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This study aims to create a thematic spatial model of environmental carrying capacity for
sustainable agriculture. The model was made with interpretation, surveys, and scoring an index
for each modeling unit as the maximum level of resource for all ecosystem services using a
GIS. The data analysis was carried out descriptively with an environmental approach for each
unit in the entire region based on the results of ecoregion and land cover overlays. The results
are in the form of thematic spatial models, environmental carrying capacity, and sustainable
agriculture for each data used including the activity center model. Based on the results of this

study, the future implications for the environmental carrying capacity model can be the basis
for making RTRW, therefore this research can be used as one of the guidelines in making
policies for an area, especially related to planning that is used as strategic land for regional
development planning.

1. INTRODUCTION

The fixed area of agricultural land in Indonesia with
increasing population growth will lead to reduced availability
over time. This might also cause an imbalance in the
population working as farmers in the existing agricultural land.
Consequently, the pressure on the land becomes greater, in
other words, the region will no longer be able to meet the food
needs of its population [1]. Agriculture is expected to increase
food availability which is an important basic need in life. Food
is needed as a source of energy and to regulate the body's
metabolism. The greater the percentage of land used for
agriculture, the greater the carrying capacity [2].

One indicator of community welfare is the assurance of
food as the most basic needs, also, Indonesia is an agricultural
country whose populations are mostly farmers. However, the
agricultural land has continued to experience a decline both in
quality and quantity [3, 4]. This is due to the population
pressure which continues to increase thereby reducing the
availability of land to support people's lives, also known as
land carrying capacity [5, 6]. The carrying capacity is the
ability of the agricultural land to support the lives of people in
an area, especially related to meeting food needs [7]. Therefore,
analyzing the carrying capacity of agricultural land is very
important for development planning, which can provide an
overview of the relationship between population, land use, and
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the environment [8, 9]. Previous studies have examined the
impact of the geographic condition on people and their entire
livelihoods [10]. Determining the level of support from an
area/land is very important for development planning to
estimate various possibilities or the level of population needs
adapted to the existing land conditions [11].

The population continues to increase and the development
activities carried out have substituted the function of
agricultural land to produce food with other uses, such as
settlements and offices [12]. This situation has reduced the
availability of agricultural land to meet the food needs of the
population. According to Moniaga [13], although in society
there are mechanisms to regulate the rate of population growth,
the population density in many places has exceeded the
carrying capacity. This is demonstrated in the cultivation of
protected landscaping forests or it can be said that protected
forest cultivation is reduced, as well as encroachment and
illegal settlements on land to be used for agriculture [14]
thereby causing environmental damage. The population is the
main factor that determines the level of demand for
consumption materials to be provided, as well as the number
of public facilities needed in an area [15].

Population growth increases the rate of natural resource
utilization as settlements for human life and other living things
[16, 17]. This has culminated in a decrease in the quality and
quantity of the environment in several areas of the Pringsewu
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Regency. Therefore, the use of natural resources must be
carried out wisely, particularly by considering the
environmental carrying capacity [18, 19]. In other words, the
carrying capacity of the environment must serve as the basis
for the use of natural resources, as well as development and
spatial use planning [20, 21].

With the increasing demand and the scarcity of fertile
agricultural land, as well as the competition for land use
between the agriculture and non-agriculture sectors, there is a
need to determine the carrying capacity of an area [22, 23].
According to a previous study, it is increasingly needed with
the rising implementation of development [24]. Moreover, the
carrying capacity is very useful in directing the course of
development and to achieve the desired goals. Without a good
regional carrying capacity, an imbalance will occur between
land use, potentials, and needs [25, 26]. This condition can
harm the community and the state, it is often found in
agriculture land that has changed its function to non-
agriculture comprising settlements, industrial purposes, and
the use of protected forests as cultivated land [27].

The carrying capacity of the environment is important as the
basis for the development of an area [28]. As mandated in Law
32 of 2009 concerning the carrying capacity of the
environment contained in several articles including Article 12,
without the Environmental Protection and Management Plan,
the use of Development resources will affect the welfare of the
people living in the area. Meanwhile, humans have the most
complex needs compared to other living things on earth [29]
and one of the basic needs is food [30, 31].

Humans need food to effectively carry out daily activities,
also, the majority of the Indonesian population depends on
agriculture for their livelihood [32]. Agricultural land as a
place of farming activities is decreasing due to the increasing
population pressure on agriculture land. Besides, an important
issue in today's development is sustainable food agriculture.
One of the agricultural resources that need to be prioritized is
land, especially for food production [33-35]. According to
Sabiham [36], sustainable agriculture is the management of
resources to produce basic human needs, namely clothing,
food, and shelter, while also maintaining, improving, and
preserving the quality of the environment.

The natural resources in Pringsewu Regency are mostly
used for agricultural activities, especially for staple food
agriculture or rice fields. The Regency has a fairly large area
of rice fields and is a district that supplies rice production
needs in Lampung Province. From the number of rice fields,
the Pringsewu Regency Government through Regional
Regulation No. 2 of 2012 has estimated the area of wet food
agriculture (paddy fields) to be 6,494 ha. The government's
efforts to control changes in the use of paddy fields are yet to
show results. This is because numerous paddy fields have
turned into other non-agricultural uses such as settlements [37,
38].

