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SUMMARY 
Mangrove forests are intertidal wetlands and found along tropical, subtropical, and warm-temperate coastlines. 
They have vital functions in preventing coastal erosion, mitigating effects of wave actions, and protecting coastal 
habitats. However, mangrove forests are more likely to be vulnerable as typhoons frequently hit and under driving 
human pressures. The study has constructed the spatial distribution of mangrove cover from 2016 to 2022 by 
using Sentinel-2A imageries. The Sentinel-2A data were used to detect changes in the extent of coastal mangrove 
forests using the visual interpretation approach in combination with the CMRI thresholds defined (CMRI > 0.47 
for mangrove forests, -0.25 < CMRI  ≤ 0.47 for non-mangrove forests, and CMRI ≤ -0.25 for areas covered 
water). The overall accuracy assessments of land covers in each selected year (2016, 2017, 2018, 2019, 2020, 
2021, and 2022) are greater than 93.0% with Kappa coefficient more than 0.89, which have clearly confirmed 
using Sentinel-2A data for mapping temporal changes in mangrove forests are very reliable in along the coast of 
Quang Yen. The study also showed that mangrove cover in Quang Yen town decreased by 343.7 ha in 2022 
(2,765.4 ha) compared to 2016 (3,109.1 ha). The development of aquaculture and shrimp farming, the expansion 
of agricultural production, and other land uses were defined as the main drivers for mangrove deforestation during 
the period of 2016-2022. The study highly suggests that using Sentinel-2A imagery should be applied to assess 
the changes of mangrove cover in Quang Yen town and expanded in other similar coastal areas in Quang Ninh 
province toward sustainable mangrove management. 
Keywords: CMRI (Combined Mangrove Recognition Index), mangrove cover mapping, Quang Yen, 
Sentinel-2A, vegetation index. 
 

1. INTRODUCTION 
Mangrove forests are defined as a group of 

salt tolerant trees and shrubs that grow in the 
intertidal regions of the tropical and subtropical 
coastlines (Kathiresan and Bingham, 2001; 
Duke et al., 2007). They are considered as a rich 
ecosystem with many types of biodiversity and 
provision of the habitat for a wide variety of 
living things that can adapt, including aquatic 
and terrestrial insects, fish, reptilian, amphibian, 
and vertebrate species or plants that prefer 
wetlands and salts, typically sea grasses 
(Hogarth, 1999). Despite their well-perceived 
importance of mangrove forests, they are being 
globally degraded and deforested at the 
alarming rate (Duke et al., 2007; Hai-Hoa et al., 
2014). The primary drivers of mangrove loss 
have been blamed for aquaculture expansion 
and conversion other land use (Valiela et al., 
2001; Hai-Hoa et al., 2013; Hai-Hoa et al., 
2022a).  

In Vietnam, mangrove ecosystems are 
recently well-recognized as highly valuable 
resources for local people, who are living nearby 
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the coastal regions (Hanh and Furukawa, 2007; 
Hai-Hoa et al., 2013; Hai-Hoa, 2014; Hai-Hoa 
et al., 2021). Mangrove ecosystems, which are 
diverse and rich in tree species and ecosystem 
values, and provide the shelter for highly 
economic values of marine species, have 
offered the local people with good opportunities 
and stable coastal livelihoods (Salem and 
Mercer, 2012). However, the extent of 
mangrove forests have experienced significant 
losses in recent decades under the economic 
development and the pressure from the growth 
of population to satisfy the major demand for 
aquaculture and fishing production (Kathiresan 
and Bingham, 2001; Valiela et al., 2001; Hai-
Hoa, 2014).  

Remote sensing has been commonly used to 
monitor and assess mangrove ecosystems and 
their dynamics for sustainable mangrove 
management over the last decades (Hai-Hoa et 
al., 2021; Hai-Hoa et al., 2022a). Although the 
global extensive application of remote sensing, 
GIS and techniques has been widely used to 
monitor and detect the mangrove deforestation 
and degradation, using these technologies for 
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change detection in the extent of mangrove 
forests has been rarely well-documented in 
Vietnam or limited to monitor and evaluate the 
success of mangrove afforestation projects in 
Vietnam, including Quang Yen coast of Quang 
Ninh province (Hai-Hoa et al., 2022a and 
2022b). In addition, although many efforts from 
national and international programs have been 
paid in mangrove restoration and rehabilitation 
in Quang Ninh province recently, some parts 
along the coast of Quang Yen are still 
experiencing a decline of mangrove extent as 
they are being under increasing threats from 
coastal high population growth, aquaculture 
expansion, timber cutting, and other human 
activities (Government of Vietnam, 2005; Hai-
Hoa, 2014; Hai-Hoa et al., 2022a). Loss of 
mangrove resources might increase the threats 
to the local livelihoods by increased 
vulnerability of coastal communities to storm 
surges with large storms and typhoons (Duke et 
al., 2007; Hai-Hoa et al., 2018). 

In this study, we aimed to quantify the 
spatial-temporal changes in the extent of 
mangrove forests along the coast of Quang Yen 
town, Quang Ninh province over 7 years (2016-
2022) using Sentinel-2A-derived CMRI. The 
study would determine where the largest extent 
of mangrove forests has been changed over 7 
years and what the main drivers have led to the 
spatial-temporal dynamics of mangrove forests 
along the coast of Quang Yen town. These 
findings would be used to inform coastal 

management authorities for approaching 
sustainable management of mangrove forests 
and livelihood improvements in Quang Yen 
town, Quang Ninh province.  
2. RESEARCH METHODOLOGY 
2.1.  Study site 

Quang Yen is a coastal town, located in the 
southwest of Quang Ninh province (Fig. 1). It is 
geographically situated away 40 km from Ha 
Long city to the southwest, 18 km from Uong 
Bi city to the southeast, and about 20 km from 
Hai Phong port city to the east. Terrestrial 
forests in Quang Yen occupy a small area and 
distribute mainly in the high mountainous area 
in the North bordering Hoanh Bo, but they play 
an important role in the economic development 
of the town, especially in regulating water 
resources of the Yen Lap reservoir. 
Furthermore, it offers diverse ecological 
landscapes for tourism development. 

