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Abstract The decline in the quality of ecosystem services in Bogor Regency is indicated by the
existence of various natural disasters in recent years. Prudent development must be carried out to minimize
the impact of a decrease in the ecosystem services index. The purpose of this research is to map ecosystem
services for food supply, water supply, water and flood management, and tourism aspects within 2000-2017.
The data used were land cover and land facet maps at a scale of 1:25,000 obtained from BIG, accompanied by
a reinterpretation process. The data sources were Indonesia's topographic maps (RBI), Citra SPOT 7,
DEMNAS, and field surveys. The ecosystem services index (ESI) is calculated based on an analysis of changes
in land use and land facets. The value of ESI was weighted using analytic hierarchy process approaches to
each of the variables assessed by experts. The results showed that the largest changes in land use occurred in
residential and forest areas. The residential area increased by 1.96%, while the forest area decreased by 1.8%
in 17 years. Bogor Regency is dominated by forest and rice fields which are spread over four main landforms,
namely volcanic, structural, fluvial, and karst. The most significant increase of 5.65% was found in the clean
water provisioning function, while the most significant decrease of 38.47% was found in the tourism and
ecotourism sector. Accumulatively, the increase in ESI was 23%, while the decrease was 20.64%. Mitigation
efforts that can be done are to maintain the availability of green open space by implementing strong

regulations.
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1. Introduction

A common issue encountered by developing countries
including Indonesia is uncontrollable population growth. The
Statistics Indonesia (BPS) in 2020 noted that in the last 10
years there was a population increase of 32.56 million people
so that currently the total population of Indonesia has
reached 270.20 million (BPS, 2020a). The increasing number
of populations causes a quite high housing need. Agricultural
land conversion into settlements is inevitable to meet the
housing needs (Andriamasari et al., 2015; Fajarini et al., 2015;
Pribadi et al., 2006). As a consequence, there are several
environmental problems, such as river pollution, floods, and
decreased green open spaces.

Bogor Regency has a good land capability for agriculture
and green open spaces: Bogor Regency has a good land
capability for agricultural cultivation and the provision of
green open space, but land conversion is quite high. The
reduction in green open space has an impact on decreasing
the capacity of water catchment areas and disrupting the
function of water flow (Fajarini, 2014; Kubangun et al., 2016;
Setiawana et al., 2015; Lisnawati & Wibowo, 2010). Reduced
green open space reduces the capacity of catchment areas and
disrupts the function of water flow. Unless planned and
managed properly, the conversion of green open space may
also lead to natural disasters and environmental degradation.
Recent studies have revealed that the forests upstream of

Bogor Regency are in a critical condition (Sukwika et al.,
2018; Kubangun et al., 2016).

Land conversion in the upstream also exacerbates the
condition of the catchment area. A decrease in discharge and
water quality has also occurred in Bogor Regency, caused by
an increase in community activities (Elfidasari et al., 2015;
Aristawidya et al., 2020). Bogor Regency also has 101 lakes,
but only 52 of which function properly while the others are
damaged (Suryanta, 2016). Further, Fauzielly et al., (2018)
mentioned that in 2009-2017, 147 landslides occurred in
Bogor Regency which killed a total of 83 people. One of the
efforts to reduce the negative impacts of land conversion is
through spatial planning based on ecosystem services.

Ecosystem services are defined as the benefits that
humans can gain from nature (Watson et al., 2018; Kertesz et
al., 2019). Ecosystem services are grouped into four:
provisioning, regulating, cultural, and supporting services.
There are several methods to identify the ecosystem services
of a region, namely table calculations, expert proxy
identification, regression modeling, and mapping through
field surveys (Martinez-Harms & Balvanera, 2012).
Identifying ecosystem services through mapping can provide
a comprehensive analysis of the spatial configuration of an
area (Malinga et al., 2015). The data of ecosystem services
mapping can also be used as a basis for spatial planning
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analysis and conservation (Burkhard et al., 2013; Egoh et al,,
2008; Osvaldo et al., 2000).

