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Abstract 
Worldwide global warming occurs because of increasing carbon dioxide 
(CO2) in the atmosphere. Segara Anakan, the largest mangrove forest 
in Java Island, has the highest potential as a carbon sink in the tropics. 
This study aimed to quantify the area and density of mangrove forests in 
Segara Anakan and to estimate their potentials as carbon sink based on 
Sentinel-2A imagery. In this study, data from Sentinel 2A satellite imagery 
was processed and validated with field survey results. The results showed 
that Segara Anakan had mangrove forests covering an area of 5,481.64 
ha in 2019 with the sparse density covered 706.92 ha, medium density 
covered of 2,526.80 ha, and high density covered 2,848.60 ha. The results 
of mangrove density were validated using Table Confusion Matrix and 
using correlation coefficient value (r) by comparing field measurement and 
Normalized Difference Vegetation Index (NDVI) algorithm. The accuracy 
for mangrove density was 86.92% with r-value 0.85. Mangrove in Segara 
Anakan has the ability to absorb 8.56 Mega gram of carbon per hectare. 
Segara Anakan mangroves have the potential to absorb high level of carbon, 
so we should maintain their sustainability.
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1. Introduction 

Worldwide global warming is one of the most 
natural issues encountered every nations in the world, 
worldwide global warming occurs because of increas-
ing carbon dioxide (CO2) in the atmosphere (Bindu et 
al., 2020). The increasing CO2 is followed by the de-
creasing area of forests on earth which functions as a CO2 
sink. Forests have an important role in reducing CO2 in 
the air through the use of CO2 in the photosynthesis pro-
cess. The amount of carbon in a tree can describe how 
much the tree can tie up CO2 from the air (Utomo et al., 
2021). Nuraini et al. (2021) reported that some of the car-
bon will turn into energy used for photosynthesis and part 
of it will enter the plant structure and become part of the 
plant stored in stems, roots, twigs, and leaves.

Mangrove forests per hectare can save three 
to four times more carbon than other tropical forests 
around the world (Donato et al., 2011). Indonesia is a 
country that has the largest mangrove forest in the world 
so Indonesia has an important role in minimizing the 
impact of Global Warming (Murdiyarso et al., 2015). 
The impact of Global Warming can be minimized by 
cooperation between countries through carbon trading. 
Carbon trading means that tropical forested countries 
must protect their forests to absorb CO2 and industri-
alized countries must pay to tropical forest countries. 
However, the area of mangrove forests continues to de-
cline, as happened in Segara Anakan, Cilacap. The ex-
tent and density of mangroves in 2003-2015 continued 
to decline in area and density due to a large number of 
land-use conversions from one land cover to another 
(Utami et al., 2016).

Remote sensing has been used in marine sci-
ence and its applications are growing. Remote sensing 
can be used as a method of estimating the potential of 
mangroves as carbon sink because they are superior 
in terms of costs, wide-area coverage when compared 
to the field surveys method. By using remote sensing, 
mapping changes in the area and estimating the poten-
tial of mangroves as carbon sink can be determined in 
time series (Bindu et al., 2020; Patil et al., 2015; Wicak-
sono et al., 2016). Measurement of mangrove carbon 
stock estimation using remote sensing is expected to 
reduce the destructive tendency of field survey method 
(Muhsoni et al., 2018). Estimation of mangrove carbon 
stock begins with mapping the classification of man-
grove land cover. Land cover classification is processed 
using supervised classification method with a sampling 
procedure of multiple pixels for each one class/object 
(Siddiq et al., 2020). Wang et al. (2018) demonstrated 
the potential of Sentinel – 2A satellite imagery as a valu-