Significantly, Quang Yen town also has 
more than 30-km coastlines with many estuaries 
and tidal flats. The sea area with the enclosed 
bay is known as a home of many sea creatures, 
which are high economic values and provide a 
rich source of aquatic resources both in 
saltwater and brackish water. Mangrove forests 
along the coast of Quang Yen have been under 
great pressure from urbanization and economic 
development; land use/cover conversion; and 
shrimp farming activities (Hai-Hoa et al., 
2022a; 2022b).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

(b) Mangrove forests distributing along the coast of Quang Yen town, Quang Ninh province
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2.2.  Remote sensing data collection 
In this study, multiple-temporal Sentinel-2A 

images were used to classify the extent of 

mangrove forests in different periods (Table 1).

 
Table 1. Remotely sensed data used for mangrove cover mapping over 7 years 

ID Image codes Date Spatial resolution (m) Remarks 

1 S2A_MSIL1C_20161202T110044 02/12/2016 10 T48QXJ 

2 S2A_MSIL1C_20171217T032131 17/12/2017 10 T48QXJ 

3 S2A_MSIL1C_20181102T031901 02/11/2018 10 T48QXJ 

4 S2A_MSIL1C_20191107T031931 07/11/2019 10 T48QXJ 

5 S2A_MSIL1C_20200902T031541 02/09/2020 10 T48QXJ 

6 S2A_MSIL1C_20210619T031541 19/06/2021 10 T48QXJ 

7 S2A_MSIL1C_20220224T031731 24/02/2022 10 T48QXJ 
Source: http://earthexplorer.usgs.gov 

2.3. Study methods 
To quantity spatial-temporal extent of 

mangrove forests and detect its changes, three 
main steps were proceeded in this study: (1) 
Data pre-processing steps included atmospheric 
corrections, band combination and subset of the 
potential of mangrove extent along the coast of 
Quang Yen; (2) Mangrove cover interpretation 
and classification consisted of using the 
thresholds of Sentinel-2A derived CMRI to 
identify mangrove forests, non-mangrove 
forests and areas covered by water known as the 
class of ‘water bodies’, accuracy assessments of 
mangrove forest mapping with the assistance of 
the field data survey and other referenced data; 
(3) Finally, post-classification process was 
conducted to examine multi-temporal changes 
in mangrove cover along the coast of Quang 
Yen town. 

Sentinel-2A pre-processing: In this study, 
the available time series of Sentinel-2A data 
(2016, 2017, 2018, 2019, 2020, 2021, 2022), 
covering the whole coast of Quang Yen town 
with cloud-free cover selected in Quang Ninh 
province, were freely downloaded from the 
United States Geological Survey (USGS) as 
shown in Table 1. They were then used to 
quantify the spatial-temporal changes in 
mangrove forests along the coast of Quang Yen 
town during the period of 2016-2022. Prior to 
the interpretation and classification of land 
covers and mangrove forests, the semi-
automatic classification plugin (SCP) in QGIS 
Version 3.16 (Congedo, 2020), which both 
allows to download the time series of Sentinel-
2A datasets, but also provides a full suite of 

processing tools that facilitate the pre-
processing phases for image classification. The 
acquired Level-1C orthorectified, top-of-
atmosphere optical Sentinel-2A data were 
atmospherically corrected and further processed 
to Level-2A product to obtain bottom-of-
atmosphere corrected reflectance image 
(Castillo et al., 2017; Hai- Hoa and Hien, 2021).  

Visual Interpretation: This study also used 
the visual interpretation approach to separate 
the extent of mangrove cover from other land 
covers using a band combination (Hai-Hoa et 
al., 2020a; 2020b). The visual interpretation 
was based on either the true color image (RED, 
BLUE and GREEN) or other band combination, 
such as (RED, GREEN, and NIR) (Pavlovic et 
al., 1997; Ye et al., 2021). In this study, visual 
image interpretation was adopted to observe the 
presence or absence of mangrove forests (Asrat 
et al., 2018). 

Mangrove extraction: Vegetation indices, 
including the Normalized Difference 
Vegetation index (NDVI), Soil Adjusted 
Vegetation Index (SAVI), Enhanced Vegetation 
Index (EVI), are effective for assessing 
vegetation status and quantifying vegetation 
attributes (Huang et al., 2020). Under the 
natural condition, mangrove forests distribute 
nearby water areas or between vegetation and 
water, there should be a spectral distinction by 
using Normalized Difference Water Index 
(NDWI) (Yang et al., 2017). This NDWI is also 
useful to delineate open water features 
(McFeeters, 1996). It has also been developed 
to discriminate the mangrove cover, which has 
higher water content (Teng et al., 2021). 
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Therefore, the combination of the two 
vegetation indices (NDVI and NDWI) would be 
very effective to classify mangrove cover from 
non-mangrove covers and water bodies along 
the coast of Quang Yen town (Veettil and 
Quang, 2019; Hai-Hoa et al., 2022a). This 
combination is created the CMRI (Combined 
Mangrove Recognition Index), which has been 

widely used in recent years (Gupta et al, 2018; 
Hai-Hoa et al., 2022a) for distinguishing 
mangrove covers from other features. This 
CMRI has been considered as a useful tool and 
selected to determine the presence of mangrove 
forests (Baloloy et al., 2020; Yancho et al., 
2020). The calculation of NDVI, NDWI and 
CMRI was summarized in Table 2. 

