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Abstract: The area of oil palm plantations in Indonesia has increased over time. The growth of oil
palm plantations even exceeds the percentage of the area of paddy fields, especially in Gunung Mas
Regency. This phenomenon is accompanied by the implementation of "Regional Regulation No. 1 of
2020 concerning Land Fire Control". The regulation aims to prevent land fires due to human
activities. However, local people believe that burning can increase land productivity. As a result,
many people convert their land to plant oil palm, because it is considered to guarantee economic
improvement compared to paddy fields. Remote sensing satellite imagery is the basis and main
source in the analysis. With spatio-temporal analysis, mapping of land use changes in a certain
period of time and its relationship with the distribution of agricultural wet and dry areas. As a result,
the proportion of palm oil land in Gunung Mas Regency is higher than the proportion of paddy
fields. If oil palm expansion continues in the future, agricultural drought could become more
widespread.

Keywords: Expansion of oil palm, Land use change, Paddy Fields, Remote sensing, Spatio-
Temporal Analysis

INTRODUCTION

Oil palm plants are excellent in countries with tropical climates (Paterson, 2021).
Indonesia has all aspects of being the world's largest palm oil producer (BPS Kalimantan
Tengah, 2024). As the global population continues to grow, it is estimated that demand for
vegetable oils will increase to nine billion people by 2050 (Nelson et al., 2010). Consumers
may switch to vegetable oils containing trans fats due to health concerns (World Health
Organization Regional Office for Europe, 2015) and demand for biofuel blends will increase
due to concerns about climate change (Castiblanco et al., 2013). When calculated, oil palm
produces the highest oil per unit of land in the world (Carter et al., 2007). The Indonesian
government is pushing oil palm plantations as an alternative to support rural development
and boost the economy. In addition, palm oil is cheaper to produce and less expensive than
most alternative vegetable oils (Santika et al., 2019). Recently, the archipelago's oil palm

plantations have soared significantly, with 22 of Indonesia's 33 provinces developing oil
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palm plantations. Kalimantan and Sumatra are the two most prominent islands of oil palm
plantation centers in the archipelago. The oil palm commodity occupies these two islands
by approximately 90% (Purba & Sipayung, 2017). Based on data from The Central Agency
of Statistics (BPS, 2020), the area of oil palm plantations in Indonesia has increased at a
significant rate each year.

Since the enactment of "Undang-Undang (UU) No. 32/2009 (Law No. 32 of 2009
concerning Environmental Protection and Management)" in conjunction with "Undang-
Undang (UU) No. 11/2020 (Law No. 11 of 2020 concerning Job Creation)", then the issuance
of "Perpu No. 2/2022 (Perpu No. 2 of 2022 concerning Job Creation)" which is officially
stipulated through "Undang-Undang (UU) No. 3/2023 (Law No.3 of 2023 concerning
Agreement Between the Government of the Republic of Indonesia and the Government of
the Republic of Singapore on Defence Coorperation)", the substance of the Perpu contains
an article that clearly prohibits the practice of burning to clear land. This is clearly
prohibited in article 69 paragraph 1 which reads "Everyone is prohibited from clearing land
by burning". Burning forests is a community culture, so a fair perspective is needed to see
this phenomenon (Christiawan, 2020). Palm oil production in Indonesia comes from three
types of plantation ownership: private, community and government-owned (Hasan et al.,
2022; Imbiri et al., 2023). Private and government-owned plantations are managed by
companies with better managerial skills than community-owned plantations (Zhao et al.,
2022).

The Central Agency of Statistics revealed that the area of o0il palm plantations has
increased significantly from 166,926.09 Ha in 2018 to 344,972.75 Ha in 2022. This indicates
that there is a lot of land clearing for oil palm by local people who were originally paddy
farmers. This was accompanied by a significant increase in the production of smallholder
plantation oil palm, which amounted to 277,700.52 tons in 2018 to 901,997.18 tons in 2022.
Local communities are shifting from paddy field to oil palm plantations because it is
considered to guarantee economic improvement, although environmental sustainability
will have a long impact (Colchester et al., 2011). This is reinforced by the Kompas news
which states that the reason for this transition is due to regulations governing the
prohibition of burning to clear land and the high production costs of paddy field so that
paddy production in Central Kalimantan has decreased. On the other hand, based on BPS
data, the harvest area of paddy plants has decreased with a harvest area of 125,870.05 ha in
2021 to 109,756.22 in 2022 (BPS Kalimantan Tengah, 2024), while BPS data for Gunung Mas
Regency 2021-2022 shows that the table explains that both the area and productivity of
paddy harvests in Gunung Mas Regency in the 2021-2022 range have decreased very
significantly.

