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A Study to Develop Monthly Cover Management Factor Database for Monthly Soil Loss Estimation
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Abstract

Soil loss is an accompanying phenomenon of hydrologic cycle in watersheds. Both rainfall drops and runoff lead to soil particle detachment, the detached
soil particles are transported into streams by runoff. Here, a sediment-laden water problem can be issued if soil particles are severely detached and
transported into stream in the watershed. There is a need to estimate or simulate soil erosion in watersheds so that an adequate plan to manage soil erosion
can be established. Universal Soil Loss Equation (USLE), therefore, was developed and modified by many researchers for their watersheds, moreover the
simple model, USLE, has been employed in many hydrologic models for soil erosion simulations. While the USLE has been applied even in
South-Korea, the model is often regarded as being limited in applications for the watersheds in South-Korea since monthly conditions against soil erosion
on soil surface are not capable to represent. Thus, the monthly USLE factors against soil erosion, soil erodibility and crop management factors, were
established for four major watersheds, which are Daecheong-dam, Soyang-dam, Juam-dam, and Imha-dam watersheds. The monthly factors were
established by recent fifteen years from 2000 to 2015. Five crops were selected for the monthly crop management factor establishments. Soil loss
estimations with the modified factors were compared to conventional approach that is average annual estimations. The differences ranged from 9.3 %
(Juam-dam watershed) to 28.1 % (Daecheong-dam watershed), since the conventional approaches were not capable of seasonally and regionally different

conditions.
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E 13, o] 23t wAIE sl dsh] Hsf B FAIA ]SS
Aozt

S B BAR ofF o] A9 SRS o5k B
AREALE S8 | HsfiAl= T A1)l EdfAlof et A
2% A7 Pasity Bl et W wefsl]
HEHHE 9 ‘H EXI &8} vl w0 Q= A= 52
121413% = #6” R7P °‘D} SPXIUP o f BE=
Efrad ol izt 471 2y E1 B sk ole W AIRE
¥} QI o] A2 shy| o] EGRAR AP R A AT 5
A& Antehe 2Ee E8sh= 04%% =W Q] B A2k
S oJaf May=|ar gt} (Choi et al., 2009).
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Aol ofal dEe] ek 15 7P Hol S8 Qe 2
Q1 HE-ERR-AAPYE-4] (Universal Soil Loss Equation,
USLE)S 7901, =F 1401, 1A, 3w 5l
AL, BATERIAE o]-85to] AR+ EGAETES A

t} (Wischmeier and Smith, 1978). H-8E R GAlZFAL A
= Q] B2 7ol A BT AMIsH ] fIs AR
%] a7 91t} (Chandramohan et al., 2015; Devatha et al., 2015;
Kim et al., 2007; Lee et al., 2014). =U]&] < S H oA
APk 0] 24 W 2A)0] e A 0 EE A

2 2AP] 915 B EPR AT I TAS 0185131 9]

(s

(Ministry of Environment, 2012).
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Fig. 1 Location of Research field
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Table 1 Landuses (%) in study sites

Landuse Site 1 Site 2 Site 3 Site 4
Agriculture 19.6 52 19.0 8.0
Forest 721 919 7.8 83.8
Pasture 17 0.5 2.1 3.4
Urban 3.0 0.7 29 22
Water 3.6 17 43 2.6

FAQ] FAER YRS 4otk AT {92 A
S0} 1B Gojo g A Ele] 9lon, G HAL 2631
km’ 2.2, AF]0] 91.9 %, HAHA]7}5.2 %S XS}l Qlrk
Site 3-2 HePd e A F=obHo| 225 thEA e ot
Holl o5l YAH F-H o2 BT} =Alof YAt 1o,

A AW AL 1,027 km* 0.2, Aol 71.8 %, A A7}
19.0%E X A5kaL 9t} Site 4= AAFE T o Y25+ Q=
YL 2 02 5] A A 2ol 1A Zo] o,
A7 9] AL 1,965 km’ 2.2, Ao 83.8 %, AR 7}
8.0 %= A}A|5)aL 9t

7} Site ] AHBAIS AL Wefslo] A H]HeAE A
912 AV 7 012 2F ol Sshs Hgho 2 sfo] Ut
REEE LTS

0123t USLE S| XIET|=olxt]

2. SWAT 23S

HSEGRATAS 717 5oL BT PGS
APHEH 4 Qe B H mgo]u, EekfA o252 Slstl

32221 521A} (Rainfall erosivity factor), EFRA]AIQIZ}
(Soil erodibility factor), AP ZAAE 21} (Slope and slope
steepness factor), X|3EI]E21Z} (Crop and cover management
factor), 732 212} (Conservation practice factor)2] 571
QIAFE F @ 2 3t} (Wischmeier and Smith, 1978) (4] (1)).
o] FoH AT HRIAE AR oA 2] Zge] B} A
ol alakt -8 A Tl Ay TEs}] Sft QAo

