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MANGROVE 
FOREST

Mangrove is a coastal 
forest which composed 
of trees, shrubs, palms, 
and ferns communities 
found in sheltered 
estuaries, along 
riverbanks, as well 
lagoons of the tropics 
and subtropics (Thomas 
et al. 2017; Zhou et al. 
2010; Naidoo, 2009; 
FAO, 2007; Hogarth P.J., 
1999). 
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Total extent 147, 359 km2

Sources: Bunting et al., 2022b
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ASIAN MANGROVE EXTENT 
Total extent  58,284.00 km2

Sources: Global Mangrove Watch



Total extent  5,245.75 km2

Sources: Global Mangrove Watch

MALAYSIA MANGROVE EXTENT
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Region Mangroves for 2017 (ha)
Perlis 49
Kedah 7,725
Penang 1,967
Perak 44,990
Selangor 20,853
Negeri Sembilan 1,557
Melaka 1,241
Johor 26,818
Pahang 3,759
Terengganu 1,571
Kelantan 422

Sub Total: Peninsular Malaysia 110,953
Sabah 378,195
Sarawak 139,890
Total 629,038
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Mangroves in Malaysia (Hamdan et al., 2019)



HISTORY OF LAND USE CHANGE IN MANGROVE  
- Roslan et al., (2014), in the last 
decade, approximately 580,000 
ha of mangrove forest has been 
lost.

- Giri et al., (2015) human 
activities (aquaculture 
expansion, coastal movement 
and over harvesting) contribute 
to mangrove lost.

-Almost 580,000 ha of 
mangrove forest total area has 
decreased over the past 10 
years (Hamdan et al., 2020) 
- Kustiyanto (2019) mentions 
that approximately 2% of 
mangrove areas are converted 
yearly, contributing to 1.02 
billion tons of carbon emission.

- Aizpuru et al., (2000) and
FAO, (1997) reported that in
between 1975 to 2000, the
extent of mangrove area in
Malaysia especially has been
recorded deceasing from
700,000 ha till 572,000 ha due
to extensive harvesting and
natural wave.

- Asia was the region which 
undergo the largest loss of 
mangrove since 1980 around 
1.9 million ha because of 
conversion activity to urban 
or to agriculture.

- Mangrove loss has been
slow down around 187,000 ha
in 1980s to 102,000 ha in
between 2000 till 2005 due to
increasing to awareness
about important of mangrove
and management system get
improved.

- The diminishment of mangrove 
areas is a consequence of 
deforestation for timber 
harvesting, expansion of urban 
areas, aquaculture, agriculture 
and other anthropogenic 
activities (Zulfa et al., 2021; 
Bindu et al., 2020; Kustiyanto, 
2019; Hamdan et al., 2016;
Wicaksono et al., 2015)
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Typical zonation of mangrove in Malaysia (Source: Mubarak & Azian, 2012)
8

Classical mangrove profile (Source: Tomlinson, 1986)

• Previous study shows that the
anthropogenic activities were found
to have high correlation with the
species distribution in Matang
Mangrove Forest Reserve (MMFR)
(Zulfa et al., 2021)

• Due to anthropogenic activities,
MMFR belong to typical zonation of
mangrove instead of classical
profile.
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Anthropogenic activities 
that may affect the 

mangrove forest

Agriculture

Logging

Natural causes
Aquaculture

Urbanisation
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Home to 
thousand of 
species
A wide variety of 
species live or 
bread in the 
mangrove 
ecosystem, from 
fish, crab and birds.

A natural coastal 
fortress
Mangrove act as a natural 
fortress against floods and 
storm surges.

Carbon 
sequester
Contribute to the 
fight against global 
warming by 
absorbing CO2 
from the 
atmosphere

ROLES OF MANGROVE TREE



WHERE DO 
MANGROVE 
STORE CARBON?
• Mangroves are good at removing 

carbon dioxide from the 
atmosphere and storing it in their 
tissues, roots and in the soil and 
sediment below.

• According to Zoe (2022), 
mangroves are part of the term 
called blue carbon 
ecosystem (wetlands, salt 
marshes and other coastal 
ecosystems) and are very efficient 
in storing or sequestering carbon.

• Too much carbon dioxide and 
other “greenhouse gasses” in the 
atmosphere can trap heat and 
contribute to climate change.

