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Abstract

Mangrove ecosystems are essential in the environment to maintain the ecological function of an area. Tangerang Regency

has substantial mangrove resource potential. Mangrove ecosystems on the coast of Pakuhaji-Tangerang, experienced a

signi�cant dynamic change in area in the period 2020 to 2025. The mangrove area was recorded at 235 hectares in 2020,

increased to 343 hectares in 2022, then decreased to 296 hectares in 2025. In addition to its ecological function, the

mangrove ecosystem in this region is also utilized as an eco-tourism area and a source of traditional medicine. Mangrove

carbon stock estimation was conducted using a quadratic model approach based on NDVI values that were gradually

converted into Above Ground Biomass (AGB), Above-Ground Carbon (AGC), and Accumulated Carbon Stock (ACS). The

estimation model was developed through linear regression between �eld data and NDVI values and validated using

Spearman correlation and Root Mean Square Error (RMSE) tests. The analysis showed a Spearman correlation value of 0.67

and an RMSE of 34.77, indicating an acceptable level of model accuracy. This study shows that NDVI values from

PlanetScope satellite imagery can be used as a representative indicator in detecting and spatially monitoring mangrove

carbon stocks.
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1. Introduction

Biosequestration is one of the effective strategies to reduce carbon emissions through photosynthetic organisms

(Khairunnisa et al., 2018). The concept of blue carbon has attracted attention because it can provide solutions and potential

bene�ts to the problem of climate change. This concept refers to carbon sequestration by marine and coastal ecosystems

such as brackish marshes, seagrasses, and mangroves (Zhu et al., 2015). As a transitional marine-land ecosystem,

mangroves can sequester carbon more effectively than other terrestrial ecosystems (Zhu et al., 2020). The carbon cycle

that happens in the ocean is known to be able to absorb about 55% of carbon in the atmosphere. This shows the

effectiveness of mangroves as carbon sinks (Gane�ani et al., 2019). Mangroves also support various livelihoods of coastal

communities (Buenavista et al., 2023).

Spatial information showing changes in mangrove ecosystem cover conditions essential in coastal area management.

Remote sensing technology can be a very effective and e�cient alternative to monitoring an area (Al�ansyah et al., 2023).

The vegetation index is a parameter used to analyze the state of an area (Hardianto et al., 2021). In geographic information

systems, the Normalized Difference Vegetation Index (NDVI) is the most commonly used vegetation index method for

measuring vegetation components, as it can detect green vegetation density having a spatial resolution of 30 meters

(Klompmaker et al., 2018).

The Normalized Difference Vegetation Index (NDVI) is a widely used metric for estimating vegetation density and health by

analyzing the differential re�ectance of red and near-infrared (NIR) wavelengths (Putri et al, 2023). The NDVI value is a value

for determining the greenness of leaves with infrared Vegetation, especially healthy foliage, absorbs most of the visible red

light and re�ects a large portion of NIR radiation. NDVI values range from -1 to +1, with higher values indicating denser and

healthier vegetation. This index serves as a valuable proxy for assessing plant vitality, canopy cover, and biomass (Hanifa et

al., 2024). NDVI has been applied across various ecological contexts to monitor ecosystem health (Muzakki et al, 2021),

estimate vegetation productivity (Jayanthi et al., 2017), and serve as a foundational input for modeling biomass and carbon

stock estimates (Putri et al, 2023).
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PlanetScope satellite imagery has the advantage of a 3-meter spatial resolution that can enable a higher level of accuracy

compared to lower spatial resolution satellite imagery. This imagery is available daily, which allows for more speci�c

temporal analysis (Kurniawansyah et al., 2022). However, as a passive sensor, PlanetScope's optical imagery has limitations

in detecting vegetation and is susceptible to cloud cover interference, which is often a challenge in the tropics (Hanifa et al.,

2024). This imagery was selected for its ability to provide detailed information on the structure and distribution of mangrove

vegetation, it is essential to analyse land cover change at a �ner spatial scale and support more accurate carbon estimation.

