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ABSTRACT 

Indonesia's net zero emission target is being achieved through greenhouse gas (GHG) inventories 

using the Intergovernmental Panel on Climate Change (IPCC) method. This study aims to determine 

the potential contribution of the Brebes and Cilacap Regencies using the net zero target of Central 

Java Province in terms of carbon sequestration in various types of land cover. Land-cover data were 

collected from the RBI. Land cover use data were then multiplied by the constant value of carbon 

stocks to determine the potencies of carbon sequestration and storage. The potential contribution 

of carbon sequestration in Brebes Regency reaches 3,882,850.81 tons of CO2 eq or 4.60%, while 

Cilacap Regency has almost two times the potential for carbon sequestration in Brebes, which is 

7,191,181.44 tons of CO2 eq, or equivalent to 8.52% of the total carbon emissions of Central Java 

Province which reached 84,435,352.5 tons of CO2 eq. This difference in carbon sequestration 

potential was most influenced by the presence of mangrove and  terrestrial forests, with the highest 

value of carbon stock constants compared to other land uses. Overall, these two regencies can 

absorb almost 1/3 of the carbon emissions in Central Java Province; therefore, they can be 

prioritized in efforts to increase carbon sequestration at the provincial level. 

Introduction  

Global warming and climate change are major concerns globally. To control climate change, more than 100 
countries have set net zero emission targets, including Indonesia. Indonesia has targeted carbon emission 
reduction in its Nationally Determined Contribution (NDC) since the Paris Agreement and has changed its 
target to 31.89% independently and 43.20% with international assistance [1]. To achieve this target, The 
Indonesian government conducted an inventory of greenhouse gases (GHG) by identifying carbon stocks 
using the Intergovernmental Panel on Climate Change (IPCC) method [2]. However, the results showed that 
Indonesia is one of the countries with slower target achievement than the global average [3]. 

GHG inventories are conducted in several sectors of a region [4]. This is also in line with Indonesia's 
commitment to reducing emissions from various sectors, including transportation, energy, food, industry, 
agriculture, and forestry [5]. Forests are one of the main sources of carbon accumulation and storage because 
of their availability to plants and trees [6,7]. Unfortunately, the deforestation rate in Indonesia is still high 
owing to land conversion into infrastructure, residential areas, mining, and plantations, which have an impact 
on global warming; therefore, a strategy is required to handle it [8].  

Various studies have been conducted to determine the factors contributing to emissions in Indonesia, 
including economic growth, energy use, forest area, and urbanization [9]. Changes in land use are closely 
related to efforts to meet the population’s needs. An increase in the population also increases the need for 
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land and development [10]. Carbon stocks are not only found in forest vegetation, but also in agricultural 
land or plantations because soil is the largest organic carbon stock [11]. Management practices are one of 
the factors that affect the amount of carbon in soil. 

GHG inventories from various activities have been conducted in Central Java Province, including waste 
management processes [12], agricultural land use [13], and waste incineration [14]. This is similar to the 
estimates of carbon sequestration from various land use types. However, no calculation or analysis of 
emissions versus sequestration has been conducted to determine the achievement of the net zero target.  
The study was conducted in two locations, Brebes and Cilacap, which are among the top five largest regencies 
with a total of 12.85% of the area of Central Java Province. Cilacap Regency has the largest area of 2,323.93 
km2, while Brebes Regency is the fifth largest with a total area of 1,742.81 km2 under Grobogan, Blora and 
Wonogiri [15]. This study aims to determine the contribution of the Brebes and Cilacap Regencies to achieving 
the net zero target of Central Java Province in terms of carbon sequestration in various types of land cover.  

Materials and Methods 

Study Area 

The research was conducted in two regencies in the Central Java Province: Brebes and Cilacap as can be seen 
in Figure 1. The research location was chosen based on data availability. In addition, the largest distribution 
of mangroves in Central Java Province is also in Brebes and Cilacap. The mangrove area has become one of 
the focuses of this research because its sequestration capacity is the highest compared to other land cover 
types. Choosing a location with a large mangrove area will provide an illustration of the high carbon 
sequestration potencies so that it can become an example for other areas in Indonesia. All data collection for 
this study was conducted between August 2022 and January 2023. 

 

Figure 1. Study area. 

