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Abstract. Hadiyan Y, Bhermana A, Susanto M, Fithor A. 2026. GIS-based land suitability mapping for agroforestry development in 

Gunung Mas, Central Kalimantan, Indonesia. Asian J For 10 (1): r100109. https://doi.org/10.13057/asianjfor/r100109. The expansion 

of agricultural land to support food security in Indonesia often leads to forest conversion, resulting in deforestation and land degradation. 

This study proposes agroforestry as a sustainable land-use alternative that integrates food crops with tree-based systems within forested 

landscapes. We developed a spatial planning framework to identify and allocate suitable agroforestry areas in Gunung Mas District, Central 

Kalimantan, Indonesia, using land resource assessments and GIS-based analysis. Slope classes were derived from a 30-m digital elevation 

model and integrated with land unit data to support planning at a 1:50,000 scale. Land suitability was then determined by matching specific 

land characteristics with crop growth requirements. The results show that agroforestry is primarily feasible on sloping lands within the 8-

14% and 15-24% classes, covering a total of 202,874 hectares, or 18.71% of the district. Unlike monoculture systems, these areas were 

identified based on their capacity to maintain forest cover while remaining productive for food crops. These findings provide geospatial 

evidence to support location-specific land-use planning and policy-making. By utilizing this data, local authorities can better manage 

sustainable landscapes, ensuring that agricultural development does not come at the expense of forest conservation in Central Kalimantan. 
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INTRODUCTION 

Agriculture development is among the primary drivers 

of land cover changes, some of which leading to 

deforestation and land degradation. The expansion 

stimulates tropical deforestation and land-use change 

globally which reached 6.4-8.8 million ha (Gibbs et al. 

2010; FAO 2021; Pendrill et al. 2022). Both land cover and 

land use changes involving the conversion of forests into 

agricultural areas have become a significant pattern of land 

transformation in South Asia, including Indonesia (Appelt 

et al. 2022). In Indonesia, forest destruction has been 

occurring since the 1990s (FAO 2001), including peatlands 

conversion, which declined by approximately 34.90% from 

2005 to 2021 (Hadiyan et al. 2022). For oil palm 

plantations, this crop was the largest single driver of 

deforestation over 2001-2016, resulting in 23% of 

deforestation nationwide (Austin et al. 2019) 

Land use conversion is one of the contemporary 

problems in Indonesia as it leads to the loss of agricultural 

lands. Large extent of agricultural lands, especially in Java 

Island, have been converted to other uses, such as human 

settlements, road networks and industrial complexes. If this 

trend continues, the reduction of agricultural lands will 

have a major effect on food security (Ivanka et al. 2024). 

To resolve such problem, limited choices are available, one 

of which is by converting forest for agricultural expansion 

particularly in regions outside Java including Kalimantan.  

The Indonesian government launches the land extension 

program, which includes expanding agricultural land, to 

improve community welfare and to accelerate the 

development of local and national economy in the 

agricultural sector (Ilham et al. 2022). The strong emphasis 

in agriculture is because this sector is still considered as a 

key sector in accelerating economic development at the 

national and regional levels (Bhermana et al. 2024). In 

addition, agricultural expansion is intended to safeguard 

food security of the country to balance the growing 

population, increasing consumption and improving life 

quality. However, this strategy may also have negative 

environmental impacts on biodiversity, hydrology, 

biochemical processes, land degradation, and 

socioeconomic outcomes (van Vliet et al. 2016). 

Since forest conversion into agricultural land can cause 

long-term ecological imbalance, agroforestry is promoted 

as sustainable land use systems. This system integrates 

woody shrubs, trees, and annual crops which can deliver 

win-win solutions by providing food security as well as 

ecological sustainability (Pendrill et al. 2022; Roy et al. 

2025). The government also encourage community to 

implement agroforestry as a strategy to mitigate natural 

disasters, such as landslides and erosion, and the depletion 
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of biological resources (Susanto et al. 2024). Many parts of 

Indonesia have adopted agroforestry systems (Tropenbos 

2023) as a form of integrated natural resource management 

(Pais et al. 2024). Such policy is strengthened by the 

issuance of Government Regulation Number 26/2020 and 

23/2021 which provides a basis for agroforestry as a form 

of forest management that integrate food crop-forest 

systems as part of agricultural land expansion to support 

main program of food security. 

Some argue that land conversion for particular purposes 

is unavoidable in response to political dynamics, economic 

development, and population growth (Dohong et al. 2017). 