The impacts of oil palm expansion have been examined through several studies. Oil

palm expansion due to economic value has an impact on social conflicts between farmers,
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overlapping independent farmers' land with mines and Cultivation Rights (HGU) and
ecological impacts such as threatening biodiversity, erosion, flooding, changes in air
temperature, and environmental services (Amalia et al.,, 2019). Another impact is the
increase in the economic vulnerability of oil palm farmer households to the impact of oil
palm expansion and homogeneous farming activities when there is a phenomenon of
declining palm oil prices (Hidayah et al., 2016). The existence of political elements that often
encourage oil palm expansion continues to occur in Central Kalimantan and contributes to
the environmental problems caused (Ayu, 2021). Based on the description and expansion
of oil palm in Gunung Mas Regency, this paper wants to analyze ecological changes that
focus on Land Cover Change of Oil Palm and Paddy Fields in Gunung Mas Regency in 2013

and 2023 and the condition of water content and land dryness during that time.

METHODS

The quantitative method used in this study is also supported by a spatial analysis
approach. The reason for using qualitative methods is due to the in-depth and
comprehensive analysis of the dynamics of land change and oil palm expansion due to the
implementation of regulations in the region, and its impact on ecology. The spatial analysis
approach was chosen to be a strong tool in providing information on the location of oil
palm expansion temporally, to be able to analyze the ecological variations caused.

Primary and secondary data are needed in the analysis process of this paper. The use
of primary data is in the form of spatial data, namely remote sensing satellite images in 2013
and 2023 which are processed cloud-based using the Google Earth Engine platform. Remote
sensing data is classified as a type of primary data because it is still raw data that will be
processed by researchers in extracting values to bring up the information needed. The
selection of the 10-year range is based on three years after the implementation of regulations
in 2010 and additional regulations in 2020. Meanwhile, the secondary data used comes from
various related literature. The following are the types of images and their sources in this
study.
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Table 1. Data, Spatial Resolution, and Sources

Data Satellite Image Spatial Sources
Resolution
Land Cover Landsat 8 Level 2, Collection 1, 30 meters USGS

Tier 2 Imagery
NDWI (Normalized MODIS (Moderate Resolution 500 meters NASA LP DAAC

Difference Wetness Imaging Spectroradiaometer) in USGS EROS
Index) Imagery CENTER

NDDI (Normalized MODIS (Moderate Resolution 500 meters NASA LP DAAC

Difference Drought Imaging Spectroradiaometer) in USGS EROS
Index) Imagery CENTER

LST (Land Surface Landsat 8 Collection 1 Tier 2 30 meters USGS

Temperature) TOA Reflectance Imagery
Digital Elevation IFSAR, TERRASAR, ALOS 5 meters and Badan Informasi

Model PALSAR 11,25 meters Geospasial

The selection of Landsat 8 imagery for land cover mapping is based on its wide
coverage area (Rafsenja et al., 2020). With a spatial resolution of 30 meters, the Landsat 8
recording area can cover one district/city. Another advantage is that Landsat 8 imagery
provides data since 2013. This study highlights land cover changes in 2013 and 2023, so the
wide range of Landsat 8 data availability is suitable for use in this study.

The processing of Gunung Mas Regency land cover data using Landsat 8 imagery
through the Google Earth Engine platform by applying a type of guided classification
method called CART (Classification and Regression Trees) algorithm. CART (Classification
and Regression Trees) is included in a non-parametric method which is a variable of one or
more predictor variables or independent variables (Ghiasi et al., 2020). The CART algorithm
discards insignificant variables as a whole and selects significant variables on its own so
that it will speed up the data analysis process (Prabawati et al., 2019). That way, the CART
algorithm can handle large amounts of data in a shorter time (Hartfield et al., 2011).

The level of error in the classification will be tested for accuracy to determine the
percentage of accuracy in the mapping results (Sampurno & Thoriq, 2016). The results of
the land cover accuracy test are said to be good if they are above 85% (Anderson et al.,
1976). The accuracy of mapping accuracy uses an error matrix or confusion matrix so that
overall accuracy is obtained later. However, in this study, overall accuracy was obtained by
coding through Google Earth Engine (GEE).

User’s accuracy = ;—:l x100%
Producer’s accuracy = ;% x100%
Overall accuracy = % x100%

Explanation:



190 BHUMI: Jurnal Agraria dan Pertanahan, 9 (2), November 2023

Xii = the diagonal value of the contingency matrix in the i-th row and i-th column
Xi+ = the number of pixels in the i-th row
X+i = the number of pixels in the i-th column

The selection of MODIS imagery for NDDI mapping is because MODIS has a high
temporal resolution of 2 days, making it suitable for monitoring rapid changes, sensitive to
changes in the land surface, such as floods, droughts, forest fires, and others (NASA, n.d.).
The month analyzed is August, where August is the peak of the dry season per year which
is characterized by the least amount of rainfall compared to other months, namely 61 mm /
month with an average of 6.8 hours of sunshine per day in 2023 (BPS Kalimantan Tengah,
2024). NDDI (Normalized Difference Drought Index) is an index useful in mapping the
level of agricultural drought in a particular area based on NDVI (Normalized Difference
Vegetation Index) as well as NDWI (Normalized Difference Water Index). NDDI is

extracted using the equation below:

NDVI-NDWI
NDVI+NDWI

NDDI =

To get the NDDI value, the formula above can be used. Where, NDVTIis obtained from
the extraction of NIR and Red bands, while NDWI is obtained from the extraction of NIR
and SWIR bands (Cahyono et al., 2023). In MODIS images, NIR is the reflectance value of
channel 2, Red is the reflectance value of channel 1, and SWIR is the reflectance value of
channel 6.

