EaBELH HEAXFER (BARER Vol. 48 No. 12
2021 4 12 A Journal of Hunan University (Natural Sciences) December 2021

Open Access Article

Land Identification for Establishing Conservation Areas in Sloping Land Contexts
Using a Geographic Information System: A Case Study of Gunung Mas Regency,
Central Kalimantan Province, Indonesia

Soaloon Sinaga®, Vera Amelia'*, Andy Bhermana®*

! Faculty of Agriculture, University of Palangka Raya, Palangka Raya, Central Kalimantan, Indonesia
2 Assessment Institute for Agricultural Technology (AIAT) of Central Kalimantan, Indonesia

Abstract: The critical factor that should be considered for land utilization on sloping lands is the slope
parameter. The misuse of lands leads to land degradation and damage to the natural environment. The study area of
Gunung Mas Regency is mostly dominated by upland typology with various slope classes. Thus, the high
precipitation that occurs in this tropical region will lead to soil erosion if proper land use and conservation
management are not implemented. Thus, this study was conducted to provide basic information on potential land
resources that should be allocated for conservation purposes. The results can be used as a basic consideration for the
land use planning process. A geographic information system (GIS) was applied to analyze the results of the erosion
prediction model that was interpreted within the spatial environment. The result of evaluation using soil erosion
prediction from the Universal Soil Loss Equation (USLE) showed that there are five classes (class | to V) of soil
erosion risk in Gunung Mas Regency. More than half of this region is classified into class V. This implies that these
areas have the highest potential for soil erosion risk, with assumed soil loss > 480 tons/hectare/year. Spatially, the
distribution pattern of this class is that broad areas occur in the middle part and spread to the north, with a total area
of 566,835 hectares (52.46%). These areas can then be allocated and established as conservation areas. The critical
factors that can generate soil erosion include sloping lands and high rainfall. The dominant landform in these areas
is steep to very steep slopes, with slope classes of 26%—-40% and 41%-60%, respectively.
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1. Introduction

In Indonesia, the main problem related to the
existence of forests that should be overcome involves
tree cover loss. Statistical data have shown that from
2002 to 2019, Indonesia lost 9.48 million hectares of
humid primary forest [16]. Several main causes of
forest area loss involve land expansion for agriculture,
especially for real estate; natural disasters, such as
forest and land fire; and the development of
infrastructure, such as roads and settlements.

As an important part of tree cover, forests provide
several benefits, such as generating oxygen and storing
carbon to maintain air quality [1]. In addition, they can
maintain wild life and biodiversity to provide
functioning ecosystems that supply oxygen, clean air
and water, plant pollination, pest control, wastewater
treatment, and many ecosystem services [17].
Ultimately, these functions can provide for and ensure
sustainable land use for future generations.

In the case of Gunung Mas Regency, most of the
lands are dominated by an upland typology, which has
various slope classes with high precipitation because of
the characteristics of the tropical region. Deforestation,
including tree cover loss, indicates that erosion will
occur. Proper land use and conservation management
should be implemented to prevent tree cover loss,
while at the same time, the lands can still be utilized in
accordance with their capability and suitability.
Establishing conservation areas should be considered in
land use planning [2]. Technically, such practices can
be used to support sustainable land use by improving
land quality and reducing land degradation [3].

This study was conducted to provide basic
information on potential land resources that should be
allocated for conservation purposes. The location of the
study was selected to focus on sloping land areas,
which have more potential for soil erosion risk
compared with flat areas.

2. General Biophysical Description of
Study Areas

The study areas covered almost 1,080,498 hectares,
situated geographically between 113° 00* 46.55” E to
114° 01° 59.98” E and 00° 17 7.51” S to 01° 39’
46.64” S (Fig. 1).
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Fig. 1 Geographic;i*position of study areas

2.1. Landform Information

A digital elevation model (DEM) can be used for
basic analysis and interpretation related to multi-scale
landform delineation and the classification of
landscapes [4]. The result of interpretation using DEM
taken from 30-Meter SRTM illustrated that major
landforms found in this regency as the study area
consist of hilly to mountainous areas, located in the
central part of the region and spreading to the north.
Further analysis showed that there are several slope
classes—namely, slope classes of 9%-15%, 16%—-25%,
26%—-40%, 41%-60%, and >60%, with a total area of
892,697 hectares (82.62%).

The landform category of flat and undulating plains
is found in the southern and central parts, scattered
with dominant slope classes of <2% and 2%-8%,
representing a total area of 187,801 hectares (17.38%).
The distribution pattern of slope that spatially reflects
the general landform is shown in Fig. 2.
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Fig. 2 Spatial distribution pattern of slope classes in study areas

2.2. Climate Conditions

In terms of climate, the study area is mainly
determined based on its geographical position, which is
located around the equator and characterized by high
humidity and precipitation, with a rather constant
temperature throughout the year [5]. Based on the local
climate station, the amount of annual rainfall varies
between 2,864 and 3,577 mm. The climate conditions
in these areas are closely related to soil erosion. In the
case of Gunung Mas Regency, rainfall can be
considered a factor affecting erosion because this
region has consecutive wet months spanning more than
9 months [6].

