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Abstract

This study analyzed previous research comparing soil carbon storage and environmental characteristics between
representative urban forests, such as urban parks and roadside green spaces, which serve as major carbon reservoirs,
and to investigate how climatic factors, such as temperature and precipitation, affect soil respiration. The analysis
showed that prior studies on soil carbon storage and emissions, as well as soil environmental characteristics, have
been conducted more extensively in urban parks than in roadside green spaces. Soil carbon storage, soil respiration,
bulk density, soil organic matter, and cation exchange capacity were approximately 2.5 times, 6.0 times, 1.2 times,
10.6 times, and 1.3 times higher in urban parks than in roadside green spaces, respectively. In contrast, gravel
content, soil pH, and total nitrogen were about 1.2 times, 1.1 times, and 1.4 times higher in roadside green spaces
than in urban parks. Furthermore, soil respiration showed significant correlations with annual average temperature
(R?=0.4902, p=0.0037), average temperature during the beginning of growth (R?=0.6935, p=0.0001), average
temperature during the middle of growth (R?=0.6490, p=0.0003), annual precipitation (R?=0.3861, p=0.0134), and
monthly average of sum of daily precipitations during the beginning of growth (R?=0.5647, p=0.0012). Among
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climatic factors, temperature and precipitation during the early and mid—-growing seasons were found to be related
to the increase or decrease of ecosystem services in urban forests, and these effects are expected to be similar
across other urban forest types. Therefore, to sustainably maintain carbon storage and emission functions in urban
ecosystems, soil environment and moisture management should consider changes in climatic factors.

Key words :

715G Q17T A g 7}%
shR, 1 FH Yglez
A7 A0 WjZo] A HE 1
2000). —ol 7te] 4ty EF o2 <lsf ti7] F CO;,
Ll 125 Z7Ve) $how, 20219 715 oF 410ppm,
AR ZlOﬂOML 20228 430ppme 215 F2]7}
712 =9 THIPCC, 2022; IPCC, 2023). o]t CO,
T 7t AT TR AeS 2Hista qlom,
< 10W7H2011~2020) Ards} ol tie] Ht
1.09°C 2] 712 AF&o] FRI=YTHIPCC, 2022; IPCC,
2023). 7|3 Hstol| et AR FAIPCOE o=t
ZAI7F A&E Qo= 21008717] 7]-20] ) 35T
A5}t 4= o)tk Axska 9 tHIPCC, 2022; IPCC,
2023).

Tt Maier and Kress,

SHSE ZA19 Aol whet = AAR] =
FHPAe B0l AT FH7|L e Adst o)A
Zﬂ%}ﬂ Tl Yolrb 15T oJU&
AAstAtt(Jang er al, 2023;
United Nations Framework Convention on Climate
Change, 2023). o]o] wat Z}=2 e4% 3 (Carbon
Neutrality)= A&sF7] 15+ AgS 4Hstal o,
ShE

T,
M
ofx
r
lo
-0,
)
]
(o]
lo
b
)
;:
oz
o,
rr
[l rl_o
i)
N
N
|~
O
—
i
(e}
i)

(United Nations F ramework Conventlon on Chmate
Change, 2023). o]2|3t Mol A= 2+ 78t siHS
5o £U71AE Fhokn Agehs QA @gol
E95] ZxE 1 tk(Jang er al, 2023; United Nations
Framework Convention on Climate Change, 2023).