However, before converting forest into agricultural lands, 

prudent planning is paramount. To guarantee the 

sustainability of land use and soils, opening forest for 

agricultural practice requires integrative spatial planning 

principle that addresses land allocation (González-Sánchez 

et al. 2016; Bhermana et al. 2021). The strength of the 

integrative spatial planning is its capacity to strategically 

envisage land use in a manner that strikes a balance 

between social justice, economic productivity, and 

environmental sustainability. 

Proper land use management should be developed 

through spatial land use planning and design with suitable 

land management to achieve the sustainability principle. 

The planning will help protect natural resources over time 

and maintain soil fertility and productivity for agricultural 

production. This suggests that land resources should be 

planned according to their appropriateness and capacity for 

both forest and agricultural systems. In the face of land use 

changes for agricultural development, agroforestry system, 

which incorporates agriculture as a farming practice into 

forest environment, can be seen as a strategy and method 

rooted in nature and sustainability (Gassner and Dobie 

2022; Carvalho et al. 2024).  

Gunung Mas District is an upland area with slopping 

lands and mainly covered by forest where the agricultural 

sector significantly supports local livelihoods and 

contributes to the Gross Regional Domestic Product 

(GRDP) (BPS-Statistics of Gunung Mas District 2024). 

The sector produces economic value and provides essential 

food commodities that support regional food security. This 

corresponds to Indonesia’s national food self-sufficiency 

initiative, which emphasizes enhancing domestic 

agricultural output, fostering rural economic growth, and 

promoting sustainable land management. In 

environmentally sensitive settings, agroforestry systems 

that combine trees with food crops provide a strategic 

method to improve agricultural productivity while 

promoting forest conservation.  

This study was then aimed to spatially allocate areas for 

agroforestry in Gunung Mas District, Central Kalimantan 

Province, Indonesia. In this study, spatial planning is 

combined with government perspectives to achieve 

development objectives at the regional and district levels 

(Yudono 2018). The results of this study are expected to 

provide the concept of agricultural land use planning that 

integrate agriculture as a farming practice within forest 

environment.  

MATERIALS AND METHODS 

Study area  

The selected study area that represents uplands and 

sloping lands was in Gunung Mas District, Central 

Kalimantan Province, Indonesia. The total area is 

1,084,104 hectares and geographical position between 113o 

00’ 46.55” E to 114o 01’ 59.98” E and 00o 17’ 7.51” S to 

01o 39’ 46.64” S (Figure 1).  
 

 

 

 
 

Figure 1. The maps showing the study location in Gunung Mas District, Central Kalimantan, Indonesia 
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Procedures 

This study focuses on landform analysis based on a 

Digital Elevation Model (DEM) produced by the Shuttle 

Radar Topography Mission (SRTM) with a spatial 

resolution of 30 meters due to the scarcity of data. The 

DEM data, which provides basic information on the 

representation of land surface based on its landform 

condition, was used to determine slope classification 

(Drǎguţ and Eisank 2012; Bhermana and Susilawati 2019). 

The technology of Geographic Information Systems (GIS), 

including Remote Sensing (RS), was employed to develop 

and generate spatial data, in addition to the mapping 

process and geospatial analysis. The procedure of RS was 

applied to interpret and analyze landform data derived from 

the Digital Elevation Model (DEM) (Abdelrahman et al. 

2016; Singh et al. 2016; Wahyutomo et al. 2016; Bhermana 

et al. 2021). In this study, the PC-based GIS involving 

ArcGIS 10.1 and Global Mapper 13 was employed to 

generate, store, analyze, and display geospatial data. A 

semi-detail level with a scale of 1:50,000 was used to 

provide spatial information at the district level, referring to 

Indonesian regulation by Law No.26 of 2007 and 

Regulation No. 100/2000 about geospatial planning for 

land use (Darmawan et al. 2021). The information at this 

scale can be utilized in the planning process, decision-

making, and policies (Anda et al. 2012).  

In this study, a land evaluation approach was used to 

determine the land suitability of a group of food crops. The 

framework of land evaluation, as proposed by FAO, was 

used to define land suitability classification through a 

matching process between land characteristics and crop 

growth requirements referring to the guideline of land 

evaluation (ICALRRD 2016). The upland rice was selected 

to represent food crops with emphasize of staple food. 

Based on field observation, this crop has been cultivated 

for a long time in sloping land areas using intercropping 

patterns. The results of land evaluation based on the 

information of each land unit were integrated into the GIS 

environment for further spatial analysis purposes. The basic 

data and information used in this study included land 

resource and climate information, mostly in the form of 

digital maps such as land system maps, soil type maps, and 

agroclimatic and administrative maps. These basic data was 

obtained from several local government agencies involving 

government data portal and open-source data. The primary 

data of land cover and/or present land use were obtained 

based on remotely sensed data accessed from Landsat 

imagery. Other relevant data for land evaluation purposes 

uses crop growth requirement information in accordance 

with technical guidelines for land resource evaluation at a 

semi-detail level (ICALRRD 2016).  