This study aimed to assess the ecosystem services in terms
of the functions for food and clean water provision, water
and flood management, as well as tourism and ecotourism in
2000-2017. The four elements of ecosystem services were
processed to provide a comprehensive picture of the
condition of the ecosystem services in Bogor Regency. The
semi-detailed ecosystem services map resulted in this study
can provide new insights for policymakers and researchers
especially related to ecosystem services management.

2.Methods

This study was conducted in Bogor Regency, West Java
Province, which is located 20 km in the south of Jakarta, the
capital city of Indonesia (Figure 1). Bogor Regency is one of
Jakarta’s satellite cities, so it has quite high interactions with
the capital city. Bogor Regency consists of 44 subdistricts and
434 villages of which the capital is Cibinong. The population
in Bogor Regency reaches 6,088,233 people with an almost
equal proportion of men and women. The total workforce
reaches 4.2 million and 1.3 of them also work as laborers/
employees. However, the number of casual workers in
agriculture is only around 0.0276% of the total workforce
(BPS, 2020b). This indicates that agricultural activities are no
longer interesting for the people who live in Bogor Regency.

The ecosystem services index was evaluated using a spatial
approach. This approach was used to determine the location,
area, and distribution of each element of ecosystem services.
The data used in mapping the ecosystem services was land
use and ecoregion/landscape data (Burkhard et al., 2012;
Young et al., 2012; Swetnam et al., 2010). The land use data at
a scale of 1:25,000 were obtained from an interpretation of
orthorectified Citra SPOT-7 taken in 2017 by the Geospatial
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Figure 1. Study site

Information Agency (BIG). A field survey in 2020 was
conducted to test the accuracy of the land use map resulted.
The accuracy was tested based on the producer's accuracy,
user's accuracy, overall accuracy, and the Kappa statistic
(Congalton & Green, 1999; Kosasih et al, 2019).

Ecoregion data at a scale of 1:25,000, also known as land
facet data, were obtained from BIG. The land facet data were
produced by BIG in 2019. Re-delineation, reinterpretation,
and field surveys were carried out to correct errors in
interpreting and naming the tentative maps of the land facet
with databases DEMNAS (Indonesia’s National Digital
Elevation Model). The field survey was carried out in 2020
with point transects based on genetic diversity and land
elevation. The distance between points is irregular and
depends on the ease of land accessibility.

The ecosystem services index analyzed in this study
consisted of these functions: a) provisioning clean water; b)
provisioning food; ¢) regulating water and floods; and d)
recreation and ecotourism. These four components of
ecosystem services were selected by considering the fact that
the main function of Bogor Regency is to support the
environmental and tourism system of Jakarta. The
operational elaboration of the four components of ecosystem
services can be seen in Table 1.

Table 1. Classification of ecosystem services (ES) and
operational definition boundaries

ES classification Operational definition

Food provision =~ The provisioning function for plant-
based and animal-based food is from
agriculture, plantations, and animal
husbandry.

Clean water The provisioning function for clean

provision water is from groundwater and surface
water, including its storage capacity.

Water and flood  The regulating function for the hydro-

management logical cycle as well as natural infra-

structure for water storage and mainte-
nance, as well as flood control efforts.

The cultural function includes land-
scape features, natural uniqueness, and
certain values that become tourist at-
tractions

Recreation and
ecotourism

Source: MA, 2005 with modification

Weights of land use and facets for ecosystem services
were based on the assessments of 35 experts. The results of
the expert judgment were processed using the analytic
hierarchy process (AHP) approach, which was then entered
into the spatial data attribute. The overlay method in the
form of intersect of land use data and land facets was
conducted to obtain ecosystem service units. The ecosystem
services index was calculated on the map attributes using a
formula developed by Riqgqi et al., (2018) with modifications.
The modified formula for calculating the ecosystem services
index is as follows.

