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ABSTRACT
Mangroves critically require conservation activity due to human encroachment and
environmental unsustainability. The forests must be conserving through monitoring activities
with an application of remote sensing satellites. Recent high-resolution multispectral satellite
was used to produce Normalized Difference Vegetation Index (NDVI) and Tasselled Cap
transformation (TC) indices mapping for the area. Satellite Pour l’Observation de la Terre
(SPOT) SPOT-6 was employed for ground truthing. The area was only a part of mangrove
forest area of Tanjung Piai which estimated about 106 ha. Although, the relationship between
the spectral indices and dendrometry parameters was weak, we found a very significant
between NDVI (mean) and stem density (y=10.529x + 12.773) with R2=0.1579. The sites
with NDVI calculated varied from 0.10 to 0.26 (P1 and P2), under the environmental stress
due to sand deposition found was regard as unhealthy vegetation areas. Whereas, site P5 with
NDVI (mean) 0.67 is due to far distance from risk wave’s zone, therefore having
young/growing trees with large lush green cover was regard as healthy vegetation area. High
greenness indicated in TC means, the bands respond to a combination of high absorption of
chlorophyll in the visible bands and the high reflectance of leaf structures in the near-infrared
band, which is characteristic of healthy green vegetation. Overall, our study showed our
tested WV-2 image combined with ground data provided valuable information of mangrove
health assessment for Tanjung Piai, Johor, Malay Peninsula.
Keywords: mangrove; Peninsular Malaysia; Tasselled Cap; vegetation indices

