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Abstract: Can Gio Mangrove Biosphere Reserve provide many ecosystem services, such as
provisioning, regulating, cultural, and supporting services for the urban areas as well as
wildlife of suburban areas Ho Chi Minh City and the nearby ecosystems. Therefore, it is
important to monitor and evaluate ttleangeof mangrove forest cover in the long term. In

this study, the Normalized Difference Vegetation IndéDVI at 10 m resolution from

2015 to 2023 of Can Gio wasbtainedfrom the Copernicus Sentinr2l databaseising
Google Earth EngineGEE. SubsequentlyNDVIs statistic were computed by Rdssess

the slope of NDVichangewith p-value significance in Can Gio. The results indicated that
NDVI values typically range from0.4 to +0.8 and vary annuallif is evident that NDVIs

values from 2015 to 2020 are marginally higher than those recorded between 2021 and 2023
Thedegradationn average NDVI from 2015 to 202@as rationally deducible either from

the downsizing of mangrove forest areas or the degradation of the mangrove forest.
However, the annual NDVI statistic revealed there were areasmattceleration of NDVI

in conparison with the destruction of NDVI areas from 2015 to 2023ar regression
effectively models continuous processes like deposition or erosion. However, to evaluate
other factors such aéscretehumanmade or sporadic impacts, alternative statistical models
should be considered

Keywords: Normalized Difference Vegetation IndeXNDVI; The Copernicus Sentingl
databaseCan Giq Spatial and temporal pattern.

1. Introduction

Can Gio is an important ecosystem in Ho Chi Minh @iyt only for historical meaning
but also the future development. In the past, a large area of Can Gio was destroyed by
herbicides using from 1965 to 1969 and by anthropogenic of local people from 1970 to 1980
[1]. From 1990 to 2000, many projects to reforestation were conducted. After being declared
as the first Mangrove Biosphere Reserve (MBR) in Viet Nam in 2000, the studies of Can Gio
has been increased and Can Gio has become an important resegrth site

Can Gio Mangrove Biosphere Resehasprovided many ecosystem services, such as
provisioning, regulating, cultural, and supporting services for the urban areas as well as
wildlife of suburban areas Ho Chi Minh City and the nearby ecosysféinThe mangrove
ecosystem in Can Gio serves as a crucial habitat for a diverse range of flora and fauna. Also,
mangrove forest act as a natural barrier, protecting the coastline from erosion and minimizing
the impact of storm surges. Besides, mangrove @eedighly effective at sequestering
carbon dioxide from the atmosph¢f. The root systems of mangrove filter pollutants and
sediment fom the water, improving water quality. Among other functions, the role of Can
Gio requires a quantitative and complementary assessment.
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Can Gio is currently confronted with a combination of hunmaluced and natural
impacts[1,3]. Consequently, monitoring the ongoing changes in Can Gio is crucial for both
present management and future developnfetzious studies have delineated three primary
processes characterizing the weadeil-plant dynamics in Can Gjdncluding (1) bank
erosion stemming from both river systems and seawater; (2) seasonal fluctuations within the
mangrove forests; and (3) anthropogenic influences encompassing preservation efforts or
induced alterationg/i 6].

Forinstance Ly Nhon, the largest commune in Can Gio, experiences significant effects
from the dynamics of the Dong Tranh River, notably in its13bare areas. Studies indicate
that the riverbank along Dong Tranh experiences considerable deposition, whereas areas
draining into the East Sea endure severe erosion prodegsé&stuatedbetween Cape of
Dong Tranh and the East Sea borders, Long Hoa faces substantial impacts from waves,
coastal storms, and typhoonaysingsevere erosion along the commune's borders. Similarly,
significant erosiompointsareobserved irCan Thanhyet constructed infrastructures such as
concrete groins and rock dikes have mitigated shoreline erosion. In contrast, Thanh An
experiences minimal erosion within Can Gio, although some haekerosion has been
reported4].

Various studies utilized vegetation indices, such as the Normalized Difference
Vegetation Index (NDVI), to gauge the quality of vegetafian7/i 10]. Nevertheless, the
emphasis in most of these studies has been on delineating spatial distribution rather than
exploringongoing temporal fluctuations over a yearly timescale. As such, there is a need to
shift focus towards examining the temporal dynamics of vegetation to better understand the
evolving conditions in mangrove forests, specifically in Can Gio over time.

