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Korea, as the world’s 7" largest emitter of greenhouse gases, has raised the national greenhouse gas
reduction target as international regulations have been strengthened. As it is possible to utilize coastal
and marine ecosystems as important nature-based solutions (NbS) for implementing climate change
mitigation or adaptation plans, the blue carbon ecosystem is now receiving attention. Blue carbon
refers to carbon that is deposited and stored for a long period after carbon dioxide (CO,) is absorbed
as biomass by coastal ecosystems or oceanic ecosystems through photosynthesis. Currently, there are
only three blue carbon ecosystems officially recognized by the Intergovernmental Panel on Climate
Change (IPCC): mangroves, salt marshes, and seagrasses. However, the results of new research on
the high CO; sequestration and storage capacity of various new blue carbon sinks, such as seaweeds,
microalgae, coral reefs, and non-vegetated tidal flats, have been continuously reported to the academic
community recently. The possibility of IPCC international accreditation is gradually increasing through
scientific verification related to calculations. In this review, the current status and potential value
of seaweeds, seagrass fields, and non-vegetated tidal flats, which are sources of blue carbon on the
east coast, are discussed. This paper confirms that seaweed resources are the most effective NbS
in the East Sea of Korea. In addition, we would like to suggest the direction of research and develop-
ment (R&D) and utilization so that new blue carbon sinks can obtain international IPCC certification
in the near future.
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Fig. 1. Global carbon flux and promising carbon sinks. Units are expressed in gigatons of carbon (GtC)/yr averaged over 2009 ~
2018. The budget imbalance is the difference between the estimated total emissions and the estimated changes in the
atmosphere, ocean, and terrestrial biosphere (reproduced from [2]).
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Fig. 2. Global averages for carbon pools of blue carbon habi-
tats. Tropical forest was included for comparison
(reproduced from [43]).

Table 1. Global averages and standard deviations of carbon
sequestration rates (reproduced from [43])

Annual carbon sequestration

Habitat type rate (tCOy/ha/yr)

Oceanic mangroves 6.3+4.8
Estuarine mangroves 6.3+4.8
Salt mashes 8.0+8.5
Seagrasses 4.4+0.95

UTH39]. At AejA ol o3 FEo] HAH tFEe

gas mAdEY FFo] 53 ATHA Fr1E 219
E Woll AFE ez EAsta ool LA EE
ghao] A#He 73 do o] ET26].

A RE FAS 4Astel EASE Qs dA7tA] A
AA BIEE %9 oF 35%, AFA2 °F 67% 2 A=
9] 9F 29%7}F ARkl A o= B EM[43], A H e
EF7HE AHA st 2 A& Z713F Ao " {7
g7t olitsieha FHE wid oF 159 E~1029 &
7t A7) SoE tA WiEE o] AF2d3E 715
713 JTH19]. o]&E 3 o] =, ¥ SGAFTIE BES
I Fjehe e AFedslE AAE e T8
A= F shUE AAFHI ATHI1S5, 19, 40].

=7 A A} 2.7 A ¥ (International Union for Conservation
of Nature and Natural Resources, IUCN)2] E.114[33]5 7]
Hom A MAHCE BEF7HEY 2472~ A7 7%
tistod AAI8E7] Al=Fste], A 2013 7R | IPCC =
7V 247k I EE ZA Trol =kl FEA[20]00 A4
AFVEHAV GA2FTHAORE FIEoo] F7F 247t~

7+ 5 HE(nationally determined contribution, NDC)2] 3]

el B FEd o &80l 7HsshA HIAoh A 2021
9 10€ 25 =& 4 NDCE A= 187 57 F
7100l 7| SW S} g8} e A3 AlFe] Fa oY 5
go At s AAIE AA7H SHHNbS) L= =
FAZ o, B = —"rﬂur = 471 TI =l sl st
A k3 ATH35]. & =7 SR AT~
JIHIED] T35 Tl & 20240 EFIHE 5o
23 =7F 247k~ /IdER] 2 NDCY| o8 A8 E
7] %W 3} 3 eF(United Nations Framework Convention on
Climate Change, UNFCCC) AHf-=0ol A|&3te A& FF



580 BB UTIX| 2022, Vol. 32. No. 7

Table 2. IPCC’s blue carbon criteria (reproduced from [22, 31])