Research conducted by (Hanifa et al., 2024) shows that the use of PlanetScope imagery is effective in analyzing temporal

changes in mangrove canopy cover. (Purnamasari et al., 2021) The study revealed that PlanetScope imagery has the

potential to estimate and map aboveground carbon stocks in mangrove ecosystems. The research shows the importance

of utilizing high-resolution satellite imagery in supporting mangrove ecosystem monitoring.

One coastal area with signi�cant resource potential is Tangerang Regency, with a recorded mangrove area of 415.89 ha in

2017 (Marlianingrum et al., 2021). The mangrove forest ecosystem in Tangerang Regency is spread across seven coastal

subdistricts, namely Kosambi, Teluknaga, Kronjo, Kemiri, Mauk, and Pakuhaji (Marlianingrum et al., 2021). Pakuhaji Sub-

district has considerable mangrove resource potential. However, the existence of mangroves in this area is threatened by

rampant infrastucture development, such as settlement, roads, and industrial areas, as well as changes in land use. In

another case, yhe phenomenon of abrasion in this area also worsens environmental conditions. The impact of abrasion

causes damage to ponds, settlements, and mangrove ecosystems, so that community activities are disrupted, and it is quite

di�cult to �nd income (Sihombing & Pramono, 2024).

This study aims to analyse changes in mangrove cover and carbon stocks, and to explore their relationship with socio-

cultural factors shaping the use and management of mangrove resources by coastal communities in Pakuhaji Sub-district,

Tangerang Regency. High-resolution PlanetScope satellite imagery was utilised alongside remote sensing and spatial

analysis techniques to examine landscape-scale changes over time. The novelty of this research lies in its focused

investigation of mangrove dynamics in the Pakuhaji area—an understudied coastal region facing increasing anthropogenic

pressures. To date, limited attention has been paid to the intersection of ecological change and community interactions in

this locality. By addressing this gap, the study contributes to a more nuanced understanding of how land use change,

carbon sequestration potential, and local livelihoods are interconnected. The �ndings are expected to provide valuable

insights into the role of mangrove ecosystems in climate change mitigation, while informing strategies for sustainable

coastal management that re�ect both environmental and socio-cultural dimensions.

2. Material and Methods

This study uses a quantitative approach with NDVI-based remote sensing methods to estimate the spatial-temporal

dynamics of mangrove cover and carbon stock in coastal Pakuhaji-Tangerang.

Study Area

This research was conducted in March-June 2025. This research area is in Pakuhaji Subdistrict located at coordinates 6° 4′

47.5″ S, 106° 35′ 21.37″ E. Pakuhaji subdistrict borders the Java Sea in the north, making it a coastal area with mangrove

ecosystems and dominant �sheries activities (Marlianingrum et al., 2021).
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Fig 1. Research area

Methods

2.1 Tools and Materials

The tools used in processing satellite image data are shown in Table 1.

Table 1. Research Tools

Tools Description

ArcGIS Software PlanetScope image data processing

Python Analysis statistic processing

The materials used in this study are PlanetScope satellite images for the periods July 26, 2020, September 11, 2022, and

January 06, 2025. The speci�cations of the PlanetScope imagery used in this study are shown in Table 2.

Table 2. PlanetScope Image Details

Acquisition Date Spatial Resolution Image Code

July 26, 2020 3 m 20200726_022844_89_2271_3B_AnalyticMS_SR_8b

September 11, 2022 3 m 20220911_024808_01_24a5_3B_AnalyticMS_SR_8b_clip

January 06, 2025 3 m 20250106_032955_12_2508_3B_AnalyticMS_SR_8b_clip
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2.2 Work Procedure

Data processing was carried out to analyze changes in mangrove area cover by utilizing PlanetScope satellite imagery. The

collected image data was then processed using ArcGIS software to calculate the Normalized Difference Vegetation Index

(NDVI) value, which serves to identify and determine the extent of mangrove cover. The estimation of mangrove biomass

was then conducted using an NDVI value-based equation model, which was then converted into an estimate of the upper

carbon stock. Model validation was conducted through statistical analysis using the Spearman correlation method and

accuracy testing using Root Mean Square Error (RMSE) values.

Fig 2. Research Stages Flowchart

The research �ow in Figure 2 is explained below.

