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ABSTRACT

This study aims to quantify the multifaceted carbon reduction effects of urban parks and green spaces,
including indirect effects often overlooked in conventional assessments of carbon sequestration by trees, and to
suggest improvements to the carbon—neutral green infrastructure. The carbon reduction effects of urban parks
and green spaces are classified into “carbon sequestration mechanisms by trees” and “potential avoided
emissions mechanisms,” which include pro—environmental behavior, microclimate regulation, and stormwater
runoff reduction. A quantitative analysis was conducted in four public housing districts of various scales in
the Seoul metropolitan area, South Korea, namely, Siheung Janghyun, Hwaseong Bongdam-2, Goyang
Hyangdong, and Gunpo Songjeong. The findings of the study were as follows. Annual carbon sequestration
for Siheung Janghyun, Hwaseong Bongdam-2, Goyang Hyangdong, and Gunpo Songjeong was 239, 134, 185,
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and 51 tCO,, respectively. The average annual carbon sequestration per square meter was calculated to be
0.50 kgCO,, with 22.30% of the carbon sequestered being attributed to shrubs, highlighting the potential
contribution of multi-layer planting in reducing CO, emissions in land—limited areas. The annual potential
carbon emissions avoided through the three potential carbon avoidance mechanisms were estimated, under the
baseline scenario, at 408, 154, 29, and 32 tCO, for the pro—environmental travel mechanism; 295, 157, 68,
and 17 tCO;, for the microclimate regulation mechanism; and 79, 29, 20, and 10 tCO, for the stormwater
runoff reduction mechanism, respectively, for the Siheung Janghyun, Hwaseong Bongdam-2, Goyang
Hyangdong, and Gunpo Songjeong districts. The annual carbon emission avoidance per unit area of park and
green spaces was estimated at 0.66, 0.49, 0.15, and 0.30 kgCOy/m? for the eco—friendly travel inducement
mechanism; 0.48, 0.50, 0.35, and 0.16 kgCOy/m? for the microclimate regulation mechanism: and 0.13, 0.09,
0.10, and 0.10 kgCOy/m? for the stormwater runoff reduction mechanism, respectively, in the same four
districts. Furthermore, because the estimated carbon emission avoidance was derived using regression models,
model-based estimates, and coefficients from previous studies, sensitivity analysis was conducted to present the
ranges of the estimates. These results confirm that the potential avoided emissions mechanisms, which were
not previously considered in the carbon reduction effects of parks and green spaces, have appreciable effects.
To maximize the multifaceted carbon reduction effects of urban parks and green spaces, it is necessary to
introduce integrated planning strategies applying nature—based solutions. Therefore, rather than focusing solely
on the quantitative expansion of parks and green spaces, Nature—based Solutions should be systematically
applied, including spatial design for eco—climatic effects, permeability enhancement, spatial connectivity
improvement, and strategic green space allocation in high—density areas. Furthermore, to ensure practical
effectiveness, the multifaceted carbon reduction effects should be considered for potential integration into

institutional frameworks.

Keywords: Carbon-neutral City, Green Infrastructure, Multi-functional Effects, Carbon Reduction Mechanisms,
Climate Mitigation
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BoksAlel e BAUT, G, A B o) et g BolEck £ Aol FUAe)
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EApIE
A= i
1
A=t 47,695¢! 28,716¢! 23,2321 9,9932!
A () 2,939,023.9 1,438,522.2 1,221,983.1 513,589.9
SY=AHE (mP) 614,465.6 311,440.9 194,840.2 105,985.5
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TR 5 AGzE
LELR InY= -2.8177 + 1.7715 InDBH
e Y = 0.9608 + 0.1535 DBH
MG InY = -3.1622 + 1.8844 InDAG
LR InY = -2.8278 + 1.8824 InDBH
LR InY = -3.0939 + 1.7702 InDBH
2L InY = -3.6471 + 1.8287 InDBH
S OfELIF InY = -2.2695 + 1.7553 InDBH
HHELIE InY = -3.2160 + 1.4833 InDAG
HHLRZ M7 InY = -2.6119 + 1.5686 InDBH
Mz InYs = 1.9456 + 1.6715 InDAG
ZEUR InYs = 2.2364 + 1.6422 InDAG
SHLIR InYs = 1.9944 + 1.7354 InDAG
HEAZ M| InYs = 2.7694 + 0.9729 InDAG X (12/44)
2E InY = -2.6720 + 1.5251 InDBH
2R InY = -4.4881 + 2.2262 InDBH
L InY = -3.1386 + 1.6158 InDBH
za 3= InY = -4.7726 + 1.8554 InDAG
HEUZ | InY = -3.7807 + 1.9347 InDBH
AR InYs = 2.1099 + 1.7444 InDAG
5T InYs = 2.1997 + 1.6536 InDAG
HEUS | InYs = 2.8203 + 1.2262 InDAG X (12/44)