ESI - h;'ESI!faC X ESTi,
max (JESIfqc X ESIic)
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where:

ESI : Ecosystem services index

ESI;. :Ecosystem services index based on land facet
ESI,.  :Ecosystem services index based on land use
Max  : Maximum value of the index synthesis result

3.Result and Discussion
Land Use Change Settings in Bogor Regency in 2000-
2017

The results of the analysis showed that the most
significant land-use changes were found in settlement areas
and forests. Settlement areas will naturally grow rapidly,
regarding the fact that Bogor Regency is a supporting area for
Jakarta. This fact is in line with the findings of Widiatmaka et
al., (2012) which stated that the economic expansion of
Jakarta had an impact on the growth of settlements in Bogor
Regency. In addition, a higher expansion in settlement areas
was also found in the northern part because this area is
relatively closer to Jakarta. Bogor Regency underwent a quite
extensive settlement area expansion, with a percentage of
1.96 % or 5,893.20 ha. Most of the settlement developments
took place in Bojonggede, Cibinong, and Gunung Putri
Subdistricts. One of the factors that drove people to reside in
these subdistricts is accessibility, which is in the form of
electric trains and toll roads. In addition, these areas are close
to the capital of Bogor Regency, i.e. Cibinong, attracting
developers to develop new settlement areas in these
subdistricts.

Forests still dominated Bogor Regency in 2017 with a
total area reaching 77,014.15 ha. Although the area decreased
by 5,681.10 ha, the forests in the southern part are still well
preserved. The forests are still maintained because Bogor
Regency has two national parks, i.e. Mount Gede -Pangrango
National Park and Mount Halimun - Salak National
Park. Furthermore, there are some forests owned by the
Indonesian State-Owned Forestry Company (Perhutani)
whose land use is restricted, thus well maintaining
sustainable forests. Spatially, forests are found in the
southern and western parts of Bogor Regency (Figure 2).
These areas are the favorite for local tourists and tourists
from Jakarta because they have an attraction in the form of
beautiful scenery and fresh air. In addition, forest
conservation can also be a source of provisioning and
regulating clean water for Bogor Regency and its
downstream.

Paddy fields and moor fields also experienced extensive
land-use changes from 2000-2017, where the total area of
paddy fields increased, while moor fields decreased (see Table
2). The distribution of paddy fields in Bogor Regency does
not have a special pattern, but it is almost even. In addition,
the majority of the paddy fields are rainfed paddy fields with
an area of approximately 60-70%, while the remaining is
irrigated. The irrigated paddy fields are mostly found in
Tanjungsari, Cariu, and Pamijahan Subdistricts, each of
which has an area of more than 2,000 ha. On the other hand,
the rainfed paddy fields dominate Jonggol Subdistrict with an
area of 2,434.90 ha. Accumulatively, the subdistrict with the
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Figure 2. Land cover map in Bogor Regency in 2000 and 2017
Table 2. Land cover in Bogor Regency
Area (ha)
0 .
Landuse 2000 2017 Gap (%) Information
Forest 82.695,25 77.014,15 5.681,10 1,89 Decreased
Plantation/Garden 60.539,88 63.573,74 3.033,86 1,01 Increased
Settlements 47.717,11 53.610,30 5.893,20 1,96 Increased
Paddy Fields 61.306,24 65.138,10 3.831,86 1,28 Increased
Shrubs 11.395,56 9.003,10 2.392,46 0,80 Decreased
Wasteland 4.722,17 3.143,89 1.578,28 0,53 Decreased
Moor Fields 28.489,70 24.661,04 3.828,67 1,28 Decreased
Water Bodies 2.431,89 2.418,43 13,46 0,004 Decreased
Other Vegetation Classification 922,40 1.657,45 735,05 0,24 Increased
Total 300.220,19 300.220,19 26.987,92 8,99 -

C
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largest paddy fields is the Jonggol Subdistrict with an area of
4,189.90 ha. Jonggol Subdistrict has extensive paddy fields
because this subdistrict is far from the central business
district (CBD), allowing its residents to depend on
agriculture.