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

Vegetation indices Equations References 
NDVI 

Normalized Difference 
Vegetation Index 

(BandNIR–BandRED)/(BandNIR+BandRED) 
Rouse et al., (1974); 

Thu and Populus, 
(2007) 

NDWI 
Normalized Difference 

Water Index 
(BandGREEN–BandNIR)/(BandGREEN+BandNIR) 

Du et al., (2016); 
Kaplan and Avdan, 

(2017) 
CMRI 

Combined Mangrove 
Recognition Index 

(NDVI– NDWI) 
Gupta et al., (2018); 

Jamaluddin et al., 
(2021) 

Where: BandNIR is Near Infrared Band (Band 8 in Sentinel-2A); BandRED is RED Band (Band 4 in Sentinel-

2A); BandGREEN is GREEN Band (Band 3 in Sentinel-2A). 

 

The wavelength of the Near Infrared Band 
ranges from 0.7 to 1.0μm, while the wavelength 
of the RED Band ranges from 0.4 to 0.7μm. The 
Sentinel–2A data were used to produce the 
CMRI land -cover map, including the mangrove 
cover along the coast of Quang Yen town. This 
study adopted the thresholds of Sentinel-2A-
derived CMRI from the study of Hai-Hoa et al., 
(2022a) for distinguishing mangrove cover 
from other land covers. The thresholds for 
mangrove cover are greater than 0.47 (CMRI> 
0.47), while areas with frequent presence of 
water surface are defined with a threshold of 
less than -0.25 (CMRI< -0.25), a range from -
0.25 to 0.47 (-0.25< CMRI≤ 0.47) is identified 
as non-mangrove covers (Hai-Hoa et al., 
2022a). These thresholds were then used to 
construct a thematic land covers/mangrove 
cover map for each selected year (2016, 2017, 
2018, 2019, 2020, 2021, and 2022).  

Accuracy assessments of classified 
images: Thematic mangrove cover map derived 
from Sentinel-2A-based CMRI was required to 
assess the accuracy of classified images 
(Ghorbanian et al, 2021). Therefore, both visual 
interpretation and statistical approaches were 
performed to assess the classification accuracies 
of the final mangrove cover map each year. For 

accuracy assessments, this study used high-
resolution satellite images offered by Google 
Earth images (2016, 2017, 2018, 2019, 2020, 
and 2021) in combination with GPS points 
collected from the field investigation in 2020 
and 2022 to assess the accuracy of classified 
images. The quantitative validation was then 
performed to evaluate the classification 
accuracies of land-covers/mangrove cover 
derived from CMRI values and referenced data. 
A total of 200 GPS sampling points (including 
100 GPS points for mangrove cover; 60 points 
for non-mangrove covers, 40 points for water 
bodies) selected for each single year of 
Sentinel-2A data. These random points were 
used for accuracy assessments of each thematic 
mangrove cover map.  

For statistical accuracy assessments, 
independent test samples were combined to 
create a computational matrix. The 
classification and control matrices were 
constructed to cross-tabulate the observed data 
with the reference data using the Kappa 
coefficient (Congalton, 1991). The Kappa 
coefficient is a measure of the consistency 
between two maps, considering all the elements 
of the error matrix (Stehman, 1997). A Kappa 
with value of 0 is inconsistent; from 0.41 to 0.6 
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refers as moderately consistent; 0.61–0.8 is 
remarkably homogeneous; and 0.81–1.0 is 
almost perfect homogeneity (Conchedda et al, 
2008; Dat and Yoshino, 2016). To use the data 
correctly, this study considered the minimum 
level of the overall interpretation accuracy in 
coastal land covers, mangrove cover maps 
would be at least 85.0% as suggested by 
previous studies of Foody (2002).  

Post-classification of classified images: In 
post-classification process, the filtering process 
was applied to remove isolated pixels or noise 
or the “salt-and-pepper” effects in the land 
cover map. The filtered classified image was 
then used as the final forest cover map each 
year.  
3. RESULTS AND DISCUSSION 

The results of this study include the accuracy 
assessments, assessment of mangrove cover 
change, drivers of changes in mangrove forests, 

and policy implications for sustainable 
management of mangrove forests.  
3.1. Multi-temporal coastal land use and land 
cover in Quang Yen town 

Accuracy assessments of land cover and 
mangrove cover mapping: 

All the Sentinel-2A images were used to 
produce the CMRI-based land cover 
classification maps for the whole coast of 
Quang Yen. The error matrices indicated that 
accuracy assessments of each selected year 
(from 2016 to 2022) have high accuracies with 
user’s accuracies, as follow: mangrove cover 
(from 94.0% to 98.0%), non-mangrove covers 
(from 90.0% to 96.7%), and water bodies (from 
90.0% to 92.5%), giving overall accuracies of 
93.0%, 94.0%, 95.0%, 94.5%, 94.0%, 94.5% 
and 93.5% in 2016, 2017, 2018, 2019, 2020, 
2021 and 2022, respectively (Table 3). 