INTRODUCTION
Mangroves are environmentally and economically important for Malaysia. The forests
fulfil socio-economic and environmental functions (Hossain & Nuruddin, 2016), which
include the provision of a large variety of wood and non-wood forest products (NWFPs), and
coastal protection against the effects of wind, waves, and water currents. Mangrove forests
are pristine and offer a high aqua-biodiversity of lands. Mangrove forests are also sensitive
lands that are vulnerable to climate change and aggressive human activities. Such
disturbances have caused mangrove tree depletion from time to time. In tropical forests,
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particularly in Peninsular Malaysia forests, conversion has become a threatening factor to
mangrove forests. Additionally, mangroves support conservation of biological diversity;
protection of coral reefs, sea grass beds, and shipping lanes against siltation; and the
provision of spawning grounds and nutrients for a variety of fish and shellfish, including
many commercial species (Davies et al., 2010). To date, mangroves are proven nursery areas
for shrimp, fish, and crustaceans (Heenkenda et al., 2015). Mangrove forests in Peninsular
Malaysia can be found, namely, in Tumpat, located in Delta Kelantan; Matang Mangrove
Forest Reserve, Perak; Mangrove Forest, Tanjung Tuan in Port Dickson, Negeri Sembilan,
and also Sungai Pulai Forest Reserve in the southern part of Peninsular Malaysia.
Disturbances affecting mangroves include land conversion of the seaside to valuable
economic assets, such as construction of aquaculture projects, which can diminish the
mangrove forests. A report from the Food and Agriculture Organization of the United
Nations (FAO) indicated that the mangrove areas have decreased from around 16.1 million
hectares in 1990 to 15.6 million hectares in 2010. Elsewhere, Africa is facing problems with
mangroves involving poor farming practices; conversion of mangroves to cash crop estates;
shrimp farming; and increased clearing and tree cutting for fuel wood and charcoal (Drigo
et al., 2009).
Inadequate research on assessing mangrove vegetation under stress has contributed to
uncertainty in assessing their current role in the global carbon and water cycle and projecting
their future change. Since the importance of mangroves is widely known, with the forest
consisting of wide and unique varieties of vegetation that can grow despite exposure to wave
impacts and water salinity in the harsh coastal environment (Motamedi et al., 2014),
protection and conservation of mangrove areas is a critical task and a prerequisite for further
research using the most efficient and recent technology available (Crist & Cicone, 1984).
Studies have found the relationship between human activities and environmental impacts are
difficult to assess and regulate in coastal and marine environments because the
environmental resources are almost always governed by common property resource (CPR)
management systems, whereas terrestrial environments are generally managed by the
government or private sector (Sherbinin et al., 2007). Therefore, other types of monitoring
systems, such as by available, highly efficient temporal and effective technology, should be
adapted.
Since the advent of satellite imagery, the application of remote sensing technology for
mangrove conservation is continuing. Spectral information from different satellites provides
various information. Remote sensing technology has been integrated in assessing the
vulnerability of wetlands and mangroves, especially the utilization of the photochemical
reflectance index (PRI) for characterizing plant stress because it can exhibit a strong response
to salinity exposure. Satellite technology is suitable for this kind of forest because satellite
imagery can provide spectral information on chlorophyll content which, furthermore, can
assess vegetation stress. To date, various mathematical combinations of spectral channels in
satellite images have been used as sensitive indicators of the present condition and vigour of
green vegetation. Hence, many studies demonstrated the usefulness of the indices, a matter
that has been discussed comprehensively in (Smith et al., 2014). Mangroves have a certain
phenology, such as replacing old leaves with new leaf growth, and they also loosen leaves at
a high rate. This can be an indicator that remote sensing can sense the gap during replacement
and new growth of leaves.
Researchers continuingly study vegetation stress with the Thematic Mapper
(TM)/Enhanced Thematic Mapper (ETM) for the Landsat satellite and the Satellite Pour
l’Observation de la Terre (SPOT) satellite, which are among those tested for land use change
studies in China (Zhang & Zhang, 2007). Beyond land use change studies, scientists
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investigated forests by applying mathematical equations to the spectral bands. A recent study
by Schultz et al. (2016) performed various vegetation indices from Landsat data for forest
monitoring in tropical forest regions of Brazil, Ethiopia, and Vietnam. In that study, multiple
indices were used with the inclusion of the Enhanced Vegetation Index (EVI) and
Normalized Difference Vegetation Index (NDVI). There was mention that even more
complex mathematical routines are not suitable for mangrove monitoring because of
problems with the mangrove phenology stages, which routines can be combined with other
indices. Therefore, more studies are required, as suggested by (Kamal et al., 2016).
NDVI is an index based on visible and near-infrared wavelength that was originally
introduced by (Rouse et al., 1974). The vegetation index of NDVI, for example, is sensitive
to chlorophyll and photosynthetic vegetation (Slik & Eichhorn, 2003) and, therefore, useful
for detecting biomass reduction in tropical forests because of abiotic stress. The index has
been tested in forest biomes, including deciduous and evergreen broadleaf, tropical
rainforest, herbaceous savannah, and in the succession of crops (Hmimina et al., 2013).
Additionally, studies that applied indices for mangrove include (Heenkenda et al., 2016;
Kongwongjan et al., 2012; Kovacs et al., 2005), whereas Tasselled Cap transformation is
index producing three data structure axes defining the vegetation information content:
brightness—a weighted sum of all bands, as determined by the phonological variation in soil
reflectance; greenness, which is orthogonal to brightness and measures the contrast between
the near-infrared and visible bands; and wetness, which relates to canopy and soil moisture.
In a comprehensive statement (Crist & Cicone, 1984) defined TC as an orientation data plane
such that the two features which define it are directly related to physical scene characteristics.
Other potential indices include the Soil-Adjusted Vegetation Index (SAVI), which has been
applied by (Luo et al., 2010), and the Advanced Vegetation Index (AVI) (Gobron et al.,
2000), which was applied elsewhere.
The objective of this study was to employ vegetation indices of NDVI and TC
transformation by employing WV2 imagery for assessing a mangrove health area for
conservation of the Peninsular Malaysia mangrove forest. This kind of study can be applied
for forestry department programs as a conservation mechanism.

