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Abstract. One of the ecosystem services provided by mangroves is carbon
absorption and storage, known as blue carbon. The coastal area of Banda
Aceh has significant potential for mangrove forests as carbon stocks. This
study aimed to estimate the carbon storage in mangrove vegetation along the
Banda Aceh coast. The objectives were to calculate the density,
aboveground biomass, and carbon storage of mangroves in this area. Data
collection was conducted at four stations, namely Station 1 in Meuraxa
District, Station 2 in Kuta Raja District, Station 3 in Kuta Alam District, and
Station 4 in Syiah Kuala District, using a 100 m? quadrat transect method.
Data processing involved allometric equations to determine aboveground
biomass and carbon storage. Three mangrove species were identified:
Rhizophora mucronata, Avicennia marina, and Nypa fruticans. The average
mangrove density at Stations 1, 2, 3, and 4 was 0.50/m?, 0.18/m?, 0.17/m?,
and 0.32/m?, respectively. The average aboveground biomass and carbon
storage in the coastal area of Banda Aceh were 1450.18 kg/100 m? and 68.16
tons of carbon per hectare. This study underscores the potential of
mangroves along the Banda Aceh coastline as carbon sinks, contributing to
climate change mitigation.

1 Introduction

Coastal areas have the potential to reduce carbon emissions, often referred to as blue carbon.
Blue carbon refers to organic carbon captured and stored by oceans and coastal ecosystems,
particularly by coastal ecosystems such as seagrass, tidal marshes, and mangrove ecosystems
[1, 2]. Efforts to reduce carbon emissions and address global warming involve controlling
carbon emission production as well as preserving ecosystems capable of absorbing carbon.
Mangrove ecosystems provide ecosystem services, including microclimate regulation,
erosion prevention, coastal protection, and serving as habitats for aquatic species [3, 4].
Understanding the impacts of climate change on blue carbon ecosystems and identifying
effective management actions are crucial for advancing research in this field.
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Mangrove ecosystems can sequester and store carbon. The connection between carbon
dioxide absorption and tree biomass is strong. Through photosynthesis, trees absorb CO»
from the atmosphere and convert it into organic carbon in the form of carbohydrates, which
is then stored in the tree's biomass [5]. As trees age, the amount of carbon stored tends to
increase [6]. The coastline of Banda Aceh has several mangrove ecosystem areas in four
districts: Meuraxa District, Kuta Raja District, Kuta Alam District, and Syiah Kuala District.

Previous studies have examined carbon storage in mangrove ecosystems, such as in
Gampong Jawa and Lambaro Skep, Banda Aceh [7], where Rhizophora apiculata and
Rhizophora mucronata were found to absorb comparable amounts of carbon. Carbon storage
in mangrove ecosystem sediments in Masjid Raya Subdistrict, Aceh Besar, was also studied
by Farahisah and Siregar [8]. Additionally, research on carbon stock estimation in the
mangrove ecosystem of Kutaraja Subdistrict was also conducted by Dewiyanti et al. [9]. The
result was found that mangrove trees have a highest carbon stock followed by mangrove root,
deadwood, and soil, whith the total carbon stock was 81.37 ton/ha. The research related to
carbon stocks in Banda Aceh is still scattered across several locations, and there has not been
a comprehensive study; thus, this research aims to analyze the above-ground biomass and
carbon storage of mangroves along the coast of Banda Aceh. This study is expected to
enhance the role of mangroves in efforts to mitigate climate change in the coastal areas of
Banda Aceh specifically, and Indonesia in general.

2 Method

This research was conducted in the coastal area of Banda Aceh City, Aceh Province in August
2024 (Figure 1).
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Fig. 1. Map of research location.

2.1 Field data collection

Sampling was conducted using a purposive sampling method representing districts along
Banda Aceh’s coast. Data collection occurred at four stations: Meuraxa, Kuta Raja, Kuta
Alam, and Syiah Kuala. A 10 x 10 m plot transect was applied at each sampling point with
three repetitions. Within each transect, tree species, coordinates, and tree diameters (= 5 cm)
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were recorded [ 10]. Soil samples were collected at each station to analyze texture and organic
carbon content in the Soil Laboratory of FP USK.

