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SUMMARY

Mangrove forests are intertidal wetlands and found along tropical, subtropical, and warm-temperate coastlines.
They also offer valuable ecosystem services. However, mangrove forests are especially vulnerable as typhoons
frequently hit during the monsoon season and under driving human pressures. The spatio-temporal change
information of mangrove forest cover distribution in Tien Yen district is incomplete. Thus, this study was
undertaken to detect spatial-temporal distribution of mangrove forests in Tien Yen district and then identify the
drivers of mangrove cover change. Multi-temporal Sentinel-2 data were used to detect changes in the extent of
coastal mangrove forests using the NDVI thresholds combined with the visual interpretation. Three land use and
land covers were categorised, namely mangrove forests, non-mangrove forests, and water bodies. Mangrove
forests in Tien Yen district were estimated to be 3133.8 ha in 2015 and decreased by 277.8 ha in 2020.
Aquaculture, shrimp farm and agriculture expansion, and other land uses were the main drivers for mangrove
deforestation during the period of 2015 - 2020. This study used the NDVI thresholds for coastal land covers
(NDVI value > 0.2 for mangrove forests). The overall accuracies assessments of land covers in 2020 (reached
91.3%, Kappa coefficient of 0.83) and land covers in 2016 (assessed at 88.3%, Kappa coefficient of 0.78) have
confirmed the effectiveness of using remotely sensed Sentinel-2A/B for monitoring the spatio-temporal changes

of mangrove forests in Tien Yen district.
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1. INTRODUCTION

Mangrove forests are defined as assemblages
of salt tolerant trees and shrubs that grow in the
intertidal regions of the tropical and subtropical
coastlines. They grow luxuriantly in the places
where freshwater mixes with seawater and
where sediment is composed of accumulated
deposits of mud. Mangrove forests are one of
the world's most diverse and active habitats, and
they are often distributed in the close to the
equator tropical and subtropical regions, where
the common pierce is submerged in sea water
(Thom, 1984). They are normally classified into
six types on the basis of the geophysical,
geomorphological and biological factors
(Thom, 1984). Mangrove forests are well-
known to control the shore by gathering
sediments from rivers and streams, which
reduce the movement of water. They also
protect and shelter coastal urban areas in from
the extreme weather occurrences, including
hurricanes and flooding (Ewel et al., 1998).
Mangrove forests are also able to filter toxins in
the environment biologically, such as CO>
emitted into the atmosphere by human activities
(Jennerjahn and Ittekkot, 2002; Dittmar et al.,
2006; Duke et al., 2007). One of the most
diverse mangrove features is their complex root
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networks, which offers the ecosystem with a
wide variety of ecosystems, including mollusks,
and foraging crustaceans.

It is estimated that mangrove forests have
covered up to 200,000 km? on a worldwide
scale (Duke et al., 2007; Spalding et al., 2010).
Since the mid-twentieth century, most of the
mangrove forests have been deforested and
degraded. Therefore, they have been known as
among the most endangered ecosystems on the
planet. Mangrove forests have been estimated
with disappearing rate of 1 + 2% each year
around the world (Alongi, 2002; FAO, 2007),
owing primarily to the growth of fisheries,
agriculture, and development of residential
arcas (Valiela et al., 2001; Giri et al., 2008;
Rahman et al.,, 2013), particularly those in
Southeast Asia and Latin America (Keller,
2014). Furthermore, settlements within the
mangrove forests will be completely
incapacitated of essential food sources (Ewel et
al., 1998). Thus, the protection of mangrove
forests is crucial due to their great ecological
and socio-economic significance.

