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Abstract: With 120 million hectares of forest area, Indonesia has the third largest area of biodiversity-
rich tropical forests in the world, and it is well-known as a mega-biodiversity country. However, in
2020, only 70 percent of this area remained forested. The government has consistently undertaken
corrective actions to achieve Sustainable Development Goal targets, with a special focus on Goals
#1 (no poverty), #2 (zero hunger), #3 (good health and well-being), #7 (affordable and clean energy),
#8 (decent work and economic growth), #13 (climate action), and #15 (life on land). Good environ-
mental governance is a core concept in Indonesia’s forest management and includes mainstreaming
ecosystem services as a framework for sustainable forest management. This paper analyzes efforts
to mainstream Indonesia’s remaining forest ecosystem services. We review the state of Indonesia’s
forests in relation to deforestation dynamics, climate change, and ecosystem service potential and
options and provide recommendations for mainstreaming strategies regarding aspects of policy,
planning, and implementation, as well as the process of the articulation of ecosystem services and
their alternative funding.

Keywords: value articulation; sustainable financing; DSS; spatial assessment

1. Introduction

Forests, which, at just over 4 billion hectares, cover nearly one-third of Earth’s land
area [1], play an important role in the global carbon cycle [2] and are home to a significant
portion of the world’s terrestrial biodiversity [3]. Forests also provide a wide range of
other ecosystem services, including supporting services, such as nutrient cycling and
soil formation [4-7]; provisioning services, such as food [8], timber [9], and medicinal
plants [10,11]; and regulating services, such as erosion control [12], flood mitigation [13],
water and air purification [14-16], pollination [17], and pest and disease control [18,19].

The Government of Indonesia has implemented new measures to improve the sus-
tainability of the nation’s forests. The number of forest-related policies has increased
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significantly over time. These focus primarily on improving forest protection and moni-
toring, ecosystem services, and biodiversity conservation; determining financial policies
for forest-related activities; and restructuring forest-related organizations [20]. Manage-
ment can become very challenging when multiple ecosystem services, some of which are
contradictory, coexist in one landscape. The management process requires the identifica-
tion of policies, regulations, market conditions, and objectives for integrated ecosystem
services’ management [21]. These policies underwent significant changes between 2011
and 2016 when international pressure and financial support were applied to restrict illegal
timber, promote climate pledges and agreements to reduce carbon emissions, and provide
conditional aid for REDD+ activities [20]. The Government of Indonesia has commenced
corrective actions to manage the country’s remaining forests and achieve Sustainable Devel-
opment Goals (SDGs). One such action involves the mainstreaming of ecosystem services
as a framework for sustainable forest management.
The linkages between forest ecosystem services and SDGs are presented in Figure 1 below.

N0
POYVERTY

%)

G000 HEALTH
AND WELL-BEING

v
REGULATING SERVICES —M

Benefits obtained from the regulation
of ecosystem services QUALITY
EDUCATION

| |- WATER REGULATION Ll H

- EROSION REGULATION I!!l l
- CLIMATE REGULATION

- NATURAL HAZARD

REGULATION CLEAN WATER
AND SANITATION

g

l CUMATE
ACTION

<>

15 o

=
-
&
1

Figure 1. Linkages between ecosystem services and SDGs.

This review paper describes the mainstreaming of ecosystem services (ES) in forest
management in Indonesia as a manifestation of the government’s policy of changing the
forest management paradigm from one of exploitation to a pro-conservation approach. This
paper consists of five sections. Sections 2 and 3 of this paper depict the states of Indonesia’s
forests and their potential services, illustrating the significant value of Indonesia’s remain-
ing forests today, as well as the future challenges. Section 4 analyzes the government’s
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efforts in optimizing ecosystem services as an important factor in mitigating and adapting
to climate change through policy support instruments, including renewable energy devel-
opment, carbon trading, green economy, ecotourism, and forest ecosystem management
with communities through social forestry. Section 5 highlights four important elements
involved in mainstreaming ecosystem services in Indonesia, namely: (1) the development
of a payment for ecosystem services (PES) scheme; (2) the utilization of a decision support
system (DSS) (3); ES value articulation; and (4) sustainable funding as an incentive.

This paper is based on the results of the authors’ research and experiences, as well
as a literature review involving finding, reviewing, and evaluating relevant materials
and synthesizing all information obtained. The materials reviewed include national and
international research papers, research reports, rules and policies, and relevant books and
scientific publications concerning ecosystem services.

2. The State of Indonesia’s Forests

Located between two continents, Asia and Australia, and between two oceans, the
Indian and the Pacific, Indonesia has extremely high levels of biodiversity and endemicity.
It is also the largest archipelagic country in the world, with more than 17,000 islands.
Sixty-four percent, or 120 million hectares, of the land in Indonesia is designated as state
forest area [22].

For more than four decades, forest resources have been important in driving Indone-
sia’s economic development. From 1966 to the late 1980s, Indonesia was the largest exporter
of logs in the world and then the world’s largest producer of plywood. Timber was the
second largest contributor to the Indonesian economy after oil and gas in the years im-
mediately following the fall in oil prices in the 1980s. However, it was not until the 1980s
that researchers began to take notice of deforestation in the region. The various activities
identified as drivers of deforestation include the increased exploitation of natural forests in
concessions; the conversion of forest area to other uses, such as agriculture, mining, and
estate crops; migration; illegal encroaching; and forest fires [23]. Indonesia had the highest
rate of annual primary natural forest loss in the tropics [24,25], reaching the greatest level of
3.51 million hectares annually between 1996 and 2000 [26], during which time large forest
fires occurred.

From 2002 to 2011, the rate of deforestation fell, which was accompanied by a decline
in the occurrence of forest and land fires and a reduction in some of the excesses that
followed the decentralization of forest management. Between 2011 and 2015, the average
annual deforestation rate increased to 0.82 million hectares. Among the main causes of this
deforestation were the 2015 wildfires. The annual deforestation rate for 2015 to 2016 was
lower at 0.63 million hectares. This fell further to 0.44 million hectares between 2017 and
2018, before rising again to 0.46 million hectares between 2018 and 2019 [26].

To address the causes of deforestation and forest degradation, Indonesia has enacted
and implemented various policies, including a moratorium on issuing new concession
permits on areas of natural forest and peatlands. Spatially explicit temporal analyses of
forest loss from 2001 to 2017 by Chen, et al. [27] show an average annual forest loss rate of
0.091 million hectares for 2001-2011 across the whole of Indonesia, slowing to 0.001 million
hectares annually for 2012-2017 following the onset of the moratorium in 2011. Other
policies include providing land to communities; resolving land-use conflicts; monitoring
environment permits and law enforcement; reducing greenhouse gas emissions; encourag-
ing partnerships between communities, timber concession (IUPHHK) holders, and forest
management units (FMUs) to prevent forest and land fires through the establishment of fire
brigades; better management of peatland ecosystems; forest landscape restoration involving
communities in the management of forests and protected areas through forestry programs;
and achieving sustainable forest management (SFM) through the mandatory certification of
forests and forest products. In addition, there has been a paradigm change based on a new
set of business configurations for the management of production forest resources, with a
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more diverse set of forest-based businesses, including food, renewable energy, ecotourism,
agroforestry, non-timber forest products (NTFPs), and environmental services.

The Government of Indonesia (Gol) has ratified the Paris Agreement (PA) and commit-
ted to reducing greenhouse gas emissions by 29% unilaterally and 41% with international
cooperation compared to a business-as-usual (BAU) scenario by 2030. The low-carbon
scenario compatible with the Paris Agreement target (LCCP) presented by the Gol outlines
a long-term vision for creating low-carbon, climate-resilient development. Under the LCCP,
emissions from the energy sector will slow down, and the previously net-emitting forestry
and other land-use (FoLU) sector will become a net sink by 2030. Under this scenario,
greenhouse gas emissions should peak at 1240 million metric tons of carbon dioxide equiv-
alent (MtCOye) by 2030, before progressively declining to 540 MtCOze by 2050, with net
zero emissions anticipated by 2060 [28]. Spatial template analysis results show that 10.48
million hectares of natural forest across the various forest functions and outside the forest
area are at high risk of deforestation [28]. Under the LCCP scenario, as only 6.8 million
hectares of natural forest can be converted before 2050, natural forest conversion needs to
be kept as low as possible in order for Indonesia to achieve its net zero emissions target.

3. Ecosystem Services Potential of Indonesia’s Forests

Forest ecosystems provide society with a wide range of services. However, many of
these ecosystem services are either undervalued or have no financial value at all. Numerous
ecosystem structures and functions are being fundamentally undermined as a result of
the frequent emphasis on immediate financial returns in day-to-day decisions [29,30].
Understanding the trade-offs between ecosystem services is critical to planning strategic
and cost-effective interventions [31]. However, finding the optimum balance between
extraction from a forest ecosystem for one ES and the sustainable provision of others
remains a major challenge for forest managers and policymakers [32]. Sustainable forest
management is aimed at enhancing biodiversity levels and supporting the provision of
forest services.

Ecosystem services have been popularized and formalized through the United Nations
Millennium Ecosystem Assessment 2004, which defined four categories of ecosystem
services that contribute to human well-being, each underpinned by biodiversity. These are
provisioning services, regulating services, supporting services, and cultural services [29]:

e  Provisioning services are the products obtained from ecosystems for the benefit of
humans, including food and fiber; fuel; genetic resources; biochemicals, natural
medicines, and pharmaceuticals; ornamental resources; and fresh water [29];

e  Regulating services are ES that protect the Earth from disasters, such as floods, land-
slides, and disease, and ensure the implementation of ecosystem protection services
and the provision of other ES [29];

e  Supporting services are defined as intermediate services generated through the ecosys-
tem’s internal functions, which neither deliver any products nor alter any environ-
mental conditions that people can use instantaneously [33];

e  Cultural services are defined as the non-material benefits people obtain from ecosys-
tems through spiritual and religious enrichment, cognitive development, recreation
and ecotourism, aesthetics, inspiration, education, a sense of place, and cultural her-
itage [29].