2.2 Biomass and Carbon Calculations
Aboveground mangrove biomass was calculated using allometric equations (Table 1).

Subsequently, carbon stock, CO: absorption, and O2 production were calculated using the
following formulas [11].

Table 1. Allometric equation mangrove species.

Species Allometric Equation

R. mucronata (Dharmawan, 2013) B = 0.1466*D*3136

A. marina (Dharmawan and Siregar, | B = 0.1848*D?*3%4

2008)
Carbon Stock analysis, C =Bx047 1)
CO; uptake estimation, CO; =Cx3.67 2)
O, production estimation, 0, =C0:;x0.73 3)

Where B represent mangrove biomass (kg); D is the diameter at breast height (dbh) (m); 0.47
is the carbon fraction; 3,67 is the atomic ratio CO; to C; and 0.73 is the atomic ratio O; to
COx.

3 Result and discussion

3.1 Mangrove density

There are three types of mangroves found at the research location, namely Rhizophora
mucronata, Avicennia marina, and Nypa fruticans. The mangroves in the coastal area of
Banda Aceh are dominated by the species Rhizophora mucronata, with a total of 328 trees
found across all stations, followed by Avicennia marina with 14 trees and Nypa fruticans
with 8 trees. The highest mangrove density was found at the Meuraxa station with a value of
0.5 ind/m?, followed by Syiah Kuala station at 0.32 ind/m? Kura Raja at 0.18 ind/m?, and
Kuta Alam at 0.17 ind/m? (Table 1). In comparison to Farahisah's research in Ruyung Village,
Aceh Besar, the average mangrove density is 0.25 ind/m? [8], which is almost the same as
the research location at 0.29 ind/m?.

Table 1. Mangrove density.

Station Species Density (ind/m?)
Meuraxa R. mucronata 0.50
R. mucronata
Kuta Raja A. marina 0.18
N. fruticans
Kuta Alam A. marina 0.17
R. mucronata
Syiah Kuala R. mucronata 0.32

The dominant genus of mangroves in the research location is the Rhizophora genus. This is
consistent with Dewiyanti's research in Kutaraja [9], Banda Aceh, and in Ruyung Village,
Aceh Besar. Rhizophora propagules are better suited for long-distance dispersal and have an
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advantage for establishment in the lower part of the intertidal zone [12]. In addition to
mangroves, the coastal vegetation commonly found in the coastal area of Banda Aceh
includes ‘pinus’ and ‘bintaro’ species.

3.2 Biomass and carbon stock mangrove

The mangrove biomass analysed refers to the aboveground biomass of mangroves using
allometric equations. Aboveground biomass (AGB) is in line with carbon stock, where higher
biomass indicates higher carbon storage. The research results show that the mangrove
biomass and carbon storage, from highest to lowest, are found at Kuta Raja station, Meuraxa,
Syiah Kuala, and Kuta Alam. The mangroves at Kuta Raja station have a greater number of
trees and larger diameters compared to other stations, resulting in higher biomass and carbon.
In contrast, mangroves in Kuta Alam subdistrict tend to have smaller tree diameters, leading
to this station having the lowest biomass and carbon storage. The aboveground biomass of
mangroves is also influenced by environmental conditions. Higher tidal amplitudes, river
discharge, temperature, direct rainfall, and decreased potential evapotranspiration contribute
to increased mangrove aboveground biomass [13].

Table 2. Biomass and carbon stock mangrove.

Station Biomass Carbon CO: uptake O: production
(kg/100m?) | (ton/ha) | estimation (ton/ha) | estimation (ton/ha)
Meuraxa 1130.27 53.12 194.78 141.66
Kuta Raja 3411.14 160.32 587.85 427.53
Kuta Alam 570.35 26.81 98.29 71.48
Syiah Kuala 688.98 32.38 118.73 86.35
Average 1450.18 68.16 24991 181.76

The average carbon storage at the research site is 68.16 tons/ha, which is lower compared to
the mangrove carbon uptake in Demak, which is 190,257 ton carbon/ha [14]. Although the
mangrove species at both locations are the same, namely R. mucronata and A. marina, the
number of stands and density are higher in Demak, resulting in greater carbon storage.
Besides storing carbon, the mangrove ecosystem on the coast of Banda Aceh can also absorb
carbon dioxide and produce oxygen. The Kuta Raja station shows the highest potential in
terms of biomass, carbon storage, CO: absorption, and oxygen production compared to other
stations. Stations with larger biomass tend to have higher capacities for carbon absorption
and oxygen production, which is crucial in the context of climate change mitigation and
ecosystem conservation. Kuta Alam, despite having the lowest biomass and carbon
absorption capacity still makes a significant contribution on climate change mitigation. The
highest averages were found at Kuta Raja station, with values of 587.85 CO: tons/ha and
427.53 O tons/ha.

