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Abstract

In this study, we analyzed previous research to compare the standing carbon, which are the major carbon reservoirs,
in urban park and roadside green space, representative urban forests. We also investigated how climatic factors,
such as temperature and precipitation, affect net primary production. The analysis revealed that more research has
been conducted on urban park compared to roadside green space. The standing carbon, net primary production,
planting density, and bulk density were approximately 1.8 times, 3.0 times, 6.5 times, and 1.3 times higher in urban
park than in roadside green space, respectively. However, the gravel content was about 1.2 times higher in roadside
green space, and there was no significant difference in the diameter at breast height between urban park and roadside
green space. Additionally, net primary productivity was significantly related to the annual average temperature
(R?=0.0926, p=0.0355), average temperature during the beginning of growth (R*=0.1169, p=0.0174), and monthly
average of sum of daily precipitations during the end of growth (R*=0.1817, p=0.0025). The study confirmed that
among the climatic factors, the annual average temperature, spring temperature, and autumn rainfall are related to
the reduction of ecosystem services, and this effect is likely to be similar across other types of urban forests.
Therefore, it suggests that soil management to alleviate water stress is necessary to enhance net primary production.
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1.M &2
AZke] FFoz gk Q9Fer HiEH CO, vE&
2000L=1$1 0doll 20ppm® Z7}sHAA 20219 7% A

AAY Hi7] & <F 410ppm $FC2 LERET, 2022W0l=
Q1% A|olA] Aef 430ppm 74 LhehbRA 2)%530
2 37Fska Q= FAoItHIPCC, 2022; IPCC, 2023). 1]
1 2] 2E= T 10d(2011~2020)0] 443}t o)A
(1850~1990)Ht}t 1.09C A5, 2100defs =7}
22T 2 3.5C7HA] 52 Aolet AstAtHIPCC,
2022; IPCC, 2023).

oo et A AAl= Z1FREE 9] g8 A9 2%
o= AtgdstEct 2°C o & oJAste] B yoprt 1.5CE
st s S5t e gAde AlEskalal, UNFCCC(
71z op ] AN 71gekolet L2juete] 12050
7]11%51%}@7“1—315 < SAaFY 2SS 9ol AAgEA
s 7325kt (Jang er al, 2023). £3] B¢, A
1 7|t E ] o]-&(Agriculture, Forestry, and Other Land
Use, AFOLU)2 &45H2 91t Weto=z &gHH, F
W82 A& 7Hee 53T AR, AHA B3 E S ‘f{f/\
Agare ’?’WO]‘:}(IPCC 2014).
ek AR AoJA| HuA(IPCC) o] A H
Q1 AH, 24, %7\], AT S HA &b, olg
SYEANAE dder w2 A S-S At
= A7t A AAFCR o]Fo]z]1l Qltk(Baldocchi er al,
2001; Baldocchi, 2008). S/3AElAl 5 AHABEAE= 71
& gaAgareln, 55 w9 Aol ARARA B
< WHS Aok v diREY] At AAEAEAE o
o g ©@Ao AT TS Ao dAqEe] AdE

ov), Haole ok QAL Ba w0l 2
of whet g2 ArF &rs] P ek McCarl and
Schneider, 2001; Jang er al, 2023). 18|11 EXx]o]813}
2 A4A(Land Use-Land Use Change and Forestry, LULUCF)
Boll At AUESUE Tadte] 3FA EAoSE T
gk olitebetA s 1At E}Fﬂr g9 olitelea
= sl titk F8/do] =oAL §lof o] tijt A7t
Zask A4 O]Q'(Korea Environment Institute, 2019).