The NDDI index value has a range of 0.01 to 1, where if the value is closer to 0.01, the
vegetation and soil moisture have a higher water content, otherwise the value is closer to 1,
meaning that the vegetation and soil moisture contain lower water or in the sense of getting

drier. The classification of the NDDI value range is as follows:

Table 2. Classification of Agricultural Drought Levels

Drought Classification NDDI Value
Normal NDDI < 0,01
Mild Dryness 0,01 <=NDDI <0,15
Moderate Drought 0,15 <= NDDI <0,25
Severe Drought 0,25<=NDDI <1
Very Severe Drought NDDI>=1

Source: Cahyono et al., 2023

Meanwhile, the Normalized Difference Wetness Index (NDWI) uses the same satellite
image as NDDI, MODIS. The selection of MODIS imagery in addition to its high temporal
resolution of 2 days, MODIS imagery also has the availability of image data in 2013. NDWI
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is used in analyzing agricultural land moisture using the shortwave infrared (SWIR)
channel as well as the near infrared (NIR) channel with the formula below:

NIR — SWIR

NDWI =
NIR + SWIR

Based on the clarification of NDWI values from reference sources, if the NDWI value
is more than negative 1 and less than 0 then it is included in the non-water body class, if the
value is more than 0 and less than 0.33 it is included in the medium wetness class, while if

the NDWI value is above 0.33 and less than 1 it is included in the high wetness class.

Table 3. NDWI Wetness Level Classification

Wetness Classification NDWI Value

Non-Body of Water -1<NDWI<0
Moderate Wetness 0<NDWI<0,33
High Level Wetness 0,33 <NDWI<1

Source: Permata et al., 2022

In this study, land surface temperature data was also used. The calculation of land

surface temperature is done with the equation:

BT

ABT.

LST=——77———
{1+[(ZDnea ]}

Explanation:

TB = Temperature Brightness (°C)

A = Central Wavelength of Emitted Radiance
c2=h x§ =1.4388 x 12 mK = 14388 umK

The classification of surface temperature numbers is divided into five classes. The

classification of LST classes is depicted in Table 4.

Table 4. LST Classification

Land Surface Temperature (LST) Class Range
Very Low Class <20°C

Low Class 20°C - 25°C

Medium Class 25°C -30°C

High grade 30°C-35°C
Very High Class >35°C

Source: Sasky et al., 2017

This research uses spatio-temporal analysis techniques. Spatio-temporal analysis can
be defined as data analysis with a reference source on data that has time attributes as well

as absolute and relative location attributes in three-dimensional space, and includes its
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processes and methodologies (Dong & Guo, 2021). This analysis was chosen because it is
able to present multidimensional dynamic information and correlations with visualized
results in the form of land cover change maps, soil moisture maps, and agricultural drought
maps. The analysis of land cover in 2013 and 2023 can provide an overview of land changes
from paddy fields to oil palm plantations, proving the existence of oil palm expansion.
The analysis of soil moisture and agricultural drought is carried out with the
Normalized Difference Water Index (NDWI), Normalized Difference Drought Index
(NDDI), and Land Surface Temperature (LST) in the twists and turns of the dynamics of
land cover changes that occur. Reporting from the website (Sentinelhub, 2020), NDWI is an
index used in monitoring and detecting changes in water content in a water body. NDDI is
an index used in monitoring drought in an agricultural area or an agricultural area
experiencing drought (Maida, 2023), where NDDI analysis is different from meteorological
drought monitoring which is studied with SPI (Standardized Precipitation Index). LST is
the Earth's surface temperature that plays a role in the analysis of monitoring water content
in water bodies, water quality and the environment (Insan & Prasetya, 2021). In the process,
the dynamic relationship of land cover change between paddy fields and oil palm

plantations is related to the water content of a surface.