3.1. Supporting Services
3.1.1. Habitat Provisioning

Indonesia’s tropical forests play an essential role in providing habitats for rich bio-
diversity, from both flora and fauna to low-level life forms such as microbes. Indonesia’s
forests are habitats for a multitude of rare and protected species, such as the carrion flower
(Amorphophallus titanium Becc) [34], Agathis borneensis [35], Dipterocarpus spp. [36], and
Nepenthes spp. [37]. In addition, the majority of Indonesia’s forests are biodiversity hotspots
for primates, butterflies, birds, and others [38—42].
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Indonesia’s tropical forests also constitute habitats for endemic wildlife classified
as rare and protected, including the Sumatran elephant [43,44]; the Sumatran tiger [45];
the Sumatran rhino [46]; the Javan rhino [47]; marsupials, such as the bear cuscus [48];
small mammals, such as Nycticebus javanicus, Cynocephalus variegates, Petaurista peturista,
and Petinomys sp. [49]; and rare and protected endemic primates, such as orangutans and
proboscis monkeys [50]. Its forest areas are also habitats for birds, such as the Javan hawk
eagle [51]; rare and protected reptiles, such as Leucocephalon yuwonoi [52]; and endemic
fish, such as Melanotaenia arfakensis [53], as well as for a diversity of fungi [54-56] and
bacteria [57-59].

History also records several wildlife species that have become extinct due to the loss
of functioning habitats in various forest ecosystems in Indonesia. The IUCN Red List lists
various extinct species in Indonesia, including: Panthera tigris ssp. sondaica (Javan tiger),
Panthera tigris ssp. balica (Bali tiger), Macrobrachium leptodactylus (freshwater shrimps), and
Coryphomys buehleri (Buhler’s rat) [60].

3.1.2. Protection of Germplasm

Studies on germplasm in Indonesia are limited to the types of plants and animals used
by communities; for example, sugar cane [61], Indonesian taro (Colocasia sp.) [62], and Aceh
cattle [63]. However, Indonesia’s tropical forests play essential roles as the source of, and
in storing and protecting, germplasm and genetic diversity in various genes between and
within species populations. The high diversity of niches found in tropical forests results
in the high endemicity of Indonesia’s biodiversity. Therefore, Indonesia’s forests also act
as gene pools for many endemic species not found elsewhere on Earth. This wealth can
support the development of various cultivars that can adapt well to the tropical conditions
in Indonesia and become gene pools for developing commercial crops and livestock.

The majority of studies on germplasm originating from Indonesian forests focus more
on the role of forests as sources of plant germplasm for non-timber forest product plant
species [64]; medicinal plant species [65,66]; plant species as food sources [67,68]; and fruit
plants, such as mango [69] and durian [70], as well as sources of germplasm for ornamental
plant species, such as orchids [71,72].

Though relatively sparse, several studies have looked at the role of forests in animal
species germplasm, especially certain bird species [73], as well as Bos javanicus [74] and
Dicerorhinus sumatrensis [75].

3.1.3. Soil Formation

Very few studies have focused specifically on researching supporting services for soil
formation. However, some have provided information on forests” essential role in soil
formation. One study, for example, compared the soil quality of natural forest, pine forest,
and grassland land-cover types in the Curug Cilember sub-watershed [76]. In addition,
several studies have examined changes in soil physical properties due to changes in forest
land cover or forest degradation. Examples include changes in soil physical properties due
to land cover changes in candlenut forest, agroforestry land, and secondary forest [77]; in
forests converted to monoculture coffee plantations [78,79] or mixed gardens [80,81]; and
in physical properties and soil fertility due to fires in forested areas [82-84].

Although these studies do not explicitly mention the role of forest ecosystems in soil
formation in regard to ecosystem services, they have contributed to knowledge about the
roles and functions of forest ecosystems in protecting soils and provided scientific evidence
of reductions in soil quality when there are changes to or a decline in the quality of a
forest ecosystem.

Soil is the foundation of terrestrial ecosystems. Soil and its functions are essential for
the provision of ecosystem goods and services [85], including food and biomass production;
habitats for living things and gene pools (biodiversity); air and climate regulation; energy
supply; and carbon pools [86-90]. Consequently, soil formation as an ecosystem service is
vital for the sustainability of an ecosystem’s functions.
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Soil formation is the result of a complex network of biological, chemical, and physical
processes. It is influenced by relief (terrain), parent material, climate, geography, and organ-
isms [86,91]. Biological activity in soil formation mainly involves the roles of organisms,
especially microbes [92]. The presence of decomposer microbes (bacteria and fungi) affects
the rate of decomposition [93,94] and has an impact on the formation of topsoil.

A study in Sumatra showed that microbial biomass (bacteria and fungi) and amoeba
densities were higher in tropical rain forests than in rubber and oil palm plantations and
affected rates of litter decomposition [95]. In Central Kalimantan, natural peat swamp
forests showed higher species richness for microbial, decomposers such as Acidobacteria,
Actinobacteria, and Proteobacteria, than disturbed peat forests [96]. Abundant microbial de-
composers, including Bacillus, Plesiomonas, Corynebacterium, Enterobacteria, Aeromonas,
Micrococcus, and Clostridium, were also found in mangrove forest sediments in North
Kalimantan [97]. The major kinds of soil microbial decomposers (Bacillus, Aspergillus,
Pseudomonas, and Streptomycetes) were also more abundant in the secondary forest than
in other land-cover types on the western slope of Mount Bromo [98]. As the presence of
these decomposer microbes in various forest types certainly plays a crucial role in carbon
and nitrogen cycles in soil formation, microbial communities can be considered architects
of soil and many ecosystem services linked to forest ecosystems.

3.1.4. Soil Fertility and Nutrient Cycling

Soil fertility plays a vital role in forest ecosystems. Forest soil fertility affects the
growth and development of trees, which in turn impacts forest functions, including food
provision, carbon sinks, regulating water systems, etc. [99,100]. As soil fertility always
relates to the availability of nutrients that can guarantee plant growth, nutrient cycling can
maintain soil fertility [101]. Nutrient cycling is a key ecosystem service that contributes to
supporting life on Earth [102]. Thus, soil fertility and nutrient cycling affect the provision
of other ES that support human existence. A valuation of soil fertility and nutrient cycles in
tropical forests in East Kalimantan showed a benefit value of USD 214,000 per year [103].

Microorganisms (bacteria, fungi, actinomycetes, etc.) play a key role in soil fertility, in-
cluding its maintenance, and they are also critical mediators of this ecosystem service. Some
prominent nutrient cycling processes include nitrogen fixation by rhizobacteria [104,105]; phos-
phorus acquisition by mycorrhizal fungi and phosphate-solubilizing bacteria [106,107]; and litter
decomposition and mineralization by decomposer bacteria [108]. The existence and diversity
of these soil microbes in forest soils directly affects plant diversity, ecosystem variability, and
productivity.

When evaluated, the availability of nitrogen and phosphate in the soil due to the
nutrient-cycling process involving microbes provides considerable economic value. One
study showed the beneficial value of nitrogen and phosphate availability in the soil in
Ethiopian grasslands to be USD 102 per hectare annually [109]. The nutrient cycle, as a
major function of mangrove ecosystems, is very important for the production of nutrition,
which also contributes to the stability of the food web. One study showed the economic
value of a mangrove ecosystem in Sungai Apit Sub-district, Siak District, Riau Province,
Indonesia, as a nutrient feeder to be IDR 767,350,075 annually [110]. Likewise, soil organic
carbon from the decomposition of litter on the forest floor also has significant value. One
study showed the soil organic carbon value in the Pinus densiflora forest on Mount Namsam,
Seoul, to be KRW 19,467,000 per hectare [111].

3.2. Provisioning Services
3.2.1. Foods

Food and diet are rooted in the context of geographical, cultural, and socio-economic
diversity [112]. Indonesian forests provide sources of nutrition, including essential carbo-
hydrates, vitamins, minerals, and fiber [113]. In addition, forest foods are often involved in
cultural ceremonies or traditional rituals [114].
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Studies on food ethnobotany in various regions throughout Indonesia (Table 1) only
describe a portion of the food potential provided by forests in Indonesia, considering
that the use of forest products as food is still largely underreported. Species used by
communities for food can come in the form of trees, shrubs, herbs, vines, and fungi. People
use such species for staple foods, secondary foods, spices and seasoning, fruits, vegetables,
and beverage ingredients.

The plant parts used for foods are diverse and include fruits, leaves, flowers, stems,
seeds, tubers, roots, and rhizomes. Fresh fruits seem to be the major parts used for direct
consumption. Several well-known species commonly reported in almost all Indonesian
regions include Lansium parasitum, Durio zibethinus, Nephelium lappaceum, Lansium domes-
ticum, and Artocarpus heterophyllus [115-117]. Other species also reported in specific regions
include Averrhoa carambola in Central Sulawesi [115]; Garcinia atroviridis, Molineria latifolia,
Baccaurea motleyana, and Baccaurea motleyana in Kampar Kiri Hulu, Riau [116]; and Streblus
asper, Protium javanicum, and Phyllanthus acidus in West Nusa Tenggara [118]. Species
consumed both as fresh fruits and seeds include Artocarpus spp. (A. altilis, A. elasticus,
A. integer) and Durio zibethinus [113].

Tuber species are among the carbohydrate-rich plants consumed in many Indonesian
regions. In Central Sulawesi, people are familiar with consuming Manihot esculenta, Ipomea
batatas, and Calocasia monlalon [115]. People on Moyo island, West Nusa Tenggara even
consume Dioscorea hispida, Xanthosoma sagittifolium, and Manihot esculenta as their staple
foods, in addition to other non-tuber plants, such as Cycas rumphii and Inocarpus fagifer [118].
People in Papua also consume the tubers of Ipomoea batatas, Xanthosoma viollaceum and
Canna edulis as their staple and alternative foods [119].

The leaves of herbs commonly consumed as vegetables include Calamus sp. and
Diplazium esculentum among Malay communities in Riau [116] and Brassica oleracea, Ocimum
basilicum, and Sauropus androgynus in Lombok [120]. Vegetables from some plant species are
also common in Sundanese and Javanese communities, where they are usually consumed
in the form of fresh leaves called “lalab” or “lalab atah”. Among such species are Helicia
robusta, Schefflera aromatica, and Symplocos fasciculata [121].

