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ABSTRACT

As global efforts toward carbon neutrality accelerate, awareness of the critical role of natural ecosystems as carbon sinks
has increased. Wetlands, although they cover only 5 - 8% of the Earth’s land surface, are estimated to store approximately
20 - 30% of global soil carbon, making them highly effective carbon reservoirs. Despite thir importance, inland wetlands in
South Korea remain underrepresented in national carbon assessments. This study quantified soil carbon storage in the inland
wetlands of the Han River Basin. A total of 250 sampling sites were selected using conditional Latin hypercube sampling,
and soil samples were collected across four depth intervals(0-10cm, 10-30cm. 30-60cm, 60 - 100cm). The
physicochemical properties of soils were analyzed by depth to support accurate estimation. The relationships among soil
physicochemical properties and carbon storage were examined, and the spatial distribution of soil carbon stocks was predicted
using ordinary kriging. Results demonstrated variations in carbon storage likely associated with differences in soil conditions
and vegetation cover. Prior studies suggested that long-term ecosystem restoration and vegetation management significantly
enhance the carbon sequestration potential of wetland soils. The findings of this study provide essential baseline data for
improving the accuracy of South Korea’s national greenhouse gas inventory and for the development of country-specific
emission factors. Applying this methodology to other major watersheds, such as the Yeongsan and Nakdong Rivers, may

further support systematic assessment and management of carbon storage across Korea’s inland wetland ecosystems.
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Z 7|1FHEP) 7SS E A A AAZ R @A
4 488 fiek A3 ool Yoy gk Savte)
T 2030¥7HA] 2018 TjH] 2A7FA HIETES 40% T
SATE W BE BES FUeCHMinisty of
Environment, 2021). oo w2} EtAS 9] SFH QL A A
4ol Bt o 71T Ghg BFow Bkl gk
53], 2t FHiAE 7] T olieltas Eetl, B
o ©HaE AY1H0R AT J15e 2% Yo
9 BA AFIRE A4EHI QJtHTemmimk et al.,
2022). o] % AL BRAY Ba A% So] A%
-3 A F SHHE, A AlA S4 WA 5~ 8%
EqsHARE, A EF ©4A9 oF 20~30%E AL
Qltk(Mitsch and Gosselink, 2015; Nahlik and Fennessy,
2016). IPCCE= B ©h AA 9 vj&sFe] g A4 9]
F84E Aok, B} A9 £F Az P05
¥ 0} A% e BT eAsks QiEe Yuste
B33 QITHIPCC, 2006).

o2 AXFoME= oln] FAE 5HA
oz HEsla] LAJIA olHlE ] A4 HF
T 9k ul, A, 5, w2 9] 52 1P Ffol=
2hel Tier 2 0]4}9] A4 WS Ffrelod 242 1) £
g4 A 72 AR CE Fgteto] FAE AA
Ao = wWrlstal QIth(Lee et al., 2023). ¥, oA
$79) g A 7)ol g A7 HEsick B9, 7
FAL} ARAZ HE WESA= AFA9] HEH(CH,)
ol E1% A7 A A7} o] S LA

