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Abstract. Land use and land cover (LULC) have a significant impact on changes in the value of
ecosystem services. Therefore, this study investigated the relationship between ecosystem service
value (ESV) and LULC in Aceh Besar Regency by calculating nine ESV variables, namely gas regulation
(GR), water supply (WS), soil formation (SF), waste treatment (WT), biodiversity protection (BP), food
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production (FP), raw materials (RM), recreation (RC), and culture (CT) on each type of land cover in
Aceh Besar Regency in three years: 2000, 2010 and 2020. The results showed that both decades saw
in all three years, there was a decrease in the value of the forest ecosystem in Aceh Besar Regency
due to the addition of activities and population needs, resulting in the conversion of forest land into
built-up areas. This indicates that there is a relationship between land use and land cover change
and human activities that have the potential to negatively affect the value of ecosystem services.

Introduction

Ecosystem services (ES), which include the supply
of resources, control of biological processes and
the cultural and aesthetic experiences provided by
ecosystems, are the priceless advantages that humans
derive from nature. The study of ecosystem services
is crucial because it enables us to comprehend the
complex interactions between people and nature.
The term “ecosystem services” refers to the wide
range of advantages that ecosystems offer to people,
such as the supply of resources, control of natural
processes, stimulation of the senses, support for
human health and livelihoods, and experiences of
culture and beauty (Sandifer et al. 2015; Song and
Deng 2017; Zhang et al. 2017; Crouzat et al. 2022).

Studying ecosystem services promotes sustainable
development and gives crucial information for
accomplishing sustainable development objectives.
Numerous products and services that are essential
for human existence and economic growth are
provided by ecosystems, such as food, water and
lumber. Ecosystem services’ significant contribution
to the world’s economies have been calculated in
terms of economic worth (Costanza et al. 1997;
Costanza and Kubiszewski 2012). Policymakers
and resource managers may make well-informed
decisions that prioritize the natural resources’
sustainable use while preserving their long-term
availability by comprehending the function and
value of ecosystem services. Several possible benefits
of exposure to natural surroundings are improved
mental health, stress reduction and general well-
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being (Hartig et al. 2014). Ecosystem services will
help us comprehend how nature improves human
health, happiness and quality of life, and will also
help us with design strategies to maximize these
benefits for individuals and communities.

We can better understand the function of
ecosystems in regulating the climate and develop
plans for their preservation and restoration by
researching these functions. To increase the efficacy
and resilience of climate change mitigation and
adaptation methods, there is a need to incorporate
ecosystem-based approaches (Costanza et al. 1997).

Previous research on ecosystem services has shed
important light on how environment and human
well-being are interdependent. If conservation
initiatives, sustainable development strategies and
policymaking at various scales are to be effective, it is
crucial to comprehend the provisioning, regulating,
cultural and health-related services provided by
ecosystems. We may work toward a more balanced
and harmonious relationship with our environment
and ensure that benefits continue to be provided for
both present and future generations by appreciating
the importance of ecosystems and the services they
provide.

The availability of these services is decreased
when natural habitats are converted to agricultural
or urban areas. For instance, agricultural
deforestation can result in worse soil, poorer water
quality and biodiversity loss, all of which have an
adverse effect on food production and water supply.
There is a need for sustainable land management
strategies that balance resource extraction with
ecosystem preservation by demonstrating the trade-
offs between land conversion for agriculture and the
possible loss of other ecosystem services (Foley et
al. 2005).

Deforestation and reforestation are two examples
of changes in plant cover that might interfere with
these regulatory functions, increasing greenhouse
gas emissions, lowering water quality and increasing
susceptibility to natural catastrophes. In order to
prevent climate change and foster resilience, the
effects of land use change on the global carbon cycle
must be understood and the importance of taking
these regulatory functions into account in land
management choices must be emphasized (Vitousek
et al. 1997).

The provisioning, regulating, cultural and
sustaining functions of ecosystems are impacted by
changes in LULC, which have a considerable impact
on the value of ecosystem services. For the purpose
of advancing sustainable resource management,
protecting biodiversity and guiding policy choices, it
is essential to comprehend these consequences. We
may work towards a more balanced and harmonious
approach to land management, guaranteeing the
continuous availability of benefits from nature for
current and future generations by acknowledging
the interdependence between land use changes and
ecosystem service value.