Moorfields also underwent land conversion because there
were not many people who depended on their lives by
planting on moor fields. The results of an interview with the
village officials in 2020 showed that the Moorfields were not
the primary source of livelihood for the community. The
community members still relied more on paddy fields that
produced rice, and only regarded the crops from the
Moorfields as an additional income. This is evident by the
presence of only narrow and partial moor fields without a
clustering pattern. The survey conducted in 2020 also showed
that most moor fields were not utilized, even neglected. This
then resulted in paddy field conversion in 2000-2017
reaching 3,828.67 ha or equivalent to 1.28%. In 2017, the
remaining moor fields were 24,661.04 ha or equal to 8.35% of
the total area in Bogor Regency. East Bogor is the region with
the most extensive moor fields.

Accumulatively, the plantation/garden area in this
regency also increased by 1.01%. The results of the satellite
image analysis showed that plantations are spread in the
western, southern, and eastern parts of Bogor Regency. The
central and northern parts of Bogor Regency do not have
many plantation areas because these areas are mostly used
for industry and housing. The plantation area is dominantly
for banana cultivation with an area of more than 50% of the
areas for other commodities (BPS, 2020). Land conversion
into plantation areas was mostly found in volcanic and
structural landforms, located in the southern part of Bogor
Regency (Munajati et al, 2019). The structural and volcanic
landforms in Bogor Regency tend to have fertile soils yet
require careful management because they mostly have
undulating landscapes.

The accuracy of the land cover map in this study had a
value of 94.81% with a kappa statistic of 0.93. Most of the
errors were dominated by misinterpretation of shrubs and
fields or moorfields. Errors were also found because the land

cover had changed in the last three years, while the databases
used were images taken in 2017.

Land Facet Setting in Bogor Regency

The physical aspect analyzed in the assessment of
ecosystem services is the landscape aspect. At a semi-detailed
scale, the terminology for landscape is a land facet. In
general, Bogor Regency is dominated by volcanic, structural,
karst, and fluvial landforms (Munajati et al, 2019;
Sumartoyo, 2010). The volcanic landform is located in the
southern part, evident by the presence of three volcanic cones
consisting of Mount Gede, Pangrango, and Salak. Structural
landform can be identified by the presence of hills in the
eastern and western parts. The next process is the
development of karst and fluvial landforms due to
endogenous processes.

The results of the land facet analysis showed that Bogor
Regency consists of 28 landforms. Volcanic landforms
dominate Bogor Regency. These landforms have long been
known to have fertile soil conditions because soil
rejuvenation takes place properly. The volcanic area in Bogor
Regency however is not identical with agricultural land as in
some other volcanic regions in Indonesia. This is because the
volcanic areas in Bogor Regency function as forests. The
existence of forests is protected by regulations, which prevent
them from contributing optimally to food provision, yet
allow them to have a major contribution to ecosystem
services in terms of water management and recreation.

The structural area is dominated by low hills in
sedimentary rocks with an area of 32,278.67 ha. The
structural landforms are widely used for plantation
commodities. Interestingly, the structural areas in some
locations are also used as rainfed paddy fields. The fact that
rice plants are chosen instead of horticultural crops in an
undulating landscape indicates that the community prefers
growing staple food crops, i.e. rice. In this modern era of
technology and transportation, it is quite easy to import food,
especially rice, but people still try to reach food self-
sufficiency even though it is quite challenging because they
have to plant on the undulating landscape.
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Fluvial landforms dominate the northern part of Bogor
Regency (Figure 3). These landforms are characterized by
relatively flat areas with fertile surface soil material. The
fertile material is due to the erosion process in the upstream,
namely Mount Gede, Pangrango, and Salak which are carried
by water flows. Fluvial landforms play an important role in
ecosystem services, especially for provisioning food and
regulating water. The presence of paddy fields in the
northern part of Bogor Regency will increase the ecosystem
services index for food provision in this region. Furthermore,
the presence of several large lakes such as Lake Cikaret,
Citatah, Gedong, and Bentenan can help water storage and
maintenance in the research location.