Various parts of plants are traditionally utilized for spices, seasoning, and condiments.
People have been familiar for generations with using well-known herbs, such as the bulbs
of Allium sativum and Allium cepa; thizomes of zingiberaceae (e.g., Zingiber officinale, Cur-
cuma longa, and Alpinia galanga); and fruits of Amomum uliinosum [116,122]. In addition, tree
parts also used in the cuisine of Indonesian communities include the fruits of Tamarindus
indica [118], Myristica fragrans, Sindora sumatrana [120], Litsea cubeba [113], Aleurites moluc-
canus, and Garcinia atroviridis [122]; the leaves of Syzygium polyanthum [120] and Premna
serratifolia [122]; the stems of Sesamum indicum [118] and Alyxia stellata [120]; the bark of
Cinnamomum verum [120]; the seeds of Sesamum indicum [118]; and the flowers of Syzygium
aromaticum [120]. Some of these tree species have been domesticated, with their products
becoming widely commercialized in markets.
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Table 1. Examples of traditional uses of forest foods based on ethnobotanical studies in various regions in Indonesia.

No. No. of Species/Families Location Users Habitus Parts Used Uses Plant Category Source
Fruits. voun Secondary food, Suwardi, Zidni Ilman,
1 56 species, 19 families South Aceh District, Aceh Province Local communities Trees .Y g fruits, vegetables, Wild and cultivated Tisna, Syamsuardi, and
shoots, seeds . R y
spices, beverages Erizal [113]
L Minangkabau and Fruits, leaves, seeds,
2 85 species, 37 families Pasaman Dlsh‘lCF, West Mandailing communi- Trees, shrubs stems/shoots Starchy staples, fresh Wild Pawera, et al. [123]
Sumatra Province < fruits, vegetables
ties tubers, flowers
3 76 species, 35 families Kampar Kiri Hulu, Riau Province Malay communities Trees, shrubs, herbs Fruits, stems, rhizomes, Secondary food {ngred}ents, Wild and cultivated Susandarini, 'Kha’sanah,
leaves, bulbs vegetables, fruits, spices and Rosalia [116]
4 39 species Lowland forest of Sgkabumb West Local communities Trees, shrubs, herbs Fruits, leaves, tubers Secoqdary food, fresh Wild and cultivated Rahay u, Susiarti, and
Java Province fruits, vegetables Sihotang [121]
5 19 species Pulau Panjang Protection Fprest, Local communities Trees, shrubs Fruits, tubers, Fresh fruits, . Wild Utami [124]
Jepara, Central Java Province leaves, shoots vegetables, seasoning
Kampung Birang and Kampung . Hartoyo, Supriyanto,
6 21 species Merabu of Berau District, East Local communities Trees Fruits, leaves, Secon_dary food, fresh Wild and cultivated Siregar, Theilade, and
. . young leaves fruits, vegetables
Kalimantan Province Prasetyo [117]
. - Lombok island, West Nusa Ethnic Sasak Trees, shrubs, herbs, Fruits, stems, tubers, Se_condary food, Wild, semi- Su‘ken’g, Hakim,
7 111 species, 43 families Tengeara Province communities vines, fumgi leaves, flowers, fruits, vegetables, cultivated. cultivated Indriyani, Purwanto,
88! 4 g seeds, bulbs spices, beverages 4 and Matthews [120]
8 20 species Mo%lo Island, West Nusa Ethnic Bran_g_kuah Trees, shrubs, herbs Fruits, leaves, Staple foods, fresh frul.ts, Wild and cultivated Trimanto, Danarto, and
enggara Province communities tubers, seeds vegetables, food seasoning Ashrafuzzaman [118]
9 32 species, 20 families Mbehhr{,g Forest Areat East Nusa Local communities Trees, shrubs, herbs Fruits, stems, tubers, Food and drink Wild and cultivated Muly, et al. [125]
enggara Province leaves, bulbs
. . s . . . Fathurahman,
10 39 species Mantikole village, _S1g1 Dlstrlct, Ethnic Kall} 'Inde Trees, shrubs Fruits, bull?s, leaves, Staple food,' secondary food, Wild and cultivated Nursanto, Madjid, and
Central Sulawesi Province communities roots, rhizomes fresh fruits, vegetables i
Ramadanil [115]
. Staple food, secondary food,
Menawi village, Yapen District Ethnic Ampari Fruits, seeds, flowers, seasonings, fresh fruits, Waroy, Utami, and
11 53 species, 31 families 8¢, Tap 4 L5 Trees, shrubs, fungi bulbs, leaves, 85 . ’ Wild and cultivated s /
Papua Province communities vegetables, spices, Jumari [119]

tubers, stems

beverage ingredients
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However, Indonesia will face food security challenges in the coming decades [112]
and, despite its vast land area, Indonesia imports two million tons of rice from other
countries annually [126]. Therefore, it is important for Indonesia, a country of 271 million
people, to integrate ecosystem services into food security plans and poverty reduction
strategies [127-129].

The issue of national food security is also included in the global agenda through the
Sustainable Development Goals (SDGs). Indonesia’s Ministry of Environment and Forestry
(MOEF) is mandated to support national priority program number four, which relates to
food, water, energy, and environmental security [130]. In addition, in 2020, MoEF and the
Ministry of National Development Planning (Bappenas) incorporated a 10 year Sustainable
Consumption and Production (SCP) framework through SCP Indonesia 2020-2030, which
includes climate change, water efficiency, and food resources [26].

To implement its mandate to support food security, MoEF has established major
programs, including the Food Estate (FE), Agrarian Land Reform (TORA), and Social
Forestry (SF) programs (Table 2).

Table 2. Government programs in the forestry sector to support food security.

Program Target Realization
Establishing food estates in four provinces: The program was underway in 115 villages,
Food Estate Central Kalimantan, Papua, North Sumatra, 50 sub-districts and two districts/municipalities
and South Sumatra in the four provinces in 2020
Agrarian Land Reform (TORA) 4.1 million ha 2.6 million ha in 2020
Social Forestry 12.7 million ha 1.7 million ha in 2020

Source: Tabulation of data taken from Ministry of Environment and Forestry [26].

The government has established the FE program as a leading agenda in its efforts
towards post-COVID-19 national economic recovery. FE preparation activities aim to
meet four targets, including providing forest area land for food production. By 2020,
the FE program was reportedly already underway in 4 provinces (Central Kalimantan,
Papua, North Sumatra, and South Sumatra), covering 115 villages, 50 sub-districts, and
2 districts/municipalities [130].

Although government programs, such as the FE SF programs and agroforestry, are aimed,
among other things, at optimizing forests” capacity to provide food, they need to pay attention
to potential associated risks. For example, legalizing the use of protection forests for FE
programs has the potential to increase greenhouse gas emissions from deforestation [131] and
wildfires [132] and threaten native biodiversity through the use of exotic plants [133]. Therefore,
the FE program needs to consider utilizing unproductive lands, maintaining tree-based land
cover through agroforestry, and using low-risk local species.

3.2.2. Medicines and Biochemicals

Many medicines; biocides; food additives, such as alginates; and biological materials
are derived from ecosystems [29]. The use of natural products in the pharmaceutical indus-
try has fluctuated widely. Medicinal plants continue to play an important role in healthcare
systems in many parts of the world. Approximately 50% of prescription medicines were
originally discovered in plants [29]. Approximately 80% of the world’s human population
relies on traditional medicine, which involves the use of plant extracts [134]. Rural commu-
nities in Indonesia continue to rely on locally prepared indigenous traditional medicines or
jamu made from plant materials [135].

As a country rich in biodiversity, Indonesia has many plant species with potential uses
as raw materials for the pharmaceutical industry [136,137]. Around 80% of the world’s
medicinal plants grow in Indonesia [138]. Approximately 30% of the 25,000 plant species
in Indonesia’s ecosystems are known to have medicinal properties, while only 4% are
cultivated. Indonesia’s 7500 medicinal plant species account for around 10% of the world’s
total. The potential value of pharmacochemical medicinal plants in Indonesia is around
USD 14.6 billion or more than IDR 150 trillion [139].
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Indonesia’s Medicine and Food Supervisory Agency, or Badan Pengawas Obat dan
Makanan (BPOM)), classifies traditional medicines as jamu, standardized herbal medicines,
and scientifically proven phytopharmaca products [137]. Jamu covers a variety of Indone-
sian traditional remedies made from natural materials, such as roots, flowers, leaves, and
fruits. Around 350 factories produce packaged jamu and export their products to more than
a dozen countries in Asia and Europe [135].

3.2.3. Biofuels

Biofuels refer to fuels in which energy is derived from photosynthesis, including
woody materials, plant carbohydrates, vegetable oils, and crop seeds [140]. Forest biofuel
harvesting is an example of a provisioning ecosystem service, and biofuel production from
forest biomass will directly or indirectly affect ecosystem services [141].

The factors affecting biofuel production are biophysical conditions (climate, soil),
biofuel choice (species), management (harvested wild or cultivated), and societal factors
(biofuel policies, demand, market price). Benefits from biofuels include avoiding the use
of fossil fuels, avoiding GHG emissions, and increasing incomes and employment from
biofuel production and the consumption of energy generated from biofuels [140].

Biofuels can contribute to solving global energy and economic crises, both as a sus-
tainable energy source and by promoting economic development, especially in rural areas
of developing countries. Bioenergy production is also promoted as an energy security
and climate change mitigation strategy [142]. However, enhancing ecosystem services via
biofuel crops may result in environmental impacts (e.g., changes in habitat or biodiversity
quality, changes in soil and air quality, changes in water quality and quantity, changes
in productivity, and the local introduction or elimination of species) [143]. Consequently,
trade-offs between biofuels and environmental resources are inevitable [144], though en-
hancing ecosystem services via biofuels can be achieved through location-specific designs
of bioenergy systems [143].

