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ABSTRACT 
Mangrove forests, typically found along tropical and subtropical coastlines, have a crucial role in preventing 

coastal erosion, mitigating the effects of wave actions, and safeguarding coastal habitats. This study utilized 

PlanetScope mangrove forests and a Combined Mangrove Recognition Index (CMRI), which was suitable for 

detecting mangrove cover along the coast of Tien Yen district with an overall accuracy of over 93.0% and a 

Kappa coefficient greater than 0.90 for the selected years. The total area of coastal mangrove forests along the 

coast of Tien Yen, Quang Ninh province has increased by 137.7 ha in 2023 compared to 2020. The total AGB 

and AGC of mangrove forests were estimated at 241,730,970 tons and 114,822,211 tons in 2023, respectively. 

The total CO2 sequestration was estimated at 421,397,514 tons in 2023, which represents a decrease of 

17,813,872.1 tons compared to 2020. The study highly suggests the adoption of blue carbon approach for 

sustainable mangrove management in Tien Yen district, including Payment for Ecosystem Services (PES) 

schemes. However, certain key factors, such as increasing awareness of the value of the mangrove ecosystem, 

promoting the involvement of local communities, and revising policy issues related to PES, need to be addressed 

to ensure the success of the mangrove blue carbon option in Tien Yen district. 

Keywords: AGB (Above-ground Biomass), AGC (Above-ground Carbon), CMRI (Combined Mangrove 
Recognition Index), NDVI (Normalized Difference Vegetation Index), PlanetScope, Tien Yen. 

 

1. INTRODUCTION 

Mangrove forests are considered a highly 

important ecosystem in coastal environments 

worldwide and provide significant cultural, 

economic, and ecological values for humans 

[1]. Located in tropical and subtropical regions, 

these forests are seen as a crucial marine biome 

that provides essential ecosystem services, such 

as water quality control [2], nursery habitats [3], 

fisheries production [4], coastal protection [5], 

and storm mitigation [6]. Moreover, mangrove 

forests are highly effective at sequestering 

carbon dioxide, making them important carbon 

sinks [7]. Despite its invaluable value, 

mangrove forests have regressed significantly. 

The Global Mangrove Alliance have announced 

an estimated net loss of 5,245 km2 of mangrove 

forest since 1996 (about 3.56% of their current 

area), which is likely due to direct and indirect 

anthropogenic factors [8]. In Vietnam, 

mangrove loss is mainly driven by non-

sustainable aquaculture and timber extraction, 

urban and agricultural pollution, population 

growth, and urban expansion [9].  

Mangrove monitoring and evaluation can 

help to halt mangrove loss, impulse restoration 

and grant long-term protection. In recent years, 

calculating the carbon sequestration ability of 

mangroves has become one of the various 

approaches to protecting and developing this 

type of ecosystem. This activity can be 

conducted by using satellite imagery and field-

based models to estimate carbon storage [10]. It 

is worth noting that remote sensing techniques 

are considered less intrusive ways of extracting 

bountiful data about this structurally complex 

environment. 

Mangrove forests are incredibly important 

carbon sinks, which are responsible for 

absorbing and storing more carbon that the 

forests release through the process of 

photosynthesis. Recent studies have shown that 
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coastal and marine ecosystems, including 

mangroves, can rival terrestrial ecosystems in 

their ability to mitigate climate change through 

carbon sequestration and storage [11]. 

However, these "blue carbon" sinks are often 

not taken into consideration in climate change 

policies and payment schemes [12]. The 

emergence of carbon markets and the 

implementation of Reducing Emissions from 

Deforestation and Forest Degradation-Plus 

(REDD+) can provide economic incentives for 

mangrove conservation by funding carbon 

projects that prevent the release of greenhouse 

gases stored in their biomass [13]. It is crucial 

that people understand the dynamics of carbon 

storage and cycling in these blue carbon sinks 

so as to assess their potential for carbon 

payments and promote their conservation. 

Market-based solutions, such as Payments 

For Ecosystem Services (PFES), have been 

proposed as a way to protect mangrove 

ecosystems by providing economic incentives 

to local communities [14]. PFES is a 

mechanism by which those who provide 

ecosystem services, such as carbon 

sequestration or water filtration are 

compensated by those who benefit from these 

services [15]. PFES has been implemented in 

several countries, including the Solomon 

Islands, and Vietnam, where it has been used to 

conserve mangrove forests [14]. However, 

PFES has also been criticized for its potential 

risk of further marginalizing vulnerable 

populations and for its emphasis on 

commodifying nature [16]. For example, there 

is a possibility that PFES programs may lead to 

the displacement of local communities who 

depend on the forests for their livelihoods, or 

that the market-based approach may display a 

bias towards the interests of powerful actors 

over those of marginalized communities. 

