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Assessment of Carbon Storage Capacities and Habitat Quality of

Terrestrial and Marine Ecosystems in Busan, Korea

Se Hwa Jeong

Department of Ecological Engineering,

Pukyong National University

Abstract

Busan, a coastal city where land and marine ecosystems are closely connetecd,
is adversely affecting ecosystems such as land-use changes and habitat
destruction due to urbanization and industrialization. In addition, the 6" IPCC
report explained that the abnormal climate phenomenon was caused by human
carbon emissions. Especially in cities, which were expected to face a serious
climate crisis due to development activities that did not consider the ecosystem,
and countries around the world, including Korea, are striving to realize carbon
neutrality. Accordingly, in order to preserve biodiversity and respond to the
climate crisis, the InVEST model, which can evaluate habitat and carbon storage,
was applied to determine the current status of Busan's land and coastal zones.

As a result of the evaluation, carbon storage decreased compared to the past,
and more storage would be lost if development proceeded. Among the
administrative districts, Gijang-gun, which has the largest area and more than
half of the area consists of forest areas, had the largest carbon storage, and
compared to the past, the carbon storage reduction rate is the highest, so caution
is needed in development. If a part of the sea are is changed to land area due to

the development of coastal zone, the amount of carbon storage reduced in coastal

_Vi_



sea area is significantly higher than the amount of carbon storage increasing in
coastal land area, indicating that alternatives are needed to minimize the loss of
carbon storage. As a result of habitat evaluation, more than half or half of both
coastal land and coastal sea areas showed low habitat quality or high risk,
indicating that the habitat is highly likely to be damaged. The comprehensive
analysis of carbon storage and habitat evaluation showed similar trends as a
result of comparing them with previous studies on ecological and natural map,
land, infrastructure and environment assessment map, and marine ecological map,
and previous studies do not consider carbon storage or human impact.

When preparing a strategy for realizing carbon neutrality in Busan, it will be
possible to utilize the current status of carbon holdings by city, county, and
district as basic data, and help to select a plan to minimize losses during
development by comparing the impact of coastal development on the land and
sea. It is also expected that it will be used to minimize damage to the ecosystem
by identifying dangerous areas through habitat evaluation, and to prepare
conservation and management measures necessary for responding to climate

crises and preserving biodiversity by considering carbon storage and habitat.
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Table 1. Classification System of Ecosystem Service

(et 2013; =X, 2020)

. De Groot .
Categories Categories MA(2005) TEEB(2010)
et al.(2002)
Food Production Food Food
Water Supply Fresh Water Water
Raw Materials Genetic Resources Raw Materials
Production Genetic Resources  Provisioning Biochemicals Genetic Resources
i Medicinal i
Functions Services Fiber Medicinal Resources
Resources
Ornamental Ornamental
Ornamental Resources
Resources Resource
Gas Regulation Ai alit;
L SLALLALE g Sulity Air Purification
Climate Regulation Regulation
Disturbance Climate . .
3 F Climate Regulation
Prevention Regulation
: Natural Hazard Disturbance Prevention
Water Regulation ) i
Regulation or Moderation
g Regulation of Water
Waste Treatment Water Regulation
Flows
Water Purification
Regulation Soil Retention Regulating and Waste Waste Treatment
Functions Services Treatment
] . Erosion ’ )
Soil Formation i Erosion Prevention
Regulation
Maintenance of Soil
Pollination Soil Formation Fertility and Nutrient
Cycling
Pollination
Disease Pollinati
Biological Control . ollination
Regulation
Pest Regulation Biological Control
Nutrient Cycling Nutrient Cycling
Habitat Supporting rnary Habitats for Species
. Refugia . Production
Functions e Services . Maintenance of Genetic
Phtosynthesis K .
Diversity
Cultural Aesthetic Values Aesthetic Information
. Recreation and
Cultural Heritage )
Cultural Tourism
. . Recreation and Inspiration for culture,
Information Services or Erotouti 1 desi
. . otourism are and designs
Functions Recreation Cultural —
Spiritual and Spiritual E .
1 .. PITT Xperience
Amenity Religious
Educational Information for
Values Cognitive Development
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2. INn'VEST 24

7} InVEST =4 7i8
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H7ME H24 02 Natural Capital Project®} ~®1X = st A F&5 7|
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ARl = F7F7F 7hssith A - AFHCE == AEUAAE 2 B3t
ANE Awmstete] EAsta, A4 7Hx] B 2 AsAY £4 5 o
Hel AFedA &&Ha A (Y, 2018). gk ARSI HA A S
bR 5 oQlan, Adte] eapgo] AL Ao dex InVEST e 3
TEAATAG. FAAFAG AT A)oNA F=E gAEAZA L HIL
£ 9g =2 A Eo] BEAAMEIE B7E Aol A8 ATHAA
2017, Ay, 2018; 745, 2016).
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Table 2. Evaluation Categories of INVEST for Ecosystem Services

(Sharp et al., 2020)

Categories

of Ecosystem Services

InVEST Model

Supporting

Ecosystem Services

Habitat Quality

Habitat Risk Assessment

Pollinator Abundance: Crop Pollination

Final

Ecosystem Services

Forest Carbon Edge Effect

Carbon Storage and Sequestration

Coastal Blue Carbon

NDR: Nutrient Delivery Ratio

SDR: Sediment Delivery Ratio

Unobstructed Views: Scenic Quality Provision

Visitation: Recreation and Tourism

Wave Energy Production

Offshore Wind Energy Production

Marine Finfish Aquacultural Production

Fisheries

Crop Production

Annual Water Yield

Seasonal Water Yield

Urban

Ecosystem Services

Urban Cooling Model

Urban Flood Risk Mitigation Model

Tools to Facilitate Ecosystem

Service Analyses

Coastal Vulnerability Model

InVEST GLOBIO Model

Supporting Tools

RouteDEM

Delineatelt

Scenario Generator: Proximity Based

InVEST Scripting Guide and API
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. InVEST 2d& 483 AT

