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This research aims to analyze ecosystem services providing food and water as a basis for
sustainable land use planning in the Samin watershed. This type of research is a descriptive
survey. This research describes spatially the ecosystem services of providing food and water
in the research area, which is processed using a Geographic Information System (GIS) with
output in the form of an ecosystem services map. The research results show that the Samin
watershed Ecoregion is mostly (54%) in the form of Fluvio-volcanic Plain Pyroclastic material
and the land cover is dominated by irrigated rice fields (43.69%) influencing the high level of
food supply ecosystem services in the Samin watershed, so that the majority (59%) provision
of ecosystem services including food is very high. Most of the Samin watershed water supply
ecosystem services (72%) are in the high category, influenced by ecoregional conditions and
land cover of the Samin watershed. The land cover of the Samin watershed is mostly (72.96%)
in the form of land cover which functions for water absorption, and the density of the land
cover is mostly (49.721%) including very high density. The research results can be used as a

reference for the government in determining policies towards sustainable land use.

1. INTRODUCTION

Ecosystems provide potential that can be utilized to improve
the quality of life of humans and other living things. The
benefits directly and indirectly obtained by humans from
ecosystems to meet their needs are called ecosystem services
[1]. Ecological processes in ecosystems will produce benefits
through ecosystem services that contribute to the quality and
well-being of human life [2]. Humans can utilize ecosystem
services to meet their needs, including ecosystem services
provision, regulatory ecosystem services, supporting
ecosystem services, and cultural ecosystem services [3, 4].
One strategy that can be used for environmental management
is to increase public understanding of the importance of
environmental ecosystem services [5].

The negative pressure of regional development on
ecosystems exceeding the carrying capacity of ecosystems can
result in an imbalance between supply and demand for
ecosystem services [6]. Ecosystem services can represent the
condition of the environment's carrying capacity and carrying
capacity. The ecosystem services approach measures
environmental carrying capacity [7]. The higher the ecosystem
services, the better the environment's carrying capacity and
accommodating Capacity. This is because ecosystem services
contribute to ecosystems' overall health and productivity,
allowing more fantastic population support without destroying
habitats [3]. As human population and economic activity
increase, so does the demand for ecosystem services,
potentially exceeding the environment's carrying capacity.

3577

This can lead to ecosystem degradation, which can reduce the
provision of ecosystem services and threaten human well-
being [8]. Conversely, ecosystem conservation and restoration
can help maintain or even increase the carrying capacity of
ecosystems and provide ecosystem services [9].

Over the past 100 years, climate change [10], environmental
pollution [11, 12], ecological damage [13, 14], and land-use
change [15] have had enormous impacts on ecosystem
function and consequently led to a significant reduction in
ecosystem services, impacting human survival [16, 17].
Human activities that do not pay attention to the environment
and do not apply the principles of sustainable development
cause serious environmental damage. Severe damage caused
in some ecosystems causes ecosystems to become irreversible
and their carrying capacity to be exceeded. Therefore,
researchers' attention to the function of ecosystem services is
increasing [4].

Food and water supply ecoregion conditions and good land
cover influence the quality of ecosystem services. The quality
of land cover and ecoregion conditions will affect the quality
of ecosystem services [18]. The availability, needs and quality
of ecosystem services are, among others, influenced by
changes in land use and land cover. Increasing population and
urbanization in urban areas will decrease the quality of
ecosystem services. The quality of freshwater ecosystem
services is also affected by changes in land use and land cover
[19].

Land use planning that uses the basis of ecosystem services
can optimize planning results to realize sustainable land use.
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Policymakers should pay attention to carrying capacity [20]
and changes in ecosystem services in policy formulation and
planning [6, 21, 22]. However, regional characteristics, such
as watersheds and ecoregions, must be considered in assessing
carrying capacity and ecosystem services in sustainable land
use planning [23]. Watersheds play an essential role in
Ecosystem Services. One of the main impacts of watershed
problems on ecosystem services is a decrease in water quality.
Pollution from agricultural runoff, industrial waste, and other
sources can degrade water quality, making it less suitable for
drinking, irrigation, and other uses. This can lead to decreased
provision of services, such as water supply and storage, that
are essential for human well-being and economic development
[13,24].

Samin watershed is one of the sub-watersheds of the
Bengawan Solo River in Java, Indonesia. Samin watershed is
one of 282 watersheds in Indonesia in critical condition [25].
Currently, the sustainability of forest resources in the upper
reaches of the Samin watershed is threatened due to human
exploitation of the forest. Land use in the Samin watershed has
undergone significant changes, with increased settlement area
and reduced forest area [26-28]. Very high population pressure
on land causes complex problems in the Samin watershed,
which has an impact on decreasing the watershed's carrying
capacity function and resulting in environmental problems
such as floods, droughts, landslides, and critical land [29].
Flood events have been recorded in recent years, namely in
2013, 2014, 2015 and 2016. The complexity and complexity
of the relationship between abiotic-biotic and cultural
components in the ecosystem in the Samin watershed is caused
by the watershed's multipurpose and multiple conflicts of
demand or needs [30]. The natural ecosystem in the Samin
watershed overlaps with artificial ecosystems / social
ecosystems, so many consequences arise due to the
interrelationship between natural ecosystems and social
ecosystems in the Samin watershed. In order to prepare
regional spatial planning, considering that the Samin
watershed is part of the upstream Bengawan Solo watershed,
which has an essential function as a water catchment area, it is
necessary to analyze the carrying capacity of the environment
so that land use in the Samin watershed is following its
carrying capacity. Ecosystem services can represent the
condition of the carrying capacity of the environment. The
results of the environmental carrying capacity analysis based
on the analysis of ecosystem services will be used as a basis
and direction for land use of the Samin watershed so as not to
cause environmental problems, which in turn will affect the
balance of the ecosystem, especially in the upstream
Bengawan Solo watershed. Evaluation of ecosystem services
assessments is urgently needed to support better ecosystem
management and reduce the increasing scarcity of ecosystem
services over time [31].