Requirement

Note

Real and measurable

All emission reductions and removals generated must be scientifically proven to have actually

happened.
Permanent The emission reductions or avoidance generated by actions need be maintained for 10~ 100
years.
Additional Emission reductions would not have happened if the project activity had not been carried
out.
Unique Any credited emission reduction must be unique and associated with a single emission reduction
or removal activity (not to be double-counted).
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Table 3. New blue carbon sinks (reproduced from [2]). Units
are expressed in teragrams of carbon (TgC)/yr

CO, sequestration  Total carbon

Blue carbon sink intensity sequestration
(tCO/km’/yr) (TgClyr)
Mangroves 829 31.45
Salt marshes 799 11.12
Seagrasses 506 44.02
Coral reefs 543 16.5
Cultured seaweeds 1,500 0.68
Wild seaweeds 150 173.00
Microalgae 11,280 Not available




Safiot 2 EFIIE X2 sig

=R/

Table 49} o] Faloll= ok i =F A2 o] 7}
obuk A o] ¢k 17.053 ha (170.5 km’) EAstE= A
ZALE AT} SRR, A 20149 gk g4k Rbd e
(Korea Fisheries Resources Agency, FIRA)O Al &3l
o g =28 883t AAIS 7= S(whitening event)
A HE g A A AA A REe] oF 62%00 4]

o L fU %

2 ol o of

Axmgol WAE AL HASATHI] A Aol
ATedaR A% e s, AU A 2dE
BE 3L A4 5 2452 WA o A6 93
Aboll MAsle A slx=R/7 £24H L FANE 2/
(crustose coralline algae)7}F €Ht EHS FHsHA I &
st A eFRbel A2etd s =2 F T AT
o] §43] ZH4ste] vl ote] FHstE = AS 7

oH21].
o]& Htg o7 Fae] ok sxFI thr] F olikEtek
Zaol 71498 F A= AAH e FAS

AEE o= AZE oF 76749 Yo BAMEd F§RE
73

Table 4. Whitened (bleached) rocky shores of the East Sea
of Korea (reproduced from [11])

Status Area (ha) Percentage (%)

Total 17,053 100

Normal 6,536 38
Moderately whitened 4,438 26

Severely whitened 6,079 36

Table 5. Current potentials of seaweed blue carbon resources
in the East Sea of Korea

CO, Carbon
Area . .
Type (kmz) sequestration credit
(tCOx/yr) (KRW)
Cultured seaweeds 1.1 1,623 49,500,000
Wild seaweeds 170.5 25,580 767,385,000

The seaweed cultivation area in Gyeongsangbuk-do was 1.1
km’ according to the Korean Statistical Information Service
(KOSIS, https://kosis.kr/index/index.do). CO, sequestration
was estimated by using the CO, sequestration intensity values
listed in Table 3. Carbon credit was calculated at ¥30,000/
ton CO,.

Journal of Life Science 2022, Vol. 32. No.7 581

Table 6. Coastal seagrass habitats in Korea (reproduced from

[12])

Average density

Region Area (k') (individual/m?)
East Sea 0.85 418.8
South Sea 7.51 260.8
West Sea 0.35 152.3

Total 8.71 277.3
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Table 7. Organic carbon stock (MgC) and organic carbon se-
questration rate (MgC/yr) in the coastal regions of
Korea (reproduced from [36])

Tidal flat Organic Organic carbon
Region area carbon stock sequestration
(km®) (MgC) rate (MgClyr)
East Sea 1,906 9,415,091 56,698
South Sea 577 3,711,264 14,629
West Sea 9 15,794 57
Total 2,491 13,142,149 71,383
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Fig. 3. Seaweed blue carbon R&D concepts.
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Table 8. Isotope (8" °C and 8'°N) compositions of terrestrial plants and marine algae

Origin Source 8°C (%) 8N (%o)

. C3 plants —37~-20 [28] —5~4 [53]
Terrestrial C4 plants ~17~9 [38] —8~12 [53]
Marine Seaweeds -21~-13 [9, 16, 50] 5~12 [23]
Microalgae —22~18 [4, 24] 4~10 [52]

Table 9. Elemental % (C/N ratios) of terrestrial and marine

sources
Origin Source C/N ratio (%)
. C3 and C4 plants > 20 [41]
Terrestrial Soil 820 [8]
Seaweeds 9~20 [51]
Marine Microalgae 6~8 [14]
Marine organic matters 7 [44]
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