The decline in the areas of mangrove forests
can be extrapolated to the whole of Vietnam,
where the areas of mangroves declined
dramatically from 408,500 ha in 1943 to
290,000 ha in 1962, 252,000 in 1982, 155,290
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ha in 2000 and slightly increased to 157,500 in
2005 (FAO, 2007; McNally et al., 2011; Hai-
Hoa et al., 2013; Hai-Hoa, 2014; Son et al.,
2016). The loss of mangrove forests in Vietnam,
mostly due to the expansion of aquaculture and
the rapid growth of coastal urbanization, has
had €enormous environmental and
socioeconomic implications. Changes in the
hydrological regime, soil erosion, water
contamination, and sedimentation in marine
habitats are also factors to consider (FAO, 2007;
McNally et al., 2011). Mangrove forests in the
study area are traditional forest habitats of
Vietnam's northwestern region. The mangrove
system, which is diverse and rich in tree species
and ecosystem values, and shelter for marine
species of high economic value, has provided
local people with good opportunities and stable
coastal livelihoods. Recent studies have shown
that there are 16 main mangrove species
belonging to the real mangrove group
identified, including Kandelia obovata,
Rhizophora stylosa, Bruguiera gymnorrhiza,
Avicennia spp., and A. corniculatum.

Tien Yen district has a population of
43,227 inhabitants, with over 60 businesses and
households raising aquaculture, mostly shrimp,
and over 20 households, each owing within 3+
7 ha of land. Despite the fact that this areas are
being qualified as a RAMSAR site, the sea
diverts it away from mangrove forests for other
purposes, especially shrimp farming and
aquaculture. As a result, it is important to
consider the shifts in space and time within
mangrove forests in the research areas for
economists and ecologists and to manage
natural resources in the region with useful
knowledge for the conservation of the
mangrove ecosystem.

Remote sensing is considered as an effective
tool to detect and monitor mangrove forest
changes over the time. It also has long been
acknowledged as one of the most reliable
methods for monitoring mangrove forests at all
spatial scales. In Vietnam, remote sensing is
used to monitor and assess mangrove ecosystem
for sustainable mangrove management.
However, most of these activities have
emphasised on terrestrial forests rather coastal
mangrove forests. In Quang Ninh province,
changes in mangrove forests have either not

been documented or are limited to monitor the
success of mangrove afforestation projects.
Gaps remain in the documentation of mangrove
forest extent and their changes across the time
in Quang Ninh province. In addition, the
construction of mangrove cover map requires
the high accuracy and up-to-date information,
while traditional rudimentary methods are
laborious and time-consuming. The outcomes
of this study would enable local authorities to
manage coastal mangrove forests more
effectively and efficiently. Therefore, the
objectives of this study were to: (1) determine
the spatial extent of mangrove forests in Tien
Yen district, Quang Ninh province using multi-
temporal Sentinel-2A/B from 2015 to 2020; (2)
estimate changes in spatio-temporal extent of
mangrove forests in Tien Yen district from 2015
- 2020; (3) document the drivers responsible for
the changes in the extent of mangrove forests
for providing better solutions how to manage
mangrove forests in a sustainable manner in
Tien Yen district.
2. RESEARCH METHODOLOGY
2.1. Study site

This study selected Tien Yen district in
Quang Ninh province in the Northern Vietnam
to investigate the transition in the mangrove
region using Sentinel-2A/B satellite imageries.
The study areas span nearly 3,900 ha, with
Dong Rui accounting for nearly half of the
commune's natural area. The population density
in the region is around 54,000 people (Hai-Hoa,
2016). With the Dan-mat shoreline, mangrove
forests in Tien Yen district is being qualified as
a Ramsar site. It was formed as a result of the
mountainous area's erosion and tectonic phase
and was then inundated by the sea. The northern
bank line, from Mui Chua to the end of Hai
Lang commune (bordering on National
Highway 18), is nearly perpendicular to the
majestic road; the west bank line, in the right
North-South direction of the meridian, makes
up the right angle. In addition to the mangrove
biome, Dong Rui mangrove forests have been
described as having notably ecosystems:
namely estuarine, intertidal, lagoon, and lake
ecosystems. This is also a region of high species
diversity and many economically valuable
species as well as biodiversity conservation
principles. However, mangrove forests and their
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ecosystem in general is being threatened due to
both nature and human-driven forces. Many
recent reports showed that mangrove
deforestation and degradation have been
witnessed in all of the coastal communes of

