; Brauman 2015). Within the ecosystem service framework, water is 

commonly discussed as a provisioning service, perhaps because people generally experience 

water as coming from a watershed. However, ecosystems do not create water but rather move 

and modify flows, so hydrological – including watershed - services are regulating services 

(Brauman, 2015).  

 The best management approach to regulating watershed services in PAs is not 

obvious. The combination of different institutional jurisdictions and overlapping spatial 

distributions, along with the complexity of relevant policies, can be particularly challenging 

for watershed services (Pattanayak, 2004; Fauzi and Anna, 2013). Broader-scale 

management approaches can be an effective way to reduce cross-institutional barriers 

between PA managers, watershed or basin authorities, and state or provincial jurisdictions. In 

Indonesia, for instance, at least three institutions are involved in any particular watershed, 

with different management structures and objectives. PA managers seek to avoid both 

internal and external disturbances. Watershed management authorities strive to maintain a 

healthy watershed and plan for mitigating action in the event of catastrophic flooding. 

Meanwhile, basin managers are responsible for managing the flows and stream channels for 

water supply. These responsibilities seem to be clear-cut at first glance, but in fact there are 

challenges when implementing regulations regarding watershed services. In this respect, it is 
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important that PA, watershed and basin authorities integrate their management approaches. 

Cross-institutional partnership is often necessary to sustain watershed services. 

 To analyze watershed services, scientists may consider catchments that include only a 

small part of a PA or that encompass the entire watershed inside a PA boundary. Protected 

areas’ boundaries are often determined by the function and uniqueness of the ecosystem, 

wildlife, or pristine landscape/seascape. Watershed boundaries are delineated by which outlet 

the water flows out of and which it flows into (Hornberger, 2014), and these often go beyond 

the PA’s boundaries. Nevertheless, by protecting the biota, any size PA may substantially 

contribute to a healthy watershed.  Scientists consider both biotic indicators, such as forests, 

and abiotic indicators to identify healthy or unhealthy watersheds. Because of spatial 

mismatches between watersheds and PAs and because of the many factors involved in 

watershed health, PAs may not be the main determinant of watershed condition. 

 Watershed services are often associated with the forest ecosystem. Forests play an 

important role in watershed protection by providing services such as reduced soil erosion, 

high-quality water, enhanced nutrient and water use efficiency, and a stable hydrological 

cycle (Pattanayak, 2004; Dudley and Phillips, 2008; Lele, 2009; Ninan and Inoue, 2013; 

Singh and Mishra, 2014). One example of a watershed service provided by forests is the 

forest’s capability to maintain high-quality drinking water. Forests within watersheds provide 

soil stability that reduces sediment load downstream, which contributes to maintaining high-

quality water for drinking (Warziniak et al., 2017). Another example is that forests can 

locally reduce the frequency of floods by increasing soil stability (Dudley and Phillips, 

2008).  
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 In addition to the type of forest and management, the provision of watershed services 

by PAs is influenced by the demand for those services (e.g. the number and income of water 

users), by biophysical conditions (e.g. geology and climate), and human interventions, 

including management and various disturbances. In this chapter, I examine the law in 

Indonesia regarding use of PAs for watershed services.  To assess how the law is being 

applied on the ground, I analyze which PAs have contracts for use of watershed services, 

considering as my universe all terrestrial PAs that are at least 85% forested. This is consistent 

with a focus on “forest protected areas,” defined as “a subset of all protected areas that 

includes a substantial amount of forest as defined for the purposes of Forest Protected Areas. 

This may be the whole or a part of a protected area” (Dudley and Phillips, 2008).   

 My analysis considers but is not limited to protected areas designated specifically to 

protect watershed services.  Indonesia has designated several protected areas to protect water 

supplies and maintain watershed services. Gede Pangrango National Park, for instance, is an 

upland catchment that supplies water to Jakarta. Other countries, such as Turkey and 

Panama, have established forest PAs that are not recognized by the IUCN but are intended to 

supply water to large cities (Dudley and Phillips, 2008). The existence of these PAs 

demonstrates that forest protected areas are expected to generate watershed services. 

 

2. Regulation of watershed services in Indonesian protected areas 

Water is needed for drinking, other necessities such as adequate sanitation, and renewable 

energy. Protected forest areas typically provide regulating services that help ensure the flow 

of water to meet these needs.  In some cases, there is also direct extraction of water from 

catchments in protected areas. In Indonesia, the ecosystem services framework is 
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institutionalized into policies for protected areas (Phelps et al., 2017).  This allows protected 

areas to sign contracts with either communities or the private sector to supply water.  

In this section, I elaborate on ministerial policy P.64/Menhut-II/2013, which was renewed as 

P.18/MENLHK/SETJEN/ KUM.1/4/2019 during the process of writing this thesis. This 

policy regulates water use in Indonesian protected areas. The regulation allows private and 

community involvement including commercial use of water from protected areas. I begin 

with the hierarchy of institutional law in Indonesia to provide background for this regulation. 

I then explain the policy and regulations governing extractive use of water from protected 

areas in Indonesia.  

 

2.1. Background 

The policy regarding water has three major dimensions: characterization of goods and 

services, identification of constituents, and detail of the mechanism.  These are discussed in 

the following sections. All are influenced by science, political considerations, international 

affairs, and also the legal framework in Indonesia. The hierarchical structure of the 

Indonesian legal system is shown in Figure 1. As PA management is under the Ministry of 

Environment and Forestry, water use within PAs is regulated at the ministerial level. At this 

level, the regulations are technical and detailed enough for field implementation. 
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Figure 1. Indonesia’s legal hierarchy (Overseas Development Institute, 2011). The red box 

represents the laws that regulate water use in protected areas (Source: 

P.18/MENLHK/SETJEN/ KUM.1/4/2019). 

 

2.2. Definition of goods and services 

The types of goods and services regulated by the policy are water volume and water flow.  

Both originate with surface water in one of the designated management types: Wildlife 

Reserve, National Park, Grand Forest Park, and Nature Recreation Park (see Table 1). Water 

volume includes drinking water, industrial use of water, and clear water for the tourism 

industry. Water flow, as defined in the regulation, is only for small-scale energy generation. 

To be able to benefit from this use, people, communities, or private companies can apply for 

a permit granted by the MoEF. Once the permit has been issued, grantees are able to extract 

water, install water intake and connecting pipes, and build reservoirs in the designated PA.  

This policy also distinguishes between permits for commercial uses and for noncommercial 

uses. Commercial use is defined as an individual or group of people that benefit from the 

water goods and services for business purposes (commercial drinking water, tourism, small-

scale hydropower, or industries), meaning that water is marketed as the product. 

Noncommercial use is defined as use without any commercial purposes, such as daily 
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household use for communities in remote areas, small-scale irrigation, energy for 

communities in remote areas, and cultural ceremonies. This noncommercial use treats water 

goods and services as non-market benefits. Moreover, the permits are only granted based on 

several conditions, including population distribution and growth, the number of existing 

permits, carrying capacity, and projection of economic growth in the particular region. These 

conditions purposely limit large-scale use that would exploit water goods and services in 

protected areas. 

 

2.3. Constituents 

Ecosystem services are the ecological characteristics, functions, or processes that, directly or 

indirectly, contribute to human well-being (Millennium Ecosystem Assessment, 2005). 

Human well-being is broadly defined as embracing health, happiness, and adequate income. 

This regulation positions a protected area as an integrated ecosystem that can be considered 

to be a natural capital. The natural capital contributes both directly and indirectly to human 

well-being. Thus, this regulation provides a legal framework that links goods and services 

provided by the ecosystem directly to people who use water (Figure 2).  
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Figure 2. Watershed services’ elements and their roles 

The protected area is positioned as the environment in this ecosystem and changing its 

physical and biological environment substantially would affect the provision of watershed 

goods and services. Regulations call for sanctions on applicants if they alter the landscape. 

Specifically, for water, this regulation encourages applicants to minimize modifications to 

the landscape and to protect the biological environment (e.g. forests and wildlife) when 

building infrastructures. The regulation applies stricter rules to commercial than to 

noncommercial use. Applicants must submit legal and environmental assessment documents 

in order to apply for commercial use. Furthermore, the regulation requires applicants to 

contribute to landscape restoration and support wildlife habitats.  

In the watershed services framework, interactions between water and biota create services for 

humans in a variety of ways. Water can also be modified by changing the physical and 

biological environment. The regulation places limitations on water use in protected areas: 

only a small portion of discharge is allowed to be used for either commercial or 

noncommercial purposes. Utilization of water in protected areas requires a commitment from 

users and beneficiaries to conserve and protect catchments in order to achieve resource 
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sustainability. Commitments to catchment protection, restoration, and community 

development must be embedded in the user’s planning document. This commitment is to be 

periodically evaluated.  

Humans are the dominant element in the ecosystem service framework. The regulation 

distinguishes three roles for humans in watershed services utilization: as regulator, user, and 

beneficiary. First, humans as regulators represent the PA management authorities who are 

responsible for the protected area’s integrity. Regulators are entitled to either terminate or 

continue the permit based on periodic evaluation results. Second, the user is an individual or 

group of people or private companies that directly use or extract water from protected areas. I 

identify these with a distinct term because they are directly involved in the modification of 

ecosystem flow. Users are entitled to use the goods and services under the regulation, but at 

the same time they are also required to conserve and protect catchments at their concessions. 

Lastly, the beneficiary is more broadly defined as the individuals or entities who benefit from 

the existence of ecosystem flows. These might include management authorities, users and 

people who reside in the watershed – such as cities or other residential areas – because they 

are directly or indirectly benefitting from water goods and services. In a nutshell, this 

regulation encourages humans to be more responsible and aware of ecosystem sustainability 

in addition to benefiting from ecosystem services. 

 

2.4. Mechanism  

The regulation clearly defines the rules and obligations of the constituents described in the 

previous section. This includes the basic mechanism for monetizing the watershed service: 

permit holders commit to compensate the PA authorities and surrounding communities. In 
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this section, I describe the mechanism by explaining the workflow and timeframe for two 

permit types: commercial and noncommercial use.  Next, I discuss the supplementary policy 

on ecosystem services valuation that supports this regulation as a type of payment for 

ecosystem services (PES). 

 

Noncommercial Use 

This regulation describes noncommercial use as nonbusiness activities in relation to water 

utilization; these include cultural activities, supporting remote areas’ infrastructure, and 

religious activities. Small-scale irrigation for farming and community-based hydroelectric 

power generation are also categorized as noncommercial uses. The regulation defines 

applicants as entities such as local a government, group of people, or community that applies 

for nonbusiness water utilization. A permit is granted when applicants agree to fulfill their 

commitments to maintain and conserve the catchments within their concession. Moreover, 

grantees are responsible for reporting their activities and willing to be evaluated by a 

regulator—i.e., protected area management authorities. An unfulfilled commitment results in 

suspension or termination of the permit. According to the MoEF (2017), approximately 209 

permits are granted, which is more than the number of permits for commercial use.  

