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AMMAR AA, DARGUSCH P & SHAMSUDIN I. 2014. Can the Matang Mangrove Forest Reserve provide  
perfect teething ground for a blue carbon based REDD+ pilot project? Mangroves provide a variety of 
ecosystem services and are among the most carbon-rich forest types on earth. While much attention has been 
given in policies and scientific literature to the opportunities mangrove blue carbon can potentially provide 
for climate change mitigation, sustainable development and ecological conservation, little attention has been 
paid to identifying a location that can serve as a conducive site for the development of a climate change 
mechanism. This paper proposes to address this gap by analysing the advantages of integrating a blue carbon 
based REDD+ pilot project at the Matang Mangrove Forest Reserve. The Matang Mangrove Forest Reserve 
is an interesting case study because it is a large contiguous mangrove forest area (40,466 ha) that has been 
primarily managed for the production of charcoal for more than a century and has been well managed to 
achieve favourable outcomes for local communities and ecological health. It is also one of the most studied 
mangrove forests in the world. However, of late, there have been clear evidences of drastic deterioration in 
the provision of several of its ecosystem services. REDD+ could offer the Matang Mangrove Forest Reserve an 
alternative management tool to formulate an enhanced sustainable forest management plan. On the other 
hand, the unique characteristics and structure of the mangrove forest reserve could serve as a conducive 
pilot project site for the development of the climate change mechanism into a reliable and effective climate 
combating tool. The proposed blue carbon based REDD+ pilot project could potentially be a crucial building 
block in the development and implementation of Malaysia’s National REDD+ Strategy.
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INTRODUCTION

Reducing emissions from deforestation and forest 
degradation (REDD) in developing countries 
is an international mechanism designed to 
mitigate climate change based on the concept 
of carbon-based incentives for environmental 
services (Bond 2009). Its primary objective is to 
reduce the impact of climate change through the 
reduction of emissions from the forest sector. The 
idea was initially proposed at the international 
climate change negotiations in 2005, which 
at that time focused solely on deforestation. 
However, during the 2007 conference of parties 
to the UN Framework Convention on Climate 
Change (UNFCC) in Bali, it was decided that 
forest degradation played an equally important 
role in the reduction of emission from the 
forest and should be included in the scheme. 

The climate change mitigation mechanism has 
since gone through a series of evolutionary 
processes, and today has come to be known as 
the Reducing Emissions from Deforestation and 
Forest Degradation Plus (REDD+).
 REDD+ has broadened the scope of the initial 
climate change mitigation mechanism to include 
conservation, sustainable management of forests 
and enhancement of forest carbon stocks (Lawlor 
et al. 2010, Pistorius 2012). It is designed to 
embrace and promote co-benefits that result from 
the reduction of activities that cause forest-based 
greenhouse gas emissions. These co-benefits, also 
known as non-carbon benefits, include food and 
water security, biodiversity protection, poverty 
reduction and improved livelihood of forest- 
dependent communities. REDD+ is viewed as one 
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of the most important and advanced concepts to 
have emerged from international climate change 
policy negotiations (Westholm et al. 2011). 
 REDD+ is currently being developed as a 
climate change mitigation mechanism to promote 
forest conservation which can potentially offer 
low-cost option for the reduction of carbon 
emissions (Eliasch 2008), but it will still take 
a considerable amount of time and effort to 
iron out issues often associated with policy 
instruments in their infancy (Angelsen 2008). 
For example, forest tenure has been identified as 
a major stumbling block in the implementation 
of REDD+. Poor classification and insecure 
tenure prevent equitable distribution of the 
benefits derived from the climate change 
mitigation mechanism. This results in poor 
control over forest management (Sunderlin 
et al. 2009, Larson 2011). The presence of 
organisational fragmentation and complex 
sociological, ecological and economic factors 
further complicates the implementation process 
(Law et al. 2012). Technical and managerial 
issues concerning the monitoring, reporting 
and validation process are still being refined 
and developed (Wertz-Kanounnikoff et al. 2008, 
Herold & Skutsch 2011). While the mechanism 
has the potential to become a straightforward 
solution in the reduction of forest-based 
emissions, it is a solution that is intertwined with 
a significant amount of internal and external 
challenges (Angelsen 2008, Clements 2010). 
 Despite issues surrounding the implementation 
of REDD+, there have already been several pilot 
projects launched around the world (Murdiyarso 
et al. 2012). The USD1 billion deal between 
Norway and Indonesia to protect and conserve 
the forests of South-East Asia can be viewed as a 
bold initial step in preparing a nation towards the 
implementation of REDD+ (Edwards et al. 2012). 
However, despite the noble intentions, there 
are indications that the moratorium may not be 
able to reduce deforestation or forest emission 
relative to recent trends (Sloan et al. 2012). 
There are concerns over the issue of additionality, 
which refers to the additional prevention of 
deforestation and carbon emission, that plaque 
the dryland moratorium forest as much of it has 
either already been in some form of protection 
or are located in areas with low possibility of 
conversion (Murdiyarso et al. 2011, Edwards et 
al. 2012).

