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Abstract.

Geomorphology affects the potential of land. The geomorphological condition of an
area has implications for physical characteristics, including: 1) type; 2) material; and 3)
processes formed upon it. Understanding land capability allows for the evaluation of
land suitability. Classification of land suitability is carried out by combining the results
of land capability identification with requirements for plant growth or existing land use.
Evaluation of land suitability can be done using the survey method. This study aimed to
assess the suitability of land in Sumbersuko Village in Wagir District, Malang Regency.
Land suitability was evaluated by matching the characteristics of the land with the land
suitability class. This study used primary data taken from the regional morphology
survey. Secondary data included: 1) digital elevation model data; 2) geological maps;
3) maps of soil types; and 4) Sentinel-2A images. The data from the field survey were
then compiled using a geographic information system into maps using 2D and 3D
modeling. The results of GIS analysis showed that Sumbersuko Village has six landform
units, namely M1V1, M1V2, H2V2, U2V2, P2V2, and M3V3. Analysis of land capability
and suitability of the six land units in a row gave the following results: 1) forest (highly
suitable/S1); 2) forest and industry (suitable/S2); 3) plantation/agrotourism (moderately
suitable /S3); 4) agriculture (not suitable/N); 5) residential area (less suitable/S3) S4);
and 6) forest (highly suitable/S1).

scientific, approach, methodological, techniques, geography

The suitability of land use can be assessed based on geomorphological aspects. The
main aspects of geomorphology are morphology (morphography and morphometry),
morphogenesis (passive morphostructure, active morphostructure, and morphodynam-
ics), morphochronology, and morphoarrangement [1]. The earth’s surface can develop
and change over time as a result of geomorphic processes and as a result of human
actions. Changes occur in physical landforms and changes in land use types [2]; [3].
Therefore, land evaluation based on geomorphological conditions in an area can be

carried out.
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Land suitability is a land evaluation activity based on a comparison between land
quality and land use requirements. Land suitability can be identified and evaluated
from the land capability of an area [4]; [5]. The principle of land suitability classification
is carried out by combining the results of the identification of land capabilities with
requirements for plant growth or existing land use. Therefore, this classification is often
called species matching [6]; [7]; [8].

Geomorphological mapping is carried out to study landforms and other interrelated
phenomena [9]; [10]. Inventory of geomorphological data in the field was carried out
using terrestrial survey techniques [11]; [12]. Terrestrial survey is a branch of mapping
science that focuses on modeling the earth’s surface [13]. This observation consists of
several stages, namely before mapping which includes processing survey points and
making checklists, field (data collection), and data processing after the field.

Geomorphological mapping is done by reviewing aspects of morphology, morpho-
genesis, morphochronology, and morphoarrangement [1]. Aspects of morphometry and
morphography are included in the morphological aspects. Morphometry is the size and
shape of the constituent elements of landforms, while morphography is the arrangement
of all objects on the earth’s surface. The morphogenesis aspect is the story of the origin

and development of landform formation.

Morphochronology is a sequence of landform formation processes. Meanwhile, the
morpho-arrangement aspect is the spatial arrangement and the relationship between
a landform and other landforms in a related process. This research focuses more on
morphological aspects, especially morphometry. The morphometric condition of the
area was measured by direct measurement method in the field.

Geomorphological conditions are one of the initial parameters that can be used to
carry out land suitability analysis [14]; [15]; [16]. This is because the aspects contained
in geomorphology can affect slope conditions, processes, types and properties of
materials on the earth’s surface, as well as the availability of water [17]. Based on this, it
is possible to know the land capability in an area based on the physical properties of the
soil and groundwater conditions which can be interpreted from the geomorphological
conditions of the area. Then, the ability of the land can be compared with the existing
land use to identify the suitability of the land. Based on this analysis, it can be seen
whether the land currently used is in accordance with the land capability based on the
geomorphological conditions of the area.

Sumbersuko Village is one of the areas with geomorphological conditions that have

not been mapped optimally. There have not been many specific studies regarding the
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relationship between geomorphological conditions and land use in this area. Geomor-
phologically, land use in the middle slope area should still be used as a forest area
or an unmanaged area. However, the existing land use in this area consists of natural
tourism areas, agriculture, and production forests. Based on this, this study aims to: 1)
understand the general geomorphological conditions in the research area, 2) identify
the suitability of land use based on the geomorphological conditions of the area, and
3) evaluate the existing land use based on the results of the identification of land use

suitability.