Pringsewu Regency is one of the regencies in Lampung
Province, with an area of 62,500 ha, data from the Central
Statistics Agency (BPS) shows that there was a decrease in the
area of rice fields in 2012 by 13,785,19 ha, and 2014 to
13,269,45 ha. Furthermore, the conversion of agricultural land
into other uses in the Regency reached 515,74 ha. The land in
Pringsewu Regency can be divided into 4 ecoregions
according to their characteristics and natural appearance.
ecoregion intent includes (1) Sumatera fluvial plan; (2) Path
Structural Plain Bukit Barisan (3) Bukit Barisan Trail
Structural Mountains (4) Structural Hills Bukit Barisan Trail
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that each ecoregion generally has different characteristics,
including the provision of food for humans [39]. To observe
and protect sustainable food areas, it is necessary to identify
and map the existing condition of the area based on the
characteristics of land suitability [40, 41].

One of the efforts to accelerate the creation of
environmental carrying capacity models for sustainable
agriculture is the use of remote sensing techniques. Remote
sensing plays a very important role in overcoming the problem
of insufficient data, especially regarding the carrying capacity
of the environment which is used as the basis for development
planning [42]. Considering the available imagery for the study
area, as well as the target, the remote sensing imagery used for
information sources was the SPOT 5 satellite, due to its
availability by the Geospatial Information Agency in 2015 and
2020. The analysis of the environmental carrying capacity for
sustainable agriculture using Geographic Information System
technology (ArcGis program) can support accuracy, speed in
the preparation, and manufacture of spatial models for
sustainable agriculture [43, 44].

Based on the description above, the preparation of
environmental carrying capacity in an area is very important
and strategic. Therefore, there is a need to support a clear
methodological system that can accommodate all the interests
of development and conservation, especially in spatial
modeling of the environmental carrying capacity in the
Pringsewu Regency. For sustainable agriculture and to
characterize objects that are under or above the earth's surface,
geospatial data must be able to represent the actual situation in
the field. The quality of the geospatial data can be interpreted
as the proximity to the actual situation in the field which is
usually complex and needs to be simplified with a model [45].

2. METHODOLOGY
2.1 Research design

Environmental carrying capacity is an instrument that
explains the process of scientific studies to determine the
ability of an area to support the needs of human life and other
living creatures. Therefore, the modeling is carried out through
an environmental approach based on the modeling units,
parameters, indicators, and benchmarks. The carrying capacity
is dynamic, complex, and highly dependent on the
geographical characteristics of a region, the population, and
the existing conditions of natural resources.

The methodology for making the carrying capacity model
of environmental services uses the interpretation of satellite
imagery, surveys, and index scoring for each modeling unit as
the maximum level of resource from all ecosystem services
and geospatial data overlays using GIS. The data sources used
are the interpretation results of SPOT 5 satellite imagery,
surveys, and documentation from related agencies. The result
of image interpretation is to obtain tentative spatial data on
land cover and ecoregions, then a survey was conducted to
clarify the results in accordance with actual conditions. In
addition, pictures were taken according to the study objectives
to strengthen the interpretation and survey results, while the
land cover and ecoregion spatial data were overlaid to produce
new spatial data. This data was used as the basis for providing
an ecosystem service index for each unit to produce spatial
data on environmental carrying capacity. The carrying
capacity based on ecosystem services was overlaid with



sustainable agriculture spatial data to produce a map for
sustainable agriculture in Pringsewu Regency.
2.2 Research sites

Geographically, Pringsewu County is located between
10442'-105B'E and between 59'-68'S. Pringsewu District
has a land area of 625 km2, which is almost entirely land area.
Most of the natural resource potential of Pringsewu District is
utilized for agricultural activities (Figure 1).

2.3 Research tools and materials

The tools used in this study include GPS devices used to
obtain information on the location and height of objects, a set
of computers, which are used to process data from surveys and
interpretations, other tools that support research such as abney
levels, cameras and others. While the materials used in this
study include a map of the Sumatra ecoregion on a scale of 1:
250,000 a map of soil types on a scale of 1: 250,000. 1:250,000
scale Geological Map, 1:50,000 scale digital RBI Map, SPOT
5 Imagery in 2015, Other thematic spatial data from Bappeda
and related agencies, such as Dina Pertanian, Dinas
Lingkungan hidup, and others.

2.4 Procedure research

This research was conducted through several stages
including those shown in Figure 2.

Specifically, the procedure in this study was carried out in
several stages as follows:

1)  Stage 1: Preparation

This stage begins with reviewing the results of research on
the carrying capacity of the environment and ecosystem
services, especially in the regional scope, especially related to
the use of remote sensing data and LP2B land data. Continued
by reviewing policies, laws and regulations, and development
programs related to research areas and compiling and making
criteria regarding Ecosystem Services that will be used in
making the carrying capacity of ecoregion environments based
on ecosystem services; and drawing up a work plan and
methodology to be used.