A=RxKXxLSxCxP (1)
01714, Atz wH9] Aol A A o] S Ehs Eakgal
7H5A4) 24 2] (ton/halyr)o]n, R-& 7392 A5l 20| H

(MJ-mm/ha-yr-hr), K= EYZ4 A 1A} (Mg hr/MJ -mm),
LS AR AARERIAH (k) (L=314] 4 Avie] Zo],
S=714] ZAbe] A, C A% 1% (3243 o)
77k Frot ool ukE AAE IRy, FAL), P AA
WI1A (A0, 293 A 1Ak Tl A ofollxf o] 7t

9 e2o] Sk EOFHIA TR M) Sl
EFYA QA EoR] T4 R St o] Eofo]

Qup}
Aol Fke ol thgt HEE EHA7] 912 Axpoleh. 7
AP AR Akt BAL] ol 2 AFH 2712
HRYst] 913t Qlatolm, AR ] W St
e 5AA 2 A WA T EFYATRSH] HES

l:'l

Ast7] 9lat elxfolek
B A7o)A] 2| Helate] Uee] 72 SlafAl Soi
Water Assessment Tool (SWAT) &S A8-5}%t} (Arnold
et al., 1994). SWAT R3-L 0]a 54 0] kood L (USDA
Agrlcultural Research Service, ARS)oA] 7= 89 12g
o ool A A7) 7tol| A Thefsl 279 Bkl EX|o]
¢ 9 el el B Eot 4 2 it 49
52 341517) Slal e maolth. ek ek A,
71, 55, 2T L2 AAE A= A A FALR Y,
EXOl§, Eobue} 28 G714 AR Baw s A2
A B4E 188 4= 9l BEo|th SWAT Hg2 {90
A PR 8 W 0919 AT B S e ol Aol
o7 B35} 5, o] 5 thA| £2528h] Hh3the] (Hydrological
Response Unit, HRU) 2 £&31t}, 5% ZHHHE] = 2o o
o A ) elake] H 27k} A o) M| AHREL 0 §5
of Al R AeIC) o] AT Rel) 2 AT
P tllojef o] 2o 27 grolw, A %3 (A #=HH 10
mm 200]) o141 0] - f-Ersdun & 2HEO] AR THE A2
& (biomass) 2} X -0 A 0] 7|45 Shgol] ol A7o]
oH4] (). 2] ARl uhe BT} 2| EE0) 4] §7]
B HFE A 25 S5 T 22 7 AbRe] of8) At
9152 Sl 34 71 23] S ol geale] 45
ol He] e B A3 elajo] JaRS Z). thA]
SWAT 252 71 Apho] e} Aleksle Wt 452
selape] o] 7Rsahck:
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Cusie = exp([ln(O.S) - ln(CUSLE,mn)] X exp[—0.00l 15

X rSdsurf] + ln(CUSLE,mn)) (2)

1714, Cusm SWAT 23] dlo]ejuo] 0] 473:2)
gro @ A F)Bele] Hagholo, sdurs A EZolAe]
T2 (ke/ha) o] o

Park et al. (2010)-> SWAT 2& o] dot$] x| Fu]E21%}
£ FUSEE £2TTS 2R om, 109 2120 B
L0 109 9] 2| H3) B QLS A Aok Ik, Tejut 7
At el gt M2 AL gute] mejEgly] uo
ThE Aol disiAl K go] BrhssIek Tl e,
ufebA], 2 Aol A Park etal. (2010)] it S
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©F SWAT 20| Aets) A £3]BelxfE Feists
SRS pslom, 5 A A S v
Aot7] siAl, w7, B, G e frdel tiek e
A A& AFte] o] & ol westeiet.