 Numerous studies have put forward solutions 
to remedy the shortcomings of REDD+ (Blom et 
al. 2010, Clements 2010, Law et al. 2012). While 
this paper aspires to do the same, it proposes an 
entirely different concept to solving the woes 
that plaque REDD+. This study postulates that 
in order for the policy instrument to positively 
benefit from ideas of developing an effective 
climate change mitigation mechanism, it has to be 
tested in a controlled environment, for example, 
a project area which will enable policy-makers 
to focus their attention on the mechanism itself 
rather than on negative external issues that can 
influence the outcome of the implementation. 
Site selection continues to be a critical step 
in implementing a newly proposed REDD+ 
project (Lin et al. 2012). The combination of a 
loose policy and weak site selection can further 
complicate the implementation process, and 
should be avoided from the very beginning. An 
implementation process weighed down by the 
presence of multitude problems on all accounts 
will ultimately turn into a huge problem-solving 
task. 
 However, a project area with clear and well 
defined sociological, economic and ecological 
structure will ensure that the mechanism 
can be developed under an optimum and 
controlled environment. It can eventually lead 
to the establishment of a formidable foundation 
which can be potentially replicated elsewhere. 
It can result in a mechanism that can deliver  
benefits sustainably and within a reasonable 
time frame. This paper aims to highlight the 
possible advantages that blue carbon and the 
Matang Mangrove Forest Reserve can provide in 
providing REDD+ with the optimum landscape 
to be developed and nurtured to its full potential.
The objective of the paper is not intended 
to underestimate or ignore the significance 
of external issues, but it is an attempt to 
propose the prioritisation of the examination of  
underlying internal factors of the mechanism in 
isolation. It is hoped that it can serve as a starting 
point to solving the problems systematically 
and strategically. It is based on the idea that 
addressing internal issues of the mechanism 
can be achieved if the mechanism itself is 
implemented in a project area that is relatively 
free from influences and limitations posed 
by surrounding sociological, ecological and 
economic conditions.
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MANGROVES AND BLUE CARBON

Mangroves are an ecological assemblage of trees, 
shrubs, palms and ferns adapted to grow above 
mean sea level in the inter-tidal region of coastal 
and estuarine environments (Duke 1992, Feller 
et al. 2010). A unique characteristic of mangroves 
is that they are inundated regularly with sea 
water and exposed to harsh environmental 
settings such as high salinity, high temperatures, 
extreme tides and currents, high rates of 
accretion (sedimentation) and muddy and often 
acidic anaerobic soil (Chong 2006). They are 
commonly found in sheltered coastlines and 
estuaries of tropical and subtropical regions 
(Giri et al. 2011).
 Mangroves have been acknowledged for 
decades for the provision of numerous types of 
ecosystem services which directly or indirectly 
contribute to human well-being (TEEB 2010).  
This includes timber for commercial charcoal 
production, food for subsistence, coastline 
barrier against natural disasters as well as 
breeding and nursing grounds for fish (Alongi 
2002, Barbier 2003, Mumby et al. 2004). More 
recently, mangroves have been deemed to play 
an important role in the global carbon cycle 
as a major coastal carbon sink (Laffoley & 
Grimsditch 2009). They are among the most 
carbon-rich forests in the tropics (Donato et 
al. 2011). The burial of carbon in sediments or 
soil organic carbon and the aboveground and 
belowground living biomass are the carbon 
pools that are critical to the role of mangroves 
as efficient and intense carbon sinks (Laffoley & 
Grimsditch 2009, Murray et al. 2011). In fact, the 

amount of carbon sequestered in non-wetland 
forest is significantly lower than in mangroves 
and it has been estimated that the destruction 
of a hectare of mangrove forest can potentially 
release as much carbon as a destruction of 3 
to 5 ha of tropical forest (Ong 1993, Murray et 
al. 2011). The carbon captured and stored by 
coastal marine and wetland ecosystems such as 
mangroves is known as blue carbon (Nellemann 
et al. 2009, Murray et al. 2011).
 The emergence of carbon as a globally-
traded commodity has undoubtedly caused a 
shift in the trade-off equation of the provision 
of ecosystem services. A constantly updated 
and obser vable carbon price means that 
carbon offsets can be considered as a tangible 
commodity produced by mangroves. However, 
it is by definition a commodity that generates 
value through conser vation rather than 
consumption and has the potential to increase 
the value of contiguous ecosystem services. 
Figure 1 illustrates an example comparing 
the possible flow of benefits between the 
product ion of  commercia l ly  har vested 
wood and the production of carbon offsets. 
However, this does not imply that a single 
valuation is applicable to all mangrove forests 
because mangroves in different countries 
are subject to multiple factors that affect the 
valuation differently. These factors include 
cost structures, differences in opportunity 
costs, land costs and the different drivers of 
conversion and disturbance (Murray et al. 
2011). Therefore, each country possesses its 
own unique blue carbon mitigation potential 
and blue carbon based economic valuation.

