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Abstract. Forest and land fires, along with rapid regional development, 

have led to significant land cover changes in Banyuasin Regency. These 

changes influence carbon stock levels, necessitating spatial utilization 

control strategies to mitigate carbon emissions. This study aims to analyze 

spatial patterns of land cover change, estimate current carbon stocks, and 

formulate effective land use control strategies in response to carbon stock 

shifts. A mixed-method approach was applied, combining GIS-based 

quantitative analysis and carbon estimation with qualitative assessment 

using the Analytic Network Process (ANP). Results show that between 2013 

and 2023, land cover changes followed a random spatial distribution pattern, 

with increased areas of plantation and plantation forest, and reduced areas 

of water bodies, grassland, and secondary dryland forest. Overall carbon 

stocks rose by 11% during this period, indicating a sequestration trend. The 

main contributors to sequestration were the expansion of plantations and 

secondary swamp forest, while rice fields and open land contributed most to 

emissions. Priority spatial strategies for emission areas include strict 

technical regulation, ecosystem preservation, and green space development. 

For sequestration areas, priorities include conversion bans, conservation, 

ecosystem restoration, and forest protection. Notably, both conditions share 

the common strategy of adaptive protection measures.  

1 Introduction 

Law No. 32 of 2009 provides a clear definition of climate change, namely, changes in weather 

conditions over a long period. One of the main reasons for climate change is the presence of 

Greenhouse Gases (GHG), which can cause global temperatures to rise [1]. Carbon 

Monoxide (CO) is one of the major Green House Gases (GHG) since the increasing presence 

of CO could highly contribute to the greenhouse effect. CO gas, through natural processes in 

the atmosphere, could be oxidized to carbon dioxide (CO2). Fortunately, it is possible to 
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reduce CO2 with the help of vegetation. Vegetation utilizes CO2 for photosynthesis and 

produces oxygen (O2). Within this process, vegetation is also able to store the carbon and 

transform it into biomass, which is referred to as carbon [2].  

Banyuasin Regency has diverse topographic conditions, making this region experience 

varying disaster responses to the impacts of climate change. One of the main causes is the 

increasing concentration of greenhouse gases, which contribute to rising global temperatures. 

Greenhouse gas (GHG) emissions in the atmosphere are mostly produced from the 

combustion of fossil fuels and various other human activities, including changes and 

conversion of land use [3]. 

According to the Regional Disaster Management Agency (BPBD), Banyuasin Regency 

has the 3rd largest administrative area in South Sumatra Province and is currently under the 

attention of BNPB due to forest and land fires (karhutla/kebakaran hutan dan lahan) and 

extreme drought triggered by El Nino in 2023. Forest and land fires in Banyuasin Regency 

have caused significant changes in land cover, in addition to the development that has 

occurred in South Banyuasin Regency, which has also resulted in land conversion. Changes 

in land cover result in the loss of forests that have a large capacity to store carbon. These 

changes in land cover can reduce the ability of the ecosystem to absorb and store carbon, 

which has the potential to increase carbon concentrations in the atmosphere. Land cover 

elements can contribute to efforts to reduce GHG emissions, so calculating the carbon stock 

of the land cover is very important to do. By knowing changes in land cover and the amount 

of carbon, it is hoped that it can provide valuable information as a basis for consideration for 

the government when carrying out development, which is expressed through spatial planning 

strategies, especially spatial utilization control strategies. 

The main objective of this strategy is to ensure that the planning and implementation of 

development in an area are guided by the previously established spatial plan, thus avoiding 

uncontrolled spatial utilization, further optimizing land use by maintaining and restoring 

forest areas, protecting peatlands, and developing sustainable agricultural models that can 

store carbon. In this case, it is important to identify areas with high carbon stocks and 

designate them as areas that must be protected or managed with conservation principles. 

Spatial utilization control strategies are useful in anticipating and adapting to climate change. 

This is especially related to the fact that land use in an area now and in the future has a major 

influence on the vulnerability of an area to the impacts of climate change. 