U - A= Vel Aeutdd T ddE AN~ 523
2= 9l InVEST 22 F earnfs 2 A2 A 4% 99
T ¥yt 2d 55 Ag3 Hryt A3yt AYPH . ok Scopusoll A
InVEST’ @olz AAs Az 20219 119 8YU 71+ 1,89771¢] &do]
Atk InVEST Edo] /dsa wdle] Az 24, 43de] 1
SHHA A §d 2ds A8 A Sk ez gty 2020

Holl = 3237012 F3lo] wtg e Aog 3elst)

4]

ri

(]

o ARZ(2013)2 A HBEiAY AQ ALE FTHHeE st A
o] BE, e #FE A YAEA A R A E 93 InVESTS
A A A 98 % (Habitat Risk Assessment), ¢t Z 24 (Coastal
Vulnerability), ©]7}8-%5 (Recreation), 4 ¥ 2 (Aesthetic Quality), =7
A EthokA] (Terrestrial — Biodiversity), =% &4 A & (Terrestrial
Carbon Storage) R9-& A 83t H71E Fal A8t Pl ddlo e
AR 25 A8

o AHA 92015 AFEE TR AEUEH BN AAA B
E #8 QIxF Fsoll o3 MAA S Hofstarzt InVESTE] A4
A Z(Habitat Quality) 225 o]&3t3itt. H7F 23= AEHAAr=et
Hlaletel o, g-elvetel A§etr] 93 &5 JHAHS AASATH

o AUF2018)> A&A el nHE T FA T AAAEZAY VTS
e =54 AAE g o2 InVESTS A2 # A (Habitat Quality) =

s A&ate] =Al 54 aed AR 7HRE sk

¢+ FPFAATAQ0IE MOPA, HRAL, FEA, MAVETAZT A B
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|

o

o



A% #AeE fste] FEAHE=(EF), AR A(2A7M A2, 74
4 F), AAAAH (A A F)e dEE AejAAR = TR BUHE
&l InVESTY ®rA A& (Carbon Storage), A21# 2 (Habitat
Quality), & & v & (Water Yield) ¢ RdS A&3 AFE st
Rom, MR wt-EdR A3 JS5 5 FE5 AT AV Za3E AA
SFATE

HA (202002 = ARAAR = F7HE 7Rt w & A gA &
13 InVEST®] A4 7kl A21#] 4 (Habitat Quality) ==
#H7Fel &4 A (Carbon Storage) R2 o] H7F AnE T3 s
of AefAIAH| 2~ 7FAE H 7Tt

HAAG 202D AeA e =4 54 A9s ddew A7 A

d AgAAMRE T 2AARA(ELAR)Y 7RIS dotstast
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ol o
ol OFO

-

N

InVEST &t & (Carbon Storage) +4 2 AA4 7HXE #H7tst9
t}.

Guerry et al.(2012)> Atz sFABEfA 7} A|Fsh= AEfAAH] 2~ 2
Efol=exe i S H7IE AAE] dAd Aud wigs A
AR ot Ao ®  InVESTe  AMA x| 93 % (Habitat Risk
Assessment), 52 (Water Quality) =25 o] &3 th o= F3 oy

G BeAAR S BIFEE A3E o] &sto] s F gl I S

o

7HA & (Marine Spatial Planning), 2 Bl Al 7]t 7+
(Ecosystem-based Management)E ¢ 3t #otS A A|st=d Al&<E 4
S5 gQlstA).

Studwell et al.(2021)> dltbA] 2 AL fs] | FolA A= A3

gxoz g wdL Hrlslr] 98kl ImVESTS AAA 3=
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gristgon, A% 9¥%E Hrh 2dy} Marxan 2412 374 4843}
of T8 AAA ¢4 =98 AAs=d 2 dS glstAh
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Het Ex o]& B MRS Aol S A

Zhai et al.(2020)= wA? =AIER <Qls| <At AAll WA= 919
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ek Ak AY9E Hrbskdvh §A4¢ FAHAE FUHE AAE
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2. 4+ W9

AT WA R AR TF

20199 71+ FAF §4 A9 F AR FEFS FAHstL AAA 7HA H
7be A¥stdien, 1670 , wE =

7F, Bl vk (Fig 2). 3 s ek dAje] B o]§ W3}
el Wsts A5y 98 20079 Ve SRR BUE

2010t 2 ojH o EAIEAE T FA AA AHe st A=e

AP ke A A Welel sidst= 20079 ik S WA
& 770,270,025me| ™, 20191 2] - 777,210,275m*°]t}. EA] o] &l u}}
AZHAL, (A, A

aF A,

Z2X], 4, 4A, FHoE TR HIHE A

’

Study Area

Fig 2. Study Area (Terrestrial Area in Busan)
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Aol FQF A= Arc GIS MAP 1051 Z2 1288 Algale] 723}

Ak BTN ATd 2007 TEF R 20199 AlEF EA I EA
&

ato] sl 5Sme] #AE FEHE FHSHATHEAEEF, 2007 €3,

1}, InVEST Carbon 2 d!

Carbon @< NE A~ = 7|T24d3 BdH AN A San

e Wrbste AR, A, A, v 22 54 AH gdanfi
B77F JbEsttHEE3 9 a9, 2019). §4 A9 A, 24, WF F
A T AHAE BAE ERFFoEN 7] F9 olitsteAa s F9

A7l St S I S AL A & dLE B,

el ARt Ay AAY, B IS 5o daE 49

tH(Fig 3).

Atmosphere

|

Harvested Wood Products

A -

Aboveground biomass

E— £y ~ _ Dead w &
5‘:\\_ T ke, ‘_,—‘ 2 o ';:{?qq\\_ %
soil carh;nh‘““‘ A A A ‘\,\_ A—

&-__&‘E ,\.\
S
Belowground biomass e

Fig 3. InVEST Carbon Model Process
(Sharp et al., 2020)
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Carbon 2499 918 x5+ Table 33 Zt}h 2 2do Ex o] g u}
2 92X FHS Hrlely, EXYELEE o] &5 wWslels AHAL v
BAaS gotd 4 <t} Eqgs 1, 25 o] &3] EXyEEo EXA o]&d

S
B BHEAY BRRAARG) #e gkl F HANFY

Crana = 22(G < 4)) (1)
q = szove + C;)elou: + C;oil + C&ead (2)

BRRFAF(CO)E EA olgd we 7 BEXe AR AAT(C,,.),

A AAH )y EFHC), TAR(C,) EAHE B e

elow

U, gule] AsdFolA A8E AleE Farste] 48313 tH(Tomasso
and Leighton, 2014; =93] 2], 2016).