Noncommercial user only has the obligation to protect catchments as the water utilization for 

their needs. Activities such as forest rehabilitation, stream and reservoir maintenance, and 

wildlife protection are required as an in-kind compensation and contribution. From the sense 

of this regulation, this type of permit is likely to provide an access for community in remote 

area to the park. In return, the park authority has been supported by the communities as their 

involvement on protected area management. 
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Commercial Use 

Unlike the noncommercial permit, this type is strictly regulated because it deals with 

extractive and excessive potency in water utilization. The issuance process is lengthier than 

for noncommercial permits because it is must go through multiple levels. The regulator 

conducts a preliminary study that includes an inventory and environmental assessment. The 

proposal includes a feasibility study and business analysis, as well as a commitment to 

protect and conserve the ecosystem at the applicant’s concession. Similar to a 

noncommercial permit, if the permit is granted, applicants are responsible for reporting and 

must be willing to be evaluated based on their work plan and reports. Suspension and 

termination can result if grantees violate the rules and regulations. Moreover, this type of 

permit holder is obliged to pay for the concession and make periodic payments based on 

production. This scheme does not apply to noncommercial use. In total, 28 commercial 

permits were issued for water volume for drinking water (12) and water flux services for 

small-scale hydropower (16). The two types are compared in Table 2. 

 Commercial user is having more responsibility than the noncommercial. There are 

three compensation types to be provided. Commercial user must pay the non-tax revenue to 

the government that includes permit, concession and production-based fees. Moreover, the 

in-kind compensation for watershed and community surrounding is also required. When the 

commercial users propose their site, the in-kind compensation has to be planned in the 

document including the watershed protection, community development, wildlife monitoring, 

forest rehabilitation and protection. The amount of in-kind compensation is voluntary. The 

policy only regulates the monetary compensation for the commercial users. The watershed 
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protection, forest rehabilitation and community development activities must be discussed 

with authorities in order to obtain the effective and efficient implementation. 

Table 2. Permit types comparison (Source: P.18/MENLHK/SETJEN/ KUM.1/4/2019) 

 Noncommercial Use Commercial Use 

Entities / Applicants  Local communities, local 

governments, cultural entities 

Municipal business 

companies, private 

companies 

Purpose of permits Nonprofit, cultural, and 

religious activities, limited 

use for irrigation, limited use 

for households in remote 

areas (energy and drinking) 

For-profit and commercial 

water resources for 

drinking, industry, tourism, 

and small-scale hydropower 

Permitted resource 

utilization  

Water volume: 15% from 

average discharge 

Water flux: 10% from the 

baseflow 

Water volume:  10% from 

average discharge 

Water flux: 10% from the 

baseflow 

Commitment Catchment protection, forest 

restoration, and periodic 

reports 

Catchment protection, forest 

restoration, community 

development program, 

compensation and incentive 

payments, and periodic 

reports 

Required documents Proposal, workplan, and 

reports 

Proposal, environmental 

assessment, feasibility 

study, business plan, 

workplan, reports 

Payment types None  Money and in-kind 

contributions 

 

Valuing watershed services 

This regulation implicitly explains environmental compensation for the concession and 

periodic incentives for production. Monetary compensation and incentives are specifically 

elaborated in government regulation number 12 (2014) regarding types of and tariffs for non-

tax national revenue for the Ministry of Forestry. Water-based goods and services utilization 

in protected areas are monetized according to investment (permit), concession area, and 

production. The commercial user is required to make one payment for permit and concession 
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fees. Permit fee is distinguished by the business scale as in the Table 3 below. Concession fee 

is associated with the concession area that granted. Lastly, the production-based fee obtains 

from the revenue. I extract the value of compensation and incentives in Table 3.  

Table 3. Incentive and compensation tariffs (Source: P.18/MENLHK/SETJEN/ 

KUM.1/4/2019 and PP.12/2014) 

 Volume of water (drinking, 

industries, and tourism) 

Small-scale hydro 

power  

Investment types Micro scale: water use <5 

liters/sec, <IDR 50,000,000 of 

investment, <IDR 300,000,000 of 

annual revenues 

Small scale: water use 5-20 

liters/sec, IDR 50,000,000 – 

500,000,000 of investment, IDR 

500,000,000-2,500,000,000 of 

annual revenues 

Medium scale: water use 20-50 

liters/sec, IDR 500,000,000 – 

10,000,000,000 of investment, IDR 

2,500,000,000-50,000,000,000 of 

annual revenues  

Large scale: water use >50 

liters/sec, >IDR10,000,000,000 of 

investment, >IDR50,000,000,000 

of annual revenues 

Investment categories are 

similar to drinking water 

in addition to the two 

categories below. 

Micro-hydro power: 

Hydropower with 

capacity under 1,000 

kilowatt hours 

Mini-hydro power: 

Hydropower with 

capacity between 1,000 

and 10,000 kilowatt 

hours 

Permit fees Micro: IDR 1,250,000 

Small: IDR 12,500,000 

Medium: IDR 250,000,000 

Large: IDR 1,250,000,000 

Micro-hydro power: 

IDR 1,000,000 

Mini-hydro power: IDR 

2,500,000 
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Table 3. Continued 

Concession-based 

compensation 

Micro: IDR 5,000,000/ Ha 

Small: IDR 10,000,000/Ha 

Medium: IDR 30,000,000/Ha 

Large: IDR 50,000,000/Ha 

Micro-hydro power: 

IDR 5,000,000/Ha 

Mini-hydro power: IDR 

5,000,000/Ha 

Production-based 

incentives 

Micro: 2% of local base incentives 

per production volume 

Small: 4% of local base incentives 

per production volume 

Medium: 6% of local base 

incentives per production volume 

Large: 8% of local base incentives 

per production volume 

Micro-hydro power: 2% 

of electricity buyer’s 

price per production 

 

Mini-hydro power: 2% 

of electricity buyer’s 

price per production 

 

All the monetary compensation stated in the regulation are transferred to the national 

government as non-tax revenue. From this, the national government will deploy the budget 

allocation for protected area management. 

 In addition to these tariffs, permit holders are obliged to provide in-kind contributions 

to surrounding communities and support PA management authorities for watershed 

protection. Activities such as participatory monitoring, wildfire mitigation and forest 

rehabilitation are the examples joint activity that performed. These activities are planned on 

the permit proposal and discussed with the protected area authorities. These activities are 

periodically conducted and may vary among protected areas.  
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2.5. Assessment of the regulation 

This regulation clearly treats water extraction as a provisioning services rather than as a 

regulatory service. Water as a provisioning service is often associated with the watershed 

services (Brauman, 2015), but a broader view of watershed services considers the regulating 

services provided by the water-biota nexus. Interactions between water and the terrestrial 

ecosystem may affect either water quality or quantity. The Indonesian regulation does not 

effectively monetize regulating services such as water quality provided by forested protected 

areas. I examine the evidence for these services in more detail in Chapter 2, considering 

drinking water and small-scale hydro power as regulating services from forested protected 

areas. 

 Indonesia’s national development plan calls for economic growth and sustainable 

development in the next 10 years (2014-2024) based on four pillars: pro-growth, pro-

employment, pro-poor, and pro-environment. The Ministry of Environment and Forestry 

(MoEF) has been mandated to support these goals, and protected areas are an important way 

to offer that support. Along with enhancing natural tourism and wildlife management, 

watershed services support integrated and sustainable development. According to MoEF 

statistics (2017), water utilization is targeted to be operational from 2015-2019 by increasing 

permits by 25 for water volume and permits for small-scale hydro power plants by 50. 

During 2015-2018, 105 drinking water and 50 micro-hydropower permits are operational. 

This target results in the demonstrated trend in water utilization within protected areas in 

Indonesia.  
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3. Distribution of water utilization contracts across protected areas in Indonesia 

Water utilization contracts are not distributed evenly across protected areas in Indonesia.   

Figure 3 shows the proportion of water contracts in each region of Indonesia that have at 

least one water utilization contract. As the most populous island in Indonesia, Java has the 

highest number of contracts. Among 135 protected areas in Java, 16 of them have water 

contract.   Based on the region, these contracts evenly distribute across the country.  Of 

course, the type of protected area and region may be confounded with other factors that 

determine the production or the demand for watershed services.  These factors can be 

categorized as biological, physical, or demographic that directly or indirectly influence a 

change in an ecosystem (Millennium Ecosystem Assessment, 2005) and hence also influence 

users’ attraction to and intention to engage in water utilization.  Based on my interviews of 

the staff of several drinking water companies in Mount Ciremai National Park, they prefer 

simple, clear, and prudent regulations with pristine and sustainable water resources. 

Therefore, I conclude that vegetation, climate and geological factors can be indicators to 

predict trends for water utilization in protected areas. 

 

Figure 3. Water contract distribution by region 
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 The factors likely to influence the probability that a protected area has a water 

utilization contract can be clustered into climate, vegetation, and geological features.  These 

factors are presenting the hydrology regimes in the watershed that associated with the supply 

and demand of watershed services for the water business. The underlying conceptual model 

is shown in Figure 4. 

Figure 4. Spatial analysis workflow diagram  

 3.1. Data sources 

In order to identify which factors are associated with higher probability of water utilization 

contracts, I compiled a large database on the characteristics of protected areas in Indonesia. I 

employed spatial data in both vector and raster format to generate tabular data for statistical 

analysis. I used the ArcGIS platform to analyze the data from various sources (United States 

Geological Survey (USGS), NASA Earth data, the Consortium of International Agricultural 

Research Centers (CGIAR), and the International Union of Conservation on Nature and 

Natural Resources (IUCN)) and overlaid it on protected area boundaries. Data descriptions 

and a statistical summary are presented in Tables 4 and 5, respectively. 
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Table 4. Clustered data description from reputable sources collected online.  

DEPENDENT 

VARIABLE 

DESCRIPTION Data 

collected/

published 

SOURCE 

Water Permit Representing commercial and noncommercial water permit registered 

in protected areas (PA) as of December 2018. Binary code used to 

distinguish PA with water permit as “1” and PA without water permit 

as “0”. 

December 

2018 
Ministry of Environment and 

Forestry, Indonesia. Data 

retrieved as a published 

report in December 2018.  

NUMERIC 

PREDICTORS 

DESCRIPTION Data 

collected/

published 

SOURCE 

Precipitation Annual precipitation based on Global Climate raster published by 

Worldclim.org. Raster data resolution is 30 arc second (1km2) at the 

equator as a Geotiff format. Data represent the average precipitation for 

1970-2000. 