2.2.1 Image Data Processing

Image data processing consists of PlanetScope image cropping, NDVI calculation, reclassi�cation, to produce mangrove

cover area extent, and analysis of area change factors. The initial stage of this research used PlanetScope images that have

high-resolution data acquisition and atmospheric correction capabilities. This image was then cropped based on the

administrative boundaries of the Pakuhaji Sub-district, which includes mangrove areas, with reference to the map from the

Department of Environment and Forestry in 2024. Image processing was then carried out using the NDVI method to

calculate the level of greenness (Azzahra et al., 2025). The NDVI calculation used is by the formula referring to (Alders et al.,

2024) in this research:

(Equation 1)NDVI =
NIR − RED

NIR + RED
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Description:

NDVI Normalized Difference Vegetation Index

NIR Near infrared band

RED Red wave band

The results of analysis using the NDVI method were then reclassi�ed into categories that have been determined based on

criteria referring to (Islam et al., 2021), as detailed in Table 3.

Table 3. Classi�cation and value range NDVI

Category based NDVI NDVI value range

Very low or no vegetation -1 to 0.2

Low-density vegetation 0.2 to 0.4

Moderate-density vegetation 0.4 to 0.6

Dense vegetation 0.6 to 1

The results of the NDVI calculation were then reclassi�ed to separate non-vegetated areas from vegetation cover so that

mangrove areas could be identi�ed more speci�cally. After the mangrove area was determined, changes were analyzed, and

factors affecting these changes were identi�ed for the periods 2020, 2022 and 2025.

2.2.2 Calculation AGB, AGC, and ACS Mangrove

Estimating AGB in mangrove ecosystems can be made using NDVI values by utilizing the raster calculator feature in ArcGIS

(Hoa et al., 2023). The estimation of AGB values was done using a quadratic regression model based on NDVI with a

coe�cient of determination (R2) value of 0.98, as referred to research by (Adni et al., 2024) conducted in Banten. The

quadratic regression model with the equation used is:

(Equation 2)

According to IPPC (2007) in research (Bachmid et al., 2018), As the carbon contained in organic matter is 47%, the

estimation of the amount of carbon stored is by multiplying 47% or 0.47 with biomass as shown in the equation below:

(Equation 3)

Estimation ACS in mangrove forests referring to (Hoa et al., 2023) calculated with the following equation:

(Equation 4)

Above-Ground Biomass = 574.05 × NDVI2 − 17.24

Above-Ground Carbon = Biomass × 0.47

Accumulated Carbon Stock (ACS) = AGC × 3.67
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2.2.3 Statistical Test Analysis

Spearman correlation is used to see the monotonic relationship between the results of the model estimation and �eld data

(Sa�tri et al., 2012). In this study, the Spearman correlation approach was applied to see the level of monotonic relationship

between carbon stock values from �eld measurements and the results of NDVI model estimation. The equation used refers

to (Montolalu et al., 2018) as follows:

(Equation 5)

Description:

b Difference in rank between two variables

n Total samples

The model accuracy test carried out in this study used the RMSE Test. This test was carried out between the �eld carbon

stock value and the carbon stock value based on the NDVI model. The RMSE equation used refers to (Yumnaristya et al.,

2023), namely:

(Equation 6)

Description:

y Field data

y’ Vegetation index modelling data

n Total sample

The data on �eld carbon stock values in this study used reference data from research conducted in situ regarding the

calculation of mangrove biomass by (Febriani, 2022) in Tangerang Regency as follows:

Table 4. Field carbon stock reference data

Longitude Latitude Reference Carbon
Stock Value (Ton/Ha)

106,6798 -6,0211 107.151

106,678 -6,0208 29.374

106,680 -6,0168 49.932

106,512 -6,0430 15.291

106,514 -6,0392 0.978

106,514 -6,0341 24.801

106,479 -6,0507 39.759

106,478 -6,0464 97.776

ρ = 1 −
6∑ b2

i

n (n2 − 1)

RMSE = √ (y − y′)2

n
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2.2.4 Dynamics of Mangrove area, AGC, and ACS

This stage aims to analyze the dynamics of changes in the area of the mangrove ecosystem and �uctuations in AGC and

ACS values in the coastal area of Pakuhaji-Tangerang during the periods of 2020, 2022, and 2025. This analysis was

conducted to see the relationship between mangrove ecosystem cover and carbon stored in the area.