METHODOLOGY
Study Area
This section is offered to provide some information on the background of the study site.
Tanjung Piai serves difference of 40 % in biodiversity aspects from other mangroves sites
namely, Pulau Kukup which is located proximity to one and another. The forest structure of
the two different types of mangrove forests indicated some similarities in terms of family and
species dominance, species diversity and productivity. Both Pulau Kukup and Tanjung Piai
were a Bruguiera-Rhizophora mangrove forest type. Both sites had intermediate level of tree
species diversity and aboveground biomass (Juliana, 2012). Again, the Tanjung Piai are
among richer with natural resources with other areas namely Sungai Pulai Forest Reserve and
Pulau Kukup demonstrated in a study of (Yaakup et al., 2006). Tanjung Piai is also
importance for natural habitats for shellfishes, residential and migratory water birds and also
act as important cockle breeding grounds which also found in the mangrove areas of Kuala
Gula, Kuala Merbok, Kuala Selangor, and Pontian. This is because all the area bestowed with
extensive areas of mudflats as well as other areas of Malaysia’s coast facing Straits of
Malacca (Amir et al., 2015).
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In terms of economic importance, Tanjung Piai was among contribution to sustainability of
rural tourism for Malaysia. According to a study conducted by (Amir et al., 2015), they
mentioned that Malaysia’s tourism industry collected in a Gross National Income (GNI) of
RM47.2bil in 2012 and ranked as the second largest foreign exchange earner after
manufactured goods and the seventh largest contributor to the Malaysian economy, after
referred to other study reported in Malaysia’s trusted newspaper.
For social aspects, villagers use the mangrove forests for fishing and some of them have
extracted forest resources, for example for coal, and from rivers, such as fishing crabs and
shrimps. The study area map is shown in Figure 1. Mangroves surrounding the mainland area
experienced land conversion. For example, historical Landsat images in 1989 to 2014 at
Tanjung Piai estuarine systems showed land cover had changed dominantly by oil palms,
rubber, urban areas. This study found that oil palm plantations increased in 2005 onwards,
but, oppositely, rubber showed a drastic decrease of about 96 % (Kanniah et al., 2015).
Fig. 1: Peninsular Malaysia shown the study area with 7, 5, 3 band combination for
natural colour derivation.
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The pristine land is in Johor National Park’s managed piece of land which was registered as
The Ramsar Convention on Wetlands of International Importance, RAMSAR site (no. 1289).
The area supports many threatened and vulnerable wetland-dependent species, such as the
Pig-tailed Macaque and Long-tailed Macaque, birds like the Mangrove Pitta, Mangrove Blue
Flycatcher, Mangrove Whistler, and the globally vulnerable Lesser Adjutant which may be
observed in the vicinity of the Johor Parks site (RAMSAR, 2003).
Ground data for tree structure sampling
The fieldwork in Tanjung Piai was conducted in September 2016. The location was
pre-visited for geolocation of sampling points. Sampling was conducted to estimate stem
density (number of stems/0.01 ha) and basal area (m2/0.01 ha) as parameters. In this study,
a minimum distance of 10 m x 10 m was chosen to developed sampling plots according to
a study by Shah, Mustafa Kamal, Rosli, Hakeem, & Hoque (2016). The measurement
included diameter at breast height (DBH), seedling counting, rubbish observation and the
distance (m) between the plots and the walkway and to the sea. The study consisted of six (6)
sampling points, which made it a total area of the sampling plots or the study area was 6 x 100
m2 or 600 m2 which this procedure allows an understanding of the mean stem diameter of
each mangrove species and their relative importance in structuring the mangrove at Tanjung
Piai. At each plot, the central coordinates were obtained from GPS and those features were
photographed. All these findings (ground inventory) were used to develop a final health
vegetation assessment map for Tanjung Piai.
As found in (Lewis et al., 2015), important forest structures attributed to characterizing
mangrove health include biomass, basal area, canopy height, frequency, density, dominance,
importance value, and the resulting calculated Complexity Index (CI).
Satellite Data and analysis
Satellite images employed for the study was a WV-2 with a 2.0-m multispectral resolution
bands purchased from local vendor which is Dig Dat Company, located in Ampang, Kuala
Lumpur, Malaysia. The image dated 15 June 2015 was chosen because the scene showed
minimal cloud cover and the location clipped for the study area showed no presence of cloud
cover. A study by Kamal et al. (2016) utilized the image for assessment of the leaf area index
for mangrove areas in Indonesia. The mangrove area that is located at the seaside makes
researching mangrove areas more convenient with respect to handling remote sensing data
compared with lowland areas. This is because lowland tropical forests consist of multiple
layers, multiple species of forest trees, and a rich forest floor making visualizing forest
images in remote sensing more difficult. The application of satellite remote sensing has been
emphasized by (Heenkenda et al., 2016) in a study for extracting biophysical variables for the
Northern Territory of Australia.
We employed SPOT-6 with 1.5 m resolution for the ground truthing procedure. In this
study, a cloud detection procedure was conducted based on a comparison with Google Earth
images of the study area. Mangrove habitat samples with a spectral health index were ground
checked on 15 November 2016. In this activity, the ground thruthing points can be referred to
Figure 1 and Table 2 for complete locality.
In this study, a cloud detection procedure was conducted based on a comparison with
Google Maps imagery of the study area focusing on the area of interest (AOI). Based on the
satimagingcorp.com web page, WV-2 is a new satellite after WV-1 which the image have
one (1) high-resolution panchromatic band and four (4) new bands (red-edge, coastal, yellow
and near infrared-2, and four (4) standard bands consisted of red, green, blue, and
near-infrared-1 bands as showed in Table 1. All bands having specific spectral range, for
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example for the new bands: coastal bands with spectral range of 400 to 450 nm which is
a shorter wave blue called coastal blue. Yellow bands have wavelengths of 585 to 625 nm is
a band straddling red edge located at 630 to 690 nm. Finally, a new band of near-infrared-2
slightly overlapped near-infrared 1 and is less than 1110 nm (Yarbrough et al., 2014).
Table 1: Details specification for WV-2 satellite employed for the index
Bands number