The Samin watershed problem is a watershed problem
around the world. Efforts to solve these problems are through
ecosystem service analysis. Ecosystem Services Analysis has
never been carried out in the Samin watershed. The approach
used in the analysis of ecological services in other studies does
not consider the integration and interaction between
approaches, such as the research of Anjinho et al. [32], which
examined the impact of land-use change on aquatic ecosystem
services. Furthermore, Varyvoda and Taren [33] research
analyzes food supply ecosystem services. Analysis that only
focuses on one approach may not be able to answer very
complex watershed problems. So this research seeks to
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combine ecoregion analysis, land cover, water and food supply
ecosystem services to solve the very complex problems of the
Samin watershed. Similar efforts can be made in other
watersheds worldwide to reduce degradation, improve
environmental quality and comfort, and preserve ecological
values and biodiversity [34-36].

The objectives of this study are to (1) analyze the ecoregion
and land cover in the Samin watershed, (2) analyze the
ecosystem services for the supply of water in the Samin
watershed, (3) analyze the services of the food supply
ecosystem of the Samin watershed, and (4) analyze the land
use planning based on the services of the water and food
supply ecosystem.

2. METHODS

The location of the study is the Samin watershed, which is
part of the Karanganyar Regency and Sukoharjo Regency,
Central Java Province, Indonesia. The study site is
astronomically located at 7° 33" 57" S - 7° 42" 54" S and 110°
52'27"E-111°11' 27" E. The Samin watershed is part of the
upstream Bengawan Solo watershed, which has an essential
function as a water catchment area, so it is necessary to analyze
ecosystem services so that land planning in the Samin
watershed follows its Carrying Capacity.

This type of research is a descriptive survey, collecting a
large amount of qualitative and quantitative data
simultaneously. Research results are analyzed descriptively
using a spatial approach, which is an approach to
understanding specific symptoms on the earth's surface that
pays attention to the position of space in the analysis [37]. This
study spatially described ecosystem services for food and
water supply in the research area, whose treatment was using
a Geographic Information System (GIS) with output as a map
of ecosystem services.

The study population is the entire ecoregion, and a saturated
sampling technique covers land cover in the Samin watershed.
The research was conducted through three stages, namely, pre-
field stage, field stage, and post-field stage. The primary data
for ecosystem services assessment are ecoregion, land cover
and land cover density.

2.1 Analysis of ecoregion and land cover in the Samin
watershed

Ecoregion analysis is carried out through overlays of
geological maps and landform maps. The Geological Map of
the Samin watershed is sourced from the Systematic
Geological Map of Indonesia Ponorogo, Surakarta and
Giritontro Sheets on a Scale of 1:100,000. Meanwhile, the
Land Formation Map is sourced from SIDIGI (Results
Dissemination  Information System and  Geospatial
Information) P3E Java.

Land cover analysis is carried out through the following
stages: (a). Digital interpretation of Landsat 8 imagery and
land cover classification using Supervised Classification, (b).
An image accuracy test using a matrix table of image
interpretation accuracy tests aims to test the accuracy of image
interpretation results and field data verification (c). Land cover
data verification is conducted by conducting a field survey at
a location determined as a sample (d). Match the data from
image classification to data verification, then reinterpreting,
and (e). Analyze land cover.



2.2 Land cover density analysis

Land cover density analysis is carried out as a basis for
ecosystem service analysis. The stages in the land cover
density analysis are as follows:

a) Vegetation transformation analysis using NDVI
(Normalized Difference Vegetation Index) land cover from
Landsat 8 imagery, with the formula:

NDVI:(NIR—VIS)
(NIR+VIS)

Description:

NDVI=Vegetation index value

NIR=Near-infrared radiation value

VIS=The radiation value of red waves appears

b) Classification of vegetation index values obtained from
NDVI transformation (the closer to number 1, the higher the
density).

¢) The land cover density from NDVI analysis was matched
to the land cover density in the field and reinterpreted.

d) Analyzing land cover density.

2.3 Ecosystem services analysis

Determination of environmental ecosystem services is
carried out by:

1. Establish ecosystem services proxies through look-up
tables for each land cover class.

2. Develop ecosystem service proxies through expert
judgment that assesses the ecosystem service potential of each
land cover class.

3. Establish ecosystem service proxies by identifying
relationships between ecosystem processes and services
produced.

4. Extrapolate ecosystem services data collected through
primary surveys and mapped through cartographic processes.

Experts assess ecosystem services by filling out a
questionnaire prepared to assess each ecosystem service's
weight from each type of ecoregion and land cover. The
distributed questionnaire contained a table that illustrated the
comparison of the scale of ecosystem service assessment for
each land cover class and type of ecoregion. The questions are
based on theory and knowledge, observations, and expert
experiences on factual conditions. Mapping ecosystem
services with a land-use-based proxy approach that uses expert
judgment from multiple disciplines can produce a
comprehensive assessment. Expert assessments qualitatively
and quantitatively can be considered as data so that they can
be used as weights on various land classes.

Using the reference to the Guidelines for the Preparation of

Carrying Capacity and Environmental Carrying Capacity by
the Ministry of Environment and Forestry of the Republic of
Indonesia, the determination of environmental ecosystem
services is weighted 28% for landscapes (ecoregions), 12% for
natural vegetation types (vegetation density), and 60% for land
cover. After obtaining the score and weight, the environmental
service performance index was calculated using the Simple
Additive Weight method.

2.4 Land use planning

Land use planning is carried out by making zoning based on
the part of the watershed. Each zoning is tabulated by entering
parameters such as water carrying capacity, land balance
carrying capacity, food supply ecosystem services, and water
supply ecosystem services. The results of the tabulation are
used as a reference in the preparation of land use directives.

3. RESULT AND DISCUSSION
3.1 Ecoregion and land cover of Samin watershed

The ecoregion is a geographical area with general
characteristics of landforms, soil, water sources, climate,
animals and vegetation throughout the earth's biosphere. The
division of ecoregions in the Samin watershed is presented in
Table 1.

Based on Table 1, the Samin watershed has a diverse
ecoregion. Based on the type and characteristics of landforms,
the subdivision of the Samin watershed ecoregion with an area
of 32,378.88 ha is divided into six ecoregions spread across
two districts and 12 sub-districts, as presented in Figure 1.