Table 3. Input data of InVEST Carbon Model
(Sharp et al., 2020 & 11)

Required Explanation Format Reference
Input Data
A Land Cover Map Raster Ministry of
Land Cover Map Containing Codes for ) ]
Each Land Use (.tif) Environment
Carbon Pool Carbon Retention Table Tomasso and
¢ LULC Cl Coefficient per Unit Area ( ) Leighton, 2014,
.CSV
0 ass Held by Land Use Roh et al 2016
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. AAA AA B

2 AFAAME A 718 2 g4 9] AFE A H]-8-(Social Cost of Carbon,

SCOZ ol §3he % /b Mo WHoE ¥4 54 Ao BiH whel
AR AAE FARAL. AF A9 A4S BPY LANEEFHRA

oA AR 20199 AAviEde] Hyr ' ATEAQ 284409
/Ton-COE A&ste] FASATHA7IATEARAY, 2021). ARt =

ol AdH = g Aghz ol wEZat 774 ol
5

3o
o~
=
(@)
o
Q
o
]
g
jab)
@
=
S
(o]
=
O
)
o
L
2
~
B
ot
o
B>

I e A
o] 25A v &S HEse AL ALIAT "o AgFH wE2 1
Tond COE W& wf o]& <ls] dAstE &AES 7] 98 - A13]
7} AEsor st AAAH HEE HTh(E &7 9, 2020). A3 Aol A
S-gufete]l A FALS 253%F AR LT, ol H Ao
m o] 20201 3% Q& ZlE $51/Ton-COxE $-2vet d&=2 A3s)
60,182.559¥/Ton-CO,(2020 @+t & $1=1,180.05¢)S A &3t FAF &
A B g AsA THAE FASIATHE AR 9, 2015
IWG, 2021).
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B35 H7F 23E Table 4, Fig 491 #| A3}t
SR BE Ao ANV BRHFF F

2

A A3 F 1,019% Ton-C(13.1 kg-C/mH)S HF3ls Aoz Vewoh

g o] HAA @AREF F ok 81.15%(<F 8277 Ton-C)&E H-F=Fo] 7}

A werom A Aol AHA vrAH G = oF 0.03%(3,423 Ton-C)=
&

A Ak g Aol o

3 I

[}

] 0.07 kg-C/m’Z 7}4 vteokr),
AA} dAe EX & W] w2 AR FHS vastr] 918 2007
d 71E A §4 A9 daEFH% 4 A3 oF 11,0409 Ton-C(135
kg-C/m)E& HFdte o2 Uy

WHe) A9 dctelel FREA A, FU AN SO8 Y AR Aol
0

27t thFig 5). HEAsT 9 AUTY A, FAA(YA LAY,

AT AN, A ALEAE F), vSAREG A S0 TR T A

ool ztastiL AZFA, YA, 24 Aol FAF Aew Jehdth 2K
Aol FrteHA AT B4 FEe| BanfEe ZAHAAAY 5 A



Table 4. Area and Carbon Storage of Terrestrial Area in Busan

C Storage (2007)

C Storage (2019)

Amount of
Change
(2019-2007)

C Storage C Storage C Storage
LULC Area(m?) 3 Area(m?) £ £
(Ton - C) (Ton + C) (Ton - C)
Urban 199,889,375 675,426 202,612,150 684,626 (+) 9,200
(25.95%) (6.50%) (26.07%) (6.72%) (1.36%)
Farmland 127,108,350 861,668 76,543,050 518,885 () 342,782
(16.50%) (8.29%) (9.85%) (5.09%) (39.78%)
Forest 349,186,325 8,610,935 335,297,975 8,268,448 (-) 342,487
(45.33%) (82.81%) (43.14%) (81.15%) (3.98%)
Crassland 22,340,600 183,059 75,636,300 619,764 (+) 436,705
(2.90%) (1.76%) (9.73%) (6.08%) (238.56%)
Wetland 4 466,750 64,469 6,483,800 93,581 (+) 29,112
(0.58%) (0.62%) (0.83%) (0.92%) (45.16%)
Barren 39,772,775 2,625 51,862,125 3,423 (+) 798
(5.16%) (0.03%) (6.67%) (0.03%) (30.4096)
Water 27,505,800 0 28774875 0 0
(357%) (0%) (3.70%) (0%)
(=) 209,454
Total 70200025 10398182 777210275 10188728 )
. (o]
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Busan Carbon Storage(2007)

Value
o High : 0.6165

-Luw:El

Busan carbon storage(2019)
Value

r— High : 0.6165

— Low : 0

Fig 4. Carbon Storage of Terrestrial Area in Busan.
(a) 2007, (b) 2019
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Urbag
2595 %
2807 %

Change of Land Cover in Busan
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1650 %
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4033 % 290 % 058 % 5.16 %
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Fig 5. Change of Land Cover in Busan(Area, %)
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AT eSAHF% HrE A3E Table 5, Fig 6, 7, 8o #| A3}t
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C Storage of Busan (Sphere)

. B

u -

2 5
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& 1
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(u:j o

9 'k

“ o
0 )

i Seo-Busan Jugg—Bugag

2067 2.120.013 . 514,967
2018 Y ET L —

=2007 = 2019

Fig. 6. Carbon Storage in Busan(Sphere)

C Storage of Busan (Admimstrative District)
=2007 =2019

Suyeong—pu B |
Yeoole—gu H
Dongrassge W
MNam—pu IR |
Haeunrdae—pgu IS | |
Geumjeong—gu I
Glang—gun __
Juag—gu [ [ ‘
Dong—go B '
Buzanjin—pgu R
Yeongio—ge H
Zep—gu HE
Cacanpg—gn NN
Zaha—pu IR
Buk—gu
Gangzeo—pu I

X 1076 (Tonof L)