Traditional methods of estimating carbon 

storage in mangrove forests can be labor-

intensive, and time-consuming, however, they 

may not provide a complete picture of the 

forest's carbon sequestration potential [17, 18]. 

In recent years, the use of remote sensing 

technologies has emerged as a promising 

alternative for accurate estimation of carbon 

storage in these ecosystems [19]. In particular, 

the use of PlanetScope data to estimate carbon 

storage in mangrove forests has shown great 

potential [20]. PlanetScope data are acquired 

from a constellation of low-cost satellites to 

provide 3-m Red (590 - 670 nm), Green (500-

590 nm), Blue (455-515 nm), and near-infrared 

(NIR, 780-860 nm) spatial resolution data with 

near-daily global coverage [21, 22]. In addition, 

PlanetScope captures high-resolution images of 

the Earth's surface using a network of small 

satellites, which provide rapid and frequent 

global coverage that can be accessed through an 

easy-to-use interface [23]. This satellite 

imagery can provide detailed information on the 

growing area and density of forest cover, 

making it possible for more accurate 

calculations of carbon storage potential [24]. 

However, there are still relatively limited 

studies that have utilized PlanetScope data to 

estimate carbon sequestration in mangrove 

forests. In order to understand the potential of 

this technology in a more proper way, it is 

important that one conduct case studies in 

different ecosystems and regions. Therefore, in 

this study, we selected a coastal area to estimate 

the area of mangrove forest and the amount of 

above-ground biomass (AGB) and above-

ground carbon (AGC) of mangrove forests in 

the region based on 2 selectd indices, namely 

NDVI and CMRI [25]. In a study by Veettil [9], 

it is asserted that Vietnam benefits from a long 

coastline where mangrove forest can grow, 

albeit limited by environmental conditions like 

rocky topography or varying climate conditions 

between North and South Vietnam among other 

factors [9]. Furthermore, US Army chemical 

warfare is also believed to have caused the 

abrupt loss of a quarter of Vietnam mangroves. 
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Veettil estimates the country to have 252,500 

remaining ha of Mangrove, mainly concentrated 

in four areas. 

The results of the study "Using PlanetScope 

data to estimate carbon storage of mangrove 

forests in Tien Yen district, Quang Ninh 

province” intend to answer three questions: (1) 

What and where is a spatial distribution of the 

mangrove cover in Tien Yen district, Quang 

Ninh province. (2) How much are AGB and 

AGC sequestration of mangrove forests in Tien 

Yen district, Quang Ninh province (3). What 

solutions should be applied to the mangrove 

forest management towards carbon credit 

payments? These findings are expected to 

provide an accurate and reliable approach for 

the estimation of carbon sequestration of 

mangrove forests and suggest a good way of 

sustainable mangrove forest management.  

2. RESEARCH METHODOLOGY 

2.1. Study site 

Tien Yen, a coastal district in Northern 

Vietnam located in Quang Ninh province, is an 

area that houses one of the largest and the most 

important mangrove forests in the North. Tien 

Yen district is bordered by the East Sea to the 

East, the Ba Che district to the West, and Ha 

Long city to the South. The district's economy 

relies mainly on agriculture and forestry, with 

main products, such as pepper, fruit trees, 

sugarcane, vegetables, and timber. In addition, 

tourism and mining are also evolving 

industries there.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As for climate, Tien Yen belongs to the 

tropical monsoon region with an average 

temperature ranging from 15 to 25 degrees 

Celsius, which has hot and humid summers, and 

cool and dry winters. Its terrain is mostly hilly 

with an elevation ranging from 100 to 300 

meters above sea level, along with valleys, 

plains, and a coastline of about 12 km. 

Mangrove forest covers nearly 4,000 ha in the 

eastern coastal area of the district, comprising 5 

communes, namely Hai Lang, Dong Ngu, Dong 

Hai, Dong Rui, and Tien Lang. Mangrove 

forests play a vital role in protecting and 

promoting the development of rare and valuable 

wildlife and plant species, as well as providing 

significant economic, social, and environmental 

values to the surrounding area.  

Remote sensing data collection 
In this study, the area of mangrove cover is 

calculated for each year and changes over each 

period are quantified using multi-temporal 

PlanetScope data from 2021 to 2023. The 

PlanetScope image used in this study is an 

atmospheric corrected image available on 

https://www.planet.com/explorer/. 