1970-

2000  

Retrieved from 

www.worldclim.org version 

2.0 

Evapotranspiratio

n (ET) 

Annual global potential evapotranspiration modeled by CGIAR-CSI in 

30 arc second (1km2) resolution. The Global-PET is modeled using 

data from WorldClim.org Global Climate Data. Data represent average 

evapotranspiration for 1970-2000. 

1970-

2000 

Retrieved from 

https://cgiarcsi.community/da

ta/global-aridity-and-pet-

database/  

Air Temperature Average air temperature based on Global Climate raster published by 

Worldclim.org. Raster data resolution is 30 arc second (1km2) in the 

equator as a Geotiff format. Data represents the average air temperature 

for the 1970-2000. 

1970-

2000 

Retrieved from 

www.worldclim.org version 

2.0 

Vegetation 

Tree Cover Global tree cover as a raster dataset presents the percentage of tree 

cover worldwide in 2000. The dataset’s spatial resolution is 1 arc-

second per pixel, or approximately 30 meters per pixel at the equator. 

Values ranging from 0 to 100 represent a percentage of tree cover per 

pixel.  

2000 Retrieved from 

https://earthenginepartners.ap

pspot.com/science-2013-

global-

forest/download_v1.6.html  

    

http://www.worldclim.org/
https://cgiarcsi.community/data/global-aridity-and-pet-database/
https://cgiarcsi.community/data/global-aridity-and-pet-database/
https://cgiarcsi.community/data/global-aridity-and-pet-database/
http://www.worldclim.org/
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.6.html
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.6.html
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.6.html
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.6.html


   

29 

 

Table 4. Continued   

CATEGORICAL 

PREDICTOR 

DESCRIPTION Data 

collected/

published 

SOURCE 

Geological 

Sediment 

Thickness 

Single weighted-average value for the relatively porous and 

unconsolidated sedimentary material in terms of the thickness from 

upland to lowland areas using 30 arc second (1 km2) resolution. Values 

range from 0 to 50 meters. 

1985 - 

2000 

Retrieved from 

https://daac.ornl.gov/SOILS/

guides/Global_Soil_Regolith

_Sediment.html  

Slope Percent Average slope percent calculated using ArcGIS from Shuttle Radar 

Topography Model (SRTM) with 1 arc second (30 m x 30 m) 

resolution. I average the elevation by using slope analysis in ArcMap to 

obtain the percentage of slope. The value ranges from 0 to 100% with 

100% representing the steepest elevation. 

2014 Retrieved from 

https://earthexplorer.usgs.gov

/  

Slope Degree Average slope degree calculated using ArcGIS from a Shuttle Radar 

Topography Model (SRTM) with 1 arc second (30 m x 30 m) 

resolution. I average the elevation by using slope analysis in ArcMap. 

Values ranging from 0 to 60 represent the average elevation degree of 

protected area. 

2014 Retrieved from 

https://earthexplorer.usgs.gov

/  

CATEGORICAL 

PREDICTOR 

DESCRIPTION Data 

collected/

published 

SOURCE 

Indonesian 

Protected Area 

types. 

The type of protected area in Indonesia in which water extraction is 

allowed under P.18/MENLHK/SETJEN/ KUM.1/4/2019 (the water 

utilization policy in protected areas). The protected areas are: National 

Park,, Nature Reserve, Wildlife Reserve, Nature Recreation Park. 

I excluded Grand Forest Park because the management was officially 

transferred to the local government in 2015. All permit types in the 

Grand Forest Park are fully managed by the local government. 

2019 

 

Spatial data retrieved from 

World Database of Protected 

Areas (WDPA) by IUCN 

downloaded from 

https://protectedplanet.net/  

Note: Additional attribution, such as “Indonesian protected areas,” based on PA management authorities in Indonesia. 

https://daac.ornl.gov/SOILS/guides/Global_Soil_Regolith_Sediment.html
https://daac.ornl.gov/SOILS/guides/Global_Soil_Regolith_Sediment.html
https://daac.ornl.gov/SOILS/guides/Global_Soil_Regolith_Sediment.html
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://protectedplanet.net/
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Table 5. Summary statistics  

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max 

Tree Cover 478 68.576 28.968 0 53.203 91.935 96.667 

Evapotranspiration 478 1520.738 191.145 785 1422.3 1643.5 1977 

Precipitation 478 2485.404 626.011 1133 2044.061 2961.707 4083.851 

Sediment Thickness 478 10.347 15.625 0 1 13.3 50 

Air Temperature 478 24.282 3.614 9.579 22.491 26.851 28.091 

Aspect 478 17.374 13.876 0 4.522 28.733 59.425 

Slope (Degree) 478 9.458 7.332 0 2.588 15.606 30.516 

Area 478 659.1 2606.86 0.0001 1.703 245.707 33247.29 
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3.2. Statistical Analysis 

I first assessed the correlation among the variables that represent each feature that influences 

supply and demand of ecosystem services: climate, vegetation, and geological. The variables 

include the following: 

1. Climate. This group comprised climate data collected in this research: Annual 

Precipitation, Average Air Temperature, and Annual Evapotranspiration. As the climate 

is one of the drivers of changes in ecosystem services, and specifically in water fluxes, I 

compiled these collected variables into one group to be analyzed. 

2. Vegetation. Forests can be the most evident factor for predicting the likelihood of water 

business because they play a regulatory role interacting with the climate through 

evapotranspiration. I positioned forests as an individual variable in this model because 

they may strongly influence the water goods and services within the watershed.  

3. Geological. I collected two geological factors: Average Sediment Thickness and Terrain. 

I averaged the terrain and calculated elevation using spatial analysis and distinguished 

two units: slope and aspect. Slope represents the steepness of terrain in degree while 

aspect is the orientation of slope. These geological factors could influence water flow, 

which may be considered by users. Additionally, sediment thickness is presented as the 

accumulated sediment from upland to lowland areas. These data can provide evidence of 

nutrient flow and material transported as runoff on the earth’s surface.  
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To assess whether any of these variables influence the establishment of water utilization 

contracts, I performed logistic regression analysis to estimate a model of the probability of 

having at least one water permit as a function of these variables, or “predictors” (Hosmer and 

Lemeshow, 2000).  The general form of this logistic regression model is:  

𝐥𝐨𝐠 (
𝒑

𝟏 − 𝒑
) = 𝜷𝒐 +  𝜷𝑿𝟏 + ⋯ +  𝜷𝑿𝒏 + 𝒆 

where P is the probability of water permit  

β0 is the intercept 

β (beta) is the coefficient of each predictor 

X1 – Xn represents variables/predictors in each model 

e is the residual error of each model 

R Studio model 

I estimated a model for each feature in R Studio as a maximum likelihood generalized linear 

model (glm), as follows:  

# glm (formula = water permit ~ variables + management type, data = …, family = 

‘binomial’) 

where: Water permit is the dichotomous factor, where “0” refers to “no permit” and “1” 

refers to “current water permit in the protected area.” Variables are shown as the 

independent variable based on the cluster. Management type is the Indonesian protected 

area types for which water permits are granted. 

The coefficients in these tables represent log odds ratios.  I interpret coefficients that are 

statistically different from zero at the 95% level as statistically significant, but I also consider 

significance at the 90% level as suggestive of a relationship.  I begin by estimating separate 

models for the variables representing each feature, and then estimate one combined model. 

3.3. Results 

Controlling for the type of protected area, several dimensions of climate influence the 

probability of having at least one water utilization permit (Table 6).  Of the three climate 

predictors, air temperature has statistically significant coefficient. Each degree of annual air 

temperature decreases the log odds of water permit issuance by 0.289. Reflecting the 
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frequency of water utilization permits by protected area as presented above, nature reserve is 

the least likely to have permits compared with National Park, Nature Recreation Park, and 

Wildlife Reserve.  

Table 6. Logistic regression coefficients by climate factors.  

  Estimate Std. Error z value Pr(>|z|) 

(Intercept) 3.209 1.964 1.634 0.102 

Precipitation 0.000 0.000 -0.443 0.658 

Evapotranspiration 0.003 0.002 1.515 0.130 

Air Temperature -0.289 0.091 -3.185 0.001*** 

Nature Recreation Park -2.323 0.421 -5.516 0.000*** 

Nature Reserve -5.005 0.783 -6.396 0.000*** 

Wildlife Reserve -2.308 0.503 -4.584 0.000*** 

Note: (N = 478; R2 = 0.33; AIC=234.30). Standard error in parentheses; “***”,”**”, ”*” 

indicate the statistical significance at 1%, 5% and 10% levels 

 

 The next two models below (Tables 7 and 8) present biological and physical 

interactions in watershed services. In Table 7, tree cover emerges as the predictor of water 

permit issuance. This model estimates that every 1% increase in tree cover will change the 

log odds of water permit issuance by 0.025. On the other hand, the next model (Table 8) 

calculates the log odds of change in water permit issuance by -0.122 when the unit of 

sediment thickness changes. Both tree cover and sediment thickness are statistically 

significant to the independent variable. Moreover, the same pattern is found in these models, 

by which most of the water permits were more likely to be issued for the National Park type 

rather than other management types under this regulation (P.18/MENLHK/SETJEN/ 

KUM.1/4/2019). The lowest likelihood of having water permits is Nature Reserve, with log 

odds ranging from -4.99 to -6.5, while other types have log odds above -3.00, which predicts 

a higher chance that water permits will be issued in these protected area types.  
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Table 7. Logistic regression coefficients by forest cover  

  Estimate Std. Error z value Pr(>|z|) 

(Intercept) -1.648 0.604 -2.729 0.006 

Tree Cover 0.025 0.008 3.357 0.001*** 

Nature Recreation Park -2.094 0.404 -5.185 0.000*** 

Nature Reserve -5.037 0.775 -6.502 0.000*** 

Wildlife Reserve -2.665 0.503 -5.302 0.000*** 

Note: (N=478; R2= 0.32; AIC=233.61). Standard error in parentheses; “***”,”**”, ”*” 

indicate the statistical significance at 1%, 5% and 10% levels 

Table 8. Logistic regression coefficients by geological factors  

  Estimate Std. Error z value Pr(>|z|) 

(Intercept) 0.085 0.723 0.118 0.906 

Sediment -0.122 0.048 -2.542 0.011*** 

Slope Degree 0.099 0.491 0.202 0.840 

Aspect -0.003 0.251 -0.010 0.992 

Nature Recreation Park -2.820 0.493 -5.720 0.000*** 

Nature Reserve -5.727 0.825 -6.941 0.000*** 

Wildlife Reserve -2.898 0.584 -4.958 0.000*** 

Note: (N=478; R2= 0.44; AIC=196.89). Standard error in parentheses; “***”,”**”, ”*” 

indicate the statistical significance at 1%, 5% and 10% levels 

In the combined model, probability of water permit on each protected area type throughout 

predictors (vegetation, climate and geological) has similar result to reduced model. Only four 

predictors were statistically significant at the 95% confidence interval. Forest and 

evapotranspiration resulted in positive correlations with water permit occurrence, which may 

drive the user’s attraction to and consideration of conducting water business. On the other 

hand, sediment thickness and area have negative correlations in this model, by which water 
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permits were likely to be issued when there is a declining trend in these predictors. The 

combined model is presenting in the table 9. 