The strategic approach in controlling spatial utilization is expected to function as a valid 

tool to reduce the level of exposure and sensitivity to the impacts of extreme climate events. 

Therefore, this study needs to be conducted to formulate a spatial utilization control strategy 

that begins with calculating carbon stock estimates and analyzing land cover changes on 

carbon emissions. With the existence of a spatial utilization control strategy based on data on 

carbon stocks and the impacts of land cover changes, it is hoped that Banyuasin Regency can 

face the challenges of land cover changes in a more structured and effective manner, and 

contribute to global efforts to reduce carbon emissions 

2 Methodology  

2.1 Research approach  

The approach used is a mixed approach that combines qualitative research with quantitative 

research. The mixed research strategy used is sequential/gradual (sequential mixed methods), 

a strategy that combines data from one method with another method. Assessing from the type 

of problems observed, the type of research is a case study and descriptive research. In this 

study, the phenomenon or case of land cover changes in the amount of carbon stock reserves 
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in Banyuasin Regency will be studied, starting by providing a description of the condition of 

land cover over a period of 10 years divided into 5 years to obtain the characteristics or 

patterns of land cover in Banyuasin Regency. Furthermore, handling will be formulated 

through a strategy for controlling the use of space utilization through the use of data sources 

from questionnaires and interviews. The location for this study is Banyuasin Regency, which 

consists of 21 Districts.  

2.2 Data collection  

Data collection was conducted through primary surveys and secondary surveys. Primary data 

were collected through questionnaires and in-depth interviews with stakeholders. The 

information from respondents was collected using the purposive sampling technique. 

Secondary data were collected through a literature review of academic journals, government 

reports, planning documents, and other publications relevant to the research topic. 

2.3 Data analysis  

Data analysis consists of quantitative data analysis and qualitative data analysis as follows: 

2.3.1 Quantitative data analysis 

2.3.1.1 GIS Information System 
  Land cover change analysis will use secondary data in the form of land cover maps 

processed by overlaying using the ArcGIS software land cover maps in the time span 

of 2013, 2018, and 2023 to obtain changes in land cover area. The stages of land cover 

change analysis are illustrated in the following diagram. 

 
Fig. 1. Land cover change analysis (Author, 2025) 

2.3.1.2 Mathematical Calculation 
Mathematical calculations are used to answer the 2nd objective, namely calculating 

and analyzing the Carbon Stock in Banyuasin Regency. To calculate the carbon stock 

in this study, the following equation is used [5]: 

GHG Emissions or Absorption = ∆ Land Use * FE...................................................(1) 

Information : 

∆ Land Use: activity data shown by changes in the area of each type of land cover 

change from two time periods (hectares) 

FE: emission factor for each type of land use change based on KLHK provisions, (ton 

CO2eq/ha). 

GHG emissions/absorption: emission values from each land cover change from two 

time periods. 
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For the terms used as follows (ton CO2eq): 

1. Emission value more than (>) 0 means emissions, namely the release of carbon 

into the air due to changes in land cover, 

2. the emission value is equal to (=) 0, meaning no emission or no change in the 

emission value, 

3. Emission values less than (<) 0 mean sequestration, namely the presence of 

carbon reserves formed due to changes in land cover. 

 

As for the value of emission factors for each type of land use change are as follows: 

Table 1. Carbon stock (emission factor) based on land cover type 

No Land Cover Class Code 
Carbon Stock 

Constant (TonC/Ha) 