 
Table 3. Summary of accuracy assessments of land covers/mangrove cover in Quang Yen 

  Reference data in 2022 (Data collected from field survey) 

C
la

ss
if

ie
d 

im
ag

e-
 

ba
se

d
 C

M
R

I 

 Man Non- Water Total User's Accuracy (%) 

Man 95 4 1 100 95.4 

Non- 0 55 5 60 91.7 

Water 0 3 37 40 92.5 

Total 95 62 43 200   

Producer's 

Accuracy (%) 
100.0 88.7 86.0 

Overall Accuracy: 93.5%  

Kappa coefficient = 0.90 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 

  Reference data in 2021 (Data collected from field survey) 

C
la

ss
if

ie
d 

im
ag

e-
 

ba
se

d 
C

M
R

I 

 Man Non- Water Total User's Accuracy (%) 

Man 97 3 0 100 97.0 

Non- 2 55 3 60 91.7 

Water 1 2 37 40 92.5 

Total 100 60 40 200   

Producer's 

Accuracy (%) 
97.0 91.7 92.5 

Overall Accuracy: 94.5%  

Kappa coefficient = 0.91 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 

  Reference data in 2020 (Data collected from field survey) 

C
la

ss
if

ie
d 

im
ag

e-
 

ba
se

d 
C

M
R

I 

 Man Non- Water Total User's Accuracy (%) 

Man 97 3 0 100 97.0 

Non- 3 54 3 60 90.0 

Water 0 3 37 40 92.5 

Total 100 60 40 200   

Producer's 

Accuracy (%) 
97.0 90.0 92.5 

Overall Accuracy: 94.0%  

Kappa coefficient = 0.90 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 
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  Reference data in 2019 (Data collected from field survey) 
C

la
ss

if
ie

d
 i

m
ag

e-
 

b
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ed
 C

M
R

I 
 Man Non- Water Total User's Accuracy (%) 

Man 94 4 2 100 94.0 

Non- 2 58 0 60 96.7 

Water 0 3 37 40 92.5 

Total 96 65 39 200   

Producer's 

Accuracy (%) 
97.9 89.2 94.9 

Overall Accuracy: 94.5%  

Kappa coefficient = 0.91 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 

  Reference data in 2018 (Data collected from field survey) 

C
la

ss
if

ie
d

 i
m

ag
e-

 

b
as

ed
 C

M
R

I 

 Man Non- Water Total User's Accuracy (%) 

Man 96 2 2 100 96.0 

Non- 2 58 0 60 96.7 

Water 1 3 36 40 90.0 

Total 99 63 38 200   

Producer's 

Accuracy (%) 
97.9 92.1 94.7 

Overall Accuracy: 95.0%  

Kappa coefficient = 0.92 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 

  Reference data in 2017 (Data collected from field survey) 

C
la

ss
if

ie
d 

im
ag

e-
 

ba
se

d 
C

M
R

I 

 Man Non- Water Total User's Accuracy (%) 

Man 97 3 0 100 97.0 

Non- 2 54 4 60 90.0 

Water 0 3 37 40 92.5 

Total 99 60 41 200   

Producer's 

Accuracy (%) 
98.0 90.0 90.2 

Overall Accuracy: 94.0%  

Kappa coefficient = 0.90 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 

  Reference data in 2016 (Data collected from field survey) 

C
la

ss
if

ie
d 

im
ag

e-
 

ba
se

d 
C

M
R

I 

 Man Non- Water Total User's Accuracy (%) 

Man 98 2 0 100 98.0 

Non- 5 52 3 60 86.7 

Water 2 2 36 40 90.0 

Total 105 56 39 200   

Producer's 

Accuracy (%) 
93.3 92.9 92.3 

Overall Accuracy: 93.0%  

Kappa coefficient = 0.89 

Man (Mangrove forests); Non- (Non-Mangrove forests); Water (Water bodies) 
 
Accuracy assessment results from verified 

data show that the CMRI index is a good 

classifier with overall classification accuracy 

(>93.0%) and Kappa coefficient (>0.89). This 

confirms that using CMRI for mangrove cover 

mapping is reliable with Sentinel-2A data, 

which offers the spatial resolution of 10 m. The 

kappa coefficients also indicate that there are 

very high agreements between the classified 

maps and the reference data, thus implying that 

the Sentinel-2A-derived CMRI has a great 

potential for mangrove monitoring and mapping 

in the study area. 

Coastal land use and land cover mapping: 
As the thresholds have been determined for 

classifying mangrove forests, non-mangrove 

forests, and water bodies, the thematic maps of 

coastal land covers/mangrove cover are then 

constructed as indicated in Fig. 2. 
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Fig. 2. Land covers and mangrove cover along the coast of Quang Yen from 2016 to 2022 
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3.2. Dynamics of mangrove cover and drivers 
of changes 

Changes in coastal land covers/mangrove 
cover during 2016-2022:  

Multi-temporal changes in coastal land 
covers in Quang Yen town, Quang Ninh 
province are presented in Table 4 and illustrated 
in Fig. 3. From 2016 to 2022, the overall extent 
of mangrove forests decreased by 343.7 ha 

(equivalent to 57.3 ha, 1.7% of mangrove 
forests lost each year; 11.1% of mangrove forest 
areas lost during the period of 2016–2022). In 
the same period, the extent of non-mangrove 
forests was sharply increased 1,709.6 ha from 
2,765.1 ha in 2016 to 4,474.7 ha in 2022, while 
the area covered by water decreased by 1,365.9 
ha (equivalent to 19.6%).