2)  Stage 2: Secondary Data Collection and Surveys

This stage conducts a search for spatial data of Pringsewu
Regency (Data Collecting). This data will later be used as the
main material in the preparation of an inventory of the carrying
capacity of the ecoregion environment based on ecoregion
services, namely ecoregion data and land cover. Followed by
the collection of various kinds of development policies and
programs from relevant agencies, institutions/ SKPD; after
that, extracting more detailed information through FGD
(Focus Group Disscussion) or Indepth interviews with
experts/experts in various fields using questionnaires and
ending with filling out questionnaires from the parameters of
Ecosystem Services in Pringsewu District.

Secondary Data

Preparation Collection

and Surveys

Data Processing
and Analysis

3)  Stage 3: Data Processing and Analysis

This stage is carried out by inputting data or entering
coefficient values based on expert determination into spatial
data that has been compiled with scoring techniques based on
index values. Followed by data processing and analysis in the
preparation of maps. Continued by tabulating regional data
and information related to the carrying capacity of the
environment based on ecosystem services, both based on
administration (districts) and ecoregions. Ending with the
processing of results and data analysis that produces 18 types
of environmental carrying capacity maps based on ecosystem
services will be used as verification material and ground
checks as improvement results.

4)  Stage 4: Observation

This stage is carried out considering the wide scope of the
area, verification of observation results is carried out by
conducting surveys based on administration in each sub-
district, including with speakers and stakeholders as well as
other parties related to research objectives.

5) Stage 5: Reporting of Research Results and
Publications

The stage of making the results of this research is a series of
research implementations carried out in accordance with
research objectives including being published in reputable
international journals.

2.5 Data analysis techniques

Data and unit analyses were carried out digitally using
ArcGis software based on the index value given to the spatial
data from the overlay of ecoregions and land cover using an
environmental approach for sustainable food agriculture land.
Data analysis techniques are carried out by scoring,
specifically presented in Table 1.

Figure 1. Research sites

Reporting of
Research Results
and Publications

Observation

Figure 2. Procedure research



Table 1. Research data analysis techniques

Thematic Spatial Models Supporting Map Indicator Scoring
Food providers
. . Clean water providers Score 1: Low
Map of (?arrylng Capacity M(_)del for Fiber providgrs Score 2: Medium
Provider Ecosystem Services Energy providers Score 3: High
Genetic source providers
. Map of dwellings and living spaces Score 1: Low
Map of Culturgl ECOSySt?m Service RecF;eationaI mgp o Score 2: Medium
. . Carrying Capacity Map of natural aesthetics Score 3: High
Sustainable agriculture Climate regulators
E .MOdEI btasieg on Water flow control and flood control
g:;;;?:?g;ﬁﬂ Zcos?/rsl:tilr?\g Prevention and protection from natural
. . . disasters Score 1: Low
services Mageozﬁir)rylE%éagiggysﬁs?ggsfor Water purification Score 2: Medium
g Y 4 Waste treatment and decomposition Score 3: High
Air quality maintenance
Natural pollination settings (pollination)
Pest and disease control
. . Map of soil layer formation and Score 1: Low
Map of Supportmg Capacity M(.)del for maintenance of fertility Score 2: Medium
Supporting Ecosystem Services Nutrient cycle map Score 3: High
3. RESULT values of 12,80 and 5.80, respectively. These two ecoregions

Geographically, the study area is located at a position of
104 42'-105<B'E and between 598'-68'S, Pringsewu Regency
has a land area of 625 km? and the natural resources present
are mostly used for agriculture activities.

3.1 Ecosystem services provider in environmental carrying
capacity models

The ecosystem services provide more emphasis on the
provision of marine products, food from plants and animals,
agriculture and plantation products for food, livestock
products, water supply from the soil including its storage
capacity, surface sources, forest products, sea, agriculture and
plantation products for materials, firewood and fossil fuels
[46, 47]. These ecosystem services are classified based on the
index results for each ecoregion and land cover. The services
providers in this study are food, clean water, fiber, energy and
genetic resources.

Each ecosystem service provider is assigned an index value
according to pre-determined criteria, namely: very high, high,
medium, low, and very low which produced a spatial model in
the form of ecosystem services provider distribution as shown
in Table 2.

Table 2 shows that the highest index value in the food
supply is in the Structural Plain ecoregion of the Bukit Barisan
Trail at 13,30. Another ecoregion with a high value is the
Sumatera Fluvial Plain with an index value of 6,90, and the
constituent materials are generally heavily influenced by
rivers. All natural processes, both physical and chemical, that
lead to changes in the shape of the earth's surface are caused
by the action of surface water, whether flowing in an
integrated manner or concentrated [48, 49]. The fluviatile
process produces a distinctive landscape due to the behavior
of water flowing on the surface. The landscape is formed
because of the erosion or sedimentation process carried out by
surface water [50].

Furthermore, for the supply of clean water, ecoregions that
have the highest index values are the Structural Plain of the
Bukit Barisan Line and the Fluvial Plain of Sumatera [51] with
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are formed from the origin of structural and Fluvial processes,
also, they have good water availability from surface and
groundwater, while the river flows throughout the year, and
springs are often found in buckling areas. Aside from food,
another major need for humans is the availability of clean
water [52].

