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One form of mangrove ecosystem service is carbon sequestration. The issue of carbon is
an important concern for the climate change response. The purpose of this study is to
determine the comparison of stand carbon stock estimates in mangrove ecosystems on
the coast of East Lampung Regency (Kuala Penet Resort Mangrove Forest, Lampung
Mangrove Center (LMC) Mangrove Forest, and Register 15 Mangrove Forest). The
stages of research include: determination of data collection based on purposive sampling
and Forest Health Monitoring (FHM) techniques; stand biomass and carbon calculations
using allometric equations and the Intergovernmental Panel on Climate Change (IPCC);
descriptive data analysis; and a literature study. Based on the results of the study, the
highest stand carbon was in LMC (144.56 tons per ha), and the lowest was in Kuala Penet
Resort (19.19 tons/ha). These conditions are influenced by stand structure factors
(growing conditions, tree age, and microclimate conditions) and management schemes.
The partnership is a form of stakeholder commitment as a way to maintain mangrove
ecosystem services. Thus, carbon stands in coastal mangrove ecosystems of East
Lampung Regency, namely Kuala Penet Resort (19.19 tons/ha), Register 15 (9.66

tons/ha), and LMC (144.56 tons/ha).

1. INTRODUCTION

Mangrove ecosystems have the characteristics of Common
Pool Resource (CPR) [1], which are open access to
management and utilization, so there is a need for strong
institutions and legislation to regulate restrictions on the use of
mangrove ecosystem resources. Mangrove ecosystems are
directly adjacent to the sea, so they are dynamic and quite
vulnerable to damage due to changes in land cover [1] and the
quality of natural resources. This condition is also directly
related to the physical, biological, climate, land, and human
resources aspects of mangrove ecosystems [2]. Mangrove
ecosystems need to be managed very wisely so that ecosystem
health conditions are maintained. According to the study [3],
damage to mangrove ecosystems reached 5.3 million hectares.

Asia is the region with the largest mangrove ecosystem,
which is about 38% of the total area of 15.2 million hectares
[4, 5]. Around 23% of the coastal area in Indonesia is the
coastal ecosystem of East Lampung Regency, Lampung
Province [6]. This mangrove ecosystem has a trend of forest
health conditions in the medium category, so optimization of
ecosystem functions is needed [7]. Mangrove ecosystems
located on the coast of East Lampung Regency are managed
by several stakeholders, including the Provincial Government,
Regency Government, and the community.

As an implementation management unit, government
agencies have the task of monitoring and assessing the
implementation of community-based mangrove ecosystem
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management activities [8]. Community activities affect the
dynamic conditions of mangrove ecosystem forest
management [9]. Through community empowerment schemes,
it can support optimizing the operation of potential natural
resources (SDA) in the form of wood, non-timber forest
products, and ecosystem services [8]. One form of ecosystem
service is carbon potential.

Currently, carbon is a hot issue that is being discussed by
stakeholders in various countries. Since the 2009 climate
conference held in Copenhagen, various regulations and
policies have emerged to reduce emissions as a form of
response to climate change [10]. Carbon can be obtained from
the biomass of living stands, the biomass of dead trees, litter,
and soil [11], so that it can describe the growth conditions of
tree stands and become one of the indicators of mangrove
ecosystem health [7].

Based on research by Salsabilli Rh et al. [12], there was a
decrease in carbon content over a 4-year period (2016-2020)
by 26% in the coastal mangrove ecosystem of East Lampung
Regency. This is of particular concern because it is caused by
degradation and damage to ecosystems. In addition, natural
factors and the ability of vegetation to survive can also be
influential. This condition can be overcome with rehabilitation
activities. This activity is able to improve the arrangement of
mangrove vegetation stands and soil fertility [13]. Mangrove
stands have the highest carbon content compared to other parts
[14]. In addition to rehabilitation efforts, there is a need for
strengthening between institutions and communities as
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conflict resolution, as well as binding regulations for
stakeholders as an effort to preserve and prevent ecosystem
damage in terms of maintaining the potential to support
climate change response [2]. Based on the results of the study,
there are differences in carbon stock content at several
research sites. These results can be used as considerations and
studies to formulate policies for mangrove ecosystem
management based on carbon content.

