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ABSTRACT: We present a quantitative survey of the carbon storage and absorption capacity of tree species in the vegetation
conservation and ecological restoration areas of Bulamsan urban nature park in Nowon-gu, Seoul. The density of the
sawtooth oak (Quercus acutissima) community in the ecological conservation area is approximately 30 individuals/225 m?,
while a further 20 species, such as Japanese snowbell (Styrax obassia), galcham oak (Quercus aliena), Asian Sweetleaf
(Symplocos chinensis f. pilosa), East Asian ash (Fraxinus rhynchophylla), and Korean rhododendron (Rhododendron
mucronulatum) are sparsely distributed. In contrast, the ecological restoration sites typically comprised Mongolian oak
(Quercus mongolica), jolcham oak (Quercus serrata), and East Asian ash (Fraxinus rhynchophylla) plantations, with planting
densities of 8.3, 7.7, and 14.3 individuals/25 m?, respectively. Approximately 10 species, including Amur maple (Acer tataricum
subsp. ginnala), Korean mountain ash (Sorbus alnifolia), Japanese spice bush (Lindera obtusiloba), and Korean rhododendron
(Rhododendron mucronulatum) were identified in the ecologically restored area. The total amounts of carbon stored by the
trees in the vegetation conservation and ecological restoration sites are 250.77 and 19.3 t C ha™, respectively, and the total
annual carbon uptakes are 10.28 and 2.33 t Cha™ yr, respectively. The survey results are expected to provide important basic
data for monitoring the carbon absorption capacity and carbon balance of green areas in the city.

KEYWORDS: Carbon storage, Carbon uptake, Urban natural park
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Fig. 1. Location of the
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o BTt ulEE 31 9l o, AE 127° 04’ 42" E -
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AA-FLFg o 72 AT} (Kim et al. 2014a). &

o =
AT U= =AT F U0 A S FH R A 0]
o] 2 HolaL, figA] ditof Hdo] 2 A+
U eS Al 9jshare B, AR, i) 2
AR 5o A RIE] Jlo, ojxkd Bl AR o]
TR FAES Qlek BETS thR S ST AE
MAFIRG o= QIZE AHo] 2ok EAIYEE
Treof zAdo] st @R 2AF ATt A o] A
A REe So) i AR A RAR A &
A AT, AL =L oF30 7§A/225 m? &, Z-F it
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5 2R, =AU, SRR, RdE) 5 2F20
o]Z9] =Fo] A BEIAL Q= AR YERTH
2o o]- 9] o7, HLRRE 2] &2 A1 ZE

YR, EFYURTE o2 24
A, AU 7178 .3, 7.7, 14.3 A/m*=E, Al
1

|

BIs= A0 A
L7141 2] 1986 - 20154 (304) AFao]] 25,

study site, Mt. Bulam in Seoul city, Korea (from Kim et al. 2014b).

o] |4 o] AW 7] L2 12.7°C, 74422 1,468.0 mm
, 7o) -2 6 - 9Y ol JFE] = AT
B ¥ Holal itk (Fig. 2). A AW 24
q‘]‘l% A]'Ho}xlEoo‘: (EI‘—C)-T’—]' Qﬁﬁ}—ﬂ'gi%‘: (B1)
O g BEAL FHANEL} AISER o] Fo] A Qltk (4F
HZ 7P B AU, http://fgis. forest.go.kr/fgis/). EOF
P AR Ao} A2 A7)0l K] 217 4.47 £0.15,
534 £ 0.14, SV =82S Z7F6.47 £ 0.24, 5.07 £
0.14% 2 ZALE QI

2.2 ZAMX|S| 07 |d Ed Z=AL

AR 2F AR S] W Qo] Data
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gies Inc)E A28t 10 em 210 AT =0t B
3eE 1.5 m =0] o)A 9] 7|- 23} YA (solar radiation)
220159 19 195520154 129 31 €71R] 302 7
202 2% Zsksick
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Fig. 2. Location of vegetation conservation site and ecological restoration sites in Mt. Bulam in Seoul, Korea (from

Kim 2016).

(®: Vegetation Conservation site - Quercus acutissima, ®: Ecological Restoration site - Quercus mongolica, 4: Ecological
Restoration site - Quercus serrata, *: Ecological Restoration site - Fraxinus rhynchophylla)

RS A2 5f0] BRolAe] 2Bo] sto] = &
AbE AAIBRSCH (Fig. 2). S22 AL 2AR] 9]
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SA
US43 ALY

rm
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XNE

Aol A 5 A 7ol| whE e o) A g
AL ol Eq. 13} Eq. 291 A| A3} Lee (2003)2]
3] F 1S o] g-3te] =45}HE Lee (2003)-2 1
A, ARAA, BREET, AEGre o
S & 1 50) 7 -f-oll= F-L 27 (DBH), ¥

= AVERO] 1S em 2019 2927 (DAG:s)
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ox o
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il
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Ashgick. thye] 2o v G40} 2ol wE st
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A A2 3HAT} (Jo 1999).