Fig. 7. Carbon Storage in Busan(Administrative District)
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Carbon Storage of Administrative Districts(2007)
carbon

B >1=-5.3+10°7 (Ton of C)
[ 2472341047 (Ton of CY
I =2%-z.601077 (Ton o1 )
[ 20 2-1.8410°7{Ton of ©)
[ =2-18#10°7 (Ton o1 €3
[ M3t 78,941 0% (Ton of €}
[ ] Mat3-9, 51078 (Ton ot ¢y
[ ] R483-81+10"6{Ton 01 ¢}
[ ]47-sas10°6 (Tan ot C3
[] M7-4.8+10°8 (Ton o1 G}
[T s#7-3.9+10°8 (Ton o1 C)
[ g=%-3.8510°8 (Ton o1 )
I =22, 7107 (Ton of C)
B ==-2.3+10% (Ton of C)
B 272141076 (Ton ot C)
B ==-3.6510°S (Ton of C)

L) 425 35 17
——

Carbon Storage of Administrative Districts(2019)
Carbon
I 71=-5.010°7 (Ten o C)
I Z#=2-0.2¢10°7 (Ton of ¢}
I 22 3-2.710°7(Ton of ©)
[ A0 72,041 0 7(Ton of £)
[ =7-1:510°7Ton 01 €}
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[ ] 248 3-5.0:0% (Ton ofc)
[ ] 93-7.0410°6¢Ton o )
[ H7-2,10°6¢Ton of C)
[ 8=P-281 006 (Ton of ¢}
[ =2%-3.8¢10°6(Ton of ¢}
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Il ==+-z. 2106 (Ton ot C)
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. ,( i

0 425 85 17
Km

Fig 8. Carbon Storage of Administrative District.

(a) 2007, (b) 2019
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Carbon Storage in Dong—Busan (2007)

Barren Water
002%__ 0.00% Grazeland

»Warer

=Barrea

*Urhan

* Farmiand
Grazzlaad

« Watland

=Forest

Carbon Storage in Dong—Busan (2019)

Water Barren =
0.00% 0.02%  Farmland
2 500% ..
"y ssland
i 5.08%
y - —Wetland
) 05l%

=Water

=Barren

=Urban

* Farmlznd
Grazzland

= Wetland

=Forest

Fig 9. Carbon Storage in Dong-Busan. (a) 2007, (b) 2019
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Table 5. Carbon Storage by Administrative District

Administrative 2007 C Storage 2007 C Storage
Sphere L
District (Ton - C) (kg - C/m?)
Gangseo—gu 1,702,283 9.5
Buk-gu 634,471 159
*BSUeSOaH Saha-gu 3,120,013 394,715 105 9.7
Sasang-gu 388,544 10.7
Seo-gu 193,861 13.9
Yeongdo—-gu 152,221 104
7%‘3}1% Busanjin-gu 814,967 363,347 116 12.2
Dong-gu 90,011 94
Jung-gu 15,028 5.1
Gijang-gun 3,963,018 18.1
Geumjeong-gu 1,118,669 17.0
Haeundae-gu 773,497 14.8
_ggggn Nam-gu 6,458,572 256,639 16.0 9.6
Dongnae-gu 154,930 9.3
Yeonje-gu 106,070 8.7
Suyeong-gu 85,747 8.3
Administrative 2019 C Storage 2019 C Storage
Sphere o
District (Ton - C) (kg + C/m?)
Gangseo—gu 1,667,742 9.1
Buk-gu 611,101 15.3
’BSUeSOan Saha—ggu g 212 404,201 e 9.8
Sasang-gu 389,928 10.8
Seo—gu 188,772 135
Yeongdo—-gu 154,437 10.7
Jung - Busanjin-gu 808,435 361572 114 12.1
Dong-gu 89,267 8.8
Jung-gu 14,386 4.8
Gijang—-gun 3,770,060 17.2
Geumjeong-gu 1,095,232 16.7
Haeundae-gu 814,918 15.6
Dong Nam-gu 6,305,798 81443 156 10.4
Dongnae-gu 152,798 9.2
Yeonje-gu 104,328 8.6
Suyeong-gu 87,020 8.4
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oA 20509704 A AT olbseks F wlE o] ARE Gk FE
AAFATHAPCC, 2018). $-2tets maa A7 ARAAE govEd

& #AFo7] st FVAGAETHAAELEDS) 4 & GATH FXE

BA AT A, Al vA i 5 oy BAe F3F i A
A &x FF 7l5S &8ste #AE Ass A< 716ksH (Natural
Based Solution, NBS)¢] @8 Ado] Zx=Hi tt ole e AeA
A g4 g TS sotste BAaAEE H/ Z VX A4S
At AFEo] FIAHI JeHEaHFAA 7Y, 2019; Tomasso and
Leighton, 2014).

A A 2~ 7]gke] A kA A9 7k BEHERl InVESTE 7| $x24d 3%
A" AEAAR 2 B ks, 4 AEAle] AR GHS Bt
st Carbon¥ &¥ AEjiAe] BAERFFS W7lske  Coastal Blue
Carbon®] 9t} AFAFEe w2 InVEST 22L& Abgx7t dA H
3l AFEE = dar, Ao QAb&eo] AL Aom delAd ArEA Y V%
AEZ AMEE 7 A= 3], 2016, HA < ¢, 2019). HUHlAA = FHE
A, 54 AEA, =ANEAS 5§54 A9S dHde® InVEST Carbon
EdS AEe daRgd 24 9 7Hx B A5l 18E 8k Aok (H

A1 9], 2021; AFA4 9, 2017 FHEAAT, 2019).

N

_34_



A=

ki3

oF

ol

B

A

Bol AvsA &gt wet

b
|

4

7)2ko] t}

o
IT

7} ae

2

TR

A B Al A H]

?J:

bl

7} 2dl¢l [nVESTE o] &3 HAk

E

hyE

e

-
s

REREEE P

=y
el
T
Jo

o
4
my)
!

o ®x] o] g3 A4

hSS

el
R

¢
!