 
Fig. 1. Study site: (1) Geographical location of Quang Ninh province in Vietnam, (2) The 

location of Tien Yen district, (3) Mangrove forests spatially distribute in Tien Yen coast 
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Table 1. Remotely sensed PlanetScope was used for this research over 4 years 

ID Image codes Date 
Resolution 

(m) 
Remarks 

1 20201113_024357_91_227e_3B_AnalyticMS 
 

13November2020 3 x 3 PlanetScope 

 20200428_023713_44_2259_3B_AnalyticMS 28April2020 3 x 3 PlanetScope 

 20200428_023715_66_2259_3B_AnalyticMS 28April2020 3 x 3 PlanetScope 

2 20210606_024518_94_2276_3B_AnalyticMS  
 

06June2021 3 x 3 PlanetScope 

 
20210606_024521_23_2276_3B_AnalyticMS 
20210606_024521_23_2276_3B_udm2_clip 

06June2021 3 x 3 PlanetScope 

3 20220407_022712_02_2463_3B_AnalyticMS 07April2022 3 x 3 PlanetScope 

 20220407_022714_32_2463_3B_AnalyticMS 07April2022 3 x 3 PlanetScope 

 20220407_022716_62_2463_3B_AnalyticMS 07April2022 3 x 3 PlanetScope 

 20220407_030042_32_2461_3B_AnalyticMS 07April2022 3 x 3 PlanetScope 

 20220407_030044_63_2461_3B_AnalyticMS 07April2022 3 x 3 PlanetScope 

4 20230130_024551_06_225a_3B_AnalyticMS 30January2023 3 x 3  PlanetScope 

 20230130_024548_87_225a_3B_AnalyticMS 30January2023 3 x 3 PlanetScope 

Source: http://planetscope.com 
 

2.2. Study methods 
The PlanetScope images from 2020 to 2023 

have been geo-referenced and geometrically 
improved. This geometric correction was 
necessary to improve the geographic location to 
a root mean square error smaller than a pixel and 
the accuracy of subsequent change analysis [26, 
27, 28]. In this study, we examined the data to 
ensure that all images were properly geo-
referenced to the WGS 1984 UTM Zone 48N 
projection. Using the Mosaic to New Raster tool 
in ArcMap 10.4.1, all scenes each year were 
mosaicked to obtain a full coverage of the study 
area in the Tien Yen district. This product was 
then clipped along the boundary of potential 
mangrove forests. The detailed steps as follows: 

Visual Interpretation: This study employed 
visual interpretation as a method to distinguish 
the mangrove cover extent from other land 
covers. This was achieved through a band 
combination approach using either true color 
imagery (RED, BLUE, and GREEN) or other 

combinations, such as (RED, GREEN, and 
NIR) as described in previous studies [29, 30] 
and implemented in the work of Hai-Hoa [27, 
28]. Additionally, visual interpretation involved 
observing the presence or absence of mangrove 
forests, which was adopted in this study as 
outlined by Asrat [31]. 

Mangrove classification: In Tien Yen, field 
data were collected from three different coastal 
land-use/cover types, including Mangrove 
covers with closed and open canopies, and Non-
mangrove forests consisting of abandoned 
aquaculture ponds, bare and wetlands, mudflats, 
and water bodies. The Combined Mangrove 
Recognition Index (CMRI) was selected to map 
and estimate the mangrove covers in the area. 
This index is a combination of the Normalized 
Difference Vegetation Index (NDVI) and the 
Normalized Difference Water Index (NDWI), 
which is used to explore the spectral differences 
between mangrove covers and non-mangrove 
classes.  

 

Table 2. Equations of vegetation indices used for mangrove cover mapping 

Vegetation indices Equations References 

NDVI (NIR- RED)/(NIR+RED) [32, 33] 

NDWI (GREEN–NIR)/(GREEN+NIR) [34, 35]  

CMRI NDVI–NDWI [36, 37]  
Where: NIR is Near Infrared Band (Band 4); RED is RED Band (Band 3); GREEN is GREEN Band (Band 2). 