 

Table 4. Extent of coastal land covers, mangrove cover along the coast of Quang Yen in selected years (ha) 

Years 2016 2017 2018 2019 2020 2021 2022 

Mangrove forests 3,109.1 3,113.2 3,020.5 2,529.2 2,813.9 2,910.5 2,765.4 

Non-mangrove forests 2,765.1 3,171.6 3,210.3 3,689.3 4,132.6 4,111.4 4,474.7 

Water bodies 6,964.2 6,553.6 6,607.6 6,619.9 5,891.9 5,816.5 5,598.3 

Total 12,838.4 12,838.4 12,838.4 12,838.4 12,838.4 12,838.4 12,838.4 

Non-mangrove forests include Rice paddy field/agriculture, residential areas/built-up areas, muddy flats; 

Water bodies refer to areas covered by water, including shrimp ponds, rivers, and open sea water. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 3. Changes in land covers, mangrove cover along the coast of Quang Yen during 2016-2022 

 
As indicated in Table 4 and Fig. 3, there was 

3,109.1 ha of mangrove forests estimated in 
2016 for the whole coast of Quang Yen, Quang 
Ninh province, it slightly increased to 3113.2 ha 
in 2017 and then decreased to 3020.5 ha in 
2018. Remarkably, the total extent of mangrove 
forests dramatically increased to 2529.2 ha in 
2019, it kept sharply increasing to 2813.9 ha in 
2020 and to 2910.5 ha in 2021. However, the 
extent of mangrove forests gradually dropped to 
2765.4 ha in 2022 (Table 4 and Fig. 3). 

Drivers of changes in mangrove forests in 
Quang Yen town 

As can be seen from Table 4, there is a 
spatial-temporal change in mangrove forests 
from 2016 to 2022. The change has been 
observed across all coastal communes of Quang 
Yen. In this study, the main drivers of changes 
in mangrove forests included aquaculture 
expansion, conversion of mangrove forests into 
other land uses, and afforestation projects.  

The expansion of aquaculture has been 
known as one of the biggest drivers of 
mangrove deforestation, in particular, the 
expansion of coastal aquaculture and shrimp 
farm development (Seto and Fragkias, 2007). 
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Our study found that aquaculture expansion in 
general is a dominant contributor to mangrove 
deforestation in Quang Yen town, then followed 
by socio-economic development as newly-
constructed expressway from Hanoi to Hai 
Phong, then from Ha Long to Van Don and 
Mong Cai over the period of 2016–2022. 
However, by examining specific segments 
along the coast of Quang yen town, the 
dominant drivers of mangrove deforestation 
might be slightly different and due to other 
factors (Table 4 and Table 5). In particular, the 
loss of mangrove forests was strongly 
associated with the expansion of aquaculture 
and urbanization and socio-economic 

development during the period of 2018–2019 as 
a newly-constructed expressway from Ha Long 
to Van Don and Mong Cai. Our findings in 
relation to drivers of mangrove forest changes 
are similar to previous studies of Hai-Hoa et al., 
(2019); Hai-Hoa et al., (2022a, 2022b). 
Mangrove conversion to other land-uses has 
been found in many coastal mangrove provinces 
in Vietnam (Hai-Hoa et al., 2013; Huong et al., 
2021). Through our field investigation, we 
found that the mangrove conversion into other 
land uses, including rice production, and coastal 
urbanization is another main contributors to the 
loss of mangrove forests.

 

Table 5. Estimated changes in land covers in different periods in Quang Yen (ha) 

Years 
2016-

2017 

2017-

2018 

2018-

2019 

2019-

2020 

2020-

2021 

2021-

2022 
2016-2022 

Mangrove 

forests 
+4.1 -92.7  -491.2 +284.7 +96.6 -145.1 -343.7 

Non-mangrove 

forests  
+406.5 +38.7 +478.9 +443.3 -21.2 +363.3 +1,709.6 

Water bodies -410.6 +54.0 +12.3 -727.9 -75.5 -218.2 -1,365.9 

Change: (+) refers to the loss; and (-) refers the gain 
 

Conversely, mangrove forests along the 
coast of Quang Yen were notably witnessed an 
increase of their extent from the period of 2019–
2021 (Table 5). According to Hai-Hoa et al., 
(2022a, 2022b); Que (2012); Thuy (2019), both 
international and national mangrove 
afforestation programs, including PAM 
Program, RED-Cross and Japan International 
Cooperation Agency (JICA) programs, have 
significantly contributed to increase the extent 
of mangrove forests in Quang Ninh province in 
general, Quang Yen in particular over the last 
decades. As a result, the extent of mangrove 
forests in some periods of 2019–2020 and 
2020–2021 was recorded with an increase of 
284.68 ha and 96.61 ha, respectively (Table 5). 
During the period of 2016-2017, mangrove 
forests were also witnessed with a slight 
increase of 4.09 ha. Therefore, it can be 
concluded that the international mangrove 
afforestation programs (NGOs) have been 
significantly contributed to mangrove 
afforestation and restoration over the last 
decades not only in Quang Yen, but also in other 
coastal regions in Vietnam.  

4. CONCLUSION 
Remote sensing technology offers an 

effective tool to monitor and detect changes in 
coastal land covers and mangrove cover over 
time. This study used the Sentinel-2A derived 
CMRI thresholds (10m×10m) for coastal land 
covers (threshold of CMRI> 0.47 for mangrove 
forests, –0.25 <CMRI ≤0.47 for non-mangrove 
forests, and CMRI ≤-0.25 for water bodies). The 
CMRI index is suitable for mangrove cover 
mapping along the coast of Quang Yen town 
with overall accuracy over 93.0% and Kappa 
coefficient greater than 0.89 for whole selected 
years, from 2016 to 2022. Overall, the extent of 
coastal mangrove forests along the coast of 
Quang Yen town, Quang Ninh province 
decreased by 343.71 ha in 2022 compared to 
2016. The main drivers for mangrove 
deforestation during the period of 2016–2022 
were aquaculture expansion, socio-economic 
development, other land use conversions, and 
mangrove afforestation programs. The study 
highly suggests that Sentinel-2A derived CMRI 
can be used to monitor changes in mangrove 
forests along the coast of Quang Yen town and 
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to expand in other similar coastal regions of 
Quang Ninh Province.  
Acknowledgements 

This research is funded by the MARD (Ministry 
of Agriculture and Rural Development) Project 
during 2022-2023. The research is a part of Master 
thesis in Forest Resources Management Program in 
Vietnam National University of Forestry. The 
authors also would like to thank the Commune 
People’s Committee and local people in Quang Yen 
town, Quang Ninh province for supporting us when 
collecting data. 