Table 9. Logistic regression coefficients (combined model) 

  Estimate Std. Error z value Pr(>|z|)  

(Intercept) -2.857 2.965 -0.964 0.335 

Tree Cover 0.020 0.010 1.902 0.057* 

Sediment -0.089 0.046 -1.938 0.053* 

Slope Degree -0.065 0.534 -0.122 0.903 

Aspect 0.089 0.272 0.328 0.743 

Precipitation 0.000 0.000 -0.477 0.633 

Evapotranspiration 0.004 0.002 1.679 0.093* 

Air Temperature -0.164 0.124 -1.324 0.186 

Area 0.000 0.000 -1.729 0.084* 

Nature Recreation Park -3.394 0.601 -5.647 0.000*** 

Nature Reserve -6.510 0.912 -7.139 0.000*** 

Wildlife Reserve -3.662 0.685 -5.343 0.000*** 

Note: (N=478; R2= 0.48; AIC=195.48). Standard error in parentheses; “***”,”**”, ”*” 

indicate the statistical significance at 1%, 5% and 10% levels 

 

3.4. Discussion 

Characterizing water utilization can thoroughly comprehend the factors that drive the 

ecosystem services flow. It is also important for decision makers, such as PA authorities, to 

prepare management strategies to address increased water demand. My results show that the 

user’s intention with respect to conducting water business is to find sustainable resources and 

a healthy ecosystem. It is easier to look at the probability using a characterizing approach. As 

in the figure below (Figure 5), the potency of increasing water permit numbers can be 

predicted through forest cover conditions. These two figures present tree cover and 
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evapotranspiration factors that providing estimation on water permit probability on protected 

area types.  

  

Figure 5. Tree cover and ET probability plot 

These variables show positive correlation, by which the probability of water permits 

increases when forest cover increases, and evapotranspiration is high. Moreover, sediment 

thickness and air temperature, in this model, can predict this likelihood (Figure 6). These 

variables may be considered by users when conducting feasibility studies before applying for 

a permit. We can see that permits were issued in areas with mild air temperature and areas 

that have low sediment thickness. Air temperature can estimate the radiation from the earth’s 

surface in the absence of vegetation. Sediment thickness records the historical nutrient 

transport and sediment load out of the stream channel.  
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Figure 6. Air Temperature and Sediment Thickness probability plot 

In the next chapter I discuss the details of ecohydrological services as a benefit of the water-

biota relationship. I focus on commercial uses for both small-scale hydropower and drinking 

water. In this chapter I have discussed how forest changes influence water permit numbers, 

so there is also a connection with the water business. The salient role of the forest ecosystem 

in the watershed that provides services such as water quality is examined in the next chapter.  
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CHAPTER 2 

WATERSHED SERVICES PROVIDED BY FOREST 

1. Monetizing watershed services provided by forest 

The previous chapter described the characteristics of protected areas where water permits 

are likely to be issued. Forest (or tree) cover increases the probability of a permit. This may 

reflect the commonly held belief that forests regulate water flow and quality through their 

myriad roles in watersheds, including maintaining soil stability, enhancing nutrients, and 

regulating sediment transport (Pattanayak, 2004; Millennium Ecosystem Assessment, 2005; 

Brauman, 2015). In this chapter, I contribute to the evidence on the relationship between 

forests and water quality by examining correlations between these two features in several 

watersheds in Indonesia.  Water quality is of interest not only as a direct benefit to consumers 

but also because of its influence on operational costs.  I consider the latter in this chapter.  

Forests are often credited with enhancing “water quality,” which can refer to the 

chemical, physical, and biological characteristics of water, usually with respect to its 

suitability for a particular use such as drinking or generating renewable energy. Many studies 

of watershed services have estimated the correlation between land uses (including forests) 

and water quality (as indicated by turbidity, dissolved oxygen, or temperature) (Viscusi et al., 

2008; Lele, 2009; Uriarte et al., 2011; Fiquepron et al., 2013; Comte et al., 2015; Vincent et 

al., 2016; Jabbar and Grote, 2019). Some authors extend this analysis to estimate the 

economic value of changes in water quality associated with changes in land use (Fiquepron et 

al., 2013; Vincent et al., 2016). In this chapter, I also contribute to this literature by testing 

for any relationship between water quality and production costs of companies that hold water 

permits in protected areas.  
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As of December 2018, the Ministry of Environment and Forestry (MoEF) had issued 155 

permits for drinking water (105) and small-scale hydropower (50) use of water from 

protected areas, with an additional 121 proposals under review. These permits include 

commercial and noncommercial. The greatest number of permits have been issued for 

National Parks, followed by Nature Recreation Parks and Wildlife Reserves, with the fewest 

issued for Nature Reserves (Figure 7). Of the total permits above, as of January 2019, only 

15 commercial permits were operational for drinking water (10) and small-scale hydropower 

(5), with 52 commercial permit proposals under review.  

 

Figure 7. Water permit distribution for Indonesian PAs 

To determine whether and how forest cover change is associated with water quality and, in 

turn, cost and production, I investigate two commercial permits issued under the ministerial 

regulation (P.18/MENLHK/SETJEN/ KUM.1/4/2019) for two protected areas in Indonesia: 

Gunung Ciremai National Park (GCNP) and Gunung Halimun Salak National Park 

(GHSNP). Both are located in West Java, the most populous province in Indonesia (Figure 

8). Park profiles are presented in the next section.  
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Figure 8. Study site locations 

 

 

 

GHSNP 

GCNP 
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1.1. Study Sites 

Gunung Ciremai National Park 

Gunung Ciremai National Park (GCNP), located at 1080 19’ 18”–1080 29’ 30” east longitude 

and 60 46’ 57” – 60 58’ 57” south latitude, is a solitary volcano with a 3,078 m peak and 

double crater. The park falls into and is adjacent to villages in two administrative areas: 

Kuningan (25 villages) and Majalengka (20 villages). The GCNP encompasses 

approximately 15,500 ha, including primary forests representative of lowland rain forests, 

mountain rainforests, and subalpine forests. The park is home to endangered species such as 

the Javan eagle and Javan leopard. In addition, the volcano is a productive aquifer (Irawan et 

al, 2009) with enormous water springs that are channeled to a stream. The park contains at 

least 106 springs with discharge ranging from 10 L/s to nearly 100 L/s (BAPEDA Kuningan, 

2002) of high-quality water (Irawan, et al., 2009). With its vast water resources and unique 

biodiversity, the Ciremai volcano was administratively established as a protected area known 

as the Gunung Ciremai National Park on October 19, 2004—the 50th national park in 

Indonesia. 

 To date, the park has issued 24 water permits: 12 commercial and 12 noncommercial 

for purposes ranging from drinking water to household use to tourism. In this park, there are 

water pools and other tourism facilities using water from the park. Large scale water 

extraction was occurring before the park was officially established.  In 2018, the GCNP 

reported that five companies were operational and held 12 permits issued for various 

locations within the park. The permits are for bottling drinking water (CV. Jagaraga), 

municipal drinking water (PDAM Kuningan and PDAM Cirebon), and water tanks (CV. 

Telaga Remis Jaya and CV. Tirta Mekar) to supply small-scale industry. I obtained water 
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quality data from one company with each type of permit (CV. Jagaraga, PDAM Kuningan, 

and CV. Telaga Remis Jaya).  

Gunung Halimun Salak National Park 

Gunung Halimun Salak National Park (GHSNP), which covers approximately 113,357 ha, is 

located between 106°12’58"–106°45’50" east longitude and 06°32’14–06°55’12 south 

latitude. GHSNP was established as a protected area in 2003 because its forest habitat 

shelters globally threatened plant and animal species and the highest biodiversity anywhere 

in Java (Conservation International Indonesia, 2009; Kubo and Supriyanto, 2010). Located 

between West Java and Banten provinces, the park consists of 60,000 ha of forest and 

contains two mountains, Mount Salak and Mount Halimun. Similar to the GCNP, the park 

contains two active volcanoes with geothermal energy potency and vast water resources. The 

park is an upland area for the three largest watersheds in Banten province (Cisadane, 

Cidurian and Ciujung), which supply water to cities such as Tangerang, Serang, and Bogor.  

 The immense value of natural resources in the GHSNP attracts people eager to 

benefit, though sometimes in excessive and extractive ways, e.g. through illegal land 

conversion for mining. These practices may influence hydrological cycles within the park, 

with implications for ecosystem services. In terms of water resources, two small-scale 

hydropower plants have been installed within the park and the other four that are outside park 

boundaries rely on water flows from the upland protected area. As the land cover changes 

over time, this could affect the water balance in terms of precipitation and evapotranspiration 

(Hornberger, 2014). To assess whether this has been occurring, I test for patterns of 

association between forest cover and water flows, and between water flows and hydroelectric 

costs and production.  I analyze data from three companies (PT. Jaya Dinamika 
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Geohidroenergi, PT. Antam Loka Halimun Energi, and PT. Hydro Alam Lestari) whose 

hydroelectric infrastructures use water flows from the park.  

 

1.2. Methodology 

To evaluate the forest’s role in watershed services, I applied a stepwise analytic approach to 

spatial data on land cover classification and time series data on drinking water and small-

scale hydropower. The first step in this analysis is to delineate the six watersheds relevant to 

the active water permits based on water intake and observation points (reservoir/dams) using 

the ArcGIS platform. From these observation points, water quality and quantity data were 

recorded on the report and used for this analysis. I quantified land cover change in those 

watersheds based on spatial data from the Forest Inventory Agency in the Ministry of 

Environment and Forestry, Republic of Indonesia (MoEF, 2015). Land cover in the study 

sites has been remotely sensed and classified as explained in MoEF (2015): 

1. “Primary dryland forest. This class is described as the area covered by primary structured 

forest with topographical variety (lowland, hilly, and mountainous), karst, and rainforests 

and excluding swamp, peatland, and mangrove, where there is an absence of logging 

activities. 