71 5uste] Dot AR GolAE AHg, 27, 47,

SEAE B S/PYRAR ERehL 9o, ols
AeiAE ez g2 87 39 39 454

HAHo] A MAAS R HP=E 11 ct(Baldocchi er al,
2001 Baldocchl 2008). 183 HIo= YA

2 w|AY o] et Tilo] %0}1101] e} TRt
‘”Eﬂﬂle OFFEE HagA] A7t Eids] o]Fo|A]al

SRERISIE(R| A27 H4%, 2025

Urban Forests, Previous Studies, Soil Carbon Storage, Soil Respiration, Environmental Factors

AtHMcCarl and Schneider, 2001; Jang et al, 2023).
E3F LULUCF(Land Use, Land-Use Change and
Forestry) 2ofoll A= 4l Qo 2] 9] EA] o]-§o]
2ATIA S o s FET 9low, ofof mpz}
TA Ao HAags FH Higt 7] "aAdo]
AR 1L O]E]'(Korea Environment Institute, 2019).
TEAIA A2 AA EX] WA dRox Estal A
A|A Q1] Apyto] Akl glom, H 2 CO,
Hj&0] tjFEo] o]3tof|A] WASh= A or HE
AJTHO' Meara, 1999). E3] EA] YolA ©425H
ARAE Qoliide Tt FHIY TAIHo] 4885k B
7150l F5 Zart Aok

5/‘] 2 EA Y ohefet AAS Edbee ZEE
LAMEoR EAFY, T2 2] S 57,
St 9% 2 9y =3} 5 ofe FHE A E 0]
Ith(Laclau, 2003; Son er al, 2016). ©] & TA|ZYL
ARl o] 83t TS FHo R AH F-5=A] 37|,
T2 52 B2 Qo] 2AE AP Al =2

F7rotHLaday, 2003; Son e al, 2016). E3] A EH
A& A e {2 7|7to =z Qs AefA <

Aol AT AOR AT, B2 HAt LEY

S, 91 A 5 R adY dFe 2A
Hh=ch(Karvinen er al, 2024). wheta] o]=fgh Aolgh
24 BE4e Ad F 799 =AY gade v
TomH TAIX Y] Ha ot B4 Bt FUsH
ol 4 AthKarvinen er al, 2024).

FZoll= CO, Bk 5ol e 715 a9 Ws},
53] 712 A e et A= A vt

A g4 H3LE Teofcte b 2 oldeEs T
Ak (Vitousek er al, 1986; Choi et al, 2001; He et
al, 2005; Florides and Christodoulides, 2009). ©]o|
7% 813} A ¥hg 7he] Joz-g-S Hiol= A o]
I5-2Holn, 5] 7]9R12et EQF &7 ®ishr} g
S5 2 e niRe FRks e R AT Hart
Act(Vitousek et al, 1986; Choi et al, 2001).

EGHE t7|Ee} oF 28, AHET oF 3uf] He
S Aetal glom, A1 MA g4 A 5 7

2 H]FS A Waring and Running, 1998;



98- 367

Bond-Lamberty et al, 2004; Lee, 2012). Z12]1 ujd
o TSHEL TP Thav} Alge) Be) TET} Ko
wpgEe) 2o B5L ol o7l HEET Q] v
EoFAe A 27 A 23tA] iAol Jshe

s~ ttH(Waring and Running, 1998; Hanson er al,
2000; Bond—Lamberty er al, 2004; Lee, 2012; Lee
et al, 2019) a23 BEQF Y oAlslerAs ZYAk
EFY #£9, 72 1222 olstetd A4 et 27
2e2)7] WiZo] ot & oM B ga
A E 544e t¥ctke A7 B_sHHOk er
al, 2002; Bhattacharyya er al, 2012).

web B A AR A Qo) A3
£ 570 Asel7o] A vigoz B o
A% 9 97 548 vEoT, EFsEY Tle
Rl BAS BATLA ok ol
g HAYZS JUs

xﬂ (DA

2.1 Mo 23 U 2

IPCC Guidelines2 7] $H 3} Briel 2A7A HjE
AL 9ot ZAA 7|FOC 2 IPCC Guidelines AF2]
A7) 9700 60 SIS A AL
Ee o] Bl whe A U WjEeks Bolel)
del S APES SAste] Hua shoict

A AT A2 St AT E A H| 2 (www.riss.kr),
T2 2Z2(scholar.google.com) 5 HAMNZ-S F4l
it 44 A a6 Aces e