able data source for mapping different scales of man-
grove features. Patil et al. (2015) reported that use of 
remote sensing to estimate biomass and mangrove car-
bon stock produces an accuracy of 96.4%. Nguyen et al. 
(2020) measuring the estimated mangrove density using 
the NDVI algorithm and producing an accuracy value 
of 85.5% and estimated mangrove carbon stock using 
remote sensing and obtained an accuracy of 61.1%. Re-
search conducted by Askar et al. (2018) shows that the 
use of NDVI to estimated mangrove density obtained 
an R2 value of 0.79 and carbon stock estimates with R2 
value of 0.81. According to Vafaei et al. (2018) Senti-
nel 2A satellite imagery has the ability to estimate man-
grove carbon stock mapping with a better accuracy than 
ALOS-2 PALSAR-2. According to Sani and Hashim 
(2018) the high and low ability of mangroves to absorb 
carbon is caused by variation in geographic location, the 
higher the diversity and density of mangrove forests, 
the higher their ability to absorb carbon. The mangrove 
ecosystems usually store more carbon than the dryland 
tropical forest ecosystems (Parida and Kumari, 2020). 

However, all previous study were focused on 
measuring carbon stocks and biomass in mangrove for-
ests. To the best of our knowledge, only a few studies 
have been conducted on the ability of mangroves to ab-
sorb carbon dioxide. The measurement of the estimated 
carbon absorption in Segara Anakan Cilacap using re-
mote sensing was also never studied before, despite the 
fact that Segara Anakan Cilacap is a location that has 
high mangrove diversity. This study aims to calculate 
the extent and density of mangroves in Segara Anakan 
based on Sentinel-2A satellite image data and to deter-
mine the potential of mangrove forests in the Segara 
Anakan area as carbon sink based on the area and densi-
ty obtained from Sentinel-2A satellite image data. 

2. Materials and Methods 

2.1 Study Area

Research was conducted at Segara Anakan La-
goon, Cilacap, Central Java. The Segara Anakan are 
located between 7° 35’ - 7° 50’ south and 108° 45’ - 
109° 03’ east. This lagoon gets direct protection from 
the island of Nusa Kambangan from the Indian Ocean 
waves. According to Ismail et al. (2018) Segara Anakan 
Cilacap received sedimentary deposits from various an-
thropogenic activities, especially the Citanduy, Cibeure-
um, Cikonde, Donan, and Sapuregel rivers. Lagoon are 
dominated with mud substrates.

2.2 Material and Method

The tools used in this research are satellite 
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image processing software, mangrove canopy density 
processing software, global positioning system (GPS 
- Garmin), measuring rope, transects and camera. The 
material used in this study are primary and secondary 
data. Primary data used in this study are mangrove trunk 
diameter and canopy density. Secondary data used in 
this study is Sentinel 2A satellite imagery recorded in 
August 2019. 

This study includes satellite pre-survey image 
processing, field data collection, and post-survey data 
calculation. The results of image data processing are 
used to determine the extent and density of mangroves 
and to determine the description of the research loca-
tion. Data collection in the field was carried out to col-
lect data on the diameter of mangrove trees to determine 
the value of biomass that will be used to find the value of 
carbon sink and canopy density at the research location. 
The technique used during the field survey was purpo-
sive sampling. This sampling technique was chosen to 
obtain sample representation at the research location by 
considering the safety and ease of access to sampling. 

2.2.1 Pre – survey image processing 

Pre-survey image processing is carried out to de-
termine the location of the sampling point. These stages 
include radiometric correction, masking, and calculate 
the area and density of mangroves. Radiometric correc-
tion aims to improve image quality by reducing the in-
terference that occurs due to optical system errors on the 
sensor and atmospheric interference. Masking aims to 
separate the land and water areas. If land and water are 
not separated, it will interfere with image interpretation 
in the next process. The separation of mangroves and 
non-mangroves is carried out with a supervised classifi-
cation with the maximum likelihood approach. The se-
lection of the supervised classification method with the 
maximum likelihood approach because this method can 
compare and calculate the average value of the diversity 
between the existing classes by performing parameter 
classification assuming a normal spectral distribution 
for each characteristic.