AETH] & F 7152 oldlish] fleiM= dEF

A ]' (Net Primary Production, NPP)9]
7igel —Gﬂﬁ}fﬂ Z A2 A2 (Gross  Primary Production,
GPP)2 A&o] e Fdll ohteldAasE S-psto] A4
A F71E0 & onlstr, TP FlA
(autotrophic respiration, Ra)®f 23] iﬂ]‘ﬂ_ &
o] U O T (Lee, 2010). A4
7~ﬂ_E._ TR g40] oFS UEhH, ol= AEiA WollA A
BETFS AASH= a7 @40|thlee, 2010). o
SAaPAEre] Avtg 2 229 77
sol, ol AEAL Ta A 7158 olafel
o]t} (Curtis er al, 2002).
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AFSI YO’ Meara, 1999). 18|11 o4y we &
et EAAEE 240 7 FFA 9] gagAo] ¥
e T, EARGE 17t FFoR <lste] 79%~
98%2] olASlEAE HIESIAL JATHO' Meara, 1999).

TASHY B2 2= e A FH)l sPW
=7, Stilg, @ 5312, £4-HH 53} ol H|s HAo]
I Fet golgh ARl TAHOR TR Qi &
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aAel Sto 2 B uE Uch(Laclau, 2003; Son
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Cole and Lorimer, 1994; Choi et al, 2001).
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=
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o] AR oHE &RIstr] 98] Kolmogorov—smirnov
test & AAISHAL, AFEEE WE2] ¢FoH(p<0.05) HES
SAEA (nonparametric analysis)= AF8-5FATHNo and Jeong,
2002). g7 e Zpelo] {042 Mann—Whitney U
Test 2 Median Test 2 2159 H(No and Jeong, 2002).
SAEA ] fotE2 0.05 2 AR, RE FAH 2

Table 1. Categories of carbon storage, net primary production, and
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oF AAAIA 71F88l0] - dxpYAF] v|A = FFS ot
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SUPAFE AYATNA AT SATUY £2
epe] ATgre AU, 71529

70 BE £UAA
© F1ael WA
REEAE A1 Fag00]
B7) glel At Aee A%
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% 376 HE 8 W), A% WO AR 1197}
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habitat environmental characteristics from previous studies

Category Carbon storage

Net primary production

Result Standing carbon

Net primary production

Biotic factor

Planting density

Diameter at breast height

Habitat environment characteristics

Abiotic factor

Gravel content

Bulk density

Table 2. Data collection of climate factors

Climate factors Unit Methods Source of data Period used data

Calculate the average for the
Annual average temperature monthly average temperatures
from january to december

. Calculate the
Average temperature during

the beginning of growth

average for

monthly average temperature
from march to may

c
. Calculate th f
Average temperarure during monthly average temperature
the middle of th .
¢ middle of grow from june to august
. Calculate th f
Average temperature during a’clfiate the average for .
the end of growth monthly average temperature Annual report of The period of
from september to november automatic weather execution of
Annual precipiation Sum the precipitation station data previous research
precip from january to december
Monthly average of sum of Calculate the monthly average
daily precipitations during of the sum of daily precipitation
the beginning of growth from march to may
Monthly average of sum of mm Calculate the monthly average
daily precipitations during of the sum of daily precipitation
the middle of growth from june to august
Monthly average of sum of Calculate the monthly average
daily precipitations during of the sum of daily precipitation
the end of growth from september to november
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ZF 712 W R AAgS e & o]F oot dudt 4870(37.5%)) 191, EAIFAE T 6070(75.0%), 84t
AREE AtEStT & 4371(89.6%))°] == =2|(HA=F: 207H(25.0%), 8

SolxpAE ]S HSEQ A0k AFTAIS ool ) AbeE: 570(10.4%)) Bek U}OPE}(TabIe 3). E3L A7) &
Qloll D2l A S Aok, AR FoeE-E 0.05 54 Ao dlolg = & 2097H(EF a9l 987Y