20897H2005-2024) HEH A5 FHo= sHSIT
Aol wATY, E2W 4, B EFBT, B4,

°

:L

5

i

'—h_ll 9
52 Fgstert. 1o P
a3t 3 29 9t Pk ASE A 52 B

ssiet.

ot 11}
op

A7

FZotyeh 22 E*]%%J} Eiﬁﬂ % Ao B¢
g4 A EGoEE d EY & 549 HuE
9o EFo) Ta APl Ay EFTEL
A0z W ES 27 SAEYA a9 A (%),
SAULE (g/em?), 31 ROJ: Eo} pH, E9 §712
A (g/kg), AAA(g/kg), Fol-22]2H-8(cmol/kg)) 2]
AgHe Aot tHTable 1)

225 AJLES o2 AATE AWGE-S A=)
SlaiHE S0 whelrt Baskt) tetd B ol
A&F ﬁ@oﬂ% ton C ha™'o] @92 55,
&SRS oz oF AFe] Aeolle ARk aEsto]
ton C ha™! yr''o] ©9igks Argaheich

E3 Q1] Rt TLES SlsiA AAAT T ELY
a4 AT EGeETe] WA &9z AXE dF
ST 8o, EF] g4 AFEe] Beole BEY
gd T4 A AT A5l dgley, ol WA
o7 ghashr] 9JeiAs EQF 7FA % (Bulk Density)th
EG AF 4ol & 571 "oleEe] Baste= o]}
goll A A efstar Z 3Pt

PR ;(OJEL%_’___}TJ; He 3 910}7 2J3h Kolmogorov—
Smirnov test & AASIHY, BEEE TEA] ot
(p<0.05) H|R FAEA (Nonparametnc Analysis)=
A8 TH(No and Jeong, 2002). €7 uid zjo]9]
9742 Mann—Whitney U Test &t Median Test 2
SFISIATHNo and Jeong, 2002). SARA Q] fojtE2
0.05 = A4l e A4 242 STATISTICA
7(Statsoft, Inc., Tulsa, OK, USA)2 AF&35t4tt(No
and Jeong, 2002).

Table 1. Categories of carbon storage, carbon emission, and soil environmental characteristics from previous studies

Category

Carbon storage Carbon emission

Result Soil

Soil organic carbon

Soil respiration

Gravel content

Physical properties

Bulk density

Soil environmental

Soil pH

characteristics

Soil organic matter

Chemical properties

Total nitrogen

Cation exchange capacity
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Table 2. Data collection of climate factors
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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

Average temperature during
the beginning of growth

Calculate the average for
monthly average temperature
from March to May

Average temperature during
the middle of growth

Calculate the average for
monthly average temperature
from June to August

Average temperature during
the end of growth

Calculate the average for
monthly average temperature
from September to November

Annual report of The period of

Annual precipitation

Sum the precipitation
from January to December

automatic execution of
weather station .
data previous research

Monthly average of sum of
daily precipitations during
the beginning of growth

Calculate the monthly average
of the sum of daily precipitation
from March to May

Monthly average of sum of mm
daily precipitations during
the middle of growth

Calculate the monthly average
of the sum of daily precipitation
from June to August

Monthly average of sum of
daily precipitations during
the end of growth

Calculate the monthly average
of the sum of daily precipitation
from September to November

SRERISIE(R| A27 H4%, 2025



B Y 369

=il A AeiA FdE

8272 7M w2 HS

07,

(Jang er al, 2023). &
FAY A HohE B
F78A0) BlsiA= 5] RERE pEolqlet ol =l

242

]

g AP 4t
A5, 5

o] 69.5%

=

AA] 16.9%

%2 85%(1070), 22| 51%67)) +0= Yepdtt
Aol A= 157e=

A7t ol Fol A

A

Ak, A

B4 QA7) AL A BEE0] 9leS HaF,
Eo] RAAS waket ujR Al dig 2 AT
stojle] WL AT

Eq HEAE EAsl] WE A7 W& A
gEom Mol A&Hoa SET A7, £A U

FalA 3
e

ol whet AolstA vrehr] wizell AR W oheket
TAY §9S ez gF gt FE A4t " asiot
(Elvidge et al, 2004; Gallo et al, 2004; Theobald,
2004).
A9ATI AR B2W wue so
7 =4 Askgre] 27 B,
EF9] %ﬁ: HE%’FQ Aigre] = A UtH(Table 3).
A=A a9l

orl, 53] Ha
E!