 

Accuracy assessments: This study aims to 
evaluate the accuracy of classified images using 

mangrove forest cover. To achieve this goal, the 
study constructed a thematic map of mangrove 
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forest cover based on PlanetScope images and 
the CMRI index. Then, high-resolution satellite 
images of Google Earth in 2020 and 2021 with 
randomly generated GPS points, including 100 
points for mangrove forests, 60 points for non-
mangrove forests, and 40 points for water 
bodies, were used to assess the accuracy of 
classified mangrove covers. In the year of 2022 
and 2023, the study conducted the field survey 
to select randomly GPS points. The accuracy of 
the mangrove forest cover was evaluated for 
each year using intuitive and statistical 
interpretation methods. As a result, the study 
assessed the accuracies of mangrove forest 
covers in all selected years, which have met the 
expectations in terms of high reliability. To 
ensure accurate statistics, the study used 
independent test samples to create a 
computational matrix and used the Kappa 
coefficient to measure consistency between 
observed and reference data. A Kappa 
coefficient value of 0-0.4 indicates 
inconsistency; 0.41-0.6 indicates moderate 
consistency; 0.61-0.8 indicates remarkable 
homogeneity and 0.81-1.0 indicates almost 
perfect homogeneity [1, 38]. To guarantee data 
accuracy, a minimum interpretation accuracy of 
85% was set, consistent with previous studies 
on coastal land covers and mangrove cover 
maps by Foody [39]. 

Estimation of AGB and AGC of mangrove 
forests based on PlanetScope: 

Mangrove structure investigation: 
The study established 14 standard circular 

plots in various locations, with a radius of 7 m 

(for pure forests) and 14 m (for mixed forests) 
and areas of 153.9 m2 and 615 m2. Methods by 
Kauffman and Donato [43] and Castillo [19] 
were adopted in our study.   

AGB estimation-based NDVI: To estimate 
AGB in mangrove forests, we employed the 
NDVI thresholds to differentiate among land 
covers through using the Raster Calculator Tool 
in the ArcGIS 10.4.1. The NDVI values ranged 
from -0.1 to 1.0 and classified into different 
classes [40]. Based on the differentiation of land 
covers through the NDVI values, we adopted a 
model developed by Hoa and Hien [10] in Tien 
Yen district, Quang Ninh province, which 
offered a high correlation coefficient (R² = 
0.98), p-value < 0.0001, and RMSE = 224.7 

AGB= –179.1 + 13243.6*NDVI 
Above-ground carbon stock (AGC): AGC 

can be calculated based on AGB using 
conversion factors that involves the amount of 
carbon to the amount of biomass [41].  

AGC = AGB * 0.475  
Accumulation of CO2 sequestration (ACS): 

To estimate the CO2 absorption capacity of 
mangrove forests absorbed by the formula [42]: 

ACS = AGC * 3.67 
AGB and AGC estimation-based field data:  
Under each standard plot survey data, AGB 

and AGC of mangrove forests were estimated. 
In particular, the AGB of each species was 
computed at each plot using the formula shown 
in Table 3. The AGB was calculated separately 
for each species and the average for each plot 
value was taken. 

 

 

Table 3. Above-ground biomass estimation formula for mangrove species 

 

Where: AGB is the total aboveground biomass of mangrove individual (kg), CD represents canopy diameter (m), and 

H, DBH is tree height (m). ρ is the density of the tree [47].  

No Species Formula of Biomass (kg) Mangrove structures used Sources 

1 
Bruguiera 
gymnorrhiza 

0.1681*ρ*DBH2.31 (R2=0.99) 
ρ= 0.801 

DBH, H [44] 

2 
Kandelia 
obovata  

2.5904*CD2*H (R2=0.84) 
0.251*ρ*DBH2.46 (R2=0.98) 
ρ= 0.0776 

Canopy diameter, H (DBH <5 
cm) 
DBH, H (DBH > 5 cm) 

[45, 46]  

3 
Avicennia 
marina 

1.8247*CD2*H (R2=0.97) Canopy diamter, H [46] 

4 
Aegicera 
corniculatum  

3.1253*CD2*H (R2=0.99) Canopy diamter, H [46] 

5 
Rhizophora 
stylosa  

0.168*D2.42 + Biomassstilt (kg) = 
0.0209 *D2.55 (R2=0.99) 

D30, H [44] 
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3. RESULTS AND DISCUSSION 
3.1. Multi-temporal extent of mangrove 
forests  
Accuracy assessments of mangrove cover 
mapping: 

CMRI is a highly suitable index for 
separating between mangrove cover and non-
mangrove cover in this study. As a result, 
mangrove covers were classified from 
PlanetScope data with a high accuracy and 

Kappa coefficient greater than 0.9. In particular, 
the accuracies of mangrove cover mapping are 
greater than 99.0%, while non-mangrove cover 
are assessed at 85.0%, 86.7%, 81.7%, and 
90.0% in 2020, 2021, 2022, and 2023, 
respectively. The overall accuracy of land cover 
mapping are recorded at more than 93.6% with 
a Kappa coefficient of 0.92, 0.9, 0.9, and 0.94 in 
2020, 2021, 2022, and 2023, respectively.  