2 445t9rtNo and Jeong, 2002). o49] BASHE B4 (46.9%), HIHEA 291 1114(53.1%) ©I9x, HE4 2
2 STATISTICA 7(Statsoft, Inc., Tulsa, OK, USA)E ©]-& Q1 Aol Hole = EAFAEAUE: 597](92.2%),
s, P3| AL dlAlm 2 3 (Microsoft Office, 2016) S 127 297§(85.3%)) 0] E2H =X|(AAEE: 57/0(7.8%),

oA Laheich. FAA: 570(14.7%) Bot @ektH(Table 3). 121 HIAE
A QRlof|A At Autgre] dlofE = =2 =231
3. Zat Y ;zt 7N(63.3%)7F EAI LA (G6.7%) Rt Bk, SHUE

Ao oy = TAFYUT 29 53] BF 31742
Z9IcH(Table 3).

3.1 dAlAq g
ol Al f3E g4 A7 A4, 537, 4,
AAIRE S5l A EASEY 22 529 HE 2204 747t 8271, 2071, 107, 67102 Aro]A] 74 ut
Al BTt edAT " AR Y S ALAT o e} AE A u(ang er al, 2023), B AolA AE
£ 3 107oglal, AFATE BT, 833%)01 = Ao sete AU E2Y HAE F 1202 $79)
29 =224, 16.7%)520 o @2 A7t A=A 2AHCE wopAul AT} =AR o At o]agt
(Table 3). A AQYHAY O BeAE RE @1 dTnd g
TR AT T AEA ST cdANF A 2 Hog Hot ol AAEA obd Tk AEiAlY g
o] Hlole 4 & 12870 8070(62.5%), BAYE B4 Qo] Safo] Wasitts AL oujsta 9k E3

Table 3. Results of previous studies on carbon storage and net primary production, and habitat environment characteristics by
urban park and roadside green space used in analysis (SC: Standing Carbon (ton C ha™), NPP: Net Primary
Production (ton C ha™ yr™"), PD: Planting Density (tree/ha), DBH: Diameter at Breast Height (cm), GC: Gravel
Content (%), BD: Bulk Density (g/cm?)

Result Habitat environmental factor

Carbon  Net primary

Ecosystem types . Biotic factor Abiotic factor Reference
storage production
SC NPP PD DBH GC BD
9.9-46.5 3 147-675 12.9-17.7 3 3 Gyeonggi Research
(n=4) (n=4) (n=4) Institute, 2009
58.4 632 16.2 .
(n=1) (n=1) (n=1) Kim, 2011
11.6 0.2
(=1) (n=1) Hwang, 2012
4.8-54 1,012-1,088 14.1-15.6 B B
(n=2) (h=2) (1=2) Jung, 2016
17.4-1154 1.0-6.5 119-611 14.7-43.4 .
(n=4) (n=4) (n=4) (n=4) Kim, 2013
Urban park
15.8-18.3 ] _ ] 73-390  09-14 S0 2015
(n=2) (n=18) (n=18) €0,
24.4-38.3 2.4-35 300-420 16.5-19.2 B B Korea Forest
(n=5) (n=5) (n=5) (n=5) Service, 2020
70.2 3.0 1,350 21.8 B 1.3
(a=D) (a=D) (a=D) (a=1) (a=1) Lee, 2020
7.7-70.2 164-499 9.1-17.1 1.2-1.5
(n=12) (n=12) (n=12) (n=12) Jang, 2022
35-436  04-42  237-2209 ] ] ]
(n=30) (n=30) (n=30) Lee, 2024
55-31.8 187-503  0.6-12
. (1’1:15) (n:31) (n:31) SCO, 2015
Roadside green space
7.1-12.1 0.5-0.7 80-140 16.5-19.2 B 3 Korea Forest
(n=5) (n=5) (n=5) (n=5) Service, 2020
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Fig. 1. Standing carbon (ton C ha™") (a) and net primary production (ton C ha™' yr'") (b) measured under urban park and
roadside green space. alphabets on the bars mean significant difference among urban park and roadside green space
(p<0.05). above bars on the graph mean standard deviation.
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Fig. 2. Planting density (tree/ha) (a), diameter at breast height (cm) (b), gravel content (%) (c), bulk density (g/cm® (d) measured
under urban park and roadside green space. alphabets on the bars mean significant difference among urban park and
roadside green space (p<0.05). above bars on the graph mean standard deviation.
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AEA SAag SdAPAEFE BE EATARIEA
Ebaek 24.9+21.6 ton C ha!, &Yx34F: 2.1+1.4 ton
C ha! yrho] m2¥ =224 &4 13.6+6.6 ton
C ha'!, &£9xA84FF: 0.740.1 ton C ha™! yr DRh =9t
(Fig. 1(a), 1(b)).