Figure 1 A simplistic conservation-orientated view of the potential flow of benefits from the production of 
commercially harvested wood (top) and from the production of carbon offsets (bottom)
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 In the context of the Matang Mangrove Forest 
Reserve, the existing trade-off between these 
ecosystem services and the emergence of blue 
carbon as a potential climate change combating 
tool does not necessarily spell an end to the 
production of commercially harvested timber 
in mangroves. There are still communities and 
businesses that are dependent on the production 
of commercially harvested timber for charcoal 
production and this has to be considered in 
the management of the respective ecosystem. 
Moreover, mangroves can be managed sustainably 
for timber production in ways that complement 
and support contiguous ecosystem services. The 
production of timber and improved ecosystem 
services (for example, through the production 
of carbon offset) can occur concurrently and if 
integrated appropriately may serve to provide 
enhanced overall financial and economic 
outcomes as depicted in Figure 2.
 The production of timber from mangroves 
offers obvious direct financial benefits, but 
the production of carbon offsets has the 
potential to also offer additional economic, 
socio-cultural and ecological benefits. The 
ability to combine the two different ecosystem 
services through the integration of climate 
change mitigation mechanisms such as REDD+ 
will enable stakeholders to further diversify 
their management strategies and provide the 
opportunity to further enhance the economic 
and financial outcomes. The combination can 
result in an effective risk management tool for 
coastal habitat management and has far reaching 
impacts on policies governing these valuable 
ecosystems. Most importantly, the Matang 
Mangrove Forest Reserve and blue carbon 
have the potential to play a pivotal role in the 
refinement of REDD+ which can be designed to 

provide stakeholders with economic incentive 
that encourages rehabilitation and conservation 
of mangroves under favourable carbon market 
prices (Murray et al. 2011). The ability to 
implement a pilot blue based carbon project in 
a conducive location can allow research efforts 
to focus on the development of an effective 
monitoring, reporting and verifying process for 
REDD+.

The Matang Mangrove Forest Reserve

Malaysia’s current official definition of a forest 
is land with a 30% minimum crown cover, 0.5 ha 
minimum land area, a minimum tree height of  
5 m and it includes planted forest such as oil palm 
and rubber which differs from the definition 
of the Food and Agriculture Organization. 
However, under the REDD+ framework that is 
being developed for Malaysia, REDD+ activities 
are only focused in permanent reserved forest 
and protected areas. Mangrove is one of the 10 
types of forests found in Malaysia and more than 
70% of the mangrove forest found in Peninsular 
Malaysia has been gazetted as permanent 
reserved forests, which makes it eligible for 
REDD+ activity (Kamaruzaman & Dahlan 2009). 
 The Matang Mangrove Forest Reserve is 
a designated permanent reserved forest and 
the largest single tract of mangrove forest in 
Peninsular Malaysia which has been sustainably 
managed primarily for the production of charcoal 
for more than a century. It is located on the north-
west coast of Peninsular Malaysia. Over 85% of the 
Matang Mangrove Forest Reserve is tidal swamp 
and 70% of its landscape comprises islands. 
It covers a stretch of coastline that stretches  
51.5 km from Kuala Gula in the north to Bagan 
Panchor in the south, forming a crescent  

Figure 2 A simplistic view of the potential flow of benefits from the combination of the production of 
commercially harvested wood and the production of carbon offsets
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(Figure 3). The coastlines are irregular and 
characterised by extensive mangroves, mudflats, 
islands and shallow seas. It is bordered by 
agricultural plantations, fruit orchards, 
settlements, aquaculture ponds and agricultural 
bunds located inland. The total acreage has 
actually increased by 1498 ha to a total extent 
of 40,466 ha since it was first gazetted in 1902 
(Kamaruzaman & Dahlan 2009).
 In early 2000, the introduction of a new 
approach in forest management zoning divided 
the Matang Mangrove Forest Reserve into 
four distinct zones, namely, the protective  

production, restrictive production and the 
unproductive zones. The protective zone covers 
a total area of 7360 ha. The production zone 
is the largest of the all the zones and covers  
29,794 ha. The restrictive production zone covers 
2892 ha, while the unproductive zone, which is 
largely built up by agriculture bunds, covers an 
area of 420 ha. Therefore, timber extraction 
activity is mainly concentrated in 73.6% of the 
forest and limited timber extraction is carried 
out in 7.1% of the forest, while 19.3% is totally 
free from any human-induced forestry activity 
(Table 1). 

Figure 3     The location of the Matang Mangrove Forest Reserve 

Source:  Hamdan et al. (2013)
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 Since its designation as a permanent forest 
reserve in 1906, the administrators of the Matang 
Mangrove Forest Reserve have been constantly 
refining their management systems resulting in 
its recognition as the best managed mangrove 
in Malaysia and also one of the most sustainable 
ecosystems in the world that has a long and 
impressive history of sustainable management 
of timber extraction (Alongi et al. 2004, FAO 
2007). Over the years, the management plan 
has evolved from one that has been strictly 
emphasising on economic benefits to a more well-
balanced management plan that takes ecological 
properties of the forest into consideration.
 In addition to the extraction of timber for 
production of charcoal and poles, the Matang 
Mangrove Forest Reserve also plays an important 
role in providing other ecosystem services. It 
offers nursery habitats for various commercial 
and non-commercial species of fish and shrimps 
(Chong 2007), habitat for migratory birds 
and local forest birds (Othman et al. 2004), 
recreational activities such as fishing, bird 
watching and wildlife observation (Ahmad 
2009), and aquaculture activities which include 
cockle culture (Awang-Hazmi et al. 2007) and 
fish cage culture (Alongi et al. 2003). It provides 
protection against coastal erosion (Kamaludin 
1993) and also acts as an effective coastal carbon 
sink (Donato et al. 2011).  
 However, although the Matang Mangrove 
Forest Reser ve has been deemed to have 
been successfully managed for the sustainable 
production of charcoal, the production of 
commodities such as timber has often been 
shown to result in the reduction of one or more 
ecosystem services (Nalle et al. 2004). This occurs 
when the provision of an ecosystem service has 
a negative impact on the provision of alternative 

services (TEEB 2010). For example, in the 
case of mangroves, commercially harvesting 
of timber can result in the degradation of its 
ability to function optimally as a coastal defence 
mechanism or perhaps erode its function of 
providing breeding and nursing grounds for fish. 
This can eventually lead to an overall negative 
impact on human well-being.
 After more than a century of timber extraction, 
there are indications that the Matang Mangrove 
Forest Reserve has not gone entirely unscathed 
from the complex and dynamic ways that the 
ecosystem services it provides interrelate. The 
declines that have been documented include:
(1) The aboveground carbon stock in the Matang 

Mangrove Forest Reserve has been estimated 
to have declined from a total of 3.04 mil t 
C in 1991 to 2.15 mil t C in 2011 (Hamdan 
et al. 2013). This represents an emission of  
3.2 mil t CO2 over 20 years.