3. Results and Discussion

3.1 Normalized Di�ference Vegetation Index (NDVI)

The NDVI vegetation index provides a general overview of the greenness of an object. By using high-resolution satellite

imagery such as PlanetScope, the greenness level of an object can be observed in more detail (Rachman & Hanifa, 2024).

Information on changes in mangrove ecosystem, which are the most vulnerable coastal ecosystem, an important role in

planning restoration activities. The results of NDVI calculations in 2020, 2022, and 2025 in Figure 3.

Fig 3. Result of NDVI in the Coastal Area of Pakuhaji in 2020, 2022 and 2025

Changes in NDVI values re�ect the dynamics of vegetation cover in the Pakuhaji coastal area, which shows signi�cant

�uctuations over the last 5 years. According to the Meteorology, Climatology, and Geophysics Agency of Indonesia

(Supriyati et al., 2018), the Pakuhaji Sub-district exhibits a monsoonal climate characterized by unimodal rainfall distribution,

with a dry season from June to August, a wet season from December to February, and transitional (inter-monsoon) periods

during the remaining months. In line with these climatic conditions, conducted research using satellite images from

different times and showed that the use of multitemporal data is a common approach in analyzing land cover change.
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In this study, the 2020 image was acquired during the peak of the dry season, a period associated with limited rainfall and

reduced vegetation vigor. NDVI values were low, particularly in non-mangrove areas, re�ecting water stress and suboptimal

plant growth—visualized by red-toned imagery. In contrast, the 2022 image, captured during the transition from dry to wet

season, showed a marked increase in vegetation density. Dense vegetation, indicated by dark green hues, expanded in the

northern region, while moderate vegetation (light green) spread in the northeast—likely supported by improving moisture

conditions. The 2025 image, acquired during the wet season, would typically be expected to show peak vegetation growth.

However, a noticeable decline in NDVI values was observed, particularly in the central and southern areas, suggesting more

permanent ecological degradation rather than seasonal �uctuation alone.

Overall, the northeastern and northern regions of Pakuhaji showed an increasing trend in vegetation from 2020 to 2022,

followed by a slight decline in 2025, while the central and southern regions showed a more pronounced decline in

vegetation. This analysis con�rms that changes in NDVI are not only in�uenced by seasonal cycles but also by

anthropogenic pressures that cause a permanent decline in mangrove cover.

3.2 Pola Spatial Normalized Di�ference Vegetation Index (NDVI)

The NDVI spatial pattern was carried out to see the distribution, variation, and trends of changes in the mangrove

ecosystem in the Pakuhaji-Tangerang area in the 2020, 2022 and 2025 periods. NDVI Mean, NDVI Standard Deviation, and

NDVI Trend are presented in Figure 4.

Fig 4. Result of NDVI Spatial Pattern in the Coastal Area of Pakuhaji in 2020, 2022 and 2025 a) NDVI Mean; b) NDVI Standard Deviation;
and c) NDVI Trend

The Mean NDVI map provides an overview of vegetation density. The northeastern and northern parts of the map have high

mean values, indicating dense vegetation. NDVI with low mean values indicates less dense vegetation in the medium and
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low categories. According to with research by (Dijke et al., 2019), high average NDVI values are correlate with stable and

productive vegetation conditions. The NDVI standard deviation map indicates the level of vegetation variability over time.

Areas with high standard deviation values, such as those in the northern part of the map, indicate signi�cant vegetation

�uctuations. High NDVI variability may re�ect complex vegetation dynamics (Dijke et al., 2019). NDVI trend maps identify

the direction of vegetation change from year to year. Areas with a positive trend indicate an increase in vegetation, and

negative trends indicate a decrease or degradation of vegetation (Gao et al., 2022). On the NDVI trend map, a negative trend

is marked with purple, indicating a decline or degradation of vegetation. On the other hand, in the northern part, there is also

an increase in vegetation, marked with dark green.

3.3 Analysis of Change Factors

Mangrove area is the size or magnitude of the mangrove ecosystem, which has clear boundaries (Kurniawansyah et al.,

2022). The mangrove area is obtained through the reclassi�cation process on the NDVI layer to separate areas with very low

vegetation cover or no vegetation, namely at NDVI values between -1 and 0.2, which are then calculated using the calculate

geometry function. The results of the mangrove area are in Table 5.