 
Table 4. Summary of accuracy assessments of land cover/mangroves 

 2020 2021 2022 2023 
UA (%) for Man 99.0 99.0 100 99.0 
UA (%) for Non- 85.0 86.7 81.70 90.0 

OA (%) 95.0 94.0 93.50 96.0 
KC 0.92 0.90 0.90 0.94 

Where: Man (mangrove forests); Non- (Non-Mangrove forests); UA (User’s accuracy), PA (Producer’s 

accuracy), OA (Overall accuracy), KC (Kappa coefficient). 
 

Coastal mangrove and non-mangrove covers 

mapping: 
As indicated in Table 5, the areas of 

mangrove forest and non-mangrove covers have 

changed over the past four years, from 2020 to 

2023. Specifically, the area of mangrove forest 

has increased from 3,487.4 ha in 2020 to 

3,625.1 ha in 2023, while the area of non-

mangrove cover has decreased from 3,230.2 ha 

to 2,932.5 ha during the same period. 

Meanwhile, there has been no significant 

change in the area of water bodies in the region 

during this time.  

 

Table 5. Coastal land covers along the coast of Tien Yen during selected years (ha) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Land covers 2020 2021 2022 2023 

Mangrove 3487.4 3535.0 3558.2 3625.1 

Non-mangrove 3230.2 2812.2 3674.2 2932.5 

Water 3249.3 3619.6 2734.3 3409.2 

Total 9,966.82 9,966.82 9,966.82 9,966.82 

(a) (b) 

Fig. 2. Land cover and mangrove cover along the coast of Tien Yen: (a) 2020 and (b) 2023 
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The findings indicate that the local people 

are aware of the importance of conserving 

mangrove forests and the coastal ecosystem. 

The local community, as well as the mangrove 

forest management agencies Tien Yen district 

are strongly committed to protecting and 

managing mangroves. They have well-

acknowledge the critical role mangroves in 

terms of providing important natural resources, 

like shrimps, crabs, and fish, and improving the 

local likelihoods. In this areas, to enhance the 

resilience and biodiversity of mangrove forests, 

multiple reforestation projects have been 

implemented at the different scales. 

Organizations, including the KVT project 

(Netherlands), ACTMANG (Japan), and the 

Vietnamese Academy of Forest Science 

(Vietnam), have continuously offered the 

support of mangrove plantation and restoration. 

Their collaborations with the local people also 

strengthens the capacity and resilience of 

mangroves and positively impacts the socio-

economic values.  

3.2. Estimation and mapping of AGB and 

AGC sequestration of mangrove forests  

AGB and AGC estimation-based 

PlanetScope data: 
Based on the calculation formula by Hai-Hoa 

and Hien [10],  PlanetScope data was used with 

different NDVI thresholds for each year, the 

AGB was then estimated during the period from 

2020 to 2023 in Tien Yen district as shown in 

Fig. 3 and Table 6. 

The results indicate that the AGB values vary 

among different years. The minimum and 

maximum of AGB values range from 364.8 tons 

ha-1 to 424.4 tons ha-1 and 1,000.1 tons ha-1 to 

1,126.5 tons ha-1, respectively. Similarly, the 

mean AGB values range from 629.5 to 682.1. 

The standard deviation values vary from 134.1 

tons to 176.8 tons, suggesting a higher variation 

in AGB estimates in among selected years. The 

total estimated AGB also varies across the 

years, with the highest value is recorded at 

284,598,404.4 tons in 2021 and the lowest value 

is estimated at 241,730,970.6 tons in 2023.  
 

 

 

 

 

 

 

 

 

 

 

 

 

                                   (a)                                                                (b) 
Fig. 3. Estimated AGB of mangrove forests using PlanetScope data: (a) 2020 and (b) 2023 

 
Table 6. Estimation of AGB from PlanetScope data in selected each years 

AGB (Ton ha-1) 2020 2021 2022 2023 

Min 424.4 366.2 413.8 364.8 

Max 1,126.5 1,099.2 1,004.8 1,000.1 

Mean 682.1 682.1 659.9 629.5 

SD 156.8 176.8 134.1 150.5 

Total 259,544,842.7 284,598,404.4 262,339,023.5 241,730,970.6 
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Based upon the formula of Howard [41], this 

study estimated AGC using PlanetScope data 

from 2020 to 2023 (Fig. 4, Table 7).