Tien Yen district where mangrove forests are
existing. The actions therefore should be taken
to protect existing mangrove forests and
mangrove afforestation should be promoted.
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Fig. 1. Study site: (a) Geographic location of Tien Yen district in Quang Ninh province;
(b) coastal communes of Tien Yen district, where mangrove forests are found in nearby shores.
A recent record shows the loss of mangrove forests has been experienced (in the red color patterns).

2.2. Remote sensing data collection
In this study, multiple-temporal Sentinel-

2A/B images were used to classify the extent of
mangrove forests in different periods (Table 1).

Table 1. Remotely sensed data used for detecting changes in mangrove extent

1D Image code Date Spatial resolution (m) Note

1 L1C _T48QYJ_A000830 20150820T033001 20/08/2015 10 T48QYJ

2 S2A 20151218T033425 20151218T084033  18/12/2015 10

3 S2A 20161202T033827 20161202T083733  02/12/2016 10 T48QYJ

4 S2A MSILIC 20171217T032131 17/12/2017 10 T48QYJ

5 S2B MSIL1C 20181217T032129 17/12/2018 10 T48QYJ

6 S2A MSILIC 20191107T031931 07/11/2019 10 T48QYJ

7 S2A MSILIC 20201022T031801 22/10/2020 10 T48QYJ

8 S2B MSIL1C 20201206T032119 06/12/2020 10 T48QYJ

Source: https://earthexplorer.usgs.gov; https://scihub.copernicus

2.3. Methods NDVI thresholds defined, accuracy assessments

To detect spatial-temporal changes in the
extents of mangrove forests, three main steps
were proceeded: (1) Data pre-processing, which
included atmospheric  corrections, band
combination and subset of the studied areas; (2)
Mangrove identification and classification with

of mangrove mapping with the field data
survey; (3) Finally, post-classification was used
to examine multi-temporal shifts in Tien Yen
district.

Data pre-processing: The available
Sentinel-2A/B images (2015, 2016, 2017, 2018,
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2019, 2020) processed at Level 1C (already an
orthorectified and top-of-atmosphere
reflectance), covering Tien Yen district, Quang
Ninh province, were downloaded from Sentinel
Scientific Data Hub as shown in Table 1. The
acquired Level- 1C orthorectified, top-of-
atmosphere optical Sentinel-2 images were
atmospherically corrected and further processed
to Level- 2A product to obtain bottom-of-
atmosphere corrected reflectance image
(Castillo et al., 2017) by using the Semi-
Automatic Classification Plugin in QGIS
Version 3.16 (Congedo, 2020). In addition, the
pre-processed Sentinel-2 Level 2A were geo-
referenced to UTM WGS 1984 Zone 48N
projection and datum. Bands of Sentinel-2
(Bands 2 - 12) were stacked into composite
bands for the visual interpretation purpose.

Mangrove extraction: This study primarily
used the Normalized Difference Vegetation
Index (NDVI) in conjunction with the visual
representation approach to classify mangrove
forests, non-mangrove forests, and water
bodies. The study specified the NDVI threshold
value for each land use and cover (mangrove
forests, non-mangrove forests, and water
bodies), which were then used to create
thematic maps of land use/cover. The NDVI
was calculated as the following formula (Saleh,
2007; Ramdani et al., 2018):

NDVI= (Bandnir-Bandrep)/
(Bandnir+Bandrep)