_35_



o ,
O_U Or| HU_.F‘_ ;mm 1%0 Jm_vu,._ 7
Hl ‘lml.._ ;OO fite) HE R ﬂ ‘_IA.OH ‘a O#E ‘ﬂr
i 0o [a] 1o
g AN = o oy M El wﬁ =
™o < S - ooy X — <
ol 0| ae} X = "y o]
5 B woT & ) T B
B = ﬂ_OI o# X <« . 16%,._ ~ Eo Jl B OT
—_— I B MADU ™o o r T T
o o 0 =3 T A = 0 A TR ENU
© 3oy F o o Aﬁu 2 = m oo
T o X /o = - . ar
? Do d/ o ¥ o P Lo
& B o 2 F e & Ho
34 © = il o =
s 7S B A o X By o o
T g T S
=R Torr] - X Nd k X .
T o X = T y ay
S i = % T o
B WS B! N ~— o K ~ B
o = g i <° o A
= 12 Ty N 21 "
b w (D] 2 & Mkoﬁraﬁﬂmo
@%%%M%wm%x PR LT
N2 ~ _ ﬁO 1) fu ol _ O‘H O#E ‘WE o ~o S
~ o X o 0 5 o W v X . o
B o o N 2m do i ‘Xlﬂ 8 2 ol o
o x AL ST S o W N = _ = ®
z o P T 2 il DS
wyyﬁm_muzﬂﬂ#xﬂﬁw%
S T o oh OL Lo —~ _? ,ﬂuﬂ mo | o+ 1__/| OW
S LY w® I W% 4 ozm o< oo
Lo Lo o I T g T e
— o T B oE Ak
~ ¥ 0 Jr~| -~ 1_ i \m_%._
= 1 M o T = M o I IO zL
?ﬂ%aoagw}o_ﬁgiq%ﬂ
IO S - o) mr ; .o o= B
I = 3B g ¥ T OB > 5w
) Qﬂ%ﬂﬂ&?%%am%m
. gny ) )A .I’ -
o B W Lot X T T o o B >
o O.._ ,ul < »Ao 5 O_ OL
ﬁl o m t_.# <
B O

- 36 -



KXY

% <
A
i
L )'
- .
. % % =
- Rk S 7
¢ s Jraey =
. -ﬁ- ~:"$,.“!_: Yag
b el N

0 50 100 200 Km
| I b

Fig 10. Study Area (Coastal Land and Sea in Busan)

4 A% &

A== Arc GIS MAP 1051 Z2198 A3 =359t dok &
o] A AFAA AFH 20199 EF, AeF EXAINEEE &85
4= 5mY raster FEIE FSSFATHE A, 2020). ALt 34

saFrde] AARTES 0199 AR EAYEEE B8l T
st o, gavt HaEs AR A8 FAA, 2y, e, 2
g 59 Aev Gesdag iy

ARFIRANE NN ATHAE ARE o3

AL

TAST ZAE, FUENAREY,

_37_



1 ¢l
=

b Y

t}. InVEST Carbon

7t Ab&¥ Carbon RdS EXyEL9 &

3

Dy

S

e RdE EX

7}&

3

hyz

=

Ea RS

o

el

|

Clxmd

A ¥ tH(Sharp et al., 2020).

|gol we} 7} Exe)

]—l?d Aﬁjﬂ%k(a;l)ove’ C;)elmu)’ EOOk(C;oil>’ :ﬂ‘/\]—

S

(Gl B55

L
=

A

’

T

A%

@2Te YEhatEq 2).

(1)
2)

Crand = Z(Q ><Ai)
q = C:zbmte + QJelow + Qsoil + C(Yiead

2}. InVEST Coastal Blue Carbon =4

3

7Foll AF8H Coastal Blue Carbon = €&

3

=
"o

o
B/

—_
file)

(Biomass), E%(Soil), A (Litter)oll

(Fig 11).

_38_



ABOVEGROUND —

BIOMASS

BELOWGROUND

EBIOMASS

LITTER

STANDING ¢ DERD CARBON

SOIL

SEDIMENT CARBON

Fig 11. INnVEST Coastal Blue Carbon Model Process
(Sharp et al., 2020)

At dde] waugw Hrlol o 8EHE 4L Eq 3% 2. <74

C.,(MegaTon)= ¢t sjle] % B2AZSE Yehhu, pe A2

= : 3)
B ( p’tbnselina) ift = tbaseline
C;),t - q’ d7t + C;)Hmm wt C;Mmfrvt (4)

Eq. 49 Cosiri Cpviomassi, Cpiiver,is A= A B AMACl A3d g4
FS Ui, AgdT A87F FEee Fawd ¢ RS ARe =
W- o APdAgelA A=F dHelHE &&sto] AR ATHRIER 9,
2006; Byun et al, 2019; Choi et al., 2016b; &3¢, 2018, Dong et
al., 2012; AR, A7, 2010, AEHSE 9, 2008; Mok, 2019; Wahyundi et
al., 2020; Yuan et al.,, 2020, %%, 2021).
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Coastal Blue Carbon E 2o o3t 918 25 += Table 69 #| A3} T}

Table 6. Input Data of INVEST Coastal Blue Carbon Model
(Sharp et al., 2020 1)

Required .
Explanation Format Reference
Input Data
) A Habitat Cover Map o
Habitat o Raster Ministry of
Containing Codes for Each . .
Cover Map ) (.tif) Environment, KHOA
Habitat
LULC A Table of Habitat Name,
ALY Table
Lookup Code, Value that Distinguishes ( )
CSV
Table whether It Is habitat or Not

Wahyundi et al., 2020;

Choai et al., 2016b; Kim

et al., 2008; Kim and
Biophysical Carbon Retention Coefficient Table  Sung, 2010; Byun et al.,
Table per Unit Area held by Habitat  (.csv) 2019; Dong et al., 2012;
Yuan et al.,, 2020; Ahn

et al., 2006; Mok, 2019;

CNI, 2018; Jung, 2021

Landcover Table Showing Changes in Tebl
able
Transitions Habitat Status according to ( ) Sharp et al., 2020
.CSV
Table Land Type Conversion

_40_



ol AAE 74 Bt

A wiE=Ae Bt w4 AH7EAQ] 284409/ Ton COE 483}
RHZA 7S G A B AY, 2021). &40 ARS] A H&2 A+
gupetol] AFatrta AAIE 1S 3% 7l Hl=el 2020 THA S AL3
2 189l $51/Ton-CO2(20200d F+t &8 $1-1,180.05¢)<= ¢t
2 Agke] 4k S Aol BiE g4 ALEA JHA S FA AT

A& 9], 2015; TWG, 2021).