Materials and methods

The LULC transformation uses the findings from
previous research (Achmad et al. 2023). The study
location is shown in Figure 1. In this section, only
the calculation of ESV and its relationship with
LULC transformation are presented. Ecosystem
service variables are 1) gas regulation (GR); 2)
water supply (WS); 3) soil formation (SF); 4) waste
treatment (WT); 5) biodiversity protection (BP); 6)
food production (FP); 7) raw materials (RM); 8)
recreation (RC); and 9) culture (CT) (Costanza et
al. 1997; Estoque and Murayama 2012):

ESV:Z (AL X VCL)

where:

ESV: ecosystem series value

A;: the area of the i land ecosystem (ha)

VC: ecosystem services value per unit area of the
ith land ecosystem

Results and discussion

Land cover change and population growth
in Aceh Besar

The global ecosystem services are being reduced
as a result of human-induced challenges such as
population growth, urbanization and agricultural
development, which is causing LULC transitions to
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Fig. 1. Study location
Source: Achmad et al. 2023

proceed quickly (Song et al. 2015). The existence of
reliable information on LULC changes is essential
for land management and planning (Fan et al.
2019). Figure 2 describes land cover changes in
Aceh Besar Regency for each decade from 2000 to
2020. In this research, there are six land covers that
are observed for changes, namely bare land, built-
up area, cropland, forest, grassland and water body.
Information on the extent of these land covers was
retrieved from previous research (Achmad et al.
2023).

Population and GDRP have a considerable
influence on the dynamics of land cover area
changes. Table 1 shows the population in Aceh
Besar for the years 2000, 2010 and 2020, where
there was an increase in population of 116,778.
If data on population and land cover change are
linked, there is some interesting information that
could be taken away.

By the year 2010, there had been a significant
increase in both population and built-up area. The
addition of 112,156 persons affects the development
in Aceh Besar. Construction to meet basic human
needs might have happened while converting bare
land to built-up areas. At the same time, there
was an increase in cropland of 2,807 ha. This
is in accordance with one of Aceh Besar’s main

ase BO2899A1 (000429) 1102

livelihoods, which is farming. The bare land area
continued to decrease in the second decade, and the
built-up area continued to increase. This indicates
that population growth affects the conversion of
bare land to built-up areas for living and activities,
as well as to land with specific purposes to support
livelihoods, such as cropland. The expansion of
agricultural land for food production was the main
driver of ESV changes in the area (Muche et al.
2023).

Dynamic changes happened to the area of the
forest. In 2010, there was a decrease of 220 ha
forest in conjunction with the population growth.
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Fig. 2. Land Use and Land Cover Change (LULC) in 2000, 2010

and 2020
Source: Achmad et al. 2023
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Table 1. Population of Aceh Besar Regency
in 2000, 2010 and 2020

Year Total Population
2000 288,757
2010 400,913
2020 405,535

Source: BPS Aceh Besar (2000, 2010, 2020)

This may have been due to the conversion of forest
land into area to support population needs or
deforestation. The reduction continued to happen
in the next decade, with a further reduction of 600
ha of forest land compared to the previous decade.
This phenomenon should be addressed before it
becomes harmful to the environment.

The most notable factor contributing to ecosystem
deterioration in many locations is the conversion of
natural areas into farms and urban areas (Elias et
al. 2019). Thus, creating and enforcing suitable land
use rules that balance the demands of agricultural
and settlement land is crucial to achieving stable
regional sustainability (Muche et al. 2023).

ESV calculation

There are nine ecosystem services used in this study
for each land use category. The values for each
service were retrieved from the work of Costanza et

Table 2. Equivalent value

al. (1997). Some academics have utilized Costanza’s
global ecosystem services assessment model to
focus on a particular region, species, community or
ecosystem (Holmlund and Hammer 1999; Ronnback
1999). The values in Table 2 are used to indicate
each ecosystem service for each land cover type. The
multiplication tables are provided in Tables 4-6.
ESV is calculated using the equation:

ESV = X(Ak x VCk)

where:
ESV = total ecosystem service value
Ak = area (ha)
VCk = Value Coefficient (Table 2)
k = land cover type
The exchange rate used is USD 1 = IDR 15,522

(2023 currency rates). The following table shows the
calculation of ESV in rupiah for each type of land
cover in Aceh Besar Regency with time series 2000,
2010 and 2020. The total ESV values (Tables 4 to 6)
generated in the three tables have been multiplied by
the exchange rate in Table 3. data.