Rainfall erosivity is a major driver of sediment and
nutrient losses [7]. The stronger the rain within an area,
the more and faster water erosion occurs [8, 9, 10].

3. The Universal Soil Loss Equation
(USLE) Model Approach

The model of soil erosion risk prediction known as
the Universal Soil Loss Equation (USLE) has been
widely used to determine soil erosion risk levels [2,
11]. The assessment of soil erosion refers to biological
aspects, such as climate, landform/topography, and
land resources. The USLE mathematical formula
proposed by Wischmeier and Smith was used in this
study to determine soil loss predictions that represent
soil erosion risk levels [12]. The USLE equation is
provided by the following expression:

E=RK.LS.CP.
where:

« I is the mean annual soil loss;
* R is the rainfall erosivity index;

* K is the soil erodibility index;

» LS are the factors of slope length (L) and slope
steepness (S), combined in a single index;

* Cis the crop factor/nature of plant cover;

« P is the conservation practice factor used to
manipulate the LS factor.

The application of GIS technology was used to
generate spatial data as part of geospatial information
and for spatial analysis based on basic data such as
DEM and the result of soil erosion assessment [13, 14].

4. Soil Erosion Risk Classification

Based primarily on land areas evaluated using the
mathematical formulas of the universal soil loss
equation (USLE), this case study of the Gunung Mas
Regency, Indonesia, includes/uses five classes of soil
erosion risk, as shown in Table 1. The distribution
pattern of each class is shown in Fig. 3 using a spatial
format.

The results of the evaluation using the USLE
approach showed that more than half of this region
comes under the classification of class V, implying a
soil loss level of >480 tons/hectare per year. In some
areas of the region studied, there existed fields of
exposed land due to the effects of logging and the illicit
timber industry. In others, there were large areas of
exposed land due to forest fires.

Geographically, class V shows a distribution pattern
that extends across broad areas located in the center
and towards the north of the region, covering a total of
566,835 hectares (52.46%). The existence of this class
indicates that these areas were assigned to conservation
zone I. Class IV can be assigned to conservation zone
Il, which covers a total area of 256,801 hectares
(23.77%) (Fig. 4).

The other erosion classes (classes I, 11, and II1) can
be considered non-conservation zones because of the
low percentage of soil erosion in classes Il and 111, and
a soil loss contribution of only <15 tons/hectare/year in
class I. However, conservation concerns still have to be
considered due to the degradation of the land.

Based on the results of overlaying the soil erosion
risk map and the slope map, especially in classes V and
IV (part of conservation zones | and I1), it can be seen
that these regions belong to the slope classes of steep,
very steep, and extremely steep. Therefore, these zones
should be considered for the implementation of specific
conservation programs.

Conservation management can be prioritized to
zone | and then extended to zone Il. The management
of conservation projects such as reforestation programs
can then be formulated.

Taking into consideration the landforms presented
through the overlaying of the soil erosion risk map
(Fig. 2) and the slope class map (Fig. 3), specialized
programs should be focused on erosion zone I since the
zones found in the northern area are mainly dominated
by sloping land areas.
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The inclination and length of the slope are important
factors in calculating runoff and soil erosion in areas
with the same rainfall conditions. Slope structure also
plays a role in the erosion process [15].

Table 1 Soil erosion risk classification in Gunung Mas Regency WE
Soil erosion Criteria of soil loss _ Areas
risk class ® Hectares  Percentage

(ton/hectares/year)

| <15 155.299 14,37
1 15-60 69.571 6,44
1"l 60-180 31.992 2,96
v 180-480 256.801 23,77
\% >480 566.835 52,46

1,080,498 100,00

w—@— E Erosion Zones
. Erosion zone |

[ Erosion zone Il

Fig. 4 Spatial distribution pattern of erosion zones in study areas

5. Conclusion

The USLE mathematical formula approach, together
with the aid of geographic information system (GIS)
technology, can be used to identify areas that should be
allocated as conservation zones. In view of the scarcity
of available data, this approach can be implemented in
order to provide basic data for the land-use planning
process. In the areas covered by this case study, the
critical factors that generate soil erosion include

Soil Erosion Risk Class

B ciassi
=<c:lass:: inclination of the land and high rainfall, with the
8 Casen dominant landform being steep to very steep slopes
DClassv

within the slope classes of 26-40% and 41-60%.
Fig. 3 Spatial distribution pattern of soil erosion risk classes in C_on3|der|ng this Iar]dform _Condltlon’ p_I’IOI’Ity _ShOUId b_e

study areas given to programs in erosion zone | since this zone is
found in the northern region, which is mainly
dominated by sloping land areas.
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