SAMIN WATERSHED ECOREGION MAP

———

PEPE WATERSHED

JLANTAH WATERSIED

B O Lawu Volcano Lava Dome
sicmaterial [ The slopes of Lawu Volcano contain pyroelastis material,

Figure 1. Samin watershed ecoregion map

Table 1. Ecoregion division in Samin watershed

No. Ecoregion Code Watershed Slopes Area (ha)
1 Fluvio-volcanic plains pyroclastic material F2-Fv Downstream Watershed 13460,98
2 Fluvio-volcanic plains pyroclastic material F2-Fv Central Watershed 4136,12
3 Plateau of the Foot of the Volcano Pyroclastic Material V7-Pk Upstream Watershed 1925,92
4 Plateau of the Foot of the Volcano Pyroclastic Material V7-Pk Central Watershed 4797,22
5 the Foot of the Volcano Pyroclastic Material V6-Lw Upstream Watershed 488191
6 Lawu Volcano Cone Pyroclastic Material V3-Lw Upstream Watershed 707,06
7 Old Lawu Vulcano Lava Dome V1-LwT Upstream Watershed 1237,66
8  The Slope of Lawu Volcano contain Pyroclastic Material V5-Lw Upstream Watershed 1232,02

Total Area 32378,88
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Ecosystem services can be determined by endogenous
factors and the dynamics of exogenous factors, which are
reflected by two components, namely ecoregion conditions
and land cover (land cover/land use) as estimators or proxies
[20]. Ecoregion maps contain information about landscape
characteristics in the form of geomorphology and
morphogenesis that can describe the boundaries of these
characteristics so that differences can be seen. Ecoregion maps
can indicate ecosystem functions that may be dominant in a
particular ecoregion because each type of ecoregion forms and
has ecosystems and ecosystem functions according to their
respective characteristics. Ecoregion maps and land cover
maps are combined to provide more detailed information for
ecosystem services assessments than information based on
land cover data alone. The assessment of ecosystem services
based solely on land cover is considered to have several
shortcomings. Therefore, ecoregion data is used as variables
or additional data in addition to land cover data to determine
the relationship between ecosystem processes and services and
produce maps of ecosystem services. The condition of the
Samin watershed ecoregion is mostly (54%) in the form of
Fluvio-volcanic Plains Pyroclastic Material (F2-Fv), affecting
the high service of food supply ecosystems in the Samin
watershed. Ecoregion F2-Fv is originally a volcanic landform
process in volcanic plains through volcanic activity
originating from tuff deposits. This region has a slope to
undulating topography, and material deposits from Mount
Lawu, which have high fertility, allow for the development of
agricultural land as food producers.

Land cover is a biophysical cover on the earth's surface that
can be observed due to human regulation, activities, and
treatment carried out on certain types of land cover to carry
out production, change, or maintenance activities on land
cover [38]. Samin watershed has a lowland morphology with
land cover including buildings, settlements, secondary
highland forests, grasslands, irrigated rice fields, rainfed
fields, dry land, plantations, and pine forests. Land cover
information was obtained based on the results of the
interpretation of Landsat 8 imagery coverage of the Samin
watershed in 2021. The area of the land cover of the Samin
watershed can be presented in Table 2. The spatial distribution
of land cover of the Samin watershed is presented in Figure 2.

The most oversized land cover in the Samin watershed is
irrigation rice fields, with an area of 14,158.48 Ha (43.69%);
next is land cover in the form of settlements, with an area of
8,650.03 Ha (26.69%). The narrowest land cover is rainfed
rice fields with an area of 9.5 Ha (0.03%).

Table 2. Samin watershed land cover in 2021

No. Land Cover Area (ha) Percentage (%)
1. Building 112.60 0.35
2. Secondary Upland Forest 427.13 1.32
3. Pine Forests 1520.21 4.69
4. Empty Land 42.82 0.13
5. Grass Land 94.67 0.29
6. Plantation 1775.34 5.48
7. Settlement 8650.03 26.69
8. Irrigation rice fields 14158.48 43.69
9. rainfed rice fields 9.51 0.03
10. Shrubs Land 1323.06 4.08
11. River/ Water bodies 88.28 0.27
12. Dry Land 4205.40 12.98
Total 32407.53 100
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Figure 2. Samin watershed land cover map
3.2 Food supply ecosystem services

Food supply ecosystem services provide the benefits of
providing food, namely everything that comes from biological
sources (plants and animals) and water (fish), both processed
and unprocessed, which is intended as food or beverages for
human consumption. Ecosystem services for providing food
are grouped into food obtained directly from nature (for
example, caught fish products, wild food plants, and forest
products that can be used as food) and food obtained from
human cultivation that relies on environmental support (for
example, agricultural products).

The study area mostly has very high food supply ecosystem
services, with 19,082.30 Ha (59%) and moderate food supply
ecosystem services, with 10,592.21 Ha (33%). Based on its
spatial distribution, the downstream watershed of 8,845.99 Ha
(66%) has very high food supply ecosystem services, and
4,030.17 Ha (30%) areas have moderate food supply
ecosystem services. In the central watershed, 6034.49 Ha
(68%) of the area is included in the high food supply
ecosystem services category. In contrast, the upstream
watershed, which includes very high food supply ecosystem
services, covers an area of 4,201.82 (42%). Samin watershed
food supply ecosystem services are presented in Table 3 and
Figure 3.

Land cover conditions affect the high ecosystem services
and food supply in the Samin watershed. The land cover
density in the Samin watershed is mostly (49.721%) including
very good density, and 29.219% of the area has a good land
cover density. The large land cover in the form of irrigated rice
fields in the Samin watershed (14,158.48 Ha or 43.69%) and
moor (4,205.40 Ha) affects the high level of food supply
ecosystem services in the Samin watershed. Irrigated rice
fields are the dominant land cover in the downstream Samin
watershed. Land cover conditions affecting ecosystem
services for food supply in the Samin watershed align with
research [1, 39], which states that land use and land cover
affect ecosystem services. Changes in land cover, such as
deforestation, urbanization, and agricultural expansion, can
significantly impact ecosystem services and food security [33,
40, 41]. Experts on land functions, from production land to
organizational land and tourism, often occur in the Samin
watershed, which can potentially reduce the value of
ecosystem services providing food.



