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Abstract

Probolinggo has the characteristics of the north coast of Java with large mangrove
potential. The total area of mangrove forest in Probolinggo is 476.6 ha with a research
area of 75 ha covering Pilang, Ketapang, and Pesisir villages. This study aims to estimate
the amount of mangrove carbon stock using Normalized Difference Vegetation Index
(NDVI) from sentinel-2A data as a vegetation index. A Sampling of data was carried out
using a stratified random sampling method and the data collected included trunk
diameter, tree height, and mangrove identification using Mongmang software. There
were six mangrove species, Rhizophora apiculate, Rhizophora mucronata, Rhizophora
stylosa, Avicennia marina, Avicennia alba, and Soneratia alba. The results of the estimated
carbon stock are divided into 4 classes from low to high which are marked in green to red.
The value of carbon stock ranged from 95.96 tons/ha to 7089.50 tons/ha. The results
obtained by Pilang Village have high biomass and carbon stock values marked in red on
the map. The results of the accuracy-test using standard error estimation (SE) get a small
accuracy result of 10%.
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A. Introduction

The global warming that is happening now has become a hot issue in various countries. The
planet earth that we now live in is getting hotter and causes various impacts and phenomena.
Quoted from National Geography (2021), the global average temperature has now increased by
1.6°F or 0.9°C since 1906. In the last few decades, industrial and human activities have led to
gradually accelerating climate change, and also has negative impacts on other parts of the planet,
like changes in ecosystems and desertification, rise in sea level, flooding, and drough (Santos and
Bakhshoodeh, 2021).

Mangroves are one of the tropical coastal ecosystems that are able to live and grow in areas
that are always waterlogged with high salinity levels (Muarif, 2017). According to Setiawan
(2013), mangroves themselves have a physical function to maintain shoreline stability, protect
from abrasion and erosion, accelerate land expansion from mud that is entangled and carried by
currents, hinder the rate of sea intrusion, protects areas behind mangroves from waves, strong
winds and tsunami. Mangroves are also widely known as the world's Blue Carbon. Blue Carbon
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itself according to Verisandria et al. (2018), CO2 uptake by coastal ecosystems such as mangroves
and seagrass. The function of mangroves outside the biophysical function is large forest biomass.
Carbon absorption by mangroves is known to be higher than land plants. Some studies also state
that the optimality of carbon absorption by mangroves is 77.9% (Heriyanto and Subiandono,
2016).

When discussing the carbon stock in plants, it is very close to biomass. Biomass are
basically divided into two, namely Aboveground biomass and Belowground biomass such as roots
and sediments. As much as 60% of the total biomass in trees is stored in the aboveground such
as in the trunk. Meanwhile, we can define biomass as the total organic matter stored in a tree, be
it twigs, leaves, branches, bark, and roots which can be expressed in tons per unit area (Iswandar
etal, 2017).

Remote sensing can be used as an alternative in calculating carbon stocks in mangrove
vegetation. The use of satellite image data with sensors that are sensitive to green plants can be
processed to find out the estimated carbon in mangrove forests. According to Utari et al. (2020),
also explained that the estimation of carbon stock in the mangroves can be done by looking for
the relationship between image pixel values and biomass.

The city of Probolinggo was chosen as the research location based on the mangroves in
several areas of Probolinggo where there has not been much research done. The planting of
mangrove seedlings has been started since last year and continued until this year, in the East Java
area, it's there are several selected cities, including Sidoarjo, Sampang, and Probolinggo (Maskur,
2021). This research uses Sentinel-2A satellite imagery carried out in the Probolinggo area, the
area of Probolinggo mangrove forest covers districts and cities in 2015 accounting for an area of
476.76 ha (KKP, 2016). In this study, the mangrove area studied was approximately 75 ha,
including Pesisir, Ketapang, and Pilang villages.
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Figure 1. Research Area

B. Methodology

This study uses satellite imagery Sentinel-2A with the application of vegetation index NDVI
(Normalized Difference Vegetation Index) to explore the value of carbon stock. There are several
reasons for choosing Sentinel-2A as data for this research because the mission of Sentinel-2A is
to determine land change, mapping green areas, mapping risks and biophysical variables such as
chlorophyll content, leaf leaf index (Fletcher, 2012). In addition, sentinel-2 consists of sentinel-
2A and sentinel-2B, the merging of these two images allows for clearer data collection, and the
movement of polar orbits on sentinel-2A also allows for the same image to be taken in 5 days.
According to Ulfa et al. (2019), the presence of a multispectral sensor (MSI) can be used to
measure the reflection of the 13 channels in Table 1.

