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Estimating Soil Losses from Saemangeum Watershed
based on Cropping Systems .

o] % %t.& % %t.‘!}‘ ? o#t g _91_ *#t
Lee, Eun Jeong - Cho, Young Kyoung - Park, Seung Woo - Klm, Hak Kwan

Abstract

A Geographic Information System (GIS) was developed to estimate basin-wide soil losses using the
Universal Soil Loss Equation (USLE). It was applied to estimate the annual average soil losses from the
Saemangeum watershed. The USLE factors for each subarea of uniform land use and treatments were
estimated from the GIS routines from digital topographic maps, land cover and detailed soil maps. A routine
was developed to estimate the averaged cropping management factors (C) of USLE for multi-cropping
farmlands, based on cropping system records from the district offices. The resulting C factors ranged from
0.28 to 0.35 for multi-cropping areas.

The estimated annual average soil loss was approximately 2.9 million tonnes. Typical soil losses from
different land uses were 0.8 t/ha at paddies, 33.7 t/ha at uplands and 1.1 tha from forested mountains. It
was also found that 6.0% of the arable land of the watershed possessed high risks of soil losses, and
conservation measures were needed to reduce soil losses.

Keywords : Soil loss, USLE, Cropping management factor(C factor), GIS
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EFRAFS 2] A% BEERFAHY

(USLE) 2 w3 o] eldrt

B A= REKLSCP-eveervvenseenininnmneneccninn(1)

e A7IN, A = ZE7HAAAA kY HBIIRE § @

— gud g BB (t/ha), R = 7RI A3E

Fig. 1(a). Schematic (rainfall erosivity factor, MJ/ha - mm/h), K =
oAl (s0il erodibility factor, t/ha/R),

] 4*7 LS = A¥AA}H(topographic factor), C = ZH&E7

Z) A} cropping management factor), P = A4
ZA B3R} conservation management factor)

o},

}
COMangyeong river watershed A2 ) 29l 79Tl AA 01z} )
[C1Dongjin river watershed
[C1Sechaean watershed

Fig. 1(b) Sub-watershed
Fig. 1 The map of Saemangeum watershed

o
EALA7 Aaoled 379 & 8t5l+= Thiessen networkE sl g4
D)9 BEgoDoz P40 e, A e 42E Rt Agsnt
A9 AWy HES A
7t ZA9l9) dAe ok 1,600 km’,
1,161 km® 232 km®]th. F& spdozE Wi
A3 A0 9o, FEARE 7+ 57.0 km
$} 439 kmolch.

1) E A7 AgE F94AE EEFALTAN
A 1998 AH3ZZAY e dZo R TIHA|E
ABA| 2~ (National Geographic Information Sys-
tem: NGIS)& &&3lo] HAFE oz g,
ZAY, EFRde AR 75T AU
Z(2002d WA)E 7IE2E S

Fig. 2 Thiessen network for R factor of Saeman-
geum watershed
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AFelzbs 9% 1E ZARS 22.13 mY ZA}
AL 7= E2 1 (unit plot) MY Bk
AA Agx|AoM e EkFAFET] HE eR
E FAgFott LSRR AFEARIAM(slope
length factor, L), ZAF=SIAH(slope steepness
factor, S)Z o]Fojx glom, APYdS 4 (3)

¥} ZeH(Wischmeier et al., 1965, 1978).

” (043 +0.30s + 0.04332)
6.613

o
LS= (5 13)

07|14, | = AFE&(slope length, m), m = ZA}
o wrg} Mk AAAT, s = A (%) ot

AAteE FHAAelAN Agshs 1:25,000 ¢
AAEE olgst FEaUTh AAES ARndRH
7b A& EE AR LRRE ATt sl B A
o] Mk AH & AXYF} AFHY T8
3] Bad 2 PHo] SFOE Hie AANAY
Ag 2 AHEY Foster $(2002)& AAA el
M AR o7k 400 ftE A gtk AAlE
I ok B BARA A AMaAE 517 4
st W ogE oy 7kA] Aol AAH 3o
ook Aystd wWe] gle AAolth(E e,
2002). oldl AxAY 2ZL ALt oA AL
wgs AAa71g 598 gk ARgske A9t
ot A (1998)2 A9} FUT ARG
&AM AY YR A B #RE
AA ST AAPE o] WiEel fARRe] FEskAl
2o WEE AES Heltky st ofd A
Ul 5(2004) 2 ¢euEte] 44 B & 18
st EXo]gd HAE AAEioH, E At
A= o] uiEo R Exo]§H AAS AAs
cH(Table 1).