Table 5. Mangrove Density and Area on the Pakuhaji
Coast in 2020, 2022, and 2025

No Category

Year

Area (Ha)

2020 2022 2025

1 Very low or no vegetation 314 206 253

2 Low-density vegetation 155 192 166

3 Moderate-density vegetation 56 90 76

4 Dense vegetation 24 61 54

Total Mangrove Cover Area 235 343 296

Based on the data in Table 5, the condition of mangrove density has decreased or increased for all categories each year.

From 2020 to 2022, there was a signi�cant increase in all categories of mangrove vegetation. The dense vegetation

category increased the most by 37 ha compared to other categories in that year. The increase in the area of the mangrove

ecosystem from 2020 to 2022 is in accordance with the restoration program carried out by the local government as well as

public awareness education activities (Mahardika et al., 2023). This rehabilitation program is not only a high level of public

awareness of the importance of the mangrove ecosystem but is also supported by the Tangerang Regency Spatial Planning

Plan for 2011-2031 (Aida et al., 2016). The increase in mangrove area that occurred from 2020 to 2022 is also in line with

the planting event carried out by the Indonesian Navy together with the Pakuhaji Sub-district Head, which was carried out in

2022 to commemorate World Mangrove Day (Adi, 2022).

However, during the period 2022–2025, the area of mangrove ecosystems in Pakuhaji District experienced a signi�cant

decline to 296 hectares. the mangrove area in Pakuhaji District declined signi�cantly, with coverage decreasing to

approximately 296 hectares. This reduction was accompanied by an increase in land categorized as having "very low or no

vegetation," which expanded from 206 hectares to 253 hectares during the same period. This trend indicates a growing

disruption to the health and sustainability of the mangrove ecosystem. The 13.7% reduction (equivalent to 47 hectares) in

mangrove area is consistent with the �ndings of (Sihombing & Pramono, 2024) who identify anthropogenic pressures—
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particularly coastal development and land use transformation—as key drivers of mangrove degradation. In Pakuhaji, large-

scale coastal land conversion poses a signi�cant threat to mangrove sustainability.

This observation aligns with (Maulana, 2024), who highlights the expansion of premium residential developments along the

northern coast of Tangerang—from Kosambi to Kronjo, including Pakuhaji—as a major contributor to mangrove loss. This

degradation is further evidenced by a decline in Normalized Difference Vegetation Index (NDVI) values, which re�ects not

only a reduction in mangrove extent but also a deterioration in vegetative health and density. The contraction of dense and

moderately vegetated mangrove classes underscores the dual impact of land use change: diminishing both the quantity and

ecological quality of mangrove stands. This, in turn, exacerbates coastal vulnerability to environmental degradation.

Furthermore, the observed trends correspond with �ndings by (Pratama et al., 2025), who report that coastal communities

in Pakuhaji face increasing challenges to mangrove regeneration due to climate-related stressors, including shoreline

abrasion and extreme weather events. These interacting socio-ecological pressures collectively highlight the urgent need

for integrated coastal zone management and community-based mangrove conservation strategies.

To address these complex issues, it is necessary to implement Integrated Coastal Zone Management (ICZM), which

emphasizes cross-sector and cross-governmental synergy in the planning, implementation, and supervision of coastal zone

utilization (Perdani et al., 2025). Conservation and rehabilitation are key strategies for restoring ecosystem function. This

strategy can be realized through the National Mangrove Rehabilitation Program initiated by the Ministry of Environment and

Forestry. This program is a concrete example of the government's role in restoring coastal ecosystems in a sustainable

manner. In addition, strengthening regulations and enforcing environmental laws needs to be carried out strictly in

accordance with the provisions of the law, including Law No. 1 of 2014 concerning Coastal Zone and Small Island

Management and Government Regulation No. 22 of 2021 concerning Environmental Protection and Management, in order

to ensure the sustainability of the mangrove ecosystem in Pakuhaji District.