Table 3. Samin watershed food supply ecosystem services in 2021

No Watershed Sub-District Area of Ecosystem Services (Ha)
' Section Very Low Low Moderate High Very High Total
Bendosari 0.00 1.66 933.70 22.67 2148.55 3106.58
Grogol 0.00 48.09 219.45 14.10 487.76 769.40
Jumantono 0.00 2.26 154.46 94.46 330.58 581.75
1  Downstream Mojolaban 0.00 1.22 164.76 7.69 632.24 805.92
Polokarto 0.00 6.51 1897.74 359.76 3967.25 6231.25
Sukoharjo 0.00 25.84 660.05 0.58 1279.61 1966.08
Total 0.00 85.57 4030.17 499.25 8845.99 13460.98
Bendosari 0.00 0.00 117.82 8.90 301.93 428.65
Jumantono 0.00 0.00 1303.51 79.11 2951.01 4333.63
Jumapolo 0.00 0.00 458.32 3.38 892.53 1354.23
2 Central Karanganyar 0.00 0.00 239.42 0.72 485.45 725.58
Karangpandan 0.00 0.00 7.88 0.00 37.47 45.35
Matesih 0.00 0.00 491.60 0.00 954.65 1446.24
Polokarto 0.00 0.05 149.58 38.58 411.45 599.65
Total 0.00 0.05 2768.12 130.69 6034.49 8933.34
Jatiyoso 0.00 15.39 395.18 412.72 810.06 1633.35
Jumantono 0.00 0.00 243.52 0.02 524.31 767.85
Jumapolo 0.00 0.00 342.50 68.78 835.52 1246.80
3 Upstream Karangpandan 0.00 0.00 2.29 1.73 9.09 13.12
Matesih 0.00 0.00 355.23 22.27 757.51 1135.01
Tawangmangu 0.00 61.40 2455.21 1406.51 1265.32 5188.43
Total 0.00 76.78 3793.92 1912.03 4201.82 9984.56
Total Samin watershed 0,00 162,40 10592.21 2541.97 19082.30 32378.88
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Figure 3. Samin watershed food supply ecosystem services
map

3.3 Water supply ecosystem services

Water supply ecosystem services describe the availability
of clean water from both surface and groundwater (including
its storage capacity) and rainwater that can be used for
domestic, agricultural, industrial, and service purposes. The
concept of water provider ecosystem services is the level at
which an ecosystem can ensure the availability of water that
can support the life of creatures on earth sourced from surface
water, groundwater, and rainwater that can be used for
domestic, agricultural, industrial and service purposes. The
provision of clean water services by ecosystems can be
influenced by rainfall conditions, slopes, soil layers, and rock
structures that can store water (aquifers), as well as land cover
conditions that affect groundwater storage systems. Samin
watershed water supply ecosystem services are presented in
Figure 4.

Water supply ecosystem services are water availability for
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use, that is, the maximum amount of water that can be
extracted sustainably. The provision of water services is
strongly influenced by rainfall conditions and soil or rock
layers (aquifers) storing water, as well as factors that can affect
groundwater storage systems such as land cover. In the
hydrological cycle, water supply ecosystem services are water
extraction through groundwater utilization, water absorption
by plant roots, and surface water availability. Water is an
essential natural resource for the survival of humans and other
living things and must be maintained to ensure its
sustainability. The need for water availability is the only
environmental service that can be felt equally throughout
Indonesia. In addition, water plays an essential role in the
sustainability of other environmental services. One example is
food supply services, which show that water availability is
closely related to the growth and yield of food crops and
affects the productivity of livestock and fisheries because all
living things need water.

WATER SUPPLY ECOSYSTEM SERVICES MAP IN THE SAMIN
WATERSHED
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Figure 4. Map of Samin watershed water supply ecosystem
services in 2021



The analysis showed that most of the Samin watershed area
has high water supply ecosystem services covering an area of
23,326.13 Ha (72%) and moderate water supply ecosystem
services covering an area of 8,657.03 Ha (27%). High-class
water supply ecosystem services mean the area can be
categorized as having a high water availability. The ecoregion
and land cover conditions of the Samin watershed influence
the high water supply ecosystem service in Samin. The land
cover of the Samin watershed is mostly (72.96%) in the form
of land cover that functions for water absorption and only
27.04% in the form of settlements. The condition of land cover
density in the Samin watershed, most of which (49.721%)
includes perfect density, and 29.219% including good land
cover density, affects the high ecosystem services of clean
water supply in the Samin watershed. Land use and land cover
changes will affect the hydrological balance [42-44] and water
supply ecosystem services. A low water supply can result in
low yields, thus affecting the availability of food [45].

3.4 Land use planning

An analysis of ecosystem services of food supply and water
supply is used to determine the direction of the Samin
watershed's land use, as presented in Table 4. The land use
planning system is able to achieve a balance between the
ecological environment and sustainable development [46].
Landscape planning for effective management of ecosystem
services is the most important task because each natural
territorial complex has its characteristics in the context of the
structure and type of landscape and, therefore, its approach to
zoning [47]. Land Use Planning Samin Watershed is divided
into three zones: the Upstream Watershed, the Central
Watershed, and the Downstream Watershed. The upstream
area zone of the Samin watershed is intended for protected
areas with land use in the form of production forests, protected
forests and nature reserves. Meanwhile, the Central and
Downstream zones are intended to use cultivated and
protected land such as rice fields, moor, production forests,
protected forests, and nature reserves.

3.5 Discussion

Samin watershed is one of the watersheds in Indonesia that
has complex problems. The problems of Samin watershed
include forest exploitation by humans for agriculture and
settlements and a decrease in the function of land-carrying
capacity. These conditions make Samin watershed one of
Indonesia's watersheds in critical condition [29]. Efforts to
solve these problems include analyzing ecosystem services as

a basis for sustainable land use guidelines. Land cover and
ecoregion data are the primary data for exploring ecosystem
services. The ecoregion approach is crucial to understanding
how different ecoregions contribute to various ecosystem
services [48]. The types of land cover found in Samin
watershed include buildings, settlements, secondary highland
forests, grasslands, irrigated rice fields, rainfed rice fields, dry
land, plantations, and pine forests. The type and area of land
cover will affect the level of food and water supply ecosystem
services.