Table 1. Characteristics of Sentinel-2A Satellite Imagery

Band Sentinel-2A Wavelenght (um) | Spatial Resolution (m)
Band 1-Coastal Arerosol 0,433-0,453 60
Band 2-Blue 0,458-0,523 10
Band 3-Green 0,543-0,578 10
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Band 4-Red 0,650-0,680 10
Band 5-Vegetation Red Edge 0,698-0,713 20
Band 6-Vegetation Red Edge 0,733-0,748 20
Band 7-Vegetation Red Edge 0,765-0,785 20
Band 8- NIR 0,785-0,900 10
Band 8A-Vegetation Red Edge 0,855-0,875 20
Band 9-Water Vapour 0,930-0,950 60
Band 10- SWIR-Cirus 1,365-1,385 60
Band 11- SWIR (Shortwave Infrared) 1,565-1,655 20
Band 12- SWIR (Shortwave Infrared) 2,100-2,280 20

(Source: Ulfaetal., 2019)

Determination of the sample point is based on the stratified random sampling method. This
is based on natural forests that have large variations in conditions, this method aims to reduce
variations in mangrove forests. The stratified random sampling method is carried out by dividing
the area into smaller and uniform layers (Wibisono, 2018), strata division is carried out using
NDVI index. The Normalized Difference Vegetation Index (NDVI) is an index that is often used in
temporal and spatial depictions of land cover and vegetation. To get the NDVI value, a red channel
that is sensitive to chlorophyll pigments is needed and a Near-Infrared channel that absorbs the
reflectance of mesophyll in leaves (Purnamasari et al.,, 2021). NDVI algorithms are used for this
study as in.

[NIR — RED]

MOV = INIR+RED.ooo (1)

Field data collection needs to determine the location of sample points, with a total sample
of 20 points. According to Purnamasari et al. (2021), the point distribution of samples 30 is
divided into 1:1 to build the model and test the accuracy. So that's 10 points are used to test the
accuracy, and 10 points are used to build a carbon stock estimation model. The data that needs to
be taken include rod diameter (DBH), tree height, species identification, and canopy cover using
the Mongmang application. The mechanism for collecting field data is to make a quadrant transect
plot like Figure 2. with a size of 10x10 to count tree mangroves, 5x5 to count saplings, and 1x1 to
count seedlings (Hartoko et al., 2013).
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Figure 2. Quandrant Transect

Figure 3. Transect installation and data collection
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The provisions for taking the parameters of mangrove stands according to SNI 7724:2011
(2011), are the measurement of the diameter of the height with the tolerance of the field
conditions described in Figure 4.

pen
1.3 meter dari batas stas
skar penunjang

Figure 4. DBH data collection standard

The calculation of the actual mangrove biomass was carried out using the allometric
equation. This equation was developed by Komiyama et al. (2005), where the calculation focuses
on the DBH and wood density values of each mangrove species, see equation 2.

Wtop = 0.251pDBH* e 2)

The value of the wood density of each mangrove species is described in Table 2.

Table 2. Wood density of each mangrove species

No Species Wood Density (g/cm?)
1 Avicennia alba 0,587
2 Avicennia marina 0,67
3 | Bruguiera gymnorhiza 0,764
4 Bruguiera parviflora 0,772
5 Ceriops tagal 0,837
6 Lumnitzera recemosa 0,88
7 Sonneratia alba 0,509
8 Sonneratia ovala 0,37
9 | Rhizophora apiculate 0,843
10 | Rhizophora mucronata 0,814
11 Rhizophora stylosa 1,04
12 | Xylocarpus granatum 0,851

The yield of biomass from the allometric equation, then the carbon stock value will be
calculated. The carbon stock value is obtained from 50% of the mangrove biomass (Rahmattin
and Hidayah 2020), the equation can be written as follows.