Clean water is also one of the benefits obtainable from
ecosystems, for example, the ground including its storage
capacity, and surface sources. Naturally, clean water can come
from the surface, such as rivers and lakes, or groundwater [53,
54] There are ecoregions in Pringsewu Regency that can
provide benefits in the form of clean water.

Furthermore, clean water is a basic human need, hence, its
availability is important, the availability of recharge areas will
help maintain the stability of the water supply [55, 56]. The
structural Plain of the Bukit Barisan Line and the Fluvial Plain
of Sumatera ecoregions are also good fiber providers. Most of
these ecoregions are still forested and naturally preserved.
Ecosystems also provide natural fibers from plants, animals,
or geological processes. Fibers derived from these sources can
undergo weathering, for example, forest, marine, agriculture,
and plantation products for materials [57]. There are
ecoregions in Pringsewu Regency that can provide benefits in
the form of fibers. Fiber originates from plants, animals, and
geological processes. Fiber can be used as fuel for everyday
life, such as burning material when cooking.

Meanwhile, ecoregions that provide good genetic resources
are water bodies [58] with an index value of 19.60. The highest
index value for energy sources was found in the Bukit Barisan
Strip Structural Plain ecoregion with a value of 13,30. The
ecoregion with the highest index in providing genetic
resources is the Structural Plain of the Bukit Barisan Trail with
a value of 17,40. Genetic resources are closely related to
biodiversity, both flora and fauna, hence, high biodiversity
will be followed by abundant genetic resources [59, 60]. The
distribution of the index value for each ecoregion in Figure 3
shows the carrying capacity of the dominant provider of
ecosystem services based on the high, medium, and low
criteria, which are spread across all districts.



Table 2. Value of the ecosystem service carrying capacity
index in each ecoregion

Carrying Capacity Index Value

Ecoregion Clean . Genetic
Food Water Fiber Energy Sources

Sumatera fluvial 6.9 5.8 6.3 73 7
plan
Path Structural
Plain Bukit 13,3 12,8 19,6 13,3 17,4
Barisan
Bukit Barisan
Trail Structural 3,1 3,2 6,1 3,6 6,3
Mountains
Structural Hills
Bukit Barisan 1,9 1,9 3,9 2,9 4,3
Trail

Source: Results of Data Processing Function Index and Criteria for Provider
Ecosystem Services, with modifications

Figure 3. Carrying capacity model for provider ecosystem

services
(Source: Personal Documentation of the Researchers, 2021)

3.2 Ecosystem services in cultural environmental carrying
capacity models

Cultural ecosystem services emphasize spaces to live
prosperously in the form of “hometown” with sentimental
value, landscape features, natural uniqueness, or certain values
that have become tourist attractions, and natural beauty with a
selling value [61]. They are classified based on the index
results for each ecoregion and land cover. The cultural
ecosystem services in this study are (1) Map of residences and
living spaces; (2) Recreation map; and (3) Map of natural
aesthetics. Cultural ecosystem services in each ecoregion in
Pringsewu Regency are spread over the districts. The
distribution of the carrying capacity index values in each
ecoregion is shown in Table 3.

Table 3 shows that the carrying capacity of cultural
ecosystem services is divided into high, medium, and low
criteria. Ecoregions with high criteria are found in the
Structural Plain of the Bukit Barisan Line with a Carrying
Capacity Index Value of 13,60-17,90. That is, the location is
rarely touched by humans due to geological factors.
Meanwhile, the ecoregions of the Structural Mountains of the
Bukit Barisan Trail and Hills of the Bukit Barisan Trail have a
value between 1,80-4,00. It can be interpreted as an ecosystem
that emphasizes the space to live and live in prosperity, anchor
"hometown" that has sentimental value, landscape features,
natural uniqueness, or certain values that are tourist

103

attractions, and natural beauty that has a selling point. Figure
4 shows the carrying capacity of the dominant cultural
ecosystem services based on the high, medium, and low
criteria which are spread across all districts.

Table 3. Value of cultural ecosystem service carrying
capacity in each ecoregion

Carrying Capacity Index Value

Ecoregion Living space Recreation Natural
and residence Aesthetics

Sumatera 8,7 4,6 5,1
fluvial plan
Path
Structural
Plain Bukit 17.9 136 154
Barisan
Bukit Barisan
Trail
Structural 2.8 38 4
Mountains
Structural
Hills Bukit 1.8 2,6 3,3
Barisan Trail

Source: Result of Data Processing Function Index and Criteria for Cultural
Ecosystem Services with modifications.

Figure 4. Cultural ecosystem service carrying capacity

model
(Source: Personal Documentation of the Researchers, 2021)

Based on the results of calculations and data overlays,
alluvial plains play a high to very high role with an area of
23,801,02 hectares and are spread across Adiluwih, Sukoharjo,
Gadingrejo, Pringsewu, Ambarawa, Pagelaran and parts of
Banyumas Districts, while other sub-districts have a moderate
ecosystem service role. downwards with an area of 38,698,98
hectares, this is because the area is located in the ecoregion
area of the Bukit Barisan structural mountains and the Bukit
Barisan structural hills.