Spectral range (nm)

Bands number

Spectral range (nm)

B1-Coastal (new)

400–450

B5-Red

630–690

B2-Blue

450–510

B6-Red Edge

705–745

B3-Green

510–580

B7-Near-Infrared-1

770–895

B4-Yellow (new)

585–625

B8-Near-Infrared-2

860–1040

Table 2: Details of ground verification coordinate
Coordinate (x,y)
Point
RSO
1

612600, 139950

2

610800, 141700

3

612000, 140500

4

611700, 140800

5

610500, 142300

6

612900, 140200

7

611100, 141700

Normalized Difference Vegetation Index (NDVI)
NDVI is an index based on visible and near-infrared wavelengths (Rouse et al., 1974). The
index has been tested in forest biomes, including deciduous and evergreen broadleaf, tropical
rain forest, herbaceous savannah, and also the succession of crops (Hmimina et al., 2013),
whereas TC transformation has developed the index by producing three data structure axes
defining the vegetation information content: brightness—a weighted sum of all bands, as
determined by the phonological variation in soil reflectance; greenness, which is orthogonal
to the brightness and measures the contrast between the near-infrared and visible bands; and
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wetness, which relates to the canopy and soil moisture (Crist & Cicone, 1984). The objective
of this study was to employ NDVI for mangrove health assessing for mangrove areas. The
indices have a native scaling of −1 to +1. See Table 3 for description bands utilised for the
calculation.
Table 3: Spectral reflectance indices and WV-2 bands utilized the study
Index

Formulation

Source

NDVI

(B5 Red - B7 Near-IR1) / (B5 Red + B7 Near-IR1)

[12]

TC

TC Coefficient

[25]

Tasselled Cap Transformation
Remote sensing technology with advanced of spectral properties combine the reflectance
measurements from different portions of the electromagnetic spectrum to provide
information about vegetation coverage on the ground. Based on mathematical formulae, the
spectral bands were developed for a proper analysis of land features. Vegetation has high
reflectance in NIR, but lower in the blue and the red regions of the spectrum due to its
absorption by chlorophyll for photosynthesis. Certain vegetation indices can be developed to
distinguished stress vegetation among healthy vegetation. In tropical forests, the Tasselled
Cap transformation index can be referred to (Kauth & Thomas, 1976) with the concept of
a ‘triangular cap-shaped region with a tassel’ that can be separated into a ‘plane of
vegetation’ and a ‘plane of soil’ after comparison with brightness and greenness; and
brightness and wetness. In this study, mangrove samples were collected, and tested TC index
based on ENVI software.
The index transformed image into Brightness, Greenness, Wetness, Fourth, Fifth and Sixth
different equivalent features derived from the image. Each of the characteristics has special
applications that have been proven by many studies: brightness for soil, greenness for
vegetation, and wetness for the interrelationship of soil and canopy moisture. This study
applied Kauth-Thomas (K-T) transform coefficients for the reflectance data of the WV-2
sensor (Yarbrough et al., 2014).

