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Evaluation of Rainfall Erosivity in Korea using
Different Kinetic Energy Equations

Joon-Hak Lee*, Ju-Young Shin, and Jun-Haeng Heo

Department of Civil and Environmental Engineering, Yonsei University, 134 Shinchon-Dong, Seoul, 120-749, Korea

A particular empirical equation for rainfall kinetic energy is needed to compute rainfall erosivity, calculated by
the annual sum of the product of total rainfall energy and maximum 30-min rainfall intensity. If rainfall kinetic
energy equation was different, rainfall erosivity will be produced differently. However, the previous studies in
Korea had little concem about rainfall kinetic energy equation and it was not clear which rainfall kinetic
energy is suitable for Korea. The purpose of this study is to analyze and evaluate the difference of the rainfall
erosivity based on different rainfall kinetic energy equations obtained from previous studies. This study
introduced new rainfall erosivity factors based on rainfall kinetic energy equation of Noe and Kwon (1984)
that is only regression model developed in Korea. Data of annual rainfall erosivity for 21 weather stations in
1980~1999 were used in this study. The result showed that rainfall erosivity factors by the previous equations
had been about 10~20% overestimated than rainfall erosivity by Noe and Kwon (1984)’s equation in Korea.
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A1 FZA] (Revised Universal Soil Loss Equation, RUSLE)
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F= ZEHZARIA} (cover—management factor; C factor),
EFRANA B MA 2P QIR (support practice
factor; P factor)Q] 67}4] QIR}= FAJEIT) o] SofA] 7}
L2 A1912} (rainfall erosivity; R factor)= USLE H=
RUSLE®)] 67}4] Q17 Zol4 51 714 B4 whegal
1 Q= 71Z 1A} (climate factor)©]th (Renard et al, 1997;
Wischmeier and Smith, 1978), 7+$-2A12121= nv|7} Ug]
= AHEE FadE f7bA 9 Ae-eldA] (B)9 3t s
717t2} 3042 Htf e (120 9] Fo 2 A oJen), 7
YA (B)= 2% A&717F 2] 29 250U A (rainfall
kinetic energy; €)@} 71 797 % (rainfall intensity)o]| 3l
5= 719 (rainfall amount)?] FO2 AolE=d| 7}
2 2BoIUA (9 BEol VAL olglol AN}=S
Z]o] @It} (Wischmeier and Smith, 1978).

USLEZ} #2%]0] Q)& u] HFE (U.S, Department of
Agriculture, USDA)2] %¢3ll=X- No, 537 (Wischmeier and
Smith, 1978)¥} RUSLEZ} £-2E|o] = =¢Al=E No,
732 (Renard et al,, 1997)°| A= 242} ZH-9-3 A1 Q1IAF ALk
SJet ABH e LFoIAI4S AEk 9ick, USLE
= "= 94" D.C o TLAMF e R R E ¥ Laws and
Parsons (1943)2] ALZAT}o|| 7]%38F Wischmeier and Smith
(1978)9] Al AHgistaL glom, RUSLES|A= Bl HIAJA]
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1|5 Holly Springsof|A4] 3-I=% Brown and Foster (1987)2]
73 EEOUAAE ekl Qloh E3F RUSLES] 171
glo]= #A ¢l RUSLE2 (Foster et al,, 2003)°|Al= n|=-
A S Bl 9JX|]E Goodwin Creek {1+ QltoflA]
% McGregor et al, (1995)9] 73~ Folv=x]4S A
eislar Qit), o]e} Zro] USLEQ} RUSLE, RUSLE29)|A ZF
ZF FH8hL Q= A EolUR A BE vl A
D,Ce} H|AAY A 5 u]=o] EHA Y TAMS BT
2 =2% Zlo|t}, ik USLE, RUSLE, RUSLE20||A] AR
P s 7 Eolv A4S Ao Adtglo] 1z &
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ofu] = &of|A 2742} (Onega et al., 1988), &5
(Jayawardena and Rezaur, 2000), 35 (Rosewell, 1986), |
EF2]o} Toscana (Zanchi and Torri, 1980), 3E2E2ZF (Coutinho
and Thomas, 1095) %5 A4 250 Bhe ApAS0] g
Ao 7;g- Bl B &5l vAAE 22 Aljket vt
AUtk oA A o] mEt AAR Aol mE 5o
A gke] zpo|7h ARtk 21 ofnfgit), S-euetollA
+ Noe and Kwon (1984)°] B]m 2] g2 7|7to] 2|9t 37t
AE AT =4 270 A5 ASThe YUt A5
e PR A EolUA] As AjEEE vt Qley T1F
oF de] AHAA| el #E Lee and Chung (2009)
AR 427l TeAMEE o= FefolA fE 10
7] 7S EEelUAAe wE 5ol Aet EAMET
o} Abde BARE Ayt f-2uetoll A 7 Noe and
Kwon (1984)9] A o2 Akt 79 &FolUA] gho] EAF
FEE 7P Aol =t A ATE Sl
A -eubete] ZFe-AQIANE Jung et al, (1983)3}
Park et al. (2000)©] Wischmeier and Smith (1978)2] 7}-¢
EoUA A o2 AR gho] de] dEA Jlen, o9
A= A w2 oMM AlSshe A= o9l
EFRAAEY Egto® S-gEal Qlrt, o] FollA Park
et al, (2000)0] ARt 793 A A= A7 =71 =A4] =
A& 2] AeARE o83t Zlo] oyl ARk
RS o8ste] AR ghoeeA, He
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U 7]129] ) A8t USLES} RUSLES] 74 25
Yz|&lo] thgolle B Fatar, A-FA7E of| 719 Foly
A Al Agste] ZeRARIARE ALtst=Alell Asl
o], ALk gt AAel ouE Foigitt, AR f-2ukek
of| 4] 7§ Noe and Kwon (1984)2] 73-9- 5ol x| 4]&
AdH oz ZRe-RARIAL Aol Agstef= ATt o]F
o] okom, ot et At E v e R tof
gt 7S sl R Ao w2 7R AQIA} ghe] ZpolE A
FH o2 BAT = ARE gl