Data Collection 

Land use cover data were collected from the Rupa Bumi Indonesia (RBI) 2022 land use map. In addition, 
Mawardi et al. [5] found that the ability of land-cover vegetation to sequester carbon is based on three 
factors: (1) terrestrial ecosystems, including forests, plantations, shrubs, grasslands, and agricultural land; (2) 
coastal ecosystems, including mangrove forests, seagrass beds, animal husbandry, lakes, and seas; and (3) 
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individuals per plant or tree. This calculation is particularly useful for estimating the potential registration of 
urban parks and areas, and the potential for carbon dioxide absorption and storage from the area/area can 
be calculated. Secondary data in the form of CO2 emission values, per capita Indonesia obtained through 
https://edgar.jrc.ec.europa.eu/report_2023?vis=co2pop#emissions_table (accessed on march 26 2023). 
Data on the population of Cilacap and Brebes Regencies in 2022 were obtained from Badan Pusat Statistik 
(BPS) data. 

Data Analysis 

Land-cover use data were then multiplied by the constant value of carbon stocks to determine the potential 
for carbon sequestration and storage in an ecosystem. This can be formulated using the following equation: 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑠𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑡𝑒𝑛𝑐𝑖𝑒𝑠 = 𝐿𝑎𝑛𝑑 𝑐𝑜𝑣𝑒𝑟 𝑎𝑟𝑒𝑎 𝑥 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑣𝑎𝑙𝑢𝑒  𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑠𝑡𝑜𝑐𝑘𝑠 (1) 

Data on carbon sequestration potential were then used to determine the contribution of each regency to 
reducing emissions in Central Java Province using the following equation: 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑠𝑒𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 =  
𝑅𝑒𝑔𝑒𝑛𝑐𝑦 𝑆𝑠𝑞𝑢𝑒𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖𝑛 𝐶𝑒𝑛𝑡𝑟𝑎𝑙 𝐽𝑎𝑣𝑎 𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒
 𝑥 100%  (2) 

Results and Discussion 

Central Java Province Emissions 

The total emissions of Central Java Province are listed in Table 1. Based on data obtained from the Emissions 
Database for Global Atmospheric Research (EDGAR) of the European Commission website, it is known that 
the total emissions produced by Indonesia are 2.50 tons CO2 eq year-1. An individual carbon footprint 
calculation approach was then used to determine the emissions in each district. The individual carbon 
footprint value was obtained from the total emissions of Central Java Province divided by the population. 

Table 1. Total carbon emissions in Central Java Province. 

Province 
Population 
(person) * 

Individual carbon footprint 
(ton CO2 eq person-1) 

Province  
total emission 
(ton CO2 eq) 

Central Java 33,774,141 2.50 84,435,352.5 

*[15]. 

Carbon Sequestration of Brebes Regency 

Brebes Regency is located on the north coast of Java Island and has a mangrove ecosystem with a carbon 
potential that has been monitored quite well. In Kaliwlingi Village, Brebes Regency, the mangrove area 
increased during 1996 to 2019, causing an increase in carbon stocks [16]. This is an anomaly of decreasing 
mangrove forest area in the regency. Carbon storage occurs not only above ground (trees and biomass) but 
also underground in the form of sediment [16,17]. Studies have shown that older mangrove trees do not 
show an increase in carbon stocks in stands [18] or sediments [17]. 

In addition to mangrove forests, Brebes Regency has extensive agricultural land (rice fields) and has 
undergone land conversion into built-up land (settlements, toll roads, and industry) and other land cover 
types (community forests, moor, and water bodies) [19]. Agricultural land plays an important role in the 
maintenance of carbon storage [20]. This causes the carbon sequestration potential in Brebes Regency to 
change, according to the coefficient of each type of land cover. 

Carbon sequestration and storage are generally carried out in both terrestrial and aquatic natural ecosystems 
[21,22]. Forests are considered global carbon sinks [23], with wetlands (peatlands and mangrove forests) 
having greater mitigation potential than drylands (forest and non-forest) [21]. As for water, studies refer 
more to blue carbon, which consists of mangrove forests, seagrass beds, and tidal swamps [22,24]. Further 
studies on inland waters are required. 

In addition to natural ecosystems, artificial areas store carbon. For example, housing still uses wood as a 
furniture or home material [25]. Carbon storage is found in furniture, frames, windows, doors, and so on. The 
agricultural and plantation sectors have potential in terms of GHG emissions [26–28], including rice fields and 
fields. Based on these findings, each land cover type has potential for carbon sequestration and storage, as 
shown in Table 2. 

https://edgar.jrc.ec.europa.eu/report_2023?vis=co2pop#emissions_table


This journal is © Amru et al. 2024  JPSL , 14(3) | 528 

Table 2. Brebes Regency land cover use. 