This research is a qualitative descriptive study conducted in Sumbersuko Village, Wagir
District, Malang Regency, East Java Province, Indonesia. This village is located at
112°28°48"-112°33’40” East Longitude and 7°58’41"—8°1"19” South Latitude. Based on
the location of latitude and longitude, Sumbersuko Village is included in a tropical cli-
mate (moderate to cold in the Junghuhn climate classification). Sumbersuko village has
an area of 10.89 km2. Sumbersuko village is located in the highlands. Physiographically,
Sumbersuko Village is in volcanic morphogenesis (V). The morphology of this area is
found in the upper slope to the foot slope of Kawi Volcano. The administrative map of

Sumbersuko Village can be seen in Figure 1.
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Figure 1: Administrative Map of Sumbersuko Village, Wagir District, Malang Regency.
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This study examines the suitability of land use from a geomorphological point of view.
Studies Land suitability based on the geomorphological conditions of an area can be
identified using a geographic information system (GIS) [18]; [19]. However, primary data
is still needed to support mapping data. Primary data is data obtained by researchers
directly in the field, without going through intermediaries or second hands [20]; [21];
[22]. Secondary data is data that is already available or has been processed by primary

parties who come from outside the research team [23];.

The primary data in this study were taken from observations and morphological
surveys of the area, while the secondary data used were DEM (digital elevation model)
data, geological maps, soil type maps, and Sentinel-2A images. Secondary data is
processed and visualized into a geomorphological map of the area. Then, the ideal
land use analysis is carried out from the geomorphological conditions of the area. After
that, observations were made to determine the suitability of land use from the mapping
results with existing land uses. Morphological surveys are used to determine the slope
conditions of the area in more detail—especially in the middle slope area which has
variations in land use. Thus, land use comparisons can be analyzed and presented

descriptively. Systematically, the research method can be seen in Figure 2.

3.1. Sumbersuko Village Topographic Condition

Sumbersuko Village is located on the upper and middle slopes of Kawi Volcano. The
middle slope is generally classified as a flat to slightly steep slope class. The slope of the
slope increases as it approaches the upper slope, this can be seen from the increasingly
dense contours. In addition, the slope map shows that the upper slope has a moderately
steep (15-30%) and steep (30-100%) slope class. There is also a steep slope in the dike
area which is located south of Sumbersuko Village. The slope gradient of Sumbersuko
Village can be seen in the transverse profile image on the geomorphological map.
Topographic maps and slope maps of Sumbersuko Village can be seen in Figure 3 and

Figure 4.

3.2. Geomorphological Condition of Sumbersuko Village

Regional geomorphological maps were analyzed from the results of overlays between

topographic maps, slope maps, geological maps, and soil type maps. The data is then
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Figure 2: Research Workflow.

compiled and visualized into a geomorphological map. Based on the analysis, it can be
seen that Sumbersuko Village is divided into six land units, namely: 1) M1V1, 2) MIV2, 3)
H2V2, 4) U2VA, 5) P2V2, 6) M3V3. The geomorphological map of Sumbersuko Village
can be seen in Figure 5 as follows.

The boundary of the middle slope with the upper slope of Sumbersuko has a different
height. This region has a negative formation. The basin has a steep slope and was

formed due to erosion. The soil in the area is eroded and sedimented at the bottom
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Figure 4: Slope Classification Map of Sumbersuko, Wagir, Malang, East Java, Indonesia.

of the slope. The negative formation can be seen from the 3-dimensional modeling as
shown in Figure 6 as follows.

Identification of land units can be done through several analyzes including: 1) land-
form, 2) parent material, 3) depth, 4) drainage, 5) texture, 6) Ph, 7) CEC. The entire
area of Sumbersuko Village based on geological maps is known to have Andesite and

Basalt rock types. Andesite rock is an intermediate rock formed by cooling magma on
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Figure 6: (a) Contour dan (b) 3D Surface.

the earth’s surface [24]. Basalt rock is an igneous rock formed as a result of the rapid
cooling of basaltic lava exposed at or very close to the earth’s surface. These rocks
can be easily found in the Kawi Volcano area and are scattered in Sumbersuko Village,
especially around the river.