DAG: 22213 (cm), DBH: Bu21d(cm), V- U= EtAESHkaC/Y), Ys: 25 ELAESHGC/Y)
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£ 4. HH SSTE A M2

A3 = SEXE () ST Mi(2)
A 948,441 18,340
NG 100m Hm Ly 775,898 15,004
100m Ho 2| 172,543 3,336
A 563,033 11,169
ShdSE? 100m Hm Ly 413,419 8,201
100m Ho 2| 149,614 2,968
A 375,310 8,659
IURFE 100m Hm Ly 333,780 7,701
100m Ho 2| 41,530 958
A 191,948 3,843
TEEY 100m Hm Ly 170,536 3414
100m Ho 2| 21,412 429

& A9 ZAIE oPIRM ot EAeM FesAlE Es AR of fEol skeAEN
A EE I S oUA AEREE AR BE 2 A2 - ofE oAl ASShe HiES ST 4
Y0200 AHAIAMY, Fred(FrEd), HAESd(iFy), TAEXHESTrE) st A
sk AT SAEEE B 5% ART dide Aot 3Rt AR APdeileH, & o
TANE ST 7S e AdEe AEshe | 289kl w0202 A, Feed, HEEY, 2
dz 2 AR delHE o dde AR, AAl @8l o9
o= ot TR wiREe] glote il et TS | 7Rz & 5oF go] ER3l
2 e SesA1e] ARolsel mE trE AEe APeKL olE skeAlE] deld Rsks &
2HlER} ARt A il MiEE TSI, skeAlRle BA ewe] SHAVEelHA taadl
oA B AR 5, 20200128 $RE AU ghe ohleiEA delz Eitsl] flete] HEF 9
TS Folol =E S SE ARl sARAKEY] R 27RO 0.78keCOBolE Y,
20235 o] BaAgFor Welklgn. g HlolHe 771k 712eA 20214 7 BEAE WA
FESAWS) HolHE ARSI ZAT dolde 23TAF Fekte Z8aKlth o $RrEF T oF
FATAER FUEE HlE2 A9E - oY 25 B @R o, 27195 AP o Sl wet g2k
+ Jlor, R4 sktes VlEpes Akl Tk BYeM B AdRles ER4 sieatedl B9E
AT,

FRE Al wE 97t 2400 HiE3HkeCOY
= A $5h3 AR x SleAEAPI] 247k o (0.78kgCO,/m) (4] 4
X oA FUE%)

5 35 5P U ZAYE 25

=2 SRA & REAE zAE B2
AgzEE |y = 0.1648x + 1.3598 AL, ZAmE £ S

QRSAME(F), E40IAE, DIME, B2, ZF, 3HIE,
TS, ORIOHE, siolM &

MIEAEY | y - 00111k + 02157 | QIZSRMER(ESY), EIRIEFYER ALY, O, SN (RICIER)

Eamd | y = 0.0862x + 1.1899

Z32(E, 2T, nTY, QAL FolE, ZEIOMAZE, MM, AldETA,
UEE, A, SHHE CIES 24, HEW0|EY: S

[

y: A (mm), x: ZEH(mm)
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31.2 FA sz o
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S =5 24000 ) A9 BokA] ARRAE e Thdstel 2 Ao e FUBL mEshon
oS 18 B fi=ol T 1 Tadl] iR A0 ieldlel SankaS s W54
A S 74 ARSI 7 4R, AEPEe] FU5AE B A845Y 8L 148492 7
108:C0,0) BAS AUT 4 9, SHYPEATE 92998 FUSAS B 19 FU8o| Fhlo] of
154C0/2 Sl5Ig Aol Sl A0R F4Eet MORFEATE 220%] 187 F8] Z7klo] of2 59}
o VCOZ BE 4 S Ao AN, BESHATE 547%0) 18 S| F7Ite] oF 31C0,E

6. AFE 5 HAEY

A = 5 B84 (kgC0y)
= 18,387 195,466
L e 533,185 43757
ez 551,572 239,224
= 10,204 119,937
sHeE e 183,950 14,538
ez 194,154 134,474
= 7,038 116,728
YA e 239,245 68,112
il 246,283 184,840
= 5,8% 0,213
225Y S 129,699 9,450
il 135,596 50,663
B 7. 2B S8 310 M2 T s
A7 ZEHSHE(%) 2B S712(%) i B2 (kgCO,)
MEZH 4297 14.84 407,925.01
SHYSER 37.42 9.29 153,791.88
IS 30.33 2.20 29,3%.10
225y 33.60 5.47 31,525.60
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QA7E 295tC0,, SHFEH2ATF 15TCO,, NFFEAT7F 68100, wEEFAT7E 1002 AHTE <
oF g slmuiEre Btk InVEST UCM W3 2ha olge] thti F-es419] ng};m»g— Hhoslog o