Z907 BE35l3 Qth(Lee et al, 2023). wEtA =1 141

5449 B A% 5Ue AR N2ARE
Sl AL FT 7} LA dMEE TESE %
A4 Aot

5A19] g4 A% 7% 7t 9¥E Tier 2 $F02 11
=olshr] YeiMe Tedt |A 7Eke] 2 dol EY
EAT 22 FE24A AR wHAYZ dgt ofsf7t A3
%ojo} Sth(Bridgham et al., 2006). E%F9] &4 A& &
o A4 W nE 27o] MEstA = ohal EoF
9] o|gtety EAa= U ¥Ho] SItk(Solly et al,
2020). E5], %719} Zo] S-EaH4 2<lo] s} Hgel
£ AEACINE Ee] AFRE, pH, YoleA|e8e
(CEC) 5 o|3faH4 B4Jo] $7129] 23 U 24 34o
ZQ3%F I vXE= Aoz LHA JtkLiu et al,
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2022). SHH, 9 z¥o] EATto 2= &2 HA|9 B
A tFEsH] ofFet. olof Wt FA] ©a AT
Hoh AdstA npefshr] fsiMe ottt B4t AL
Yol XA 7t Z7HA AHA B A9 =]
719 9] &-&o] Bttt o]z|qt Wetof A, YA
= B40) g8 &&5+= Ordinary Krlgmg 71He =
Wt gEos AAET otk o /1He F4 X4sto)
$AH JERAL oz 124 A0l 2 oSk
HrbHo s, BRstal EAtt 3 B2 EAAS Ad A
FPfel i A Al T 5
]2 QtH(Cressie, 1988). oj&] APAFLoAE & 7|HES
2 S99 4] B2 Be G W
FHog Aol A =3l tH(Beltran-Davalos et al.,
2022; Park et al., 2012; Zhang et al., 2020).
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ek, 2 s SW WSS ES g2 A 5
s FFgstotaat 1 'c‘ﬂﬂohﬂr () AL JESA S
Hgoz Ege olsietd 54 4, (2) B4 A

OIS QA 0] TS B9 S sorshL
(3) Ordinary Kriging 712 B§3 A7 =] 279
EoF B AP FNHH 0T FAHHE IHAR T4
ot £ 79 e FF F WESA] et 24
b Qe 43S st VAR B89 & Ak

2. Mz U dity
2.1. G CHAX| Y AIE &3

e 02, 908 3 4 o 2
SHHEYE Ao 2 S35
ATH(Fig. 1(a)). 6&7&14‘3 AN, BEE, FHIEE
dFo] dA ERxIAT AT A Hold =17 =t
sto]n FH HE FZ& W (Conditional Latin Hypercube
Sampling, cLHS)S &3l & 2507 RAMAE AA5H4 .
CLHS: T WiEe] Ruel 45 PAE Tl ¥
SAACE bz UA
HiAE 4= Q= gHE 7|9k E,_ % WolthMcKay
et al., 1979). ZF RAMAE= FAL 7|&02 FE(0°),
120°, 240°9] 39}gFO 2 113m X0 RERFS A4
SIckFig. 10b). BF2AL 2 EHAR AAE 9 4719
HEF FolM SHEEHES ZART 3709 EEHAA A
FE A

A% ZAR= 20244 4YHE 2024 897HA] AAE Q]
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Fig. 1. Location of study sites (a) and sampling points (b)
A (Coorage) = EA, 88LUE, &4 5L F HE

o EY AEE 958 EFARANF 7400 cm))E o]
510} 0~10 cm, 10 ~30 cm, 30 ~60 cm, 60 ~ 100 cm Z
ojolA EF AmE AFSIATE ©, AStrrt ZTHebA
A7t B A5 AFH7E 7Hset Aol 7R B A=
£ AQFHIH BE AEs Anwo] dEsto] APAR
SukstIth EF AJEE 0~ 10 cmo]lA] 7504, 10 ~30
cmOl A 7487, 30~ 60 cmO) Al 6497, 60 ~ 100 cmOl|A]
36472 A5kt
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2.2. EUO| 0[5}5}x =

=
=

EF ARE 75T QEA 12417 Ax
e
S AFESIRlTE o|F AR AFF FujH|E o]&
sto] SALEE A4St EY 47 2E= HISAE
o2 wd, nAl JES FE S5t USDA EF
7 &2 7o " EAE FESIItH(Kalra and
Maynard, 1991). NE & Ui = 35t B4 A5z
ZASFAY. CECx 2AMSE&A(pH 2.31)& ARESHo
Ao ZAIREEALS 1110 M1&E BT T, pH meter
(pH meter, Sartorius, Germany)% base pHE =7%]5}o]
brown#H 0 & CECE AlZ3}9t}. pHOF A7 AT % (EC)
£ NESFR(15) SFAE AHESH pH meter (pH
meter, Sartorius, Germany)2} EC meter (EC meter, Hanna
instruments, Korea)= ZtZ} =745} t) etAe}
= 8% A EA7](Max Elemental Analyzer, Elementar

Analysensysteme GmbH, Germany)Z &3}t EU9]

A% 5%

Ba
2 3= 4] (1) o] g3to] APHSLITHIPCC, 2006).