In addition to geological materials, soil types can also be used as a basis for making
geomorphological maps. There are three types of soil in Sumbersuko Village, namely: 1)
Vitric Andosol, 2) Eutric Andosol, and 3) Eutric Cambisol. In more detail the identification

of soil types based on land units in Sumbersuko Village can be seen in Table 1.
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TABLE 1: Identification of soil types in each land unit in Sumbersuko Village.

Land Landforms Parent USDA Depth Drainage Texture PH CEC

Unit Material

M3V3 dyke Andesit Andic Deep Good Slightly 7 Moderate

basalt Eutrudepts Smooth

M1V1 Upper Andesit Typic Moderate Good Moderate 5 Low
Volcanic basalt Hapludands
Slope

M1V2 Upper Andesit  Vitric Deep Good Moderate 5 Low
Volcanic basalt Hapludands
Slope

u2vz Middle Vol- Andesit Typic Very deep Good Moderate 7 Moderate
canic Slope basalt Hapludands

P2Vv2 Middle Vol- Andesit Typic Very deep Good Moderate 5 Very High

canic Slope basalt Hapludands

Andosol soil has a dark color and is porous. Soil is the development of volcanic
parent materials such as volcanic ash, tuff, and pumice. Andosol has a high aluminum
content. In addition, this soil also reacts to inorganic phosphate. This causes the basic
phosphate is not easily dissolved even though the soil has good water holding capacity.
This condition makes it difficult for plants to absorb phosphate, so farming without

fertilization will cause problems.

Andosol Vitrik is located at the peak of Volcanic Kawi. This soil has good drainage
with medium texture. Andosol Vitrik in Sumbersuko Village has an acidity level of 5
(slightly acidic) with a low Cation Exchange Ability (CEC). Meanwhile, the Andosol Eutric
soil type is spread on some of the upper slopes to the middle slopes. The upper slope
has two different soil types, namely Andosol Vitric and Andosol Eutric. Eutric Andosols
are found on the upper slope border with the middle slope. The Eutric Andosol found
on the upper slope is different from the Eutric Andosol found on the middle slope. The
difference lies in the physical and chemical properties of the soil. Andosol Eutric on the
upper slope has a medium texture, with an acidity level of 5 (slightly acidic). This soil
also has a low Cation Exchange Capacity. In contrast to Andosol Eutric on the middle
slope which has a medium texture with a neutral to slightly acidic acidity level (5-7). This
soil also has a medium to very high Cation Exchange Capacity (CEC). Meanwhile, Eutric
Cambisol soil is found in dykes. This soil has a slightly fine texture with a neutral pH (7).

This soil also has a moderate Cation Exchange Capacity.

3.3. Land Capability

Land use must be adapted to the physical conditions of the area (soil conditions and

water availability). The goal is to maintain a balance of functions in the environment.
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Thus, disaster risk can be minimized. Land is a system composed of various components.
Land components are categorized into two, namely structural components which are
commonly called land characteristics and functional components which are referred to
as land quality [25]. Land quality is a collection of land elements that determine the

level of capability and suitability of land use.

Land use must be in accordance with the ability of the land so as not to cause
land damage and reduce land productivity. Land use that is not in accordance with
the potential of the land can provide a risk of failure and can trigger environmental
degradation. The damage that occurs is due to land use errors that result in the
expansion of critical land, thereby reducing the land’s ability to store water which has
an impact on increasing the frequency of floods, erosion, and the spread of landslides
in the rainy season and drought in the dry season.

Land capability analysis based on geomorphological conditions can be identified
using a geographic information system (GIS). GIS has advantages in the effectiveness
and efficiency of research time. To determine the land capability class in the research
area, it is done by making a map of the land unit. Stated that the land unit map was
obtained from several maps, namely soil type maps, slope maps, and land use maps
[26]; [27]; [28]. The three maps are superimposed so that they can produce a map of

land units.