Table 1 Slope length(1) and Cropping management factor(C)

Landuse Paddy Upland Forest Grass Bare ground Urban area
Slope length (m) 70 50 10 15 70~100 70~100
C factor 0.1 - 0.001 0.01 1 0.01
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(Wischmeier et al, 1975) A AL Q& &
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H ZHHHE‘*:Zié ZEAAE A
wHot] sl dd A by
AEAANA (AT 5, 2004) 8 <]
BAA 9 z+ ARAAE DZEHAAR(H
%, 1985) 014 AAG & o185t 4 (4)

ARSI Y. AR
Z02 Qg ARAAE E/7HF wlgo] ¥
A9 10%2 713318k

2005) =

C = DJC A, wevvverremermmnineineneene(4)
A7), € = ZEAAIZ, G = AEAAE A2
ARIA, 4 = A ANAR o AT A
A HH e nlojrt,

I

. AARABYd= 514172 contouring),
FATAE ] (contour strip cropping), ElgkA
FH (terracing) o] X}
Syyete Ae 2 Fed, 24 T FE
et FAYHEE FIA AR (con—
touring), +< tFE A ez FLEHE

o
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Table 2 P factor according to slope and tillage pa-
ttern (NIDP”, 1998)

Slope Cropland
(%) practices P factor
(3 Terracing 0.12
Contouring 0.60
34 Terracing 0.10
Contouring 0.50
Terracing 0.12
9 ~13 -
Contouring 0.60
Terracing 0.14
13 ~ 17 -
Contouring 0.70
Terracing 0.16
17 ~ 21 -
Contouring 0.80
Terracin, 0.18
21 ¢ -
Contouring 0.90

¥ National Institute for Disaster Prevention

2 gakA 3 terracing) o £3tin & & ot
(o)1 5, 2003). o]#d 7)Fol wEt sBAE
=1

5731, o)9)e] Ao 59
A4 ool 1.09) #E A§
2 FEAA T4 (1998) oA
P#(Table 2)& o]&35

I. EX0IBEF

Udree] EAo]ge FEREAYEAE:
25,0008 o]&43std &(Water), AI7FA(Urban
area), AHH(Forest), #A(Grass), Y (Bare
ground), =(Paddy), ¥ (Upland) % 772 A
ERolth(Fig. 3). FEREAARAEE 4T
oA IRS-1C 9394, Landsat TM 4494,
ohjed A AA 1:25000 9AE 52 )43
237/ BFIEOCE FEF FJoE 5 muad AN
HYEE 7T ITHEER, 2002). Table 3¢l
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Table 3 Area of landuse of Saemangeum watershed

Landuse Paddy Upland Forest Grass

Bare ground

Urban area Water Total

- Area 1,088.1 4147 1,051.3 4038

(km®) (363%) | (139%) | (351%) | (14%)

402
(1.3%)

2392 1186 2,992.9
(8.0%) (40%) | (100%)

B Bare ground
Il Upland
W Built-up

Fig. 3 Landuse of Saemangeum watershed

A HE gl o] = 36.4%, A 35.0%,
13.9%, A7HA 8%, %A 1.4%, YA 1.3%2)
ZE B9k

Mo me

IR AKY Z3}

Table 4= AFANAE Cghg ARAAE A
HA 0T 7R As AuERY O 379y
(AFe8) Cae AEd 495 2oF1 Qo
ARk Cghe 0.28~0.359 EXE el
Rem, AAA0.35) 4 7P 2 #e B
o, 457 (0.28) 04 M & AoE Ve