B WSk olslep] SIAAE ol el S0 S8
0|2 2 aQlE Tetst= Zlo] B4-Aolt} (Chapin
et al, 1987; Davidson and Janssens, 2006; Robert
et al, 2007; Bichsel er a/, 2008; Klanderud, 2008).

Table 3. Results of previous studies on carbon storage and carbon emission, and soil environmental characteristics by urban
parks and roadside green spaces used in analysis (SOC: Soil Organic Carbon (ton C ha™), SR: Soil Respiration (ton

C ha™!

yr 1), GC: Gravel Content (%), BD: Bulk Density (g/cm?), SP: Soil pH, SOM: Soil Organic Matter (g/kg),

TN: Total Nitrogen (g/kg), CEC: Cation Exchange Capacity (cmol/kg))

Result Soil environmental characteristics
Ecosystem . - - - -
types Carbon storage  Carbon emission Physical properties Chemical properties Reference
SOC SR GC BD SP SOM N CEC
15.6-28.4 ] 123-242  10-11 60-7.1 ] ] ] An e al,
(n=4) (n=4) (n=4) (n=4) 2022
B 5.3-73 _ B B B B B Han er al,
(n=4) 2014
9.7-38.0 . ] 12-15 57-80 37-173 002-0.1 1.1-389 Jeong et al,
(n=12) (n=12) (n=12) (n=12) (n=12) (n=12) 2013
76.5-88.3 15.8-48.1 1.0-1.3
(0=3) (1=3) (h=3) Jeong, 2013
6.1-9.5 63-65 86-580  03-09
(1=2) =) @2 =) Jung, 2016
Urban 10.1-18.9 N 35.0-61.3  1.2-15 6.4 13.0 0.1 6.0 Korea Forest
parks (n=4) (n=4) (n=4) (n=1) (n=1) (n=1) (n=1) Service, 2020
99.2-178.2 1.1-1.2 43.4-73.0
(1=8) (1=8) (1=8) Kwak, 2019
172.3 8.0 1.3 6.3 60.0
(n=1) (h=1) =) @D (= bee, 2020
12.7-36.2 62-78 290-430 004-03 47-12.4
(=7 =) @D @) @ O 0
5.3-33.7 7.3-39.0 09-14
(n=19) (n=19) (n=19) Seo, 2015
12.8-23.4 B B 1.1-1.3 B B B B Yoon er al,
(n=3) (n=3) 2016
0.7-1.5 . 6479 1531 01-03 64-144
(n=8) 08 =8 =8 (=g o D12
. 11.1 B 25.3 1.5 6.9 7.4 0.1 4.7 Korea Forest
Roadside (n=1) (n=1) @=)  @=D (m=1) (M=) @=1)  Service, 2020
green
4.4-474 18.7-50.3  0.6-1.2
whaces (=31) (0=3) (=31 Seo, 2015
15.6-30.3 _ 1.0-1.2 3 _ 3 3 Yoon er al,
(n=3) (n=3) 2016
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Fig. 1. Soil Organic Carbon (ton C ha™!) (a), Soil Respiration (ton C ha™' yr™) (b), Gravel Content (%) (c), Bulk Density
(g/cm®) (d), Soil pH (e), Soil Organic Matter (g/kg) (f), Total Nitrogen (g/kg) (g), Cation Exchange Capacity (cmol/kg)
measured under urban parks and roadside green spaces. Alphabets on the bars mean significant difference among urban
parks and roadside green spaces (p<0.05). Above bars on the graph mean standard deviation.
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S7EeE ESeEEde gdattths AS ou|eith

ke BEY U ndEe @4 U7, A=
7 A 25ES SMIA EdeEse AR
771+ 8dotH(Tamai, 2009). £3] A& =7]
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Table 4. Data of soil respiration and climate factors by urban parks and roadside green spaces used in analysis (SR: Soil Respiration
(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 Result Weather