Information and data on the potential of carbon in mangrove
ecosystems along the coast of East Lampung Regency are still
very minimal. Even though this information is very important
for stakeholders in managing and utilizing mangrove
ecosystems, In addition, there is still little research that
considers optimizing ecosystem services through comparative
carbon estimation of mangrove stands as a policy for climate
change mitigation efforts. Therefore, to ensure the
sustainability of mangrove forests and optimize the function
of ecosystem services in mitigating climate change in Coastal
East Lampung Regency, it is necessary to measure and
calculate stand carbon stock estimates as the basis for
mangrove forest management policies. This study aims to
determine the comparison of stand carbon stock estimates in
several mangrove forest areas in Coastal East Lampung
Regency. This study was conducted to obtain standing carbon
values at three study sites. The estimation of carbon value is
obtained based on the calculation of allometric formulas and
IPPC. Then, a qualitative descriptive analysis and literature
study were carried out to obtain a study on optimizing
mangrove ecosystem services based on carbon estimation.

2. LITERATUR REVIEW

Based on the total mangroves in Southeast Asia, the area of
mangrove forest ecosystems in Indonesia reaches 75% of the
total area. This shows that Indonesia has potential and natural
wealth in the form of abundant mangrove ecosystems. There
are two dominant types of mangroves commonly found in
coastal areas of Indonesia, namely Avicennia marina and
Rhizophora mucronata. The type of Avicennia marina is a
pioneer type whose vegetation arrangement is directly by the
sea. This type has more significant growth than the type of
Rhizophora because the type of Avicennia absorbs more
minerals contained in seawater. However, compared to the
Avicennia type, the Rhizophora type has strong roots, so it
serves as a shoreline stabilizer to protect coastal areas from
strong sediments, abrasion, and seawater waves [15]. This is
what causes a lot of damage to the vegetation of Avicennia
marina. Damage to vegetation will also have an impact on the
condition of mangrove ecosystems.

Based on the results of research [3], mangrove ecosystems
that have been damaged reached 5.3 million hectares, where
damage occurred in forest areas as much as 3.7 hectares
(69.8%) and outside forest areas as much as 1.6 hectares
(30.2%). Mangrove ecosystems are unique and different from
all other rainforest ecosystems because they are near the sea,
making them vulnerable to ecosystem damage [1]. Therefore,
it is necessary to optimize mangrove ecosystem services as a
scheme to anticipate these conditions.

One of the provinces in Indonesia that has mangrove
ecosystem potential is Lampung Province, precisely on the
coast of East Lampung Regency. The coast of East Lampung
Regency has an area of mangrove ecosystems (Labuhan
Maringgai and Pasir Sakti areas) reaching 2,228.44 hectares
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[14]. The health trend of the coastal mangrove ecosystem of
East Lampung Regency, based on the research [7], is in the
medium category, so it is necessary to optimize the function of
the ecosystem. To maintain the sustainability of mangrove
ecosystems, there is a need for community-based forest
management efforts and the involvement of multi-
stakeholders in supporting the management and supervision of
mangrove ecosystems [1]. Community-based mangrove
ecosystem management attracts attention because there are
variations and differences in management practices. This
condition has direct implications for differences in vegetation
structure, vegetation diversity, and carbon stock [11].