The calculation of the area of mangroves is 
done by using the processing results from the classi-
fication that has been done to separate between man-
groves and non-mangroves. Then the mangrove area is 
calculated using mapping software. Mangrove density 
classification was carried out using the Normalized Dif-
ference Vegetation Index (NDVI) algorithm which aims 
to determine the density level of the mangrove cano-
py (Alatorre et al., 2016; Umroh et al., 2016; Valder-
rama-Landeros et al., 2018). The NDVI algorithm is 

based on the reflectance of a remote sensing object in 
the red and near-infrared spectrum channels. NDVI val-
ues have a range of values from -1 to 1. The formula for 
the Normalized Difference Vegetation Index (NDVI) is:

NDVI = (NIR-RED)/(NIR+RED) (1)

NDVI will generate a new image with a value range of 
-1 to +1, if the value is getting closer to 1 the densi-
ty is getting higher. The result of NDVI transformation 
classified into three density classes, namely sparse den-
sity, medium density and high density. 

2.2.2 Field data collection 

Data was collected by determining the station 
based on pre-survey data processing. In this study, 30 
sample data were collected in the field which represent-
ing each class of mangrove density (sparse density, me-
dium density and high density). The selection of 30 data 
sampling points was carried out based on pre-survey 
image data processing. Sample points are considered to 
represent the overall condition of the mangrove ecosys-
tem in Segara Anakan, Cilacap.

 Data was collected by measuring the diameter 
of the tree trunk at breast height (DBH) and taking four 
photos of the crown density in each of the observation 
plots. Diameter measurements are only carried out on 
stems with a diameter of ≥ 5 cm (Sitoe et al., 2014). 
Data was taken using a transect plot measuring 10 me-
ters x 10 meters at each sampling point.

2.2.3 Post-survey data calculation 

 At this stage, the processed image is combined 
with field survey data to calculate the Leaf Area Index 
(LAI), biomass, carbon sink, CO2 absorption, and accu-
racy assessment. LAI is the leaf area projected on a flat 
plane for each unit of land surface area covered by a tree 
canopy. LAI has a good correlation with NDVI (Green 
et al., 1997; Kamal et al., 2016). Measurement of the 
image LAI value is carried out by building a model be-
tween the NDVI value and the LAI value obtained in the 
field. The percentage value of mangrove cover is calcu-
lated based on photos taken from under the mangrove 
tree facing upwards. This analysis separates the pixels 
of the sky and the vegetation cover, so the percentage of 
the pixel number of mangrove cover can be calculated 
in the binary image analysis. Mangrove density calcula-
tion is done by calculating the number of trees obtained 
in the field. The status of mangrove damage is classified 
according to the Decree of the Minister of Environment 
No. 201 in 2004 (Table 1).
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Figure 1. The mangrove area and location of the study site

Figure 2. Density classification of mangrove forest in Segara Anakan



 Biomass content is defined as the total amount 
of living matter above the surface of a tree and expressed 
in units of dry weight per unit area (Siddiq et al., 2020). 
Calculation of the biomass of a tree can be done using an 
allometric approach (Table 2). In the study of forest bio-
mass, tree allometric equations are used to determine the 
relationship between tree size (diameter or height) and 
overall tree weight. According to Siddiq et al. (2020) re-
ported that mangrove forest biomass values are derived 
from allometric equations. The calculation of the bio-
mass value based on the Sentinel 2A satellite image data 
is carried out by building a model using the LAI image 
value data with the biomass value obtained in the field. 
The model obtained was implemented using mapping 
software to obtain the overall biomass value.

The value of Carbon sink can be seen by tree bio-
mass, 46% of biomass is carbon. So that the mangrove 
forest carbon sink can be calculated using Equation (2):

C = W × 0.46 (2)

where C is Carbon sink (Mega gram/ha), and W is Bio-
mass per mangrove species (Mega gram/ha). The value 
of CO2 absorption has different values   for each species. 
The CO2 absorption value in a species can be calculated 
using Equation (3) (Brown, 1997; Utomo et al., 2021):

(3)

where bmr CO2 is relative molecular weight of CO2 = 
44, and bmr C is relative molecular weight C = 12.

The use of remote sensing for calculating the 
potential of mangroves as carbon sink is carried out 
using vegetation density analysis. The denser the veg-
etation, the greater the carbon content and vice versa. 
According to Frananda et al. (2015) rate of photosyn-
thesis in denser vegetation areas is also higher, so rate 
of CO2 changes to biomass is faster in areas with denser 
vegetation. Computations for the ability of mangroves 
as carbon sink is carried out on each transects plot, Sen-
tinel 2A satellite image has an accuracy of 10 meters x 
10 meters for each pixel. The size has been adjusted to 
the transect area used in each plots.