Judging from the residence and living space, most of the
vast land that has high potential as a place to live and living
space is located in the ecoregion of the fluvial plains of
Sumatra, and the structure of the Bukit Barisan line structure.
Both ecoregions are areas that have flat geographical
conditions and a relatively large supply of clean water, making
them suitable for the development of facilities. In addition, the
construction of facilities and infrastructure in the lowland
ecoregion is relatively easy and low cost due to flat
geographical conditions. Most of the vast land that has low



potential for residence and living space is located in the fluvial
plains of Sumatra, and the structure of the Bukit Barisan line
structure.

In terms of recreational and ecotourism places, most of the
land that has high potential as a place for recreation and
ecotourism is located in the structure of the ecoregion plains
of the barisan hill path, the structural mountains of the barisan
hill path, and the structural hills of the barisan hill path. This
ecoregion has cool air conditions that are suitable for use as a
tourist area. Meanwhile, in terms of aesthetics, most of the
land that has high aesthetic potential for natural beauty lies in
the ecoregion of the Bukit Barisan Structural Plain, the
Structural Mountains of the Bukit Barisan Line, and the
Structural Hills of the Bukit Barisan Path.

3.3 Ecosystem services regulating environmental carrying
capacity model

Naturally, ecosystem services are provided in the form of
microclimate regulation, which includes temperature,
humidity, rain, wind, greenhouse gas control, and carbon
sequestration [62-64]. The function of climate regulation is
influenced by the presence of biotic factors, especially
vegetation, as well as the location and physiographic factors
such as altitude and landforms. Areas with dense vegetation
and large elevations such as mountains will have a better
climate regulation system with direct benefits in reducing
carbon dioxide emissions and the greenhouse effect as well as
global warming impacts namely rising sea levels, extreme
climate change, and heat waves [65, 66].

The role of ecosystem services in regulating the climate of
each ecoregion is different [67], ecoregions with high to very
high criteria have a dominant area compared to the Sumatera
Fluvial Plain and Bukit Barisan Structural Plain. These
regulatory ecosystem services emphasize the regulation of
temperature, humidity, rain, control of greenhouse gases and
carbon, the hydrological cycle, as well as natural infrastructure
for water storage, flood control, water conservancy, natural
infrastructure for prevention and protection from land fires,
erosion, abrasion, landslides, storms and tsunamis, as well as
the capacity of water bodies to dilute, decompose, and absorb
pollutants. They also comprise the site's capacity to neutralize,
decompose, and absorb waste with garbage, the capacity to
regulate air chemistry systems, the distribution of habitats for
supporting species of natural pollination processes, as well as
the distribution of habitats for controlling species pests and
diseases [68, 69].

These ecosystem services are classified based on the index
results for each ecoregion and land cover. Regulatory
ecosystem services in this study are (1) Climate control map;
(2) Map of water flow control and flood control; (3) Map of
prevention and protection from natural disasters; (4) Water
Purification Map; (5) Map of waste treatment and
decomposition; (6) Air quality maintenance map; (7) Map of
natural pollination settings (pollination); and (8) Map of pest
and disease control. Each regulatory ecosystem service is
assigned an index value according to pre-determined criteria,
namely very high, high, medium, low, and very low producing
a spatial model in the form of the distribution of regulatory
ecosystem services, the distribution of the carrying capacity
index values in each ecoregion is shown in Table 4.

Table 4 shows that the highest index value on the carrying
capacity of regulatory ecosystem services was found in the
Structural Plain ecoregion of the Bukit Barisan Trail with a
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value of 19,9. Another ecoregion with a high value is the
Sumatera Fluvial Plain ecoregion with an index value of 17,2.
While the coefficient value between approximately 4,6 until
8,5 means that the regulatory function is supported by
environmental conditions that are no longer natural, due to
human factors. The setting function is supported by unspoiled
environmental conditions. The more natural the environmental
conditions, the greater the regulatory potential. Figure 5 shows
the carrying capacity of the dominant regulatory ecosystem
services based on the criteria of high, medium, and low which
is spread throughout the district area.

Based on the results of overlay data calculations, it is known
that most of the land that has high and very high potential in
terms of climate regulation is located in four ecoregions of the
study area, namely the fluvial sumatran plain, the structural
plain of the Bukit Barisan route, the structural mountains of
the Bukit Barisan route, and the structure of the Bukit Barisan
line area. The four ecoregions are dominated by the use of
forest land, plantations and agricultural land which are also
oxygen producers. Land use and altitude cause the air in the
mountains and hills to be cooler and relatively clean. Forests
are also a natural filter of air pollution produced by human
activities. Land that has low potential in climate control is
mostly in the fluvial plains of Sumatra and the Bukit Barisan
highway.

In terms of water management, it is known that the land with
high to very high potential for water management in
Pringsewu Regency has an area of 14,618,11 hectares or
1,928,93 of the total land area in Pringsewu Regency. The land
that is potentially under water management has an area of
313,98 hectares. Meanwhile, land with low to very low
potential has an area of 38,613,29 hectares and 7,025,27
hectares.