2. Secondary dryland forest. This class has features similar to primary dryland forest, with 

additional features that reveal logging activity, wildfire remnants, and land degradation in 

the forest. 

3. Plantation forest. This consists of blocks of forest planted by humans for restoration, 

production, or other purposes.  
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4. Dryland agriculture. This class represents agricultural area typically planted as a single 

agricultural plantation for the production of tea, coffee, or cacao.  

5. Crop and pasture. A mix between crop and pasture, this class represents agricultural areas 

that consist of seasonal crops such as corn, cassava, or potatoes and may also be 

identified as pasture for animal grazing. 

6. Mixed crop. This class represents areas in which a variety of crops grow together, such as 

combining seasonal crops and annual plantation in the same area. 

7. Rice field. This agricultural field is separately classified, as it requires a significant 

volume of water for production. It is also commonly classified as paddy fields or dryland 

rice fields in Indonesia. 

8. Residential area. This area typically includes a variety of population densities. However, 

in these study sites, it represents low-density residential areas, as it is located proximate 

to the parks.” 

I grouped these land cover types into three major groups: FOREST, consisting of primary 

dryland forest, secondary dryland forest, and plantation forest. Plantation forest in the park 

boundaries is the forest restoration and rehabilitation area that cannot be harvested; 

AGRICULTURE, consisting of dryland agriculture, crop and pasture, mixed crop, and rice 

field; and DEVELOPED, consisting of residential area. Land cover classification maps for 

each study site are presented in Figures 10 and 11, and Tables 10 and 11 report land cover 

types by the six watersheds. 
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Figure 9. Observed watersheds at GCNP (2018)
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Figure 10. Observed watersheds at GHSNP (2018) 
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Table 10. GCNP Land cover (%) 

LAND 

COVER 

TYPE 

Watershed 1: 18.35 Km2 Watershed 2: 9.51 Km2 Watershed 3: 6.99 Km2 

2014 2015 2016 2017 2018 2014 2015 2016 2017 2018 2014 2015 2016 2017 2018 

Primary 

dryland 

forest 

3.015 3.015 3.015 3.015 3.015 7.643 7.643 7.643 7.643 7.643 0 0 0 0 0 

Secondary 

dryland 

forest 

47.364 47.364 47.364 47.364 47.364 64.167 54.036 53.844 53.844 53.844 0 0 0 0 0 

Plantation 

forest 

27.818 27.818 27.818 27.818 27.818 18.483 31.892 31.892 31.892 31.892 55.226 56.755 54.131 54.131 54.131 

Shrubland 0 0 0 0 0 3.205 0 0 0.192 0.192 0 0 0 0 2.624 

Residential 

area 

1.178 1.660 1.660 1.850 1.850 0.000 0.077 0.077 0.077 0.077 13.856 5.917 5.579 5.889 5.889 

Barren 

land 

0 0 0 0 0 0.053 0.053 0.245 0.053 0.053 0 0 2.624 2.624 0.000 

Crop and 

pasture 

0.000 8.225 8.225 8.225 8.225 0 0 0 0 0 0 8.056 8.056 7.746 7.746 

Mixed crop 20.425 11.718 11.718 11.718 11.718 6.449 6.300 6.300 6.300 6.300 11.165 9.519 9.519 9.519 9.519 

Rice field 0.20 0.20 0.20 0.01 0.01 0 0 0 0 0 19.753 19.753 20.091 20.091 20.091 
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Table 11. GHSNP Land Cover (%) 

LAND COVER TYPE Watershed 1: 72.12 Km2 Watershed 2: 56.66 Km2 Watershed 3: 49.17 Km2 

2017 2018 2017 2018 2017 2018 

Primary dryland forest 38.7523 38.8812 70.34137 71.47249 84.6812 85.12913 

Plantation forest 1.55187 1.48226 1.324203 0.193088 2.65217 2.204271 

Shrubland 0 0 2.895687 2.895687 0 0 

Dryland agriculture 35.2584 34.2776 20.04988 16.0906 1.39428 1.526687 

Residential area 0.92764 1.3072 0.233773 0.516925 0 0 

Crop and pasture 9.29081 0.47947 2.609708 2.445401 6.81174 6.914246 

Mixed crop 11.9528 14.1447 2.545374 6.385812 4.46058 4.225665 

Rice field 2.26611 9.42759 0 0 0 0 
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In the above land cover classification, forests dominate the watersheds, with relatively 

small alterations, i.e. less than 1% change on average across years in each watershed. Some 

watersheds gained forest and others lost forest, due to a number of factors. In the GCNP, 

agriculture and residential areas are outside the park boundary, while in the GHSNP, some of the 

park area is dedicated to agriculture and residential area, because there is a community inside the 

park boundary. This land cover classification is used for the statistical analysis to investigate the 

role of forest in water quality and the impact of water quality on the production and cost of water 

goods and services.  

1.3. Data Collection 

After delineating watersheds in each study site, I compiled secondary data from companies’ 

proposals, feasibility studies, and reports for statistical analysis. In the GCNP, in which only 

drinking water companies are operational, water data such as monthly precipitation and water 

quality data—turbidity, total dissolved solids, and pH—are recorded. Additionally, I compiled 

monthly production and annual production costs from company reports. Water quality data for 

the GCNP cover the same timeframe as land cover data, from 2014 to 2018. In the GHSNP, 

where only small-scale hydropower companies are operational, I compiled data on monthly 

precipitation and discharge as the main elements needed to generate hydropower. I also recorded 

monthly production and annual operational costs for each hydroelectric power plant. In the 

GHSP, data were only available for the 2 years (2017-2018) that the hydropower plants had been 

operating. 

 Three watersheds are observed in each park. In the GCNP, each watershed represents a 

company that has a permit to extract surface water inside park boundaries. Companies installed 

pipes and intakes from the river and connected these to the reservoir prior to distribution. In 
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Watershed 1, water quality data were observed from the water bottling company (CV. Jagaraga) 

that directly connects pipes to the reservoir at observed points (see Figure 10). The watershed 

also has an intake used by another company; however, that reservoir is located outside the 

watershed and park boundaries. There is a water intake in Watershed 2 for the municipal 

drinking water company of Kuningan district (PDAM Kuningan), where the reservoir is located 

at the observation point (Figure 10). Watershed 3 includes an intake for the water tank company 

CV Telaga Remis Jaya and the observation point is the reservoir. Reservoirs and intake pictures 

are compiled in Appendix A.  

 There are noticeable differences in water quality data recorded in the GCNP, especially 

for turbidity and total dissolved solids (TDS) in Watershed 1 compared with the other 

watersheds. While average turbidity and TDS are in a relatively similar range in Watersheds 2 

and 3, these values are considerably lower in Watershed 1. The CV. Jagaraga manager stated that 

the company had installed filters on the water intakes connected directly to the reservoir. This 

water bottling company produces demineralized water, which requires an advanced filtration 

process. Turbidity values for Watershed 1 range between 0 and 1 NTU (Nephelometric turbidity 

unit) while the other watersheds are between 1 and 3 NTU. The total dissolved solids (TDS) 

value in Watershed 1 also differs from those of the other watersheds, which are below 50 mg/L. 

The details of these differences can be seen in the figure 11 below. 
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Figure 11. Monthly water quality and precipitation in observed watersheds (2014-2018) 

 As in the GCNP, I also delineated three watersheds in the GHSNP based on observation 

points that represent the hydropower dams installed in the area. In Watershed 1, four dams have 

been installed for hydroelectric power plants that have different capacities for power generation. 

The company that runs the power plants in this watershed is PT. Jaya Dinamika Geohidroenergi. 

Since the dams are outside park boundaries, the permit was granted by the local government, 

different from the other companies considered in this thesis, who obtained permits under the 

ministerial regulation (P.18/MENLHK/SETJEN/ KUM.1/4/2019). Even though their permit was 

issued by local government, the company supports upland forest protection through a restoration 

and rehabilitation program for the park. The other two permits, for small-scale hydropower 

companies, were granted in 2017, when they became operational. These companies are PT. 

Antam Loka Halimun Energy (Watershed 2) and PT. Hydro Alam Lestari (Watershed 3). Small-

scale hydropower in this area benefits from the water flow from the park to generate electricity. 

Discharge and precipitation data are recorded at all dams. The discharge recorded is the initial 

discharge that flows into the turbine for electricity generation. Electricity production 
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continuously supplies the municipally owned national electric company (PLN), which distributes 

electricity to users. PLN pays for the electricity production per kilowatt hours (KwH) generated 

by the power plants. Power plant pictures are presented in Appendix B. 

 Production and cost data were obtained from the companies’ periodic reports and 

feasibility studies. For potable water, production is quantified as the volume of water distributed 

to households, used for bottled water, or supplied to industries. This volume is measured in cubic 

meters (m3) per month. For the small-scale hydropower companies, production data are reported 

as the monthly electricity production generated by turbines on each dam in kilowatt hours. 

Production costs for both drinking water and small-scale hydropower companies include 

maintenance, labor, and the depreciation value of capital that has been invested. I use annual 

costs from the companies’ reports and feasibility studies and convert from IDR to US dollars (1 

USD = 14,000 IDR). 

The data can be categorized according to temporal scale:  annual, seasonal (dry and wet 

seasons in the tropics), and monthly. Summary statistics for data available on each temporal 

scale are presented in Tables 12 and 13.
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Table 12.1. Summary statistics for watersheds in the GCNP (annual)  

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max       

Forest 15 75.291 16.196 54.131 55.990 91.836 93.571      

Agriculture 15 20.873 12.698 6.300 6.374 34.123 37.666      

Developed 15 3.774 4.205 0.149 0.753 7.065 13.856      

Turbidity (NTU) 15 1.689 1.181 0.034 0.164 2.620 2.805      

TDS (mg/L) 15 95.086 47.833 31.200 33.922 129.875 152.250     

pH 15 7.131 0.169 6.950 7.013 7.173 7.473      

Precipitation (mm) 15 991.802 342.980 517 727.7 1140.8 1703 

Production (m3) 15 33,6171.900 318,746.300 10,546.090 13,769.950 665,576.600 836,913.600     

Cost (Dollar/m3) 15 0.310 0.443 0.008 0.009 0.756 1.115      

Avg slope degree 15 17.382 6.225 9.759 9.759 24.459 24.459      

Area (km2) 15 11.617 5.042 6.990 6.990 18.350 18.350      

Note: Summary statistics for annual dataset 

Table 12.2. Summary statistics for watersheds in the GCNP (seasonal) 