(2) There have been cases of periodical and 
notable declines in the average yield of 
greenwood extraction at the Matang 
Mangrove Forest Reserve (Putz & Chan 1986, 
Gong & Ong 1995). While this may or may not 
be the result of prolonged timber extraction, 
the 40% increase in the number of operating 
kilns to 489 in the current working plan will 
undoubtedly exert additional pressure on the 
coastal ecosystem.

(3) The production levels of blood cockles at the 
Matang Mangrove Forest Reserve are now less 
than a quarter of its historic high of 120,000 
tonnes in the 1980s. Benthic invertebrates 
can be a reliable indicator of the state of a 
managed mangrove forest and the continuing 
drastic decline in the production of blood 
cockles at Matang is a cause of concern 
(Ellison 2008). 

Table 1 The Matang Mangrove Forest Reserve total acreage breakdown of management zones

Range Compartment Protective 
zone (ha)

Restrictive 
zone (ha)

Productive 
zone (ha)

Unproductive 
zone (ha)

Total 
(ha)

Kuala 
Sepetang

1–50
62–64

5164 1369 14,357 179 21,069

Kuala Trong 51–61
65–86

834 480 9560 84 10,958

Sungai 
Kerang

87–108 1362 1043 5877 157 8439

Total 7360
(18.2%)

2892 
(7.2%)

29,794 
(73.6%)

420
(1%)

40,466
(100%)

 Source: Azahar and Nik Mohd Shah (2003)
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(4) The Matang Mangrove Forest Reserve is 
an important habitat for migratory birds 
(Othman et al. 2004). Despite the creation 
of permanent bird sanctuaries and increased 
efforts in the preser vation of mudflats 
(Azahar & Nik Mohd Shah 2003), there is 
evidence of a catastrophic decline in the 
population of water birds. It is estimated 
that there is a decline of 75 to 95% in the 
overall wintering water bird population 
at the Matang Mangrove Forest Reserve 
(Wei et al. 2006, 2007). The population of 
vulnerable milky stork (Mycteria cineria) has 
seen a massive 90% decline, with only five 
individuals recorded during an observation 
in 2009 (Ismail et al. 2012). 

 From the observed and documented declines 
in the provision of different ecosystem services 
at the Matang Mangrove Forest Reserve, it 
is essential to acknowledge and manage the 
potential trade-offs and synergies that exist 
between the different ecosystem services. It is 
crucial to maintain a desirable balance in the mix 
of services to ensure continuity in the provision 
of these services in a sustainable manner as 
a whole. It also shows that there is still room 
for improvement and there are possibilities of 
implementing management strategies that are 
based on conservation or sustainability such 
as the implementation of a blue carbon based 
REDD+ pilot project. It has the potential to 
provide a win–win situation for the development 
of both the forest reserve and the climate change 
mechanism. It will not only lead to a better 
understanding of how the ecosystem services 
respond to changes in time and space but will also 
enable the formulation of management strategies 
that could minimise trade-offs and increase 
synergies which will promote efficient and 
sustainable use of ecosystem services (Bennett 
et al. 2009). 

Advantages of implementing a blue carbon 
based REDD+ pilot project at the Matang 
Mangrove Forest Reserve

The unique characteristics and structure of 
the Matang Mangrove Forest Reserve have 
the potential to offer incentive-based policy 
instruments the perfect testing ground for the 
integration of blue carbon management projects. 
The management structure and governing 

frameworks that are already in place create a 
project site that will minimise or even eliminate 
the costs of overlap, gaps, poor coordination 
and uncertainty that can possibly occur if the 
mechanism is implemented in an area with 
opposing characteristics. 
 The process of developing and implementing 
ef fective and equitable incentive-based 
mechanisms such as REDD+ will be further 
enhanced by the following factors:   
(1) The extensive records and research at the 

Matang Mangrove Forest Reserve can be a 
major contributor in our efforts of building 
a solid understanding of this coastal carbon 
sink. This will ensure the enhancement of 
cumulative advancement in the knowledge of 
mangrove carbon storage which is required 
to facilitate the implementation of any 
mangrove related carbon offset production 
mechanism (Komiyama et al. 2007, Donato 
et al. 2011, Lovelock et al. 2011, Murray et al. 
2011). The key drivers of deforestation and 
degradation can be accurately identified and 
records dating back to the 1920s will provide 
valuable insight for any performance-based 
mechanism.

(2) It allows the mechanism to be applied in 
a less complex social interface because 
the community and stakeholders, which 
in this case includes the state of Perak, are 
well defined and have similar objectives in 
which the ultimate goal is to protect the 
Matang Mangrove Forest Reserve to ensure 
sustainable flow of ecosystem services for 
the benefit of surrounding communities. 
It can provide REDD+ with a potential 
demonstration site of an effective integration 
of local governments and communities 
within regional and national climate change 
policies.