RESULT AND DISCUSSION
Analysis of Land Cover Change Due to Oil Palm Expansion

The many economic benefits and potential offered by oil palm yields have attracted
many rice farmers to switch to oil palm plantations (Feintrenie et al., 2010). Supported by
good trade management and quality control efforts (certification), the growth of oil palm
production is promising for farmers (Utoyo & Yolandika, 2018). However, farmers still have
to look at land capability and the availability of land infrastructure where oil palm can be
optimal under certain conditions (Krishna et al., 2017). The prohibition of land clearing by
burning opens up higher opportunities for farmers to plant oil palm (Nopembereni, 2019).
The increase in the conservation of paddy fields into oil palm plantations is supported by
economic factors (Fahri et al., 2014). The practice of shifting cultivation with a slash-and-
burn forest system is no longer the main method of agriculture for the Dayak community
(Peraturan Daerah Provinsi Kalimantan Tengah, 2020). The government's aim in
implementing this prohibition is to avoid cases of forest and peatland fires affecting the
community. The regional regulation prohibiting land clearing by burning has the potential
to conflict with shifting cultivation that has been intervened by the government
(Wildayana, 2015).
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Figure 1. Land Cover in 2013 and 2023
Source: Data Processing, 2024
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Based on the results of the analysis, land cover is classified into 6 classes, namely
water bodies, built-up land, paddy fields, forests, palm oil, and mines. Based on the results
of data processing, it can be seen that there have been changes in land cover over the last
10 years, from 2013 to 2023. The extent of land cover change in 2013 and 2023 is explained
in Table 5.

Table 5. Extent of Land Cover Change

Land Cover 2013 2023 Percentage Change
Class (km?) (km?2)
Water body 69,2 35,7 -31,94%
Built-up land 26,6 350,8 +85,90%
Paddy field 708,7 286,4 -42,44%
Forest 6916,7 6935,6 +0,14%
Palm 1164,3 1325,6 +6,48%
Mine Site 72,2 221,8 +50,88%

Source: Data Processing, 2024

Based on the area table, it can be seen that there is a significant change between oil
palm and paddy fields. In 2023, palm oil increased by 161.3 km?2 or about 6.48% of its initial
area in 2013. On the other hand, paddy fields actually experienced a decrease in area of up
to 422.3 km?2 or 42.44% of its initial area in 2013. The drive to expand oil palm plantations

has proven to be the cause of land exhaustion in rural areas, thus hampering the
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development of food commodities (Pipian et al., 2023). The decrease in the area of paddy
fields is one of the impacts of oil palm expansion. Paddy fields have changed their land
cover to palm oil because they are considered more profitable (Melisa & Wulandari, 2021).
In fact, this significant decrease in paddy fields can be very worrying because it can disrupt
food stability in the future (Prasada & Rosa, 2018). This food instability leads to food
insecurity, either in the form of a decrease in food stock or in a broader sense involving

food insecurity (Pipian et al., 2023).

Analysis of the Slope of Oil Palm Expansion to Water Content and Drought Conditions
of the Land
Oil palm expansion can be accompanied by ecological changes. This study examines

the potential ecological changes that occur along with oil palm expansion.
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Figure 2. Wetness Level Map of Gunung Mas Regency for 2013 and 2023
Source: Data Processing

Based on the results of data processing, the level of wetness in Gunung Mas District
in 2023 is dominated by a moderate level of wetness with only a small portion included in
the high wetness class. In 2023, there was an addition and displacement of high wetness
areas marked in dark blue in the southeastern part of Gunung Mas District. In August 2013,
the highest NDWI value was 0.31 and the lowest was 0.25. In August 2023, the highest value
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was 0.3 and the lowest was 0.17. The average NDWI value in 2013 was 0.28. On average,
the NDWI value decreased by 0.01 from 2013 to 2023.

Table 6. Comparison of NWDI Values for 2013 and 2023

NDWI August 2013 NDWI August 2023

NOWI Vaiues over ADM Region NOWI Vaiues over ADM Region

Average value: 0,28 Average value: 0,27

Source: Data Processing

Based on the literature review, in the northern part of Gunung Mas Regency, more
precisely in Damang Batu Sub-district and Tumbang Marikoi Village, there are two legal
oil palm companies that have expanded from the land conversion of community gardens
and locations in this village that have decreased water absorption, resulting in flooding
when it rains with high rainfall. This was caused by illegal mining activities and oil palm
expansion due to the decline in the selling value of rubber that occurred between 1960-2015.
The emergence of palm oil companies, mining, Forest Concession Rights (HPH) resulted in
reduced forest land, temperature changes, floods, droughts, river and lake water pollution,
and landslides (Usop & Iskandar, 2020). Mining activities are reinforced by those who state
that community gold mining reaches 3,630 miners with 726 suction machines (Inswiasri,
2011 in Siburian, 2016). Mobile mining with the fact that the community objected to
applying for a legal mining permit resulted in many ex-mining pits that had to go through
rehabilitation and naturalization stages in restoring damaged soil functions (Siburian,
2016). Land changes from vegetation to open mining land result in reduced water
absorption capacity (Fransisca, 2023). In Tanjung Riu Village (located in the center of
Gunung Mas Regency), 40% of the land cover is former mining activities (Putrawiyanta et
al., 2023). The rampant mining activities in this village have had a negative impact on the
morphology of the surrounding environment (Yusevi et al., 2021).