3.3 Carbon organic in sediment

In addition to estimating carbon in mangroves, an analysis of organic carbon and sediment
texture was also conducted at the research site (Table 3). The sediment texture in the Meuraxa
and Syiah Kuala subdistricts is sandy loam, while in Kuta Raja and Kuta Alam it is loam.
The sediment in the mangrove ecosystems along the coast of Banda Aceh predominantly
consists of sand and silt. The highest average organic carbon content in the sediment is found
in Meuraxa subdistrict at 2.09%, and the lowest at Syiah Kuala station at 0.95%. The average
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organic carbon content along the coast of Banda Aceh is lower than that in Ruyung village,
Aceh Besar. The low soil carbon stock in the study area is assumed to be because the location
is close to the sea and influenced by tides, which increases the sand composition compared
to dust and silt. The sand fraction has a limited capacity to stabilize organic compounds
compared to silt and clay soils [30], due to the greater porosity of sand [9]. Soil texture
significantly affects organic carbon levels in mangrove ecosystems, with silt and clay
particles positively correlated with carbon, while sand particles show a negative correlation
[15]. Mangrove ecosystems store large amounts of organic carbon in sediments, with
variations in carbon stocks and accumulation rates among estuarine and marine mangroves
due to environmental settings and conditions [16].

Table 3. Texture and carbon organic sediment

Station | Sand (%) | Silt(%) | Clay (%) | Texture Org(f}/“;“ ¢
(1)
Meuraxa 55 33 13 Sandy Loam 2.09
Kuta Raja 45 48 8 Loam 2.06
Kuta Alam 42 46 12 Loam 1.08
Syiah Kuala 63 27 10 Sandy Loam 0.95

4 Conclusion

Carbon storage in the mangrove ecosystem can be estimated using the allometric equation
for aboveground biomass. The average aboveground biomass of mangroves along the coast
of Banda Aceh was 1450.18 kg/100 m?, with carbon storage of 68.16 tons/ha. The Kuta Raja
station shows the highest potential in terms of biomass, carbon storage, CO: absorption, and
oxygen production compared to other stations. Based on the research conducted, mangroves
along the Banda Aceh coastline have the potential to act as carbon sinks and contribute to
climate change mitigation

Acknowledgment

This study was funded by PTBH USK  with contract number
480/UN11.2.1/PG.01.03/SPK/PTNBH/2024.

References

1. J. Tang, S. Ye, X. Chen, H. Yang, X. Sun, F. Wang, Q. Wen, and S. Chen, Coastal blue
carbon: Concept, study method, and the application to ecological restoration. Sci. China
Earth Sci. 61, 637 (2018)

2. P.I. Macreadie, A. Anton, J. A. Raven, N. Beaumont, R. M. Connolly, D. A. Friess, J.
J. Kelleway, H. Kennedy, T. Kuwae, P. S. Lavery, C. E. Lovelock, D. A. Smale, E. T.
Apostolaki, T. B. Atwood, J. Baldock, T. S. Bianchi, G. L. Chmura, B. D. Eyre, J. W.
Fourqurean, J. M. Hall-Spencer, M. Huxham, I. E. Hendriks, D. Krause-Jensen, D.
Laffoley, T. Luisetti, N. Marba, P. Masque, K. J. McGlathery, J. P. Megonigal, D.
Murdiyarso, B. D. Russell, R. Santos, O. Serrano, B. R. Silliman, K. Watanabe, and C.
M. Duarte, The future of Blue Carbon science. Nat. Commun. 10, 1 (2019)

3. S.Y. Lee, J. H. Primavera, F. Dahdouh-Guebas, K. Mckee, J. O. Bosire, S. Cannicci,
K. Diele, F. Fromard, N. Koedam, C. Marchand, I. Mendelssohn, N. Mukherjee, and S.