(3) The economic interest of the different groups 
of stakeholders complement each other. This 
will reduce the complexities of structuring 
economic objectives and goals of a particular 
activity within the mangrove forest reserve. It 
will also reduce the challenges in identifying 
effective and equitable benefit-sharing 
mechanisms.  

(4) There is no conflict over land and natural 
resources. Clear, distinct and effective 
regulatory frameworks governing the forest 
and its natural resources have been placed for 
decades. Resource use rights and land tenure 
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are clearly defined and recorded. Clear land 
titles resulting in the lack of complications 
that often arise from competing customary 
and statutor y rights reduce the risk of 
implementing a benefit-sharing mechanism 
such as REDD+.

(5) There are 34 settlements (28 of which are 
fishing villages), which will allow the project 
to monitor and evaluate the impact of the 
mechanism on a large and diverse community 
that depends on the mangrove forest. Direct 
and indirect dependents of the mangrove 
forest reserve can be easily identified and the 
impact on them can be gauged for further 
development of the mechanism.

(6) It is easier to promote equity because the 
income can be put to full use of managing 
the forest which will increase the quality and 
value of other ecosystem services that will be 
enjoyed by the community that depends on 
the mangrove. Due to the diverse stream of 
ecosystem services provided by mangroves, 
REDD+ will extend beyond the narrow 
carbon objective. At this project site, a single 
act of mitigation can yield multiple streams 
of adaptation advantages. For example, the 
act of conserving some parts of the forest will 
not just lead to the sequestration of carbon 
but also potentially protect or rehabilitate 
other ecosystem services such as bird habitat 
which can then possibly lead to an increase 
in tourism.

 A pilot REDD+ project can make significant 
contribution towards Malaysia’s commitment 
to adopt voluntary reduction of 40% emissions 
(in terms of gross domestic product) by 2020. 
It has the potential to provide the country 
with nature-based solution for climate change 
mitigation and adaptation strategies, which will 
help contribute to the overall global effort of 
combating climate change. The formulation of an 
effective management regime for the mangrove 
ecosystems and their services can help build 
social resilience to climate change and support 
sustainable economic growth. A successful 
REDD+ project can highlight Malaysia’s large 
blue carbon mitigation potential and help with 
capacity building and the development of other 
blue carbon demonstration projects and pilot 
policies. It can potentially be a crucial building 
block in the development and implementation 
of Malaysia’s National REDD+ Strategy.

 From the perspective of the management 
regime of the Matang Mangrove Forest Reserve, 
an integration of a climate change mechanism 
such as REDD+ can be a step towards refining its 
management strategy and enhancing Malaysia’s 
role in climate change mitigation. It will foster 
better understanding of the dynamics of 
governance and management of ecosystem and 
ecosystem services by attempting to identify the 
appropriate mix or balance of ecosystem services. 
It can be the first step towards integrating carbon 
and timber management in supporting multiple 
ecosystem services. Ultimately, the project can 
induce successful integration of natural and 
human capital by encouraging the incorporation 
of ecosystem services assessment and valuations 
in decision-making (Bateman et al. 2010). 

DISCUSSION AND CONCLUSIONS

Mangroves provide a variety of ecosystem services 
and are among the most carbon-rich forest types 
on earth. A combination of these characteristics 
makes it an ecosystem with great potential to be 
incorporated into existing climate change policy 
frame works (Siikamaki et al. 2012). The Matang 
Mangrove Forest Reserve provides a unique and 
interesting pilot project location for a climate 
change intervention mechanism such as REDD+. 
It provides the ability for policy-makers to isolate 
the mechanism and implement it in a conducive 
location that allows the focus to be primarily on 
the internal structure of the mechanism such as 
the monitoring, reporting and verifying process.
 Although the Matang Mangrove Forest 
Reserve has been managed well to achieve 
favourable outcomes for local communities 
and ecological health, there are evidences of 
an alarming decline in the provision of certain 
ecosystem services. Researchers can scrutinise 
the interaction between the different ecosystem 
services that are interlinked in a complex way, 
which can result in positive or negative impact on 
the other services (Heal et al. 2005, Tallis et al. 
2008). This will minimise trade-offs and increase 
synergies in the ecosystem and enable study on 
the co-benefits mooted by REDD+. 
 A study of the Matang Mangrove Forest 
Reserve will be able to provide insight into the 
characteristics of carbon flux associated with 
timber harvesting. Future research can focus 
on the advantages or disadvantages of managed 
forest on carbon flux and its association with the 
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delivery of other ecosystem services. However, in 
order to fully realise the potential of any study, 
we will need to continue building on the current 
understanding of carbon stocks in mangroves. 
This will facilitate the implementation process 
of any climate change mechanism and ensure 
that the whole ecosystem carbon storage, which 
consists of two carbon pools, namely, carbon 
in living biomass and soil organic carbon, can 
be incorporated into these schemes. This will 
also contribute towards the development of an 
established and globally accepted method of 
measuring, reporting and verifying carbon stocks 
in mangroves.
 Eventually, the evaluation process to determine 
the success rate of the integration of REDD+ 
will require information on the financial and 
economic value of the ecosystem services. The 
ecosystem services can be related to economic 
values through the total economic value (TEV) 
framework. The concept of TEV is defined as the 
sum of the values of all service flows that natural 
capital generates both now and in the future 
(TEEB 2010). It is an aggregation of all the values 
of ecosystem services into a single matrix using a 
common unit of account that allows comparisons 
of the benefits of various goods and services. 
Since money is generally accepted as a familiar 
unit of account, valuations and assessments 
in terms of monetary values will enable the 
evaluation results to be effectively conveyed and 
utilised in the planning process of formulating 
optional management strategies for the Matang 
Mangrove Forest Reserve and the incorporation 
of a pilot REDD+ project.
 Unlike schemes implemented around 
the world, where the choice of conservation 
ultimately limits the interaction of the community 
or stakeholders with the forest and at times gives 
rise to challenging issues, the implementation 
of REDD+ in the Matang Mangrove Forest 
Reserve can potentially provide a solution of 
ways to integrate forest interaction (for example, 
timber harvesting) and conservation. As it is, to 
a certain extent, void of sociological, ecological 
and economic complexities, the financial and 
broader economic repercussions can be studied 
without jeopardising the integrity of the current 
ecosystem structure. It can result in a mechanism 
which can deliver benefits sustainably and in  
reasonable time.
 This review believes that blue carbon and 
the Matang Mangrove Forest Reser ve can 