SR A4 (Eq. 1)

CO; storage (kg COy/tree)

Broad-leaved tree
Needle-leaf tree
Broad-leaved shrub
Needle-leaf shrub

SR EST A

Y =0.2572 DBHaver2.4595
Y =0.3510 DBHaver2.1436
Y =0.1800 DAGaver1.9494
Y =0.1608 DAGaver2.1892

(Eq.2)

CO; Sink (kg COy/tree/yr)

Broad-leaved tree

Needle-leaf tree

Broad-leaved shrub
Needle-leaf shrub

Y =-4.2136 + 1.9006 DBH, ., -
0.0068 DBH, .,

Y =-2.7714+0.9714 DBH ., -
0.0225 DBH,,.,”

Y =0.0333 DBH ., %

Y =0.0568 DBH ., 33

DBHaver: Average diameter at breast height (5 - 40 cm),

DAGaver: Average diameter at aboveground 15 cm height

(1-4cm).
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X|et MMEHX|S| 7Y &4

BT AR R0 A]-0.1 - 24.2°C 2] H 9| =,
A Hat 11.41 £ 7.08°CE A= AT AR EUA] =
-6.6-28.7°C 0] WO 2 & B 12.41 +9.73°C 2 ZA}
&|Qltt (Table 1). 743} 8o 714

o, 12 - 1gof] 7] w2

o 710
=2

e W2l (Fig. 3). 71

ety

o) sl AR HISHE H it (Fig. 4). B9
TR A X of| 4 5.8 - 46.7% 2] M=, A
Bt 18.5 £ 4.1% 2 bl AeE-d 2o A4=2.9 -
54.9%2] HolR o Wl 18.3 +7.0%2 RAFE Q0

T A K AA A ket A= U A] 2kt
(Fig. 5). YAFEES 2] R A 2] of| 4] 0 - 762 wat-m ™2
HOlZ o] W122.93 +22.13 wat-m™ 2 LR A
B AR eA= 0 - 1,207 wat-m™ 2] 912, o Bt
126.76 + 62.29 wat-m™> 2 ZAFE| Q.01 AR A %]

©.0 A B AR of|A]-15.6 - 33.8°C A ¢ B 18.5+
4.1°C2 Lepdth AR o)A -13.9 - 34.4°C 2]
Hola o H12.5+9.4°CE RAFE Qo EoFe

o] A o] FA o Foll WA v, Ae
A e o, AR o2 75 AR AA S

kg o] Zake 1o (Fig. 6).

Table 1. Monthly mean meteorological characteristics in the study sites from January 2015 to December 2015

Factor, Soil moisture (%) Solar radiation (wat/m?) Soil temperature (°c) Air temperature (°c)
Site| Vegetation | Ecological | Vegetation | Ecological | Vegetation | Ecological | Vegetation | Ecological
Month conservation | restoration | conservation | restoration |conservation | restoration |conservation | restoration
January | 20.79+2.13 664+391 |31.21+£56.97 | 55.02+95.94 | 204+1580| -258+149 | -065+15.19| -1.84+4.20
February | 22.58+1.95 | 17.58+15.79|44.14+81.20 | 7883+137.09] 280+15.15| -1.40+1.60 190+15.79| 0.25+4.58
March 20.87+1.34 | 1651+6.67 [69.71+119.75(13649+204.25| 4.30+6.83 3.87+348 5.68+9.46 5.60+6.16
April 2323+211 | 27.69+ 1347 |56.78 + 105.89 |164.42+26250| 9.87+1.68 | 11.53+329 | 13.05+5.66 | 1255+5.23
May 18511282 | 1274+£9.16 | 7.19+2270 [21950+£316.32| 13.24+0.91 | 19.05+312 | 17.58+4.52 | 18231514
June 1069+3.11 | 12.32+10.38| 4.35+14.89 |230.06+317.14| 16.98+1.29 | 23.19+1.31 | 21.88+3.99 | 2249+4.15
July 14.32+564 | 21.06+14.67| 489+9.19 |17049+264.08| 20.11+1.30 | 2455+1.15 | 23.70£3.20 | 2448+3.32
August | 23931466 | 21.61+6.88 | 460+7.33 |16552+253.32| 2262+5.93 | 25.04+143 | 2532+6.34 | 24701342
September| 17.09+345 | 847+282 | 585+24.69 [128.73+226.68| 19.17+1.33 | 20.19+1.67 | 2028+321 | 20.46+3.90
October | 1545+4.60 | 20.97+£1045| 285+7.87 | 7490+£130.93| 1397+1.56 | 14.32+230 | 1347+4.15 | 13.92+519
November | 13.72+252 | 3063+568 |1574+32.68 | 49.13+8550 | 9.37+1.82 8.94+228 7.68+4.47 7.94+5.07
December | 2064111 | 2314+7.97 |27.85+51.04 | 48.08+80.88 | 244+922 219+140 | -350+7.78 0.75+4.43
Mean 18491+4.05 | 1828+7.03 [2293+22.13 [126.76£6229 | 11.41+7.08 | 1241+9.73 | 1220+9.47 | 1246+9.36
50
+ Vegetation Conservation Site
= Ecological Restoration Site
40
30
g
§ 20
5
3 10
o P
-1o T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3. Changes in soil temperature (°C, -10 cm depth of soail) in the study sites from January 2015 to December 2015