Cﬂtomge (Illg G/hd) = (1)

Soildepth(m) x bulkdensity(kg/m’) x %) x 10,000
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Sf7F &stA o]FojR= SAUE D7IAI ' A%
Stof] Q1ZdstA BEgstel EY e B9l ©4 A% 5
g2 3y R A G4l th/gol7] wiZol
T}H(Batjes, 1996).

el dEen B0l gAY U4 BE
£ d&35}3A}F ArcGIS PRO 3.29] Geostatistics =75 ©]
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Table 1. Soil physical properties by depth

- 0|3 - 0HH - Y

Soil particle distribution (%) Soil texture distribution (%)
Coarse Bulk
Depth . ) Sandy N
Fragment | density . Sandy | loamy | Silty Clay . .
(cm) 3 Sand Silt Clay Sand Loam Silt clay (sites)
(%) (g/cm’) loam | Sand | loam loam
loam
12.68° 1.08° 70.51 22.54 6.95
0~10 3320 | 26.80 | 19.20 | 14.40 | 6.40 0.40 0.00 0.00 250
+0.91 +0.01 +1.54 +1.30 +0.31
17.11% 1.19° 73.27 19.97 6.77
10~30 36.40 | 24.40 | 21.60 | 11.20 | 5.60 0.40 0.40 0.00 250
+1.07 +0.01 +1.51 +1.26 +0.31
17.94* 1.24* 72.23 20.34 6.93
30~ 60 34.07 | 26.99 | 20.35 | 11.50 | 6.19 0.44 0.44 0.00 226
+1.13 +0.01 +1.57 +1.31 +0.33
17.75% 1.28° 74.07 19.62 6.46
60 ~ 100 39.72 | 23.40 | 17.73 | 7.80 9.93 0.00 0.71 0.71 141
+1.60 +0.02 +2.32 +1.98 +0.50

She SAAES Joz 4 BY AAE 2E3ck
Azlo] wet Aol FAs) Baste BHL ]
913 Kernel function& A|4=%(Exponential)S AE45}90
), 37t B58E FAskA A9str] fIsiAl Variogram
model-2 Stable2 Z-2-5} 1 tH(Isaaks and Srivastava, 1989).

3. Zat & uH
3.1. Q¥ EtA0| %Y 2

A

3.1.1. EY9| 0|glet™ EM EXM

2 dAFolA EAE AHE AL 0~10 cmoA
12.68+0.91%, 10 ~30 cmol|A] 17.11£1.07%, 30 ~ 60 cmO]|
A 17.94+1.13%, 60 ~ 100 cmO|A] 17.75+1.60%9°.& L} e}
W TH(Tablel). o]t o] HZHTAFS 0~ 10 cmoJA THE
Zolrot {954 WTHP < 0.05). o]= EEZ(0~ 10
cm)o] Foket FAof] M gt AR} 2ok A
o §UE EY dAY 4 fE Ao woHt
(Sharmeen and Willgoose, 2006). AWt o7 A8 g=fo]
1S BA e TASHE AFE EolH, o=
G718 B Ag5te] g A Fo] RAAQl golow
2-8-5}7] wj&o|t}.