R =APE e Ve Aganpt 2 e, 7l avel mE ouA] Adwe
T Atz Fotel AEsidlene 355d Aldiert gaas, wnA| o] 5= ‘?a_%ﬁi gL
Aol B2 Aoz UEpdH. o= (2012)2 SFdEE2ATE 128 AFAs 7R RS tdes
HES Eololke o WeluA] Aol whE gaxge] it 47CO2= ASsiH. ol & a7 At
ek 2A| vehded, sigdTold Bl =o® skEv)(6E B-9Y F<o) Wek2Ert 15T shdst A

N

= ANEHARIF il”é‘%‘”ﬂ? TESYAF
¥ 7 SN & o /\\ LR
22.73 22.87
72
28.17 28.33
o i
25.87 26.03
98
22.85 23.01

J3 3. 28 7REEAE
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E 8 0% ZE0| 2 SAS| HEZHES) kgCO)

A3 MEZ SPdSHE2 i S =25y
62 53,262.20 28,297.60 12,196.91 3,067.46
78 71,538.58 38,006.48 16,383.23 4,120.70
8g 96,329.35 51,177.39 22,038.37 5,548.21
98 73,889.15 39,256.26 16,903.67 4,254.75
(@b 295,019.30 156,737.70 67,522.19 16,991.12
T W BE AldPE ot 92 W 2SR Rslel § ) AlEE ACE whEn. dENE B9 S

A9 o7) % 28] e SadlE o] avE ST Slete] Wby T—QJ]' 2 7520 Wd A%l ¥
°Ji112 HIRAZIE o] aaddke ARG mRbq EXjolgAY Al F71E 5 ARt et 71
WS 2fsle] =AE WA 2ot ol

3.1.23 29 AL

7k A FeER] 2AEgS *JAMHJ, bl % SRR Hisle] WAL igsll SHAE
o WEFS AtEscle] By MiES EESIITHE 9 2. g WAUSS Fe=A] W F471s Hajo
s B2 AadE Bk ARAEAAE T9CO,, 9%%%’2 29tCO,, 1YRFE 20tCO,, TEEFHAT7F
AT 10:C0,0 ARRIE Kol Ao Uepdrh. S5t AE Hlwohy, st 3¢=A] Hlgo|
oF 21.65%, NFFEATE 15.94%= 3¢=A] vlgo] & sHER2ATe] 94 Aganpt ofF L5 =7
Lt mebd, 94 Aol wE A gaE sl Thse aeele] wA] 3 B 3 Sfe
T, BES 240 vigS ol WEes A "avt otk FU=A 99 AFnEd 44 AT B 4R
& AUE 0.14m’ 2= Zhang et al.(2012)9] ATl w0l 2] I’ 0.25m’e] A o] A
e Arie} Aolg Hold, HEYS Bl TRt SX|FHE o= slof Fu] kA] FeksAlel Hlal f
A7} G2 o= wreHr

J@
o

=

_4

3

e

z

B9 2HE 24RE Ao M2 B HiEY

A = T3 () A=) Etaoln| BtEE(kgC02)
AM|E 583,115.64 101,118.67
s 2,679.40 244.31
AEEH IS 16,890.88 199.38
=5 11,779.68 0.00
A 614,465.60 101,562.37 79,218.65
AP 252,328.18 34,587.28
£ 28,246.89 2,038.73
SHdSE? B4 3,953.64 36.99
=55 26,912.19 0.00
24l 311,440.90 36,663.01 28,597.15
ALAJEE 146,742.93 24,951.09
aal 2,142.20 191.55
IWRFE iy 8,454.33 97.87
=55 37,500.75 0.00
A 194,840.20 25,240.49 19,687.59
A 85,836.78 13,145.10
il 1,856.30 149.58
TEEY HiEs 13,086.80 136.61
=5+ 5,205.62 0.00
2zl 105,985.50 13,431.28 10,476.41
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32 B4 B4 U AYH w2 simjEn;

A7 24T 429 Bh
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)

A gaelE elmef wE AR oY, Algdeld Xl B AR ARE 2ot FIR, T8

EAHHLS
Al eia a A Bt S|
UetE 8 R oy =4 rRE A
AE%E 239,224 407,925 295,019 79219
SHysE2 134,474 153,792 156,738 28,597
YIS 184,840 29,39 67,522 19,688
2udy 50,663 31,526 16,991 10,476
B 11, 32| HOME0ER Bz SHEHLL kgCO,/m?)
EAHALS
A3 A EtabtE S|
e 28 8 | e 2 402 MY
AEZ 0.39 0.66 0.48 0.13
SHysE2 0.43 0.49 0.50 0.09
IRYE 0.95 0.15 0.35 0.10
225y 0.48 0.30 0.16 0.10
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