Amidst these �uctuations, the mangrove ecosystem on the Pakuhaji coast shows the integration of ecological and social

functions in one coastal area. The mangrove ecosystem in this area not only functions as a natural protector from abrasion

and sea waves but is also traditionally utilized by the local community in various forms. One of the dominant mangrove

species found in this area is Rhizophora mucronata, which is quoted (Iqbal, 2023) that the mangrove species are used as

fuel, natural antibacterial, and raw materials for herbal medicine to overcome health problems such as hematuria. In

addition, the mangrove ecosystem in this area is also a coastal tourist attraction, as in Figure 5. below:

Fig 5. a) View of the KSS beach area with Mangroves; b) Gate to KSS beach area

Journal of Marine and Island Cultures, v14n3 — Mayzura et al.

223
2212-6821 © 2025 Institution for Marine and Island Cultures, Mokpo National University.

 10.21463/jmic.2025.14.3.13 — https://jmic.online/issues/v14n3/13/

https://jmic.online/issues/v14n3/images/13-fig5.jpg


Kramat Sukawali and Suryabahari, Beach commonly known as KSS Beach, is located in Sukawali Village and is

geographically located at coordinates 6° 1'54.82"S, 106°34'44.96"E. KSS Beach is a coastal route from three villages, namely

Kramat Village, Sukawali Village and Suryabahari Village (Iqbal, 2023). This beach has been around for 7 years and is

managed by the Nusantara Marine Village Group (KBBN); KBBN is a program initiated by the Indonesian Navy to empower

coastal communities throughout Indonesia. The presence of KBBN in this coastal area makes the location an educational

facility by installing identi�cation boards on each individual mangrove to introduce the species found in the area, as in

Figure 6.

Fig 6. Tagging of mangrove species on KSS beaches

The visual documentation above presents the real conditions of mangrove utilization by local communities, which are in line

with the environmental rehabilitation and education program mentioned by the government in the Tangerang Regional

Spatial Plan (RTRW) 2011-2031 (Aida et al., 2016).

3.4 Estimation of Above-Ground Biomass

Based on the estimation results using NDVI values in 2020, 2022, and 2025 show that the AGB value �uctuates every year

with a pattern that re�ects the dynamics of vegetation during that period. As detailed in Table 6.

Table 6. Estimation of AGB Mangrove on the Pakuhaji coast
in 2020, 2022, and 2025 (Ton/Ha)

Year 2020 2022 2025

Min 5.7 5.7 5.7

Max 389.6 428.0 372.9

Mean 75.8 105.2 95.3

Std. Dev 76.8 107.2 88.4

Total Biomass 19,835,542.4 40,185,550.2 31,408,617.6
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The minimum AGB value remains consistent at the same �gure every year, which is 5.7 tons/ha. Meanwhile, the maximum

AGB value shows variation, with the highest �gure being 428 tons/ha in 2022, then 389.6 tons/ha in 2020, and 2025, which

has the lowest maximum value of 372.9 tons/ha. The average AGB value increased from 75.8 tons/ha in 2020 to 105.2

tons/ha in 2022 before experiencing a slight decrease to 95.3 tons/ha in 2025. The standard deviation value of AGB shows

quite large variations between years, with the highest value of 107.2 tons in 2022, then 88.4 tons in 2025 and 76.8 tons in

2020. The total AGB estimate also shows signi�cant differences. In 2022, the highest total AGB estimate was 40,185,550.2

tons, then 31,408,617.6 tons in 2025, and the lowest value was 19,835,542.4 tons in 2020.

3.5 Spatial Distribution of Above-Ground Carbon and Accumulated Carbon Stock

Based on the estimation results using NDVI values in 2020, 2022, and 2025 show that the AGC value �uctuates every year

with a pattern that re�ects the dynamics of vegetation during that period. The AGC distribution pattern for each year is

shown in Figure 7.