Tear A7) g EAoA] AT RS SR A
FARAYE: 666+451 tree/ha, EHUE: 1.2+0.2 g/cm’)o]
T2 EX(AAAEE: 102423 tree/ha, SHEE: 0.94+0.2
g/cm’) o} k2 9h(Fig. 2(a), 2(d), AHTFS T2H 5
2(35.1410.1%)7F EAZL(28.3+£9.8%)Ht =3th(Fig,
200). T, FUARL EAFE163£6.4 cm) T2
52(17.5£1.1 cm)oll A ZFe]7h glleH(Fig. 2(b)).

2 AFelA AEA gag AfEEE EAEEe] E&
W mxEch Z47F oF 1.8, of 658 &8k, F A
TAE At E2 =27 o]zt Il AEARE W] 5
olietetAE IS Tl AlEAlol sk, AEFS
270l ZUVe w2t F7Fk=d|(Kimmins, 1987; Curtis
er al, 2002), AL EE EAFHo] B2 =2HT ¢ =
29, FuARE TAFAY E2H =271 ZFol7t gl A
o= Hol LAFHY § g2 AEA7t FdS Fof i
9 o4ttt Aa s AEA el A7) ol AEA Ha
T EATHe] EEW 2K f w2 208 meE

3t gAY §AUEE EAFYEO] EEY =

H 3.0H), oF 1.3 8] =4, Agigeste &2

13 O

rlo

o

Lo

o

[

2]
H S527F ZAFAET oF 1.28) =Skt XA Fejrd
(Optimal partitioning model)of] 2J5tH A1&2 25 a<219]
H3tof| ¥h-gote] XA o] A2 ezl flsl A& 7]
T Pz 228 Busta(Beranacchi er al, 2000), £3]
EZY =294 442 AEY BEE AHcked FaT
og-e gttt(Jenny, 1980; Chung er al, 1990).
&l =94 89l F AEdd 8HUEE 35 E
= 2 8 A% 59 E49 #=o] g, AEA9
G o8 ol 99 1th(Lapen et al,
2001; Dam et al, 2005). A=2gkeF oA 35% o]
Aol AEA HE|9] A} EQFe] £E U JFE Hf
sEo| fasH Hi, §4dULE AESY, AYE, FEA
EoA Z¥zF 1.4 g/em?, 1.6 g/em®, 1.3 g/em® & w] A E0]
A9 S BAtHAlameda er al, 2012; Tracy et al,
2013; Liu et al, 2015).
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0.0355), 8% =7] 3
W) YEF A4 ZA4EHR’=0.1817, p=0.0025) °]ickFig.
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al, 2002; Allen er al, 2010; Wu et al, 2011). 1831 &
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SIS S7HIA ES U 8 F52 2T 5 ok o]
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2otk (Mihailovié¢ er al, 1997; Yordanov er al, 2000;
Baquedano and Castillo, 2006; Bailey—Serres and Voesenek,
2008; Wu er al, 2008).