 

Fig. 4. Results estimated AGC of mangrove forests using PlanetScope data: (a) 2020 and (b) 2023 
 
 

As can be seen Table 8, it shows the 
variations in the minimum, maximum, mean 
value, standard deviation, and total value of 
AGC stocks. The mean AGC stocks of 2020 and 
2021 are almost the same, with 324.00 tons and 
324.01 tons, respectively. The year 2022 shows 
a decrease in the mean by 313.4 tons, and a 
sharper decrease in 2023 data, with a mean 
value of 299.0 tons. The decrease in mean AGC 

stocks in 2023 is due to various factors, 
including environmental changes, 
deforestation, and climate-affecting carbon 
accumulation. Since PlanetScope data has 
medium resolution and is affected by weather, 
tides, and clouds, it is important to carefully 
evaluate and take note of these factors to ensure 
the quality of the data collected. 

 

Table 7. Estimation of AGC from PlanetScope data each selected  year 

AGC (Ton ha-1) 2020 2021 2022 2023 

Min 201.60 173.93 196.57 173.29 

Max 535.08 522.12 477.27 475.05 

Mean 324.00 324.01 313.43 299.00 

SD 74.46 83.96 63.70 71.50 

Total 123,283,798.10 135,184,238.90 124,611,034.10 114,822,211.04 

ACS 452,451,539.03 496,126,156.76 457,322,495.15 421,397,514.50 
 

AGB and AGC estimation-basedd field 

investigation 
Mangrove forests in Tien Yen district is a 
natural forest with many mangrove species, 
such as Bruguiera gymnorrhiza, Rhizophora 
stylosa, Aegiceras corniculatum, Kandelia 
candel and Avicennia marina. Their biomass 
are highly dependent on mangrove density, 

species composition and growth and is 
determined by the total aboveground biomass of 
forest trees. Based on Table 8, it can be seen that 
the average value of AGB is 733.99 tons ha-1. In 
addition, the maximum and minimum values 
are 904.15 tons ha-1 in Plot 7 and 565.07 tons 
ha-1 in plot 5, respectively. 

 

 
(a) 

 
(b) 
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Table 8. Measuring carbon storage of mangrove forests in 14 plots 
 

 

According to the study of Clough [44], forest 
biomass also depends on climate, forest 
structure, and sediment as well as nutrition 
condition, salinity of seawater and temperature 
of the plantation area. The average of AGC was 
344.97 tons ha-1 for 14 plots and the maximum 
and minimum values are 424.95 tons ha-1 and 
265.58 ton ha-1, respectively. The greater the 
AGB of mangrove forests is, the larger the AGC 
of mangrove forests is. 

Difference of AGB and AGC estimation-
based field and PlanetScope data:  

We used PlanetSCope data-based AGB and 
AGC estimation to compare with the 
estimation of AGB and AGC-based field data 
from 14 standard circular plots (Table 9). As a 
result in Table 9, there were variations of AGB 
and AGC of mangrove forests among field 
measurements and PlanetScope data-based 
estimation in 2023. More specifically, 
variations between field and PlanetScope data 
ranged from 1% to 37% (from 2.02 tons ha-1 to 
98.84 ton ha-1), respectively. 

 

Table 9. Field- and Sentinel-based estimation of AGB and AGC in 2023 

Plots 
GPS Field  (tons/ha) PlanetScope (tons/ha) 

Variations between field 
and Sentinel estimation  

X Y Biossmass C stocks Biomass C stocks C Stock % 

1 107.4068 21.2415 720.36 342.17 731.06 347.26 5.08 1 

2 107.4065 21.24015 666.66 316.66 680.01 323.00 6.34 2 
3 107.406 21.24262 605.33 287.53 601.09 285.52 2.02 1 
4 107.4014 21.24164 806.41 383.04 837.84 397.97 14.93 4 
5 107.4042 21.24177 565.07 268.41 773.16 367.25 98.84 37 
6 107.3881 21.24463 605.58 287.65 576.39 273.79 13.86 5 
7 107.3909 21.24911 904.15 429.47 839.61 398.81 30.65 7 
8 107.3915 21.24811 800.92 380.44 849.94 403.72 23.29 6 
9 107.3883 21.24612 628.88 298.72 751.91 357.16 58.44 20 

10 107.378 21.22073 679.96 322.98 574.02 272.66 50.32 16 

11 107.3959 21.24631 818.39 388.74 702.75 333.81 54.93 14 

12 107.3993 21.24729 891.63 423.52 836.04 397.12 26.41 6 

13 107.4047 21.24423 737.33 350.23 838.49 398.28 48.05 14 

14 107.3746 21.18791 845.18 401.46 834.63 396.45 5.01 1 
 

Plots Species Longitude Latitude 
Density 

(tree ha-1) 
DBH 
(cm) 