_4‘]_



7} 2019

3. 2% 2 1%

3

Table 7, 8, Fig 120 #|A|

EES

E

3

IR

c

o
3T
of
oy
B
<)

i

g9l

]_

RS

o} 2019 A<t
o

1
d

9
yul

of ]

Bl RG2S 1449 Ton - CE YETH A Ao A
2

A

[e=]

],

)

o] A% 100 kg - C/m’%, 13.1 kg -

b 54 Aok vl wf A e of 76.3% =

e 2019

L g

[e)

=

90

A4
X

A
o

=
1

A o] 25 kg - C/m’% 7P Eghow, UA Aol

=
0.07 kg - C/m’= 7}& &

J

=

A
SEERCES RS I R R

-
a-
R

A/m* (1,499 ) o2 FAE T, Bhae] Al A vl g A8 A 2210

K

;
[e)
T

Bad S of 71.8%
B

1,044

At} 2246 77}
A

s

e
ok
o}

oA &

8

o

B

o)

0
Jo

A

il

v 7ol wol X

A %

7

b S

0
HH

Jele} W&ol o

X

B

Xol 2747 425m°* S

o)
=

79

]

A

IE15
=

H
9 kg - C/m*(143%}F Ton - CO)&, /A=

7

|

o

3 3

ol AU A

i
-

B

s 71

o

RS

0]

ok
- 42 -

=

BanfEe



(2]
o2

1/m*(1,496

AR 0.25%

Ry

°F 1,042%
ks
gl wek 500m ol W,

Al

Q.

1t

/m?*(3,16691 ) o= )

¥

€ Al 2,204

P3|
ZS|

H] g

]
ZS|

Aol A
A9 1,000m o] &2

g,

), AH3]

R

9

S
0.024 kg - C/m?

23|

—~
o

Q]
=

1 2

15

.6D

o, W& A7 FAE E

=y
ol
ol

ﬂ.\ﬂo

_43_



Table 7. Area and Carbon Storage of Coastal Land in Busan(2019)

Coastal Land Development Scenario
2 C Storage 2 C Storage
LULC Area(m?) (Ton) Area(m?) (Ton)
Urban 60,772,675 205,351 63,141,850 213,356
(42.3%) (14.3%) (42.1%) (14.9%)
Farmland 7,264,425 49,246 7,205,225 48,844
(5.1%) (3.4%) (5.0%) (3.4%)
Forest 41,814,675 1,031,150 41,581,975 1,025,412
(29.1%) (71.8%) (29.0%) (71.5%)
17,201,825 140,952 16,573,850 135,806
Grassland (12.0%) (9.8%) (11.5%) (9.5%)
629,675 9,088 614,400 8,997
Wetland (0.4%) (0.6%) (0.4%) (06%)
Barren 14,644,475 967 13,268,900 876
(10.2%) 0.1%) (11.2%) (0.1%)
1,281,550 0 1,223,075 0
Water (0.9%) (0%) (0.9%) (0%)
Total 143,609,300 1,436,753 143,609,275 1,433,291
(100%) (100%) (100%) (100%)

Table 8. Economic Value of Coastal Land in Busan(2019)

Coastal Land

Development Scenario

Market Price

149,960,807,024 won
(1,044 won/m?)

149,599,461,467 won
(1,042 won/m?)

Social Cost of Carbon

317,335,575,485 won
(2,210 won/m?)

316,570,923,683 won
(2,204 won/m?)
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Carbon storage of coastal land (2019)
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Fig 12. Carbon Storage of Coastal Land in Busan(2019)
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Table 9. Area and

Carbon Storage of Coastal

Sea in Busan(2019)

Coastal Sea Development Scenario
Habitat Area(m?) c (S,lﬁg;%ge Area(m?) c (S’I‘Eg;a;ge
Sea and 107,983,725 0 93,023,875 0
Aquaculture (81.1%) (0%) (80.3%) (0%)
. 22,205,675 139,164 19,909,825 124,775
Tidal Flat (16.7%) (36.3%) (17.2%) (34.3%)
Seirpus 331,350 13,877 331,350 13,877
™ (0.3%) (3.6%) (0.3%) (3.8%)
826,400 45,699 811,225 44 860
Seagrass (0.6%) (11.9%) (0.7%) (12.3%)
Reed 1,805,450 185,091 1,759,875 180,418
(1.4%) (48.2%) (1.5%) (49.6%)
Total 133,152,600 383,830 115,836,150 363,930
(100%6) (100%) (100%) (10096)

Table 10. Economic Value of Busan Coastal Sea in Busan(2019)

Coastal Sea

Development Scenario

Market Price

40,062,179,484 won
(301 won/m?)

37,985,120,964 won
(328 won/m?)

Social Cost of Carbon

84,776,516,171 won
(637 won/m?)

80,381,203,997 won
(694 won/m?)
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Current carbon storage of coastal sea (2019)

Value
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Development scenario of coastal sea (2019)
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Fig 13. Carbon Storage of Coastal Sea in Busan(2019)
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Table 11. Area and Carbon Storage of Coastal Sea in Busan(2050)

Coastal Sea Development Scenario
Habitat Area(m?) c (ngg;a;g € Area(m? c (S%g;a;g €
Sea 95,282,925 0 82,769,350 0
(71.6%) (0%) (71.5%) (0%)
Aquaculture 2,699,750 1,574 2,399,425 1,398
(Seaweed) (2.0%) (0.2%) (2.1%) (0.2%)
Aquaculture 9,900,850 37,592 7,754,900 29,444
(Complex) (7.4%) (4.2%) (6.7%) (3.5%)
Aquaculture 100,200 702 100,200 702
(Shell) (0.1%) (0.1%) (0.1%) (0.1%)
Tidal Flat 22,205,675 289,218 19,909,825 259,316
(16.7%) (32.0%) (17.2%) (30.4%)
. 826,400 51,849 811,225 50,897
Scirpus (0.6%) (5.7%) (0.7%) (6.0%)
331,350 46,064 331,350 46,064
Seagrass (0.3%) (5.1%) (0.3%) (5.4%)
Reed 1,805,450 477,898 1,759,875 465,835
(1.4%) (52.8%) (1.5%) (54.6%)
Total 133,152,600 904,898 115,836,150 853,657
(100%) (100%) (100%) (100%)

Table 12. Economic Value of Coastal Sea in Busan(2050)

Coastal Sea

Development Scenario

Market Price

94,448,547,770 won
(709 won/m?)