fit the criteria of providing REDD+ or other 
incentive-based policy instruments the optimum 
landscape to be developed and nurtured to its full 
potential. In order to fully harness the advantages 
and opportunities of integrating blue carbon 
management project and timber harvesting in 
the management of the Matang Mangrove Forest 
Reserve, three areas of research require further 
attention. 
 Firstly, there is a need to conduct a complete 
and detailed ecosystem services assessment 
and valuation to understand and characterise 
the relat ionship between the dif ferent 
ecosystem services and benefits rendered. The 
understanding of the way ecosystem services in 
the Matang Mangrove Forest Reserve interrelate 
will enable the formulation of management 
strategies that can minimise trade-offs and 
increase synergies which will promote efficient 
and sustainable use of ecosystem services. The 
assessment and valuation of ecosystem services 
will be a crucial component in the designing and 
development stage of any proposed incentive-
based policy instruments including REDD+.
 Secondly, it is essential to measure and 
quantify the carbon fluxes at the Matang 
Mangrove Forest Reserve over time. This can 
be achieved through the estimation of the 
aboveground biomass, as timber harvesting 
primarily removes the aboveground biomass 
but leaves the belowground and soil carbon 
intact. It will provide valuable insight into the 
effect of timber harvesting on the carbon stock 
and carbon sequestration rate of the ecosystem. 
The adoption of recent advancements in the 
techniques of satellite imagery can provide a 
cost-effective solution in covering an extensive 
but largely inaccessible study area. This will 
allow future research to establish and develop 
an understanding of the dynamic relationship 
between the carbon flux and other ecosystem 
services, allowing trade-offs and synergies to be 
identified. 
 Finally, once the ecosystem services have 
been clearly defined and the relationships that 
exist have been established, a detailed financial 
and economic assessment of the integration of 
a blue carbon incentive-based policy instrument 
at the Matang Mangrove Forest Reserve should 
be performed. The focus should be on analysing 
the impact of integrating a blue carbon incentive-
based policy instrument such as REDD+ on 
the direct and indirect financial and economic 
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performance of the Matang Mangrove Forest 
Reserve. A sensitivity analysis based on the 
carbon market price can also be conducted in 
order to identify the potential mix of timber 
production, ecological conservation and carbon 
offset projects in the Matang Mangrove Forest 
Reserve that can possibly produce an enhanced 
financial and economic outcome for the forest 
and its stakeholders.

ACKNOWLEDGEMENTS

We would like to thank the Forest Research 
Institute Malaysia, Forestr y Department 
Peninsular Malaysia, Department of Fisheries 
Malaysia and Yayasan Dayadiri for their support. 

REFERENCES

AhmAd S. 2009. Recreational values of mangrove forest in 
Larut Matang, Perak. Journal of Tropical Forest Science 
21: 81–89.

Alongi DM. 2002. Present state and future of the world’s 
mangrove forests. Environmental Conservation 29: 
331–349.

Alongi d, Chong V, dixon P, SASekumAr A & Tirendi F. 2003. 
The influence of fish cage aquaculture on pelagic 
carbon flow and water chemistry in tidally dominated 
mangrove estuaries of Peninsular Malaysia. Marine 
Environmental Research 55: 313–333.

Alongi d, SASekumAr A, Chong V, PFiTzner J, TroTT l, 
Tirendi F, dixon P & BrunSkill g. 2004. Sediment 
accumulation and organic material flux in a 
managed mangrove ecosystem: estimates of land–
ocean–atmosphere exchange in Peninsular Malaysia. 
Marine Geology 208: 383–402.

AngelSen A. 2008. Moving Ahead With REDD: Issues, Options 
and Implications. Center for International Forestry 
Research, Bogor. 

AwAng-hAzmi A, zuki A, noordin m, JAlilA A & norimAh Y. 
2007. Mineral composition of the cockle (Anadara 
granosa) shells of west coast of Peninsular Malaysia 
and its potential as biomaterial for use in bone repair. 
Journal of Animal and Veterinary Advances 6: 591–594.