The food supply ecosystem services in the Samin watershed
is classified as very high. The main factor in the high food
supply ecosystem services is due to the area of agricultural
land that dominates. Agricultural land in the Samin watershed
includes rice fields and dry fields. Food supply ecosystem
services are distributed mainly in the Samin watershed's
downstream area. The downstream area of the Samin
watershed is dominated by the Fluvio-volcano plain
pyroclastic material Ecoregion, which is considered very
fertile and suitable for developing agricultural regions. The
Fluvio-volcano plain  pyroclastic material Ecoregion
Ecoregionted by the type of Volcanic soil formed from
material originating from volcanic eruptions, which are
generally fertile [49]. This land is suitable for agricultural land
and can support the growth of various plants.

Moreover, the Fluvio-volcano plain pyroclastic material
Ecoregion water resources because it is passed by rivers,
which are very important for agriculture [50]. The river flow
in this area is used as a source of irrigation water, which
supports the growth of plants and plantations. The plants in the
downstream area are dominated by plants that require a lot of
water, namely rice. In contrast, the Central and Upstream
Areas of the Samin watershed are dominated by dry land
plants such as tubers and vegetables. The downstream and
Central areas with the Ecoregion Fluvio-volcano plain
pyroclastic material are directed towards developing
sustainable agricultural land to meet the food needs of the
community living in the Samin watershed by considering
sustainability and the environment. The Samin watershed
dramatically benefits from its location at the foot of the
volcano and the fluvial-volcanic plain, so this condition can
support high food supply ecosystem services. The physical
condition of the ecoregion only correlated with the value of
food supply ecosystem services. This correlation is also shown
by the results of Febriarta's research [51] conducted in
Semarang Regency. The results of his study show that the class
of high food supply ecosystem services is spread across the
Ecoregion of the Foot of the Volcano, Slopes of the Volcano,
and Fluvio-volcanic Plains.

Table 4. Samin watershed land use planning based on food supply and water supply ecosystem services

Watershed Water Land Balance Food Supply Water Supply
No Secti Carrying Carrying Ecosystem Ecosystem Land Use Planning
ection . . ; ;
Capacity Capacity Services Services
1 Upstream Surplus Deficit Medlur_n - Very Medium- High Production Forest, protected
High forest and nature reserve
Medium - Ver Rice fields, Dryland,
2 Central Surplus Deficit Hiah y Medium- High production forest, protected
g forest, nature reserve
Rice fields, dry land,
3 Downstream Surplus Deficit Medium - High Medium- High production forest, protected

forest, nature reserve
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Food supply ecosystem services are interrelated with water
supply ecosystem services. Low water ecosystem services
result in low crop production, thus affecting food availability
[46]. Water supply ecosystem services in the Samin watershed
are dominated by high classes influenced by land cover type
and vegetation density. Viewed from the ecoregion as a whole,
the Samin watershed area is located on a volcanic slope,
making it easy to plant various types of vegetation. The
characteristics of the ecoregion that support high water supply
ecosystem services in the Samin watershed are reinforced by
the research results of Febriarta et al. [51] and Widodo et al.
[52], which state that most areas with high potential for clean
water provision are located in the Volcanic Slope, Volcanic
Foot, Alluvial Plain, and Fluvio-volcanic Plain ecoregions.
Volcanic processes significantly influence this ecoregion,
which consists mostly of alluvial material, which can form
potential aquifers due to its flat morphology. This condition
results in relatively shallow groundwater reserves or
availability (<10 m), creating groundwater reservoirs or
hydrogeological basins [51, 52]. The upstream area of the
Samin watershed is dominated by areas with high vegetation
density and forest land cover types, making the value of the
water supply ecosystem service class high. Forest land cover
is precious because the forest ecosystem uses water through
evapotranspiration, which helps regulate hydrological flow to
store water in the soil [53]. In the downstream area of the
Samin watershed, the Sukoharjo City Center area is dominated
by built-up land cover. Hence, the value of the water supply
ecosystem service is low.

Currently, the high class dominates the value of food and
water supply ecosystem services in the Samin watershed.
Future challenges in the Samin watershed are changes in land
cover, such as deforestation for tourism development in the
Upper Samin watershed and Urbanization in the downstream
area, which affects the value of food and water supply
ecosystem services in the Samin watershed. Issues related to
changes in land use in the Samin watershed have been
identified by Rahayu et al. [54] that there is an increase in
residential land of 26.8 per year and a decrease in agricultural
lands such as rice fields, dry fields, and plantations, where rice
fields decrease by an average of 44.76 per year, dry fields
decrease by an average of 54.07 per year, and plantation land
decreases by 26.82 per year. Efforts to maintain the high value
of ecosystem services are through land use planning. Land use
planning must consider the area's characteristics so that a
zoning-based approach must be applied in the Samin
watershed. The upstream zone of the Samin watershed is
designated for protected areas with land use in the form of
production forests, protected forests, and nature reserves.

Meanwhile, the Middle and Downstream zones are defined
for using cultivated land and protected land such as rice fields,
dry fields, production forests, protected forests, and nature
reserves. The approach that can be used in land use planning
is through conservation in reforestation activities (greening),
especially in damaged forest areas. Conservation efforts can
be carried out on mixed agricultural land by making ridges and
terracing. Conservation efforts can be carried out on rice fields
by making bench terraces and improving irrigation.
Conservation efforts can be carried out on residential land by
implementing water absorption technology, such as making
absorption wells and bio pore absorption hole technology
around residential land [55].
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4. CONCLUSIONS

Ecoregion conditions and land cover affect the quality of
ecosystem services in the Samin watershed. Food and water
supply ecosystem services can be used as a basis for
sustainable land use planning. The Samin watershed ecoregion
is mostly (54%) in the form of Fluvio-volcanic Plains
Pyroclastic material and land cover dominated by irrigated rice
fields (43.69%) affecting the high food supply ecosystem
services in the Samin watershed so that most (59%) including
food supply ecosystem services are very high. Most of the
water supply ecosystem services in the Samin watershed are
in the high category (72%), influenced by the Samin
watershed's ecoregions and land cover conditions. The land
cover of the Samin watershed is mostly (72.96%) in the form
of land cover that functions for water absorption, and the
density of land cover is 49.721%, including very high density.
The direction of sustainable land use in the Samin watershed
is based on ecosystem services for food supply and water
supply, which are adapted to the characteristics of the
upstream, middle and downstream watersheds.