Based on the research results, Sumbersuko Village has six land units. These six
land units can be seen in Table 2. From these land units, M1V1, M1V2, and M3V3 land
units can be used as forest areas. The area of the H2V2 land unit can be used as
land for plantations and agro-tourism locations. In the area of the U2V2 land unit, the
land has the potential to be planted with secondary crops, vegetables, and horticulture.

Meanwhile, P2V2 land units can be used as residential areas.

TABLE 2: Land Units in Sumbersuko, Wagir, Malang.

No Land Units Information

1 M1V1 Mountainous, upper slope, volcanic, andosol vitic
2 M1Vv2 Mountainous, upper slope, volcanic, andosol eutric
3 H2Vv2 Hilly, middle slope, volcanic, andosol eutric

4 u2v2 Undulating, middle slope, volcanic, andosol eutric
5 P2V2 Plain, middle slope, volcanic, andosol eutric

6 M3V3 Mountainous, dyke, volcanic, kambisol eutric

Based on the geomorphological conditions, land units M1V1, M1V2, and M3V3 can
be used as forest areas. Forests are an effective form of land cover naturally to reduce

erosion. This relates to the ability of vegetation to absorb water into the soil. The
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process of water absorption into the soil is influenced by the physical properties of the

soil related to the ability to pass and store water.

The availability of litter, soil organic matter, plant root systems, and fauna has a role
in the magnitude of the capacity of water recharge into the soil. Cracks and holes that
exist as a result of plant roots and the activity of soil organisms will increase soil porosity
and reduce soil density. Forests located on hilltops and steep mountains can reduce
fluctuations in water flow between the rainy and dry seasons. The presence of forests
on the top of the mountain will maximize the hydrological function of the area as a water

storage area.

The area of the H2V2 land unit can be used as land for plantation crops and agro-
tourism locations that can attract tourists so as to provide additional income to the
people living around the location. The P2V2 land unit can be used as a residential area
because it is located in an area with a sloping morphology. So that it is easier for this
area to build a local community service center. Geomorphologically, the U2V2 land unit
is a good area if it is planted with secondary crops, vegetables, and horticulture. This is
supported by the type of soil and elevation found in this land unit. In addition, this area
also has a topography that is not too steep (wavy) so that agriculture can still play a role
in maintaining the ecological function of the soil and water availability while maintaining

the economic function of the area.

3.4. Land Use

The land use in Sumbersuko Village in 2020 can be divided into 5 land uses, namely:
1) forest, 2) agriculture, 3) agriculture, 4) industry, and 5) settlements. This land use is
dominated by plantations and forests. It is known that the use of garden land reaches
492 ha or reaches 32.69% of the total land use. The high use of land for plantations is
caused by the needs of the livestock industry in Sumbersuko Village. Most of the land
use on the middle slopes is used as mixed plantations. The slopes are planted with
elephant grass to meet livestock feed. Land use in the form of forest dominates the
upper slope of Kawi Volcano. Overall forest use occupies the second largest position
after Agrikebunan with a forest area of 456 ha or reaching 30.3%. The land use of

Sumbersuko Village can be seen in Table 3 and Figure 7.
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TABLE 3: Land Use in Sumbersuko, Wagir, Malang.

No Land Use Surface Area (ha) Percentage (%)
1 Forest 456 30,3
2 Farm Agri 492 32,69
3 Agriculture 441 29,3
4 Indusrty 28 1,86
5 Residental Area 88 5,85
Total 1.505 100
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Figure 7: Landuse Map of Sumbersuko, Wagir, Malang, East Java, Indonesia.

3.5. Land Suitability

Land suitability analysis is carried out by comparing the results of the land capability
analysis with the existing land use map. The matrix of land unit, geomorphological con-
ditions, land capability, and land suitability can be seen in Table 3. The suitability class
is divided into five, namely 1) Very suitable/S1, 2) Appropriate/S2, 3) Quite suitable/S3,
4) Not suitable/ S4, and 5) Not Appropriate/N. The assessment is carried out by looking
at the percentage of the existing land use area to the land use area based on its ability.
Broadly speaking, land use based on the regional profile of Sumbersuko Village can
be seen in Figure 8.