The determination of carbon estimation is based on the
perspective of biomass estimation, which is an important
component in studying the structure and function of mangrove
ecosystems [16]. Based on research by Salsabilli Rh et al. [12],
there was a decrease in carbon content by 26% in the LMC
area from 2016 to 2020. According to the study [14], the
carbon content in stands has greater value compared to other
parts. This is because the carbon storage contained in stands is
obtained from nutrients in organic matter through the
decomposition process on the soil surface and the process of
photosynthesis [17]. It can be said that the condition of the site
or topography has implications for the size of the carbon
content in mangrove stands. Topography affects the content of
above-surface biomass (AGB), as shown in research [18],
which shows that topographic conditions contribute to an
increase in AGB of 87 mg/ha (48.6%) and 91.7 mg/ha (51.4%).

The value of carbon has direct implications for biomass
estimation, where low biomass in mangrove stands will reduce
the productivity ability of these coastal ecosystems [16]. The
increase in CO, compounds in the atmosphere is caused by the
degradation of mangrove stands as carbon sinks [14]. In line
with research by Indrayani et al. [19], which states that "blue
carbon" is an important parameter of mangrove ecosystems in
reducing greenhouse gases, Mangrove ecosystems have high
productivity, so they play an important role in carbon
circulation and become important in the study of climate
change mitigation in coastal areas [16].

In all types and types of forest areas (especially protected
forests and conservation forests (national parks), NetZero
emission efforts by 2050 can no longer be discussed as a
sustainable development discourse [20]. This needs direct
action by managers, considering the amount of ecosystem
damage caused by greenhouse gas emissions. The government
plays an important role as a regulator in anticipating this
condition. There are already many countries that are aware of
the issue of climate change. Like in Ethiopia, where the
government there started the Climate Resilience Green
Economy (CRGE) strategy. This strategy is focused on
afforestation and restoration of land to increase forest land
cover and reduce land degradation [21]. Indonesia has also
begun to design and realize a similar strategy, namely
Indonesia's Forestry and Other Land Use (FOLU) Net Sink
2023 strategy. This strategy is an initiative of the Indonesian
government to reduce greenhouse gas emissions in the
atmosphere through several activity targets.

Some information related to the research topic has been
discussed and obtained based on research that has been done
by other researchers. The aim of this research was to add
information related to the content of carbon stocks in several
activity locations, and which led to the optimization of the
function of mangrove ecosystems as carbon sinks based on
carbon stock estimates as databases and regulations for



formulating climate change mitigation policies. This work is
expected to be able to formulate information in an effort to
suppress and reduce the rate of degradation of mangrove
ecosystems.

3. METHODS
3.1 Study site

The study was conducted in June - August 2023 in three
coastal mangrove ecosystems in East Lampung Regency. The
determination of the location of the study was carried out
based on purposive sampling techniques with several
considerations from researchers, namely the status of the area
and the management status of mangrove forest areas. The three

research locations include Kuala Penet Resort Mangrove
Forest, Lampung Mangrove Center (LMC) Mangrove Forest,
and Register 15 Mangrove Forest.

The management status of the research site, among others:
Kuala Penet Mangrove Forest is managed by the central
government, namely the Ministry of Forestry; LMC Mangrove
Forests are managed by the regional government (village) and
the community; and the Mangrove Forest Register is managed
by the provincial government, namely the Lampung Provincial
Forestry Service. Determination of observation points was
based on purposive sampling methods that consider the
dominant types of mangrove vegetation, namely Avicennia
marina and Rhizophora mucronate. There are 6 observation
points at the research site, where in each mangrove ecosystem
area there are 2 observation points (cluster plot) based on the
dominant type, as presented in Table 1 and Figure 1.