Where: Bandnir stands for Near infrared
(Band 8 in Sentinel-2), and Bandrep is Red
band (Band 4 in Sentinel-2). The wavelength of
the Near infrared band ranges from 0.7 to 1.0
um, while the wavelength of the Red band
ranges from 0.4 to 0.7um. NDVI is used to
classify areas with vegetative layers (mangrove
forests) and non-vegetation (non-mangrove
forests) since it allows for a precise depiction.
The chlorophyll in the leaves absorbs visible
light (0.4 - 0.7um) and reflects lattice light (0.7
- 1.0 um) in the near infrared spectrum (Green
et al., 1998). NDVI is commonly used to study
vegetation, such as calculating crop yields,

cultivability, and field conversion. NDVI is also
related to parameters, such as topsoil layer,
plant photosynthesis, water, and biomass
computation (Fenshoult et al., 2009). The
determined NDVI values, which range from -
1.0 = 1.0, demonstrate a simple distribution of
vegetation cover in the sample area (Wang and
Tenhunen, 2004; Fensholt et al., 2009). It also
reflects various plant classes by using the values
of each plant type. They are usually divided into
levels: from a negative value to 0 is water; value
less than 0.1 usually represents soil, rock, and
sand or snow; from approximately 0.2 to 0.5 it
is scrub, grass, or dry field; from 0.6 to 0.9 or
close to 1.0 are trees and plants (Singh, 1989;
Tucker et al., 2005). Therefore, NDVI has been
considered as a useful tool and selected to
determine the presence of mangrove forests in
the study.

Visual Interpretation: This study also used
the visual interpretation approach to separate
mangrove areas from other land uses from
remote sensing imageries (Hai-Hoa et al.,
2020a; 2020Db).

Accuracy assessments: The accuracy
assessment is an important process for
evaluating the result of post-classification as the
user of land cover outputs should know how
accurate the results are. To evaluate the
accuracies of Sentinel-2A/B images classified
and assess the accuracies of NDVI among
selected years, randomly selected sampling
points were used to quantitatively assess the
coastal land cover classification accuracy. Total
sampling points used for the -classification
accuracy estimation were 300 GPS points, 200
points for mangrove forests, 50 non-mangrove
forests, and 50 points for water class in 2020,
while 2016 Sentinel-2A was assessed by using
points generated from Google Earth data. The
overall classification accuracy, producer’s
accuracy and Kappa statistics, were then
estimated for quantitative classification
performance analysis (Foody, 2013). To use the
data correctly, we considered the minimum
level of the overall interpretation accuracy in
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coastal and use and land cover map would be at
least 85.0% as suggested by previous studies of
Foody (2002; 2003).

3. RESULT AND DISCUSSION

3.1. Multi-temporal coastal land use and land
cover in Tien Yen district

Accuracy assessments of coastal land
cover classification:

This study used the NDVI thresholds defined
by Hai-Hoa et al. (2020b) with adaption to
classify coastal land cover with thresholds for
mangrove forests (NDVI > 0.2), for non-
mangrove forests (NDVI>0 and NDVI<=0.2),
and for water bodies (NDVI <= 0.0). The
classification accuracy was evaluated by the
confusion matrix. The classified images showed
an overall accuracy of 91.3% in 2020 and
88.3%, with Kappa coefficients of 0.83 and
0.78, respectively (Table 2 and 3). User’s and
producer’s accuracies of individual classes for

2020 and 2016 of coastal land covers are
presented in Table 2 and 3, and indicate that all
classes have user’s and producer’s accuracies
higher than 80.0%, with exception of non-
mangrove forests in producer’s accuracy
assessments. The classification accuracy of the
results was assessed based on the field survey
results in 2020. It was also shown that the
ground reference data used in this study was
prepared from existing LUC maps and the high-
resolution Google Earth imagery in 2016, while
other years (2017, 2018, and 2019) were unable
to conduct accuracy assessments due to the
unavailable reference data. The accuracies
assessments achieved confirmed  the
effectiveness of using remotely sensed Sentinel-
2A/B for monitoring the spatio-temporal
changes of mangrove forests in Tien Yen
district (Thomlinson et al., 1999; Foody, 2002;
2003).