Aol HA-2 Jung et al. (1983)2] 7741 1A}
|AbE]A] Rkl 19801 KLE] 19991 7FA] 2]
Q1A= Noe and Kwon (1984) 2] 719 2= x]4]
tol MEA Aliksta, 712 Axbdol o2 AH
1 2] Q1IA} Zhkel ztolE AuA o FAshy] 9Igh
Aol M= A olA TE¢E AREE o] 3714
o242} Noe and Kwon (1984)9] 7}~ 5ol %]
sho] 71747 Abst 217 A1 9], 20:7ke) x]344E A
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USLES] 22 2S0L{XIAl USLEZE S8 s5lo] 9l 1
T (US, Department of Agriculture, USDA)2] Agriculture
Handbook No, 537 (Wischmeier and Smith, 1978)¢f A+
ofellel 29 LBoIUAAE Aelakr e,

e = 916+33llogl, I<{(=3inh" )
e = 1074, I >3inh™ ©)
71A, e 79-0] FolUIA] (100 ft tonf ' acre ' in ),
= 7= (in h')E 2ugh}, 97%7}F 3in h' (7.6
cm h NS 273 AL 79 XU 1074 (100 ft
tonf ' acre in )E LR Ho Q] o]AL 7S

=7t 3 in h'E 23 9ol 4L 25oluA7t o o
&SP S oulshs Aol 4 (D (2)= viE
(metric unit) §9] T4H 55 ofel 419] Fe) Lrehd
)t} (Wischmeier and Smith, 1978).
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e = 289, I »76cmh” (4)
o]7|14], e 7}9-9] 9= 0| 4A| (Metric tonf m " ha '
em’), [ ST (em h )5 oulgtth 7o 397wr)
7.6 cm h'E 213 AL 7FSo x| 289 (Metric tonf
m' ha' em )& AL3H} Jung et al. (1983)F} Park et al,
(2000)= A (3)2F (WE ol&sto] Seuizte] Z-3Alel
A= ALksteet,
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RUSLES| &2 2F0LHX|A] RUSLEZ} 5-5%o] ¢l
L USDA Handbook No, 732 (Renard et al,, 1997)of|A=
T 7HA] A9 EeldA] Ale sk ok A WA=
USLES] %9 S%oUAI4] ()9} (2)2 SIF9I2 v Slo]
™, & WA= Brown and Foster (1987)7} t]= w]A|A|T]F
Holly Springs2] HIHN Q]7AEIL (drop size distribution)
2EE AJEA AQleE Ao 24 29| = ofefje} Zt,