Therefore, this study objective is &agses€an Gio vegetation indéxs v aaciosst i o n
acontinuous time seriegpanning fron2015 to 2023This analysis infers significance as it
employs statistical linear regression method to highlight areas demonstrating noteworthy
annual fluctuations, illustrating either substantial increase or decrease in NDVI aalues
yearly timescale

2. Materials and Methods

2.1. Study area

Located in the southeastern region of Ho Chi Minh City, Can Gio spans an estimated
area of approximately 70,000 hectares, predominantly comprising an expansive mangrove
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Figure 1. Study area of Can Gio
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forest that is integral to Ho Chi Minh City. This district is intersected by four major rivers
Soai Rap, Dong Tranh, Nga Béyong Tau) and Thi Vawhich course through the Can Gio
mangroves before reaching the East Sea. The water bodies cover roughly 22,000 hectares of
Can Gio, amounting to approximately 20 percent of its total[&tea

Can Gio encompasses one township, Can Thanh, and is further divided into six
communes: Binh Khanh, An Thoi Dong, Ly Nhon, Tam Thon Hiep, Long Hoa, and Thanh
An. Notably, Binh Khanh and An Thoi Dong are the two most populous communes, each
with populationexceeding 10,00lhabitants Can Thanh and Long Hoa have populations
exceeding 8,000, while Ly Nhon, Thanh An, and Tam Thon Hiep have the lowest
populations, ranging from 3,700 to 4,5@8idents (Figure 1).

2.2. Methods

The Copernicus program is a large Earth Observation by the European Union, and it
encompasses various satellites, instruments, data servicegpg@iwdtions The number of
satellites in the program may change over time as new satellites are launched and integrated into
the system. Some satellites of this program are Sed#ahd SentinellB, SentineRA and
Sentinei2B, Sentinel3A and SentineBB, and may others. In this study, Sentir&\ and
Sentinel2B were applied to calculate NDVI. SentiwZlsatellites includes two identical
satellites which were respectively launched in 2015 and 2017 at a mean altitude of 786 km.
These two satellites operate and provide tnegolution optical imagery for Earth observation
and environmental monitoring, inclugj the monitoring of vegetation, soil and water cover, as
well as observation of inland waterways and coastal afda$éntinel2 offers extensive
coverage of vegetation across coastal areas, boasting a superior spatial resolution of 10 meters
and frequat revisits every five days. Notably, this satellite service is-ftesf making it a
valuable data resource for studying the spatial and temporal dynamics of mangrove forests. Its
benefits are particularly significant in developing nations with constlabudgets for such
research endeavdrsl].

Google Earth Engine is a clodised platform designed for glolsgiale data analysis. It
combines a variety of satellite imagery and other geospatial datasets with analysis capabilities
by Googl e 6 s infaasiratpune.tinaGoogle Raathh Engine, there are multiple datasets
of Sentinel2 such as Sentin@ MSI, harmonized Sentinél2 MSI. In this study, Sentin&l
Multi-Spectral Instrument, LevdlC was employed. Each Senti2eproduct in .zip archive
may contain multiple granules. Each granule becomes a separate Earth Engine asset. Earth
Engine asset IDs for Sentir2l have the following format:
COPERNICUS/S2/20230211T030849_20230211T031915 T48PYS. Here the first numeric
part represents the sensing date timé which was February 112023, the second numeric
part represents the product generation date and time which was from 03:08:49 to 03:19:15 of
the same day, and the finatBaracter string is a unique granule identifier indicating its UTM
grid reference of Can Gio at T48PYS.

In this study, clouds degree was removed by using Earth Engine code which is
A. fil tefCMBIDY BIMBEL PERCENTAGIS, fless_thang, 10)0. FilterMetadata is a
method used in GEE to filter a collection based on metadata properties. The term
ACLOUDY_PIXEL PERCENTAGIIs the metadata property being used for filtering. It refers
to the percentage of cloudy pixelssatelliteimagery. The ternfless_thaa is a comparison
operator specifying the filtering condition and 10 is the threshold value of the clowdy p
percentage.

NDVI stands for Normalized Difference Vegetation Index, it is a fraction of the differences
between the reflectance in the nedrared-NIR and the reflectance in the visible reRED of
the electromagnetic spectrum. NDVI is calculated as in the following foifhula

. $6) — (2)
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NDVI ranges from1 to +1, in which NDVI values neat typically represent water bodies.