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max 

Turbidity Dry (NTU) 90 1.62 1.184 0 0.066 2.62 3.2 

TDS Dry (mg/L) 90 88.244 43.989 29.263 32.373 116.833 164 

pH Dry 90 7.111 0.146 6.953 7 7.196 7.809 

Precipitation Dry (mm) 90 25.422 36.109 0 0 34.667 173 

Production Dry (m3) 90 28,664.91 26,433.39 667.973 1,344.565 53,568 77,673.6 

Turbidity Wet (NTU) 90 1.725 1.179 0.002 0.3 2.61 3.65 

TDS Wet (mg/L) 90 100.776 51.559 30 33.4 141.9 178 

pH Wet 90 7.152 0.264 6.5 7 7.2 7.867 

Precipitation Wet (mm) 90 139.878 81.856 0 79 203.583 391 

Production Wet (m3) 90 27,363.75 25,628.23 577.624 932.369 5,3568 72,316.8 

Note: Summary statistics for seasonal dataset 

 

 



   

54 

 

 

Table 12.3. Summary statistics for watersheds in the GCNP (monthly) 

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max 

Turbidity (NTU) 180 1.672 1.179 0 0.146 2.625 3.65 

TDS (mg/L) 180 94.51 48.201 29 32.7 136.3 178 

pH 180 7.131 0.214 6.5 7 7.2 7.867 

Precipitation (m3) 180 82.65 85.282 0 8.25 131 391 

Production (m3) 180 28,014.33 25,969.29 577.624 1,237.385 5,3568 77,673.6 

Note: Summary statistics for monthly dataset 

  



   

55 

 

Table 13.1. Summary statistics watersheds in the GHSNP (annual) 

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max 

Forest 12 53.369 19.955 36.786 40.6 71.666 87.333 

Agriculture 12 45.328 19.981 12.667 25.134 58.315 62.216 

Developed 12 1.297 1.045 0 0.868 1.522 3.413 

Discharge (m3/s) 12 132.168 44.177 91.036 98.882 162.428 212.697 

Precipitation (mm) 12 2,980.496 655.559 2275 2521.875 3275.2 4613.6 

Electricity production (KwH) 12 380,31925 13,685,363 23,723,987 27,332,058 53,583,443 57,995,222 

Cost (IDR/KwH) 12 73.421 23.571 42.705 47.967 91.396 104.905 

Cost (Dollar/KwH) 12 0.005 0.002 0.003 0.003 0.007 0.007 

Slope degree 12 16.191 1.624 14.672 14.752 17.633 18.899 

Area Km2 12 53.059 11.131 39.638 43.468 57.295 72.12 

Note: Summary statistics for annual dataset 

Table 13.2. Summary statistics watersheds in the GHSNP (seasonal) 

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max 

Discharge Dry (m3) 72 126.895 68.218 18.582 88.046 145.042 324.965 

Precipitation Dry (mm) 72 221.056 124.116 12 140.4 279.2 694 

Electric Prod Dry (KwH) 72 3,029,317 1,689,124 602,778.5 1,915,494 3,482,065 8,398,758 

Discharge Wet (m3) 72 137.455 60.935 38.894 100.229 162.922 336.221 

Precipitation Wet (mm) 72 275.666 130.668 104 195.9 341 636 

Electric Prod Wet (KwH) 72 3,309,337 1,599,774 849,298 2,249,819 4,008,524 8,341,096 

Note: Summary statistics for seasonal dataset 

Table 13.3. Summary statistics watersheds in the GHSNP (monthly) 

Statistic N Mean St. Dev. Min 1st Pctl 3rd Pctl Max 

Discharge (m3) 144 132.168 64.678 18.582 93.232 152.489 336.221 

Precipitation (mm) 144 248.375 129.895 12.5 172.9 308.75 694.5 

Electric Prod (KwH) 144 3169327 1645304 602778.5 2042318 3696252 8398758 

Note: Summary statistics for monthly dataset
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1.4.  Statistical Analysis 

To estimate the relationships between forest cover, water quality and quantity, and costs and 

production, I first arranged the data into a panel by watershed, to facilitate estimation of panel 

models that control for individual heterogeneity across time (Baltagi, 2005). I created a balanced 

panel for each study site based on annual, seasonal, and monthly data frames (see Tables 12 and 

13). I employed two statistical approaches with these panel data: pooled regression analysis 

using ordinary least squares (OLS) and fixed effects panel regression.  

 I estimated ecological production functions in order to test the relationships between 

forest and watershed services.  The output of the production function can be either water quality 

or water quantity, and land cover in the watershed is one factor that can influence production 

output. For example, land cover alteration is one factor that may change the water quality in 

these study sites.  In all models, I control for precipitation, as the key input to the ecological 

production function. Using the same statistical approach, I also estimate the effect of water 

quality and quantity (the outputs of the ecological production function) on production costs and 

quantities (the market outcomes). Finally, I estimate reduced form models of production costs 

and quantities as a function of forest cover in watersheds. All models were estimated using 

RStudio software version 3.6.0 by correlating the factors. 

Ordinary least squares (pooled regression) model 

Yit = β0 + β1X1it + β2X2it + β3X3it + ε 

where Y is the dependent variable observed in each year t for each watershed i, 

X1 to X3 represent independent variables observed in each year t for each watershed i, 

β 0 is the intercept for the models and β1… β3 are the coefficients for independent variables, 

and ε is the error term. 
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RStudio model for pooled cross-sectional analysis 

# plm (formula = dependent variables ~ independent variables, data = (annual, seasonal, 

monthly), model = “pooling”) 

where dependent variables include water quality, discharge, production and cost; 

independent variables include land cover, precipitation, slope, area and water quality that 

may influence production and cost. Datasets are annual, seasonal, or monthly.  

 

Fixed effects regression model 

Yit = αi + β1Xit + β2Xit + β3Xit + uit 

where αi (i=1, …. n) is the unknown intercept for each watershed (Watersheds 1, 2, and 3), 

Yit is the dependent variables (water quality, production, and cost) where i = watershed and t 

= time (GCNP = 2014-2018, GHSNP =2017-2018), 

Xit represent independent variables (land cover, area, slope, precipitation) in every ‘i’ = 

watershed over time ‘t’ as independent variables, 

β1… β3 are the coefficients for independent variables, and  

Uit is the error term.  

RStudio model for fixed effects analysis 

# plm (formula = dependent variables ~ independent variables, data = (annual, seasonal, 

monthly), model = “within”, effect = “two-way”) 

where dependent variables include water quality, discharge, production, and cost; 

independent variables include land cover, production, precipitation, slope, area, and water 

quality that may influence production and cost. Datasets are annual, seasonal, or monthly.  

 

OLS regression was employed to estimate the association between land cover and water quality 

and quantity. Fixed effects regression was employed to estimate the effects of land cover on 

water quality and quantity, controlling for idiosyncratic factors that vary across watersheds and 

time trends that are common to all watersheds. Using the panel data, the OLS (pooled) model 

generates a universal conclusion of the relationship between dynamic land cover change and 

ecosystem services, without considering variation over time (Croissant and Mille, 2019). On the 
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other hand, fixed effects regression results in specific inference within the observed watersheds 

to estimate causal effects. Using these two models, the interactions between forests and water 

can be comprehensively observed by adopting cross-sectional and time-variant perspectives.  

1.5.  Results 

Drinking water supply analysis 

The first analysis in this section identifies how biophysical factors (land cover change, slope, and 

area) and precipitation are associated with water quality, which is critical for drinking water.  

The water companies monitor turbidity, TDS, and pH at their water intakes in watersheds in the 

GCNP. The estimation results in Table 14, land cover change influences the water quality 

indicators through the pooled model. The pooled model relates land cover to water quality in the 

watersheds in the GCNP using the annual dataset (N=15). Across watersheds, the three land 

cover types —forest, agriculture, and developed—are statistically significantly associated with 

the water quality indicators, with p-values < 0.05. In contrast, after controlling for fixed effects 

in both spatial and temporal dimensions, there are no longer any statistically significant 

relationships between land cover and water quality within the observed watersheds in 2014-

2018. The R-square value is negative, which means that the model is likely to be less well fitted 

to the data.  

 Furthermore, using the annual panel data (N=15), I estimated reduced form models of the 

effects of land cover change on production and cost, with estimation results presented in Table 

14. The estimation results for the pooled regression suggest that land cover such as forest, 

agricultural areas, and developed areas influence production and costs for the drinking water 

company. However, there is no evidence that land cover influences production and costs after 
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controlling for idiosyncratic and unobserved watershed characteristics using fixed effects. This 

may be because of limited variation over time in the watersheds observed in GCNP.  

 Considering that water quality may be correlated with the hydrologic cycle, it may be 

appropriate to control for precipitation, slope, and area of the watershed. Precipitation varies 

across time and space but is not significantly related to water quality. Other predictors, such as 

average slope and area, yielded significant results in the pooled model, but could not be 

estimated in the fixed effect model (see Table 14) because of their time invariance within the 

watersheds. In the pooled model, watershed area is significantly correlated with water quality. 
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Table 14. Estimation result in GCNP.  
 

Independent 

Variables 
Biophysical factors (B) Climate (C)  Water Quality (WQL) 

Dependent 

Variable 
N Forest Agricultur

e 

Developed Slope Area Precipitation TDS Turbidity pH 

Pooled Model   
    

 
   

Total dissolved 

solids (TDS)  

15 0.001*** 

(0.014) 

0.011** 

(0.014) 

0.008** 

(0.014) 

0.232 

(0.014) 

0.001*** 

(0.014) 

0.235 

(0.014) 

- - - 

Turbidity 15 0.007** 

(0.017) 

0.008** 

(0.017) 

0.006** 

(0.017) 

0.207 

(0.017) 

0.0006*** 

(0.017) 

0.810 

(0.017) 

- - - 

pH 15 0.025** 

(0.089) 

0.026** 

(0.089) 

0.021** 

(0.089) 

0.183 

(0.089) 

0.024** 

(0.089) 

0.525 

(0.089) 

- - - 

Production WQL=180 

BC=15 

0.008** 

(0.0035) 

0.009** 

(0.0035) 

0.007** 

(0.0035) 

0.000*** 

(0.0035) 

0.000*** 

(0.0035) 

0.309 

(0.0035) 

0.000*** 

(0.000) 

0.000*** 

(0.000) 

0.004*** 

(0.000) 

Cost (dollars) 15 0.007** 

(0.0127) 

0.007** 

(0.0127) 

0.005** 

(0.0127) 

0.0001*** 

((0.0127) 

0.060*** 

((0.0127) 

0.996 

(0.0127) 

0.439 

(0.000) 

0.007** 

(0.000) 

0.244 

(0.000) 

Two-way Fixed Effects 
   

 
   

Total dissolved 

solids (TDS) 

15 0.983 

(0.00032) 

0.979 

(0.00032) 

0.987 

(0.00032) 

0.956 

(0.00032) 