Table 1. Coordinates of the research location

No. Location Cluster-Plot (CL) Coordinate Point
1 CL1 0504'47.69"S 105%1'27.96"E
’ Mangrove Forest of Resort Kuala Penet CL2 0590348, 74"S 105%51'29.8"E
3 CL3 0516'10.98"S 105%1'21.15"E
4 Mangrove Forest of LMC CL4 05°16'36.98"S 105%50'53.64"E
5 Mangrove Forest of Register 15 CL5 05°32'32.60"S 1059'15.65"E
6 g g CL6 05%2'21.75"S 10549'6.12"E
104.400 105.600
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Figure 1. Research location

3.2 Data collection

The study was conducted in three locations of mangrove
forests on the Coast of East Lampung Regency, Indonesia,
with data collection based on purposive sampling techniques
and Forest Health Monitoring (FHM) techniques. Purposive
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sampling technique is used to determine the number of
observation points. The FHM technique is used for the
determination of the shape of the observation plot and the
distribution of data collection based on the vegetation phase.
FHM is commonly used in assessing and monitoring forest
health [22]. However, with various developments from



researchers, FHM can be used in various conditions tailored to
the needs of researchers. The FHM cluster-plot model can be
seen in Figure 2.

The FHM technique is identical to an observation plot
called a cluster plot with a circle shape, where in one cluster
plot there are 4 observation plots [23]. Thus, this study was
conducted with a total of 24 observation plots.

Stand carbon data collection is based on mangrove tree
stand growth. The growth of mangrove trees is based on taking
data on tree’s dimensions, namely the diameter of the tree
trunk. Diameter data collection was carried out on tree trunks
at an altitude of 1.3 meters above ground level. Then, through
the diameter data, stand carbon values are determined based
on the allometric formula.

Azinmth 1-2 360/
Azivmth 1-3 120/
Aszimmuth 14 240

\".

- Arvular plot
58.9 radius (17.95 m)

Subplot
2407 radius (732 m)

(@ Distance batween pomts 1z 1207 (36,6 m)

- Microplot .
6.8" rading (2,07m) 12 @ azimuth 90
azinuth fom subplet centers (3.66 m)

Figure 2. FHM cluster-plot design
3.3 Data analysis

3.3.1 Biomass

Stand carbon estimation is based on the mangrove stand
biomass perspective approach. Biomass estimation is carried
out by calculating the dimension measurement of tree trunk
diameter (DBH), which is then calculated by an allometric
equation formula [19]. Many studies have been conducted to
determine allometric equations for estimating the biomass
value of mangrove tree trunks, and this equation model is
considered part of an environmentally friendly method
because it does not require damaging or removing mangrove
trees [15, 19]. Estimating biomass with allometric models can
facilitate adjusting to regional geographical conditions in
mangrove ecosystem management [16].

Different types of mangroves have different allometric
models for estimating biomass values. In this study, two
dominant types of mangroves were found and used as the
object of research, namely Avicennia marina and Rhizophora
mucronata. Thus, the allometric models used in both types are
as follows (Table 2).

Table 2. Allometric model of mangrove species

No. Mangrove Species Model Allometric  Source
1 Avicennia marina W=0.1848 (D)23%24 [3]
2 Rhizophora mucronata W=0.1466 (D)?31%6  [24]
Notes: W= Total biomass (Kg); D= Diameter/DBH (meter)

3.3.2 Stock carbon estimation
The biomass value that has been obtained is then added to

obtain the total value of biomass. Then, the stand carbon
estimation value is calculated by binding the total biomass
value with the percentage of carbon content fraction (%C) of
0.47 [25]. The formula for calculating the carbon value is as
follows:

C=W>9%C (1)

3.3.3 Literature review

A literature review serves the purpose of gathering data and
arguments on research topics from researchers who have
conducted relevant studies in support of research results based
on phenomena that have occurred. The literature review was
carried out by collecting several papers or papers with criteria
adjusted by researchers, in this case related to mangrove
forests and mangrove carbon [26]. The results of the paper
collection are then studied more deeply to identify the desired
issues.

4. RESULTS

Global warming is a major concern that raises the concerns
of the world community and has an impact on sustainable
development in various sectors [10]. One of the sectors that
has an impact is the forestry sector. The forestry sector plays
an important role in mitigating climate change, especially in
coastal areas, namely mangrove forests.