The limitation of the study is that in the assessment of
ecosystem services using ecoregion data and land cover on a
medium scale, therefore it is necessary to conduct further
research for the assessment of ecosystem services using a large
scale so that it can be used for land use planning at a detailed
level. In this study, the parameters used in the assessment of
ecosystem services are ecoregion and land cover, so it is
necessary to conduct further research by considering other
parameters such as social, economic and local knowledge
conditions. In addition, this study only analyzes ecosystem
services for food supply and water supply. Therefore, it is
necessary to analyze other ecosystem services such as
supporting ecosystem services, regulatory ecosystem services,
and cultural function ecosystem services so that they can be
used as a basis for more comprehensive land use planning in
the Samin watershed.

Based on the research findings that most of the Samin
watershed has very high food and water supply ecosystem
services, it can be recommended to the local government
(Karanganyar and Sukoharjo Regencies) including (a). Land
use planning is to maintain land cover in the form of irrigated
rice fields and land cover that functions as water absorption
for plantations, pine forests, secondary highland forests,
shrubs, and moorlands (b). To improve water supply
ecosystem services, land cover in the form of forests must be
increased (c). The study's results can be used as a basis for
sustainable land use planning because it considers food supply
ecosystem services and water supply ecosystem services
according to the area's characteristics. Furthermore, the study
results can also be applied as land use planning based on food
supply ecosystem services and water supply ecosystem
services in other watershed areas with the same characteristics
as the Samin watershed.

ACKNOWLEDGMENT

The researcher expressed his gratitude to the Rector of
Sebelas Maret University, the Dean of the Faculty of Teacher
Training and Education of Sebelas Maret University, and the
research assistants who have assisted in data collection and
processing.



REFERENCES

(1]

(2]

(4]

(3]

(6]

(7]

(9]

[10]

[11]

Hasan, S.S., Zhen, L., Miah, M.., Ahamed, T., Samie, A.
(2020). Impact of land use change on ecosystem services:
A review. Environmental Development, 34: 100527.
https://doi.org/10.1016/j.envdev.2020.100527
Talukdar, S., Singha, P., Mahato, S., Praveen, B.,
Rahman, A. (2020). Dynamics of ecosystem services
(ESs) in response to land use land cover (LU/LC)
changes in the lower Gangetic plain of India. Ecological
Indicators, 112: 106121.
https://doi.org/10.1016/j.ecolind.2020.106121

Nazer, N., Chithra, K., Bimal, P. (2023). Framework for
the application of ecosystem services based urban
ecological carrying capacity assessment in the urban
decision-making process. Environmental Challenges, 13:
100745. https://doi.org/10.1016/j.envc.2023.100745
Liu, Y., Hou, X., Li, X., Song, B., Wang, C. (2020).
Assessing and predicting changes in ecosystem service
values based on land use/cover change in the Bohai Rim
coastal zone. Ecological Indicators, 111: 106004.
https://doi.org/10.1016/j.ecolind.2019.106004
Chennault, C.M., Valek, R.M., Tyndall, J.C., Schulte,
L.A. (2020). PEWI: An interactive web-based ecosystem
service model for a broad public audience. Ecological
Modelling, 431: 109165.
https://doi.org/10.1016/j.ecolmodel.2020.109165

Zhu, S., Huang, J., Zhao, Y. (2022). Coupling
coordination analysis of ecosystem services and urban
development of resource-based cities: A case study of
Tangshan city. Ecological Indicators, 136: 108706.
https://doi.org/10.1016/j.ecolind.2022.108706

Sutrisno, A., Wahyuni, E., Agang, M.W., Titing, D.
(2023). Modeling and mapping of the environmental
carrying capacity of the Sebuku and Sesayap watersheds
based on food and water provision. African Journal of
Food, Agriculture, Nutrition and Development, 23(5):
23305-23320.
https://doi.org/10.18697/ajfand.120.20890

Zieritz, A., Sousa, R., Aldridge, D.C., et al. (2022). A
global synthesis of ecosystem services provided and
disrupted by freshwater bivalve molluscs. Biological
Reviews, 97(5): 1967-1998.
https://doi.org/10.1111/brv.12878

Morshed, S.R., Esraz-Ul-Zannat, M., Fattah, M.A.,
Saroar, M. (2024). Assessment of the future
environmental carrying capacity using machine learning
algorithms. Ecological Indicators, 158: 111444.
https://doi.org/10.1016/j.ecolind.2023.111444

Boone, R.B., Conant, R.T., Sircely, J., Thornton, P.K.,
Herrero, M. (2018). Climate change impacts on selected
global rangeland ecosystem services. Global Change
Biology, 24(3): 1382-1393.
https://doi.org/10.1111/ijlh.12426

Weiskopf, S.R., Rubenstein, M.A., Crozier, L.G.,
Gaichas, S., Griffis, R., Halofsky, J.E., Hyde, K.J.W.,
Morelli, T.L., Morisette, J.T., Mufioz, R.C., Pershing,
A.J., Peterson, D.L., Poudel, R., Staudinger, M.D.,
Sutton-Grier, A.E., Thompson, L., Vose, J., Weltzin, J.F.,
Whyte, K.P. (2020). Climate change effects on
biodiversity, ecosystems, ecosystem services, and
natural resource management in the United States.
Science of the Total Environment, 733: 137782.
https://doi.org/10.1016/j.scitotenv.2020.137782

[12]

[13]

[15]

[16]

[17]

[18]

[19]

(21]

(22]

(23]

(24]

Escobedo, F.J., Kroeger, T., Wagner, J.E. (2011). Urban
forests and pollution mitigation: Analyzing ecosystem
services and disservices. Environmental Pollution,
159(8-9): 2078-2087.
https://doi.org/10.1016/j.envpol.2011.01.010

Deeksha, Shukla, A.K. (2022). Ecosystem services: A
systematic literature review and future dimension in
freshwater ecosystems. Applied Sciences, 12(17): 8518.
https://doi.org/10.3390/app12178518