0.961 

(0.00032) 

0.496 

(0.00032) 

- - - 

Turbidity 15 0.122 

(0.00057) 

0.128 

(0.00057) 

0.127 

(0.00057) 

0.413 

(0.00057) 

0.390 

(0.00057) 

0.865 

(0.00057) 

- - - 

pH 15 0.438 

(0.000) 

0.481 

(0.000) 

0.469 

(0.000) 

0.136 

(0.000) 

0.131 

(0.000) 

0.454 

(0.000) 

- - - 

Production WQL=180 

BC=15 

0.395 

(0.000) 

0.503 

(0.000) 

0.501 

(0.000) 

0.522 

(0.000) 

0.480 

(0.000) 

0.066* 

(0.000) 

0.228 

(0.057) 

0.562 

(0.057) 

0.146 

(0.057) 

Cost (dollars) 15 0.769 

(0.00046) 

0.755 

(0.00046) 

0.779 

(0.00046) 

0.757 

(0.00046) 

0.762 

(0.00046) 

0.657 

(0.00046) 

0.018** 

(0.121) 

0.000*** 

(0.121) 

0.654 

(0.121) 

Note:  Standard error in parentheses; “***”,”**”, ”*” indicate the statistical significance at 1%, 5% and 10% levels.
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 Turning to monthly production (N=180) and annual cost (N=15), the influence of water 

quality varies. In the pooled model, all water quality indicators are significantly associated with 

monthly production volume. In contrast, only turbidity is significantly associated with annual 

production cost. This model estimates how water use for production is influenced by the quality 

of the water. In the fixed effects model, there is no evidence of a relationship between production 

and water quality indicators. However, the fixed effects model does suggest that total dissolved 

solids and turbidity affect the annual cost. The fixed effects model suggests that precipitation is 

the main factor that influences production and cost. Production is influenced by precipitation 

with a p-value < 0.1 (or a 90% confidence interval).  

Small-scale hydropower (micro hydropower) analysis 

The second analysis of small-scale hydropower in the GHSNP is straightforward, and only 

correlates the discharge as the factor that influences production and cost. In this section, land 

cover change is the factor that impacts average discharge, which may also be connected with the 

production and cost of hydropower. The value of forest in this correlation is determined by 

estimating its relationship to discharge, production, and cost. Water quality indicators such as 

sedimentation and suspended solids were not analyzed in this thesis, as they are infrequently 

recorded by the hydropower companies. Inconsistent data would result in bias and unreliable 

inference in the analysis. Therefore, I only used water quantity data as continuously recorded by 

the companies to monitor their daily electricity production. Using two models, pooled and fixed 

effects, I summarize the estimation using two models in Table 15.   
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Table 15. Estimation result in GHSNP. 
 

Independent 

Variables 

Biophysical factors (B) Climate (C) Water Quantity 

(WQT) 

Dependent 

Variables 

N Forest Agriculture Developed Slope Area Precipitation Discharge 

Pooled Model  
 

Discharge 12 0.012** 

(0.000) 

0.012** 

(0.000) 

0.011** 

(0.000) 

0.004*** 

(0.000)  

0.0001*** 

(0.000) 

0.0000*** 

(0.000) 

- 

Electricity 

Production 

WQT=144 

BC=12 

0.024** 

(0.000) 

0.024** 

(0.000) 

0.022** 

(0.000) 

0.005** 

(0.000) 

0.0001*** 

(0.000) 

0.020** 

(0.000) 

0.000*** 

(0.000) 

Operational 

Cost (dollars) 

12 0.604 

(0.013) 

0.609 

(0.013) 

0.617 

(0.013) 

0.037** 

(0.013) 

0.002*** 

(0.013) 

0.017** 

(0.000) 

0.0001*** 

(0.000) 

Two-way Fixed Effects 

Discharge 12 0.101 

(0.0001) 

0.098* 

(0.0001) 

0.099* 

(0.0001) 

0.122 

(0.0001) 

0.193 

(0.0001) 

0.0000*** 

(0.0001) 

- 

Electricity 

Production 

WQT=144 

BC=12 

0.228 

(0.00026) 

0.203 

(0.00026) 

0.201 

(0.00026) 

0.330 

(0.00026) 

0.238 

(0.00026) 

0.006** 

(0.00026) 

0.002*** 

(0.000) 

Operational 

Cost (dollars) 

12 0.137 

(0.00012) 

0.097* 

(0.00012) 

0.091* 

(0.00012) 

0.150 

(0.00012) 

0.289 

(0.00012) 

0.002*** 

(0.00012) 

0.000*** 

(0.036) 

Note: Standard error in parentheses; “***”,”**”, ”*” indicate the statistical significance at 1%, 5% and 10% levels.  
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 Hydroelectric power plants are highly dependent on water flow to generate electricity. 

This analysis presents evidence that water fluxes such as discharge and precipitation impact the 

production of electricity. However, these can be transformed when there is an alteration in the 

terrestrial ecosystem, such as land cover. From the pooled model, land cover types significantly 

correlate with discharge and electricity production, with p-value < 0.05, which means that 

electricity production can be influenced by changes in land cover. In contrast, land cover did not 

show significant correlation with operational cost using the pooled model. Furthermore, the fixed 

effects model resulted in an interesting correlation in addition to that of the pooled model. Land 

cover, especially agriculture and developed area, significantly influenced production cost at a 

90% confidence interval, while these were not significantly correlated with electricity 

production. This finding yields the interpretation that production cost in watersheds in the study 

site is significantly influenced by changing land cover over time. Slope and area also explain 

different results in the correlation. While the pooled model demonstrates significant correlation 

with discharge, production, and cost, the fixed effects model does not yield significant 

correlation. This is because of the lack of heterogeneity within watersheds, as the area and slope 

are presumably fixed in the long run. The fixed effects model might accurately compute these 

changes if there were a wide range of data on geological alterations within the watershed.  

 Precipitation and discharge showed a linear interaction with dependent variables. The R-

square value demonstrates that both the pooled and fixed effects model is well fitted. This 

finding hypothetically strengthens the inference that hydropower plant highly relies on the 

volume of water flows into the turbines to generate electricity. Water fluxes, which in this 

observation are precipitation and discharge, also vary within the watershed over time. As can be 

seen in Table 15, precipitation and discharge also provide evidence that these significantly 
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influence production and cost within the study area. With p-values < 0.05, these two predictors 

statistically influence the dynamic of electricity generation and production cost within the 

watershed over time. In a nutshell, according to both model interpretations, precipitation and 

discharge are the main elements that linearly control the operation of hydroelectric power plants 

installed in study catchments. 

  

1.6 Discussion 

The relationship between forest and water in watersheds can be clearly comprehended by 

visualizing the results. As shown in the first chapter, the forest plays an essential role in 

regulating water goods and services. The forest–water relationship results in various impacts. In 

this thesis, forest has been evaluated using the concept of an ecological production function, in 

which its alteration can influence water quality and quantity and financial aspects such as 

production and cost. The production function emphasizes the linear correlations between inputs 

(such as labor, capital, raw material) and output that can be referred to as the product (Bergstorm 

and Randall, 2016). Using this approach, the ecological production function positions water 

quality and quantity as both inputs and output that can be influenced by land cover and climate 

within the watershed. Moreover, the linear production function approach is also employed to 

relate the cost and production of companies for which permits have been granted to extract water 

from protected areas. From this, production and cost become the output, as these changes can be 

impacted by inputs such as land cover, water quality and quantity, climate, and variability of 

slope and area. These inputs represent the ecological components that could alter the output in a 

variety of ways. By means of the result above, in Tables 14 and 15 I present graphics and plot 

two variables to demonstrate correlation behavior.  
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Estimation forest cover and production cost and quantities 

As the focus of this study, biophysical factors, including land cover, slope, and watershed area, 

are the main indicators that influence water goods and services within the watersheds. Land 

cover, and especially forest, is often recognized for maintaining soil stability and reducing 

stream sediment by controlling surface erosion (Hornberger, 2014), while the absence of forest, 

such as in cultivated land and urbanized areas, is known to have the opposite effects. In addition 

to land cover, other factors such as slope and watershed area are taken into account when 

investigating watershed services. Steep terrain, for example, influences the velocity of overland 

flow, which may also influence the amount of sediment transported into streams. Subsequently, 

when high sedimentation occurs in streams, this results in water quality alteration. Furthermore, 

watershed area offers an intuition regarding the volume of water, considering the hydrologic 

cycle and water balance. All of these factors are interrelated with water goods and services in the 

watershed. In this subsection, I discuss the relationship between forest cover and dependent 

variables. Other plots, such as agriculture, developed area, slope, and area are presented in 

Appendix C. Figure 13 displays the forest cover relationship with water quality and quantity.  
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Figure 12. Water quality and quantity correlation with forest cover 

 In terms of water quality, increasing forest cover results in a lower value of total 

dissolved solids and turbidity in the study site, while the pH increases slightly. This linear 

correlation provides evidence that a larger portion of forest in the watershed decreases dissolved 

solids and turbidity in the stream channel. Turbidity and dissolved solids are physical indicators 

commonly used to qualify drinking water. These indicators can be significantly reduced by 

increasing the forest area within the watershed. Unlike turbidity and dissolved solids, pH values 

tend to increase as the forest cover grows. The declining trend of turbidity and dissolved solids 

as forested land increases reflects the reduction in surface runoff that impacts the purification of 

surface water in the stream. Furthermore, the relationship between average stream discharge and 

forest cover displays a declining trend in this observation. Forest soils are very permeable and 
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yield high infiltration rates, because roots provide pathways for water to flow into the soil matrix 

(Hornberger, 2014). The increase of forest area reduces the overland flow but increases the 

subsurface flow that influences discharge in the stream channel. In short, these figures 

hypothetically strengthen the role of forest for water quantity and quality in terms of erosion 

control and maintaining soil stability, which can also influence the quality of potable water. 

 Forest also influences production and cost for these companies. In both the pooled and 

fixed effects models, forest demonstrated significant correlation with these factors, except for the 

micro hydropower company’s operational cost. As a result of this investigation (Figure 14), it 

can be seen that increasing forest yields high production cost for the drinking water company. 

The volume of water produced increases in healthy forested land that provides a high quality of 

water. Considering unobserved economic variables such as demand, high-quality water enables 

the possibility of attracting more consumers or markets that seek high-quality water for drinking. 