Indonesia has various forms of forest ecosystems, one of
which is mangrove forests. Mangrove forests have great
potential for binding and absorbing CO- [11, 21]. The part of
Indonesia that has the potential for mangrove forest
ecosystems is the coastal area in East Lampung Regency,
Lampung Province. Mangrove vegetation can adapt to
extreme ecological conditions, such as in case studies that
have high waves and sea breezes, which has implications for
conditions of severe vegetation damage [7]. This is caused by
several factors, namely natural factors and human activities.

There needs to be an effort to anticipate this as a form of
climate change mitigation while maintaining and optimizing
the function of mangrove vegetation ecosystem services as
carbon binders. Knowing the potential for estimating carbon
stored in mangrove vegetation can be used as a policy
reference in the preparation of coastal area management
regulations. In this study, there were three mangrove forest
locations that were used as research objects to determine their
carbon potential, namely Kuala Penet Resort Mangrove Forest,
Lampung Mangrove Center (LMC) Mangrove Forest, and
Register 15 Mangrove Forest. The estimated value of carbon
stocks stored in mangrove vegetation at the research site is
explained in detail as follows.

4.1 Estimation of stand carbon stocks in Kuala Penet
Resort Mangrove Forests

Kuala Penet Resort is part of the Kuala Penet National Park
Management Section (SPTN), Way Kambas National Park,
East Lampung Regency, Lampung Province, Indonesia. In this
area, there is potential for mangrove forests on the side of the
Kuala Penet River [27]. In the area, there are mangrove plants
and piers, as well as abrasion prevention buildings built from
rocks that extend far towards the Java Sea, making it crowded
by the surrounding community. On the other hand,
ecologically, there is potential for stand carbon estimation,



with the estimated values obtained in this study presented in
Table 3.

Table 3. Stand carbon stocks in Kuala Penet Resort's
Mangrove Forests

Vegetation No. Total Total Carbon
Type Plot Biomass (Kg) (Ton/Ha)

Plot 1 492.93 2.29
Avicennia Plot 2 584.63 2.71
marina Plot 3 415.79 1.93
Plot 4 526.81 2.45
Plot 1 554.44 2.57
Rhizophora Plot 2 512.58 2.38
mucronata Plot 3 421.09 1.95
Plot 4 625.44 2.90

4.2 Estimation of stand carbon stocks in LMC Mangrove
Forests

LMC is one of the mangrove forest areas located on the
Coast of East Lampung Regency, precisely in Margasari
Village, Labuhan Maringgai District. The determination of the
LMC area was initiated based on the collaboration between the
Margasari Village Government and the University of
Lampung, Indonesia, which stated there was Decree No.
170.07.02.2008/143/2005 and Regent Decree  No.
B.303/22/SK/2005. The initial area of this area, based on the
decree, is 700 ha and has diverse potential. The stand carbon
potential contained in the LMC can be seen in Table 4.

Table 4. Stand carbon stocks in LMC Mangrove Forests

Vegetation No. Total Total Carbon
Type Plot Biomass (Kg) (Ton/Ha)
Plot 1 5191.57 24.10
Avicennia Plot 2 6934.47 32.19
marina Plot 3 6833.61 31.72
Plot 4 8207.88 38.10
Plot 1 1041.16 4.83
Rhizophora Plot 2 830.53 3.85
mucronata Plot 3 1062.84 4.93
Plot 4 1043.08 4.84

4.3 Estimation of stand carbon stocks in Mangrove Forest
Register 15

Mangrove Register 15 is a protected forest area located at
the mouth of Way Sekampung. This area is managed under the
Gunung Balak protected forest management unit. This
mangrove is located on the Coast of East Lampung Regency,
precisely in Pasir Sakti District, Lampung Province. The stand
carbon potential in Register 15 is listed in Table 5 below.