RESULTS
Mangroves structural attributes
The results can be referred in Table 4. The results showed that a part of tree density at
Tanjung Piai varied between 10 and 24 stems/0.01 ha (sites P4 and P5), while basal area
varied from 0.021 to 0.065 m2/0.01 ha (sites P3 and P1). Other sites, which are site P1 and P2
represent their mature nature with density 15 stems/0.01 ha); basal area 0.049 and 0.065
m2/0.01 ha) which have relatively low stem densities and high basal areas. Those sites are
located 0 to less than 10 m from bay-mangrove periphery, which they were surrounded with
sand pack, rope and plastics, represented mature tree with high risk from sea area (Table 5).
Higher density area can be found at sites P3, P5 and P6 is due to its location of more than
10 m from mangrove periphery bay and this area can represented a young and lush green
mangrove forest. The distance indicated heavy outside materials namely, sand pack can’t get
through particularly to the P5 and P6 sites, therefore protect from sea risen and erosion risks.
Site P1 and P2 at the bay-mangrove periphery the most southernmost part of Peninsular
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Malaysia, and it is the most southern section in the Asian mainland, submitted to high-impact
current/waves and sand deposition, causing the death and incline of several mature trees.
Table 4: Mangrove structural parameters from sampling
Site
P1

P2

P3

P4

P5

P6

15

15

20

10

24

17

Total basal area
(m2/0.01 ha)

0.065

0.049

0.021

0.043

0.037

0.052

Mean NDVI

0.10

0.26

0.38

0.44

0.57

0.57

Total tree density
(stems/0.01 ha)

Table 5: Mangrove of others parameters observed from sampling
Site

Rubbish

Death
Tree

Plot
1
Plot
2
Plot
3

Sand pack, rope
and rubbish
plastic
Sand pack, rope
and rubbish
plastic and ball
Plastic, wood,
net, bottles,
plastic
containers

Live

Incline

Soil
From
walkway
(meter)

Seedling

Distance
From the
bay-mangrove
periphery(meter)

0

97

2

Sandy
eroded

Less than
10 m

0m

3

70

0

Sandy
eroded

More than
10 m

Less than 10 m

4

33

0

Sandy

More than
10 m

More than 10 m

Plot
4

Food plastic

4

33

0

Sandy

More than
10 m

More than 10 m

Plot
5

Glass and
plastics bottle

3

More
than
200

0

No soil
erosion

0m

More than 10 m

Plot
6

Glass bottles
and

9

35

0

No
erosion

0m

More than 10 m

NDVI
Whereas NDVI data calculated varied from 0.10 to 0.26 (site P1 and P2), under the
environmental stress due to sand deposition found by sand pack that caused poor tidal
inundation indicated unhealthy vegetation. Meanwhile, Figure 2 showed destruction caused
by Iskandar Regional Development Authority (IRDA) development projects.
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Fig. 2: (a) Fallen trees, as cited in Barau (2017) as a result of Iskandar Regional
Development Authority (IRDA) project, and (b) rubbish stuck between trees also
found in the study area.

TC
In general, TC is important variable as NDVI index to assess nature of the tree.
Greenness-wetness space has the same effects on the vegetation and is slightly better than the
brightness space in terms of differentiation among wet soils and the green of vegetation.

Fig. 3: TC overlaid with TC band combination (Greenness, Brightness and Wetness) on
each transformed spectrum.
(a) Greeness
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(b) Brightness

(c) Wetness

Which high greenness indicated in TC means, the bands respond to a combination of high
absorption of chlorophyll in the visible bands and the high reflectance of leaf structures in the
near-infrared band, which is characteristic of healthy green vegetation (Yang et al., 2015).
Greenness-wetness space has the same effects on the vegetation and is slightly better than the
brightness space in terms of differentiation among wet soils and the green of vegetation. TC
brightness showed brighter at sites P1 and P2 and relatively much darker at site P5 and P6. As
mentioned earlier, among others site P1, P2 and P3 showed less green therefore followed by
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more wetness captured in the TC image at these sites, indicating trees in this site were in the
water due to continuously erosion happen in that area.
The NDVI and its relationship with dendrometry parameters
Figure 4 shows the NDVI regression results for NDVI (mean) and mangrove density
(stems/0.01 ha) and NDVI (mean) and mangrove basal area. The results suggested that the
relationship, although relatively weak, but was particularly significant and meaningful
between NDVI and mangrove density (R2=0.1579).
Fig. 4: Illustration of simple linear regression between (a) mean NDVI and density and
(b) mean NDVI and basal area
(a)