The procedure of geoprocessing includes the overlay 

technique of several thematic maps and on-screen 

digitization, allowing update and correction of spatial 

datasets (Alkan et al. 2010; Dibs 2013). The general 

procedure of analytical framework of this study is provided 

in Figure 2. 

Data analysis 

At the beginning of the study, the basic maps of land 

systems and soil types were compiled and integrated using 

overlay procedures to delineate land units. Each unit was 

then completed by landform data interpreted and analyzed 

based on the DEM 30-meter spatial resolution. This study 

was focused on the slope parameter as an integral part of 

the landform. This parameter, basically, was calculated 

based on the comparison of vertical and horizontal 

distances. All the operations were executed with the aid of 

the GIS software called Global Mapper.  

 

 
 

Figure 2. Analytical framework used in this study 
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The resulting data was then integrated into each land 

unit to provide information on land characteristics for 

further analysis using land evaluation procedures to 

determine land suitability for agricultural development 

areas. The matching process between land characteristics 

and crop growth requirements was used to establish land 

suitability for arable land suitable for food crops. The result 

of land suitability evaluation was then integrated within the 

GIS environment for further spatial analysis using ArcGIS.  

RESULTS AND DISCUSSION 

Environmental characteristics of the study area 

Gunung Mas District, with a total area of 1,084,104 

hectares, is administratively located in the northern part of 

Central Kalimantan Province despite geographically it is 

situated in the center of Kalimantan Island (Figure 1). This 

region is mainly dominated by upland areas with 

topography from hilly to mountainous (Amelia et al. 2016; 

Bhermana et al. 2021). The dominant soil orders include 

Ultisols (Tropudults), Inceptisols (Dystropepts, 

Tropaquepts), and Entisols (Tropopsamments and 

Ustipsamments) (Soil Survey Staff 2022). In sloping areas, 

these soil types are susceptible and are prone to erosion 

(Amelia et al. 2016). 

This region has a tropical rainforest climate according 

to the Köppen-Geiger system. The climate condition is 

characterized by high precipitation, consistent temperature 

and daylight duration, and high ultraviolet index (Amelia et 

al. 2016; Andini et al. 2023). According to Oldeman's 

climate system criteria, this region is dominated by 

agroclimatic zone A, with more than nine consecutive wet 

months and annual rainfall of 2500-3500 mm/year. Such 

climatic characteristics are suitable for food crop within 

agroecosystem (Susanti et al. 2021). 

By the end of 2024, the result of Landsat imagery 

interpretation showed that the dominant land covers are 

forest and shrub, covered almost 1,058,127 hectares or 

97.60% of the total area. Further spatial analysis showed 

that the remaining areas utilized for agriculture and human 

settlement are only 25,977 hectares (2.40%). Agricultural 

lands are mainly found in adjacent to human settlement 

located on riverbanks and scattered (Figure 3). This result 

suggests that the land is still widely available, especially 

for agricultural purposes. Appropriate land management, 

however, should be implemented to preserve the 

agroecosystem because this region has several important 

limiting factors that should be taken into account when 

opening the land for agriculture. The main limiting factor 

that should be considered involves topographical 

conditions dominated by sloping lands, which are prone to 

erosion, leading to land degradation.  

Landform analysis 

Physical characteristics of the land surface that 

characterize notable landforms were evaluated in order to 

comprehend the topography generally and perform a basic 

analysis to classify the slopes using DEM. The study area 

has elevation of 19 to 1,896 meters above sea level, with 

mountainous areas, hillocky plains, moderately steep hills, 

and undulating plains with broad valleys. Area with the 

lowest elevation is in the southern part, especially in 

valleys located along the main river, while the highest 

location is in the northern parts of the study area (Figure 4).  