2.3 Analysis Data

The accuracy assessment was conducted to de-
termine the density of mangroves by using NDVI and 
based on field data and to determine the deviation of 
LAI values from satellite imagery with data in the field. 
The accuracy test used is Confusion Matrix Table to see 

the deviation of the density value obtained in NDVI and 
in the field and RMSE (Root Mean Square Error) to see 
the deviation of the LAI value of the image and field 
data. The RMSE test is a test conducted to determine 
how much error occurs in the calculation results of the 
model when compared with the actual value. The small-
er the RMSE value, the smaller errors that occur in us-
ing the model. RMSE calculation uses Equation (4).

(4)

where P is the estimated value, A is the actual value, 
and n is number of validation observations.

Relationship between the value of carbon sink 
and the value of LAI was conducted using analysis re-
gression. Regression analysis is used to measure how 
big the independent variable is able to explain the de-
pendent variable, which is the independent variable is 
the LAI value and the dependent variable is the value 
of carbon sink in each sample. Linear regression anal-
ysis model simple method used in this study was done 
through the following equation:

                                                                                      

(5)

3. Results and Discussion
3.1 Results 
3.1.1 Mangrove area and density in Segara Anakan

Calculation of the area of mangrove forests in 
Segara Anakan Cilacap in 2019 obtained a total area of 
5481.64 ha (Figure 1). The types of mangroves found, 
namely Avicennia marina (Forssk.), Rhizophora mucro-
nate (Lam), Rhizophora apiculate (Blume), Ceriops ta-
gal (Perr. C.B. Rob), Aegiceras corniculatum (Blanco), 
Sonneratia alba (J. Smith), and Bruguiera gymnorrhiza 
(L. Savigny). Data processing using Sentinel-2A satel-
lite imagery shows that the density using NDVI has a 
pixel value range between 0.48 - 0.84. These values are 
classified into three categories, namely the sparse cate-
gory (0,48-0.60), medium (0.61-0.73), and high (0.48-
0.60). Based on this classification, mangroves with 
high density were obtained with an area of 2,848.60 ha, 
medium density of 2526.80 ha, and sparse density of 
706.92 ha (Figure 2).
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while the LAI image is calculated by modelling a for-
mula built from the equation for the vegetation index 
value (Table 3). The relationship between LAI of mea-
surements and LAI of images is determined using linear 
regression methods. Meanwhile, the accuracy between 
LAI of measurements and LAI of image is calculated by 
RMSE-value. The results of the linear regression model 
for LAI of measurements against the LAI of image are 
Y = 0.7799 x + 13.684 with R2 value of 0.83 and r of 
0.91. This result means that there is a positive strong 
relationship, which means that the greater the LAI of 
measurements, the greater the LAI of image. The RMSE 
value obtained from the LAI of measurements and LAI 
of image is 0.01, this means that the data has an accurate 
value. 

Table 1. The standard for mangrove forest damage
Criteria Density Cover Area (%) Density (Tree/ha)

Good
High ≥ 75% ≥ 1500

Medium 50% -75% 1000 – 1500

Damaged Sparse < 50% < 1000
Source: Decree of the Indonesian Minister of Environment No. 201 in 2004

Table 2. The standard for mangrove forest damage
Mangrove Species Diameter (cm) Allometric Approaching Sources
Avicennia marina 5 – 35 W = 0.308 x (DBH)2.11 (Comley and McGuinness, 2005) 