1. Primary dry land forest Hp / 2001 195.4 

2. 
Secondary/former developed dry 

land forest 
Hs / 2002 169.7 

3. Primary Swamp Forest Hrp / 2005 196 

4. 
Secondary Swamp Forest / Formerly 

Built Up 
Hrs / 20051 155 

5. Primary Mangrove Forest Hmp / 2004 170 

6. 
Secondary Mangrove Forest / 

Formerly Built 
Hms / 20041 120 

7. Plantation Forest Ht / 2006 64 

8. Plantation / Garden Pk / 2010 63 

9. Shrubs B / 2007 30 

10. Swamp scrub Br / 20071 30 

11. Savanna / Grassland S/3000 4.5 

12. Dry land farming Pt / 20091 10 

13. Mixed shrubs / mixed gardens Pc / 20092 30 

14. Rice field Sw / 20093 2 

15. Pond Tm / 20094 0 

16. Built up land Pm / 2012 5 

17. Transmigration Tr / 20122 10 

18. Open land T / 2014 2.5 

19. Mining Tb / 20141 0 

20. Body of water A/5001 0 

21. Swamp Rw / 50011 0 

22. Cloud Aw / 2500 0 

23. Airport / Port Bdr/Plb / 20121 0 

     Source: Kurniawan et al. 2023 

Next, to calculate the change in carbon stocks in biomass caused by changes in land 

cover, it will be calculated using the stock difference approach (change in carbon 

stocks). Analysis of changes in carbon stocks is carried out by mathematical 

calculations through the following equation [6]: 

ΔC = (Ct2 - Ct1)/(t2 – t1) ........................................................................................ (2) 

Information : 

ΔC  = annual carbon stock change in each carbon reservoir (tC/year) 

Ct1  = carbon stock of each carbon reservoir at the beginning (tC) 

Ct2  = carbon stock of each carbon reservoir at the end (tC) 

t1  = initial year of carbon storage 

t2  = end year of carbon storage 

The calculation of carbon stock changes is measured using a backward looking 

scenario to measure Business as Usual (BAU) carbon stocks based on land use trends 
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2.3.2 Qualitative data analysis  

In this study, qualitative data analysis was carried out to achieve the objective of spatial 

utilization control strategies based on climate change adaptation options for the amount of 

carbon stock, starting with creating a questionnaire containing strategic choices resulting from 

a comparison or synthesis of various related theories and then conducting an analysis, 

Analytical Network Process(ANP). In ANP, it begins with creating a network structure, then 

the next step is to create a questionnaire containing multiple choice questions to provide an 

assessment with a paired comparison between Criteria Against Alternatives, between 

Alternatives against Criteria, and between Objectives Against Criteria. This is done for each 

condition, namely emission conditions and sequestration conditions. Then a value is given in 

a paired comparison or Comparative Judgment where the preference scale is one for the lowest 

level (equal importance) to a scale of nine for the highest level (extreme importance). 

The next stage determines the influence of each element on each criterion and priority 

weight, followed by an assessment given whether it is consistent or not, conducting an 

assessment of the influence and calculating the component value using the ANP model created 

previously. The alternative given the highest priority is the most appropriate. The 

questionnaire containing the recommended strategy choices resulting from the ANP analysis 

will be reconfirmed for the answers filled in the previous questionnaire through in-depth 

interviews with stakeholders or experts who are experienced in the fields of spatial planning, 

environment, and disasters in order to better explore the answers from respondents 

3 Results and discussion 

3.1 Spatial patterns of change land cover of Banyuasin regency in 2013, 2018 
and 2023 

During 2013 to 2018, the percentage change with the largest increase was in plantation land 

cover. In 2013, the area of plantation land cover in Banyuasin Regency was 106,132.33 Ha 

to 278,354.24 Ha in 2018, or an increase of 172,221.91 Ha. Next is the secondary mangrove 

forest 2013 from 18,783.17 Ha to 64,272.12 Ha in 2018, or an increase of 45,488.95 Ha. 

While for the changes that experienced a decrease in the area of land cover in the period 2013 

to 2018, namely in the savanna/grassland land cover. In 2013, the area of savanna/grassland 

was 96,492.76 Ha to 6,679.34 Ha in 2018 or decrease of -89,813.42 Ha. Then, swamp shrubs 

with an area of 325,189.93 Ha in 2013 to 247,685.96 Ha in 2018 or a decrease of -77,503.96 

Ha.   