3. iaR9e] QIS FH: 7%

GISSt HEESFFAZFA(USLE) S o] §3fe] A)
TRl B B FA5] A4,
USLEY] 7} Qlzk= GIS A4ZET73 ArcGIS
8.3% o]¢3kd 30 m x 30 m A7]9 Azd=
TAst] gAY GIS A8RE F=359t) Fig.
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1~Fig. 7& AVEFAL o 759
FALE B2 ok Fig. 4, 5
KA} LSARAEE BeiFET 9]

Table 5=

[e]
Afod

ArEE MY K LS C RIA
g Aeld d9E BojFa gl

K#& Avrd, D-01 f4o] 0.022
t/ha/RZ 7V A2 g Bod M-13 49

LS factor

T Jjo-05
Tlos-1.0
[TJ10-20
J20-50
50-100
& 10.0 - 15.0
I 15.0 - 25.0
> 25.0

Fig. 5 LS factor of Saemangeum watershed
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Table 4 Calculated C factor according to each administrative district in Saemangeum watershed

Coverage Crop C - _ Percentage of gultivation area (%)

factor | Jeonju | Gimje |Jeongeup| Wanju |Gunsan| lksan | Buan | Gochang
Barley 0.34 1935 | 3879 18.75 7271 7094 | 2995 | 4358 398
Potato 0.75 0.98 592 0.67 2.05 0.32 1.19 0.27 0.48
Soybean 0.19 1.99 1.28 312 331 1.54 2.13 2.60 2.37
Red Bean 0.19 2.99 1.93 469 498 0.40 0.41 0.25 0.27
Radish 0.59 431 515 354 5.27 3.72 310 790 12.56
Chinese Cabbage 0.59 6.12 345 3.30 8.54 2.83 458 391 11.87
Red Pepper 0.28 718 9.29 2899 | 1411 442 970 | 12.24 30.14
Garlic 018 | 127 1.83 191 494 2.05 2.70 2.87 117
Onion 0.18 0.20 0.15 0.23 2.32 057 0.50 2.69 0.34
Spring Onion 0.59 1.03 1.07 121 214 1.21 1.38 4.00 0.07
Ginseng 0.18 2.50 1.33 1.06 291 0.00 3.95 0.76 1.37
Maize 0.44 0.39 0.39 0.21 0.33 0.24 0.34 0.23 0.00
Sweat Potato 0.28 - 204 459 1.58 2.78 1.15 12.81 0.90 0.67
Sesami 0.28 2.38 311 6.65 3.35 2.28 4.23 490 7.78
Orchard 0.43 3071 | 10.10 8.64 9.59 0.89 8.24 2.96 5.08
Protective Cultivation 0.01 13.22 6.97 985 | 217 2.02 8.96 4.33 16.13
Sesami after Vegetable 0.19 0.26 0.35 0.63 0.37 0.25 047 0.54 0.86
Soybean after Vegetable 0.10 040 0.26 0.63 0.67 0.31 0.43 0.53 0.48
Soybean after Barley 0.18 0.41 0.26 0.64 0.68 0.32 0.44 054 0.49
Soybean after Garlic | 014 0.19 0.12 0.30 0.31 0.15 0.20 0.25 0.22
Sweat Potato & Barley 0.10 0.12 0.26 0.09 0.16 0.06 0.72 0.05 0.04
Sj;lggaﬁftg Red Pepper 014 | 102| 204| 09| 03| 33| 15| 229 | o2
Red Pepper & Garlic 0.14 0.80 1.03 3.22 157 0.49 1.08 1.36 3.35
Sweat Potato & Potato 0.51 0.15 0.33 0.11 0.20 0.08 091 0.06 0.05
Sum 100 100 100 100 100 100 100 100
Weighted average of C factor 0.33 0.35 0.29 028 | 033 0.31 033 | . 031