Fig 7. Distribution Pattern of AGC Estimation in the Coastal Area of Pakuhaji in 2020, 2022 and 2025

Figure 7 shows the AGC distribution map on the Pakuhaji Tangerang coast for 2020, 2022, and 2025. In 2020, the

distribution of AGC was dominated by the low category, namely 2.69–50 tons/h, to the medium category, namely 50–100

tons/ha, which was evenly distributed along the north coast. In 2022, there was a signi�cant increase in AGC in the

northeast, marked by the emergence of red areas with a high category, namely 150–200 tons/ha and orange, namely 100–

150 tons/ha, which indicated areas with higher carbon stocks. This trend is predicted to continue in 2025, where areas with

high AGC dominate the northeast, while parts of the western and central coastal areas still show low to medium AGC. To

clarify these dynamics, the estimated values of AGC and total ACS for the period are shown in Table 7.
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Table 7. Estimation of AGC and ACS Mangrove on the
Pakuhaji coast in 2020, 2022, and 2025 (Ton/Ha)

Year 2020 2022 2025

Min 2.7 2.7 2.7

Max 183.1 201.2 175.3

Mean 35.6 49.4 44.8

Std. Dev 36.1 50.4 41.5

Total Carbon 9,322,704.9 18,887,208.6 14,762,050.2

ACS 34,214,327.8 69,316,056.9 54,176,725.5

Based on Table 7, the AGC estimates show inter-annual variations during the period 2020, 2022, and 2025. The minimum

value remains at the same �gure of 2.7 tons/ha throughout the years, while the highest maximum value was recorded in

2022 at 201.2 tons/ha and the lowest in 2025 at 175.3 tons/ha. The average AGC increased from 35.6 tons/ha in 2020 to

49.4 tons/ha in 2022, then decreased to 44.8 tons/ha in 2025. The standard deviation values also show a similar pattern,

re�ecting the most widespread distribution of values occurring in 2022. The highest total AGC estimate was recorded in

2022 at 18,887,208.6 tons, while the lowest value was in 2020 at 9,322,704.9 tons. The ACS estimate also shows an

increasing trend from 2020 to 2022, then a slight decrease in 2025. This indicates an increase in aboveground carbon

stocks during this period, although there was a slight decrease in 2025.

3.6 Statistical Analysis

To assess the relationship between AGC reference data and NDVI values from PlanetScope, statistical analysis was

performed using Spearman correlation and RMSE. This analysis aims to evaluate the strength and degree of correlation

between �eld-based biomass estimates and vegetation indices from remote sensing. The graphical visualization is shown

in Figure 8.

Fig 8. Spearman Correlation and RMSE between NDVI PlanetScope Imagery 2022 and AGC Reference
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Based on the visualization results in Figure 8, the Spearman correlation coe�cient (ρ) value of 0.67 indicates a strong

positive relationship between the Reference AGC ranking and the NDVI value. In general, an increase in the AGC ranking

tends to be followed by an increase in the NDVI ranking. This indicates a consistent relationship pattern between the two

variables, although not perfectly linear. As much as 0.33 of this value is caused by factors not discussed in this study,

including environmental variables such as salinity, topography, mangrove species, and the potential for inaccuracy of

remote sensing data due to limited �eld data (Azzahra et al., 2025). The coe�cient value is included in the moderate

correlation category (Schober & Schwarte, 2018), which can be interpreted as the NDVI value having the potential to be a

relevant vegetation indicator in estimating variations in Mangrove AGC.

The quadratic regression model developed in this study produced an RMSE of 34.77. This value indicates that the difference

between the model prediction and the �eld reference AGC is still within reasonable limits, given the high natural variation in

mangrove carbon stocks in coastal ecosystems. In addition, the RMSE value obtained is lower than that found in the study

by (Ramadhan & Suwadji, 2024), which showed an RMSE value of 51.55 in NDVI-based mangrove biomass estimation in

Rembang Regency. This reinforces that the NDVI model used in this study has optimal performance in predicting mangrove

carbon stocks.

The greater spread of residuals at extreme carbon values seen in Figure 8 is a common phenomenon in optical image-

based modelling, as NDVI is more sensitive to moderate to dense vegetation variation, while extreme conditions such as

areas with very sparse or very dense vegetation are di�cult to capture accurately (Hossain & Li, 2021). Thus, NDVI remains

relevant as an e�cient and practical approach for initial monitoring of mangrove carbon stocks.