Aegiceras corniculatum 5 – 35 W = 0.2064 x (DBH)2.34 (Siregar and Dharmawan, 2009)
Bruguiera gymnorrhiza 5 – 48.9 W = 0.251 x 0.699 (DBH)2.46 (Fatoyinbo et al., 2008)
Ceriops tagal 5 – 48.9 W = 0.251 x 0.746 (DBH)2.46 (Fatoyinbo et al., 2008)
Rhizophora mucronata 5 – 48.9 W = 0.251 x 0.701 (DBH)2.46 (Fatoyinbo et al., 2008)
Rhizopora apiculata 5 – 28 W = 0.235 x (DBH)2.42 (Ong et al., 2004)
Sonneratia alba 5 – 48.9 W = 0.251 x 0.475 (DBH)2.46 (Fatoyinbo et al., 2008)
Xylocarpus granatum 5 – 25 W = 0.251 x 0.528 (DBH)2.46 (Fatoyinbo et al., 2008)
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Figure 3. Relationship between LAI value of Sentinel-2A image and field biomass

  The  ability  of  NDVI  to  map  mangrove  density 
was tested using linear regression. The results of the lin- 
ear regression model produced by the NDVI index on the 
percentage value of canopy density in the field are Y = 
0.003x + 0.5168 with an R2 value of 0.85 and r of 0.92. 
These results indicate that there is a positive relationship 
which indicates a strong relationship, which means that 
the  greater  the  NDVI  value,  the  greater  the  percentage 
value  of  mangrove  canopy  density.  Mapping  of  man- 
grove density using Sentinel-2A satellite imagery using 
the NDVI algorithm produces an accuracy of 86.92%.

3.1.2 Potential of mangrove forest as carbon sink

  LAI  values  based  on  field  measurements  are 
calculated by analyzing photos using ImageJ software,



Table 3. Comparison of LAI values and biomass

Number 
Station

LAI of 
Measurements (%)

LAI of 
Image (%)

Biomassa based 
on Field Data (kg)

Biomassa 
based Imagery (kg)

1 93.74 83.03 328.77 284.95
2 63.34 74.14 202.13 250.52
3 89.71 66.74 287.02 221.85
4 33.1 38.96 101.42 114.24
5 36.68 38.66 115,69 126.87
6 54.27 57.34 181.91 185.44
7 57.64 52.35 154.04 166,13
8 80.97 71.94 217.29 241.93
9 77.64 75.68 252.75 256.47
10 84.31 91.56 315.69 317.96
11 87.08 82.7 335.29 283.63
12 88,13 84.65 331.6 291.91
13 81.02 79.65 302.55 261.95
14 89.27 85.28 304.81 293.66
15 90.74 86.39 293.81 266.78
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Figure 4. Potential of mangroves as carbon absorbers



Leaf Area Index is defined as the projected leaf 
area per unit of land area. According to this study, there 
is a strong relationship between LAI and NDVI. Mea-
surement of LAI in the field is carried out to determine 
the biomass content of a tree, this is due to the relation-
ship between leaf biomass and mangrove tree biomass. 
The value of mangrove leaf biomass can be estimated 
from wood density and stem diameter (Komiyama et al., 
2005; Sani and Hashim, 2018). Thus, leaf biomass has 
a strong correlation with biomass of branches, stems, or 
roots. Therefore, LAI also has a strong correlation with 
tree biomass and carbon stock because LAI is a part of 
leaf biomass. So, the results of measuring the LAI value 
can be used to calculate the estimated carbon stock in a 
mangrove tree.

The measurement of carbon stocks was estimat-
ed using a conversion rate, which is 46% of the total 
biomass values. The calculation of the biomass value is 
done by measuring the stem diameter in the field. Then 
the stem diameter data obtained, the biomass value is 
calculated using the allometric equation. Meanwhile, 
the calculation of biomass using Sentinel-2A imagery 
is done by modelling a formula that is built from the 
equation between the LAI value obtained from the Sen-
tinel-2A image and the biomass value obtained in the 
field (Figure 3). The resulting linear regression model 
are Y = 4.3876x - 64,387 with R2 value of 0.86 and r 
of 0.93. The results of this correlation indicate a posi-
tive relationship which indicates a strong relationship, 
which means that the greater the LAI value, the great-
er the value of mangrove biomass. So the regression is 
used to find the total biomass value of mangrove forests 
in Segara Anakan, Cilacap using Sentinel-2A imagery 
(Table 3).