Tropical forests produce abundant biomass that can be used in the production of biofu-
els as another potential ecosystem service. This biomass has not been utilized optimally and
becomes unprocessed waste. To help reduce dependence on fossil fuels—an ever-depleting
resource—using forest biomass for biofuel has the potential to reduce global emissions
from forest decomposition processes and from forest fires.

In the Indonesian context, forest biomass can potentially support the country’s fossil-
based and renewable energy mix. The government has set targets for renewables to make
up 23% of the energy mix by 2025 and 31% by 2050. The mandatory targets for biofuel use
in various sectors are presented in Table 3.

Forestry residues from forest operations in seven large islands in 2014 were predicted
to be able to produce almost 300 MW of bioenergy [145]. Logging waste in native forests
creates biomass ranging from 20% to 40% of the intact wood stands [146]. This biomass
comes from tree stumps, broken logs, and remaining tree branches up to 10 cm in diameter.
If the average annual log production from Indonesia’s native forests is 28 million m® [147],
those native forests also have the potential to produce approximately 11.2 million m? of
biomass per year, which could be used in biofuel production.

Meanwhile, based on FAO and Global Forest Resources Assessment datasets, Suntana,
etal. [148] estimated annual forest biomass potential to be 5000 to 11,000 million megagrams
(Mg) and then calculated potential bio-methanol production from that forest biomass using
three estimations, as presented in Table 3. Moreover, total biomass potential, including
from agriculture, is presented in Figure 2.
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Figure 2. Distribution of biomass-based energy potential (MW) by province in Indonesia based on
data from [149,150].
Table 3. The potential of forest biomass and bioethanol production from production forests and other
land-use areas with tree cover in Indonesia.
Amount of Forest Biomass to Total Bio-Methanol Total Electrical Energy
Aboveground Aboveground . . Produced from
. N . Biomass Collected Bio-Methanol . Produced from
Biomass (Wet) Biomass (Dry) Annually (Dry) Conversion Forest Biomass Biomass Harvested
(Mg x 1,000,000) (Mg x 1,000,000) . . o Collected Annually .
(Mg % 1,000,000) Efficiency (%) (L x 1,000,000) (Total Gigawatts)
25 40,029 41,697
5083 2542 127 50 80,057 83,393
25 42,604 44,379
540 2705 135 50 85,208 88,758
25 84,467 87,978
10,726 5363 268 50 168,935 175,973

* Aboveground biomass that can be harvested from production forest (natural and plantation forest) and from
other land-use areas with tree cover in Mg (Megagrams). Source: Modified from Suntana, Vogt, Turnblom, and

Upadhye [148].

3.2.4. Genetic Material

Genetic diversity is one form of biodiversity and encompasses plant, animal, and
microbial genetic materials. Genetic diversity in plants, animals, and microbes is important
in enhancing ecosystem services. Genetic diversity contributes to agricultural productivity
as a source of disease or pest resistance and of higher-yielding varieties /breeds. Genetic
diversity helps with climate change impact adaptation through the provision of early-
maturing and drought and moisture stress-resistant genotypes. Microbial genetic diversity
is vast and widely used in agriculture, industry, food processing, and medicine [151].

Microbial diversity, which represents collections of genes [152], is closely related to
ecosystem function. Therefore, microbial genetic diversity is an important environmental
service provision of forests in Indonesia. A total of 22 selected isolates of lipolytic bacteria
from natural forests in Bukit Duabelas National Park were isolated and identified using a
16 rRNA gene analysis [153]. Enzymes produced by lipolytic bacteria are important in the
food, biodiesel, pharmaceutical, and agro-aquaculture industries. As many as 1000 types
of actinomyces, which are important for global medicine as they are sources of anti-tumor,
anti-viral, anti-bacterial, anti-fungal, and anti-protozoa metabolites, have been isolated from
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various ecosystems in Indonesia [154]. Bacterial isolation and identification by analysis of
the 16 rRNA genes in the rhizosphere of 10 nickel-hyperaccumulator tree species in the
nickel-mining area of Halmahera island resulted in 40 bacterial phyla, which indicates that
these bacteria play an important role in nickel uptake by hyperaccumulator nickel tree
species [155].

Plant genetic resources for food and agriculture, and crop and crop-associated bio-
diversity (PGRFA-CCAB), are affected by many factors, including globalization, climate
change, desertification, loss of biodiversity, food security, food prices, movement of pests
and diseases across borders, use of energy and biofuels, land-use change, poverty, and
economic imbalances between developing and industrialized countries [156]. There are
four types of value that can be delivered by ecosystem services: utilitarian, functional,
intrinsic, and serependic [157]. Utilitarian value refers to the benefits derived directly by
society from the use of species or their genes as inputs into consumption and production
processes. Functional value refers to the contribution made by diversity to supporting
ecosystem functions and preserving ecological structure and integrity. Intrinsic value
refers to the value that biodiversity has in its own right, and comprises the cultural, social,
aesthetic, and ethical benefits of biodiversity. Finally, serependic value refers to the possible
future—but unknown—value of biodiversity [156].

3.2.5. Fresh Water

Water is essential for producing food and energy, and human well-being depends on
the products and services provided by water [158]. Water is fundamental to all ecosystem
benefits, including agricultural production. Forests and trees play a critical role in providing
adequate water supply for human consumption, agriculture irrigation, and the alimentation
of lakes and rivers on which inland fisheries depend, all of which are essential for food
security and nutrition [159,160]. Generally, the value of water-flow regulation by forest
ecosystems is not realized in situ, but it may be spatially transferred through rivers to
other places outside watersheds, such as electricity generated from hydroelectric power
plants [161].

Aquatic ecosystems (rivers, lakes, groundwater, coastal waters, oceans) provide impor-
tant, directly measurable, valued ecosystem services, such as fish production, water supply,
and recreation. Ecosystems also provide regulatory services in the hydrological cycle in
watersheds, such as water purification, water retention, and climate regulation. Although
these regulatory services are less visible, they must be considered in the sustainable use
and management of water resources [162].

Indonesia has a large and abundant water resource potential [163,164]. Total water
availability in Indonesia is 690 x 10° m? per year, exceeding the country’s demand of
175 x 10° m? per year [165]. Indonesia’s water resources cover almost 6% of all water re-
sources on Earth and almost 21% of all water resources in the Asia—Pacific region. However,
water availability is not distributed evenly across all regions of Indonesia. The island of
Java has 60% of Indonesia’s total population, but only 10% of its water reserves. In contrast,
Kalimantan, which has 30% of Indonesia’s water reserves, has only 6% of its population,
while Papua has 70% of its water reserves and only 1.3% of its population [166,167]. Java is
likely to experience a water crisis due to the imbalance between its water availability and
population size [167,168].

3.3. Regulating Services
3.3.1. Water Regulation

Forest ecosystems play a very real role in regulating the hydrological cycle [169]. The
hydrological cycle is the continuous circulation of water from the atmosphere to the Earth’s
surface and back to the atmosphere through the processes of condensation, precipitation,
evaporation, and transpiration.

The roles of forest ecosystems in regulating the hydrological cycle are as follows [170]:
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e  Reducing or partially returning water reserves that already exist on Earth through
the processes of evapotranspiration and the storing/consumption of water for the
formation and growth of vegetation body tissue;

Adding water droplets to the atmosphere;
As a controller for the fall of rain directly to the Earth’s surface through the processes
of interception, through flow, and stem flow;

e Asareducer of the kinetic energy of water flow on the forest floor through surface
resistance from stems at the ground level and due to litter on the ground surface;

e Asan impetus towards improving the ability of the physical characteristics of soil by
absorbing water through root systems, adding organic matter, or increasing biological
activity in the soil.

Community expectations for the role of forest ecosystems in controlling the water
cycle remain high. These expectations are based on the large numbers of water sources
in and around forest areas, which continue to drain water during the dry season. Suryat-
mojo [171] reported that a pine forest area in the Mount Rahtawu watershed in Wonogiri
District, Central Java, with a catchment area of 101.79 ha and rainfall ranging from 2900
to 3500 mm/year, is able to produce potential surface water resources of 2,232,000 cubic
meters/year. This area is also capable of producing a fixed discharge of 2-67 L/second
that is always available for use. From this potential alone, it can be predicted that the pine
forest in the area is able to support 900-2000 people around it who, on average, need 122 L
of clean water/person/year.

The role of forest ecosystems in regulating river flow, both flow discharge and sedi-
ment discharge, has also been reported by Junaidi and Tarigan [172], who examined the
role of forest ecosystem cover on river flow and sedimentation processes in a watershed.
The study’s simulations from several scenarios show that a decrease in forest area can
increase discharge and surface runoff, whereas an increase in forest area would increase
soil infiltration and evapotranspiration.

3.3.2. Climate Regulation

Forests play a key role in the global carbon cycle, absorbing carbon dioxide (CO,)
from the atmosphere, storing it in wood as they grow, and releasing it back into the
atmosphere when trees are burned or decomposed. Thus, the forest and land-use sector is
unique because it can act as a carbon source or carbon sink. Around 30% of global carbon
emissions are caused by deforestation and agricultural practices [173], which greatly affect
the maintenance of climate regulation ecosystem services (CRESs), which are important
measures to combat climate change [174]. Climate regulation is an ecosystem service that
regulates the atmosphere’s chemical composition, the ozone layer, rainfall, air quality,
temperature patterns, and weather [175].

Reforestation and afforestation to restore forest cover inside and outside the forest
area, respectively, are real examples of combatting climate change [174,176,177]. Under its
Nationally Determined Contribution (NDC) following the Paris Agreement in 2016, the
Government of Indonesia has pledged to reduce GHG emissions by 29% unconditionally
and by up to 41% with international assistance during the 2020-2030 period [26]. During
the COP 26 forum in Glasgow, Indonesia committed to achieving its 2030 NDC target by
implementing a low-carbon climate resilience (LCCP) scenario compatible with the Paris
Agreement and to becoming a forest and other land-use (FoLU) net sink by 2060, with its
main commitments involving reducing deforestation rates, reducing GHG emissions from
the forestry sector, and undertaking other concrete climate actions.