H (cm) 
AGB 

(ton ha-1) 

AGC 

(ton ha-1) 

1 BG, RS, AC, AM 107.40676 21.24150 4732 5.23 1.83 720.36 338.57 

2 BG, RS, AC, KC 107.40651 21.24014 3670 5.75 1.90 666.66 313.33 

3 BG, RS, AC, KC 107.40604 21.24262 3670 5.55 1.92 605.33 284.51 

4 BG, RS, AM 107.40140 21.24164 3638 6.01 2.08 806.41 379.01 

5 AC, RS, BG, AM, KC 107.40422 21.24176 2810 4.58 1.83 565.07 265.58 

6 BG, RS, KC, AC 107.38812 21.24463 3559 4.51 1.73 605.58 284.62 

7 BG, RS 107.39080 21.24910 8969 5.15 2.49 904.15 424.95 

8 BG, RS, AC, KC 107.39152 21.24810 2584 5.72 2.48 800.92 376.43 

9 BG, RS 107.38829 21.24612 10529 5.42 2.35 628.88 295.57 

10 AC, BG, AM 107.37800 21.22073 2876 5.70 1.84 679.96 319.58 

11 BG, RS 107.39588 21.24630 12804 4.58 2.13 818.39 384.64 

12 BG, RS 107.39933 21.24728 14234 4.73 2.26 891.63 419.07 

13 BG, RS 107.40469 21.24422 12024 4.39 2.14 737.33 346.55 

14 BG, RS 107.37463 21.18790 14494 4.05 2.11 845.18 397.23 

Mean 7185 5.10 2.08 1.56 733.99 

Max 14494 6.01 2.49 2.02 904.15 

Min 2584 4.05 1.73 1.30 565.07 

Where: BG is Bruguiera gymnorrhiza (Vẹt Dù); RS is Rhizophora stylosa (Đước Vòi); AC is Aegiceras corniculatum (Sú); KC is Kandelia candel 
(Trang); AM is Avicennia marina (Mắm Biển). 
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Blue carbon approach-based mangrove 
management:  

Mangrove forests that are rich in carbon have 
experienced deforestation and degradation as a 
result of land use and land cover changes, as 
well as various drivers, such as the cutting of 
trees for fuel, charcoal, and timber [48-51]. The 
effects of mangrove deforestation and 
degradation on carbon emissions have been 
reported at different scales, including regional, 
national, and global. While natural disturbances 
can have mixed impacts on carbon stocks held 
by mangrove forests, sea-level rise are more 
likely to drown these forests and result in the 
loss of carbon stocks, but also offers 
opportunities for new carbon sequestration [52]. 
To enhance carbon stocks and reduce 
greenhouse gas emissions caused by land use 
and land cover changes, mangrove 
rehabilitation practices have been implemented 
[52]. Recently, international conservation 
policy has paid special attention to blue carbon 
in mangroves, as it has been proven beneficial 
for carbon sequestration and greenhouse gas 
reduction. A better understanding of the 
relationship between carbon stocks and fluxes 
in response to both human and biophysical 
disturbances can provide better incentives to 
help conserve and manage mangroves 
sustainably [52]. 

In Vietnam, the main drivers of mangrove 
deforestation and degradation are aquaculture 
development, agricultural land use, and 
infrastructure development [27, 49]. In spite of 
significant investments, most mangrove 
projects have chosen to focus on low-diversity 
planting and have had mixed success, 
accordingly [53]. Many efforts have come to 
nothing as a consequence of planting 
inappropriate species in environmentally 
unsuitable settings [54]. 

Blue carbon is a natural solution which refers 
to the organic carbon that is stored and 
sequestered by oceans and coastal ecosystems, 
including mangrove forests [55]. Blue carbon 
may be used as a tool to incentivize individuals 
and organizations to conserve and restore 
mangroves through payments for ecosystem 
services (PES). PES can provide a financial 
incentive for reducing the anthropogenic drivers 