Land cover use Area (Ha) Percentage (%) 
Constant value 
of carbon stock 
(ton CO2 eq)* 

Carbon sequestration 
potencies (ton CO2 eq) 

Forest              3,283.62  1.82 98.80 324,421.66 
Mangrove forest                    15.34  0.01 188.30 2,888.52 
Shrubs              5,547.39  3.07 30.00 166,421.70 
Meadow/grassland              1,273.82  0.71 4.00 5,095.28 
Plantation            50,779.90  28.12 63.00 3,199,133.70 
Rice field            56,430.59  31.25 2.00 112,861.18 
Rainfed-Rice field            15,988.81  8.85 2.00 31,977.62 
Field            16,020.46  8.87 2.50 40,051.15 
Pond              8,196.34  4.54 0  
Settlement            20,391.03  11.29 0  
Building                    21.83  0.01 0  
Land                    44.03  0.02 0  
Lake                 135.99  0.08 0  
Reservoir                 415.87  0.23 0  
River              2,040.61  1.13 0  
Other Non-Cultivated 
Vegetation 

                     2.40  0.00 0  

Total         180,588.02  100.00  3,882,850.81 

*[29]. 

As shown in Table 2 and Figure 2, the percentage of vegetation cover in Brebes Regency was still higher than 
that in built-up land. Land in the form of plantations in Brebes Regency has the greatest potential for carbon 
absorption and storage, followed by forests, shrubs, rice fields, fields, rainfed rice fields, meadow/grasslands, 
and mangrove forests. Although mangroves have the smallest levels of absorption and storage, their carbon 
sequestration coefficient is the largest, followed by forest forests. This is in line with a study by Novita et al. 
[21], who stated that mangrove forests have a greater mitigation density potential than dryland ecosystems. 

 

Figure 2. Land cover map of Brebes Regency. 
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Mixed gardens with agroforestry systems  have greater biomass potential than monoculture fields [28]. This 
is because vegetation biomass becomes restless and is a source of nutrients for soil organic substances [28]. 
This was indicated by the constant value of the garden's carbon stock being greater than that of the field or 
higher. For built-up land cover, it is necessary to refer to the current reference, which contains the carbon 
sequestration coefficient so that the resulting value is complete. The absorption potential in the settlement 
can be expressed using a coefficient [20]. Inland water (lakes, reservoirs, and rivers) has zero sequestration 
coefficient [20]. 

Carbon Sequestration of Cilacap Regency 

Cilacap Regency is the largest regency in Central Java which has a total area of 2,249.28 km2 or 6.48% of the 
total area of Central Java Province. Cilacap is a regency in Indonesia that continues to experience 
development in terms of economic, community welfare, and regional development. However, Cilacap 
Regency has the potential to increase GHG emissions concentrations. The energy, forestry, and other land 
use (FOLU) sectors still contribute significantly to GHG emissions. Power plants are still responsible for 
increasing GHG emissions.  

Table 3. Cilacap Regency land cover use. 

Land cover use Area (Ha) Percentage (%) 
Constant value 
of carbon stock 
(ton CO2 eq)* 

Carbon sequestration 
potencies (ton CO2 eq) 

Forest 11,665.34 4.71 98.80 1,152,535.59 
Mangrove forest 7,759.44 3.13 188.30 1,461,102.55 
Shrubs 6,639.13 2.68 30.00 199,173.90 
Meadow/grassland 66,110.94 26.70 63.00 4,164,989.22 
Plantation 74,482.19 30.08 2.00 148,964.38 
Rice field 6,626.82 2.68 2.00 13,253.64 
Rainfed-Rice field 16,118.16 6.51 2.50 40,295.40 
Field 2,716.69 1.10 4.00 10,866.76 
Pond 51,080.20 20.63 0  
Settlement 94.50 0.04 0  
Dock 1.19 0.00 0  
Tambak 193.85 0.08 0  
Sea sand 175.54 0.07 0  
Lake 1.63 0.00 0  
Reservoir 31.06 0.01 0  
River 3,929.02 1.59 0  
Other Non-Cultivated Vegetation 2.09 0.00 0  

Total 247,627.77 100.00  7,191,181.44 

*[29]. 

One tactic that people in Central Java, especially the Cilacap Regency, can use to support the government in 
achieving net zero emissions is to reduce carbon emissions from anthropogenic activities or reduce the use 
of carbon sources that can increase carbon emissions in the atmosphere. Other techniques, including the 
deployment of low-carbon technologies, absorb carbon released into the atmosphere to decrease the 
creation of carbon emissions [29]. Increasing the ability of vegetation to absorb carbon through 
photosynthesis is one way to promote carbon sequestration using vegetation or plants [30]. Based on Table 
3 and Figure 3, rice fields are the largest area that can be optimized for carbon sequestration, with an area 
of 74,482.19 hectares or 30.08% of the total area of 247,627.77 hectares. The other largest areas are 
plantations, settlements/places of activity, and fields, with areas of 66,110.94, 51,080.20, and 16,118.16, 
respectively. The smallest area is the pier, with an area of 1.19 hectares. 