In terms of disaster prevention and protection aspects, it is
known that land with high to very high potential in disaster
prevention and protection in Pringsewu Regency has an area
of 4,800,62 hectares and 10,866,23 of the total land in
Pringsewu Regency. The potential land in disaster prevention
and protection has an area of 14,163,08 hectares. Meanwhile,
land with low to very low potential has an area of 30,620,7
hectares and 2,049,35 of the total land in Pringsewu Regency.

Reviewed for water purification matters, it is known that the
land with high to very high potential for water purification in
Pringsewu district has an area of 429,16 hectares and 2613,02
of the total land in Pringsewu district. The land that is
potentially under water purification has an area of 666,14
hectares. while the low-potential land has an area of 48,267
hectares and 10,524,3 of the total land in Pringsewu district.
most of the land that has high to high potential in rapeseed
water purification is in the structural ecoregion of the Barisan
Hills, the structural mountains of the Barisan Hills and the
structural hills of the Barisan Hills.

Judging from the aspects of waste processing and
decomposition, it is known that land that has moderate
potential and dominates in waste processing and
decomposition has an area of 39,654,49 hectares. Meanwhile,
land with low to very low potential has an area of 5,636,48
hectares and 1,351,79 hectares of total land in Pringsewu
District.

Judging from the regulatory aspects of air quality
maintenance, the high to very high potential is 9,824,7
hectares and 3,546,99 hectares. Meanwhile, the medium
potential is 28,144,3 hectares and the low to very low potential
is 10,065,3 hectares and 10,918,3 hectares. The oxygen



produced by the forest neutralizes the quality of the air and
dirty particles that the plants absorb. This causes the air in the
forest area to be relatively cool and clean. Although it does not
dominate, the plantation area in Pringsewu Regency also has
high potential in regulating air quality improvement.

Judging from the aspect of natural pollination, the land
potential of each ecoregion located in Pringsewu Regency has
adifferent area. Ecoregions that are classified as having a large
or very high to high percentage of potential land are the
Sumatra Fluvial Plain, the Bukit Barisan Line Structural Plain,
and the Bukit Barisan Line Structural Hills. In fact, the Bukit
Barisan Structural Mountains ecoregion also plays a role in
natural pollination.

From the aspect of pest and disease control, it is known that
the percentage of potential land that is large or the highest is
the fluvial plain of Sumatra, the Bukit Barisan highway, and
the structural hills of Bukit Barisan. although it is also found
in the structural mountainous ecoregion of the Bukit Barisan
line. The ecoregion area is 26,588,06 hectares and 22,528,4
hectares. The potential for pest and disease control with
medium, low and very low potential is 5,997,85 hectares,
5,833,48 hectares and 1,551,79 hectares.

Figure 5. Carrying capacity model for regulatory ecosystem

services
(Source: Personal Documentation of the Researchers, 2021)

Table 4. Value of regulatory ecosystem services carrying capacity in each ecoregion

Carrying Capacity Index Value

Ecoregion Climate Flood Natural Water Dvgi:a;srtﬁ Air Natural Pests And
Control Control Disasters  Purification ositionp Quality  Pollination Diseases

Sumatera fluvial plan 5,6 7,5 8,5 46 7,5 58 15,2 17,2
Path Structural Plain Bukit 11,7 14,6 16,7 15,6 136 16,6 199 191
Barisan
Bukit Barisan Trail Structural
Mountains 5 5 4,5 55 4,6 6,5 5,2 4,7
_?_tr;L:ICtural Hills Bukit Barisan 41 3.2 28 3.2 23 53 42 2.7

Source: Results of Data Processing Function Index and Criteria for Ecosystem Services Providers with modifications

3.4 Ecosystem services supporting environmental carrying
capacity models

Supporting ecosystem services emphasize soil fertility, and
levels of agriculture production [70]. They are classified based
on the index results for each ecoregion and land cover.
Supporting ecosystem services in this study are (1) Map of the
formation of soil layers and maintenance of fertility; and (2)
Nutrient cycle map. Each service is assigned an index value
according to pre-determined criteria, namely very high, high,
medium, low, and very low producing a spatial model in the
form of the distribution of supporting ecosystem services. The
distribution of the carrying capacity index values in each
ecoregion is shown in Table 5.

Table 5 shows that the highest index value on the carrying
capacity of supporting ecosystem services was found in the
Structural Plain Ecoregion of the Bukit Barisan Trail with
values of 19,4 and 18,3 on soil fertility and nutrient cycles
respectively. Another ecoregion with a high value is the
Sumatera Fluvial Plain ecoregion with an index value of 7,0-
9,0. This coefficient value can be used like agricultural land
for the surrounding community. The distribution of each
ecoregion in Figure 6 shows the carrying capacity of the
dominant supporting ecosystem services based on very high,
high, medium, low and very low criteria spread across all
districts.
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Table 5. Value of supporting ecosystem services
carrying capacity in each ecoregion

Carrying Capacity Index Value

Ecoregion - - -
Soil fertility Nutrient cycle
Sumatera fluvial plan 9 7
Path Structural Plain
Bukit Barisan 19.4 18,3
Bukit Barisan Trail
Structural Mountains 1.9 1.9
Structural Hills Bukit 3 23

Barisan Trail

Source: Data Processing Result of Index Function and Criteria for Supporting
Ecosystem Services with modifications

Based on the results of overlay data analysis calculations, in
terms of ecosystem aspects supporting soil layer formation and
ecoregion maintenance, most of the land with high to high
potential to support soil formation and maintenance is in the
Sumatran Fluvial Plain ecoregion. Structural Plains of Bukit
Barisan, and Structural Hills. Traces of Bukit Barisan,
although they exist in other ecoregions.