%%,

P factor

L:0.0

C factor

L:0.0

Fig. 6 C factor of Saemangeum watershed Fig. 7 P factor of Saemangeum watershed
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Table 5 K, LS, C, P factor with sub-watershed of Saemangeum watershed

watselrlghed K Ls v ¢ P Watselrlshed K Ls ¢ P
M-0L | 0028 | 1096 | 001 | 095 D-01 | 0022 | 697 | 003 | 086
M0z | 0029 | 685 | 003 | 085 p-02 | 009 | 202 | om | o5
M-03 | 0030 | 858 | 004 | 087 D-03 | 0029 | 398 | 009 | o066
M-04 | 0035 | 671 | 005 | 080 , | D04 | 0030 | 110 [ 015 [ ogr
M-05 | 0032 | 418 | 006 | 068 | OF | D05 | oom | omr | o013 | o038
M-06 | 0037 | 1009 | 002 | 094 D-06 | 0035 | 203 | om | osl

S| m-07 | 003t | 829 | 003 | os8 D-07 | 0052 | 022 | o013 | o3l

MG M08 | oo | 418 | oo | om D-08 | 004t | 040 | om1 | oz
M-09 | 0031 | 323 | 008 | 076 | Submean | 0034 | 228 | o1l | o5

M-10 | 0032 | 116 | 011 | 050
M-11 | 0038 | 064 | 015 | 044 5 | ot | oos | 883 | oo | 0w
M1z | o0 | 05 | 013 | o4z | > [Tso2 | ooss | 200 | 010 | o
M-13 | 0056 | 052 | 015 | 050 | Submean | 0041 | 369 | 008 | 056

M-14 | 0047 | 044 | 011 | 030
Submean | 0036 | 38 | 009 | 063 Mean | 0036 | 323 | 009 [ o058

¥ M.G.: Mangyeong river watershed
¥ Dongjin river watershed

& #H# 0056 t/ha/R, D-07 #9L 0.052
t/ha/RE E4E EFFAL 840l Auze
2 A Yt FF o) A dsiMe d%
ZAE B8 EPNEA 5 o83 B Qld
35 FAse] EYY GFE ool & Flow
Bt

LSeIae] ¢ M-01% M—-06 49 B¢ LS
ol 24z 11.0% 1012 7P 2 3he o) A
Aoz thE o] njg) NP EAo| m2 B
F49 98] w2 Aoz EMHLh

4 EQFRAlat X
TEE GIS Azet HEESFAFA (USLE) &
ol g3te] MgtEfreola WA EFRASES

Fegie A A8 F Az
qe 2852 Aoz ARG 23

108

“ SH.: Sechaean watershed

+ Fig. 8% Zt}. Table 694 B uvig} 7o) &
Aolgd G HAG AYF EFFAFL = 0.8
t/ha, ¥ 33.7 t/ha, A8 1.1 t/ha, 24 3.7 t/ha,
U] 299.0 t/ha, AI7HA 1.4 t/hald iw%u}
AA2(1995) =ollAde ERFAES 05~5.0
t/ha, 22 3.0~10.0 t/ha, *&%01]*1{— 0.1~2.0
t/ha®] WHZE AHEe uh olck 2o A9 Gw
A BEgFAFo] A7 AHE AL g2 A
Hjg) HwA AA} 58 el o] st 9
7] WS AtEHTh

Table 7% OECD FH#AAHAA AAI
b &3t 579 THE VTR ATk
U 57429 EGRA Aiel wE 2 913
A4S Uepdth B423% = 1068.3 km’,
198.9 km® 5 AA 744 % 84.3%7F E¥A
9 g@Ao] AL Ao JEehd whd A &
A F 6.0%7F ESFHAEY AESL uijg d7sted
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v
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LERRDEREEE
7t sgold BHGABI B
A

oled - 297 - ME - Yow
o] el 2o AL, B4 B5 &
29 AEAAA 4T 53 2E FAS 22
Pub ohje Hzd uEodde] HER o)2d
JFe HasT & Y= A¥50] Aosty
Soil Loss J—&H‘%E}'