For changes in land cover from 2018 to 2023, the largest increase also occurred in 

plantation land cover with an area in 2018 of 278,354.24 Ha to 372,008.31 Ha in 2023 or an 

increase of 93,654.07 Ha. Meanwhile, the changes in land cover that experienced the largest 

decrease were in open land cover with an area in 2018 of 37,491.49 Ha to 4,982.13 Ha or a 

decrease of -32,509.36 Ha and shrubs with an area in 2018 of 31,032. 08 Ha to 8,892.21 Ha 

in 2023 or a decrease of -22,139.87 Ha. The results of processing the Banyuasin Regency 

Land Cover Map for 2013, 2018 and 2023 produced the following land cover area results: 
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Table 2. Land cover area based on map interpretation results for 2013, 2018 and 2023 

No 
Land  

Cover 

Year  

2013 

Year  

2018 

Year  

2023 

Percentage 

Change 2013 

– 2023 (%) 

Information 

1 Water Body 42,669.48 37,928.71 36,843.98 -15.81 Reduce 

2 

Primary 

mangrove 

forest 

131,136.25 75,358.28 91,302.99 -43.63 Reduce 

3 

Secondary 

Mangrove 

Forest 

18,783.17 64,272.12 44,680.43 57.96 Increase 

4 
Secondary 

Swamp Forest 
62,587.70 39,459.50 32,695.63 -91.43 Reduce 

5 
Secondary Dry 

land Forest 
685.43 0.02 0.00 -100.00 Reduce 

6 
Plantation 

Forest 
604.05 28,547.72 30,502.02 98.02 Increase 

7 Settlement 48,742.16 48,122.48 45,109.97 -8.05 Reduce 

8 Plantation 106,132.33 278,354.24 372,008.31 71.47 Increase 

9 Mining 1,782.39 1,140.17 1,067.25 -67.01 Reduce 

10 
Dry Land 

Farming 
29,759.68 24,558.73 16,011.32 -85.87 Reduce 

11 

Mixed Shrub 

Dry Land 

Farming 

105.107,03 99,987.35 98,053.93 -7.19 Reduce 

12 Swamp 37,020.20 10,452.60 9,009.99 -310.88 Reduce 

13 
Savanna/ 

Grassland 
96,492.76 6,679.34 0.00 -100.00 Reduce 

14 Rice field 164,564.09 180,808.15 180,443.77 8.80 Increase 

15 Shrubs 26,661.96 31,032.08 8,892.21 -199.84 Reduce 

16 Swamp Bush 325,189.93 247,685.96 250,144.33 -30.00 Reduce 

17 Pond 7,618.24 17,850.55 7,981.22 4.55 Increase 

18 Open Land 24,192.65 37,491.49 4,982.13 -385.59 Reduce 

Source: Analysis results (2025) 

 

Based on the table above, it can be explained that during the period of 2013 and 2018 

there were 7 (seven) types of land cover that increased, namely secondary mangrove forests, 

plantations, plantations, rice fields, bushes, open land and ponds. The remaining 12 (twelve) 

types of land cover experienced a reduction in area. For the increase that occurred in rice 

field land cover, this is because Banyuasin Regency is a food barn spread to 4 (four) in 

Indonesia and is the number 1 (one) the largest food barn in South Sumatra Province which 

continues to strive to increase food agricultural output, one of which is the addition of rice 

field area through optimizing idle land into productive land [4]. Meanwhile, from 2018 to 

2023, there are 4 (four) types of land cover that have experienced additional areas, namely 

primary mangrove forests, plantation forests, plantations and swamp shrubs. 

Overall, during the period 2013 to 2023, the plantation land cover continues to increase 

in area with an increase percentage of 71.47% and the plantation forest land cover increases 

by 98% from 2013. Meanwhile, the land cover of water bodies, savanna/grasslands and 

secondary dry land forests continues to decline. Specifically for the forest area which is the 

largest contributor of carbon reserves in 2023, the area decreased, namely in primary 

mangrove forests decreased by -39,833.26 Ha or 43.63% from 2013 and secondary swamp 

forests decreased by -36,990.15 Ha or 144.51% from 2013. 
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An overview of changes in land cover in Banyuasin Regency as a whole from 2013, 2018 

and 2023 can be seen in the following figure: 
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Fig. 2. Land cover map of Banyuasin regency in 2013, 2018 and 2023 

For further clarity, the following will present changes in land cover types from one type 

of land cover to another type of land cover or those that do not experience changes, as can be 

seen in the following Table 3. 