The northern area, which is dominated by slightly incised
alluvial fans, has high potential to be developed as an
agricultural area, especially as paddy fields. Currently, there
are still quite a few paddy fields in this area, but it is
challenging to maintain the existence of the paddy fields.
This is due to unstoppable population growth which causes
housing needs to keep increasing over years.

The karst landforms are located in Klapanunggal,
Ciampea, Gunung Putri, Ciseeng and Rumpin Subdistricts
(Munajati et al., 2019; Putri et al., 2017). The karst landforms
in Bogor Regency are used for mining materials instead of
growing food crops. The economic value of limestone mining
is higher than growing food crops.

Ecosystem Services Analysis

The results of the analysis showed that the highest water
provision function is found in the land cover of forest and
plantation with a value of 0.1406. In good conditions, forests
and plantations can absorb rainwater which then infiltrates
into the ground, recharging groundwater aquifers or rivers.
Furthermore, water bodies also play an important role in
storing surface water so they have a quite high value, i.e.
0.125. The lowest value of the water provision function is
found on empty land, i.e. 0.0625 because surface water on
empty land immediately runs off the land surface. The value
of water provision and water and flood management has a
fairly strong correlation. However, the role of water bodies is
more significant than that of forests and plantations in terms
of water and flood management. The value of water bodies
reaches 0.1429, while that of forests and plantations is 0.1286.

Paddy fields have the highest weight in terms of food
provision with a value of 0.1471. Interestingly, the results of
the expert judgment showed that moorfields have a lower
weight than forests in terms of food provision although
moorfields can yield food crops for consumption. The lowest
weight in terms of food provision function is found in land
cover in the form of settlements with a value of 0.073.
Plantations and forests also have a significant effect on
recreational and ecotourism activities with a value of 0.1406,
including other non-cultivated plants with a value of 0.125.
This indicates that the main attraction for recreational and
ecotourism activities in Bogor Regency is nature. This is
understandable because most tourists come from Jakarta,
who see skyscrapers almost every day. On the other hand, the
land cover that is least contributing to recreational and
ecotourism activities is empty land, with a value of 0.0469.

Slightly incised alluvial fans and gently undulating
volcanic plains are the land facets with the highest weight in
terms of clean water and food provision. The results of
sedimentation in the form of minerals and nutrients that

fertilize the soil from the upstream of Bogor Regency stay on
this land facet, allowing this area to be good as agricultural
land. Shallow groundwater and abundant surface water also
serve as added values for this area, making it have a high
weight. However, the land facet, which is identical to natural
border, has a minimal contribution to the function of water
and food provision. This is caused by land with steep slopes
that can neither be used for cultivating food crops nor absorb
water.

The land facets that have a high contribution to water and
flood management include: 1) gently to steeply undulating
sedimentary plains; 2) slightly incised volcanic alluvial fans,
and 3) gently undulating volcanic plains. The three land
facets weigh 0.045. These areas have a high weight in the
function of water and flood management because these areas
are the location of the reservoir and water management in
Bogor Regency. There are at least more than 100 lakes
throughout Bogor Regency (Suryanta, 2016). On the other
hand, the land facet that has the highest weight in terms of
supporting tourism and ecotourism activities is found in low
hills in acid volcanic tuff and gently undulating volcanic
plains. In addition, areas with a natural border setting still
become the land facet with the lowest weight in terms of the
four aspects of ecosystem services analyzed in this study.

The calculation of the result of integration between the
weight of the land cover and land facets on water and food
provision function in Bogor is still relatively low. The analysis
results showed that 36.07% of the areas in Bogor Regency
have a very low capacity in terms of food provision (Figure
4). This is quite unfortunate considering the fact that Bogor
Regency has the physical potential to be developed as
agricultural land (Azra et al., 2014; Trimarmanti, 2014).
Worse, a new problem arises when food demand increases
faster than food production (Dangulla et al, 2020; Saptana et
al., 2013; Sulaiman et al., 2019).