EAE 2AYLE (0~ 10 cmo]A 1.08+0.01 g/cm’, 10
~30 cmoA] 1.19+0.01 g/em’®, 30 ~ 60 cmoJ|A] 1.24+0.01
g/lem’® 60 ~ 100 cmof| 4] 1.28+0.02 g/em’ = LEPITHTable 1).
ol UWrAQl HXA EF9 LAY Heo st
(1.0 ~ 1.5 g/em®; Reddy et al., 2013). ESE, EXAo] Zoj&
5 8HUE = RFYoHA S716HATHP < 0.05). o] =gt
A EAlo] AojALE f71E T JETH &5
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o] Fa} FTAFe| wet EF AR 7t S0l Askd blof
71915t Ao & WETthWhalley et al., 1995). €44 %
= EY A 339 v&E Btgsks B4 B4
2, 4r7t 2255 Fe 35 8 ol5o] AlRtEo]
Aol B 9 EY BE E50 ¥FE UXITHReddy
et al., 2013).

EAY ma 3F2 0~ 10 cmol|A] 70.51+1.54%, 10 ~
30 cmOf| A 73.27+1.51%, 30 ~60 cmo|A] 72.23£1.57%,
60 ~ 100 cmOJ|A] 74.07+2.32%2 UFEFITHTable 1). ©|A}
SO 0~ 10cmOA]  22.54+1.30%, 10 ~30 cmO]A]
19.97£1.26%, 30 ~ 60 cmof|A] 20.34+1.31%, 60 ~ 100 cm
oA 19.62+1.98%S HEch HE FFS 0~ 10 cmofA]
6.95+0.31%, 10 ~30 cmOA] 6.77+0.31%, 30 ~ 60 cmo]| A]
6.93+0.33% 60 ~ 100 cmO| 4] 6.46+0.50%% UEFITH E
A B uALYE R {3t folE HolX] Qkok
THP > 0.05). EA 57 23}, BE EAA AEZL 9A
SHA ®axstlon, 1 oo AYE, FHALE, v|AERk
E, ¥E, AYE, TALE, AHAYER £X5= AR
el =y obd EAEG E4S E45 AollA
T g gheko] LA|5HA] BE 5 tH(Zhang et al., 2011).

CEC: 0~ 10 cmOJ|A] 12.72+0.26 cmol+/kg, 10 ~30 cm
oA 12.26+0.27 cmol'/kg, 30 ~ 60 cmoj|A] 12.07+0.25
cmol’/kg, 60 ~ 100 cmo]|A] 12.09+0.23 cmol /kgZ L}EFFE
O FOJ%t Aol glUTH(Table 2; P > 0.05). YRHH O
2 CECt EY U JES} f71& 3ol 9= ot &
EoA B &2 #= YEW= Aol ltk(Brady and
Weil, 2008). Z12j} & o= EAE JE ol
FAREA O HFA = SHA f71E0] 8EE7] 42 &
3% EAL /I ol3dt 212 BEY fU|E &7
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Table 2. Soil chemical properties by depth
Depth (cm) CE+C oH EC Carbon concentration Nitrogen
(cmol ' /kg) (dS/cm) (%) concentration (%)

0~10 12.72+0.26 6.56+0.03 0.61+0.02 1.14*+0.06 0.10%+0.01

10~ 30 12.26+0.27 6.62+0.03 0.5420.02 0.82°+0.04 0.07°£0.00

30 ~ 60 12.07+0.25 6.62+0.03 0.54+0.03 0.70°+£0.04 0.06"+0.00

60 ~ 100 12.090.23 6.59+0.03 0.52+0.03 0.57°+0.04 0.05°+0.00
< ARtsto] E4E CEC g 723t Atol7t UEhtA] = EAlo] ZojdasE {715 ol Fash] fEls
oro Aoz wmrtE} J&EPFJE}(Lee et al.,, 2009). YHIA O 2 {7)&E Fo| =
pHE  0~10cmOlA  6.56£0.03, 10 ~30 cmoj|A] E EQ Aol A4 o] Svkele Aol Atk

6.62+0.03, 30~ 60 cmOf|A] 6.594+0.03, 60 ~ 100 cmOJ|A|
6.59+0.030.2 LEton o= AutA 9l &9 pH (6.0
~ 8.0; Seybold et al., 2002)2} F-A}St Zro|tH(Table 2). L
gy EAE 723 Zfol= QIUTHP > 0.05). L¥tE o=
HE+= /718 £l & 4AHd3t= Qs pH7L 345t
= Z3o] Qlth(Hong et al., 2019). SHH SH3AY 59
M B2 2030 S84 B 59 9Te=E 771E
Eoli7E dEstA] Yot EAEE {5 Apo]7t YERA]|
o Aoz wEth(Zhou et al., 2019).