¢ =05 Wtop

After the map is made, it will be continued for accuracy testing. This test is carried out to
determine the level of accuracy of the map made. In this study, the accuracy-test used is standard
error estimation (SE) with the accuracy-test equation 4 referring to (Frananda 2015), the
following equation 4. where y is the field biomass, y' is the regression value of biomass and n is
the number of samples.

||{:r‘ —y)?
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C. Findings and Discussion

From the results of the study, it was found that 6 species of mangroves grow in the Coastal
Village, Ketapang and Pilang, Probolinggo. Among them are Avicennia alba, Avicennia marina,
Rhizophora apiculata, Rhizophora mucronata, Rhizophora stylosa and Soneratia alba. The
environmental conditions in the mangrove area of Ketapang Village are very dirty with the
composition of the constituent substrate, namely mud, while for the other two villages, Pilang and
Pesisir is quite clean with the constituent substrate dominated by silty sand.

The dominance of mangrove growth in the Probolinggo area is dominated by Avicennia
marina and Rhizophora mucronata species. This is based on the condition of the mangrove forest
area in terms of its growth, which is not natural and quite homogeneous. The government has
intensified the planting of mangrove trees by supplying seeds with Rhizophora mucronata or
Avicennia marina species so that these two species dominate the mangrove forest area of
Probolinggo.

Statistical regression test was used to determine the effect of NDVI on biomass. Before the
regression calculation, it is necessary to see whether the field data to be processed is normally
distributed. The normality test is carried out to see if the data is normally distributed, where if
the data is normally distributed the possibility of bias is small (Apriyono and Taman, 2013). From
the normality test results P-value < 0.010, the data is not normally distributed, the data analysis
technique that can be used is non-linear regression. Non-linear regression can be performed if
the data is not linear and cannot be linearized (Forestriko and Hartono, 2016). After knowing the
data is not normally distributed, the regression that can be used is nonlinear regression. The
nonlinear regressions performed include exponential, polynomial, quadratic, and logarithmic.
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Figure 6. Grafik (c) Exponential Regression and (d) Logaritmic Regression

The samples from the field data as many as 20 sample points, the sample used to build the
regression equation is 10 sample points. The results of the statistical analysis carried out between
NDVI and biomass obtained the largest R* with an exponential regression of 0.5443 compared to
the others. With the resulting equation carbon 82.654e59992, this equation will later be used to
build a model for estimating carbon stocks. The estimated carbon stock is divided into 4 classes
with the lowest to highest carbon stock value categories marked in green to red Figure 7. The SNI
2011 carbon stock estimation guide does not yet regulate the division of biomass class and carbon
stock levels. The estimated value of carbon stock obtained in the Probolinggo Region (Pesisir,
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Ketapang, and Pilang Villages) ranges from 95.96 tons/ha to 7089.50 tons/ha. Similar to the
biomass density map, the largest estimated carbon stock is in Pilang Village.
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Figure 7. Map of carbon stock estimation in Probolinggo

Determination of accuracy with this accuracy test method, namely the accuracy of the map
results is declared good if the lower the value obtained from the results of the standard error (SE)
calculation carried out (Forestriko and Hartono 2016). The results obtained from the standard
error value of 14135851, when viewed from the results obtained, the SE value obtained is quite
large. As for the accuracy test, it is expressed as a percentage, the accuracy level of the map is 10%.
This can be caused by the use of a small sample as a model, but the research area is quite wide.
According to Wicaksono et al. (2011), NDVI as a commonly used vegetation index, although not
the best for estimating carbon stocks. Even though the detection of mangroves using the NDVI
method is very good in terms of spatial, the data generated is in accordance with the actual field
conditions.

D. Conclusion

The results of this study note that the effect of NDVI on the biomass value is known to be
quite large from the r squared value of 0.5543. The accuracy value of the resulting carbon stock
map is 10% with the estimated value of the resulting carbon stock ranging from 95.96 tons/ha to
7089.50 tons/ha for the study area with an area of 75 ha.
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