Table 5. Stand carbon stocks in Register 15 Mangrove Forest

Vegetation No. Total Total Carbon
Type Plot  Biomassa (Kg) (Ton/Ha)

Plot 1 404.06 1.88
Avicennia Plot 2 530.67 2.46
marina Plot 3 408.5 1.90
Plot 4 406.37 1.89
Plot 1 56.72 0.26
Rhizophora Plot 2 105.99 0.49
mucronata Plot 3 93.89 0.44
Plot 4 75.58 0.35
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4.4 Optimization of mangrove ecosystem services based on
comparison of stand carbon stock estimates

Mangrove stored carbon is a form of ecosystem service that
is converted from free CO, products into biomass stored on
trunks through the process of photosynthesis [17]. Stand
carbon content is very good for plants, but it will be bad for
the environment if the CO, content produced exceeds the
tolerance threshold. Through the process of photosynthesis in
mangrove trees, the increase in CO, in the atmosphere can be
minimized. Each region and topological condition will affect
the difference in stored carbon content. As conducted in this
study, the estimation of stand carbon stocks stored in three
mangrove forest ecosystems in East Lampung Regency can be
seen in Figure 3.

m Total Biomass (Kg)
3114514
17167.53
015 a1 41331 3977.61 R
2020.16 211355 1740.60 20817
33218
CL1 CL2 Total CL3 CL4 Total CL5 CL6 Total
Fesort Kuala Penet LMC Register 15
Total Carbon (Ton/Ha)
144.56
126.09
. 19.19 18.46
9.38 9.81 2.12 154 5.66
CL1 CL2 Total CL3 CL4 Total CL5 CL6 Total
Resort Kuoala Penet LMC Register 15

Figure 3. Estimation of stand carbon stocks in each cluster in

each mangrove ecosystem site
Notes: CL1, CL3, CL5=Avicennia marina species; CL2, CL4,
CL6=Rhizophora mucronata species

5. DISCUSSIONS

Mangrove forests play an important role in the world's
carbon cycle because this is related to productivity, so it is
important to study them in an effort to mitigate climate change
in coastal areas [16]. In the research case study, there was a
significant difference in the carbon stock estimates listed in
Figure 3 above. This difference can be caused by the condition
of the stand structure, such as age, site conditions, and plant
type. There are three areas based on management status that
are used as research locations, namely Kuala Penet Resort



Mangrove Forest, LMC Mangrove Forest, and Register 15
Mangrove Forest.

Kuala Penet is part of TNWK, which has the status of a
conservation area. Conservation areas play an important role
in the conservation of natural resources and as a global
ecosystem service [28]. The form of an ecosystem that can be
conserved and optimized is the content of stand carbon stocks.
Based on Table 3, the stand carbon stock content of the
dominant species, Rhizophora mucronata, has a greater value
than that of the Avicennia marina species. This difference can
be caused by age, number of species, and plant ripening. As a
conservation area, optimizing natural resources, including
environmental services, is an important obligation of
managers, especially TNWK managers.

Table 4 above shows the differences in stand carbon stocks
of each type in each observation plot. There are significant
differences, especially in the type of differences. The type of
Avicennia marina shows a greater carbon content compared to
the type of Rhizophora mucronata. According to the research
[29], the species Avicennia marina is a fast-growing plant
species, a pioneer in mangrove forest ecosystems, and has the
ability to adapt to extreme conditions. However, besides being
a fast-growing plant, this type of Avicennia is also a plant that
quickly experiences damage when exposed to pathogens and
disturbing factors.

In addition, differences in carbon values in each species are
found in differences in tree trunks and tree age. Carbon is
influenced by biomass, and biomass is influenced by tree
diameter, so the larger the diameter of the tree, the more
biomass content and more CO; that can be absorbed [14].
Another factor that causes differences in carbon values is
damage to vegetation, which affects the reduction of carbon
levels in mangrove ecosystems [12].