Spatial distribution patterns are generally divided into three, namely: a. Clustered, namely 

some points are concentrated close to each other, while there is a large area with a few points 

that appear to have an insignificant distance b. Dispersed, namely each point is spread with 

a relatively even distance and is not meaningfully close c. Random, namely points arise 

randomly without a certain pattern, and the position of one point is not related to other points 

[7]. When associated with this pattern, the spatial pattern shown from changes in land cover 

in Banyuasin Regency in the period 2013, 2018 and 2023 has formed a spatial pattern of land 

cover distribution randomly because the land cover that occurs experiences changes in area 

and location that are different for each time period. A detailed discussion of changes in the 

type of land cover will be used as a basis for calculating carbon stock estimates in the next 

section. 
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Table 3. Matrix of land cover type changes in Banyuasin regency 2013-2023 (ha) 

 

3.2 Calculation of carbon reserves in banyuasin regency in 2013, 2018 and 
2023 

The calculation will be carried out based on a backward looking approach which is an 

estimated calculation by looking at changes in existing land cover without any intervention, 

assuming that regional growth and development tend to follow the current pattern. The first 

stage will be calculated as an overall estimate of carbon stocks in Banyuasin Regency in 2013, 

2018 and 2023. Next, the estimated changes in carbon stocks for each land cover class will be 

discussed using the mathematical equation of differential stocks that compare carbon stocks 

due to changes in land cover in 2013-2018, 2018-2023 and 2013-2018. By using the 

mathematical equation, namely multiplying the area of land cover in the analysis year by 

emission factors for each type of land cover [4], then the results of the calculation of carbon 

reserves for Banyuasin Regency in 2013, 2018 and 2023 can be seen in Table 4. 

From the results of the calculation of overall carbon reserves in Banyuasin Regency in 

2013, 2018 and 2023, we can see a comparison of changes in carbon reserves as an impact of 

changes in land cover that occurred in Banyuasin Regency in Fig 3. 
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Table 4. Calculation of carbon reserve estimation in Banyuasin Regency 

 
 

 

 

 

 

 

 

 

 

Fig. 3. Carbon reserve graph of Banyuasin Regency 

From the graphic image above, it can be explained that in the period from 2013 to 2023, 

carbon reserves in Banyuasin Regency continued to increase by 11%. This is greatly 

influenced by changes in land cover in Banyuasin Regency, although most of the land cover 

has decreased, there is land cover that has experienced a significant increase in area, 

especially changes in land cover that contribute to absorbing carbon. One of them that has 

increased significantly is plantation land cover, and also primary mangrove forests. 

Plantation land cover contributes to carbon reserves in Banyuasin Regency by 37% in 2023, 

while primary mangrove forests contribute 24% in 2023. 

The increase in the area of plantation land cover in Banyuasin Regency occurred due to 

the physical conditions in the Banyuasin Regency area which has the potential for plantation 

development, especially oil palm plantations. Data from BPS states that the total area of oil 

palm plantations in Banyuasin Regency in 2017 was 170,175 Ha when compared to the data 

on land cover area in Banyuasin Regency in 2018, this area is almost 50% of the total area 

of plantation land cover in Banyuasin Regency. Based on research that has been conducted, 

it is stated that oil palm has the capacity to absorb and store carbon dioxide as a carbon 

reserve. As the age of the plant increases, the carbon reserves stored tend to increase [8]. In 
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addition to oil palm plantations, Banyuasin Regency also has quite large potential for rubber 

plantations, which is almost 37% of the total plantation area. Rubber plants are similar to 

forest plants, able to absorb CO₂ and use it as a carbon source in the photosynthesis process, 

especially if cultivated with inter cropping pattern [9]. 