oA 2o} o] Wk AlEo] ikl A4
= gRI7te]7] wiiZe] olitebetA FUER QIR %
o) dsle] WE AE] AN WSS moteol
(Allen er al, 2010; Wu et al, 2011). 53] &LAatare
HARAES 233 E 2% 29 F shelti(Liang
et al, 2003; Litton et al, 2004).
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Table 4. Data of net primary production and climate factors by urban park and roadside green space used in analysis (NPP:
Net Primary Production (ton C ha™' yr'!), AAT: Annual Average Temperature (C), TBG: Average Temperature during
the Beginning of Growth (C), TMG: Average Temperature during the Middle of Growth (C), TEG: Average
Temperature during the End of Growth (‘C), AP: Annual Precipitation (mm), PBG: Monthly Average of Sum of Daily
Precipitations during the Beginning of Growth (mm), PMG: Monthly Average of Sum of Daily Precipitations during
the Middle of Growth (mm), PEG: Monthly Average of Sum of Daily Precipitations during the End of Growth (mm))

Ecosystem  Study
types period

Result

NPP

Weather
station

Climate factor

AAT

TBG

TMG

TEG

AP

PBG

PMG

PEG

Reference

2009-
2018

3.0

Junggu

11.8

11.5

24.1

13.8

922.0

434

195.2

56.1

Lee, 2020

2011-
2012

1.0

2.1
3.7

6.5

Jiksan

12.2

25.0

14.3

1572.3

69.7

353.5

83.8

Kim, 2013

4.8

5.4
0.2

Junggu

10.7

23.8

1496.0

47.8

389.9

54.1

Jung, 2016

Hwang, 2012

2017-
2019

2.4

Gapyeong
bukmyeon

10.6

11.0

23.8

11.2

1202.3

66.6

252.7

67.5

2.5

Suncheonsi

15.1

14.4

25.9

16.7

1452.7

103.7

219.3

133.6

2.6

Daegubukgu

14.0

14.1

25.9

14.9

996.7

65.5

156.8

92.0

2.6

Oworld

13.9

13.8

26.0

15.1

1194.5

61.7

224.2

88.5

3.5

Junggu

12.2

12.2

24.5

13.8

778.5

42.9

162.6

42.5

Korea Forest
Service, 2020

Urban
park

2022-
2023

2.2

Gugi

13.5

13.8

25.2

14.4

1653.5

58.0

362.4

109.1

1.5

2.5

Bupyeong

13.1

12.7

24.8

14.5

1449.3

59.2

301.5

99.8

3.7

4.0

4.2

Junggu

12.3

12.8

241

14.2

1264.0

45.5

296.7

70.4

0.4

0.8
1.2
1.2

1.3

14
1.4
1.5
1.6

1.6

1.6
1.9
2.1
3.1

Hanam

12.4

24.0

1618.8

57.0

348.6

115.6

0.5

0.6
0.8
0.8
1.0

1.1

1.1
1.5
1.6
1.8

Hwaseong

13.5

12.9

24.8

15.3

1496.3

49.3

323.2

104.4

Lee, 2024

Roadside 2017-

0.5

Gapyeong
bukmyeon

10.6

11.0

23.8

11.2

1202.3

66.6

252.7

67.5

0.7

Daegubukgu

14.0

14.1

259

14.9

996.7

65.5

156.8

92.0

0.7

Suncheonsi

15.1

14.4

25.9

16.7

1452.7

103.7

219.3

133.6

0.7

Oworld

13.9

13.8

26.0

15.1

1194.5

61.7

224.2

88.5

0.7

Junggu

12.2

12.2

24.5

13.8

778.5

42.9

162.6

42.5

Korea Forest
Service, 2020

2.0

1.4

12.7

12.7

24.6

14.3

1435.8

57.3

307.9

95.5

1.0

0.9

0.7

1.0

229.1

12.4

64.2

23.5
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1
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yr')) and climate factors (Annual Average Temperature (C)

(a), Average Temperature during the Beginning of Growth (‘C) (b), Average Temperature during the Middle of Growth
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