89,100,278,644 won
(769 won/m?)

Social Cost of Carbon

199,864,783,707 won
(1,501 won/m?)

188,547,186,163 won
(1,628 won/m?)
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(a)

Future carbon storage of coastal sea (2050)
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(b)

Development scenario of coastal sea (2050)
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Fig 14. Carbon Storage of Coastal Sea in Busan(2050)
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o At A A X EIbse o] &3 AHA RS Hsid= Axk A
AA S A s AEA 718 #E] (Ecosystem-based Management)
£ T3 =AIS AEA 25 A4S SXEor & devt gt
AE A 718k FE] e 17k o) A= xS LEste] FHH
%S etstal, &EskE o8 AHAE 34 #HE F U= W
AXNE FHer &, olF HAxdr] fsides +4 BEAY ZHE 3
olgfjoF dth(Ansong et al, 2017; Harvey et al, 2018; Goulding et al.,
2018; NOAA, 2021). o]o] AAA&E FTAoZ A A4S Feotsta H
7vatz] §1gk A57F HA I vk o] T A AIA R Tuke] Jrt 2d
1 InVEST®] &4 A% A& H7}sh= Habitat Quality(HQ)W sl A
212 918 =5 H7}sli= Habitat Risk Assessment(HRA)E 283 o +7}
288 vp glEd, FW-2olA InVEST HQ E2S o]&sle] =34,
kel wE Al A 9 {FA3 FA AY s5 Ao R S AAA 9
b R Edom(AqAE, 2017, HAYG <], 2019;
TAATA, 2019; Zhai et al, 2020; Zhang et al., 2020b), H}ohAl H A
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2. 4+ W9

7h AT e #H AR =

2 dTE B 98 9% 72 AR H50) A5d 01968 FEow
Fayshelh 201999 Aek A9 ANA Hrke dAsh fojeo) A4 At
A Aol A4 APEE AQGsgch. Astwe ol met A o

A el 71 A W 500m oz AAstelen, &t =7F o

o] A% M & Ux AR AR St 7IE S EF e 500mE A
BatAdh(Fig 10 ). A5 Hedl sFst= At F599 W™
143,609,300m* Aok s 9] WA 133,152,600m*e] t}.
Bdox AL8H 5= Arc GIS MAP 1051 Z=23S ARS-slo] &4
% 5m9 raster FHIZ FE53ATE AL S99 4
2019 A7 EX 9 EE

Aol AT B PARE

l

= 7
320200, 447 9 Sgaslel ARy GEAREY G5 el 24
B, FE0nsg, SRR AAE e ATHE AR B85

ATH = 7bsl F AL, 2021; = ELEH- 2021).
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L}, InVEST Habitat Quality(HQ) =2

o] gl wep M wX= FFS FAA #ew it B A
= 071 Abe]l ez yERyH, 19 7Hke
ojmlgtt, A AR A(Qxj) AAA ] mAE AFQATL 1 AP0
Qe AL E Yl E 4714 AAE 18 skl o8 4 Egs. 5)7()E o]
23} AAbeth(Sharp et al, 2020). 9P 20L& A% FHol EX o]&
o wat 2AH=H, B AFdAE AFAY, FFAS, AFdEA, A
o, BBV EAA, sHAY, deUAR FAEH U 4704 A= A
a]ld gk s JIFH

ARl W dF A, EAC WA A=A AL A 2YH BRI FE0

W, & AFdM e U9 AFAFE Farste] ARSI tH(Table 13).
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Table 13. Input Data of INVEST Habitat Quality Model
(Sharp et al., 2020 % 1)

Required Input

Explanation Format Reference
Data
A Land Cover Map
Current Land o Raster o )
Containing Codes for . Ministry of Environment
Cover Map (.tif)
Each Land Use
Threats Data Threaitemng Falcators ;Fable) Kim et al, 2015, KNPRL
to Biological Habitats CSV . .
Sensitivity of Sensitivity to the 2019’ Lee.et .al, 2015"
Land Cover Effect of Each Table Chol, 2920’ Kim, 2018
Types to Each Threat Factor on the (.csv) S€0, 2917’ Sallustio et al,
Threat Type of Land Use 2017, Xu et al., 2019
. Value of the Number
Half-Saturation )
Parameter k in (Default Sharp et al.,, 2020
Constant ]
Equation Value:0.5)
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AAA A ANAG WAL A8 Gl B 47b 243 B8 Eas.
5,6, 7, 8 2ol weh A4ETH(Sharp et al, 2020). 47bA] Q&= ¥
2l hE A FFH (), ABLA] B AHA 7Y
MAES), ANAS @ee] Ael(e,km) 2 ABL] A4
WA A FEA,,,, (km), ARG NG EAS] WA - A=A -
AEERETE RS EISE !