e = 0,29[1-0,72exp(—0,05D)] 5)
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71, e 749 2FolUA] (MJ ha ' mm’), /
7= (mm h)E <Juldhch o] AojlA ko] Agh
= 79 EElUAY AT (e & UIRHE, O]
USLE®] 75~ &-FolvAARe B2 Ams A6t
=013l A o2 RUSLEA= o] 4]9] AM-S S35 3l
O (Renard et al,, 1997), f-2|uhe} 2R o] AP
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RUSLE29| Z2 2=0|{X|Al RUSLE2:= EO
T AL 4= Sl A4k =9 RUSLES] §171g|o]
Zoltl (Foster et al,, 2003), RUSLE29] 7| EHE9]
SRAIAE Ak & i 712 melFo] Bl
U, RUSLE29| A= 79 EoldAAl e oo} 2
McGregor et al, (1995)9] 7% &oldA4s HeHs
3.
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e = 0.29[1-0, 72exp(-0,0821)] (6)

7] A, e 7499 2FodA (M ha' mm ), &= 7
7% (mm h )E 2Ju|aly, o] A2 Brown and Foster
(1987)2] ~lo] e} ARSI o] A2 McGregor et al,
(1995)0] 1982~1992'd 7|7k ‘&<t ml=t HIA|A|a] EZof 9
|3} Goodwin Creek 99 Q1L9] 297} 7+ =40] 24
= Rajste] Sk Alole Selele] L Shin (2010)0]

Noe and Kwon (1984)2| A 2Z0f|{X|A! Noe and
Kwon (1984)-2 A& %]319] 1980d 69~9¢, 1982 8¥~
9, ¢ #312] 19839 6d~94 7|7He] ToAMES i
o7 2 (WMii) 2AAA] (System for recording drop size
distribution) & o]83}e] A=3F L XA 7L} 7|7 =
Az Ge BUASR) SARE Agstel Selikel
FEA e *EUAME st e 28 Ve
ek, sovlel 1% Tl $AAARel e £9 (i)
U7 (D50)T 747 (DLFS] BAAE fiestal, o] Bf
o ool 2 HTAE AU, ol Aokl 25
eollv ALt - mmete] A A= 063001

logie = 1,08+0,136logl @)

714, e 7] eBlUA (0 m”? mm), 1= 29
7% (mm h™)E 2u]tc} Noe and Kwon (1984)-2 $-
urke] 749 FolUA| 7} ul=te] 739 LEe|A| Bt 5
A 3= slolla] FElo] Zom ol FY Al
Sejuate] Rt wl=e] Zre-Eot o A2 FoR
Jelo] Ql7] mhiEel AoR At 4] (1) H|wA %
2 7|7k ARrE EHE f=9 Ao|A, vl &
FAVFO BRE e FUg - FoldA| Aot

Iz AW e

B AL A= 7| Ak} 217 %178 9] 1980~19994 7|
b (207]9) 9] 142 ] AR E o] &sqieh ool A}
R A= E 71l A A7 19 715A4] (pluviograph)
270ste] AR T F dlo]EH|o]A (datebase) &
=8-S 7F9A = (Minutely data using the Magnetic
Recording; MMR)Z2A] 27| AAEHE] 1999 7[A] L=
=lo] Utk Kwok et al, (2005)- 14 ©9] 7-¢-=F A4=9
A g ARE ZARE 98, 327] BEAH tiste] 14]
P ASEFe] AtEgat WSS vl Aat 99% oo
Ol A F-83 ARUE & 4 USITHAL SH3AT

= AollA= HA 714 4bst 2170 271 9] 1980~1999
71712 15 &9 7 AFRE Fortran ZE IS 0]-8-5}
55 T9I= bstlet. 12l (R)USLES] 3925 7]
8 A3l v7F Y= AP EE 25E nj7-4] 12.7 mm
(0.5 inch) o4 WAL, 12,7 mm v|qlo|E et 157 &
¢k 6.35 mm (0,25 inch) W§l S9AMdS FE319 59
oF 9 Atolof] 6AIZF o] F7H9- (0.05 in, & 1,27 mm
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Wischmeier and Smith (1978)2] S9-8E&F 7]50] 23]
A BRE SOAMRS 217) AR & 8,814/ A AHE
At 2138] F=2 YEst o]7e Bl AR E =
12,7 mm o|A}2] Z9epo] x|ofo] utet Aol7k YA, o
AHem A7 Sla7E 208] Aeeharl P AF A5-27
(Jung et al, 1983)¢} Yx|3}= Ao}, Halo| ALL3F T
Aol A E AIF-AR-S Table 13}