REFERENCES 
1. Asrat, Z., Taddese, H., Orka, H., Gobakken, T., 

Burud, I., Næsset, E. (2018). Estimation of Forest Area 
and Canopy Cover Based on Visual Interpretation of 
Satellite Images in Ethiopia. Land, 7(3):92. 
http://doi:10.3390/land7030092 

2. Baloloy, A.B., Blanco, A.C., Ana, R.R.C.S., 
Nadaoka, K. (2020). Development and application of a 
new mangrove vegetation index (MVI) for rapid and 
accurate mangrove mapping. ISPRS Journal of 
Photogrammetry and Remote Sensing. 166:95-117. 
http://doi:10.1016/j.isprsjprs.2020.06.001 

3. Castillo, J.A.A., Apan, A.A., Maraseni, T.N., 
Salmo, S.G. (2017). Estimation and mapping of above-
ground biomass of mangrove forests and their 
replacement land uses in the Philippines using sentinel 
imagery. ISPRS J. Photogramm. Remote Sens. 134:70–
85. http://dx.doi.org/10.1016/j.isprsjprs.2017.10.016 

4. Conchedda. G., Durieux. L., Mayaux, P. (2008). 
An object-based method for mapping and change analysis 
in mangrove ecosystems. ISPRS Journal of 
Photogrammetry and Remote Sensing. 63:578-589. 
https://doi.org/10.1016/j.isprsjprs.2008.04.002 

5. Congalton. R.G. (1991). A review of assessing the 
accuracy of classifications of remotely sensed data. 
Remote Sensing of Environment. 37:35-46. 
https://doi.org/10.1016/0034-4257(91)90048-B 

6. Congedo, L. (2020). Semi-Automatic 
Classification Plugin documentation. Release 6.4.0.2. 
243p. 

7. Dat, P.T., Yoshino, K. (2016). Impacts of 
mangrove management systems on mangrove changes in 
the Northern Coast of Vietnam. Tropics. 24:141-151. 
https://doi.org/10.3759/tropics.24.141 

8. Du, Y., Zhang, Y., Ling, F., Wang, Q., Li, W., Li, 
X. (2016). Water Bodies’ Mapping from Sentinel-2 
Imagery with Modified Normalized Difference Water 
Index at 10-m Spatial Resolution Produced by 
Sharpening the SWIR Band. Remote Sensing. 8(4): 354. 
http://doi:10.3390/rs8040354 

9. Duke, N.C., Meynecke, J.O., Dittmann, S., 
Ellison, A.M., Anger, K., Berger, U., Cannicci, S., Diele, 
K., Ewel, K.C., Field, C.D., Koedam, N., Lee, S.Y., 
Marchand, C., Nordhaus, I., Dahdouh-Guebas, F. (2007). 
A World without Mangroves? Science. 317(5834):41b–
42. http://doi:10.1126/science.317.5834.41b 

10. Foody, G.M. (2002). Status of land cover 
classification accuracy assessment. Remote Sensing of 
Environment. 80:185-201. 
https://doi.org/10.1016/S0034-4257(01)00295-4 

11. Ghorbanian, A., Kakooei, M., Amani, M., 
Mahdavi, S., Mohammadzadeh, A., Hasanlou, M. (2020). 
Improved land cover map of Iran using Sentinel imagery 
within Google Earth Engine and a novel automatic 
workflow for land cover classification using migrated 
training samples. ISPRS Journal of Photogrammetry and 
Remote Sensing. 167:276-288. 
https://doi.org/10.1016/j.isprsjprs.2020.07.013 

12. Government of Vietnam (2005). National 
Action Plan for the Protection and Development 
Vietnam’s Mangrove Forest until 2015. Agriculture 
Publishing House, Hanoi (2005). 

13. Gupta, K., Mukhopadhyay, A., Giri, S., Chanda, 
A., Datta Majumdar, S., Samanta, S., Mitra, D., Samal, 
R.S., Pattnaik, A.K., Hazra, S. (2018). An Index for 
discrimination of mangroves from non-mangroves using 
LANDSAT 8 OLI imagery. MethodsX. 
http://doi:10.1016/j.mex.2018.09.011 

14. Hai- Hoa, N. (2014). The relation of coastal 
mangrove changes and adjacent land-use: A review in 
Southeast Asia and Kien Giang, Vietnam. Ocean and 
Coastal Management. 90:1-10. 
https://doi.org/10.1016/j.ocecoaman.2013.12.016 

15. Hai-Hoa, N., Hien, N.T.T. (2021). Above-
ground biomass estimation models of mangrove forest 
based-on remote sensing and field-surveyed data: 
Implication for C-PFES implementation in Quang Ninh 
province, Vietnam. Regional Studies in Marine Science. 
48:101985. 
http://dx.doi.org/10.1016/j.rsma.2021.101985 

16. Hai-Hoa, N., Cuong, N.T., Nguyen, V.D. 
(2022a). Spatial-temporal dynamics of mangrove extent 
in Quang Ninh Province over 33 years (1987–2020): 
Implications toward mangrove management in Vietnam. 
Regional Studies in Marine Science. 52:102212. 
https://doi.org/10.1016/j.rsma.2022.102212 

17. Hai-Hoa, N., Quang, P.D., Truong, V.V., Tuan, 
L.P. (2022b). Mapping mangrove cover change using 
PlanetScope data (2017-2022) in Quang Yen town, 
Quang Ninh province toward sustainable mangrove 
management. Journal of Forestry Science and 
Technology. 13:71-80. 
https://doi.org/10.55250/jo.vnuf.2022.13.071-080 

18. Hai-Hoa, N., Nghia, N.H., Cuong, N.T., Lan, 
T.T.N., Quynh, P.N. (2019). Estimation of changes in 
mangrove carbon stocks from remotely sensed data-based 
models: Case study in Quang Yen town, Quang Ninh 
province during 2017-2019. Journal of Forestry Science 
and Technology. 8:98-108. 