Climate factor
Reference

types period SR station AAT

TBG TMG TEG AP PBG PMG PEG

2011- 6.1
2012 9.5

Nowon 12.1 11.9

24.5 13.6 13335 664 282.6 782 Jung 2016

2011-
Urban 2018

8.0 Junggu 12.0 11.6

24.0 141 10024  50.8 208.6 61.8 Lee, 2020

parks 5.3
6.7

2012 ———=—— Jiksan 12.7 12.3

7.2
7.3

Han er al,

25.0 14.5 2014

1197.3  59.2 2278 89.0

0.7
1.0
1.2
1.2
1.3
1.4
1.4
1.5

Roadside
green 2011
spaces

Gwanak 11.9 11.3

237 13.8 13294 68.8 267.2 873 Kim, 2012

Mean 4.0 12.2 11.8

24.3 140 12157 61.3 246.6 79.1

S.D. 3.2 0.4 0.4

0.6 0.4 155.6 8.1 342 125

3 5719] 7]20] F7lstA AE0] Aejgido] &dst
1, Febd AbHEo] B 9] o]Fo] EilsfA He
S8} o B 28] ZolE0] £ Ha E
% 7FsttH(Raich and Schlesinger, 19925 Buchmann,
2000). & AT o]t 7|2 Aol EFS ST
F7tE2 olojFom, ol EY W f7E & &=
Z7teb Rl ARrAQl AEA ¥R dARth
(Kuzyakov er al, 2000; Liu er al, 2013; Kirkby er
al, 2014; Wang et al, 2020; Zhao et al, 2023).
Hhof a2 EFoFol Slo dHd =

shed] 97 £E9 SRS 42 9 0gBe] A

o
-9
o|N

S T TE X

Rz FES AT, 2 A8 714 x20] 34
W 0E BE B TFo| olAEl] EFTEol

7451 HtHLinn and Doran, 1984; Franzluebbers,
1999). & AFollM= A7t A5 27 4ol
75 EF2gEol fostA daste A=
Heow, ol Hait 7 Fgo= ] EY
5=°| E—Fl‘— HAA At Fao] AsiE L, ofof uh
V‘HE 9)—/&-1 ;(101.7]_ el Qojlo g 7&_9_011 2 7}0 J-&
A ARG} (Pietikainen er al, 1999; Maier and Kress,
2000).

orlm£.=

£5] A% 27]0] LE7b B3 A Aol B
Aol e FUAOR Q8] 48 AEd20} Ty

SRERISIE(R| A27 H4%, 2025

AEi7F wapg o2 WS 4= Q131 (Jones er al, 1993;
Yeh and Wensel, 2000), ol= A& 5] 7|5 Astet

= o] HetR o]ojx EGRgolE EotAQl
ggFre = 4 JtMihailovi¢ er al, 1997; Yordanov
et al, 2000; Baquedano and Castillo, 2006; Bailey—
Serres and Voesenek, 2008; Wu et al, 2008). T3,
T A9 22 Q1FA A= EY 71787} vl
‘5ol AA-e] vls] B2 4 Q7] wiEel el wE
5ol ot FIFo] o FEHAA HEd o Uth

2 A4 AnE THHeR HokS o TAlTdTt
T2 529 EYREEE 7] 59t 2k Aol
ot F7bohe A EO]X]”} Nedt s EY
S Agksh= alez 2RgItty wheba A
EH H g ZV 9 HiE 7 3% Ao = [R5
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