BIO Web of Conferences 156, 02004 (2025) https://doi.org/10.1051/bioconf/202515602004
ICFAES 2024

Record, Ecological role and services of tropical mangrove ecosystems: a reassessment.
Glob. Ecol. Biogeogr. 23, 726 (2014)

4. D. J. Curnick, N. Pettorelli, A. Amir, T. Balke, E. B. Barbier, S. Crooks, F. Dahdouh-
Guebas, C. Duncan, C. Endsor, D. A. Friess, A. Quarto, M. Zimmer, and S. Y. Leel,
The value of small mangrove patches. Science (80-. ). 363, 15 (2019)

5. S. Hadi, S. Budiastuti, and R. U. Fajarningsih, Biomass and carbon storage of Jor Bay
mangrove forest in East Lombok. AIP Conf. Proc. 2120, (2019)

6. T.L.Kepel, D. D. Suryono, R. Nur Afi Ati, H. L. Salim, and A. A. Hutahaean, Nilai
Penting Dan Estimasi Ekonomi Simpanan Karbon Vegetasi Mangrove Di Kecamatan
Kema, Sulawesi Utara. J. Kelaut. Nas. 12, 19 (2017)

7. L. Dewiyanti, M. Martunis, and S. Agustina, Estimation of mangrove biomass and
carbon absorption of Rhizophora apiculata and Rhizophora mucronata in Banda Aceh,
Aceh Province. IOP Conf. Ser. Earth Environ. Sci. 348, (2019)

8. H. Farahisah and P. Khairani Amalia Siregar, Estimation of carbon stocks in mangrove
sediments in Ruyung Village, Mesjid Raya District, Aceh Besar Regency. BIO Web
Conf. 87, (2024)

9. I Dewiyanti, K. Khairina, and S. A. El-rahimi, Carbon stock estimation of mangrove
ecosystem in the Kuta Raja Subdistrict, Banda Aceh, Aceh Province. BIO Web Conf.
02008, (2024)

10. A. Maryadi, Rafdinal, and R. Linda, Kajian Biomasa Tegakan Atas Permukaan
(Aboveground Biomass) dan Cadangan Karbon di Beberapa Taman Kota Pontianak.
Protobiont 8, 73 (2019)

11. D. C.Donato, J. B. Kauffman, D. Murdiyarso, S. Kurnianto, and M. Stidham, Mangrove
adalah salah satu hutan terkaya karbon di kawasan tropis. (2012)

12. E. M. R. Robert, J. Oste, T. Van der Stocken, D. J. R. De Ryck, K. Quisthoudt, J. G.
Kairo, F. Dahdouh-Guebas, N. Koedam, and N. Schmitz, Viviparous mangrove
propagules of Ceriops tagal and Rhizophora mucronata, where both Rhizophoraceae
show different dispersal and establishment strategies. J. Exp. Mar. Bio. Ecol. 468, 45
(2015)

13. A. S. Rovai, P. Riul, R. R. Twilley, E. Castafieda-Moya, V. H. Rivera-Monroy, A. A.
Williams, M. Simard, M. Cifuentes-Jara, R. R. Lewis, S. Crooks, P. A. Horta, Y.
Schaeffer-Novelli, G. Cintron, M. Pozo-Cajas, and P. R. Pagliosa, Scaling mangrove
aboveground biomass from site-level to continental-scale. Glob. Ecol. Biogeogr. 25,
286 (2016)

14. F. Azzahra, Estimasi Serapan Karbon Pada Hutan Mangrove Desa Bedono, Demak,
Jawa Tengah. JFMR-Journal Fish. Mar. Res. 4, 308 (2020)

15. K. Banerjee, G. Bal, and A. Mitra, How soil texture affects the organic carbon load in
the mangrove ecosystem? A case study from Bhitarkanika, Odisha. 329 (2018)

16. M. A. Kusumaningtyas, A. A. Hutahaean, H. W. Fischer, M. Pérez-Mayo, D. Ransby,
and T. C. Jennerjahn, Variability in the organic carbon stocks, sources, and
accumulation rates of Indonesian mangrove ecosystems. Estuar. Coast. Shelf Sci.
(2019)



	1 Introduction
	2 Method
	2.1 Field data collection

	3 Result and discussion
	4 Conclusion
	References