(from Kim 2016).
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+ Vegetation Conservation Site
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 4. Changes in air temperature (°C) in the study sites from January 2015 to December 2015 (from Kim 2016).

+ Vegetation Conservation Site
» Ecological Restoration Site L]

Soil Moisture(%)

T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Fig. 5. Changes in soil moisture content (%) in the study sites from January 2015 to December 2015 (from Kim 2016).
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Fig. 6. Changes in solar radiation (wat/m?) in the study sites from January 2015 to December (from Kim 2016).
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Table 2. Physical structure of vegetation in the study sites

K.C. Yang and J.S. Kim / Ecology and Resilient Infrastructure (2020)

7(4): 284-293

. Tree-DBH (cm Shrubs-DAG15 (cm) )
Community Plant density
Mean Max Min Mean Max Min
Vegetation | orcus acutissima | 28.62 + 826 | 42.34 | 2254 | 371 + 3.07 | 1423 | 123 | 2267 £ 6.11
Conservation ea/225 m
. 8.33 + 1.53
Quercus mongolica - - - 294 + 085 | 4.06 1.04 ea/25 m?
Ecological 7.67 + 0.58
Restoration Quercus serrata - - - 261 +079 | 4.30 1.70 ea/25 m2
Fraxinus 14.33 + 0.58
rhynchophylia ) ) ) 312 £ 082 | 440 1.70 eal25 m?

DBH: Diameter at breast height, DAG15: Diameter at aboveground 15 cm height.

Table 3. Carbon storage and carbon absorption of each tree species in the ecologically restored site in Bulamsan urban

natural park

Community Species Carbon stor_a}ge Carbon ab§1c>rpt_i1on
(ton C ha™) (ton C ha yr)
Quercus mongolica 3.65 + 0.94 0.44 + 0.11
Acer ginnala 0.17 0.03
Quercus mongolica
Quercus serrata 1.04 = 0.83 0.12 + 0.09
Sorbus alnifolia 1.34 + 1.39 0.16 + 0.16
Quercus mongolica 0.13 + 0.03 0.02 + 0.00
Quercus serrata Acer ginnala 0.69 0.09
Quercus serrata 3.19 £ 0.31 0.40 + 0.04
Fraxinus rhynchophylla 7.98 + 1.75 0.95 + 0.19
Fraxinus rhynchophylla Quercus mongolica 0.84 0.10
Quercus serrata 1.51 = 0.66 0.17 + 0.07

kL ek Aldurtoli= AU, vk, 3%
U B 5 STl S g
75 EFdUTEEels AU AU, &
e 5ol ZEBPAL A= AR ARGl
Zptetoll £k Q= A T%Li F47
(DBH), 91274 (DAG:s), 5] U5 Table 2°]
LR QIT. AP AAA] A2t e) o] Far

27 (DBH)-222.54 - 42.34 cm 2] H 2|2, Hf 28.62
+8.26 cm= EE319] 31, =] 1Y & A (DAGs)
1.23-14.23 cm9] HY =, H3.71 £3.07 cm= LE}
Ulch 4ol W =29 67+ 6.11 7|A)/225 m*& L}
Epyit}. AR E-AA] AZuRee] - DAGs+=
1.04 - 4.06 cm 2] M 9|2, W 2.94 +0.85 cm o1,
9833 + 1.53 7RA)25 m* 2 RAFE QT A=
A7)0 2L LE] AL DAGs=1.70 - 430 cm
ol He|Z Bt 2.61+0.79 cmPOH, SE o WE

7.67 £ 0.58 7RA/25 m? & ZAFE|QI T A E-%] <]
EF T2 DAGs 1.70 - 4.40 cm @] HE| =, 3
312+ 0.82 cm@ o 2o Wl 1433 + (.58
WA25 m* = 2ARE A

[e]

FS Tables 3 - 5o YetfSlch

e AR oA FE SR AT
ol A AZE, iU o= 7k}
134+1.39tonCha'2 L}F/}a{m}. = Ur%’%%“ﬂ*ﬂ
L 22 Al 40 2 7F7F3.19+0.31, 0.69 ton
C ha' 2, EFd U egolA S U, S
03 7k7F7.98+1.75,1.51 £0.66 ton C ha' 2 A}