of mangrove loss by using financial 
mechanisms such as mandatory carbon credit 
schemes or voluntary carbon credit markets 
[22]. Substantial up-scaling and investments in 
PES can significantly reduce greenhouse gas 
emissions and improve local livelihoods. 
Although mangrove forests can be influenced 
by significant external factors like upstream 
catchments and tropical storms, mangrove PES 
projects can still be implemented by using 
frames against the levels of risk that can affect 
carbon gains, with management actions, for 
example, credit buffers and large-scale threat 
assessment [22, 56]. A better understanding of 
mangrove blue carbon and its dynamics under 
anthropogenic pressures is needed to conserve 
and manage this ecosystem as well as reduce its 
impact on climate change. Mangrove blue 
carbon can be achieved through the carbon 
stock of community-managed mangroves, 
which can provide a sustainable income source 
for local communities while improving carbon 
stocks [56]. However, to establish effective 
community-based mangrove PFES in Vietnam 
challenges such as unclear tenure rights, poor 
ecological consideration in reforestation, and 
poor coastal management planning need to be 
addressed [55]. Private-sector initiatives should 
also be encouraged to protect and restore 
mangrove forests, and develop suitable local 
livelihoods.  
4. CONCLUSION 

This study investigated the structure and 
extent of mangrove forests in Tien Yen district, 
Quang Ninh province by using PlanetScope 
data and the field surveys. The study revealed 
that the mangrove forests comprise a mixed 
natural forest of five tree species with varying 
densities, heights, and diameters. Furthermore, 
it is found the coastal mangrove forests in Tien 
Yen increased in extent by 137.7 ha in 2023 
(3625.1 ha) compared to 2020 (3487.4 ha). The 
study also estimated the total AGB and AGC of 
mangrove forests in Tien Yen, which was 
241,730,970 tons and 114,822,211 tons in 2023, 
respectively. Moreover, mangrove forests 
sequestered 421,397,514 tons of CO2 in 2023 
compared to 452,451,539 tons of CO2 in 2020. 
Additionally, the findings indicate that 
mangrove forests have significant ecological 
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and climate benefits. Therefore, the study 
suggests the adoption of mangrove blue carbon 
approach for sustainable mangrove 
management in Tien Yen district. It is also 
suggested that Payment for Ecosystem Services 
(PES) and Reducing Emissions from 
Deforestation and Forest Degradation 
(REDD+) schemes should be taken into 
consideration to promote mangrove forest 
conservation along with supporting local 
livelihoods. Such interventions would 
incentivize mangrove forest management by 
protecting these valuable ecosystems and 
mitigating climate change. 
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TÓM TẮT 
Rừng ngập mặn được tìm thấy dọc theo các bờ biển nhiệt đới và cận nhiệt đới. Chúng có chức năng quan trọng 

trong việc ngăn chặn xói mòn ven bờ, giảm thiểu tác động của sóng và bảo vệ các môi trường sống ven bờ. 

Nghiên cứu này sử dụng rừng ngập mặn PlanetScope và chỉ số CMRI. Chỉ số này phù hợp để phát hiện phủ kín 

rừng ngập mặn dọc bờ ven biển huyện Tiên Yên với độ chính xác tổng thể lên đến 93,0% và hệ số Kappa lớn 

hơn 0,90 trong suốt các năm được chọn. Tổng diện tích rừng ngập mặn ven biển huyện Tiên Yên, tỉnh Quảng 

Ninh đã tăng thêm 137,8 ha vào năm 2023 so với năm 2020. Hơn nữa, tổng AGB và AGC của rừng ngập mặn 

được ước tính lần lượt đạt khoảng 241.730.970 tấn và 114.822.211 tấn vào năm 2023. Tổng khối lượng phản ứng 

hấp thụ CO2 được ước tính đạt 421.397.514 tấn năm 2023, giảm 17.813.872,1 tấn so với năm 2020. Nghiên cứu 

đề xuất triển khai việc giải pháp blue carbon rừng ngập mặn để đạt được mục tiêu quản lý rừng ngập mặn bền 

vững tại huyện Tiên Yên, bao gồm chương trình chi trả dịch vụ sinh thái (PES) cho các khu rừng ngập mặn. Tuy 

nhiên, để đảm bảo sư ̣thành công của giải pháp blue carbon cho rừng ngập mặn tại huyện Tiên Yên, một số vấn 

đề liên quan, bao gồm tăng cường nhận thức về giá trị của hệ sinh thái rừng ngập mặn, khuyến khích sự tham gia 

của cộng đồng địa phương và rà soát bổ sung các chı́nh sách liên quan đến chi trả dic̣h vu ̣môi trường. 

Từ khoá: các-bon trên măṭ đất (AGC, Above-ground Carbon), chı̉ số CMRI (Combined Mangrove 

Recognition Index), chı̉ số NDVI (Normalized Difference Vegetation Index), PlanetScope, sinh khối trên 

măṭ đất (AGB, Above-ground Biomass), Tien Yen. 
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