Table 1014 & 4 Qlo] 95, A% x|o] Afaom
TeAPFO] WAL, &x, B A3o] AR STeAME
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Table 1. Storm events for the gauging stations (21 sites).
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o] He oz Ueptrt ® ATo|HL USLES] 2 g
Wischmeier and Smith (1978)2] 7% 2501 X]4], RUSLE
o| A F73}al 9= Brown and Foster (1987)2] 4], RUSLE2
of| A ZeStal Q= McGregor et al. (1995)2] A3} Noe
and Kwon (1984)9] 7% 95l A4S 242 48510] 5
8 814709] B AVO] et 29U AL ANsIHO,
ol B 2] 29 BE4 48] oiet AHE 29
RS 22 Altsialet. 1 Auks vlasty] ffs) siek
& ZHiFsto] Table 20f LeRH i),

AAY FENEA T |edolA Algsia
U} BEFRIAIR| == Jung et al, (1983)1} Park et al, (2000)
O] ZHRARIARE Bl = 1Al Qlt), ©]5 Wischmeier
and Smith (1978) 2] 79~ -5l A| 4| &2 Ak gheld,
Table 22] R1:> o] Al o] g-5to] Alet A5 AB+ %
RARIARE YEhd Aloltt, 2 A-olAl= Brown and
Foster (1987)9] A|o= AL A1 At ¢
A= R2, McGregor et al, (1995)2] A1 o]-&35}lo] AAKSH
ZFS R3, Noe and Kwon (1984)2] A& o]83}o] A 7k
& RAgEeR 27k Yehgien], 7|0 A8t ot <
Wi ARk WS Sslo] SEghe RIOE 1t

MRS BlmRsk Fig, 1S bt X179] 1980~1999
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Code Name Total storm events Average storm events per year Period
90 Sokcho 367 18
101 Chuncheon 422 21
105 Gangneung 405 20
108 Seoul 434 22
112 Incheon 392 20
114 Wonju 471 24
127 Chungju 406 20
129 Seosan 395 20
131 Cheongju 416 21
133 Dacejeon 458 23
135 Chupungnyeong 419 21 1?58 ;6;339
138 Pohang 374 19
140 Gunsan 397 20
143 Daegu 391 20
156 Gwangju 440 22
159 Busan 456 23
162 Tongyeong 439 22
165 Mokpo 361 18
168 Yeosu 459 23
170 Wando 436 22
192 Jinju 476 24

Total 21 sites 8,814 21
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Table 2. Annual mean rainfall erosivity using different kinetic equations (1980-1999).

Code Name RI' R2' R3 R4 R2/Rl  R3/RI R4 /RI
------------------- MJ mm ha' b yr' %

90 Sokcho 5014 4281 4886 4067 85 97 81
101 Chuncheon 7066 6266 7012 5684 89 99 80
105 Gangneung 4693 4007 4583 3815 85 98 81
108 Seoul 8133 7386 8175 6496 91 101 80
112 Incheon 7224 6565 7240 5780 91 100 80
114 Wonju 11681 10950 11714 9929 94 100 85
127 Chungju 7651 7096 7739 6295 93 101 82
129 Seosan 6673 6019 6679 5352 90 100 80
131 Cheongju 5608 5031 5599 4485 90 100 80
133 Daejeon 7876 7183 7919 6312 91 101 80
135 Chupungnyeong 4349 3801 4261 3520 87 98 81
138 Pohang 4401 3856 4316 3572 88 98 81
140 Gunsan 5450 4859 5416 4372 89 99 80
143 Daegu 4184 3669 4110 3375 88 98 81
156 Gwangju 6796 6115 6797 5436 90 100 80
159 Busan 8041 7196 8019 6446 89 100 80
162 Tongyeong 5881 5129 5795 4746 87 99 81
165 Mokpo 4766 4236 4737 3824 89 99 80
168 Yeosu 8503 7641 8469 6869 90 100 81
170 Wando 8630 7802 8628 6966 90 100 81
192 Jinju 8527 7644 8441 6941 90 99 81

fby Wischmeier and Smith (1978)’s kinetic equation recommended in USLE.

1:by Brown and Foster (1987)’s equation recommended in RUSLE.
Sby McGregor et al. (1995)’s equation recommended in RUSLE2.

by Noe and Kwon (1984)’s kinetic equation.

