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Estimating of the Greenhouse Gas Mitigation and Function of Water
Resources Conservation through Conservation of Surface Soils Erosion
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ABSTRACT

Soil erosion is often extreme in Korea due to high rainfall intensities and steep slopes, and climate change has also
increased the risk of erosion. Despite its significane, erosion-induced soil organic carbon (SOC) emission and water
resource loss are not well understood, along with the lack of an integrated surface soil erosion protection policy. Therefore,
to design adequate protection policies, land users, scientists, engineers and decision makers need proper information about
surface soil and watershed properties related to greenhouse gas emission potential and water conservation capability,
respectively. Assuming the total soil erosion of 346 Tg yr™, soil organic matter (SOM) content of 2% (58% of SOM is
SOC), and mineralization rate of 20% of the displaced carbon, erosion-induced carbon emission could reach 800 Gg C yr™'.
Also the available water capacity of the soil was estimated to be 15.8 billion tons, which was 14 times higher than the
yearly water supply demand in Seoul, Korea. Therefore, in order to prevent of soil erosion, this study proposes a three-
stage plan for surface soil erosion prevention: 1) classification of soil erosion risk and scoring of surface soil quality, 2)
selection of priority areas for conservation and best management practices (BMP), and 3) application of BMP and post
management.
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7ME Al 5) AR T, 6) B AL, 7) A, 1
1A fAF BE 7)15S AW QIR A B A
Hxdo =z 4E 31 Iti(European Commission, 2006;
Bouma, 2014). 718]aL o]z]gt B¢ 7)e2 dxl $-g
ARBIZF AWskar gle 719s), AR ok, & QE, 9
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Ao} BrHEe] BAE @31 Jth(Koch et al, 2013;
McBratney et al., 2014).
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Fig. 1. Soil organic carbon in soil profile.
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A AAHeZ 715Hs} 3} o] wlEEo] F315]
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59| it A TN W= oisleka viEw
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Alzre] £7] wiiol] gk HiEo] Ha, 2) BE FHA]
Hol| AR vlEs EES g4 FUElE A4S Ao,
3) XE ol B T TBEBIE HiEEe v R W
2 #& Aow Fsly] wjFo|tk(Stallard, 1998; Van
Oost et al., 2007).

EE o9t e =g 7t AN HES] 4
A 7 F713k2 <Qlgh ghas viETo] Hu= o) dis
Me T AREE ARl A7s AaellA] Auiie]
A7 USIth Wang 52014y A A4 4,
ol B EHAAS S AFES Alel EY 14
RS et ES A 28 Ao ol A
oA HIEE CO, ¥ EY frao] A A A=+
o] o]l Hll 1.ev] =L, o= A AH A,
olF, HHAA) FAME 7P w2 viEeolrt. gk
Novara et al. (2016)> FRAZANA A|PEE A5}
EF A ot B gha wsls dyteled], Al
o3t EF ol Aol B2 & vV Fr|siEnar
Argsieitt. o] 2ol IA7I- UN FAOE HIES| &
2 AFETNN EY 42 g4 HiEdo=E ddsiar
ATH(Jacinthe and Lal, 2003; Lal, 2004; Huang et al.,
2016; FAO, 2017).

ANHOZ Fig 291 o] faE &V H¥E AH
ore= theke] HEV} AN miEEe] ghA wiEse] W
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Fig. 2. Transport, redistribution and deposition of soil organic carbon on an eroded site.