 

 

 
 

 

Figure 3. Land cover type in Gunung Mas District, Central 

Kalimantan, Indonesia 

 

 
 

 

Figure 4. Elevation and topography of Gunung Mas District, 

Central Kalimantan, Indonesia 
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Slope is a crucial component of land evaluation as it 

acts as limiting factor for agriculture. The slope in Gunung 

Mas District can be classified into six classes, i.e., <3%; 3-

7%; 8-14%; 15-24%; 25-40%; and >40% as presented in 

Table 1 and Figure 5. Slope of less than 15% is the most 

suitable for farming to make soil tillage, planting, and 

harvesting. It is still possible to cultivate on lands with 

steeper slope classes (15-25%), however, due to their 

vulnerability to soil erosion, these lands not advised for 

agricultural usage (Angima et al. 2003; Amelia et al. 2016; 

ICALRRD 2016; Bhermana et al. 2021). The result of 

analysis showed that slope class of 3-7% predominates 

with 58.07% of the entire area and is located in the central 

and southern regions. Such area can be developed for 

agriculture. On the other hand, slope class >40% has the 

smallest portion with only 23,694 hectares or just 2.19% 

and is located in the northern part which has steeper slopes 

composed by mountainous regions and hillocky plains. 

Land use planning for agroforestry  

Identifying suitable areas for agroforestry in Gunung 

Mas requires a multi-criteria approach that goes beyond 

simple topographic classification. In this study, land 

suitability was determined by matching the biophysical 

characteristics of land units—such as soil depth, texture, 

and drainage—with the physiological requirements of both 

perennial trees and annual food crops. This "dual-

component" matching is essential to ensure the selected 

land can support deep-rooted trees while providing 

sufficient topsoil fertility for annual crops like upland rice 

or maize. 

Our spatial analysis identifies the most feasible zones 

within the undulating and hillocky plains, specifically in 

the 8-14% and 15-24% slope classes, covering 202,874 

hectares (18.71% of the district). Geographically, these 

suitable areas are distributed across the central to northern 

parts of the district, largely concentrated near the hilly 

northern regions that remain under forest cover and native 

vegetation. By overlaying these results with existing land 

cover data, it is evident that most of these identified areas 

have not yet been developed for intensive agriculture. 

The lack of infrastructure, particularly road networks in 

these remote northern zones, makes them less ideal for 

intensive monoculture but highly suitable for less intensive 

systems like agroforestry. From a management perspective, 

prioritizing these sloping lands for agroforestry is a 

strategic move to prevent degradation. In these areas, the 

tree canopy mitigates the kinetic energy of rainfall while 

root systems stabilize the soil, allowing for food production 

on terrain that would otherwise be prone to erosion. This 

spatial planning framework provides a practical roadmap 

for local authorities to implement food security policies 

that are ecologically sound, infrastructure-appropriate, and 

location-specific, ensuring long-term landscape 

sustainability in Central Kalimantan. 

This study focused on spatial planning to identify 

suitable area for agroforestry development. Based on 

previous research and the result of evaluation, hillocky 

plains with slope classes of 8-25% and undulating plains 

are among the landform appropriate for agroforestry (Khan 

et al. 2007; Amelia et al. 2016; ICALRRD 2016; Carvalho 

et al. 2024; Triwanto et al. 2024). Subsequent analysis 

revealed that region with slope classes between 8 and 25% 

are divided into classes 8-14% and 5-24%, which together 

account for 202,874 hectares, or 18.71% of the overall 

study area. Areas within these slope classes are 

recommended for agroforestry as shown in Figures 5 and 6. 

Land management  

Depending on the land's suitability and capacity, an 

integrated food crop-forest system can be introduced into 

an agroforestry setting. The result of land evaluation 

indicated that several crops, including upland rice, 

soybeans, and maize, are agricultural commodities of food 

crops. They can then be used as the primary crop in 

conjunction with trees. This model can be applied 

specifically to areas with land conditions such as open 

critical lands, traditional dryland farming, bushes or shrubs, 

and other places where local communities engage in 

farming activities in Gunung Mas District.  

The implementation of agroforest system refers to the 

regulation issued by the Ministry of Environment and 

Forestry Number P.105/2018, which concerns the 

management of agroforestry. The integrated food crops-

forest system can be implemented with a composition of 

75% of the land as perennial crops, such as trees that have 

economic value, and the remaining 25% is cultivated with 

food crops. Various species of tree include warugunung 

(Hibiscus macrophyllus), sengon (Paraserianthes 

moluccana), durian (Durio zibethinus), cempedak 

(Artocarpus integer), payait (Xerospermum sp.), gandis 

(Garcinia parvifolia), tampang (Cotylelobium sp.), sungkai 

(Peronema canescens), and paken (Durio kutejensis). 

Research on H. macrophyllus agroforestry has been 

conducted by Susanto et al. (2024). Soil symbiosis with P. 

moluccana has been studied by Baskorowati et al. (2024), 

and interactions between the environment and Gmelina 

arborea have been carried out by Setiadi et al. (2021). 
 