Table 2. Accuracy assessments of coastal land covers in 2020

GPS
Sentinel classified Man Non-man Waters Total User’s(z(;oc)curacy
Man 183 14 3 200 91.5
Non-man 5 44 1 50 88.0
Waters 0 3 47 50 94.0
Total 188 61 51 300
Producer’s Accuracy (%) 97.3 72.1 92.2

Overall accuracy (%): 91.3; Kappa coefficient is 0.83; Sentinel-2A 22/10/2020

Man: Mangrove forests; Non-man; Non-mangrove forests (rice paddy field/agriculture, residential areas/built-up
areas, muddy flats); Waters (Shrimp ponds, rivers, open sea water).

Table 3. Accuracy assessments of coastal land covers in 2016

GPS
Sentinel classified Man Non-man Waters Total User s({)}oc)curacy
Man 175 20 5 200 87.5
Non-man 5 42 3 50 84.0
Waters 0 2 48 50 96.0
Total 188 61 51 300
Producer’s Accuracy (%) 97.2 65.6 85.7

Overall accuracy (%): 88.3; Kappa coefficient is 0.78; Sentinel-2A 02/12/2016

Man: Mangrove forests; Non-man; Non-mangrove forests (rice paddy field/agriculture, residential areas/built-up
areas, muddy flats); Waters (Shrimp ponds, rivers, open sea water).

Coastal land use and land cover mapping:
As thresholds adapted from Hai-Hoa et al.
(2020b) for classifying mangrove forests, non-
mangrove forests, and water bodies. The

thematic maps of coastal land use and land
covers have been constructed as indicated in
Fig. 2.
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Fig. 2. Land use and land covers in coastal communes of Tien Yen district, Quang Ninh province
obtained Sentinel-2A/B 2015- 2020
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As indicated in Fig. 2, mangrove forests
spatially distribute across all of five coastal
communes of Tien Yen district. However, large
areas mangrove forests are found in Dong Rui
commune, followed by Hai Lang and Tien Lang
communes. The areas of mangrove forests have
been spatially and temporally changed across
five coastal communes.

3.2. Land use and land cover from 2016 to
2020 in Tien Yen district

Coastal land use/cover changes during
2016- 2020 in Tien Yen district:

Multiple-temporal changes in coastal land
use/covers in Tien Yen district, Quang Ninh
province are presented in Table 4 and illustrated
in Fig. 3. From 2015 to 2020, the overall extent
of mangrove forests decreased by 277.8 ha
(equivalent to 55.6 ha, 1.8% of mangrove
forests lost each year; 8.7% of mangrove forest

Table 4. Estimated areas of coastal land use/covers

areas lost during the period of 2015 - 2020).
Over the same period, the extent of non-
mangrove forests decreased by 532.6 ha in Tien
Yen district, while the extent of water cover
increased by 810.4 ha.

In December 2020, the extent of non-
mangrove forests, including rice paddy
field/agriculture, residential areas/built-up
areas, and intertidal muddy flats were estimated
at 881.5 ha from Sentinel-2B. These intertidal
areas in Tien Yen district offer potential targets
for future mangrove restoration projects. The
arecas of water cover fluctuated during
differently studied years, but generally
increased from 5361.8 ha in 2015 to 6172.2 ha
in 2020. In particular, the areas of water covers
decreased continuously from 2017 to 2018
compared to 2015, but exceptional in 2016 and
2020 in Tien Yen district.