In addition, the percentage of food and clean water
provision was slightly declining. Accumulatively, the decline
in clean water provisioning function reached 11% or
equivalent to 34,614.55 ha. This decrease was caused by the
conversion of catchment areas into settlements in alluvial
fans which could serve as groundwater reservoirs. Many of
the paddy fields and moor fields in this area were also
converted although the area also served food provisioning
function.

Ecosystem services in terms of water and flood regulating
functions in Bogor Regency also experienced a significant
decrease, particularly in the northwestern to northern part
(Figure 5). Although there has been no news about massive
floods in Bogor Regency, it is necessary to carefully consider
the decline in water and flood regulating function. Most of
the decline was found in the northwestern to northern part
with a decrease reaching 20.59%. Bogor Regency received
significant benefits by the existence of several large rivers and
lakes which have brought tremendous impacts on water and
flood regulation. In addition, it is also crucial to make river
and lake normalization efforts to improve water and flood
regulating function and reduce the negative impacts of future
land-use changes.

There are some subdistricts with a very low index in terms
of water and flood regulating function, such as Tanjungsari,
Sukamakmur, and Cariu. Another interesting fact was found,
i.e. there was a decline in the water and flood regulating
function in the northwestern part, such as Jasinga and Tenjo
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Subdistricts. These subdistricts still had an index of water
regulating function at moderate to high levels. However, the
decline in the period 2000-2017 was a serious warning for the
government to pay attention to, so as to prevent floods from
hitting in the future. The expansion of the satellite city has
started to enter the northern border area. A real
manifestation of the threat is when new housing clusters start
to be built, which in the next few years will certainly create
pocket neighborhoods and as a consequence will reduce
agricultural land.

The greatest potential that Bogor Regency has is tourism
and ecotourism. The accumulation index of tourism and
ecotourism activities reaches 0.99 and the areas with a high
index reach 66.70% in 2017. On the other hand, the tourism
and ecotourism sectors had different trends if compared to
the other three aspects of ecosystem services. The northern
part is not attractive for recreational activities because this
area is a slope and filled with settlements and bald land. The
southern part, however, presents natural tourism with a high
index because this area has a unique and attractive landscape.
Some areas in the southern part, for example, Puncak and
National Park are still the main tourism choices with an
index of almost one. The attractiveness of the tourism aspect
can be seen from the relatively high settlement growth in the
Puncak area. Lisnawati & Wibowo (2010) also highlighted
the phenomenon of increasing residential areas in Puncak
due to the proliferation of new tourism areas.

The great tourism potential of this area should also be of
serious concern for the government. This is because the
highest decline in the quality of ecosystem services was found
in this sector. Overall, the decline in tourism and ecotourism
functions reached 115,483.94 ha or 38.47% of the total area of

Bogor Regency. This means that there is a phenomenon
concerning the land-use change system in Bogor Regency
that requires a serious concern. It is also necessary to conduct
a detailed study of the attractiveness and aesthetic value of
landscapes to reduce the domino impact of land-use change
for tourism and ecotourism sectors.

The accumulation of the four aspects of ecosystem
services has a unique pattern. The areas with the highest
index are located in Jasinga and Tenjo Subdistricts. The
aspect of food and water provision has an important
contribution to the high accumulation index of ecosystem
services in this region. Spatially, the distribution extends to
the northwestern part of Bogor Regency with an index of
0.98. On the other hand, areas with a very low accumulation
index are located in areas with natural borders and empty
lands, such as Jonggol, Nanggung, and Cigudeg Subdistricts.
A decline in the accumulative ecosystem services functions
was found mostly in the central part, extending from the
northern to the southern part (Figure 6).

The total area with the highest accumulative ecosystem
services index fell in the very low category (Table 3). This
requires a serious concern considering the fact that an
increase of 10,951.68 ha occurred within 17 years. Areas
with a very low index are mostly not productive and located
far from the settlement areas, so these areas do not bring a
very negative impact on human life. settlement areas. It is
important to be dealt with and controlled so as not to harm
and disrupt human activities in the surrounding. In addition,