The comparison between biomass values was 
measured directly in the field with the biomass val-
ue obtained from the Sentinel-2A image (Table 3). To 
determine the accuracy between the two data, a linear 
regression analysis was carried out. From the analysis 
results obtained R2 value of 0.86 and r of 0.93. These 
results indicate a positive relationship which states that 
there is a strong relationship between the biomass val-
ue obtained using Sentinel-2A image and the biomass 
value obtained from direct measurements in the field, 
which means that the greater the biomass value obtained 
using Sentinel-2A image, the greater also the biomass 
value obtained from direct measurements in the field. 
This study shows the total biomass value of the man-
grove forests in Segara Anakan was 30,644,772.80 kg 
or 27,800.47 Mega gram. The mangrove biomass value 
obtained was then used to calculate the value of the car-

bon content in mangroves. Calculation of the value of 
carbon stock was carried out by multiplying the value of 
biomass by 0.46 so that the value of the mangrove forest 
carbon stock in Segara Anakan, Cilacap was 12,788.22 
Mega gram or 2.33 Mg/ha .

Calculation of the ability of mangrove forests to 
absorb carbon is done by multiplying the value of car-
bon stocks by 3.76. The value of 3.76 is obtained from 
the result of dividing the value of the relative molecular 
weight of CO2 (44) with the value of the relative mo-
lecular weight of C (12). So the value of the ability of 
mangrove forests in Segara Anakan, Cilacap as a carbon 
sink is 8.56 Mg/ha (Figure 4).

3.2 Discussion 

 Mangrove forest in Segara Anakan, Cilacap is 
the largest mangrove forest on Java Island. It is known 
that mangroves in Segara Anakan, Cilacap live and 
grow along the river lines (Figure 1). This is because 
the ecosystem of mangrove is an ecosystem in the in-
tertidal zone, between land and sea. So, mangroves 
need a supply of salt water and fresh water to survive. 
This is supported by research conducted by Kusmana 
and Sukristijiono (2016) that mangrove forests have 
their uniqueness and uniqueness due to their unstable 
and muddy habitat, freshwater overflow from rivers and 
incoming seawater flows are the main factors affecting 
growth and development. The intertidal zone is char-
acterized by a wide variety of environmental factors, 
such as temperature, salinity, sedimentation, and tidal 
currents.

Mangrove can grow optimally in coastal en-
vironments that have large river estuaries and deltas 
where the water flow contains a lot of mud. Mangrove 
plants are often found in coastal areas that are protected 
from the onslaught of waves. This is following the opin-
ion of Kusmana and Sukristijiono (2016) that waves can 
change the structure and function of mangroves. In a 
location that has quite high waves and currents, it will 
usually experience abrasion resulting in a reduction in 
mangrove area. Segara Anakan, Cilacap is an area that 
has waves and currents that are low enough so man-
groves can thrive in this location.

The area of mangrove forest in Segara Anakan 
continues to decline every year. In 1997, the area of the 
Segara Anakan mangrove forest was 13,557 ha, reduced 
in 2004 to 9,272 ha (Ardli, 2008), in 2012 it was 8,037 
ha (Listyaningsih et al., 2013) until 2016 it was 6128 ha 
(Ismail et al., 2018). The continuous reduction in man-
grove forest area is caused by several aspects, one of 
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which is an increase in development activities that have 
turned mangrove forests into settlements, industries, rice 
fields, and ponds. The main factors that cause a decrease 
in mangrove forest area are the conversion of mangrove 
land to another land, illegal logging, and pollution. An-
thropogenic factors are also important factors that can 
cause damage to mangrove forest ecosystems and can 
cause a decrease in biodiversity in mangrove forests. In-
dustrial activities are also one of the factors that cause a 
decrease in the area of mangrove forests. That chemical, 
industrial, and urban waste can hurt mangrove plants so 
that mangroves cannot grow properly (Celis-Hernandez 
et al., 2020).