12
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3. YRz P&
7t SWAT 29| QlaXz 15

TAFARY-L TP LA AlFTh= 1:5,0009] 4=
A2\ w5 ARES10] 2} Site d 30 m Ake] B 1S 753}
ol EYEl 205X =9ulsly]|L oA Al gsk=
1:50,0002] 7|2FESF =& o] 83519l o, EX|o| & == 314
R B A A H| 20 A A F R 2005 TR E A5
1= (1:25,000) 5 ARE-SHATE ERL 7)1 2= 717 ol A]
ABBRE AT, B, QA A, 712 ARE 2000
WRE 2014 A7HA] 152 E AR5 o174, Site 1
HOX|A, AR, =YX A, AR A, Fo|x|A, A
;(]7(4 z]-/\z]le X%-,—Z]ﬂ E'7:17\]X4 5%97]1 Z]@A 7]/bl—x].
BE ARSI o, Site 2 = E71EA]H, 2HA A,
A, 7 A, A, AAE, A1 5 F 70 A1
o) 714 A1 7S AL Site 3 WEAY, P
FAA, GUAE 5 F47H0) A0 AR S ARSI
™, Site 4 = A, SEAIH, AAH, A, 234
A, AAA, AR 5 F TN A 7VIA=RE AR
3} Th (Table 2).

FAIH, &

Table 2 Description of input data source

Lt X|BOISQIX MEE 2Iet 2= THHiAIZ] Ee

A F 0] E QIR = SWAT R of| A 2Hz-9] A d1efsto]
O] & IR} 4P ol HEgs}7| wiizoll =2 ukg 9 =2HA7]
of| thgk dlo|E)7} H a5t} o] & fla Aebd e AsAEF
32| QA E (http://jnfarm.jeonnam.go.kr/)ol| A A 55}= vl
55, BubE, A}, aiAtal, o] ukg W 4=2hA] 7] of| thgk Ap =
S ARESEATE = vl 8 25 Y of| uhEste] 109 15
off 2otz A o2 Aofsiglom, EntE= vl 59 15
of| Bgsto] 7Y 25U ek A0 R ARSI ARk
8 15 0] mgsto] 109 25 Yol 8otz Ao & Ay
SFRAL A= 5 5o ahgste] 105U =85}=
© 2 APYsioict gk -2 59 5Yof| #Esto] 109 5
o ‘1—@'5}L Ao g2 Aoyt Hepd=o] A=A 0l Al7]
é}i ol—§_|<_>|_ oﬂu]— 1‘1—9—6‘ ol OU:] /\o]:i_ﬁ_
o] AsA] FUHER| = o] Fo] A=
oz 9l oH S A2 3 0 58713 o

>i
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l' O_u ) 1:10
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12 rlo

A £ |
Jlm
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o

i

yolich APHE £k T ol Al w0l 55

25910} 55:510] 8 5°‘°ﬂ el Ao R Avgsgon,
EnbEL v 59 25900 5hEstel 89 590] 2t 2
0. 4Pgslaick 1AH=8 25 ol mgate] 1195800 4
Bahie 202 Holahglom, Bk 59 1520w ste]
109 15900] =2k 32 59 15800 mhgted 109 15%0e] 4
glel= A o &2 APASHIT) (Table 3).

o
?

Data Description

Source

Digital elevation model Scale 1:5,000

National Geographic Information Institute,
Ministry of Land, Infrastructure and Transport

Landuse Scale 1:25,000

Environmental Geographic Information Service,
Ministry of Environment

Soil map Scale 1:50,000

National Institute of Agricultural Sciences,
Rural Development Administration

Weather data

Daily precipitation, wind speed, solar radiation,
humidity, and temperatures
Period: 2000, 1. 1. ~ 2014, 12. 31.

Korea Meteorological Administration

Table 3 Cultivation schedule for five crops in the study watersheds

Crop Daecheong—dam, Juam—dam, and Imha—dam watersheds Soyang—dam watershed
Cabbage Aug. 25 ~ Oct. 15 May 25 ~ Aug. 5
Tomato May 15 ~ Jul, 25 May 25 ~ Aug. 5
Potato Aug. 15 ~ Oct, 25 Aug. 25 ~ Nov. 5

Sweet potato May 5 ~ Oct, 5 May 15 ~ Oct, 15
Soybean May 5 ~ Oct, 5 May 15 ~ Oct, 15
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1. Site 19| X|BI|=EIXIe| 1=

Site 12] -5/} 2F2 A A1 71 & dLefsto] 2 A
FYERIAE APY ST vl 5=9] X321 EQlA = uhEo|
o|Fo| 2= Al 0.786500| 4] A-Eo] 4=21E]= A 0.6309
B 2} sl A Bl A= A1 et 2l
0.6219°]| 4 Z|t} 0.7865 (H+ 0.7284)2] M2 | Fu] k.
QIA} Zho] A = Qiek. EnpE o] 2| 32w E Q1A= ukg AR
0.79140] A 4=8FA]7] 0.5905 2 7HAdH= A Bolom,
ZE0] A7 7F = F 4 0.57380]14] 0.7914 (Ht 0.6832)
o] "= yebgtth atub= ahEAI 0.7105 0014 424
7] 0.4633 0.2 VeSO W, X4 0.34900] 4 ] 0.7105 (3
+0.5680) ] W= UFEFTh 32 ThEE= A5 0.5809¢9]
Al 2FEo] $8tE= Al 023628 sl Ao HAlo
o, ZE0] A7 |7 59k 242 0.21530f| 4] 2| 0.71052] gk
I} G4t 0.56802 H G}, T12 3L, A= 2go] Bl Al ol
A 4=8to] Bl A -7 0794304 0.7396 0.2 FFAsk=
Akt 3|, 24 0.67652) ZtH 0.7943 (B 0.7360)2] H
1= ekttt (Fig. 2).