M-07, M-08fre2 e 29d3% 15 T/ha

7t e EQO] f450, o BE 289

o

A A F8 Ade] Bxale wi) U9 Wy
o] W) mWEQl HoE yeth f4Y EUL

= ARAAE neel AR
FHAFE AT CISS Y FER
S(USLE) & AHB3lo] frelites) Eaass
Jaigion, A7A%E ok the .
1) USLEY] AREHE QAHEE 1:25000 %3
o) SN FAAES $EVETR) FUE
FE, BARY FRREANRAE Fo ARE
CISE 43t FEA,

2) USLE 94 3 WE) CRre RAE ¥
8 SRS o|83o] BT A5 A
e A7E AFAAE e olgstel A

i

2

U FgFAH (AP e AEEh
o9 urEokol Czhe 0.28~0.359 EXE
Z yehliglod, ZAAA(0.35) 14 7Hg Egton

Table 6 Annual average soil loss per unit area according to landuse (t/ha)

Landuse Paddy Upland Forest Grass Bare ground Urban area
Soil loss 0.8 337 11 37 299.0 14
Table 7 Distribution of arable land area with OECD soil erosion grade
OECD sall 2 Tolerable Low Moderate High Severe
erosion grade
Annual average _ _ _ .
il loss (t/ha) 0~6 6~11 11~22 22~33 > 33
) p 1068.3 95 5.7 2.3 2.3
Paddy field (k") (71.1%) (06%) (04%) (02%) (02%)
Unland (k) 198.9 443 547 29.6 871
pand X (13.2%) (2.9%) (3.6%) (2.0%) (5.8%)

* Agri-Environmental Indicators (OECD, 2001)
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Table 8 Area and annual average soil loss with sub-watershed of Saemangeum watershed

Sub Area Soail loss Sub Area Soil loss

watershed (kmd) | (10°t) (t/ha) watershed (km®) (10° 1) (t/ha)
M-01 1059 140.6 13.28 D-01 1017 90.2 887
M-02 686 |- 729 10.62 D-02 1174 1216 10.35
M-03 1105 2149 19.44 D-03 2159 2235 10.35
M-04 1579 4053 2567 DY D-04 136.7 124.8 9.13
M-05 734 876 11.94 o D-05 116.3 994 855
M-06 60.2 7.2 12.49 D-06 2650 159.0 6.00

MG M-07 60.1 1029 17.13 D-07 | 1089 22.0 202

e M-08 90.8 164.3 18.10 D-08 99.7 276 2.76
M-09 76.2 92.0 12.06 Sub-total 1,161.6 868.0 747
M-10 777 458 5.90 .
M-11 198.0 1515 7.65 o S-01 571 619 10.84
M-12 326.3 1438 441 SH S-02 1748 1264 723
M-13 924 95.8 6.04 Sub-total 2319 188.3 8.12
M-14 1014 432 427

Sub-total 1,599.4 17959 11.23 Total 1 29929 I 2852.2 9.53

% M.G.: Mangyeong river watershed ? SH.: Seohaean watershed
EEE Dongjin river watershed
HF(0.28) M 7HE @2 A og vkt e

3) ATEFGelM Bk d%d BT
< 2,852 HtE FAHEHSGICL EXo]&d WHA
3 d%F ESFAHE = 08 tha, T 337
t/ha, AH2 1.1 t/ha, A 3.7 t/ha, YA 299.0
t/ha, N7H 1.4 t/hag E4¥o] &3 UYrzi
B9 Eokfao] & gk RUTh

4) OECDelA AAg 7l&g vl
o U A BEFEA 48e —E—ﬁ'& éﬂr

o]
}.

Fo & Ho

A $AA 2 84.3%7F B 984
Ao Verd whd, A4 574
e A7t uie AAe Zios

BEHYE £

)
Q
HT
o2

5) FALGA £ FRASS
A EE M-03, M-04, M-07, M-08%%9°=%
HE d9ddYy 15 t/ha7t @& Bkl fA4EH,

ol e 2900l Hal A 3
s 23 el @Rl W] Hee

lo 4
o

T e
Ruiy ]
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