This is indicated by the results of the calculation of carbon reserves that have been 

presented above, that carbon reserves in Banyuasin Regency have increased along with the 

increase in the area of plantation cover. Almost the same thing happened to the primary 

mangrove forest land cover, which also provided quite a large carbon reserve in 2023 in 

Banyuasin Regency. The physical condition of the Banyuasin Regency area, which is 80% 

tidal, has caused the growth of mangrove vegetation that can absorb carbon, especially in the 

Sembilang National Park area, Banyuasin II District. Furthermore, to find out the estimated 

change in carbon reserves due to changes in land cover in Banyuasin Regency in 2013 - 2018 

and 2018 - 2023, it will be calculated through the following mathematical equation: 

Table 5. Estimated changes in carbon stocks in Banyuasin regency 

Period Year Calculation 

2013-2018 
ΔC = (58,335,922.55 - 56,163,452.15)/(2018-2013) 

       = 434,494.08 TonC/Year 

2018-2023 
ΔC = (62,811,355.38- 58,335,922.55)/(2023-2018) 

      = 895,086.57 TonC/Year 

2013-2023 
ΔC = (62,811,355.38- 56,163,452.15)/(2013-2023) 

      = 664,790.34 TonC/Year 

 

From the calculation above, the estimated carbon reserves due to changes in land cover in 

Banyuasin Regency within five years, namely 2013-2018, the results shown are 434,494.08 

TonC/year, while the five years 2018-2023 obtained results of 895,086.57 TonC/year and 

overall for the period 2013-2023, carbon reserves amounted to 664,790.34 TonC/year. 

Estimation of land cover carbon reserves. This shows that carbon absorption or carbon 

sequestration has occurred during this period. This increase is due to land cover in 2023, which 

has a larger total carbon stock compared to 2013. Furthermore, an analysis of carbon stock 

calculations will be carried out for each change in land cover class in Banyuasin Regency from 

2013 to 2023. In this discussion, a more in-depth identification will be carried out on changes 

in each land cover class, which can absorb carbon (sequestration) and which can release carbon 

(emissions). 

For the terms used as follows, (ton CO2eq)Emission value more than (>) 0 means there is 

emission, Emission value equal to (=) 0 means there is no emission or change in emission 

value and Emission value less than (<) 0 means there is sequestration, which is the formation 

of carbon reserves that occurs due to changes in land cover. The results of the calculation of 

changes in carbon reserves for each land cover are explained in the following Table 6.  

Table 6 presents the results of the carbon stock calculations for each land cover class. The 

results are obtained from the results of multiplying the area of change in each land cover by 

subtracting the value of the previous carbon constant and the current constant. Cumulatively 

in the 10-year period, namely 2013 - 2023, the results of changes in land cover that cause 

emissions are changes in land cover to rice fields of 1,571,607.13 TonC and changes in land 

cover that cause sequestration, namely changes in land cover to plantations of -8,837,210.51 

TonC. These results show that the area of plantation land cover and also the area of rice fields 

that continue to increase is also followed by an increase in emissions and carbon absorption 

produced. 
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Table 6. Calculation of carbon reserves for the period 2013 – 2023 

 
 

The changes in land cover classes that provide the largest emission and sequestration 

conditions in the 10-year period (2013 - 2023) are presented in Table 7. In the 10 years of 

land cover change in Banyuasin Regency, namely 2013-2023, it can be seen that the change 

of swamp bushes into rice fields and primary mangrove forests into open land has caused 

emissions in Banyuasin Regency. In the change of land cover into rice fields, according to 

data from Low Carbon Development Indonesia, the agricultural sector contributes around 

13% of the total carbon emissions in Indonesia. One of the main components in the 

agricultural sector that produces significant emissions is rice production through two main 

sources, namely methane (CH₄) and nitrous oxide (N₂O) emissions. Rice production has an 

environmental impact. The latest research provides an overview that the agricultural sector, 

especially rice production, plays a major role in climate change. This is very contradictory 

when associated with Banyuasin Regency, as the largest food barn in South Sumatra 

Province, which will continue to increase the area of productive rice fields. 