Table 5 above shows the results of stand carbon stocks in
mangrove register 15 in two dominant species. Similar to the
stand carbon potential in the LMC, the carbon potential of the
Avicennia marina species is greater than that of the
Rhizophora mucronata species. This is due to differences in
site conditions that affect stand carbon stocks, such as soil
conditions, plant water absorption, and the quantity of plant
species in each observation plot. In addition, in stands at the
study site, the species Rhizophora sp. is younger compared to
Avicennia sp., where the average diameter of Rhizophora
species is only <5 cm [17]. Based on brief interviews with
managers, Rhizophora stands are a type of plant that has just
been planted (aged <2 years), where previous Rhizophora
stands experienced mass death of stands caused by inability to
adapt to local site conditions and exposure to several diseases.

As a response to climate change, synergy needs to be
strengthened in conservation partnership schemes in Way
Kambas National Park [20]. This triggered the goal of a
development project aimed at energy conservation. National
parks are very vulnerable, so they need to be considered and
reviewed regarding climate change considerations and net zero
emissions [20]. However, according to the research [30], many
organizations, including national park authorities, find it
difficult to manage ecosystem services such as carbon. This is
due to a lack of resources and guidance in assessing the
environmental services assets managed and the ecosystem
services provided by the assets. This shows that the carbon
stock content in the Kuala Penet Resort is very small compared
to the LMC Mangrove Forest, but larger than Register 15.

Based on the results of research shown in Figure 3, the stand
carbon in LMC is 144.55 tons/ha. Meanwhile, based on
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research [14], the total carbon obtained was 198.61 tons/ha and
in research [12], the total value of carbon obtained was 144.14
tons/ha. In addition to being influenced by stand productivity,
other influencing factors are the degradation of stands by tides
and exposure to pollutants. The value of biomass and carbon
can be taken into consideration to maintain the productivity of
mangrove stands [16]. LMC has the most stand carbon
potential compared to the other two locations. This is because
the lifespan of mangrove stands in LMC is much older
compared to vegetation in other locations. However, the
productivity of mangrove stands in the LMC has begun to be
disrupted due to pathogens and ecosystem-damaging factors.
As found at the research site, there are traces of oil and oil
spills that have a major effect on damaging the condition of
mangrove stands in the LMC. According to the study [31],
pollutants from oil spills, air pollution, and economic growth
are the causes of damage to the function of mangrove stands.
Damage to LMC Mangrove Forests can affect stand carbon
stock content because it will disrupt the sustainability of the
photosynthesis process [7]. Unlike the LMC, Register 15 has
a fairly good ecosystem health condition.

Based on Figure 3 above, the total estimated stand carbon
obtained in this study in the Register 15 Mangrove Forest is
9.66 tons/ha, which is greater than the results of calculations
that have been done by previous researchers at the research site.
In a previous study conducted by Kusuma et al. [17], the
potential stand carbon stock in mangrove Register 15 was
29.92 kg C/m? or 6.98 tons/ha. This increase in value is
influenced by the increasing diameter of the tree trunk over the
course of a year. The diameter of the tree greatly affects the
size of the carbon potential in the stand. According to the
research [15], through photosynthesis, carbon is more bound
and relatively high in the tree trunk. Differences in carbon
stocks found in mangrove stands in various ecosystems may
not only be caused by differences in stand structure but may
also be caused by climatic factors and habitat characteristics
[16].

The size of the tides also affects the quality of ecosystem
services; in addition to causing damage to mangrove
vegetation, they can also provide environmental benefits.
There is a consistent relationship between high salinity and
topography (including seawater conditions) and biomass
values, where the better the topography and salinity, the better
the condition of plant productivity [18]. This is shown directly
in Figure 3. Of the three locations, the type Avicennia sp. has
more carbon potential due to the fact that stands and zones of
Avicennia sp. are right on the edge of the sea water, so they
interact directly with the tides. Basically, all successes in
mangrove forest management go back to the management
schemes and concepts carried out by managers and
stakeholders. Stakeholders need to be firm in terms of finding
illegal factors that damage the environment in order to
maintain the potential of ecosystem services and the success
of sustainable management. There need to be efforts and
direction to protect and regenerate mangrove vegetation
through community empowerment and conservation activities
[32]. Excessive use of natural resources contributes to
sustainability issues, including pollution and greenhouse gases
[33]. The community needs to be actively involved in the
management of mangrove forest ecosystem services.
Interventions and management success problems arise when
communities do not benefit from ecosystem services and
access [32]. In line with UUCK 2020 and Law No. 1 of 2014,
mangrove ecosystems need to be maintained so that diversity