NDVI values are near 0 representing barren areas, rocks, eufpuitban areas. NDVI values
between O to 1 indicate varying levels of vegetation density, with higher values suggesting
healthier and more dense vegetatiagrij]. NDVIs of Can Gio from 2015 to 2023 were
calculated directly on GEE from Sentif2MSI.

The accuracy of NDVI representing lands e types i s normally ev
Kappa which is a statistical measure that assessed the level of agreement between the interpreted
raster and observed raster. In this study, the interpreted raster is théNID¥1 and observed
raster is the updated observation in Google Earth.

To calculate the observed agreement and the expected agreement, a confusion matrix was
produced with columns and rows. Each row @sldmnrespectively represent the classification
for raster interpretation. The rows are the classification algorithm, while the columns represent
the validatior{13, 14].

Then, Kappafficiencyis computed in the formul®):

{ — 2)
where B is the observed agreement between rasters, Pe is the expected agreement, which
represents the probability of agreement occ!
agreement; the closer 8 valwues 4dI¥je to 1, the

The research method is summarized in the following flow diagram:

NDVIs from 2015 to 2023
from GEE- Sentinel 2 (filter S Evaluate rasters of NDVI by

cloudy percentage less thaip Cohen's Kappa
10)
Define the suitable threshold Time series analysis

of NDVI values representing >

three LULC types of the studly in R (calculate slope and p
area value of NDVIs change rate

v

Spatial Analysis (reclassify
the increase and decrease Wih—> Final Mapping
p value < 0.05)

Figure 2. Flow diagram of methodology

NDVI data spanning from 2015 to 2023 were gathered using GGE's cloud storage tool,
specifically filtering the Sentineé? dataset to include only data with a cloud cover rate below
10%. This selection predominantly represents NDVI values observed duridgyteeason.
Subsequently, the project adopted an NDVI value index exceeding 0.377 to delineate mangrove
forests. It is crucial to assess the accuracy of this interpretaifiaimg the Kappa coefficient.

In conducting statistical analysis on the temporal changes in NDVI Valuegerypixel
annually, each pixel comprises 9 NDVI values across consecutiveérpeai2015 to 2023The
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'raster' package in the R statistical analysis software was employed to compute the slope values
representing the upward or downward trends of NDVI for each pixel overybarferiod
spanning from 2015 to 2023. Due to the extensive dataset, the computation process is time
consuming, given the approximately 7,000,000 pifcgleach raster file in each yekollowing
the computation, a raster mdplineatingthe slope values derived from the analysis model is
geneated.In addition, the statistical sigitance assessmenp - value of each slope valdier
everypixel is also extracted from the statistical model results.

Upon integrating both slope values and the associatatlips for each pixel, tlggenerated
map highlights pixels exhibiting significant trends in NDVI. Consequently, the final map
delineates areas where NDVI values have consistently risen over 9 consecutive years and those
where a consistent declinesisnulated This representation of thaisingor reducingtrends in
NDVI holds paramount importance in identifying spediieagiemonstrating sustained growth
or decline in NDVlthrough time

3. Results and discussion

3.1.NDVIs from 2015 to 2023

NDVIs for Can Gio were calculated as the difference between Band 8 and Band 4,
representing the reflectance of nedrared and visible red light in the electromagnetic
spectrum, respectively. NDVI values typically range fr@# to +0.8 and vary annugllas in
Figure3a

Figure 3a. Annual NDVIs for Can Gio from 2015 to 2023

The maximum NDVI values for 2015, 2016, 2017, and 2019 exceeded 0.8, whereas those
for 2018, 2020, 2021, and 2023 were below 0.8. Specifically, the maximum NDVI in 2023 was
recorded at 0.53. These variations highlight the significant impact of annual maximum NDVI
values on the overall NDVI average. Regarding the minimum NDVI values, 2015 and 2017
both fell below-0.5, while for 2016, 2018, 2019, 2020, 2021, and 2022, the values were above
-0.4. Notably, in 2023, the minimum NDVI reached its highest valu@.22

The line graph in Figur@b illustrates the average yearly NDVI values spanning from 2015
to 2023. It is evident that NDVIs values from 2015 to 2020 are marginally higher than those
recordedbetweer2021 and 2023.