AzAhAr m & nik mohd ShAh NM. 2003. A Working Plan for 
the Matang Mangrove Forest Reserve, Perak: The Third 
10-Year Period (2000–2009) of the Second Rotation. Fifth 
revision. State Forestry Department of Perak Darul 
Ridzuan, Ipoh.

BArBier EB. 2003. Habitat–fishery linkages and mangrove 
loss in Thailand. Contemporary Economic Policy 21: 
59–77.

BATemAn IJ, mACe GM, Fezzi C, ATkinSon g & Turner k. 2010. 
Economic analysis for ecosystem service assessments. 
Environmental and Resource Economics 48: 177–218.

BenneTT EM, PeTerSon GD & gordon LJ. 2009. Understanding 
relationships among multiple ecosystem services. 
Ecology Letters 12: 1394–1404.

Blom B, SunderlAnd T & murdiYArSo d. 2010. Getting 
REDD to work locally: lessons learned from 

integrated conservation and development projects. 
Environmental Science and Policy 13: 164–172.

Bond i. 2009. Incentives to Sustain Forest Ecosystem Services: A 
Review and Lessons for REDD.  International Institute 
for Environment and Development, London.

Chong VC. 2006. Sustainable utilization and management 
of Mangrove ecosystems of Malaysia. Aquatic Ecosystem 
Health and Management 9: 249–260.

Chong V. 2007. Mangroves–fisheries linkages: the Malaysian 
perspective. Bulletin of Marine Science 80: 755–772.

ClemenTS T. 2010. Reduced expectations: the political and 
institutional challenges of REDD+. Oryx 44: 309–310.

donATo DC, kAuFFmAn JB, murdiYArSo d, kurniAnTo S, 
STidhAm m & kAnninen m. 2011. Mangroves among 
the most carbon-rich forests in the tropics. Nature 
Geoscience 4: 293–297.

duke NC. 1992. Mangrove floristics and biogeography. 
Pp 63–100 in Robertson AI & Alongi DM (Eds) 
Tropical Mangrove Ecosystems. Volume 41. Coastal and 
Estuarine Studies Series. American Geophysical 
Union, Washington DC.

edwArdS DP, koh LP & lAurAnCe WF. 2012. Indonesia’s 
REDD+ pact: saving imperilled forests or business as 
usual? Biological Conservation 151: 41–44.

eliASCh J. 2008. Climate Change: Financing Global Forests—the 
Eliasch Review. Earthscan, Sterling.

elliSon AM. 2008. Managing mangroves with benthic 
biodiversity in mind: moving beyond roving banditry. 
Journal of Sea Research 59: 2–15.

FAO. 2007. The World’s Mangroves 1980–2005: A Thematic 
Study Prepared in the Framework of the Global Forest 
Resources Assessment. FAO Forestry Paper 153. Food 
and Agriculture Organization, Rome.

Feller IC, loVeloCk CE, Berger u, mCkee KL, JoYe SB & BAll 
MC. 2010. Biocomplexity in mangrove ecosystems. 
Annual Review of Marine Science 2: 395–417.

giri C, oChieng e, TieSzen LL, zhu z, Singh A, loVelAnd T, 
mASek J & duke n. 2011. Status and distribution of 
mangrove forests of the world using earth observation 
satellite data. Global Ecology and Biogeography 20: 
154–159.

gong WK & ong JE. 1995. The use of demographic studies 
in mangrove silviculture. Hydrobiologia 295: 255–261.

hAmdAn o, khAirunniSA m, AmmAr A, hASmAdi i & Aziz h. 
2013. Mangrove carbon stock assessment by optical 
satellite imagery. Journal of Tropical Forest Science 25: 
554–565.

heAl GM, BArBier EB, BoYle KJ, CoViCh AP, gloSS SP, herShner 
CH, hoehn JP, Pringle CM, PolASkY S, SegerSon k & 
SChrAder-FreCheTTe k. 2005. Valuing Ecosystem Services: 
Toward Better Environmental Decision-Making. The 
National Academies Press, Washington DC.

herold m & SkuTSCh m. 2011. Monitoring, reporting 
and verification for national REDD+ programmes: 
two proposals. Environmental Research Letters. 
Doi:10.1088/1748-9326/2/4/045025.

iSmAil A, rAhmAn F, miYAzAki n & nAiTo Y. 2012. Initial 
application of bio-logging techniques on captive 
milky stork (Mycteria cinerea) in Malaysia. Tropical 
Ecology 53: 177–181.

kAmAludin BH. 1993. The changing mangrove shorelines in 
Kuala Kurau, Peninsular Malaysia. Sedimentary Geology 
83: 187–197.



Journal of Tropical Forest Science 26(3): 371–381 (2014) Ammar AA et al.