However, the older oil palm causes an increase in the total pore space, moisture
content, water content, and permeability of the soil (Megayanti et al., 2022). Therefore,
based on this, the northern part of Gunung Mas District experienced a decrease in NDWI
class from high wetness to medium wetness, which is assumed to be a result of the oil palm
expansion. The NDWI method is used to detect the level of wetness or standing water on a

land surface. Thus, the presence of o0il palm results in high water absorption and causes the
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NDWI value to decrease. Whereas in the central part of Gunung Mas Regency where there
has been a fairly extensive land change into former mines resulting in reduced water
absorption and this is shown through the NDWI value in the middle of Gunung Mas
Regency (especially Tanjung Riu Village) experiencing an increase in NDWI value which
means that there is inundation and the level of water wetness that can be detected through
MODIS imagery (Figure 2). Whereas in the southeastern part of Gunung Mas Regency
where mining land cover is detected (Figure 3), in August with the assumption of the dry
season the least rainfall results in the absence of puddles and wetness levels detected.
Agricultural drought is a condition of water shortage to the point of being unable
to meet agricultural needs or can be interpreted as a shortage or unfulfilled water supply
from various water sources. Agricultural drought is caused by several factors that influence
each other. Significant factors that influence agricultural drought include rainfall, slope,
land cover, landform, and soil texture (Maulana et al.,, 2021). Agricultural drought
information can be seen as follows which is processed through NDDI. The results of NDDI

processing can be reviewed in Figure 3.
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Figure 3. Map of Agricultural Drought in 2013 and 2023
Source: Data Processing
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Looking at the agricultural drought maps for 2013 and 2023, agricultural drought in
Gunung Mas Regency is not so alarming, but it is expanding, especially in the southern
region. It can be seen that the northern part, which was initially categorized as normal to
mild drought in 2013, will be categorized as moderate to severe drought in 2023. In the
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southern part, which was still mostly categorized as moderate drought in 2013, the
dominance has changed to the category of severe drought and there are even some points
that fall into the category of very severe drought.

Table 7. Comparison of NDDI Values for 2013 and 2023

NDDI August 2013

NDDI Values over ADM Region
04

NDDI August 2023

NDDI Values over ADM Region

04
03
I —
g § 02
02
o1 August 12,  August 19,  August 26 0.0
2013 2013 2013 August 7,
2023
Date

Average value: 0,

29

August 14,

2023

August 21,
2023

August 28,
2023
Date

Average value: 0,32

Source: Data Processing, 2024.

The closer the number 1, the drier the region will be. The average NDDI value of the
four MODIS data recorded in August 2013 was 0.29, while in 2023 it was 0.32, meaning that

in a span of 10 years there was a decrease in the average NDDI value in August by 0,3.
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Itis suspected that the potential for oil palm expansion will continue into the future,
which will result in more widespread agricultural drought. When viewed from the
distribution of wetness locations, the southern part of Gunung Mas District has 'potential'
water that can be utilized for paddy fields. Ideally, oil palm land can increase the economic
power and paddy fields to support food estate activities and local food security. On the
other hand, without looking at the traditional agricultural practices of the Ngaju Dayak
community, which are actually not only to fulfill their survival but also to maintain
ecological balance. The practice of shifting cultivation is carried out in order to adapt to the
challenges of low soil fertility and with simple agricultural technology. This agricultural
practice consists of several processes, namely the first process of selecting land clearing
locations with characteristics close to water sources, not steep slopes, and usually carried
out in May-July. This is followed by a second process of cutting down vegetation and
allowing it to dry out and then burning it in August. The ash from burning the land is
considered a fertilizer that can provide soil fertility. After that, itis used to plant agricultural
crops such as paddy and corn. When the cleared land begins to lose its fertility, which is
about two or three years, farmers return to clear new land. To maintain ecological
sustainability, the community is prohibited from clearing land on peat soil or this is referred
to as the pali system. In addition, during the burning process, the community prevents the
tire from spreading by cutting down the vegetation between the land to be cleared and the
forest area. Meanwhile, the land left behind will be re-grown with vegetation
(Nopembereni, 2019).

CONCLUSIONS

The ban on land clearing by burning since 2020 has resulted in a reduction in the area
of paddy fields accompanied by the expansion of oil palm plants. Spatial-temporal changes
in land cover of oil palm and paddy fields for 10 years occurred quite massively. Oil land
plantation has expanded by 6.48%, meanwhile the changes in paddy fields has decreased
by 42.44%. With the expansion of oil palm land, the agricultural drought index in Gunung
Mas Regency is categorized as severe drought. Nevertheless, there is still potential water
content that should be utilized for paddy fields. This study provides a new perspective that
rice field agriculture faces challenges amidst the uncontrolled expansion of oil palm so that
it can reduce the level of rice food security. This emphasizes the balance between economic

transformation and sustainable conservation.

RECOMMENDATIONS
Reviewing the implementation of "Regional Regulation Number 1 of 2020 concerning

Forest Fire Control" which has an impact on the massive expansion of oil palm plantations.
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This fact makes land cover change from paddy fields to oil palm plantations very intense.
The results of this analysis can be a reference for relevant stakeholders to review regional

strategic policies so that they are integrated.