(ha, %) in Tien Yen district for different years:

2016, 2017, 2018, 2019, and 2020

Years 2015 2016 2017 2018 2019 2020
Mangrove forests 3133.8 3210.8 3943.8 3700.9 3525.2 2856.0
Non-mangrove forests 1414.1 988.9 999.6 968.4 1736.4 881.5
Water bodies 5361.8 5710.1 4966.4 5240.5 4647.2 6172.2
Change in water bodies (+, -) compared to 2015 3483 -395.4 -121.3 -714.6 +810.4

Total 9909.8 9909.8 9909.8 9909.8 9909.8 9909.8

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

Waters, Shrimp ponds, rivers, open sea water.
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Fig. 3. Changes in land use and land cover in coastal communes of Tien Yen district,

Quang Ninh province during
As can be seen in Fig. 3, it is evident that
some areas have been experienced with the
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the period of 2015 - 2020
stability of mangrove forests, and non-
mangrove forests, while non-mangrove forests
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and water bodies (intertidal areas) were
witnessed with the replacement of newly
planted mangrove forests. Mangrove forests
were also cleared to other land use purposes,
such as shrimp farm expansion, agriculture
expansion, and newly created built-up areas. In
addition, Dong Rui, Hai Lang, Dong Ngu and
Dong Hai communes have been witnessed with
mangrove deforestation, while mangrove
afforestation has been recorded mainly in Dong
Rui commune.

Changes in mangrove forests in Tien Yen
district from 2016 - 2020:

The extent of mangrove forests and changes
differed between coastal communes within Tien
Yen district (Table 5, Fig. 4). Mangrove forests

were evident in Dong Rui, Hai Lang, Tien Lang,
Dong Ngu and Dong Hai communes in 2015.
The period of 2015 - 2020 witnessed the
fluctuations in mangrove extent in Tien Yen
district. By 2020, the extent of mangrove forests
(2856.8 ha) decreased by 227.8 ha compared to
2015 (3133.8 ha). Significantly, mangrove cover
sharply increased by 810.0 ha in 2017 and 567.1
ha in 2018 in comparison with 2015. In
particular, Dong Rui, Dong Ngu and Dong Hai
communes experienced with large changes in
mangrove cover, resulting in an overall increase
of mangrove forest extent in 2017 and 2018. In
contrast, Hai Lang and Tien Lang communes
were observed with almost constant extent of
mangrove forests from 2015 to 2020.

Table 5. The estimated extent of mangrove forests (ha) in coastal communes of Tien Yen district
for years: 2016, 2017, 2018, 2019, and 2020

Communes 2015 2016 2017 2018 2019 2020
Dong Rui 1597.5 1405.3 1812.4 1727.7 1660.9 1194.3
Hai Lang 509.5 651.2 632.4 644.3 635.0 618.6
Tien Lang 3994 410.6 454.0 4334 436.8 385.3
Dong Ngu 117.3 143.4 864.3 159.9 154.2 114.6
Dong Hai 510.2 599.8 180.8 735.7 639.2 543.2

Total 3133.8 3210.8 3943.8 3700.9 3526.1 2856.0
Change (-: Decrease -; +: Increase) +77.0 +810.0 +567.1 +392.3 -227.8
: Yc'" i Yen Than Yen Than
ar Tien Yen
Dong Neu

Changes in mangrove forests
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Fig. 4. Changes in mangrove forests in coastal communes of Tien Yen district,
Quang Ninh province in selected years (2015, 2016, 2017, 2018, 2019, 2020)

As can be seen there is a spatio-temporal
change in mangrove forests from 2015 to 2020.

The change has experienced across all of five
coastal communes of Tien Yen district. In
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particular, Dong Rui commune has been
witnessed with a large change in the extent of
mangrove forests from 2015 to 2020, followed
by Dong Hai and Dong Ngu communes. The
main drivers of change in mangrove forests
were aquaculture expansion, other land use, and
afforestation projects (Hai-Hoa, 2014; Hai-Hoa
etal., 2015; Hai-Hoa, 2016). Other land use was
also a key drivers of mangrove deforestation in
Tien Yen district. The study has found that the
expansion of rice production was responsible
for driving mangrove deforestation in coastal
communes of Tien Yen district. However,
recent afforestation projects have significantly
contributed to increase the extent of mangrove

forests during the studied periods. The Sentinel-
2A/B data revealed young mangrove forests,
mangrove planted in recent years were able to
be included in the 2019 and 2020 mangrove
forest maps (Fig. 4). Therefore, it assumes that
the satellite imagery (Sentinel-2A/B) are able to
identify whether afforestation projects have
been implemented successfully or not in Tien
Yen district.
3.3. Drivers of changes in mangrove forests in
Tien Yen district

The drivers of changes in mangrove forests
over the period of 2015 - 2020 were in the order
of aquaculture, shrimp farm expansion > other
land uses > natural factors > afforestation.