3.3.3. Erosion Regulation

Soil erosion is a natural process that occurs over geologic time, and the majority of
erosion-related concerns pertain to accelerated erosion, the natural rate of which has been
significantly increased by human activity [178]. Vegetative cover plays an important role
in soil retention and in preventing landslides. In addition, deep-rooted trees and shrubs
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can reduce the occurrence of shallow erosion by strengthening the shallow soil layer and
improving drainage [179].

Trees in forest ecosystems play an important role in reducing the risk of landslides.
Rows of trees and roots above the soil surface help reduce soil erosion by functioning as
an effective barrier to surface runoff, which causes reduced soil-carrying capacity. Con-
versely, in areas with high rainfall, trees and forests can also increase the risk of landslides
by increasing the soil mass load due to subsurface water saturation, especially on very
steep slopes.

3.4. Cultural Services
3.4.1. Cultural Diversity

Indonesia has very diverse forest ecosystems, where each type has given rise to cultures
with characteristics that reflect the ecosystems inhabited by their people. For example,
ethnic Dayak communities living in swamp forests and peat swamp forest ecosystems in
Kalimantan have unique ways of life, habits, beliefs, local wisdom, arts, and customs [180].
Further examples are the ethnic Marind and Kanuum tribes living around the peat swamp
forests and savanna in Wasur National Park, Papua, who have their own distinctive
local cultures and a hereditary tradition of burning the savanna during the dry season to
stimulate grass regrowth and attract deer to the area [181].

3.4.2. Spiritual and Religious Values

Forests in Indonesia occupy essential spiritual and religious positions for communities,
and especially for indigenous peoples, some of whom still hold the traditional beliefs that
certain areas of forest, where entry is forbidden, are sacred and must be protected. One
such example is the indigenous Ammatoa community in Kajang adat village, Bulukumba,
South Sulawesi, whose distinctive culture and beliefs have kept their customary forest area
in pristine condition until today [182]. In Papua, the Malind-Anim tribe also has sacred
ground in the swamp forest area of Wasur National Park. They believe they are forest
people created in the forest birthplace of their ancestors [183].

Ethnic Dayak Ngaju communities in Kalimantan also have spiritual beliefs that involve
maintaining forests, which contain sacred places known as Pukung Pahewan, the abode of
supernatural spirits [184].

3.4.3. Knowledge Systems (Traditional and Formal)

The diversity of forest ecosystems in Indonesia gives Indonesian peoples different
local knowledge about forest management. Their various customary rules are based on
traditional knowledge and local wisdom related to using and conserving forests. Examples
include the Dayak Ngaju people, with their Tana” Ulen system [185]; the Baduy people,
with their Leuweung Kolot forbidden forest [186]; the Kajang people, with their Rabbang
Seppang system [182,187]; and six Bengkulu customary communities, each with their own
customary forestry laws called rejang, serawai, pekal, lembak, mukomuko, and kaur [188], which
divide forest landscapes into different use zones.

Indigenous communities living around Indonesia’s forests also have traditional wis-
dom in regulating the use of natural resources and hunting. Such arrangements, known
as Sasi, regulate hunting times, utilization periods, and catches. Such arrangements are
commonly found in peoples inhabiting eastern Indonesia, such as communities in Mer-
auke [189], the Napan tribe in Papua [190], and the Kei tribe in southeast Maluku [191].
Sasi systems are full of conservation value because they prevent overhunting and ensure
animals can reproduce.

3.4.4. Educational Value

Indonesia’s forest area provides a variety of educational values for people living in
or around forests and for people living far from forests. For example, knowledge about
medicinal plants from various indigenous peoples has been used to enrich traditional and
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modern Indonesian medicine. Indigenous peoples, including Dayaks [192], the Naga tribe
in West Java [193], and the Kajang tribe [194], have diverse knowledge of medicinal plants.

3.4.5. Recreation and Ecotourism

Ecosystem services in recreation and ecotourism can contribute both directly and indirectly
to human well-being. Nahuelhual, et al. [195] explored experiences that have both physical
and psychological effects for tourists. Indonesian forests provide various ecotourism services
that accommodate a multitude of activities and experiences within their diverse ecosystems.
The Pattunuang Asue ecotourism area in Bantimurung Bulusaraung National Park in South
Sulawesi, for instance, accommodates adventure tourism, including camping, hiking, and rock
climbing [196]. Savannas, such as those in Baluran National Park and the sand sea in Bromo
Tengger Semeru National Park, provide off-road tours for exploration.

4. Ecosystem Services for Climate Change Mitigation and Adaptation

No matter how much we reduce fossil fuel use, changes in climate conditions will
continue to affect humans and ecosystems. One proven means for tackling climate change
is to invest in nature-based solutions through the development of ecosystem services that
not only reduce its impacts but also help with climate change adaptation [197].

In forest management, Indonesia has taken the initiative to shift from conventional
forestry practices to introducing innovative approaches to producing goods and ser-
vices [26]. The Government of Indonesia has taken serious steps to facilitate the emergence
of a new environmental services sector. Regulations have been issued on tourism services
in forest areas (2013), micro-hydropower (2014), the utilization of conservation areas (2014
and 2015), geothermal power (2015), the utilization of ecotourism environmental services
in production forest areas, social forestry enterprises (2016), and non-timber forest products
(2017) [26].

This section presents ecosystem service-based activities aimed at climate change
mitigation and adaptation that have received government attention through policy support
instruments, including renewable energy development, carbon trading, green economy,
ecotourism, and forest ecosystem management with communities through social forestry.

4.1. Renewable Energy Promotion

Official energy statistics from the U.S. Government’s Energy Information Adminis-
tration (EIA) project a nearly 50% increase in global energy consumption by 2050 due to
strong economic growth [198]. Our dependence on and increasing demand for energy are
causing significant changes to the ecosystems we rely on to meet our well-being needs. The
challenge is how to meet this demand in a way that does not damage ecosystems.

Public authorities worldwide are focusing on promoting policies and instruments for
using low-carbon renewable energy, which is intrinsically linked to ecosystem services [199].
The shift to a low-carbon energy era requires sustainable ecosystems that provide renewable
energy while maintaining the availability of other ecosystem services [200].

Indonesia has set a target for new and renewable energy to make up 23% of its primary
energy mix by 2025 in order to support the achievement of its Nationally Determined
Contribution (NDC) target of reducing emissions by 29-41% by 2030 and achieving net-
zero emissions (NZE) by 2060, or faster with international support [201]. Based on Law No.
30/2007 on Energy, renewable energy is defined as the energy that comes from renewable
energy sources, including geothermal, wind, bioenergy, solar, hydropower, tidal, and ocean
thermal energy conversion [202].

To support renewable energy development and decision making, interdisciplinary
research is needed to gain a more comprehensive understanding of the impacts of renewable
energy sources and their dependence on ecosystem services [203,204]. This includes using
GIS-based modeling to determine potential sites, assess potential ecosystem services, and
determine which parts of ecosystems can be exploited to develop renewable energy in a
socially acceptable manner with maximum benefit and minimum risk [204].
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4.2. Carbon Incentives for Forest Conservation

Tropical deforestation contributes significantly to global warming and atmospheric
change [205-207]. Reducing emissions from deforestation as a potential global contribution
to controlling climate change was first considered at the United Nations Framework Con-
vention on Climate Change’s (UNFCCC) Montreal Conference of the Parties (COP) in 2005.
Reducing Emissions from Deforestation and Forest Degradation, including the sustainable
management of forests and the conservation and enhancement of forest carbon stocks
(REDD+), was then included in UNFCCC climate agreement negotiations in Bali, Indonesia,
in 2007, and its implementation was eventually included in the 2015 Paris Agreement on
Climate Change [208].

The UNFCCC is considering financing systems for REDD+ in developing nations [209].
Funding possibilities for potential REDD+-participating countries are divided into two
categories: market and non-market financing [210]. Like any traded commodity, carbon
credits are priced primarily by supply and demand. However, some countries party to
the UNFCCC want the problem to be solved with traditional grant funding [209]. Most
developing countries need a lot of money and help from institutions to build their capacity
to design, implement, and keep track of their national REDD+ programs [210]. This capacity
building and funding should help build and strengthen the institutions that will run the
different parts of national REDD+ programs. This is an important non-market step that
must come before any REDD+ program can be successful. Grants are the most common
kind of financial assistance, followed by loans provided through multilateral, bilateral, and
regional cooperation structures.

The Government of Indonesia has conservatively calculated that it will need roughly
USD 247 billion to implement climate change mitigation efforts under its conditional NDC
target for 2030 [211]. In 2020, Indonesia’s Ministry of Environment and Forestry and the
World Bank’s Forest Carbon Partnership Facility signed a landmark agreement, releasing
up to USD 110 million for Indonesia’s efforts to reduce carbon emissions from deforestation
and forest degradation between 2020 and 2025 [212].

Venter, et al. [213] estimated that, at carbon prices of USD 10-33 per ton of CO,, or USD
2-16 per ton if only cost-effective areas are saved, payments for REDD+ could cover the
costs of halting deforestation for oil palm plantations planned for Kalimantan. In addition,
payments could conserve the habitats of the Bornean orangutan (Pongo pygmaeus) and
Borneo pygmy elephant (Elephas maximus borneensis)—2 of the 40 endangered mammal
species living in these planned plantation areas [213].

4.3. Green Economy

One way to overcome basic problems related to food, water, and energy shortages
due to environmental and economic pressures is to internalize ecosystems into decision-
making tools; for example, integrating the value of economic services into existing economic
models and indicators, such as gross national product (GDP) [197]. The green economy
is a development paradigm whose main targets are a low-carbon economy and a shift
away from the extractive and short-term development patterns that cause such a variety
of problems.

The implementation of green products in the green industry in Indonesia includes
efficiency and effectiveness in the sustainable use of resources, the sustainable use of
energy, the use of renewable energy, and reducing greenhouse gas emissions [214,215].
Strategies include campaigning for sustainable forestry development policies in Indonesia
(sustainable development) and adherence to international standards, such as sustainable
forest management certification from the International Tropical Timber Organization (ITTO)
and from the Food and Agriculture Organization (FAO).