F 95 0ol 4 Bg 5% AA@Th o714 Dyk 1889 xo)
AAA Gl WE F EFES AvE, Ve gadon gy

H 20 3, we Adaclel WE AEA, e Pk ae

6&]:‘—;*':]1’ BX

of

rr

e %, Sy dE idEeh

Z R - Tyirxyﬁx‘gjr (5)

Aol i s FFHY i AAA-AF A e AT #

A5 % @ acle) ol AR FasH, Eas. (6), (DZ ARG

I

. dxy cr .
by = 1 ¥ — |if linear (6)

2.99

)dxy) if exponential 7
Aol gako] A 43 HA(linear) =Y =2 7|3t

L
|=]
Zx(exponential) S AEste] 913 adel dist Fd FF=HS AL

ool @ dyi= AAA AFRA) AL, duads AHLA] A4
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= 33k (Sharp et al. 2020).
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Table 14. Input Data of INVEST Habitat Risk Assessment Model
(Sharp et al., 2020 1)
Required .
Explanation Format Reference
Input Data
KOMC, 2021; ME, 2020;
Habitat Table including Habitat, Table MOLIT, 2021; KHOA;
Stressor Stressor Information, (csv)
CSV
Information and File Location Nakdonggang  Estuary
Eco Center
A Table that Scores the
o Effect of Stressors on Table Sharp et al., 2020; Claudai
Criteria Scores : !
Habitats in Numbers (.csv) Caro et al., 2020
from 1 to 3
Resolution The Resolution of the
| . Number
of Analysis Map Entered in the
(Value:b)
(meter) Model
) The Maximum Scores
Maximum | Number
o in the Stress Impact
Criteria Score (Value:3)
Score Table
Options for Risk
) ) Calculation (Euclidean :
Risk Equation o B Euclidean Sharp et al., 2020
and Multiplication
Equations)
Options of a Decay
Equation for the
Decay Equation Buffered Linear Sharp et al., 2020
Stressors(Exponential,
Linear, None)
KOMC, 2021, ME, 2020;
Area of Containing Feature One —  NiOLIT, 2021; KHOA;
or More Planning
Interest (shp)  Nakdonggang Estuary

Regions or Subregions

Eco Center

- 61



high

‘monitoring and | HIGH RISK
preparedness

intensive
intervention

Consequence

| LOW RISK

. “low intensity
low Minlewenﬁan |

low Exposure high

Fig 16. Relation Between Exposure and

Consequence in Habitat Risk Assessment
(Sharp et al., 2020)

=E AAHEDE AAAG fda e I ANA FH 717, 9F
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= Addn
Table 15. Habitat Quality Value by Range and Average Value
Group Range Habitat Quality of Coastal Land

1 0-0.2 49.61%

2 0.2-04 2.53%

3 0.4-0.6 4.49%

4 0.6-0.8 13.80%

5 0.8-1.0 29.56%

Average 0.415241

Habitat Quality (Busan Coastal Land)

“n

Fig 17. Habitat Quality of Busan Coastal Land
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Table 16. Habitat Risk Value by Range and Average Value

Group Range Habitat Risk of Coastal Sea
1 0-0.155 0.56%
2 0.155-0.309 23.70%
3 0.309-0.464 19.79%
4 0.464-0.618 50.40%
5 0.618-0.773 5.56%
Average 0.421

Habitat Risk (Busan Coastal Sea)

<VALUE>
B o-oiss
[ oiss -
[ ]oszos-
[ ] paga-
o -

Fig 18. Habitat Risk Assessment of Busan Coastal Sea
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Fig 20. Ecological and Natural Map of Coastal Land in
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Fig 22. Marine Ecological Map in Busan
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Appendix

a. Input Data of In'VEST Model
- Habitat Quality Model

B Habitat Quality: loaded from autosave - O X

File Edit Development Help

INYEST version 3.9.0 | Model documentation | Report an issue

®  Workspace | lli=
«  Results suffix (optional) : e
®  Current Land Cover (Raster) [ |0 e
«  Future Land Cover (Raster) (Optional) [ D e
«  Baselne Land Cover (Raster) (Optional) I O e
Threats Data | || O, @
«  Accesshilty to Threats (Vector) (Optional) ‘ ‘ D e
Sensitivity of Land Cover Types to Each Threat, File (CSV) | IETRC )
«  Half-Saturation Constant [0.05 | [}
Run

- Habitat Risk Assessment Model
B! Habitat Risk Assessment: loaded from autosave i m} X

File Edit Development Help

INYEST version 3.9.0 | Model documentation | Report an issue

®  Workspace ‘ ‘ (=)
& Results suffix (optional) (i}
®  Habitat Stressor Information CSY or Excel File ‘ ‘ D [i]
®  Criteria Scores CSY or Excel Flle ‘ ‘ D [i]
% Resolution of Analysis (meters) ‘ ‘ [i]
®  Maximum Criteria Score [ | (]
'  Risk Equation Euclidean v [i]
Decay Equation Linear = (i)
% Area of Interest (Vector) ‘ O e
L]

[] Generate GeoJSONs for Web Visualization
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- Carbon Model

[ InVEST Carbon Model: loaded from autosave = O X

File Edit Development Help

INVEST version 3.9.0 | Model documentation | Beport an issue

®  Workspace [ =] =
«  Resuts suffix (optional) ] [i]
% Current Land Use/Land Cover (Raster) | D e
% Carbon Pools I D e
Current Landeover Calendar Year (3]
[] Calculate Sequestration e
«  Future Landcover (Raster) &0 e
Future Landcover Calendar Year L]
REDD Scenario Analysis (i)
REDD Policy (Raster) )
Run Valuation Model
% _Frice/Metric ton of carbon
v

- Coastal Blue Carbon Model

~

i I8 Coastal Blue Carbon: loaded f t - m]
1 Coastal Blue Carbon Preprocessor: loaded from autosave =, O X rCLLE 0 ORCECTOM ZYse

File Edit Development Help
ile Edit Development Help
‘.‘}‘ INYEST version 3.9.0 | Model documentation Beport an issu

IVEST version 3,9.0.| Model documerttation | Report an issue

X Workspace [ =]
«  Results sufix (optional) (i}
«  Landcover Snapshots Tab\e‘ ‘ O e
X Workspace ‘ |[=
x  Biophysical Table [ D e
. " «  Landcover Transitions Table 0O e
v Resuls sufix (optional) ‘ (i) ‘ |
¥ Analysis Year I | (i)
[] Calculate Net Present Value of Sequestered Carbon
X LULC Snapshots Table | D e
= v
v
% LUCLodkpTabe | D o
v
v

% Run
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b. Land Cover Map of Ministry of Environment

Table 17. Land Cover Map
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