AR 2| FI|ERIAE APYEE 5749] AE B akEo)
Bz Aol A =gto] H= ARZIA] At HEFE B
o}, A A ] EQ1IAF0) kS vl sl K, w57t 7}
ZZ ARTERIAE Kyl o, Fo] 7P 22 ghS B ik
whepA 2 At A e} o] B8 E R g A2 o]
sto] EOFR A S AP otalat & -1, w73 Aol Tt T
O] R 31| EIAF} of e}, 7S T A= AufA
nefsto] AP E AR ERIAE A8stojoF & Ao

of 7t

N

2. Site 22| X|EI|EQIXIQ| 1=

Site 2= Site 1 7} S} vl © 2 2MEH 2| U] E QxS
AAEFATY. Site 2] HjS= T}E0] 0] Eo] 2| A]H .7852

09

Cabbage

----- Tomato

0.5 ~ -

- = =Sweet Potato
04 S

USLE C Factor

03 Bean

0.2
— -+ =Potato

01

0 50 100 150 200 250 300 350
Date

Fig. 2 Daily change of USLE C Factor in Site 1

of| A AEo] 8tEl= AR 0.5240 0= A} ZHAeh= 7k
= Helon, 220 AAo] o] FofX|= 53t 242 0.51299]
A 2T} 0.7852 (H 0.6815)2] 2| Fu]E-lx} ZHS BTk
EnlE 9] A9, 3F0] o] FolX|= Al 0.768601 4 Z=0]
o= A1 02703 0= sl AokE Bolom, s
717k EoF A 0.2471914] 0.7686 (Bt 0.5119)2] grS L}
ERRiT) altup= akgo] o] o= AlF] 0.60169 4] A=
o] 8= AlRlofl A= 0.1428 = et om, 2= A%
o] o]0 2= 717k FF 2|42 0.0965 9] A X[t 0.6021 (F++
0.3716)9] gk= E Atk 32 HEE= AIF 0.635304 A=
o] £ = Al 0.2275 = sk AHeRe Holow, A=
O] A7 7E 59t 2|4 0.22750]1 4] 2T} 0.6490 (H+0.3993)
= Btk A= 5go] Hi= Al oA =gho] El= A7
2] 0.788901| 4] 0.6232 2 k4= A3k} &7, 24 0.6076
3} 2]t 0.7889 (Bt 0.7086) 2] 7k = ATk (Fig. 3).

3. Site 32| X|®I|=QIXtO| FF

Site 3 212 Hlj 5 2| F 3| H A= TlF0] o] Roj A= A
7 0.76240 4 ZHEo] Skl A7 0.3709% A} 7h43)
= BFE Balrk 2hE0) o] ofFolAl= F9t £4:0.3932
ol Zth 0.7624 (F+t 0.6263)2] A FHu] =12} Fhe HY
t. EURES] 79, upo] o] ol 2= A1 0.7693 90| M 2=
o] BFE|= A1A 0.2321 2 7hAshs Aere Holon, 2=

0.9

Cabage

444444444 Tomato

= = =Sweet Potato

USLE C Factor

Bean

— — Potato

Date

Fig. 3 Daily Change of USLE C Factor in Site 2

09
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s Tomato
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Fig. 4 Daily change of USLE C Factor in Site 3
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figt

RIZL=IR{o| A ot i

o] 87|17k EoF 4 02076014 0.7693 (H+ 0.4726)2]
e UERlth, a1tk mjgo] o] RofR]= AlllA 0.6314
W Ahzo] b= Ao A= 0.1735 = YEbg e w, A
S717F B9 X4 0.08959) 4] F T 0.6135 (B 0.3556)2]
%*Hi LRt 32 9kEo] o] Fol A= Al 0.6491 94
ZH2o] £=31E]= A1 026128 ZHASH=s A3 Helom,
AJL717E EQt Z 4 0.22910]14] | TH 0.6493 (H+ 0.3586)
Rk 2123, b= akgo] B Al oA egto] B
ANZA7IA] 0.774400 4 0.5027 2 7hadl= At 3H), 24
0.45681} Z]tH 0.7744 (B4 0.6296) 2] ZHS H GITh (Fig. 4).
4, Site 49| X|EIL|EQIXto| 1=