Indonesia is one of a number of countries with a strong commitment to eradicating
illegal logging and timber trading. This commitment has been realized through its establish-
ment of a Timber Legality Verification System (SVLK) [216] and the application of Forest
Stewardship Council (FSC) green product labeling [217]. The FSC is pro-environment,
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while the SVLK is pro-government and private sector [218]. FSC certification, an effort to
protect natural resources, is given to various timber and non-timber products, including
furniture, paper (copy paper, tissue, etc.), food and beverage packaging, bamboo, and
environmental services.

Despite a strong commitment to FSC certification, its implementation is not without
challenges [219,220], including a lack of education for communities about forest protection
and sustainability, limited regulatory support from the government, incompatibility with
current forest conditions, the lack of information on green products, the unavailability of
global standards, and the Ministry of Environment and Forestry policy combining SVLK
and FSC certification to prevent illegal timber, despite SVLK being mandatory and FSC
being voluntary [221-223]. Other obstacles include the fact that FSC-labeled consumer
goods from Indonesia generally have relatively little appeal in European countries [221],
and certified products’ prices make them less competitive than non-certified products [224].
The above constitute significant obstacles to effective, sustainable forest management im-
plementation and suggest the necessity of total commitment from many stakeholders [225].

4.4. Ecotourism

Ecotourism has become one of the fastest-growing and most dynamic tourism sec-
tors [226], raising concerns over the ecological and social disruption it can cause, contrary
to sustainability. Ecotourism has proven to be an effective concept in the sustainable use of
natural resources [227]; however, more effort should be made to understand the relation-
ships between ecotourism, resource protection, and economic benefits in order to provide
input for decision-makers [228].

Ecotourism activities can increase public awareness, prompting the public to carry out
conservation, conserve and protect biodiversity, and improve natural resource manage-
ment [229]. The existence of ecotourism in an area can positively impact the economy of the
surrounding community [230,231]. The rapid growth of tourism can create opportunities
for financing the conservation of tourism areas [232,233].

As community-based ecotourism can achieve desired social outcomes, increase house-
hold income and welfare, and have positive impacts on the local ecology, it is in a position
to reduce conflicts between conservation and development interests [234,235]. However,
ecotourism activities can also have negative impacts on the environment [236]. In Indonesia,
the commercialization of conservation forests for ecotourism has sometimes resulted in
environmental degradation and had adverse social impacts with monopolies over manage-
ment [237]. Globally, between 2009 and 2013, tourism also contributed to an 8% increase in
greenhouse gas emissions from transportation, shopping, and food [238].

4.5. Social Forestry

The sustainability of forest ecosystem services has a strong relationship with local
communities” dependence on forests. Anthropogenic factors are often the leading causes of
forest degradation and can threaten the ecosystem services forests provide [239]. Sustaining
forest ecosystem services is about managing forests in sustainable ways [240]; determining
how to improve the livelihoods of local communities that rely on forest resources; and
enhancing the socio-economic benefits of forests for human well-being. Forest ecosystem
services can help improve people’s well-being by providing ecological and socio-economic
benefits [241,242], such as timber, fodder, fuel, and medicine, as well as water regulation,
natural disaster prevention, and ecosystem health.

The challenge is to manage the livelihood-related activities carried out by local com-
munities to ensure they do not damage forests. Indonesia’s Social Forestry (SF) program is a
government policy aimed at seeking economic equity for local communities and indigenous
peoples by making land available for them to manage. One form of SF program implemen-
tation involves the establishment of social forestry business enterprise groups (KUPS). In
2020, food commodities produced by KUPS included 276,300 tons of fruit, 32,200 tons of



Sustainability 2022, 14, 12124

18 of 39

coffee, 1500 tons of honey, 2800 tons of palm sugar, and 9700 tons of various other food
crops [130].

SF has been promoted to broaden communities” legal access to forest resources to
improve their well-being while protecting remaining intact forests and restoring degraded
forests. The government has committed to allocating around 12.7 million hectares of state
forest area for social forestry through community forest (hutan kemasyarakatan), village forest
(hutan desa), community plantation forest (hutan tanaman rakyat), customary forest (hutan
adat), and forest partnership (kemitraan kehutanan) schemes, as laid out in its Indicative
Social Forestry Allocation Map (PIAPS). By May 2020, the SF program had already covered
approximately 4,147,875 hectares and involved 857,819 households [26].

In protecting ecosystem services, these SF schemes provide significant support to
other climate change-related programs in Indonesia, such as low-carbon development and
FoLU Net Sink 2030. However, SF implementation still faces social and environmental
constraints, including a lack of cooperation between communities, weak organizational
management capacity, and various technical issues relating to forest management [243].

5. Mainstreaming Strategies

In the natural resources management and conservation context, the goal of main-
streaming is to internalize the aim of conserving natural resources into economic sector
policies, programs, and development models for the benefit of humanity [244]. Mainstream-
ing aims to ensure that conservation and the sustainable use of ecosystems is not only the
responsibility of conservation actors but of all stakeholders, from policymakers to business
actors and local communities [245]. There are four elements to a framework for achiev-
ing mainstreaming: prerequisites—mandatory elements without which mainstreaming
cannot occur; stimuli—external and internal elements that trigger awareness of the need
for mainstreaming; mechanisms—real activities aimed at influencing mainstreaming; and
measurable outcomes as indicators of mainstreaming effectiveness [246].

This paper highlights important elements in mainstreaming ecosystem services in
Indonesia. The first element is the development of a payment for ecosystem services (PES)
scheme as a mandatory element related to socio-economic and institutional prerequisites;
the second is sustainable funding as an incentive element; the third is the utilization of a
decision support system (DSS); and the fourth is ES value articulation, so that ecosystem
services management can be executed and produce measurable outcomes.

5.1. PES Mechanisms

One of the reasons for the decline in ecosystem services is that people can consume
them for free, which removes the incentive to invest in providing more ecosystem services.
In addition, ecosystem services such as clear water, clean air, pollination, and climate
stabilization are public goods that cannot be restricted to certain groups but are provided to
all simultaneously. This inability to limit certain consumables makes it impossible to charge
fees to enjoy them. The result is the depletion of ecosystem services. Part of the solution
lies in finding ways to make these ecosystem services available at a price commensurate
with the value they provide.

Payments for ecosystem services (PES) are financial incentives given directly to land
owners as compensation for better land management, including conservation activities,
in providing services from ecosystems that other parties need on a continuous basis [247].
The main idea of PES is that ecosystem service providers should be compensated by those
who benefit from the services produced [248]. By assigning a value to ecosystem services,
it is possible to identify which social and environmental gains and losses from resource
exploitation or ecological imbalances result from land-use change [249]. PES is perceived as
a tool for conservation financing [250]. It has become an economic instrument, as indicated
by the payment value of each PES program. The concept of PES is inseparable from the basic
idea of building incentives for individuals and communities to protect ecosystem services
by rewarding them for any costs incurred in managing and providing those services [251].
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PES schemes have two common forms; namely, voluntary and compulsory. Com-
pulsory schemes involve contracts between conservation agents and landowners. The
landowner agrees to manage an ecosystem according to agreed-upon rules and will re-
ceive an in-kind or cash payment upon complying with the contract [252]. This is the
definition of PES outlined in Government Regulation No. 46/2017 on Environmental
Economic Instruments.

The PES concept is highly promising, but its implementation is very slow, especially
in low-income countries. PES can only work if there is the right culture of giving and
taking, wherein service users are encouraged to pay and service providers feel motivated
by receiving payments to deliver more services [253].

Some examples of PES established through agreements between providers and buyers
in different regions in Indonesia are presented in Table 4.

Table 4. Some PES programs in Indonesia and their results.

No. Program The Parties Agreement Result Source
The project goal is to The community carried
Farmers as providers  reduce sedimentation out the contenty of the
. . of ecosystem services, by 30% within one .
River Care Program in . agreement effectively,
. and PT PLN year; in return, PT > o L. )
1. the Way Besai Lampune’s Besai PLN will award with 86% of activities Pasha, et al. [254]
watershed, Lampung pungs ¢ . being successful;
Hydroelectric Power ~ micro hydro . .
. sediment concentrations
Plant as user equipment worth fell by 20°%
IDR 20 million y ek
Industries in
downstream areas
Krakatau Titra that utilize Cidanau
Industry Inc., watershed ecosystem
. - - Improved awareness
upstream farmers in services provide amone farmer erouns
PES Mechanism Initiative ~ the Cidanau compensation of IDR 8 \er group .
2. . . ., about planting more trees Laila, et al. [255]
in the Cidanau watershed  watershed, and 1.2-1.75 million per (more than 12,500 trees
Cidanau Watershed ha per year to several on 25 ha) g
Communication groups of upstream
Forum as a mediator ~ farmers to manage
their land in a
sustainable manner
Famer o U [P
Program for water source  Association (P3A) the protection of 90% of customers are
3 protection for PDAM and an association catclgments that willing to pay Fauzi and Anna [256]
' Menang, Mataram, West of PDAM cus- rovide water conservation fees of IDR
Nusa Tenggara tomers, accompanied p 1000-5000/month
sources for Mataram
by Samdhana .
in Lombok
PT Aetra pays
compensation of IDR
40,504,500 in stages
for seed procurement
Building a mechanism for Giri Putri and Surga anc} Pl.a nting The program has yet to
upstream-downstream . activities to two L
L Air farmer groups fully meet the criteria for
relations in water resource . groups of upstream . .
.. with PT Aetra, . a sustainable PES Napitupulu, et al.
4. conservation in the farmers for soil and - o
. BPLHD as a . mechanism (realistic, [257]
Citarum watershed . water conservation i,
. facilitator, and LP3ES e voluntary, conditional,
(Cikapundung sub- as a companion activities through and pro-poor)
watershed) P planting, mainte- prop

nance, and other
activities related to
efforts to preserve
watershed functions

Pagiola, et al. [258] identified four factors that are critical to the success of incentive-
based programs: ensuring effective demand, flexibility in program design, ensuring the
poor can participate, and covering transaction costs.
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The full economic impacts of PES mechanisms for farmers remain unclear. A PES
scheme in Cidanau involves PT KTI as the ES buyer, paying IDR 1,200,000 per hectare to
farmers as ES providers, with FKDC facilitating its implementation [259,260]. A similar
situation applies to a PES scheme in Lake Toba, where five districts surrounding the lake are
ES providers, while PT Inalum is the buyer [261]. A PES scheme in West Lombok involves
local water company PDAM’s customers as ES buyers, with each household paying IDR
12,000 per year and each industry paying IDR 36,000 per year to the West Lombok District
Government and IMP as providers [262]. Meanwhile, a PES scheme in Kuningan involving
the Kuningan District Government as ES provider and Cirebon City Government as ES
user has transactions of IDR 2.65 billion per year [263].