Table 7. Estimated value of the largest carbon emissions due to changes in land cover class in 

banyuasin regency 2013-2023 

Period 
Initial Land 

Cover 

Final Land 

Cover 

GHG Emission 

Value 
Information 

2013-

2023 

Swamp Bush Rice field 709,066.96 Emission 

Primary mangrove 

forest 
Open Land 582,881.07 Emission 

Swamp Bush 
Secondary 

Swamp Forest 
-674,222.22 Sequestration 

Swamp Bush Plantation -3,804,628.43 Sequestration 

 

The change of mangrove forests into open land, which also contributes to emissions in 

Banyuasin Regency, must be controlled immediately to maintain the existence of mangrove 

forests in good condition. Banyuasin Regency is one of 3 regencies in South Sumatra Province 

that has the largest mangrove forest potential. The sustainability status of mangrove ecosystem 
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management, especially in Sembilang National Park, Banyuasin Regency, is in a less 

sustainable condition [10] and one of the causes is the change into open land (deforestation). 

Meanwhile, changes in land cover that provide carbon absorption are changes in swamp shrubs 

into secondary swamp forests and changes in swamp shrub land cover into plantations. 

Secondary swamp forests are wetland forests that have been cut down or have degraded. 

Secondary swamp forests in Banyuasin Regency are identified as being in a peat ecosystem, 

which is one of the potential lands that must be protected [11]. Banyuasin Regency is one of 

4 regencies in South Sumatra Province that have peat protected forest areas [12]. Peat is 

considered a wetland habitat that has a high capacity to absorb (sequester) and store (sink) 

large amounts of carbon. This ability plays an important role in preventing the release of 

greenhouse gases, especially CO₂, into the atmosphere, thereby helping to reduce the impact 

of climate change [13]. 

In the plantation area in Banyuasin Regency, it is very large and can contribute to carbon 

absorption, especially in oil palm plantations, with the ability to store large amounts of carbon 

both in vegetation and in the soil. According to Henson's research (1999), oil palm plants are 

able to absorbs up to 64.5 tons of carbon per hectare per year [14]. This value is greater than 

that of tropical forests is able to absorb carbon of around 25 tons of carbon per hectare per 

year from palm oil research [15]. This ability makes oil palm plants one of the most efficient 

plants in mitigating carbon dioxide emissions. In addition, carbon storage in biomass is also 

important in the context of climate change. 

 Considering the above results, the next discussion that will be input in the process of 

formulating a strategy for controlling spatial utilization will focus on land cover that provides 

the largest emission value, namely changes in land cover to Rice Fields and changes in land 

cover to Open Land. While in sequestration conditions, the formulation of the strategy will 

focus on changes in land cover to plantations and secondary swamp forests. 

3.3 Space utilization control strategy 

The spatial utilization control strategy is intended to ensure that the spatial utilization of each 

land cover class can be controlled. In this case, the spatial utilization control strategy will be 

applied to land cover that contributes to emissions, namely rice fields and open land, so that 

it can minimize emissions and to land cover that provides carbon absorption (sequestration), 

namely plantations and secondary swamp forests so that they continue to optimally store 

carbon. The formulation of the spatial utilization control strategy is generated from the ANP 

analysis, as determining what strategy should be chosen in determining the control of space 

utilization for two conditions, namely carbon loss conditions (emissions) and carbon capture 

conditions (sequestration). In data processing and analysis, data obtained from 8 experts in 

different fields and with the same level of expertise will be used in data processing using the 

ANP method. The data processing process in this study uses SuperDecisions Version.2.10 

software. There are several stages carried out in the ANP process, including interpreting the 

problem, determining criteria and alternatives, ensuring component weighting from an 

expert's perspective, creating a Pairwise Comparison Matrix, Consistency Test, Super matrix 

Calculation, Priority Calculation, and Alternatives Ranking. 