Table 1. Estimation of the C emission derived from soil erosion

Annual soil Total soil Total SOM™  Total SOC™ Mineralization of .
. Land use . . . Price
erosion (ha) erosion erosion erosion eroded SOC (Won)
(ton/ha/yr) (Tg/yr) (Tgfyr) (Tgfyr) (Ggfyr)
Factor 2%° 58%4 20%° 22,000 Won/ton®
Value 32* 10,800,000° 345.6 6.9 4.0 801.8 17,639,424,000
"Soil organic matter
"Soil organic carbon
*OECD (2008)
®Hong et al. (2010)
‘Lal (2006)
dNavarro et al. (1993)
®Korea Exchange (http://www.krx.co.kr/main/main.jsp)
R fAo] oF B WEU R Brhlal 2008102 o2 EX) olg WA R o) e olgs

and Pimentel, 2008; Kirkels et al., 2014).
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FES} 22 B TaAe Q1Y 14 WstE Sl
ME BAE g AN %08 S AR %H A
=71 2HdollA BEl7) o]fAof it R REEYD)
£ I3 toRe BAviA(E, ti7] S BT AFe
Akde)7] wiel] B A4 °‘°JZP§°] k] A
e AR 2 % T T83F ARt 137]
w3z ﬂﬁXHOH gk 1%1 Bk AA Y ARdt

a84S Fol7] fIgt é’“ﬂ Hx}o|H(KEI, 2007), ¥ &
a7 71 $As) FAlel]l FHskar e A AFelM gl
ARl EY BA A o] 7] flol EY Faol o3t
g wliEe] ZBA1E 7 ﬁ7}7} T = ofoF gt

$gUeh=s ha B 97 XE 42%0] 32 ton(OECD,

ol

F AE B S-S APgeEE vid oF 800 Geo] E
4 Bt 7o wiIEsEe AR FAHETK(Table
. ol A AAl 97 F ES g4 8lEF 295-1,016
Tg C/yrdt BluES wf 0.08-0.3%¢° d|Fsl= Aoltt
(Chappell et al, 2015). 22|22 dA2017d 11€ 9
713) $Euvet AL AdEe g4 71
(22,0009/ton)S L& A0l 23t Bka uljEgo] 283
B gEuels vid oF 18099 7HX|] RE gt
715 o2 HiEEtH(Table 1). &2 Akl ]—%L A
58 GREFQl gEo)7] el £ A B B84
< AYaL ot

st o= 2 e wiE=F Aol ARSE Rl
o] U718 20%)y> 7Y d¥kE o= |0l A Wang
et al, 2014), A3 A aﬁrﬂ}t} - e HeE B
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Table 2. Mineralization of eroded soil organic carbon during
transport

Fraction mineralized

%) Reference
Minor Smith et al. (2001)
1.5 Wang et al. (2014)
20 Lal (1995)
50 Oskarsson et al. (2004)
56 Mora et al. (2007)
70 Beyer et al. (1993)
near 100 Schlesinger (1995)

sfal Seluet HES 8L el
QAfgro] =Zslolol & Zlolct.

a3}l o= Zd(Roth C, Century, APSIM S)lle
of gt A HiEES XA & ok
(Chappell et al., 2015). oJ& 2= ZAA 4 &4 W
3} &7 T 18-27%°) Edhe FEAA EYF -4l
oSt gha HiEF)o] oS Alktel WA Q7] whitol 92
7F a1 e SU9A1Y] A viEERe BEAde] Attar
3+ 4= ATH(Chappell et al., 2015).

SuEt= dole oot 201638 129 $Ejue AR
AZ1FAA] S (Post 2020, 2016 119 4 wd)
o wje} &% 715} Ul fIgh 2030 =747
23 7R S AASEaL, el wet 2030
7 F 315 Tg COXAZF 225 Teol CO)E #=3lof
git}, SRARE 571 CO, BilE BAl HE fHol ot
CO, HiZHE 23Eo] UA] 7] whiol] 247k 3=
AA] B /S 7S 5 Aok

I ol RE AR 7] siEEE e4%K800
Ggye olkksleEta: (CO,) HiEHoZ SR 2030
74 Sk 41 Tg COy} HiEH AL, ol H7RA7~ 7
= R oF 13%A ¥k tiafee] eltt. v
2 3 F CoE AFT & Uv EY, Y, 2EC
ZVzy 2% BREH A7 22,5 Teol €O, 138 Eesitt

L

R

3 7PskaL, B A WA 2 BAS B EH< 1 m)
o] eIl U BAE447 Tg C=1,639 Mt CO,)%
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Available Water Total Capacity 15.8 Billion tons

Wetland

‘iarren

Fig. 3. Available water capacity in Korea (Hong et al., 2010).