 

 

Table 1. Slope classification in Gunung Mas District, Central 

Kalimantan, Indonesia 

 

Slope 

class 

(%) 

Landform description 

Total areas 

Hectares Percentage 

<3 Undulating plains/flat 141,231 13.03 

3-7 Undulating plains 629,511 58.07 

8-14 
Undulating plains/hillocky 

plains 

84,567 7.80 

15-24 
Undulating plains/hillocky 

plains 

118,307 10.91 

25-40 
Mountainous 

areas/hillocky plains 

86,794 8.01 

>40 
Mountainous 

areas/hillocky plains 

23,694 2.19 

Total 1,084,104 100.00 
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Figure 5. Slope classification in Gunung Mas District, Central 

Kalimantan, Indonesia 

 

 
 

Figure 6. Area recommended for agroforestry in Gunung Mas 

District, Central Kalimantan, Indonesia 

 

 

 

The planting system can use 5×5-meter spacing for 

trees while food crops can be applied between the trees. 

However, the planting distance can also be adjusted 

according to land conditions to manage the shade according 

to the canopy size. Because the agroforestry system mostly 

occupies sloping lands with topography conditions 

involving undulating plains and hillocky plains, 

conservation should then be included in land management, 

to prevent soil erosion. On sloping lands characterized by 

hilly terrain features with gentle elevations and rolling 

slopes (Figure 3), the lands should be cultivated with trees 

according to contour lines. This is intended to prevent soil 

surface erosion while stabilizing the slopes. At the open 

areas in which erosion occurs, the planting system can be 

arranged with close spacing to obtain a soil-binding effect 

derived from plant roots (Khan et al. 2007; Forbes et al. 

2013; Amelia et al. 2016). The simple intercropping of an 

integrated food crops-forest system can then be developed 

according to its scale, depending on the landform, 

ecological condition, and spatial distribution pattern within 

a region (Tropenbos 2023).  

Although the map identifies suitable areas for 

agroforestry in Gunung Mas District, several challenges 

must be considered. The social and institutional context, 

particularly regarding farmer adoption levels, is often 

influenced by uncertain land rights, changing cultivation 

practices, and limited access to technology and markets 

(Maryudi and Myers 2018; Siscawati 2020), indicating a 

need for further research. The current practice of shifting 

cultivation presents notable challenges concerning land 

tenure in prospective agroforestry areas. Furthermore, 

insufficient road infrastructure in the proposed areas 

appears to limit the transportation of inputs and produce, 

while also obstructing future agroforestry extension or 

technical assistance. To enable effective implementation, 

policy instruments such as the Social Forestry scheme 

(Ministerial Regulation of the Environment and Forestry 

No. 9/2021) and the REDD+ program can be employed to 

strengthen community management rights, reduce 

deforestation, and sustainably increase the economic value 

of landscapes. The advancement of agroforestry in this 

region aligns with the Sustainable Development Goals 

(SDGs), particularly focusing on poverty alleviation (SDG 

1), food security (SDG 2), and climate action (SDG 13). 

Furthermore, it can assist Indonesia in achieving its 

primary goals for forest landscape restoration (FAO and 

ICRAF 2019; Wijaya et al. 2020; Ministry of Environment 

and Forestry 2021). 

In conclusion, the integrated food crops-forest system 

within an agroforestry environment can be implemented 

based on landform, ecological condition, and geographical 

setting, in addition to land suitability and capability. In 

light of spatial policy tools, this geospatial data can 

therefore be utilized in spatial land use planning and aid in 

the decision-making process. Geospatial tools, including 

DEM-based slope analysis and land use overlays, facilitate 

evidence-based planning. This approach is reinforced by a 

series of Ministerial Regulations of the Environment and 

Forestry: No. P.105/2018, which promotes agroforestry on 

sloped and degraded lands; No. 7/2021, which supports soil 

conservation in undulating terrain; No. 9/2021, which 

institutionalizes agroforestry as a legal land-use model 

within Indonesia’s social forestry framework; No. 24/2020, 

which mandates geospatial mapping for social forestry 

areas; and No. 4/2023, which refines implementation 

procedures to strengthen agroforestry integration into 

community forest management plans. Additionally, 

Regulation of the Director General of Social Forestry and 
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Environmental Partnership No. 

P.02/PKPS/PP/PSKL.0/10/2016 further promotes 

agroforestry by integrating timber and food crops for 

ecological and livelihood benefits. Positioned within the 

broader frameworks of REDD+ and the SDGs, agroforestry 

contributes to deforestation mitigation, carbon stock 

enhancement, and improved food and livelihood security, 

serving as a key instrument in adaptive landscape 

governance through community-based forest utilization.  
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