From the results of the ANP analysis, three alternatives were obtained that had the highest 

priority value for emission conditions, namely strict technical requirements, followed by land 

ecosystem sustainability and green open space or reforestation. The selected criteria resulted 

in a choice of protection adaptation options. The formulation of the spatial utilization control 

strategy for land cover that provides emission conditions is as follows: 
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Table 8. Space utilization control strategy emission conditions 

 

Meanwhile, for alternative sequestration conditions that have the highest priority value, 

namely prohibiting conversion, then conservation, preservation and restoration and 

preventing forest encroachment. For the selected criteria, it produces a choice of protection 

adaptation options. The formulation of the strategy for controlling the use of space for land 

cover that provides sequestration conditions is as follows: 

 

 

 

 

 

 

No Land 

Cover 

Selected adaptations Space Utilization Control Strategy 

1. Rice field Protection 1. Rice field development is carried out by 

providing strict technical requirements, in the 

form of: 

- Implementation of intermittent rice field 

irrigation system 

- Selection of low emission rice varieties 

- Use of low emission herbicides 

- utilization of fuel in agricultural equipment 

with low carbon technology 

2. Developing rice fields while maintaining the 

sustainability of land ecosystems by 

minimizing the exploitation of natural 

agricultural resources. 

3. The development of rice fields is followed by 

reforestation by planting trees around the rice 

fields. 

 

2. Open Land Protection 1. Open land development is carried out by 

providing strict technical requirements, in the 

form of an obligation to have environmental 

documents and environmental approval. 

2. Open land development is carried out while 

maintaining the sustainability of the land 

ecosystem through: 

- It is not permitted to use open land which 

could result in environmental damage. 

- Open land development must be followed 

by soil and water conservation 

- Carrying out land restoration that has 

experienced a decline in the ecological 

function of the soil 

3. The use of open land is permitted for 

reforestation with carbon-absorbing plants and 

use as green open space. 
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Table 9. Space utilization control strategy for sequestration conditions 

No Land Cover Selected 

adaptations 

Space Utilization Control Strategy 

1. Plantation Protection 

 

1. Plantation development must be followed by efforts to 

manage plantations sustainably through conservation, 

preservation and restoration, in the form of: 

- Implementation of High Conservation Value 

(HCV) management 

- implementation of the round table on Sustainable 

Palm Oil (RSPO) 

- optimizing the use of low carbon fertilizers 

- plantation management can be carried out with an 

inter cropping pattern. 

2. Conversion of plantation land is carried out in a hasty 

manner with the following requirements: 

- Implemented in accordance with the provisions 

stipulated in laws and regulations 

- Every plantation business and/or activity must 

have environmental documents and environmental 

approval. 

2. Secondary 

Swamp 

Forest 

Protection 1. Conducting forest conservation and protection, forest 

rehabilitation and preserving the function of the area as 

a carbon sink. 

2. Prohibiting the conversion of secondary swamp forests 

which can cause ecosystem damage. 

3. Prohibiting encroachment on secondary swamp forests 

which can damage protective functions and threaten 

environmental sustainability. 

4 Conclusion 

Land cover changes in Banyuasin Regency between 2013 and 2023 occurred in a spatially 

random pattern, with significant increases in plantation (71.47%) and forest plantation (98%) 

areas, while water bodies, savanna/grasslands, and secondary dry land forests declined. Over 

this period, the region experienced a net carbon sequestration of -6,647,903.23 TonC, with 

carbon absorption outweighing emissions. Major emission sources were conversions to rice 

fields and open land, while the greatest carbon absorption resulted from converting swamp 

shrubs to plantations and secondary swamp forests. Based on ANP analysis, emission-

priority areas like rice fields and open land require strict technical regulations, ecosystem 

sustainability, and reforestation. In contrast, for high-sequestration areas like plantations and 

secondary swamp forests, priority strategies include prohibiting land conversion, 

conservation, restoration, and forest protection, with adaptation-based protection identified 

as the top strategy for both emission and sequestration contexts.  
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