(b)
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DISCUSSION
Overall, the study suggests sites can be delineated into two area which is unhealthy and
healthy vegetation due to environmental stress. Vegetation can reflect greater NDVI at
healthy vegetation sites, in opposite reflected weaker NDVI at unhealthy sites. Study showed
healthy vegetation has a higher NDVI value than unhealthy vegetation (Zhang et al., 2005).
This indication can also help Johor National Park maintain conservation programs which, at
the same time, supports high value mangrove species protection. In fact, high value forests
can apply this finding for assisting them to include mangroves as high value forests. The final
map can be implemented as a health indicator area for the Forestry Department of Peninsular
Malaysia (FDPM) conservation index, for mangrove areas of Tanjung Piai.
TC showed similar results with NDVI, which showed highly greenness transformation of
spectral at healthy sites whereas more brightness features at unhealthy sites. Sites trees that
standing apart making greenness colour shown from TC much lighter than the healthy
vegetation area. This is because mangrove forests usually appear in abundance and have high
similarity within one composition if no interference by other factors occurs, such as different
logging cycles, disease, or different tree mortality rates that could be caused by strikes,
waves, and so on. In addition, greenness was caused by higher density of the sites filling gaps
(created in unhealthy vegetation sites) between tress and lowered reflectance value in the
area, showed by P5 (stem density: 24; basal area: 0.037). Mangroves always appeared as
other plants, which define them as a “community of trees, shrubs, palms or ground ferns,
generally exceeding more than half a meter in height, and which normally grows above mean
sea level in the intertidal zones of marine coastal environments, or estuarine margins”
(Juliana et al., 2014). The spectral index of NDVI and TC has combined the results of the
biomass status, the brightness of the soil, the greenness of the vegetation, and the wetness of
the water (Crist & Cicone, 1984; Huang et al., 2002).
The unhealthy vegetation area appeared very near to the sea or bay-mangrove periphery.
Therefore, the tree is unsuccessful at overstocking because of the greater tendency for
developing gaps, particularly during high sea waves. Due to this, it is susceptible to diseases,
poor health, and pests. In general, P1 and P2 has showed its ability for recovering its overall
forest health to its natural state with new young seedling emerged (P1:97 and P2: 70) (Table
4). Other sampling points were not able to establish because of inaccessibility to the area,
since the area is prohibited for access without research permission from the Department of
Irrigation and Drainage. The objectives of the band combinations in TC were to further
interpret and extract information from WV-2 data for mangrove vegetation health
classification. This is because visual inspection for forest cover is very important because the
signature of mangrove forests is different from other types of forest.
In the future, this type of index can be applied as a mechanism of health index assessment
of mangrove areas in Peninsular Malaysia before pursuing development related activities. In
fact, many studies previously conducted were based on soil, climatology, impact of erosion
on mangrove trees, pests and disease, fire, etc., which can be employed for integration with
our index, after mutual agreement created (if necessary). The study has presented NDVI as
a potential health indicator once combined with the TC index for the mangrove area of the
Tanjung Piai.
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CONCLUSIONS
The study showed mangrove health assessment can be delineated and presented for
assisting conservation interpretation based on satellite image which can be implemented for
conservation activity for Peninsula Malaysia coastal areas. The study also suggests that
unhealthy and healthy delineated areas should be preserved for maintaining mangrove areas
from development-related activities, particularly infrastructure development.
The study found high NDVI value is an indication of high vegetation water content to high
vegetation fractional vegetation cover (FVC). This is due to NDVI being correlated to
biomass, leaf area index (LAI), and among them, also to productivity (Sánchez-Azofeifa
et al., 2003). In the beginning, of mangrove species stays in a gap and as it grows to a certain
height, they are started to build a mangrove community. However, in Johor, particularly
Tanjung Piai coastal erosion is also responsible for the loss of mangrove cover due to
long-term projects within other unfinished projects, namely those cited in a report by (Serina,
2017): the Tanjung Piai Maritime Industrial Park by Benelac Holdings Berhad, the Tanjung
Agas Oil and Gas Maritime Industrial Park within the Pulai River, the Port of Tanjung
Pelepas planned expansion, Singapore’s mega-port development in Tuas, the Sunway
Iskandar project around the Pendas River, and the impact on the sea grass meadows and
coastal mangroves in the Tebrau Straits.
The high NDVI at site P5 (0.67) is due to far distance from risk wave’s zone, therefore
having young and growing trees with large lush green cover. Therefore, the area reflected
greater NDVI indicated healthy vegetation that was found similar with a study conducted at
Kelantan Delta in 2011 (Satyanarayana et al., 2011). The risk zone is the area where
elevation is lower than the mean high tide level (Motamedi et al., 2014). Oppositely, as stated
higher NDVI distributed to the eastern area appears away from the sea which this pattern is
characterized by the sea, influenced by the wind, waves, and pollution.
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