ACKNOWLEDGMENTS

Gratitude is offered for writing a paper that can be completed properly with the help
of the following parties: "University of Indonesia" and "Research Center for Welfare, Social,
Village, and Connectivity of the National Innovation Research Agency". The author would
also like to express his gratitude for the opportunity to participate in the national seminar
of the National Land College.

REFERENCES

Amalia, R., Dharmawan, A. H., Prasetyo, L. B., & Pacheco, P. (2019). Perubahan Tutupan
Lahan Akibat Ekspansi Perkebunan Kelapa Sawit: Dampak Sosial, Ekonomi dan
Ekologi. Jurnal Ilmu Lingkungan, 17(1), 130-139. https://doi.org/10.14710/il.17.1.130-
139

Anderson, J. R., Hardy, E. E., Roach, J. T., & Witmer, R. E. (1976). A Land Use and Land
Cover Classification System for Use with Remote Sensor Data. Geological Survey
Professional Paper 964. https://doi.org/https://doi.org/10.3133/pp964

Ayu, K. P. (2021). Ekspansi Perkebunan Kelapa Sawit di Kalimantan Tengah: Mekanisme
Politik di Balik Kerusakan Ekonogi. Jurnal Sosiologi, 4, 61.
https://doi.org/10.59700/jsos.v4i2.4175

BPS. (2020). Statistik Kelapa Sawit Indonesia 2019.
https://www.bps.go.id/id/publication/2020/11/30/36cba77a73179202def4bal4/statisti
k-kelapa-sawit-indonesia-2019.html

BPS Kalimantan Tengah. (2024). Provinsi Kalimantan Tengah Dalam Angka 2023.
https://kalteng.bps.go.id/publication/2023/02/28/45c828b0139ad2a9d3b848ca/provins
i-kalimantan-tengah-dalam-angka-2023.html

Cahyono, B. E., Rahagian, R., & Nugroho, A. T. (2023). Analisis Produktivitas Padi
berdasarkan Indeks Kekeringan (NDWI dan NDDI) Lahan Sawah menggunakan
Data Citra Sentinel-2A di Kecamatan Ambulu. Indonesia Journal of Applied Physics,
13(1), 88. https://doi.org/10.13057/ijap.v13i1.70682

Carter, C., Finley, W, Fry, ]J., Jackson, D., & Willis, L. (2007). Palm oil markets and future
supply. European Journal of Lipid Science and Technology, 109(4), 307-314.
https://doi.org/10.1002/ejlt.200600256

Castiblanco, C., Etter, A., & Aide, T. M. (2013). Oil palm plantations in Colombia: A model
of future expansion. Environmental Science and Policy, 27, 172-183.
https://doi.org/10.1016/j.envsci.2013.01.003

Christiawan, R. (2020). Dealing with land and forest fires through improvement of
regulations. IOP Conference Series: Earth and Environmental Science, 504(1).
https://doi.org/10.1088/1755-1315/504/1/012018

Colchester, M., Chao, S., Dallinger, J., Sokhannaro, H. E. P., Dan, V. T., & Villanueva, J.
(2011). Oil Palm Expansion in South East Asia: Trends and implications for local



200 BHUMI: Jurnal Agraria dan Pertanahan, 9 (2), November 2023

communities and indigenous peoples. RECOFTC; Forest Peoples Programme; Sawit
Watch; Samdhana Institute. https://www.recoftc.org/publications/0000117.

Dong, Z., & Guo, C. (2021). A Literature Review of Spatio-Temporal Data Analysis. Journal
of Physics: Conference Series, 1792(1). https://doi.org/10.1088/1742-6596/1792/1/012056

Fahri, A., Kolopaking, L. M., Dedi, D., & Hakim, B. (2014). Laju Konservasi Lahan Sawah
Menjadi Perkebunan Sawit dan Faktor-Faktor yang Mempengaruhinya serta
Dampaknya Terhadap Produksi Padi di Kabupaten Kampar, Riau. Jurnal Pengkajian
dan Pengembangan Teknologi Pertanian, 17(1), 69-79.
https://doi.org/10.21082/jpptp.v17n1.2014.p%p

Feintrenie, L., Chong, W. K., & Levang, P. (2010). Why Do Farmers Prefer Oil Palm? Lessons
Learnt From Bungo District, Indonesia. Small-Scale Forestry, 9(3), 379-396.
https://doi.org/10.1007/s11842-010-9122-2

Fransisca, B. M. (2023). Analisis Dampak Perubahan Luas Lahan Terbuka Tambang Batu di
Kecamatan — Sukabumi Kota Bandar Lampung Menggunakan Citra Landsat 8.
UniversitasLAmpung.