An analysis of PES implementation in Indonesia shows a number of problems to re-
solve: unavailability of main and supporting data; methods for PES analysis and economic
value calculations; and an institutional system for PES. Suich, et al. [264] have identified
constraining or challenging factors in PES implementation in Indonesia, such as a lack
of recognition of potential buyers for ecosystem services, rights and tenure issues for lo-
cal communities, limited operational programs, and ownership over a relatively small
land area.

Small-scale PES implementation, such as the programs in the Cidanau watershed
and West Lombok, provide good examples of increasing community awareness and par-
ticipation in conservation efforts. Although their payments are low, they do have social,
economic, and environmental multiplier effects. The PES program in West Lombok has suc-
cessfully increased local community awareness to participate in conservation by planting
trees in upstream areas [262].

One technical problem faced by the PES programs in the Cidanau watershed and Lake
Toba is determining the water catchment areas that affect the water sources. This technical
problem can be resolved for these programs and for all ecosystem services by using spatial
analysis. Suich, et al. [264] identified the main supporting factors for a successful PES
scheme in Indonesia as: easily identifiable ecosystem services and service users; long-term
support from individuals or institutions to facilitate the scheme; and maintaining and
building on relationships between communities and these facilitating institutions.

Following more than fifteen years of research and development, a research team from
the Makassar Environment and Forestry Research and Development Center (BP2LHK
Makassar) has come up with a watershed-based PES approach through what is known
as downscaled PES (Figure 3). BP2LHK Makassar has designed an incentive scheme for
community-based forest management (CBFM) involving micro hydropower (MHP) plants.
The government, NGOs, and the private sector act as investors paying in-kind contributions
in the form of MHP plants to service-providing local communities in forested upstream
areas of watersheds. On a watershed scale, villagers are ES providers, while on a smaller
scale, they are buyers.

Based on their comparative study of 40 PES cases from the 1990s, Grima, Singh,
Smetschka, and Ringhofer [248] stated that a successful PES scheme is one that ensures
resource sustainability while at the same time making a positive contribution to people’s
livelihoods. In their opinion, the common characteristics of successful PES schemes include:

e  Ensuring the continuity of supply and quality of resources while making a positive
contribution to local livelihoods;
Operating at local and regional scales with time periods of 10-30 years;
Using in-kind contributions in preference to cash payments;
Involving the private sector without intermediaries between buyers and sellers.
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Figure 3. Downscaled PES scheme (formulated based on the authors’ thoughts for this article).

Conversely, factors causing PES schemes to fail include inaccuracies in target selection
due to different perspectives between stakeholders, and unanticipated trade-offs between
social and conservation goals [265]. Unsuccessful PES schemes are characterized, among
other things, by the following: their implementation failing to reduce pressures on ecosys-
tems; an absence of added value from payments; no improvements in local livelihoods;
and inequitable sharing of benefits [248]. To harmonize social and ecological goals, it is
necessary to build agreement on objectives and have flexible mechanisms for achieving
those objectives. Government, non-government, and local community stakeholders need
to agree in order for a PES scheme’s poverty alleviation and conservation goals to be
achievable [265]. Interestingly, in general, farmers join PES schemes out of awareness and
not because of economic incentives [266].

The effective management of PES programs requires detailed data on the spatial distri-
bution of environmental quality indicators and the potential benefits of activities carried
out, especially in agriculture [267]. The main challenge at the landscape level is deter-
mining the optimal allocation and management of the numerous land-use options [268].
Targeting environmentally sensitive or critical areas within the ecosystem will increase the
effectiveness of PES mechanisms [269].

5.2. Decision Support System and Spatial Assessment-Based Planning

Due to a wide range of ecological characteristics and socio-economic restrictions,
forest management needs to deal with multifaceted planning challenges. A robust decision
support system (DSS) and spatial assessment are required to identify management options
that take into account the wide variety of goals, criteria, and stakeholder interests [270].
The DSS must also be measurable, reproducible, trustworthy, adaptable, and inexpensive
for extensive usage.
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A DSS is a computer-based system that integrates a database, scientific analysis,
modeling, and expert knowledge to implement established concepts and principles to
solve decision obstacles. A DSS is concentrated on one of three sub-systems: a database
sub-system (e.g., forest landscape characteristics, ecosystem services types); a modeling-
based sub-system (e.g., growth and yield modeling, ecosystem services valuation); and a
method-based sub-system (e.g., optimizing forest management options) [271].

Multi-criteria decision-making (MCDM) is the most implemented technique used in a
DSS. An MDCM problem can be solved by first determining the weights of variables, then
normalizing those variables and ranking the index based on aggregating the normalized
values of variables for different management options and objectives [272].

Integrating a DSS and spatial assessment through geographic information system (GIS)
approaches can help optimize possible trade-offs between different ecosystem services.
It can also improve decision-making regarding optimizing ES provision for short-term
and long-term ES-based forest management [273]. GIS uses a wide range of cutting-edge
geospatial technologies and data sources from the field of Earth observation. These include
remote sensing, terrestrial measurement, unmanned aerial vehicle (UAV) tools, a laser
scanning system, a multispectral satellite system, new sensors on mobile devices, and the
integration of digital cameras and global navigation satellite systems (GNSSs) [274,275].
Moreover, GIS approaches allow a DSS to simultaneously analyze diverse management
options on various spatial and temporal scales [276,277].

According to several studies, a multitude of ecosystem-based DSSs exists, with
183 tools listed in the Ecosystem-Based Management (EBM) database [278]. DSSs that
focus on ecosystem services as the basis for management include Artificial Intelligence for
Ecosystem Services (ARIES), EcoAIM, EcoMetrix, Ecosystem Services Review (ESR), ES
Value, Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST), and the Benefit
Transfer and Use Estimating Model Toolkit. Integrating MCDM and GIS approaches has
been the most frequently used approach in DSSs for ES-based ecosystem management
scenarios, such as ecotourism [279]; the location of biomass energy facilities [280]; trade-
offs between ES and management goals [281]; biodiversity, carbon sequestration, and
water [282]; and climate change impacts on multiple forest ecosystem services [283]. An
analytical hierarchy process (AHP) has been the most commonly used technique for calcu-
lation, since it provides a rapid and rational workflow under imperfect conditions [270].

Based on various studies and the roles of existing DSS tools, it can be concluded that
DSSs and spatial assessments need to be mainstreamed in ES-based forest management
in Indonesia. Generalization, simplification, clearness, abstraction, difficulty, and spatial
scale considerations have been recognized as significant factors for the success of a DSS in
optimizing ES in a forest management framework. A DSS also needs to provide frameworks
that make it possible to consider uncertainties during decision-making processes and offer
opportunities for risk assessment [284].

5.3. Value Articulation

Ecosystem service valuation could help policymakers decide what to do by show-
ing the benefits of managing ecosystems in a sustainable way. However, the valuation
techniques used have serious limitations, and many ecosystem services are simply not
amenable to valuation using the techniques currently available. Participatory approaches
to addressing ES value articulation promote the more comprehensive integration of stake-
holder perceptions and values [285,286]. A participatory approach can help by allowing
for the more thorough integration of perceptions and values. As the first step in a partici-
patory ES framework, Lopes and Videira [285] suggested a collaborative scoping process
to broaden the scope of ES identification by eliciting the multiple values of ES from the
ground up.
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5.3.1. Economic Value

From the economic perspective, direct use-value is traditionally focused on quantifying
and analyzing goods and services that produce tangible benefits. However, economists
have broadened the scope from the meaning of “economic value” to the use, non-use,
existence, inheritance, and indirect option values of ecosystems, including developing
techniques for valuing the economic value of ecosystem services [287].

The purposes of economic valuation are to manage ecosystem services sustainably; to
price products of ecosystem services [288]; to make valuable inputs to decision-makers [289];
and to provide the right policy options [290,291]. There are many methods available for
valuing ecosystem services: contingent valuation [292]; total economic valuation [110];
output-based classification [293]; willingness to pay [294]; market prices; opportunity costs;
and consumer surplus [295].

The economic valuation of ecosystem services is a growing field of research. There
are a wide variety of reasons for, and methods associated with, the economic valuation
of ecosystem services. Traditionally, many ecosystem services have been viewed as free
gifts from nature to society, or “public goods”, including landscape amenities, watershed
services, and carbon storage. For this reason, little attention has been paid to measuring
and valuing such ecosystem services in monetary terms. In addition, due to the lack of a
monetary value and a formal market, these ES are often overlooked in public and private
resource management planning and decision-making. Recent developments in approaches
and tools for valuing ES provide a basis for estimating the economic benefits of a wide range
of ecosystem services [296,297]. Many ES can be given a monetary value by using economic
methods and tools [298]. Bullock, et al. [299] suggested that the discount rates used to
assess the present value of future benefits and/or the future value of current benefits are
a crucial aspect of monetary analysis. Key ecological and economic reasons for valuing
ES include: economic incentives for keeping natural resources and also for conservation;
providing justification for the allocation of public funding for conservation; and providing
a useful step towards institutional innovation, such as payment for ecosystem services
(PES) [298,300-303]. To this end, the economic valuation of ecosystem services provides
a useful tool for justifying set priorities and programs, policies, or actions that protect
or restore an ecosystem and its associated services. Common methods for estimating
the economic value of ecosystem services are summarized as the market price method,
non-market valuation methods, and value transfer.

(a) Market price method: This method calculates the economic value of ecosystem goods
and services that are bought and sold in commercial markets. It can be used to assess
changes in the quantity or quality of a good or service.