Agr. Field

Table 3. Available water price in Korea

Available Water Capacity

(Tg)
i Forest 7,613
i Agr.Field 5,206
u Grass 2,658
i Wetland 85
u Barren 199
Total 15,761

Available water capacity Water consumption in Seoul
(Tg) (Tg/yr)®

Water price in Seoul Available water capacity price
(won/ton)” (billion won)

15,761 1,100

576 9,078

“Hong et al. (2010)

°Office of Waterworks, Seoul Metropolitan Government(http:/arisu.seoul.go.kr/)

2016). ]l we} E& S53] AEKHoR He - gHs)
a1 7SR o e AR SES il BEE 3
“& QFH (water security)’ #E]7} B3 o]t}

e} A1) B8 85 U8 UT%) > A
(23%) > SFFAET(22%) > T HET(8%) o™,
ZRE= A TS |H(53%) > 3F(36%) > At
F(11%) o2 BH3la JTHMCT, 2006). AH o2
EYTY 715s aEds W, gk 3k, A8k 5
o 2E A &89 I3 EY s #AE 2
3 Y3, AETFeE BEY dele Ao R 9
g Ftolgt & 4 qlth

HT ) EY FETE tigh Al o2, S
EY (<Im R0 A FaETE 855 A, 584,
Z27, FA aga YRAZ el Basid=d (Fig. 3),
HHoF oF 155mmE Efdlal e AR YER
TH(Hong et al., 2010).

Fig. 3914 AAS FETEEZFS A4 EADFH
108,849 km™} Hlwsle] Bopbd ) E9R] FEFE &
e oF 158 & s3I} ol AHWERA BHal
Sk =] A1 o8 HABH(MCT, 2006) 5 Holl <3t &
T IR 188 Bttt 9] PR, B
Eshs e Ao ge A o] 84 FH7)
oo WA F UeS or]sith

Eogo] BAFH FANGT] 7B AN RF 7

2 (Office of Waterworks Seoul Metropolitan Government,
http://arisu.seoul.go.kr/)y@} BIWS|RA  EQF] a8 &
FE AANAE 118 P 1497 5= 397t 7Fs
g 872016 71E)e1%0aL, 2016 AEA] FAMEE,
oF 6,339 %5 EUO] Al 28 Al ESFET
o] A 7= oF 02 1Y g3k AR A
a2 o] 71ss skl ATH(Table 3).

HEE FA AZIEAC] 75 9ol AHir)e
T EHS Aol o EYo = fYE B2 Axest
I3k JEl= osste AR fdEsdl, EYl 1Y
Al B2 2H9EAS F3kh ookt s Eilslal ok

| W BE= o3 g STls oldk Al AH=E
AFete] Aot Ael LAED AT AAA o
ol ZA Ty 3(Keesstra et al,, 2012). &S|
A3} 7k E-SetAESH TRte] EReR X
e, LAEHe] 28 AA B S, sk wg,
A=sH Fall Bl 2y Fol o]l sigiitk(Kadlec and
Knight 1996; Song and Kang, 2006). 3£&7} R+
LA=HY APlss T3 TR kP EsH
1 FHo] & Flolrt.

N

3.2. EERAO| 28 Xt &4
7158t WA APEUA TFeke] S0 viEe]
2o HE g Arw 3 SV ARIZE RIWE] B
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Table 4. Estimation of the loss of the available water capacity by soil erosion

Annual soil erosion Bp' Soil erosion depth ~ Available water capacity =~ Water rate in Seoul Available water loss
(ton/ha/yr) (tm?) (cm/yr) (0-1m, Tg) (won/ton) rate (won)
32¢ 1.33 0.2406 15,761 576 21.9 billion

"Bulk density
*OECD (2008)

Source loading(%)

LI
8%.