Continued with the supporting aspects of the land nutrient
cycle that has the potential to support high to very high nutrient
cycles in Pringsewu Regency which has an area of 25,488,19
hectares and 15,036,2 of the total land in Pringsewu Regency.
The land that has the potential to support the moderate nutrient



cycle has an area of 10,172,68 hectares. Meanwhile, land with
low to very low potential has an area of 9,754,3 hectares and
2,048,18 of the total land in Pringsewu Regency.

Figure 6. Supporting capacity model for supporting

ecosystem services
(Source: Personal Documentation of the Researchers, 2021)

3.5 Environmental carrying capacity model for sustainable
food agricultural land

Sustainable agricultural land emphasizes substantial food
sovereignty [71, 72]. The availability of data on spatial form
as well as from survey results is an important prerequisite for
realizing protection efforts according to the mandate of Law
Number 41 of 2009. The management of several spatial data
will be very difficult when performed manually. The spatial
data in this case is on the environmental carrying capacity
generated from the overlay of the service model of all
ecosystem services, each of which has been assigned an index
value. The criteria for the environmental carrying capacity
model are divided into 3, namely: high, medium, and low.
Furthermore, the carrying capacity model is overlaid again
with Sustainable Food Agriculture Land. The results were also
based on high, medium, and low criteria to distinguish as well
as analyze sustainable food agriculture land. The area of
sustainable agriculture based on the environmental carrying
capacity for each district is shown in Table 6.

Table 6. Area of sustainable agriculture based on
environmental carrying capacity

Area based on Carrying

District Capacity Total
High Middle Low
Adiluwih 15,79 0 738,63 754,42
Ambarawa 372,21 0 1,69 1,954,63
Banyumas 69,55 326,57 236,90 633,02
Gading Rejo 158,11 1,343,02 1,606,71 3,107,84
Pagelaran 112,61 1,576,27 15,88 1,704,76
Pagelaran 10858 370,85 0,36 479,78
Utara
Pardasuka 181,90 1,874,72 0 2,056,62
Pringsewu 154,98 895,18 717,25 1,767,41
Sukoharjo 46,20 587,52 519,14 1,152,86
Total 121992 855485 3,836,556 13,611,34

Source: Sustainable agriculture model overlay results with environmental
carrying capacity
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Table 6 shows that based on the results of the calculation
for the sustainable agriculture area in each district, it can be
classified as moderate to high, with an area of 8,554,85 and
1,219,92 of the land area in Pringsewu Regency. The district
with the most extensive sustainable agriculture is Ambarawa,
while the area of sustainable agriculture with a low carrying
capacity is North Pagelaran District. The distribution of each
area based on its carrying capacity is shown in Figure 7.

Figure 7. Sustainable agriculture model based on

environmental carrying capacity in ecosystem services
(Source: Personal Documentation of the Researchers, 2021)

Figure 5 shows that the carrying capacity ranging from low
to high in sustainable agriculture is spread throughout the
district area, but the most predominant is the medium. The
results from environmental carrying capacity determination
are used as a reference in the preparation of regional spatial
plans. Considering that the carrying capacity of the
environment cannot be limited based on administrative
boundaries, the implementation of a spatial plan must consider
the aspects of ecological linkages, effectiveness and efficiency
of space utilization, while the management must pay attention
to inter-regional cooperation.

The concept used to determine the critical threshold for
carrying capacity is the assumption that there is a limited
number of populations which can be supported without
degrading the natural environment. The carrying capacity of
the region is the maximum level at which the environment can
be empowered by humans. In other words, it refers to the
maximum population that can be supported indefinitely
without destroying the ecosystem. Furthermore, the carrying
capacity analysis is a development planning tool that provides
an overview of the relationship between the population, land
use, and the environment. It also provides the necessary
information in assessing the level of land capability to support
all human activities in the area concerned.

The information obtained from the analysis results in
general will address the supporting capacity possessed by an
area for development by comparing the amount of land owned
and the existing population. The carrying capacity of the
environment in spatial planning aims to ensure that the use of
space will not exceed the limits of the environment's ability to
support and accommodate human activities without causing
environmental damage [73, 74]. Consequently, spatial
planning that ignores the carrying capacity will certainly cause
problems and degradation of environmental quality such as



floods, landslides and droughts, pollution, etc. [75], this is due
to climate change which potentially affects human existence
[76].