Based on the results of the analysis, the existing land use in the M1V1 and M3V3 land
units is in accordance with the land capability, namely forest. This area is a protected
forest designated as a conservation area. Land use in these two land units has a very

important role for environmental sustainability and sustainability, both in this area and its
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TABLE 4: Matrix of Land Units, Geomorphological Conditions, Land Capability, and Land Suitability of
Sumbersuko, Wagir, Malang.

No Land Unit Topography Morpho- Land form Type of soil Land Existing Land Land
arrangement Capability Use Suitability

1 M1V1 Mountainous Upper Slope Volcanic Andosol Forest Forest HighlySuitable
Virtric (S1)

2 M1v2 Mountainous Upper Slope Volcanic Andosol Forest Forest and Suitable (S2)
Eutric Industry

8 H2V2 Hilly Middle slope Volcanic Andosol Farm/ Plantations and Moderate Suit-
Eutric agrotourism  Fields able (S3)

4 u2v2 Undulating Middle slope Volcanic Andosol Agriculture Farm, Forest, Not  Suitable
Eutric Plantation (S3)

Industry

5) P2V2 Plain Middle slope Volcanic Andosol Residential Field, Less Suitable
Eutric Residential (S4)

6 M3V3 Mountainous Dike Volcanic Cambisol  Forest Forest Highly Suitable
Eutric (S1)
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Figure 8: Cross-sectional profile and land use in Sumbersuko, Wagir, Malang.

surroundings. The suitability of land use can also be triggered by the natural conditions
of this area which is topographically located in a mountainous area with a fairly high
contour density. As a result, it is relatively difficult for residents to access, carry out
activities, and/or build settlements in this area. The M1V2 land unit is included in the
S2 land suitability class, which is appropriate. When viewed qualitatively, the land use
in this area is dominated by forest. However, suitability is reduced due to the presence
of industrial land uses. The industry in this area is the dairy farming industry for dairy
products. Possibly, one of the reasons this area was chosen was due to the optimal
temperature and the abundant availability of food. On the other hand, this area should
be used as a forest area when viewed from the geomorphological condition of the
area. This refers to the morpho-arrangement of the area on the upper slopes of Kawi
Volcano so that the presence of industry in this area is likely to disrupt soil stability and

the hydrological cycle in the long term.

The suitability of H2V2 and P2V2 land units is quite suitable and less suitable,
respectively. Broadly speaking, these three areas have more diverse land uses so that
their suitability is seen from the most dominant land use in the area. The H2V2 land
unit has plantation and field land use, while the land capability is more optimal in
plantations or can even be used as an agro-tourism area. Thus, the suitability class is

only included in the moderately appropriate class. The existing land uses in the P2V2
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land unit are plantations, fields, and settlements, while the land capability can be used
as a residential area. Unlike the M1V2 land unit, the discrepancy in this land unit is more
positive. This means that areas that can be used as settlements, green open spaces

are still maintained in the form of plantations and fields.

The U2V2 land unit has the highest diversity, with four land uses in the region. Based
on the results of geomorphological analysis, this land unit has the ability if it is used as an
agricultural area. Meanwhile, the existing land use is more diverse—which is dominated
by plantations, followed by fields, forests, and a small part of which is also the livestock
industry. Thus, the discrepancy is more directed at the percentage of land use for the

entire area.

Sumbersuko Village has six landform units, namely M1V1, M1V2, H2V2, U2V2, P2V2,
and M3V3. The landform unit has the following land capabilities: 1) M1V1 in the form
of forest, 2) M1V2 is forest, 3) H2V2 is plantation and/or agro-tourism area, 4) U2V2 is
horticultural agriculture, 5) P2V2 is settlement, and 6) M3V3 is forest. After comparison
with the existing land use, the land units M1V1 and M3V3 have a very suitable land
suitability class (S1). The M1V2 land unit is included in the S2 land suitability class, which
is appropriate. Although qualitatively the land use in the M1V2 area is dominated by
forest, suitability is reduced due to the presence of land use in the form of livestock
industry. The suitability of H2V2 and P2V2 land units is quite suitable (S3) and less
suitable (S4), respectively. The U2V2 land unit has the highest diversity than other areas
so that the inappropriate land suitability class (N) is more directed at the percentage of

land use for the entire area.

Highest appreciation for Disaster Risk Reduction and Education (DRRE) team.
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