Hartfield, K. A., Landau, K. I, & van Leeuwen, W. J. D. (2011). Fusion of High Resolution
Aerial Multispectral and Lidar Data: Land Cover in the Context of Urban Mosquito
Habitat. Remote Sensing, 3(11), 2364—2383. https://doi.org/10.3390/rs3112364

Hasan, M. F., Fadhil, I., Fahmid, M. M., & Ahmad, T. (2022). Impact of the European Union
Regulations on Indonesian Oil Palm Smallholder Farmers. International Journal of Oil
Palm, 5(1). https://doi.org/10.35876/ijop.v5i1.69

Hidayah, N., Dharmawan, A. Ha., & Barus, B. (2016). Ekspansi Perkebunan Kelapa Sawit
dan Perubahan Sosial Ekologi Pedesaan. Sodality: Jurnal Sosiologi Pedesaan, 249-256.

Imbiri, S., Rameezdeen, R., Chileshe, N., & Statsenko, L. (2023). Stakeholder Perspectives
on Supply Chain Risks: The Case of Indonesian Palm Oil Industry in West Papua.
Sustainability (Switzerland), 15(12). https://doi.org/10.3390/su15129605

Insan, A.F.N., & Prasetya, F. V. A. S. (2021). Sebaran Land Surface Temperature Dan Indeks
Vegetasi Di Wilayah Kota Semarang Pada Bulan Oktober 2019. Buletin Poltanesa,
22(1). https://doi.org/10.51967/tanesa.v22il1.471

Krishna, V., Euler, M., Siregar, H., & Qaim, M. (2017). Differential livelihood impacts of oil
palm expansion in Indonesia. Agricultural Economics (United Kingdom), 48(5), 639-653.
https://doi.org/10.1111/agec.12363

Maida, S. P. (2023). Analisis Kekeringan Lahan Pertanian dengan Metode NDDI di
Kecamatan Sutera, Pesisir Selatan [Diplom Thesis, Universitas Andalas]. In
Undergraduate Thesis. http://scholar.unand.ac.id/458899/

Maulana, I. F., Sudaryatno, & Jatmiko, R. H. (2021). Identifikasi Sebaran Kerentanan
Pertanian Menggunakan Analytical Hierarchy Process (AHP) di Kabupaten
Temanggung. Jurnal Teknosains, 10(2), 125-140.
https://doi.org/10.22146/teknosains.54003

Megayanti, L., Zurhalena, Z., Junedi, H., & Fuadi, N. A. (2022). Kajian Beberapa Sifat Fisika
Tanah yang Ditanami Kelapa Sawit PAda Umur dan Kelerengan yang Berbeda (Studi
Kasus Perkebunan Sawit Kelurahan Simpang Tuan, Kecamatan Mendahara
Ulu,Tanjung Jabung Timur). Jurnal Tanah Dan Sumberdaya Lahan, 9(2), 413-420.
https://doi.org/10.21776/ub.jts1.2022.009.2.22



Andini et al, Spatial-Temporal Analysis..... 201

Melisa, P., & Wulandari. (2021). The impact of paddy fields land use to oil palm in the
Batang Rejo sub-village, Babalan sub-district. Pros. SemNas. Peningkatan Mutu
Pendidikan, 2(1), 69-73.

NASA. (n.d.). MODIS. Retrieved May 18, 2024, from https://terra.nasa.gov/about/terra-
instruments/modis

Nelson, G. C.,, Rosegrant, M. W., Palazzo, A., Gray, I, Ingersoll, C., Richard, R., Tokgoz, S.,
Zhu, T., Sulser, T. B., Ringler, C., Msangi, S., & You, L. (2010). Food security, farming,
and climate change to 2050: scenarios, results, policy options. International Food Policy
Research Institute. https://doi.org/10.2499/9780896291867

Nopembereni, E. D. (2019). Model Pengelolaan Perladangan Berbasis Kearifan Lokal (Studi
Kasus di Kecamatan Mantangai, Kabupaten Kapuas, Provinsi Kalimantan Tengah)
[Universitas Brawijaya]. In Doctoral Dissertation.
https://repository.ub.ac.id/id/eprint/197891/

Paterson, R. R. M. (2021). Longitudinal trends of future climate change and oil palm growth:
empirical evidence for tropical Africa. Environmental Science and Pollution Research, 28,
21193-21203. https://doi.org/10.1007/s11356-020-12072-5/Published

Peraturan Daerah Provinsi Kalimantan Tengah. (2020). Peraturan Daerah Provinsi Kalimantan
Tengah  Nomor 1  Tahun 2020 tentang Pengendalian  Kebakaran  Lahan.
https://peraturan.bpk.go.id/Details/144485/perda-prov-kalimantan-tengah-no-1-
tahun-2020

Permata, F. D., Putra, Y. S., & Adriat, R. (2022). Distribusi Spasial Tingkat Kebasahan Lahan
di Kota Pontianak Menggunakan Normalized Difference Water Index (NDWI).
Prisma Fisika, 10(3), 425—-429. https://doi.org/http://dx.doi.org/10.26418/pf.v10i3.60549

Pipian, Sudrajat, J., & Suharyani, A. (2023). Fenomena Ketidakamanan Pangan di Sekitar
Perkebunan Kelapa Sawit: Kasus Desa Pedalaman Kalimantan Barat. Jurnal Ilmu
Lingkungan, 21(2), 289-298. https://doi.org/10.14710/jil.21.2.289-298