Thus, it also influences production cost as the market increases by raising the total cost which 

includes variable and fixed cost. Many studies on water quality such as Lele (2009), Singh and 

Mishra (2014), Vincent et al. (2016), and Warziniack et al. (2017) have shown the capability of 

forest to reduce water treatment costs. In this thesis, cost is not distinguished by type, such as 

treatment cost, but rather includes labor, amount of production, treatment, and distribution, 

which together yield the total production cost per volume of water produced. Therefore, 

production cost in this thesis linearly increases as the volume of water increases, yielding the 

intuition that more forest can increase demand and market size by considering the production 

quantity. Relating forest’s purification capability to reduce turbidity and dissolved solids in the 

product, companies may tend to escalate production as they have enormous resources and high-

quality potable water to be marketed. 
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Figure 13. Production and cost correlation with forest cover 

 On the other hand, water quantity significantly influences electricity production from 

micro hydropower plants in the study sites. As forest cover increases in the watershed, electricity 

production from turbines decreases given the declining discharge into the stream. Discharge 

determines flow into the turbines by considering the water drop from the stream. Water flows 

into the turbine have been set and controlled to avoid overflow, which can damage turbines. 

Moreover, forest cover does not have significant correlation with companies’ operational cost in 

this study site. This finding may correlate with electricity production, which constantly produces 

electricity based on turbine capacity, which is significantly correlated with discharge but not 

significantly correlated with forest cover. In short, forest cover provides collinearity in water 

quantity and production for hydroelectric power plants, by which an increase in forest cover in 

  
Drinking water observation 

 

   
Small-scale hydropower observation 
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the watershed reduces stream discharge; however, it does not instantly influence the operational 

cost of hydro power plants. It can be inferred from this that forest maintains flow stability for 

electricity production. 

 

Production and cost relationship with water quality and quantity 

The value of forest cover for water quality and quantity for two company types has been 

discussed previously. In this subsection, I also investigated whether the correlation between 

production and total cost may be influenced by water quality and quantity. To answer this 

question, I created plots to illustrate the behavior of production and cost. I employed monthly 

production (NGCNP=180 and NGHSNP=144) and annual cost (NGCNP= 15 and NGHSNP = 12) to 

investigate this relationship, as in the coefficient correlations tables above (Tables 14 and 15). As 

shown in Figure 14, increasing values of turbidity and dissolved solids are giving the decline 

trends of total cost per cubic meter produced but escalate the production of water. However, the 

opposite trend is found with respect to pH value: Production declines as the pH value rises and 

total cost significantly increases at the higher pH value.  
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Figure 14. Production and cost correlation with water quality 

Following the above trends, water quality provided various correlations in which physical 

indicators such as dissolved solids and turbidity result in positive correlations with production. In 

contrast, pH was negatively correlated with production. As turbidity and dissolved solids range 

within the drinking water standard, production still increases as these do not change the physical 

appearance of the product. Along with turbidity and dissolved solids, pH is still within the 
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standard, which ranges between 7 and 7.5; this is excellent for drinking water. However, the 

obvious alteration in pH value significantly impacts production. pH can be influenced by the 

number of dissolved solids, which changes the taste of water. Moreover, the increasing values of 

turbidity and dissolved solids can reduce the total cost, as seen in the figure, while an increasing 

pH value positively increases cost. This is a mystery, as explicit evidence from this study reveals 

the opposite correlation with each other.  

 For the micro hydropower plants, I illustrate the correlation between production and cost 

and water fluxes (discharge and precipitation). These plots provide evidence that production and 

cost significantly rely on water flows to generate electricity. Total production positively 

correlates with discharge, in accordance with the production capacity of hydropower plants. 

When high velocity occurs in a stream, the water that flows into the generator is reduced to 

prevent damage. Moreover, precipitation influences electricity generation. High rainfall rates can 

increase production as it supplies water to the stream channel. In a dry season, when rainfall is 

infrequent, production relies on the base flow to generate electricity. As a result, precipitation 

and discharge substantially affect electricity production, in which increasing discharge and 

precipitation can increase production. However, other factors impact production, such as the 

turbines that depend on built-in capacity and utilized capacity. As permits only allow power 

plant capacity below 2 megawatts per day, companies must consider stable and continuous water 

flows for turbines and control overflow, which can disrupt production. Figure 15 demonstrates 

the reduced form model from the watershed services and production quantity and cost. 
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Figure 15. Production and cost correlation with water quantity 

These two factors also affect the operational cost of hydro power plants, by which these figures 

indicate the negative correlation between cost and water quantity. As seen in these figures, the 

linear correlation that occurs as water fluxes increase can decrease the cost. However, there are 

unobserved factors such as plant depreciation, interest rates, taxes, and labor that may affect the 

total cost of hydropower. As this research focuses on alterations in land cover, these unobserved 

factors have been omitted.  

 In summary, the water balance in a watershed plays an important role in electricity 

generation and the costs entailed. Unobserved variables such as water quality and other costs that 

may also influence electricity production and costs warrant future research in this study site.  
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CONCLUSION 

This thesis discusses one mechanism of protected area financing through payment for watershed 

services based on permits issued by the Indonesian Ministry of Environment and Forestry. This 

regulation grants permits to users to use water goods and services from protected areas. Before 

the water permit regulation was established, users should have the agreement with the authorities 

to extract water. As the massive demand for water utilization in PAs includes the existing 

agreements, this scheme does not provide effective and efficient compensation and incentives 

because of numerous disputes and users’ lack of awareness of the need to protect the PAs’ 

integrity. Additionally, the agreement’s extensive bureaucratic process is burdensome for both 

sides (PA authorities and users), which may influence the payment and compensation 

mechanism. Although it needs to be improved, the regulation nevertheless offers a win-win 

solution for both producers and consumers of watershed services. This regulation has been in 

effect since 2014 to regulate protected area financing nationally. Based on my analysis, I created 

Figure 16 to illustrate the regulation’s financing mechanism. 

 
Figure 16. Payment for watershed services scheme for Indonesian protected areas 
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As explained in Chapter 1, this scheme entails mutual interaction between elements in watershed 

services. Protected areas, which PA agencies are mandated to safeguard, provide services for 

business interests and surrounding communities. The scheme also allows communities and 

companies to directly contribute watershed protection under the guidance of authorities. 

Consumers’ and producers’ roles, along with policies for compensation and incentives in the 

PES, are clearly defined. 

 In the first chapter, I discussed the effect of factors, such as biophysical and climatic that 

estimate probability water permit issuance for each PA type in Indonesia. From a consumer’s 

perspective, this study provides evidence that these factors influence the decision to allow water 

utilization. Both for commercial and noncommercial use, a healthy watershed becomes a priority 

when taking forest cover, evapotranspiration, sediment thickness, and temperature into account. 

From the producer’s perspective, water permits are frequently issued in the National Park 

management type, followed by Nature Recreation Park and other types. Stricter regulation of 

Wildlife Reserve and Nature Reserve have the low probability considering the function of both 

management types for biodiversity protection. In the context of these findings, both producers 

and consumers must consider resource sustainability and a healthy ecosystem in terms of water 

utilization.  

In the second chapter, my analysis aims to identify the values of water quality and 

quantity provided by forest in protected areas that influence financial aspects, such as production 

and cost. The regulation clearly defines the incentives and compensation for commercial use 

based on the volume of water used. However, it does not regulate the water quality provided by 

forest in watershed services. The study’s motivation is to value water quality, as it is not covered 

in the regulation or evaluation. As shown on the first study site, forest significantly increases the 
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quality of water based on the observed indicators (total dissolved solids, turbidity, and pH). The 

linear relationship also provides evidence that forest can increase production. Companies tend to 

increase production as they begin to get high-quality water. These findings strengthen the 

company manager’s statement that they have increased their production since the regulation was 

implemented. The GCNP manager also received new water permit proposals from companies 

during the period 2016-2018, in addition to permits that had already been issued. Although the 

forest did not cause a reduction in total production cost, this can be linearly correlated with the 

increasing production, which influences the rising production cost.  

 Furthermore, at the second study site (GHSNP), I analyzed the water-quantity correlation 

with forest cover and climate that influences electricity generation and its cost for small-scale 

hydropower plants. Hydropower highly depends on discharge and precipitation to generate 

electricity, as shown in the analysis. However, these should be well-maintained to obtain stable 

power generation. From this analysis, I identified the collinearity between forest and discharge 

and electricity production, though it resulted in declining trends as forest cover increases. In June 

2017, one of the dams in PT. Jaya Dinamika Geohidroenergi broke down and resulted in massive 

flash floods downstream. This accident was due to peak flow and high rainfall accumulation in 

the dam (Ministry of Energy and Mineral Resources, 2017). The dam is located in a deforested 

watershed with only 40% of remaining forest cover. While the forest and flooding relationship is 

still uncertain, in steep terrain forest can stabilize the soil and reduce erosion as it minimizes 

surface runoff.  

 From this study, attributing water quality incentive and improving the water quantity 

compensation in the regulation is highly potential. As the trend shows increased production of 

drinking water, the producer can request compensation based on the water quality provided by 
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protected forest areas. Many pilot projects that study payment for watershed services have been 

conducted in the past, and position water quality as the parameter to be used for incentive and 

compensation. Fauzi and Anna (2013), for instance, discuss two payments for watershed services 

projects in Lombok, West Nusa Tenggara and Sumber Jaya, Lampung. These examples employ a 

watershed protection scheme that proposes to reduce deforestation due to excessive land 

conversion and water extraction, which has resulted in declining water quality and quantity in 

those regions. Both projects used a water-quality indicator as the parameter for compensation 

and incentives that the consumer provides to the producer. Therefore, there is an opportunity for 

protected area financing derived from this regulation to include water quality provided by 

protected forest area as a source of funding.  

 There are several avenues for future investigation. As the current regulation only roughly 

estimates the incentives and compensation, there are ample opportunities to employ accurate 

estimation. Using the broader dataset on biophysical factors, water quality and quantity, and 

financial data (i.e, water treatment cost), future research could estimate how much incentive and 

compensation should be specified for users or consumers in the regulation. My thesis used the 

revealed preference method by employing a secondary dataset for commercial use that may to 

distinguish financial data. Another research direction from this scheme for payment for 

watershed services is estimating watershed services by using the stated preference method. This 

method can be used to estimate the value of water quality by observing the user’s willingness to 

pay in the study sites. Hence, adding a more detailed variable could enrich the findings on water 

quality value for watershed services.  
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Appendix A. Drinking water companies’ water intakes, reservoirs, water distribution and water 

quality measurement 
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Appendix B. Micro hydropower power plants 
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Appendix C. Regression Plots from reduced models 

 

 

  

Water quality indicators and land cover correlation (GCNP) 

 

   
 

   
 

   



   

87 

 

 

 

 

 

 

 

 

 

 

 

 

Land cover correlation with production quantity and cost (GCNP) 
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Land cover correlation with discharge, production quantity and cost (GHSNP) 

 

   
 

 

   
 

 

   