19. Hai-Hoa, N., McAlpine, C., Pullar, D., 
Johansen, K., Duke, N.C. (2013). The relationship of 
spatial–temporal changes in fringe mangrove extent and 
adjacent land-use: Case study of Kien Giang coast, 
Vietnam. Ocean and Coastal Management. 76:12–32. 
http://dx.doi.org/10.1016/j.ocecoaman.2013.01.003 

20. Hai-Hoa, N., Uyen, B.N.T., Montenegro, 



Management of Forest Resources and Environment 
 

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 14 (2022)                151 

D.G.F., Hien, N.T.T., Vuong, D.H., Hao, N.T.B. (2018). 
Mapping coastal vulnerability using ICVI (Integrated 
coastal vulnerability index) in Nam Dinh Coast, Vietnam. 
Journal of Forestry Science and Technology. 2:112-121. 

21. Hai-Hoa, N., Nghia, N.H., Hien, N.T.T., An, 
L.T., Lan, T.T., Linh, D., Simone, B., Michael, F. 
(2020a). Classification methods for mapping mangrove 
extents and drivers of change in Thanh Hoa province, 
Vietnam during 2005-2018. Forest and Society. 4:225-
242. https://doi.org/10.24259/fs.v4i1.9295 

22. Hai-Hoa, N., Lan, T.T.N., An, L.T., Nghia, 
N.H., Linh, D.V.K., Thu, N.H.T., Bohm, S., Premnath, 
C.F.S (2020b). Monitoring changes in coastal mangrove 
extents using multi-temporal satellite data in selected 
communes, Hai Phong city, Vietnam. Forest and Society. 
4:256-720. https://doi.org/10.24259/fs.v4i1.8486 

23. Hogarth. P.J. (1999). The biology of mangroves 
and sea grasses. Third Edition. Oxford University Press. 
289 pages. 

24. Huang, S., Tang, L., Hupy, J.P., Wang, Y., Shao, 
G. (2020). A commentary review on the use of 
normalized difference vegetation index (NDVI) in the era 
of popular remote sensing. Journal of Forestry Research. 
32:1-6. https://doi.org/10.1007/s11676-020-01155-1 

25. Huong, T.T.N., Hardy, G.E.S., Le, Tuat V.L., 
Huy, Q.N., Hoang, H.N., Thinh, V.N., Dell, B. (2021). 
Mangrove forest land cover changes in coastal Vietnam: 
A case study from 1973 to 2020 in Thanh Hoa and Nghe 
An provinces. Forests. 12:637. 
http://dx.doi.org/10.3390/f12050637 

26. Jamaluddin, I., Thaipisutikul, T., Chen, Y.N., 
Chuang, C.H., Hu, C.L. (2021). MDPrePost-Net: A 
Spatial-Spectral-Temporal Fully Convolutional Network 
for Mapping of Mangrove Degradation Affected by 
Hurricane Irma 2017 Using Sentinel-2 Data. Remote 
Sens. 13:5042. https://doi.org/10.3390/rs13245042 

27. Kathiresan, K., Bingham B.L. (2001). Biology 
of mangroves and mangrove ecosystems. Advances in 
Marine Biology. 40:81-251. 
https://doi.org/10.1016/S0065-2881(01)40003-4 

28. Kaplan, G., Avdan, U. (2017). Object-based 
water body extraction model using Sentinel-2 satellite 
imagery. European Journal of Remote Sensing. 
50(1):137–143. 
https://doi:10.1080/22797254.2017.1297540 

29. McFeeters, S.K. (1996). The use of the 
Normalized Difference Water Index (NDWI) in the 
delineation of open water features. International Journal 
of Remote Sensing. 17(7):1425-1432. 
https://doi:10.1080/01431169608948714 

30. Pavlovic, V.I., Sharma, R., Huang, T.S. (1997). 
Visual interpretation of hand gestures for human-
computer interaction: a review. IEEE Transactions on 
Pattern Analysis and Machine Intelligence. 19(7):677-
695. https://doi:10.1109/34.598226 

31. Que, N.D., Thinh, P.T., To, H.H. (2012). Report 
on restoring coastal mangrove forests in Vietnam. In: 
Conservation and Development of the Kien Giang 

Biosphere Reserve Project. DARD, Kien Giang. 
32. Rouse, J.W., Hass, R.H., Schell, J.A., Deering, 

D.W. (1974). Monitoring vegetation systems in the Great 
Plains with ERTS. 3rd ERTS Symposium, NASA SP-
351, Washington DC, 10-14 December 1973, 309-317. 