3.7 Dynamics chart between Area, AGC, and ACS

A dynamic trend analysis was conducted based on three years of observation to understand the temporal relationship

between changes in the mangrove area, AGC, and ACS. The graph shows how the �uctuations between the area of the

mangrove ecosystem and the accumulated carbon value. The graph is presented in Figure 9.

Fig 9. Dynamics chart between area, AGC, and ACS
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Based on the graph above shows the dynamics of changes in the area of mangrove cover, Above Ground Carbon (AGC), and

Accumulated Carbon Stock (ACS) in the coastal area of Pakuhaji, Tangerang Regency, during the period 2020 to 2025. The

three parameters show �uctuations that are closely related. In 2020, the area of mangroves was recorded at 235 hectares,

which then increased signi�cantly to 343 hectares in 2022. An increase followed this increase in the area of the AGC and

ACS values, where the ACS value peaked at around 69 million tons. This is due to the restoration program carried out by the

local government, and public awareness education activities are also in line with the planting event carried out by the

Indonesian Navy together with the Pakuhaji Sub-district Head, which was carried out in 2022 to commemorate World

Mangrove Day (Mahardika et al., 2023) (Adi, 2022). This also shows that the expansion of mangrove areas directly impacts

increasing the capacity for carbon absorption and storage. However, in 2025, the mangrove area decreased to 296 hectares.

This decrease caused a decrease in the AGC and ACS values, each decreasing to around 14.7 million tons and 54 million

tons. This decrease was caused by pressure due to land conversion, reclamation activities and also lack of supervision of

the mangrove ecosystem that had been restored in the previous year, as well as climate change faced by the Pakuhaji

District community, which caused abrasion to mangrove degradation (Sihombing & Pramono, 2024) (Pratama et al., 2025).

This condition shows that reducing mangrove vegetation cover can reduce the potential for climate change mitigation by

decreasing carbon stocks stored above ground level. Fluctuations in AGC and ACS throughout the observation period

con�rm that changes in mangrove areas contribute signi�cantly to coastal carbon storage dynamics. While this limited

timeframe constrains the ability to assess long-term trends, the �ndings nonetheless offer a critical baseline for

understanding mangrove ecosystem dynamics in the Pakuhaji Sub-district—an area that has received limited scholarly

attention. The results provide an initial but meaningful overview of carbon stock �uctuations and serve as an entry point for

broader ecological and socio-environmental investigations. Consistent with the work of (Kurniawansyah et al., 2023), this

study a�rms the potential of high-temporal-resolution PlanetScope imagery to enhance the scope of both annual and

decadal monitoring. Such capabilities are particularly relevant in dynamic coastal regions undergoing rapid land-use

changes. These �ndings lay the groundwork for more systematic, data-driven approaches to mangrove monitoring and

underscore the importance of integrating remote sensing technologies into sustainable coastal management strategies.

4. Conclusion

This study concludes that the area of mangrove ecosystems on the Pakuhaji coast experiences signi�cant dynamics every

year. In 2020, the area of mangroves was recorded at 235 hectares, then increased to 343 hectares in 2022 and decreased

slightly in 2025 to 296 hectares. The increase in the area of mangrove ecosystems from 2020 to 2022 is in line with the

restoration program carried out by the local government, educational activities, and increasing public awareness of the

importance of mangrove ecosystems. Meanwhile, the decrease in the area of mangroves in 2025 was caused by pressure

due to land conversion and abrasion. The existence of mangrove ecosystems in Pakuhaji District is also used as an eco-

tourism area and a source of traditional medicine. Estimation of mangrove carbon stocks is carried out using a quadratic

model approach based on NDVI values, which are gradually converted into AGB, AGC, and ACS. The model is based on

linear regression reference data between �eld data and NDVI values supported by the Spearman correlation and RMSE

statistical tests. The results of the Spearman correlation test showed a reasonably strong relationship between NDVI values

and carbon stocks with a coe�cient of 0.67, while the RMSE value of 34.77 indicated an adequate level of model accuracy.

This study indicates that NDVI values based on PlanetScope imagery can be used as a representative indicator to detect

and monitor mangrove carbon stocks spatially. Further study development is recommended by conducting �eld validation

to strengthen the research results. This study can also be used to formulate policies that support conservation efforts for

mangrove ecosystems on the Pakuhaji-Tangerang coast.
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