The comparison between ESV results in 2000
and 2010 shows the escalating results in three land
use cover categories, which are cropland, grass land
and water body. However, on the other side, forest
experienced a decrease in ESV value due to the
downsizing of its area. This phenomenon continued
to happen for the next decade. Cropland, on the
other hand, increased by 4,771 ha, due to the increase
in farming activities among people in Aceh Besar.

Land Use Categories
. . Non
Equivalent Value Bare - Built-up Cropland Forest Grassland Water built-up
land  area body

area
Food Production - - 1 0.80 1.24 0.76 -
Raw Materials - - 0 2.56 0 0 -
Gas Regulation - - 0 0 0.13 0 -
Climate Regulation - - 0 2.65 0 0 -
Hydrological Regulation - - 0 0.09 0.06 0.14 -
Waste Treatment - - 0 1.61 1.61 12.31 -
Soil Formation and Conservation - - 0 8.65 0.56 0 -
Biodiversity Maintenance - - 0.7 0.33 0.89 0 -
Providing Aesthetic Value - - 0 1.26 0.04 426 -
Total - - 1.7 17.95 4.53 17.47 -

Source: BPS Aceh Besar (2000, 2010, 2020)
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Table 3. ESV rate conversion

Equivalent to Biomes/  ESV Coefficient ESV.
Land Cover Type Ecosvstems (US$/ha/year) Coefficient
4 Y (Rp/ha/year)

Agricultural land Cropland 92 1,428,024
Water body Wetland 14.785 229,492
Forest and Vegetation Tropical Forest 2.007 31,152,654
Built-up land Urban 0 0
Open land Desert 0 0

Source: Rahman and Szabd 2021; Widayani et al. 2023

This trend then decreased in the next decade, when
the land for crop area decreased. Despite increases
in the production of food, timber and housing,
human-dominated land-uses (such as urbanization
and agricultural demands) had a detrimental impact
on the provision of ecosystem services (Assefa et al.
2021)

The importance of forest ecosystems as a primary
source of raw materials means that changes in
this area have a direct impact on the value of raw
materials. There was a rise in PDCM (magnitude of
population density change) accompanied by a drop
in the volume of changes in the raw material value
per unit area. The number of changes in the value of
raw materials per unit area will be lessened, though,
as urban growth and expansion take the place of
farms and woods as the PDCM increases above
a specific threshold (Fei et al. 2015).

Human activity has a significant impact on the
value of ecosystem services (Keller et al. 2015; Msofe
et al. 2019). Irrational human actions will reduce the
benefits that ecosystems provide or even undermine
the ecological foundation that sustains human
society’s ability to grow sustainably, if people fail to
recognize or value ecosystem services (Soy-Massoni
et al. 2016; Kertész et al. 2019).

The maintenance of many ecosystem services
was negatively impacted by land reclamation and
other human actions that drastically altered the
structure of ecosystems (Kubiszewski et al. 2013).
The value of ecosystem services per unit area may
therefore decrease in the absence of rigorous land
management and planning for rural development.
The value of regulating climate change, conserving
water and providing entertainment and culture per
unit area decreased at a slower rate as population
density change (PDCM) increased (Fei et al. 2018).

Decreases in ecosystem services brought on by
LULC changes may have an effect on the region’s

Citation: Bulletin of Geography. Physical Geography Series 2024, 26, http://doi.org/10.12775/bgeo-2024-0005

actual and prospective resistance to factors brought
on by human activity, as well as the livelihoods of
those who depend on the land (Muche et al. 2023).
LULC changes have negative impacts on ecosystem
services (Estoque and Murayama 2012; Achmad
et al. 2020). However, biodiversity resources that
uphold the stability of ecological communities can
enhance ecosystem functions (Li et al. 2017). Rapid
land conversion resulting from changes in LULC will
cause a decrease in ESV (Admasu et al. 2023).

Conclusion

The study of LULC changes in Aceh Besar Regancy,
Aceh, Indonesia, highlights the complex relationship
between human activities and ecosystem services.
The findings emphasize the importance of sustainable
land management practices to protect the valuable
benefits provided by nature. Urban development
and other human activities can alter land use and
have a significant impact on ecosystem services. The
research shows that the value of ecosystem services
in Aceh Besar Regancy decreased from 2000 to
2020, largely due to changes in LULC. While these
changes have negative effects on ecosystem services,
they can be mitigated through careful planning and
management.
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