(b) Non-market valuation methods: Values for many ecosystem goods and services are
not readily captured in market transactions and, thus, require non-market valuation
methods, such as travel cost, the hedonic approach, and contingent valuation.

()  Value transfer: This is an accepted economic methodology that estimates the economic
value of non-market goods or services through work conducted at another site or
group of sites [304]. The “transfer” refers to applying economic values and other
information from the original “study site” to a “policy site”. The study used this
technique to estimate the economic value of biodiversity and associated services.

5.3.2. Social Value

Ecosystem services depend on the interrelationships between humans and the envi-
ronment [305,306] or, more specifically, a set of support, supply, regulatory, and cultural
services that provide direct and indirect benefits to everyone [29]. This has made people
more aware of the social value of ecosystem services [307].

The GIS tool Social Values for Ecosystem Services (SolVES) is used to determine the
non-material benefits a community obtains from an ecosystem through spiritual enrichment,
cognitive development, reflection, recreation, and aesthetic experience [29], as well as
the ecosystem’s various intrinsic, cultural, religious, and historical values [308]. Such
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assessments tend to be more difficult than determining ecological and economic values.
Social value is strongly influenced by human preferences for nature, so accessibility, actors,
and time can affect the effectiveness of the assessment.

SolVES uses different approaches in different landscapes depending on the objectives
to be achieved [309-311] and can also be used to evaluate other ecosystem services [312].
According to Chintantya [313], ecosystems play a role in maintaining and enhancing
social relations, especially culture. Therefore, ES social criteria need to be integrated
with biophysical and economic criteria into systematic regional planning for sustainable
ecosystem management [314].

5.4. Sustainable Financing

The environmental services produced by forest ecosystems have been widely iden-
tified. Studies show important ecosystem services, including watershed protection, bio-
diversity protection, carbon sequestration, wood-based biomass and energy, wild foods,
animal-based energy, coastal protection, maintenance of nursery populations and habitats,
pollination and seed dispersal, and nature-based recreation and tourism [315]. As pressures
on forests and the environment, coupled with increasing financial limitations [316-318],
are making efforts to maintain the provision of these ecosystem services increasingly dif-
ficult [319,320], new funding concepts for sustainable ecosystems are needed [321,322].
Sustainable financing concepts require adequate and available sources of funding for long-
term management to ensure the prompt allocation to programs with ecosystem protection
objectives [316].

There are several sustainable financing scheme options available for environmental
and forest conservation. Funding for environmental protection and management that
supports the provision of ecosystem services can come from both domestic and international
sources. It can take the form of public funds from government budgets, grants, and foreign
loans or non-public funds in the form of private funds, blended finance, state-owned
company funds, and funds from philanthropic institutions or NGOs [323-326]. Funding
from domestic sources originating from public funds—namely, national APBN and/or
regional APBD budgets—can be channeled through a fiscal transfer mechanism from
relevant ministry/agency spending, trusteeship institutions, equity participation for state-
owned enterprises (BUMN), and/or investment (revolving funds). Environmental funding
originating from overseas can take the form of bilateral or multilateral grants, grants
from philanthropic institutions, loans and investment funds from the state or the private
sector, and performance-based payment funds. This overseas funding can be channeled
through intermediary institutions in charge of activities (executing agencies) consisting
of ministries and government agencies, international development institutions/partners,
regional governments, and trust institutions [324].

Private sector funding for the environment, both domestic and international, can
be derived from investments in other companies; for example, green bonds/Sukuk. In
addition, there is also a blended finance model, where private investment mobilization
is supported by subsidies or government capital participation to create projects that are
not only business-friendly but also generate social and environmental benefits. Another
model is funding from philanthropic institutions, such as family foundations, corporate
foundations, civil society organizations, and non-governmental organizations within and
outside the country. All of these financial options are outlined in Figure 4.

Gutman and Davidson [318] discuss funding mechanisms available for biodiversity
conservation in providing ecosystem services. These mechanisms are divided into tradi-
tional and innovative categories for the local, national, and international levels (Table 5).
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Figure 4. Possible sources of funding to support the provision of sustainable ecosystem services.
Table 5. Traditional and innovative finance mechanisms for biodiversity conservation and
ecosystem services.
No. Level Traditional Finance Mechanisms Innovative Finance Mechanisms
O  Protected area entrance fees
O Tourism-related fneomes O  Local markets for all types of ecosystem
1 Local O  Local markets for sustainable rural products services (PES)
O  Local NGOs and charities
O  Local businesses’ goodwill investments
O  Earmarking public revenues
O  Environmental tax reform
O  Reforming rural production subsidies
O  National-level PES
O  Government budgetary allocations O  Green lotteries
) O  National tourism O  New goodwill fundraising instruments
2 National O  National NGO fundraising and fund granting (internet-based, rounding up, etc.)
O  National businesses” goodwill investments O  Business/public/NGO partnerships
O  Businesses’ voluntary standards
O  National green markets
O  National markets for all types of ecosystem
services (PES)
O  Long-term ODA commitments
O Bilateral aid O  Environment-related taxes
O  Multilateral aid O  Other international taxes
O  Debt-for-Nature swaps O  Reforms in the international monetary system
O  Development banks and agencies O  Green lotteries
) O GEF O  New goodwill fundraising instruments
3 International O International NGO fundraising and (internet-based, rounding up, etc.)
fund granting O  Business/public/NGO partnerships
O International foundations O  Businesses’ voluntary standards
O  International tourism O International green markets
O International businesses’ goodwill investments O  International markets for all types of

ecosystem services (PES)

Source: This table was created by extracting information from Gutman and Davidson [318].

Enabling conditions are needed to support the implementation of any sustainable
financing concept. In determining enabling conditions, we use the policy instrument
framework from Krott [327], which looks at the regulatory, fiscal, and administrative
instruments that support policy implementation.

5.4.1. Regulatory Instruments

A legal basis for funding ecosystem services must be prepared in the form of regula-
tory instruments. The Government of Indonesia has issued various pieces of legislation that
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could be used as the basis for environmental funding. Law No. 32/2009 on Environmental
Management and Protection and Government Regulation No. 46/2017 on Environmental
Economic Instruments constitute the formal juridical bases for environmental funding,
incentives, and disincentives presented to parties in the provision of environmental ser-
vices. Government Regulation No. 46/2017 stipulates compensation/reward mechanisms
for environmental services between regions and PES between different stakeholders. In
addition, as a derivative of Job Creation Law No. 11/2020, Government Regulation No.
23/2021 provides a mandate to the central and regional governments, and other parties,
to provide incentives to stakeholders who can restore, maintain, and preserve forests
both inside and outside the forest area. As stated by Fauzi and Anna [256], such regula-
tory arrangements are necessary for reducing the complexity of the process of paying for
environmental services.

5.4.2. Administrative Instruments

Funding mechanisms for ecosystem services must be flexible and site-specific, and
administrative instruments and criteria for ecosystem services that can be funded should
accord with a site’s characteristics and needs. In addition, institutional arrangements for
agreements between providers and users of ecosystem services either need to be set out in
agreements/MoUs or formally institutionalized in local, national, and international regula-
tions [328]. Finally, it is essential to record every stage in the funding of ecosystem services,
from planning, implementation, assessment, and payment to monitoring and evaluation.

5.4.3. Fiscal Instruments

Finally, it is necessary to have fiscal instruments available to ensure the certainty of funding
sources. One solution for doing so could be to integrate sustainable funding for the environ-
ment into a government budgeting mechanism. In addition, there need to be complementary
sources of sustainable funding for ecosystem services from private sector operators as users and
from public funding through government budgets [256,329]. This combination would further
strengthen funding certainty for the provision of ecosystem services.

6. Conclusions

Forest resources have played a significant role in facilitating Indonesia’s economic
development for more than five decades. To ensure their sustainability, the Government
of Indonesia has implemented new measures to improve the sustainability of the nation’s
forests. The number of forest-related policies has increased significantly over time. Main-
streaming ecosystem services is a manifestation of the government’s policy of changing the
forest management paradigm from one of exploitation to a pro-conservation approach.

In the natural resources management and conservation context, the goal of main-
streaming is to internalize the aim of conserving natural resources in economic sector
policies, programs, and development models for the benefit of humanity. Mainstreaming
aims to ensure that the conservation and sustainable use of ecosystems is not only the
responsibility of conservation actors but of all stakeholders, from policymakers to business
actors and local communities.

The required mainstreaming strategy for ecosystem services in Indonesia is divided
into four important elements; namely, supporting regulations and policies regarding pay-
ments for ecosystem services (PES) as a mandatory element related to socio-economic
and institutional prerequisites; an accurate planning system that can be accepted through
the use of a decision support system (DSS); the articulation of ES values so that the man-
agement of ecosystem services can be carried out and produce measurable results; and
sustainable funding as an element of incentives to ensure that implementation is continuous
and on-target.

A key challenge of PES implementation at the landscape level is determining the
optimal allocation and management of different land-use options. In this case, the use
of DSSs combined with spatial analysis and remote sensing is important and strategic.
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DSSs can be used to support a more comprehensive understanding of the problem and
the development of alternative management options and to project the consequences of
different actions.

The assessment of ecosystem services can help policymakers decide what to do by
demonstrating the benefits of managing ecosystems sustainably. A participatory approach
to articulating the value of ecosystem services can help promote a more comprehensive
integration of stakeholder perceptions and values, starting with bringing out the economic,
as well as the social, value of ecosystem services from the ground up.

At the implementation level, a combination of the private sector and public funding
would strengthen funding certainty for the provision of environmental services. The PES
concept is highly promising, but its implementation remains rare in Indonesia. Notes taken
from several cases of PES implementation in Indonesia have shown weak community
capacity, a need for intermediary agents, no discernible increase in farmers’ income, and
the need for incentives to encourage participation. To ensure the continuity of ecosystem
services through environmental and forest conservation efforts, there are several options
for sustainable financing schemes that can be optimized. The sustainable sources of
funding come from domestic and international sources in the form of public funds from the
government budget, grants, and foreign loans or non-public funds in the form of private
funds, blended finance, BUMN funds, and funds from philanthropic institutions or NGOs.
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