] ]} (Table 3). AR AR 01 AFra] Ut eto] A
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Table 4. Species carbon storage and absorption of vegetation conservation site during the experiment in the vegetation

conservation site in Bulamsan urban natural park

Community Species C?{gr?ncs;c;rﬁige C(:aggog ﬁt:;)rﬁi_?)n
Quercus aliena 116.30 3.00
Symplocos chinensi 0.11 0.01
Clerodendron trichotormum 0.03 0.01
Castanea crenata 25.89 1.68
Quercus acutissima Prunus sargentii 0.03 0.00
Quercus acutissima 108.01 5.52
Quercus mongolica 0.14 0.02
Robinia pseudo-acacia 0.15 0.02
Rosa muiltiflora 0.12 0.02

Table 5. Comparison of carbon storage and absorption between vegetation conservation and ecological restoration site

in Bulamsan urban natural park

Communit Carbon storage Carbon absorption
y (ton C ha™) (ton C ha' yr")
CVegetatiqn Quercus acutissima 250.77 10.28
onservation
_ Quercus mongolica 5.29 + 2.05 0.64 + 0.24
oological Quercus serrata 3.96 + 0.60 0.50 + 0.06
estoration
Fraxinus rhynchophylla 10.05 + 1.87 1.19 + 0.19
2 SaxATRe ZE M Al U B 4 FHoj|A 247+ 43.2, 46.5,9.9, 18.5 ton C ha! E 81
©2 7}71116.30, 108.01, 25.89 ton C ha' 2 LeRTh 31913, Kim (2013)0] HQFA] =743l of| A] ERA A%
(Table 4). A 2] 558 BTG AZE %0]3.93-115.19ton C ha' 2} B 313k v} gk, 2 o1
ol A AZUHE, T 202 2121044 + 011, O BRI AR B9 9 AT AT 44}

0.16+0.16 ton C ha yr' & Uepton, xh et
of| Al S, AU 20 2 7F7F0.40 + 0.04, 0.09
ton C ha' yr' 2, UL gol A EFa Uy, &
R 20 2 7F710.95+0.19,0.17+0.07 ton C ha™!
yr' 0191tk (Table 3). AJAYRAA] Afpe|ubiiatete]
TS At eSS AU, AR v
&0 a 7F7F5.52,3.00, 1.68 ton C ha yr! o]giTh
(Table 4). wheba] A E-AA] O] Ald U, 3
e, U] A A AR 19.3 ton
C ha™', 971 AR B4 5572233 ton C ha yr o]
ATk A EAR] O AUt ek o] A SaaA g
2F.2.250.77 ton C ha'!, AZF A7) e 54752-10.28
ton C ha™ yr' o]t} (Table 5).

LA 9} e A o] 79 Kim (2011)2 Falnk

o] 3|4 58.4 ton C ha™', Park (2009)-2 £ 30
2t

E. Kek
= T L
Y YT T aded, FFEER/A]

'~

0.

[E

ol

A, B A E k= tha W2 4225 YRSl o]
9 A7 e O] Apol o} ARt Ao ofpt A o=
A e oh (TrUso| 3 632 tree/ha, 5+ 4%
: 147 tree/ha). 35 Kim (2013)2 Ao T4 F-<
of| A 243 dA7tek2F4=wF0] 0.46 - 6.45 ton C ha’
yr' o] Woja}l B 11519 01, Hwang (2012)2 A1 L%
of| 4] 0.77 - 2.39 ton C ha™ yr' ©] ¥ <], Park and Kang
(2010)2-2.07 - 27.03 ton C ha™ yr' o] ¥ ]2} B 113}
AtATbE e E94] A EAR| o At Ag
g ESE oA WA g U o= st
O A &2 4550] W & O Zjo| @} 0] At A o]
o5t A o 2 wekEch

ok
el

r

o il rr

1©

4, A= 3 M
O EAA A AR A 2} el
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A of| A Al A of) Ofaf) AR E]= A TS 7t
250.77,19.3 ton C ha' &, gI7F AA| EbA S ek
7+10.28,2.33 ton C ha'! yr' 2 ZA =] 9it}. Yef=
2] 9] 7-9- o}A| 2 F] Z7]0]7] ufjof| A]AYe] 9]
TE= Hagfo] v A2 Ao AEErh o
AR ELR oA oA 2 thF20 AR E F
512 33k W/ O TR R o] Fol A Q7] Wit e
B A 53] t59] AAFERol|A ofulEg |
P39 =2 U HYEL 50 o8l k=
EFanoFe] Z7tel 7]ofske] 2|40 BagaFoll 34
2l G2 vl = Ao = wetETh

e X

E]
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