381© Forest Research Institute Malaysia

kAmAruzAmAn J & dAhlAn HT. 2009. Managing sustainable 
mangrove forests in Peninsular Malaysia. Journal of 
Sustainable Development 1: 88–96.

komiYAmA A, ong JE & PoungPArn S. 2007. Allometry, 
biomass, and productivity of mangrove forests: a 
review. Aquatic Botany 89: 128–137.

lAFFoleY d & grimSdiTCh g (eds). 2009. The Management of 
Natural Coastal Carbon Sinks. International Union for 
Conservation of Nature, Gland.

lArSon AM. 2011. Forest tenure reform in the age of climate 
change: lessons for REDD+. Global Environmental 
Change 21: 540–549.

lAw EA, ThomAS S, meiJAArd e, dArguSCh PJ & wilSon KA. 
2012. A modular framework for management of 
complexity in international forest-carbon policy. 
Nature Climate Change 2: 155–160.

lAwlor k, JenkinS A, olAnder LP & murrAY BC. 2010. 
Expanding the Scope of International Terrestrial Carbon 
Options: Implications of REDD+ and Beyond. Nicholas 
Institute for Environmental Policy Solutions, 
Durham.

lin l, PATTAnAYAk SK, SillS EO & Sunderlin WD. 2012. Site 
selection for forest carbon projects. Pp 209–232 in 
Angelsen A et al. (eds) Analysing REDD: Challenges 
and Opportunities. Center for International Forestry 
Research, Bogor. 

loVeloCk CE, rueSS RW & Feller IC. 2011. CO2 efflux from 
cleared mangrove peat. PloS One U6 6: 21279.

mumBY PJ, edwArdS AJ, AriAS-gonzález JE, lindemAn KC, 
BlACkwell Pg, gAll A, gorCzYnSkA mi, hArBorne 
AR, PeSCod CL, renken h, wABniTz CCC & llewellYn 
g. 2004. Mangroves enhance the biomass of coral 
reef fish communities in the Caribbean. Nature 427: 
533–536.

murdiYArSo d, BroCkhAuS m, Sunderlin WD & VerChoT l. 
2012. Some lessons learned from the first generation 
of REDD+ activities. Current Opinion in Environmental 
Sustainability 4: 678–685.

murdiYArSo d, dewi S, lAwrenCe d & SeYmour F. 2011. 
Indonesia’s Forest Moratorium: A Stepping Stone to Better 
Forest Governance? Working Paper No. 76. Center for 
International Forestry Research, Bogor. 

murrAY BC, PendleTon l, JenkinS WA & SiFleeT AS. 2011. 
Green Payments for Blue Carbon: Economic Incentives 
for Protecting Threatened Coastal Habitats. Nicholas 
Institute for Environmental Policy Solutions, 
Durham.

nAlle DJ, monTgomerY CA, ArThur JL, PolASkY S & 
SChumAker NH. 2004. Modeling joint production of 
wildlife and timber. Journal of Environmental Economics 
and Management 48: 997–1017.

nellemAnn C, CorCorAn e, duArTe CM & VAldéS l, de Young 
C, FonSeCA l & grimSdiTCh g (eds). 2009. Blue Carbon: 
The Role of Healthy Oceans in Binding Carbon. A Rapid 
Response Assessment. United Nations Environment 
Program and GRID, Arendal.

ong JE. 1993. Mangroves—a carbon source and sink. 
Chemosphere 27: 1097–1107.

oThmAn J, BenneTT J & BlAmeY r. 2004. Environmental 
values and resource management options: a choice 
modelling experience in Malaysia. Environment and 
Development Economics 9: 803–824.

PiSToriuS T. 2012. From RED to REDD+: the evolution of 
a forest-based mitigation approach for developing 
countries. Cur rent Opinion in Environmental 
Sustainability 4: 638–645.

PuTz FE & ChAn HT. 1986. Tree growth, dynamics, and 
productivity in a mature mangrove forest in Malaysia. 
Forest Ecology and Management 17: 211–230.

SiikAmAki J, SAnChiriCo JN & JArdine SL. 2012. Global 
economic potential for reducing carbon dioxide 
emissions from mangrove loss. Proceedings of the 
National Academy of Sciences 109: 14369–14374.

SloAn S, edwArdS DP & lAurAnCe WF. 2012. Does Indonesia’s 
REDD+ moratorium on new concessions spare 
imminently threatened forests? Conservation Letters 
5: 222–231.

Sunderlin WD, lArSon AM & CronkleTon P. 2009. Forest 
tenure rights and REDD. Pp 139–150 in Realising 
REDD. Center for International Forestry Research, 
Bogor.

TAlliS h, kAreiVA P, mArVier m & ChAng A. 2008. An 
ecosystem services framework to support both 
practical conservation and economic development. 
Proceedings of the National Academy of Sciences 105: 
9457–9464.

TEEB. 2010. The Economic of Ecosystems and Biodiversity: 
Ecological and Economic Foundations. Earthscan, 
London.

wei DLZ, Aik YC, ChYe LK, kumAr k, TiAh LA, Chong Y & 
mun CW. 2006. Shorebird surveys of the Malaysian 
coast November 2004–April 2005. Stilt 49: 7–18

wei DLZ, YeAP C & kumAr k. 2007. Surveys of coastal 
waterbirds and wetlands in Malaysia, 2004–2006. The 
status of coastal waterbirds and wetlands in Southeast 
Asia. Pp 1–40 in Results of Waterbird Surveys in Malaysia 
(2004–2006) and Thailand and Myanmar (2006). 
Wetlands International, Kuala Lumpur.

werTz-kAnounnikoFF S, VerChoT LV, kAnninen m & 
murdiYArSo d. 2008. How can we monitor, report 
and verify carbon emissions from forests. Pp 87–98  
in Angelsen A (ed) Moving Ahead with REDD: Issues, 
Options, and Implications. Center for International 
Forestry Research, Bogor.

weSTholm l, BiddulPh r, hellmArk i & ekBom A. 2011. 
REDD+ and Tenure: A Review of the Latest Developments 
in Research, Implementation and Debate. Forest, 
Climate and Livelihood Research Network (Focali), 
Gothenburg. 