IN
6%

BOD

LI IN

8%“2%

LI
49

LA IN

12%

Pollution loading(%)

LI
1%

IN

LI IN
3%“—\ 1%

LI IN

4%‘\1%

LS: Livestock
LA: Land
LI: Living
IN: Industrial

Fig. 4. Source loading and pollution loading in Doam dam watershed (MOE, 2014).

JE3 lor, o]2 %t FERHS] WA} SFFA}
AR e} (Kim et al., 2009; Oh et al., 2012).

FEUEre] A7t FERAES Table 4904 & F A%
o], oF 350 Teoll B3} REFARE sl &du= =4t
e =S B, 7 SERAR Ot @01 B &
AYE (133t¢m’) @ Fa5Edhr A82S EgE2 Ak
3 Ay mid FERAR Q5] AlER e B Zol=
°F 0.24 cmo|H olw] FEV} FHslal e EY 7Y
ke 33 gUTkES] Bt o]F AeAl FHaFo
Shaksha A7E oF 2199949 AAA £4lo] EAlsk Q)
CTH(Table 4).

3%

2 B2 S 84,
FeAtol

F TS, 9997 W8} o zoEry
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o] 279 vl o3t Aol viigh A%
olth. 53] 543 ARBIEHOE g =AEe) Q1757
_uﬁx-] 1:1] Ssozg o]a-]- z"?‘r-4 /Hx]- Ul ;(]J_/\lzl-% z];g
Aoz Agshke FLIFVE A FrdEwEA S T8
40737} s g 4] mx@ o] RIME] WAkl
THKECO, 2012; Cho et al., 2016).

R 4 AT E A8 A B3 #e 7
EAE(2006~2015yS FH3AL F 322 700004-%_—%
Hated FANAES Sl AKdS SFIARE, iR
?71011*1 E5de] mgsiar Qs Aol o) fFél

20 th3k HiERale] 68%71 HIF L ol

A

E
=

sfrdspARt
A AeFR 9470 AN B2 A
S o Z AR ETHAIRI, 2013).

F73(MOE, 2013)0] w2 B AARE F =32
T 2HFUJ] TPl sl EAXAA 2010 41.1%e114]
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20179 44.4%% F71Ac R Adslglon, ol A
Al, S2Hlel vig) ¢F nljel] dele vlgelth 1§
2 A A HIgedd B €3 9 B HES
A3 =R oA Bl d3S AR Fig
49} ZTHMOE, 2014). ¥AH-8}8k(source loading)®] 7
T LAAE BT AN gt EAEke Ao o
BT, AAIAHQ A9 HlEF-3F K (pollution
loadingyS 25 EXAGNA 63~71% 7]208h= AOE W
= A

ol AAZ Hx Ao Fast JARIAR] TP} T-
No| LujEo] EXAA HIEHIL e AolH, ol&
WA Helire frase] FAZ e X8 &
7k AFT AL grjditt v e dds Besl] Y3t
o AR= Ak v dd It (2000-2012)S
Agete] oF 2299 dliks FJeien dxl= A2t
H1H 99 S (2012-20207H4] 4=|o] F7}
Hog gxYe] FYHA F 10299 oFEQjeZ H
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A ole FALAER)] SGERE EAA
A 40~60%C1d 71918k= Aol His) A os WA &
& Foolg} Azt AAE FERH A=) v
U.S. Department of Agriculture - National Resources
Conservation Service (USDA NRCS) 74-%- 20173 3+l
A ollrbe] oF 43%°] A FERA o g B
o2 AR B, gebd E3He FERA Ba
< felde =0AR HAE A ERA A2 o
Arld @ 582 o4t B8o] WaT Aow v,
4. x| ot
s % i A G
b 7IsR] 1EE o RE= 7t Bslol &
23] 74 Aolct. @A efele] Ay EEe
2T T AdS AL, RE e dis
a3l 2011d EYSERAR Aexo] 20 SEES] 4
3 2AP7F AAEIQI, 20130 SR FERA
AL sl Dol B ANAG 249 43

FE7} AlEshe Tt
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[e)

e o 1o

2
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