EAYE ECE= 0~ 10 cmOf|A] 0.61£0.02 dS/em, 10 ~30 cm

oA 0.54+0.02 dS/cm, 30 ~ 60 cmOJ|A] 0.54+0.03 dS/cm, 60
~ 100 cmol|A] 0.52+0.03 dS/cmZ UFEpE oL} 8-9]31 2}o]
£ AUTK(Table 2; P > 0.05). ]|t A= CECE} upzt
M2 JE o] EAYE {23t Alo]E HolX]|
2l Aeg woEth gukHog ECet HE
733 AEEAE 7HAY, o=
7b FASHE W o] &2 FAFsk=s A 71t (Fowler
2014). H A3 gAA9 ECE Yoo et al.
(2022)0] AAISE WESAS ECHY(1 ~ 1.3 dS/cm)H.ch
A @2 4Folt} o]&= Yoo et al. (2022)9] dHoj=
EQoHeE, FAAE 5 718l S5 ARFA7F
T ZGE YHA, 2 A AR 9] B B gheol
ol F4/do] £ o|& QIsf &0 &Es| dojut o]
L7t Rolxl Ao R wEth(Fowler et al, 2014).

EAE g4 3RS 0~ 10 cmO)|A] 1.14+0.06%, 10 ~
30 cmOl| A} 0.82+0.04%, 30 ~ 60 cmO)|A] 0.70+0.04%, 60 ~
100 cmOf|A] 0.57+0.04%= YERFTH Table 2). EAE A4 g
2 (0~ 10 cmOllA] 0.10£0.01%, 10 ~30 cmollA] 0.07+0.00,
30 ~ 60 cmol|A] 0.06£0.00%, 60 ~ 100 cmO|A] 0.05+£0.00%
E UET(Table 2). ©42t A4 3 BT E4o] Z
ojAE SAACE [ostA FASIITHP < 0.05). ©]

§2

e
g
gx-]é].é tt]‘_—_ 145 C‘gx}

et al., SlH,

(Brady and Weil, 2008). 3-7]&2

TFHECE, AR E F71EY
Hog FASA, E4lo] 2
50| HAasto] g©aet Aa

3 % S0 g

#7123 vAdE
At

3g°] A= cH(Jobbagy

and Jackson, 2000).
3.1.2. EYO| O|atalA QIXtet Eta MZEF 7+ ity
AEx Azt Adster, AT na uALAE 3
%, CEC, EC9] QIA1E0] B i AYL3} folat 4
FIAS JeERATKTable 3; P < 0.05). 4235 ghh
A3t 2o] JuPAE Btk ol Mgl 71
atel wlAA 7]eke] 2719 Eope] F7to] Eolgo] 4

E AR {718 27 AlgtEr] giEes waEo
AL gi A Fo| A E
dutr o 2 EbA ol-alzo] =0 BEQrYSE gAUL Y}
H ZA#Z A= H(Conforti et al.,

2016). =& @E'*% g4 A 5o ATHAE, A
Fo JHAAE Uetith o= AlEd
YAt EF W f71ES El=RE Eocks 4TS S
7] wjEo]tkSix et al., 2002). UAI} AEL FHZ o] Y
I ZHSHE wol frlET & Z2stH ES U vAlY
@ F2E 345t F71ES PAEERE AYAA 7
71&o] wi2A F=A] ekal @ 7|7t HPA o' A%
L& 3okSix et al., 2002). T3 CECS ECx EoF &
& A= o] AUBAE BT ol F A E
F Ul o] B EA4S UBll= ARE HE IIFH &
71& &l Y TS 2] ‘ﬂiELOE TeEThSIx et
al., 2002). YEtd o= CECS EC7} =& EFL 49