Table 6. Estimated changes in land use/cover (ha) in different periods in Tien Yen district

Years 2015-2017 2017-2018  2018-2019  2019-2020  2015-2020
Mangrove forests +810.0 -242.9 -175.7 -669.2 -277.8
Non-mangrove forests -414.5 -31.2 768.0 -854.9 -532.6
Waters -395.4 274.1 -593.3 1525.0 810.4

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

As shown in Table 6, we can see the changes
in land use/covers in Tien Yen district. Overall,
the extent of mangrove forests decreased by
277.8 over the period of 2015 - 2020. Similarly,
the non-mangrove forests, including rice paddy
field/agriculture, residential areas/built-up
areas, muddy flats, have been recorded with a
reduction of 532.6 ha, while water bodies, such
as shrimp farms, ponds, rivers, open seawater,
have been increased by 810.4 ha. Key periods
of changes in land use/covers are summarized
as below:

Period of 2015 - 2017: In this period, the
areas increased by 810.0 ha as evidenced by
international  participation in  mangrove
afforestation project. By NGOs and Vietnamese
government programs, with the project KVT
(Netherlands), ACTMANG (Japan), Vietnam
Academy of Forestry Science, Department of
Environment (Ministry of Natural Resources
and Environment), mangroves aims to increased
resistance to good construction. This is a project
signed with the comfort of every household
involved in planting and protecting mangroves
(Hai-Hoa, 2016).

Period of 2017 - 2018: In this period as the
areas of mangrove forests decreased by 242.9 ha
due to indiscriminate logging and deforestation,
the exploitation of aquatic resources under the
forest canopy was not controlled, leading to

mangroves and mangroves being degraded.
degradation, seriously affecting the ecological
environment, production and the lives of local
people. Non-mangrove forests were also
converted to other purposes, while other areas
of water cover increased by 274.1 ha.

Period 2018 - 2019: In this period, the
areas of mangrove forests continued to decrease
by 175.7 ha, mainly because people after being
allocated forests only cared about economic
benefits. Therefore, local people have cleared
the areas of mangrove forests to fill the lagoon,
exploited mangrove trees for firewood, cut bark
to dye fishing nets, and raise seafood.

Period 2019 - 2020: During this period, the
areas of mangrove forests and non-mangrove
forests continued to decrease significantly by
669.2 ha and 854.9 ha, respectively. Apart from
the same drivers of mangrove deforestation and
non-mangrove forest conversion to other
purposes in the period of 2019 - 2020, unmanaged
and untreated solid wastes and domestic water
discharged directly into the nearby sea water, thus
affecting the ecological environment and
biodiversity, including mangrove ecosystem.
Marine and mangrove ecosystems have seriously
affected by the pollution. Along with that, there
are no mechanisms and policies to encourage
people to participate in the protection and
development of mangroves.
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4. CONCLUSION

Remote sensing technology is an effective
tool to detect and monitor mangrove change
over time. Three land use and land covers were
classified using Sentinel-2A/B from 2015 -
2020, namely mangrove forests, non-mangrove
forests, and water bodies. This study used the
NDVI thresholds for coastal land covers (NDVI
value > 0.2 for mangrove forests). The overall
accuracies assessments of land covers in 2020
(assessed at 91.3% of accuracy, Kappa
coefficient of 0.83) and land covers in 2016
(88.3% of accuracy, Kappa coefficient of 0.78)
have confirmed the effectiveness of using
Sentinel-2 data for monitoring the spatio-
temporal changes of mangrove forests in Tien
Yen district.