Huang, B., Lu, F., Wang, X., Wu, X., Zheng, H., Su, Y.,
Yuan, Y., Ouyang, Z. (2023). The impact of ecological
restoration on ecosystem services change modulated by
drought and rising CO2. Global Change Biology, 29(18):
5304-5320. https://doi.org/10.1111/gcb.16825
Dadashpoor, H., Azizi, P., Moghadasi, M. (2019). Land
use change, urbanization, and change in landscape
pattern in a metropolitan area. Science of the Total
Environment, 655: 707-719.
https://doi.org/10.1016/j.scitotenv.2018.11.267
Sannigrahi, S., Bhatt, S., Rahmat, S., Paul, S.K., Sen, S.
(2018). Estimating global ecosystem service values and
its response to land surface dynamics during 1995-2015.
Journal of Environmental Management, 223: 115-131.
https://doi.org/10.1016/j.jenvman.2018.05.091

Xing, L., Zhu, Y., Wang, J. (2021). Spatial spillover
effects of urbanization on ecosystem services value in
Chinese cities. Ecological Indicators, 121: 107028.
https://doi.org/10.1016/j.ecolind.2020.107028
Gourevitch, J.D., Alonso-Rodriguez, A.M., Aristizabal,
N., de Wit, L.A., Kinnebrew, E., Littlefield, C.E., Moore,
M., Nicholson, C.C., Schwartz, A.J., Ricketts, T.H.
(2021). Projected losses of ecosystem services in the US
disproportionately affect non-white and lower-income
populations. Nature Communications, 12(1): 3511.
https://doi.org/10.1038/s41467-021-23905-3

Marino, D., Barone, A., Marucci, A., Pili, S., Palmieri,
M. (2023). Impact of land use changes on ecosystem
services supply: A meta analysis of the Italian context.
Land, 12(12): 2173.
https://doi.org/10.3390/land12122173

Dedy, M., Agus Suyatna, A.S., Wan Abbas Zakaria, Z.
W., Wahono, E.P., Yazid, S., Suhendro, S. (2023).
Geospatial modeling of environmental carrying capacity
for sustainable agriculture using GIS. International
Journal of Sustainable Development and Planning, 18(1):
99-111. https://doi.org/10.18280/ijsdp.180110

Shao, Q., Peng, L., Liu, Y., Li, Y. (2023). A bibliometric
analysis of wurban ecosystem services: Structure,
evolution, and prospects. Land, 12(2): 337.
https://doi.org/10.3390/land 12020337

Soldati, C., De Luca, A. I, lofrida, N., Spada, E.,
Gulisano, G., Falcone, G. (2023). Ecosystem services
and biodiversity appraisals by means of life cycle tools:
State-of-art in agri-food and forestry field. Agriculture &
Food Security, 12(1): 33,
https://doi.org/10.1186/s40066-023-00438-0

Lane, M. (2010). The carrying capacity imperative:
Assessing regional carrying capacity methodologies for
sustainable land-use planning. Land Use Policy, 27(4):
1038-1045.
https://doi.org/10.1016/j.landusepol.2010.01.006
Grizzetti, B., Lanzanova, D., Liquete, C., Reynaud, A.,
Cardoso, A.C. (2016). Assessing water ecosystem
services for water resource management. Environmental



[25]

(28]

[29]

[30]

[31]

[33]

[35]

[36]

Science & Policy, 61: 194-203.
https://doi.org/10.1016/j.envsci.2016.04.008

Maridi, M., Agustina, P., Saputra, A. (2014). Vegetation
analysis of Samin watershed, Central Java as water and
soil conservation efforts. Biodiversitas Journal of
Biological Diversity, 15(2): 14.
https://doi.org/10.13057/biodiv/d150214

Marhaento, H., Booij, M.J., Hoekstra, A.Y. (2018).
Hydrological response to future land-use change and
climate change in a tropical catchment. Hydrological
Sciences Journal, 63(9): 1368-1385.
https://doi.org/10.1080/02626667.2018.1511054
Marhaento, H., Booij, M.J., Rientjes, T.H., Hoekstra,
A.Y. (2017). Attribution of changes in the water balance
of a tropical catchment to land use change using the
SWAT model. Hydrological Processes, 31(11): 2029-
2040. https://doi.org/10.1002/hyp.11167

Marhaento, H., Booij, M.J., Rientjes, T.H.M., Hoekstra,
A.Y. (2019). Sensitivity of streamflow characteristics to
different spatial land-use configurations in tropical
catchment. Journal of Water Resources Planning and
Management, 145(12): 04019054.
https://doi.org/10.1061/(asce)wr.1943-5452.0001122
Budiarti, W., Gravitiani, E., Mujiyo, M. (2018). Analisis
aspek biofisik dalam penilaian kerawanan banjir di sub
das samin provinsi jawa tengah. Jurnal Pengelolaan
Sumberdaya Alam Dan Lingkungan (Journal of Natural
Resources and Environmental Management), 8(1): 96-
108. https://doi.org/10.29244/jps1.8.1.96-108

Nugraha, S., RI, S., Utomowati, R. (2013). Model arahan
penggunaan lahan sebagai upaya mitigasi bencana alam
melalui pendekatan morfokonservasi di daerah aliran
sungai samin kabupaten karanganyar. Forum Geogr, 27:
115-122.

Zhang, J., Qu, M., Wang, C., Zhao, J., Cao, Y. (2020).
Quantifying landscape pattern and ecosystem service
value changes: A case study at the county level in the
Chinese Loess Plateau. Global Ecology and
Conservation, 23: e01110.
https://doi.org/10.1016/j.gecco.2020.e01110

Anjinho, P.D.S., Barbosa, M.A.G.A., Peponi, A., Duarte,
G., Branco, P., Ferreira, M.T., Mauad, F.F. (2024).
Enhancing  water  ecosystem  services  using
environmental zoning in land use planning.
Sustainability, 16(11): 4803.
https://doi.org/10.3390/su16114803

Varyvoda, Y., Taren, D. (2022). Considering ecosystem
services in food system resilience. International Journal
of Environmental Research and Public Health, 19(6):
3652. https://doi.org/10.3390/ijerph19063652

Meng, Q., Zhang, L., Wei, H., Cai, E., Xue, D., Liu, M.
(2021). Linking ecosystem service supply-demand risks
and regional spatial management in the Yihe river basin,
central China. Land, 10(8): 843.
https://doi.org/10.3390/1and 10080843

Huang, M., Wang, Q., Yin, Q., Li, W., Zhang, G., Ke, Q.,
Guo, Q. (2023). Analysis of ecosystem service
contribution and identification of trade-off/synergy
relationship for ecosystem regulation in the dabie
mountains of Western Anhui Province, China. Land,
12(5): 1046. https://doi.org/10.3390/1and12051046
Nevzati, F., Veldi, M., Storie, J., Kiilvik, M. (2024).
Leveraging ecosystem services and well-being in urban
landscape planning for nature conservation: A case study

3585

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[46]

(48]

[49]

of peri-urban dynamics. Conservation, 4(1): 1-22.
https://doi.org/10.3390/conservation4010001

Yunus, H.S. (2010). Metodologi Penelitian Wilayah
Kontemporer. Yogyakarta: Pustaka Pelajar.