Site 1 ~ 37} U3t =Y © F Site 42] 2 X Fu] 0]
A= APt v S= 1 AR 0.7475 914 Ao 422t
El= A1 0.4320 2 3} Aasielon, 577k 5ot 24
0.486601| 4] X[t} 0.7475 (84t 0.6551) 2] A 1| HR0A} 712

Cabage

---------- Tomato

- = = Sweet Potato

USLE C Factor

Bean

— — Potato

Date

Fig. 5 Daily change of USLE C factor in Site 4

Table 4 Comparison of soil loss estimations

k. Bl glgo] o] Rojal A 0.7651 04 ZH&
o] £=3E]= A A= 033022 adsh= AR HYlon,
A8-717H59F 242 0.30690114 0.7651 (H+t0.5390) 2] %;E—
et Jltks o] o] Fofx]= Al 0. 493001]*1 2
0] = AloIM = 0.1545 2 YER o, 577t
9 F 42 0.1296901 4] [t} 0.5322 (H+t 0. 3852).4 7“’
T T2 TE AIF 0.4823 0|4 AhEo] BE= Al ol=
0.22592 fradhe A= Ao, 2ao A5717 5<t
%4~ 0.21050]| 4 Zoff 0.5110 (H+t 0.3514)5 Bk A}
= 3ol H= AlRellA =gte] E= AF7EA] 0.77900114
0.5945 2 ZFA5k= 738} $hA|, 24 0.57892} o) 0.7790
(Bt 0.6790)9] ghe H ATt (Fig. 5).

Aol A= L9
11345011}7} X*ﬂ‘”ﬂ EHTOH, 2 o digk 12749
EFFA7Fs 35217t S0l H 9l
Table 42} Z+o]| Site 19] AL ‘FEE 9]
et AP 9] Hiof ofgt AB At EFH
33.36 Mg/ha/yr= o|ZEQl o, 2 Ao A = o
B s A5 X = 2HE 2] Aol atet stk = A

ZIA

j=
Al7
T/

Site 1 Site 2 Site 3 Site 4

Annual average Monthly Annual average Monthly Annual average Monthly Annual average Monthly
Jan 3.61 2,05 3,53 2.40
Feb 3.62 2,07 3.64 2.40
Mar 3.67 2,09 3.7 2.42
Apr 3.72 2.1 3.78 2.47
May 3.75 212 3.78 2.50
Jun 3.67 2.09 3.64 2.48
U 33.36 353 21.94 .98 34,85 337 26.27 240
Aug 3.44 1.94 3.29 2.36
Sep 3.37 1.94 3.22 2.32
Oct 3.37 1.94 3.1 2.28
Nov 3.47 1.97 3.24 2.32
Dec 3.53 2,00 3.37 2.35
Total 33.36 4275 21.94 2430 34,85 41,68 26.27 28.70
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SR4 - HUE - I - UBY - - - MRS 35 - uey
< HGlom $:8A]71R1 993t 10 Yo XA EFRA7Ad Helom, Agof weba 12]al FUs 2HE U A 2He /-9
FRR) 7} S = SlTk E 2 Aol A A|AgE g ARE-st of whzba] thas o7} Qlis 02 YERyTh 3L ARYE
o] EYFA7FsA FHAE AP At 7|& ol 23] AR ERIZLE o]-goto] EFFA7FsAFRAE ALlst
AEH ABA EFHA7FSA FAX Ek oF 1.28u) =7 o] o] 5 ‘RE O] 2] Hg}F 2Afol TIE LA of] OJF B
AP E|Qict Site 20] Ao EFFATFSAIFAA=21.94 A7Fs/d 7 x| vt At 7]E AP A] Kk thas 2
Mg/ha/yr 2 o 2] 9] o0, Site 137} ZFo] 2] A4 ulat A0 eyt ey, £ 2] BE f-2uete] o 54
WA= S Holon, $3A 711 8 UK E 10 Ato]o of HFE=7 Jéol gk E12] oFot7] wiEe] o= 37
2| A o] EFRATFSAFA A7 ASE T B EFRA A7} AA = *e‘ Zoll 7W7he-A @b = =k w
7Fs/d FRAE AT At 7] o] ofsf of| S A% 2hA] Aegt EFAIRFAPS el A= - B0t oty
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