The areas of coastal mangrove forests in Tien
Yen district, Quang Ninh province in 2015 were
3133.8 ha and non-mangrove forests are 1414.1
ha, while the areas of mangrove forests and non-
mangrove forests in 2020 were estimated at
2856.0 ha and 881.5 ha, respectively. Overall,
mangrove forests in Tien Yen district decreased
by 277.8 ha in 2020 compared to 2015 and main
drivers for mangrove deforestation during the
period of 2015 - 2020 were aquaculture
development, shrimp farm and agriculture
expansion, and other land use conversions
recorded.
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PHAT HIEN THAY POI RUNG NGAP MAN BANG DU LIEU ANH DA
THOI GIAN SENTINEL-2 TAI HUYEN TIEN YEN, TINH QUANG NINH

Nguyén Quyét!, Nguyén Hai Hoa!", Vo Pai Nguyén!, Pham Duy Quang'

"Truwong Pai hoc Lam nghiép
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TOM TAT

Rung ngép min 13 loai thuc vat phat trién ¢ ving nudc triéu ven bién, phan bd ¢ cac khu vuc ven bién nhiét déi,
can nhiét d6i va 6n doi. Rirng ngdp man cé gia tri cung ce“ip céc dich vy hé sinh thai cao. Tuy nhién, hi¢n nay h¢
sinh thai rimg ngap min dang bi ton thuong do tac dong cua thién tai va ap lyc tir phia con nguoi. Tién Yén la
mot huyén ven bién thudc tinh Quang Ninh. Hién nay, dit liu vé phéan b6 va bién dong dién tich rirng ngap mén
theo thoi gian va khong gian con nhiéu han ché, cac sé liéu dinh luong con it va tan man. Nghién ctru duogc thyuc
hién nhim lugng hoé va cip nhat di liéu vé& phan bd rimg ngap min theo khong gian va thoi gian, xac dinh cac
nguyén nhan chinh dan dén mat rung va suy thoai rung trong giai doan 2015 - 2020. Dit li¢u anh da thoi gian
Sentinel-2 dugc str dung dé phat hién thay dél vé dién tich ring ngap man thong qua ngudng chi s6 NDVI két
hop v6i phuong phap giai doan anh bang mét. Két qua nghién ctru dd phén loai tham phu thanh ba dbi twong
khac nhau, bao gom rung ngdp man (mangrove forests), dbi turong khong la ring ngdp médn (non-mangrove
forests: dét tréng, dat ndéng nghiép, dét thd cu, dat vung tridu...) va ddi twong la nuéc (water bodies). Rung ngdp
man ¢ huyén Tién Yén dugc udc tinh 1a 3133,8 ha vao nam 2015 va da giam di 277,8 ha vao nam 2020. Hoat
dong nudi trf)ng thiy san, mé rong trang trai dém nudi tdm va phat trlén néng nghiép, va viéc thay d6i myc dich
sir dung dat khac 1a nguyén nhan chinh dan dén rumg ngdp man bi mét va suy thodi trong giai doan 2015 - 2020.
Nghién ciru di sir dung ngudng chi s6 NDVI dé phan loai cac 16p phu ven bién (gia tri chi s6 NDVI > 0,2 d6i
voi rimg ngdp mdn). Danh gia d¢ chinh xac tong thé vé phan loai tham phu ven bién nam 2020 dat 91,3% véi hé
s6 Kappa 0,83, va ndm 2016 dat do chinh xac 88,3% vo6i hé s6 Kappa 0,7 da khang dinh hiéu qua cua viéc sir
dung tu liéu anh vién thAm Sentinel-2A/B dé danh gi4 va giam sat su thay ddi cta rimg ngdp min theo khong
gian va thoi gian tai huyén Tién Yén.

Tir khéa: anh vién tham Sentinel-2, chi s6 NDVI, huyén Tién Yén, 16p phii va six dung dit, rirng ngap man.
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