Each vegetation or land cover type had a different carbon sequestration ability. The area and carbon 
sequestration coefficient play a role in determine the carbon sequestration rate of each vegetation or land 
cover type. Mangrove forests have the highest carbon sequestration coefficient of 188.3 tons CO2 eq, 
followed by forest forests and plantations with coefficients of 98.8 tons CO2 eq and 63 tons CO2 eq, 
respectively. Table 3 shows that although rice fields are the largest area in Cilacap Regency, the potential 
absorption produced is only 148,964.38 tons of CO2 eq. This is because of the small value of the rice-field 
carbon absorption constant of 2 tons of CO2 eq.  
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Mangrove forests are one of the vegetation types with the largest carbon absorption potential, namely 
1,461,102.55 tons of CO2 eq, with an area of 7,759.44 hectares. The carbon sequestration constant of 
mangrove forests plays a major role in determining the carbon sequestration potential. The total potential 
for carbon sequestration in the Cilacap Regency from various types of land cover is 7,191,181.44 hectares 
from an area of 247,627.77 hectares. Data on the potential for carbon sequestration in the Cilacap Regency 
can be used to determine the contribution of carbon absorption to the emissions produced by Central Java 
Province. The calculation results showed that the contribution of carbon absorption by Cilacap Regency was 
22.5% of the emissions produced by Central Java Province. 

 

Figure 3. Land cover map of Cilacap Regency. 

The Contribution of Brebes and Cilacap Regencies in Reducing Central Java Province Emissions 

Climate change is a disastrous development for humans. One type of climate change caused by an increase 
in greenhouse gas emissions, such as CO2 released into the atmosphere, is known as global warming. One 
way to reduce the amount of greenhouse gases in the environment is to release less CO2 into the atmosphere. 
Consequently, reducing emissions and maximizing the amount of CO2 absorbed by plants in the land cover 
are the only ways to reduce the quantity of CO2 in the atmosphere. Forests absorb CO2 through 
photosynthesis, which is carried out by the plants within the forest. The contribution of each regency shown 
in Table 4. 

Table 4. Contribution of Brebes and Cilacap Regencies to carbon sequestration. 

Regencies Carbon sequestration (ton CO2 eq) Contribution (%) 

Brebes 3,882,850.81 4.60 
Cilacap 7,191,181.44 8.52 

As part of Rencana Pembangunan Jangka Menengah Nasional/Daerah (RPJMN/RPJMD), Central Java is one 

of the provinces that has implemented the RPJMN/RPJMD policy [31]. One strategy used in Central Java to 

lower emissions is the preservation of trees, which, in theory, serve as a carbon storage facility [6]. Based on 

the calculation results, Central Java Province produces as much carbon emissions as 84,435,352.5 tons of CO2 
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eq. Based on the calculation results, Brebes Regency contributed 3,882,850.81 tons of CO2 eq to reducing 

emissions in Central Java Province. In other words, Brebes Regency managed to absorb 4.60% of carbon 

emissions from the total carbon emissions in Central Java Province. Similarly, Cilacap Regency succeeded in 

reducing carbon emissions by 7,191,181.44 tons of CO2 eq in Central Java.  

Cilacap Regency absorbs 8.52% of the total carbon emissions in Central Java. Reducing CO2 emissions can be 

accomplished in a number of ways, including conservation, building carbon stores, and managing forests 

sustainably [32,33]. The contribution of carbon absorption in the Cilacap and Brebes Regencies can be 

increased through various efforts, especially from mangrove area utilization, which has higher carbon 

sequestration than terrestrial forests. The utilization of mangrove forests for natural tourism, along with 

planting, conservation, and rehabilitation activities, can be an alternative effort to maintain and increase 

carbon sequestration, as found in the Mangrove Sari, Brebes Regency. Apart from providing ecological 

benefits, sustainable mangrove utilization also provides economic benefits to the surrounding community 

[34]. 

Conclusions 

The potential contribution of carbon absorption in Brebes Regency reaches 3,882,850.81 tons of CO2 eq or 
4.60%, while Cilacap Regency has almost two times the potential for carbon sequestration, which is 
7,191,181.44 tons of CO2 eq or equivalent to 8.52% of the total carbon emissions of Central Java Province 
which reached 84,435,352.5 tons CO2 eq. This difference in carbon sequestration potential is most influenced 
by the presence of terrestrial and mangrove forests, which have the highest carbon stock constants compared 
to other land uses. Overall, these two regencies can absorb almost 1/3 of the carbon emissions in Central 
Java Province; therefore, they can be prioritized in efforts to increase carbon sequestration at the provincial 
level. 
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