Mangrove density in eastern Segara Anakan 
tends to have a high density compared to other locations. 
This is because the area has suitable environmental con-
ditions to support mangrove growth which is reinforced 
by research conducted by (Hilmi et al., 2015) that the 
eastern Segara Anakan area has a salinity range of 4.47-
17 ppt, water pH 7, DO ranges from 3 - 5.4 mg/l and the 
altitude of the site is 5 - 20 masl. This condition is a suit-
able condition for mangrove growth, mangroves usually 
thrive in estuary areas with salinity levels between 10-30 
ppt. Besides, the mangrove forest in the eastern part of 
Segara Anakan is a pure mangrove forest where there are 
no human settlements so that it is under lower anthropo-
genic pressure.

Central and western mangrove forests in Segara 
Anakan tend to have sparse and medium density. This 
is because mangrove forests in the central and western 
get enormous pressure from sedimentation, land conver-
sion, and anthropogenic factors. The middle part of the 
Segara Anakan area is a densely populated area so there 
are many anthropogenic influences at this location that 
disrupt mangrove growth. 

Mapping of mangrove density using Sentinel-2A 
satellite imagery using the NDVI algorithm produces an 
accuracy of 86.92%. The results of the accuracy assess-
ment sufficient standard value of accuracy assessment 
because it has a value of ≥ 70%. Based on research con-
ducted by (Pratama et al., 2019) using NDVI to map 
mangrove density using Sentinel-2A satellite imagery 
can produce an accuracy of 86.07%.

Carbon stock measurement mangrove forest 
in Segara Anakan, Cilacap results obtained 12,788.22 
Mega gram or 2.33 Mg/ha. The value of biomass is in-
fluenced by the value of tree diameter. The larger the tree 
diameter, the greater the tree biomass (Windarni et al., 
2018). The amount of forest biomass is also determined 
by diameter, height, wood density, density, and soil fer-
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tility. While, the value of the ability of mangrove forests 
in Segara Anakan, Cilacap as a carbon sink is 8.56 Mg/
ha. The ability of mangroves to store carbon has been 
carried out in several areas in the tropics. Mangrove 
forest in Nusa Lembongan Bali have total carbon stock 
20.92 Mg/ha (Pricillia et al., 2021). According to (Wi-
caksono et al., 2016) there are approximately 120,546 
tonnes carbon of mangrove biomass carbon stock in 
the Karimunjawa Islands with Above Ground Carbon 
mean value of 21.64 kg/m2. Mangrove forest in Youteva 
Bay, Jayapura, Papua have ability to absorb 6.91 tonnes 
carbon/hectare (Ramba et al., 2021). In Bama Resort, 
Baluran National Park Indonesia, mangrove have ability 
to absorb 239.8 ± 256.9 Mg carbon/hectare (Asadi and 
Pambudi, 2020).

 Each mangrove pixel and species can absorb 
different carbon. The ability of mangrove forests to 
absorb carbon is influenced by several factors, one of 
which is the size of the tree trunk. This is following the 
research conducted by (Windarni et al., 2018) that in-
creasing the diameter of the tree trunk shows the more 
CO2 absorbed by the tree. Plants can absorb CO2 from 
the air and convert it into organic compounds through 
the process of photosynthesis. According to Nuraini et 
al., (2021) mangrove forest have the ability to absorb 
carbon, some of the carbon will be used as energy for 
plant physiology and some will enter the plant struc-
ture and become part of the plant, for example cellulose 
which is stored in stems, roots, twigs, and leaves. 

The ability of mangrove as carbon sink pro-
vides great benefits for the fisheries and marine organ-
ism. According to Nehren and Wicaksono (2018) man-
grove forest have the ability to absorb CO2 which is then 
used to photosynthesis which will produce energy. The 
energy will be utilized by marine organisms that live in 
the mangrove forest area. The blue carbon sink potential 
of mangroves helps to offset carbon emissions that can 
endanger the survival of marine organism.

4. Conclusion 

Mangrove forest in Segara Anakan, Cilacap has 
an area of   5481.64 ha of which area of sparse density 
was   706.92 ha, medium density has an area of   2526.8 
ha, and high density has an area of   2848.6 ha. The ac-
curacy for mangrove density was 86.92% with r-value 
0.85. Mangrove in Segara Anakan has the ability to ab-
sorb 8.56 Mega gram (Mg) of carbon per hectare.
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