F47} Be 50| 948 3L HEhn ol B
g4 AR 584 2ARX]7]= Qoo F F23E & Q)

(Aprile and Lorandi, 2012).
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Table 3. Pearson correlation coefficients between soil physicochemical properties and carbon storage

Carbon Coarse Bulk .
. Sand Silt Clay CEC pH EC
storage fragment density
Carbon .
storage
Coarse .
-0.45995 1
fragment
Bulk - «
) -0.43064 0.13365 1
density
Sand -0.40969"™"  0.51219™" -0.06110 1
Silt 0.40161"  -0.51705™" 0.06323 -0.86171"" 1
Clay 0.37582""  -0.40494™"  0.04156 -0.10899  0.79646™" 1
CEC 0.45846™"  -0.13056"  -0.22683" -0.10899 0.12029 0.0416 1
pH -0.10705 0.02303 0.03784 -0.11949 -0.10212 -0.17474" 039285 1
EC 0.24232"  -0.19600" -0.06540  -0.37560""  0.38096""  0.28929""  0.46771""  0.30483™" 1
" Values are significant at P < 0.05 significant level
™ Values are significant at P < 0.01 significant level
" Values are significant at P < 0.0001 significant level
“ T R = 03568 0] R=0.3334
” * Bulk slrlull_\ (»em)
' i) R*=10.6922 Ri=0.7411 (0] R*= 04538
~ 2 o e
5w * a®
?: ) ' ; . .‘ ..c‘ .
S .. h¢ . .
o 0 ., t" . . :
* we

Clay (%)

€ storage (Mg C/ha)

R=0.4213

R* =0.3037

CEC emol/kg)

Fig. 2. Relationships between soil carbon

storage

100 130
EC (p/em)

in the 0~30cm layer and selected physicochemical

properties with outliers excluded. Scatter plots show the correlarion between carbon storage and
each soil pameter: (a) coarse fragment, (b) bulk density, (c) sand, (d) silt, (e) clay, (f) CEC, (g) EC.
Regression lines and coefficients of determination (R?) are presented to indicate the Strength of

association
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Fig. 3. Spatial distribution of soil carbon storage estimated by Ordinary Kriging

T Ao R 0307 SE02 79 AW & EoF B4 JhAv, ol b BAg ESF xsm
S8 ERI et Fie 2. ol 9 B A0l e A4 a0l g dusks ARG, W, 2
574 ©d QAR JsiAut =R ek, AR, HAGLE W &4 Ago] Yy AFE Btk
2 b, B4 olg o2 & Al elo] Haapr W ol Aokx|go] werElo] AFe] Ho| F1 <ol et
Folt}(Conforti et al., 2016). L7E3} Eofo] QAR 3144 EXo| 7|15t Ao=R

o
3.2. EY ErAo| Z71H 2X hu WA EEA Y wa AGEe dojuy
Ondinary Kriging® 285 25h & ool Agn o T 068 MeOhZ =900 ol F %2 S
. FAE W2 3 A+ 5 ;8_—(_33:]1?_]_ ZA] A 9(65.83

AE ALt A HWRESA2] W2 47,529 hao|H &
EOF B4 AR 3,176,831 MgO. &2 UEISTtHFig. 3). &
o 9 Uh RS A9 U 8 240wt Aoy = @
Ag O
Rt 51 AGHAANE B s Aol iy TLT) ME O B Bohi 5 s AT
L A&ko L HITH(Liu et al., 2022). EZ9] g4 AATFS A7)zl
= A%e BT ol AriHoR AR Zo| ¥ §
e B9 A4 Belo] os AAHoR AN %
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