The results are consistent with previous studies which
showed that the potential of the area, both physical and social,
greatly determines the development according to its
designation and objectives [77, 78]. Regarding the
environmental carrying capacity of sustainable agriculture for
the activity centers, it is recommended that the government
pay attention, especially to areas experiencing rapid
development in the Pringsewu Regency spatial plan.
Harmonization between activity centers and sustainable
agriculture is important for development, especially on lands
with high carrying capacity to physically and socio-
economically support the conversion of agricultural land.

The essence of the concept of a sustainable agricultural
system must meet three criteria such as the level of
productivity of animals and plants, socio-economic survival,
and the maintenance of resources in the long term [79].
Furthermore, Rotz [80] mentioned that various models of
sustainable agricultural systems can be developed such as
diversified agricultural models, inorganic agriculture,
agroforestry and mixed agriculture. In essence, the main goal
of sustainable agriculture is to increase productivity and
strengthen food security [81].

Several previous relevant studies have also discussed
innovations in the development of sustainable agriculture such
as Basso & Antle [82] in the form of global food system design
through digital agriculture with digital and geospatial
technologies to monitor, assess, and manage soil, climate, and
genetic resources and illustrate how to face these challenges
balancing the economic, environmental and social dimensions
of sustainable food production. The developed design
framework can also be presented in Figure 8.

PricauProte

Enengy aMaercy

Figure 8. Design sustainable agricultural systems [82]

The design of this framework also supports the use of GIS
for the benefit of sustainable agriculture with the aim of
strengthening food in certain regions. In line with Delgado's
research [83] it states that they introduced the WebGIS
framework as a smart farm for regional and global coverage
that is beneficial for the agricultural industry and local
government policymakers. In addition, GIS is one of the tools
for assessing the suitability of land for sustainable agriculture
[84]. In addition, the role of advanced technologies such as

107

IoT, UAVs, remote and ground sensors, communication
technologies, and cloud computing, is needed to advance
agriculture to meet the future of sustainable agriculture [85].

Some of these relevant studies at once illustrate that the
benefits of sustainable agriculture are essential for increasing
land production and conservation of natural resources [86].
Not only that, in order to support sustainable agriculture Rose
et al. [87] it requires increased exchange of knowledge about
sustainable agriculture for those farmers. Some countries are
ambitious to be able to contribute to advancing this sustainable
agriculture such as the results of sustainable agriculture
research in the Himalayan region [88]; Central Romania (Cluj
County) [89]; Kurdistan province, Iran [90]; Serbian [91] and
several other countries.

The importance of applying technology to sustainable
agriculture can be seen from an article [92] that released a line
of usable software such as ADAPT (from Washington DC,
USA); AGERmetrix (from Florida, USA); AgHub (from
Texas, USA); Agrivi (from United Kingdom); Agroptima
(from Spain); AgroSense (from Netherlands and Spain);
AgVerdict (from California, USA); Akkerweb (from The
Netherland); APEX TM JDLink (from Illinois, USA); CASE
IH AFS software (from Wisconsin, USA); Connected Farm
(from California, USA); Cropio (from New York, USA);
Cropwin Vintel (from France); The Phytech Platform (from
Israel); ESE™ Agri solution (from Massachusetts USA);
Farmbrite (from Colorado, USA); FarmCommand (from
Manitoba, Canada); Farmleap (From France); Farm
Management Pro (from Ireland); KSAS (from Japan);
Mapgrower (from Chile); Myeasyfarm (from France); My
Farm Manager (from Alberta, Canada); Phoenix (from
Queensland Australia); PLM Connect (from Italy); Telematics
(from Germany); Visual Green (from Spain); WinGIS (from
Austria). This line of software from various countries
characterizes if the field can develop in the 5.0 era which has
great benefits for global farmers.

4. CONCLUSIONS

Based on the results, a spatial model can facilitate the
description of the data in the area. The data model created in
the study is presented in a thematic form comprising
administration, rainfall, groundwater basin, watershed,
landform, slope, geology, soil type, contour, land use, road
network, land capability, population, population density,
ecoregion, and land cover. Furthermore, the spatial data model
of ecosystem service-based environmental carrying capacity
consists of: 1) provider 2) cultural; 3) regulatory; and 4)
supporting ecosystem services. It is determined by two
important components namely ecoregion and land cover,
while the carrying capacity spatial model is categorized into 3,
namely high, medium, and low. The most predominant
ecoregion in Pringsewu Regency is the Bukit Barisan Strip
Structural Plain. This ecoregion has an area of 28,557,3
hectares or approximately 45,69% of the total area in the
Regency.

The sustainable agriculture land area was analyzed using a
spatial approach based on the 4 activity centers in the study
area in line with the Regional Regulation concerning the
RTRW, comprising local and regional promotion centers, as
well as regional and environmental service centers. The
upcoming implications for the environmental carrying
capacity model in Pringsewu District have not been used as a



basis for making RTRW, therefore this research can be used
as one of the guidelines in policy making for an area,
especially related to planning which is used as strategic land
for regional development planning.

In addition, the theme of sustainable agriculture is an

important focus in strengthening global food considering the
increasing population growth rate, so expect further research
by developing technology-based models to be used by farmers
to increase food productivity effectively and efficiently and
practically can be used by farmers in Indonesia to achieve
sustainable agriculture in the era of society 5.0.
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