Prabawati, N. I, Widodo, & Duskarnaen, M. F. (2019). Kinerja Algoritma Classification And
Regression Tree (Cart) dalam Mengklasifikasikan Lama Masa Studi Mahasiswa yang
Mengikuti Organisasi di Universitas Negeri Jakarta. Jurnal Pendidikan Teknik
Informatika Dan Komputer, 3(2), 139-145. https://doi.org/10.21009/pinter.3.2.9

Prasada, I. M. Y., & Rosa, T. A. (2018). Dampak Alih Fungsi Lahan Sawah terhadap
Ketahanan Pangan di Daerah Istimewa Yogyakarta. Jurnal Sosial Ekonomi Pertanian,
14(3).

Purba, J. H. V., & Sipayung, T. (2017). Perkebunan Kelapa Sawit Indonesia Dalam Perspektif
Pembangunan Berkelanjutan. Academic Forum on Sustainability I.

Putrawiyanta, I. P., Noveriady, Novalisae, Ferdinandus, Fidayanti, N., & Kristianie, Y.
(2023). Pemetaan Lahan Area Bekas Penambangan Wilayah Desa Tanjung Riu,
Kabupaten Gunung Mas, Provinsi Kalimantan Tengah. I-Com: Indonesian Community
Journal, 3(3), 1183-1191. https://doi.org/10.33379/icom.v3i3.2959

Sampurno, R. M., & Thoriq, A. (2016). Klasifikasi Tutupan Lahan Menggunakan Citra
Landsat 8 Operational Land Imager (OLI) di Kabupaten Sumedang. Jurnal Teknotan,
10(2), 61-70. https://doi.org/10.24198/jt.vol10n2.9

Santika, T., Wilson, K. A., Budiharta, S., Law, E. A., Poh, T. M., Ancrenaz, M., Struebig, M.
J., & Meijaard, E. (2019). Does oil palm agriculture help alleviate poverty? A
multidimensional counterfactual assessment of oil palm development in Indonesia.
World Development, 120, 105-117. https://doi.org/10.1016/j.worlddev.2019.04.012



202 BHUMI: Jurnal Agraria dan Pertanahan, 9 (2), November 2023

Sasky, P., Sobirin, & Wibowo, A. (2017). Pengaruh Perubahan Penggunaan Tanah Terhadap
Suhu Permukaan Daratan Metropolitan Bandung Raya Tahun 2000 - 2016. 8th
Industrial Research Workshop and National Seminar.

Sentinelhub. (2020). NDWI Normalized Difference Water Index. https://custom-
scripts.sentinel-hub.com/custom-scripts/sentinel-2/ndwi/

Siburian, R. (2016). Kehidupan Masyarakat Sekitar Hutan dan Ketahanan Sosial pada
Ekologi Hutan yang Berubah. Jurnal Masyarakat & Budaya, 18(3), 467-486.
https://doi.org/10.14203/jmb.v18i3.575

Usop, T. B., & Iskandar, D. A. (2020). Pengaruh Kegiatan Industri Terhadap Spasial dan
Sosial Ekonomi di Desa Tumbang Marikoi, Kec. Damang Batu, Kab. Gunung Mas.
SPACE, 7. https://doi.org/10.24843/JRS.2020.v07.i01.p09

Utoyo, B., & Yolandika, C. (2018). Farmers’ decision analysis to select certified palm oil
seedlings in Lampung, Indonesia. IOP Conference Series: Earth and Environmental
Science, 141(1). https://doi.org/10.1088/1755-1315/141/1/012034

Wildayana, E. (2015). Formulating Rice Fields Conversion Control to Oil Palm Plantations
in Tidal Wetlands of South Sumatra, Indonesia. Journal of Wetlands Environmental
Management, 3(2), 72-78. http://ijjwem.unlam.ac.id/index.php/ijwem

World Health Organization Regional Office for Europe. (2015). Eliminating trans fats in
Europe - A policy brief. https://doi.org/10.13140/RG.2.1.3576.8800

Yusevi, N. A, Mahreda, E. S., Mahyudin, R. P., & Kissinger. (2021). Desain Penataan Lahan
Pasca Tambang Rakyat di Desa Tanjung Riu Kabupaten Gunung Mas Provinsi
Kalimantan Tengah. EnviroScienteae, 17(2), 134-143.
https://doi.org/http://dx.doi.org/10.20527/es.v17i2.11504

Zhao, J., Lee, J. S. H., Elmore, A. J., Fatimah, Y. A., Numata, I, Zhang, X., & Cochrane, M.
A. (2022). Spatial patterns and drivers of smallholder oil palm expansion within peat
swamp forests of Riau, Indonesia. Environmental Research Letters, 17(4).
https://doi.org/10.1088/1748-9326/ac4dc6



	Putri Andini*1, Rahayu Nurlika2, Yuriduna Salma3, Arditya Wicaksono4