33. Seto, K.C., Fragkias, M. (2007). Mangrove 
conversion and aquaculture development in Vietnam: a 
remote sensing-based approach for evaluating the Ramsar 
convention on wetlands. Global Environ. Change. 17(3-
4):486-500. 
http://dx.doi.org/10.1016/j.gloenvcha.2007.03.001 

34. Stehman, S.V. (1997). Selecting and interpreting 
measures of thematic classification accuracy. Remote 
Sensing of Environment. 62(1):77-89. 
https://doi:10.1016/s0034-4257(97)00083-7 

35. Teng, J., Xia, S., Liu, Y., Yu, X., Duan, H., Xiao, 
H., Zhao, C. (2021). Assessing habitat suitability for 
wintering geese by using Normalized Difference Water 
Index (NDWI) in a large floodplain wetland, China. 
Ecological Indicators. 122:107260. 
https://doi:10.1016/j.ecolind.2020.107260 

36. Thu, P.M., Populus, J. (2007). Status and 
changes of mangrove forest in Mekong Delta: Case study 
in Tra Vinh, Vietnam. Estuarine, Coastal and Shelf 
Science. 71(1-2):98-109. 
https://doi.org/10.1016/j.ecss.2006.08.007 

37. Thuy, P.T, Hoang, T.L., Nguyen, Le, H.N, 
Atmadja, S. (2019). Funding the Protection and 
Development of Mangrove Forests at Sub-National 
Level: Lessons from Ben Tre, Tra Vinh and Ca Mau 
Provinces, Vietnam. CIFOR, Bogor, Indonesia. 
http://dx.doi.org/10.17528/cifor/007234. 

38. Valiela. I, Bowen. J.L, York. J.K. (2001). 
Mangrove Forests: One of the World’s Threatened Major 
Tropical Environments. BioScience. 51(10):807–815.s. 
https://doi.org/10.1641/0006-
3568(2001)051[0807:MFOOTW]2.0.CO;2 

39. Veettil. K.B., Quang, N.X. (2019). Mangrove 
forests of Cambodia: Recent changes and future threats. 
Ocean & Coastal Management. 104895. 
https://doi:10.1016/j.ocecoaman.2019.104895 

40. Yancho, J.M.M., Jones, T.G., Gandhi, S.R., 
Ferster, C., Lin, A., Glass, L. (2020). The Google Earth 
Engine Mangrove Mapping Methodology (GEEMMM). 
Remote Sensing. 12(22):3758. 
https://doi:10.3390/rs12223758 

41. Yang, X., Zhao, S., Qin, X., Zhao, N., Liang, L. 
(2017). Mapping of Urban Surface Water Bodies from 
Sentinel-2 MSI Imagery at 10 m Resolution via NDWI-
Based Image Sharpening. Remote Sensing, 9(6):596. 
https://doi:10.3390/rs9060596 

42. Ye, N., Morgenroth, J., Xu, C., Chen, N. (2021). 
Indigenous forest classification in New Zealand – A 
comparison of classifiers and sensors. International 
Journal of Applied Earth Observation and Geo-
information. 102:102395. 
https://doi:10.1016/j.jag.2021.102395

 



Management of Forest Resources and Environment 
 

152             JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 14 (2022) 

SỬ DỤNG CHỈ SỐ CMRI TỪ ẢNH SENTINEL-2A ĐA THỜI GIAN  

(2016-2022) XÂY DỰNG BẢN ĐỒ RỪNG NGẬP MẶN KHU VỰC  

QUẢNG YÊN, TỈNH QUẢNG NINH 
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TÓM TẮT 
Rừng ngập mặn phân bố ở vùng triều và dọc các đường bờ biển nhiệt đới, cận nhiệt đới và ôn đới ấm. Chúng có 

chức năng quan trọng trong việc ngăn chặn xói mòn bờ biển, giảm thiểu tác động của sóng và bảo vệ môi trường 

sống ven biển. Tuy nhiên, rừng ngập mặn dễ bị tổn thương do tác động của những cơn bão và chịu sức ép từ con 

người. Nghiên cứu đã xây dựng bản đồ phân bố rừng ngập mặn từ năm 2016 đến năm 2022 bằng cách sử dụng 

dữ liệu ảnh viễn thám Sentinel-2A. Dữ liệu được sử dụng để phát hiện biến động diện tích rừng ngập mặn bằng 

việc kết hợp phương pháp giải đoán ảnh bằng mắt với sử dụng các ngưỡng chỉ số CMRI (giá trị CMRI> 0,47 đối 

với rừng ngập mặn, -0,25 <CMRI ≤0,47 cho đối tượng không ngập mặn và CMRI ≤- 0,25 cho đối tượng che phủ 

bởi nước). Kết quả đánh giá độ chính xác tổng thể cho từng đối tượng lớp phủ từ năm 2016 đến năm 2022 cho 

thấy độ chính xác trên 94,0% với hệ số Kappa lớn hơn 0,89. Kết quả này đã xác nhận sử dụng ảnh Sentinel-2A 

đảm bảo độ tin cậy để lập bản đồ biến động lớp phủ và rừng ngập mặn vùng ven biển thị xã Quảng Yên. Nghiên 

cứu cũng cho thấy diện tích rừng ngập mặn thị xã Quảng Yên giảm 343,7 ha vào năm 2022 (2.765,4 ha) so với 

năm 2016 (3.109,1 ha). Nuôi trồng thủy sản, phát triển trang trại nuôi tôm, mở rộng diện tích đất nông nghiệp, 

chuyển đổi đất rừng ngập mặn sang các mục đích sử dụng khác là những nguyên nhân chính dẫn diện tích rừng 

ngập mặn suy giảm giai đoạn 2016-2022. Nghiên cứu đề xuất nên sử dụng dữ liệu viễn thám Sentinel-2A để theo 

dõi và giám sát biến động diện tích rừng ngập mặn tại Quảng Yên và mở rộng sang các khu vực ven biển khác 

thuộc tỉnh Quảng Ninh, hướng tới đề xuất các giải pháp quản lý rừng ngập mặn bền vững. 

Từ khóa: Chỉ số thực vật, CMRI, Quảng Yên, rừng ngập mặn, Sentinel-2A. 
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