Badan Standardisasi Nasional. (2010). SNI 7645:2010
tentang Klasifikasi Penutup Lahan. Sni 76452010:1-28.
https://www.indonesia-
geospasial.com/2020/07/download-sni-76452010-
klasifikasi.html.

Tianhong, L., Wenkai, L., Zhenghan, Q. (2010).
Variations in ecosystem service value in response to land
use changes in Shenzhen. Ecological Economics, 69(7):
1427-1435.
https://doi.org/10.1016/j.ecolecon.2008.05.018
Mfwango, L.H., Ayenew, T., Mahoo, H.F. (2022).
Impacts of climate and land use/cover changes on
streamflow at Kibungo sub-catchment, Tanzania.
Heliyon, 8(11): el1285.
https://doi.org/10.1016/j.heliyon.2022.e11285
Richardson, R.B. (2010). Ecosystem services and food
security: Economic perspectives on environmental
sustainability.  Sustainability, 2(11): 3520-3548.
https://doi.org/10.3390/su2113520

Barreto-Martin, C., Sierra-Parada, R., Calderon-Rivera,
D., Jaramillo-Londono, A., Mesa-Fernandez, D. (2021).
Spatio-temporal analysis of the hydrological response to
land cover changes in the sub-basin of the Chicu river,

Colombia. Heliyon, 7(7): e07358.
https://doi.org/10.1016/j.heliyon.2021.e07358
Uhlenbrook, S., Hoeg, S. (2003). Quantifying

uncertainties in tracer-based hydrograph separations: A
case study for two-, three-and five-component
hydrograph separations in a mountainous catchment.
Hydrological Processes, 17(2): 431-453.
https://doi.org/10.1002/hyp.1134

Nugroho, P., Marsono, D., Sudira, P., Suryatmojo, H.
(2013). Impact of land-use changes on water balance.
Procedia Environmental Sciences, 17: 256-262.
https://doi.org/10.1016/j.proenv.2013.02.036

Jebiwott, A., Ogendi, G.M., Agbeja, B.O., Alo, A.A.,
Maina, G.M. (2021). Spatial trend analysis of
temperature and rainfall and their perceived impacts on
ecosystem services in Mau Forest, Kenya. Planning,
16(5): 833-839. https://doi.org/10.18280/ijsdp.160504
Onyango, D.O., Ikporukpo, C.O., Taiwo, J.O., Opiyo,
S.B. (2021). Land use and land cover change as an
indicator of watershed urban development in the Kenyan
Lake Victoria Basin. International Journal of Sustainable
Development and  Planning, 16(2): 335-345.
https://doi.org/10.18280/ijsdp.160213

Abuov, A., Kerteshev, T., Nurpeisov, M., Vu, T.C,,
Zhumasheva, A. (2023). Development of landscape
zoning schemes for sustainable management and
maintenance of ecosystems. Geomate Journal, 25: 221-
228. https://doi.org/10.21660/2023.109.m2324

Liu, Y., Fu, B., Wang, S., Zhao, W. (2018). Global
ecological regionalization: From biogeography to
ecosystem services. Current Opinion in Environmental
Sustainability, 33: 1-8.
https://doi.org/10.1016/j.cosust.2018.02.002
Anggriawan, R., Salsabilla, N.A., Prahesti, [.A. (2023).
Volcanic soils: Their characteristics, management
practices, and potential sollution for water pollution.
SEAS (Sustainable Environment Agricultural Science),



[50]

[51]

7(1): 18-29. https://doi.org/10.22225/seas.7.1.6313.18-
29

Wiyono, J. (2016). Regional resource management based
on landscape ecology in northern Muria Peninsula,
Central Java. Indonesian Journal of Geography, 48(1):
54-61. https://doi.org/10.22146/ijg.12467

Febriarta, E., Oktama, R., Purnama, S., Sumber, F.T.,
Alam, D., Yogyakarta, T. (2020). Analisis daya dukung
lingkungan berbasis jasa ekosistem penyediaan pangan
dan air bersih di kabupaten Semarang. Geomedia, 18(1):
12-24.

Widodo, B., Lupyanto, R., Sulistiono, B., Harjito, D.A.,
Hamidin, J., Hapsari, E., Yasin, M., Ellinda, C. (2015).
Analysis of environmental carrying capacity for the
development of sustainable settlement in Yogyakarta
urban area. Procedia Environmental Sciences, 28: 519-
527. https://doi.org/10.1016/j.proenv.2015.07.062

3586

(53]

[54]

Caldwell, P.V., Martin, K.L., Vose, J.M., et al. (2023).
Forested watersheds provide the highest water quality
among all land cover types, but the benefit of this
ecosystem service depends on landscape context.
Science of the Total Environment, 882: 163550.
https://doi.org/10.1016/j.scitotenv.2023.163550

Rahayu, N., Sutarno, S., Komariah, K. (2018). Alih
fungsi lahan dan curah hujan terhadap perubahan
hidrologi Sub DAS Samin. Agrotechnology Research
Journal, 1(1): 13-20.
https://doi.org/10.20961/agrotechresj.v1il.18864

Sudia, L.B., Gandri, L., Hendryanto, H.S., Bana, S.,
Fitriani, V. (2021). Conservation strategy analysis in
upstream watershead: Case study in Cimandiri
watershead.  Jurnal ~ Ecosolum,  10(1):  33-48.
https://doi.org/10.20956/ecosolum.v10i1.13100


https://doi.org/10.1016/j.scitotenv.2023.163550