18-20%

11



• Mangrove forests play a crucial role in carbon
sequestration, a process of carbon dioxide (CO2)
is removed from the atmosphere and stored.

• These unique coastal ecosystems are highly
effective in capturing and storing large amounts of
carbon, making them essential in the global fight
against climate change.

• Mangrove forests are able to store three to four
times more carbon than the forests which are
found on land (Charles., 2020).

• For the whole world, mangroves can sequester
more than 24 million metric tons of carbon per year
(Twilley et al., 2019).

• Mangroves sequester important organic carbon
stocks above (leaves, branches) and below
(sediment, roots) the soil, at depths ranging from
30 cm to more than 3 m, providing long-term
storage (Donato et al., 2011).
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MANGROVE AS CARBON SEQUESTER



Source: National Public Utilities Council

CARBON 



• BUR4, news paper
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RELEVANCE OF GOVERNMENT POLICY  



The aim of this study is to estimate the aboveground mangrove
biomass and potential biomass sequestration following land use, land
use change and forestry (LULUCF) at Matang Mangrove Forest Reserve
(MMFR), Perak.

To estimate aboveground mangrove species biomass.

To examine the effect of mangrove forest change on
biomass.

1.To model aboveground biomass estimation over time.
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Coordinate : 4.93400N and 4.53630N
and from 100.47590E until 100.62790E

Area: 40 288 ha - largest 
mangrove forest in Peninsular 
Malaysia

Three management zone; (Kuala 
Sepetang North, Kuala Sepetang
South), Kuala Trong and Sungai 
Kerang.

Best-managed mangrove in Southeast 
Asia with its ability to balance the 
timber resource production and 
ecosystem conservation.

STUDY AREA



FLOW CHART OF 
METHODOLOGY
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MATERIALS

Satellite imagery 2023

Spectral library data for 19 species 

Sources: Zulfa et al., (2021)
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SPECTRAL LIBRARY FOR 
MANGROVE SPECIES



ALLOMETRIC EQUATION
Able to estimate aboveground mangrove species biomass.

21 21

Species Allometric Equation Reference

Rhizophora apiculata Wtop= 0.235 x DBH2.42 Ong et al. (2004)

Rhizophora mucronata Wtop= 0.128 x DBH2.60 Fromand et al. (1998)

Bruguiera gymnorhiza Wtop= 0.186 x DBH2.31 Clough and Scott (1989)

Ceriops tagal
Wtop= 0.529 x DBH2.04

Kangkuso et al. (2018)

ALLOMETRIC EQUATION



GROUND 
MEASUREMENT

• Measurement has been taken at field to 
apply with the allometric equation from 
literature review:

i. Diameter at breast height (DBH)

ii. Height

iii. Species identification

iv. Location of tree species

• Plot 10m x 10m has been select 
randomly covered the whole area of 
MMFR. 
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MANGROVE 
SPECIES 
DISTRIBUTION 

• SID algorithm has been found to map the 
mangrove species with overall accuracy 
84.5%

• Area for 4 selected species: 

i. Rhizophora apiculata (14725.35 ha)

ii. Rhizophora mucronata (81.36 ha)

iii. Bruguiera gymnorhiza (5458.68 ha)

iv. Ceriops tagal (2436.74 ha)
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CARBON STOCK AGC 
TONNE/HA

• Total estimation of above-ground carbon 
per ha is 49.58 ton/ha

• Area for 4 selected species: 

i. Rhizophora apiculata (7.5010 ton/ha)

ii. Rhizophora mucronata (41.1659 ton/ 
ha)

iii. Bruguiera gymnorhiza (0.4491 
ton/ha)

iv. Ceriops tagal (0.4651 ton/ha)
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ESTIMATION 
ABOVEGROUND 
BIOMASS

• Total estimation of above-ground carbon per 
ha for 4 selected species is 117,388.92 ton/ha

• Area for 4 selected species: 

i. Rhizophora apiculata (110,454.85 ton/ha)

ii. Rhizophora mucronata (3,349.26 ton/ ha)

iii. Bruguiera gymnorhiza (2,451.49 ton/ha)

iv. Ceriops tagal (1,133.32 ton/ha)
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LIMITATION 
OF STUDY

• Resolution of satellite 
imagery

• Allometric equation of 
mangrove species is limited 
especially for mangrove 
species 

• Spectral reflectance is hard 
to distinguish if the 
reflectance of each species 
almost hit at the same 
range
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