in them is sustainable. In addition, the government, as a
regulator, plays a role in community empowerment. There are
two strategies that can be implemented by the government that
underlie a community-based coastal resource management
(CBCRM) approach that empowers communities to manage
mangrove resources while securing ownership of their
resources [32].

To implement partnerships globally, governments
contribute to technical progress and natural capital
calculations. The reference that can be taken from the
government order is to the Philippines, where the policies
made must be transparent and in accordance with scientific
facts or science, so that they can be in line with governance
reform [32]. On the other hand, technological progress is very
supportive of the success of sustainable development. In the
current era of globalization and the industrial revolution,
technological advances play an important role in the
management and monitoring of sustainable development in
the forestry sector. As in measuring carbon stock estimates in
mangrove forests, many tools have been developed to facilitate
this. As in the research [26], biomass estimation has been
carried out using satellites and remote sensing. Therefore,
further studies and research need to be carried out on the
conservation and management of mangrove forests related to
ecosystem services, including carbon estimation as a decision-
making step and efforts to mitigate climate change.

6. CONCLUSIONS

This study tried to conduct a descriptive study and a
literature study based on the results of carbon stock estimates
in three mangrove ecosystem locations on the coast of East
Lampung Regency. The selection of research site points is
based on purposive sampling techniques, which consider
ecosystem management status and the dominant type of
mangrove vegetation. We perform carbon calculations with
allometric formula calculations and IPCC based on vegetation
type. Then we compared the carbon values of the three
locations (Kuala Penet, LMC, and Register 15, LMC).

Of the three research sites, namely Kuala Penet Resort,
LMC, and Register 15, LMC has the greatest stand carbon
potential compared to other locations, with a total stand carbon
stock of 144.56 tons/ha. Then followed Register 15 with a total
stand carbon of 9.66 tons/ha and Kuala Penet Resort
Mangrove Forest with a total stand carbon of 19.19 tons/ha.
The size of the stand's carbon value is influenced by the
condition of the vegetation structure, such as tree age, site
conditions, and climate. In addition, stakeholders play an
important role in maintaining ecosystem services in the form
of carbon potential in mangrove forests. Community
empowerment regulation is the optimal way that the
government can apply it as a form of climate change response.

Please note that this study exclusively examines the
comparison of carbon stocks in several mangrove areas. Thus,
in the future, it is important to expand the scope that includes
ecological, social, and economic variables of mangrove forests
on carbon stocks. In addition, the allometric models that we
use are still based on references to other people's research; thus,
it is also important for future research to formulate separate
allometric models for the types contained in the research
location conducted. This aims to increase the accuracy of the
study and minimize the magnitude of errors. Given the large
amount of data on estimating carbon stocks in various regions,
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this research model is enriched by estimating carbon stocks in
more than one location so that they can be compared with each
other, and it is also supported by secondary data related to
carbon potential for ecosystem services.

Based on our results, this study is expected to provide
information related to the potential of ecosystem services in
the form of carbon on the coast of East Lampung Regency. For
this reason, synergy between various stakeholders is needed to
fulfill climate change mitigation efforts based on carbon
potential. Therefore, as researchers, we can only provide
information and recommendations based on research results
and related issues. Furthermore, beyond our limits, the
preparation of policy regulations in mangrove ecosystem
management is fully carried out by the government as a
regulator. In addition, it will be useful that future research be
continued by enriching variables so that it can formulate tools
related to carbon estimation and greenhouse gas emissions.
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