Annualmean rainfall erosivity
in Daegu(1980~1999)

Value, MJ mm ha'! h'! yr!

R1 R2 R3 R4
Annualmean rainfall erosivity
using different Kinetic equations

Fig. 1. Annual mean rainfall erosivity in Daegu (1980~1999)
using different rainfall kinetic equations (R1 calculated
by Wischmeier and Smith (1978)’s kinetic equation; R2
by Brown and Foster (1987)’s; R3 by McGergor et al.
(1995)’s; R4 by Noe and Kwon (1984)’s; the result
showed that R1 > R3 > R2 > R4).

Table 22} Fig, 194 & 4= 9J%0], Brown and Foster
(1987)9] Alo7 AR 7392 AQ1AH= Wischmeier and

Smith (1978) Ao ALRRE 734 1Ak oF 6~15%
ZLo. A1 0 7 VEGO ™, McGregor et al, (1995)9] 4o &
ALKt ZFS Wischmeier and Smith (1978) 4]0 &2 AAFsH
Z3RAI ALY oF 97~101% RIfIE Ukt oo Hs|
Noe and Kwon (1984)2] 4102 AHAGE 7F9-2] A 01x}=
Wischmeier and Smith (1978) Ao&2 AARSE 7o) oF 15~
20% 20 &2 eIt HH& o2 McGregor et al, (1995)
o] Aoz ALK 7 ARIAN= Wischmeier and Smith
(1978) 9] 5| A] Aoz ALRRE g} oF 1% =90 2}
o7} U= Ao Z VERF O, Brown and Foster (1987)2]
Ao g AL 9 ARIANE Bt oF 10%, nhA|Ete g
Noe and Kwon (1984)2] 4102 Akt 7 AQ1A= 3
Tt oF 20% = AHA A ERE A o' UEHT Fig 2+
o=t Aol A 19990 AT 1979] TAMSE TS
B 73] AEshe & A-elvxE vehd Aot

Fig 2014 * 3 Noe and Kwon (1984)2] Ao =2 #HAlSH
ZF 749-ovA] (total rainfall energy)= 73-3-=Fo| Wola4=
2 Wischmeier and Smith (1978) 4]0 & AAFSL & 7390
AR gho] o Holaie AL o 4 ALk ol AL %

GO W TPAPFUGE Noe and Kwon (1984)9] 4|2
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Rainfalll total energy vs. rainfall amount in individual storms (Daegu, 1899)
A A /A by Wischmeier and Smith (1978) equation

4+ 4 4 by Brown and Foster (1987) equation

O O (Oby Noe and Kwon (1984) equation

1 1 1 by McGregor et al.,(1995) equation

20 —

Total rainfall energy, MJ ha' mm-'
o+

+C& pb

0
' I [ \ ! \ I
0 40 80 120 160 200

Rainfall amount, mm

Fig. 2. Rainfall total energy using 4 Kineitc equations vs.
rainfall amount in individual storms, (e.g. Daegu in 1999).

2 A 7392410124 21k Wischmeier and Smith (1978)
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Zloltt, B AoA o]e} o] FUSE ZF-HlolHE AR

ol
o
@
H1
N
Q.
5
o
[e}
=2
i
N
>
1o
B
o
2
T
>
N
5
)
1>
r o

AL AN EFGARD Y] AEls Fa3t 715

QA=A o] HEAe] T lajel] s HlmA =17 o

ol ekt ke AE3teh w2lo] Akwolgitt (RUSLE

o B9 AXAANE A SISA ALGEE B 25
3]

UAALS Yee] QARES] et @A ASUES B3

A EEE 0, gRE FeYEE WEE & B4

o S AT gk, 71 S ABATE olEl 7S

SEAUAAS Sshep] wrek 494 glo] 2ot
] L

AR - AR0AE g Ao
A 1980~1999 7|7 Eote] 217 Aol et
A JAS 714 2] 15 ©h9] AR E o] &5}
Artstgon, TRt - SselldA Aol whe -4
QAR gkl 2folE vl Frietolet. & AREE d2 5
2 422 v g

A, S-2lvet 217) A5 2] F 8,8147) T-Abol| TRt
AR AL o5 A8l A, 217H A<
APt 7 HA QAL ghe] F71+= Bt 5442~6721 MT mm
h™ yr' 9l AoR UeRyt) o] % Noe and Kwon
(1984)9] 7 oA 4 o83t gho] 5442 MJ mm
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ha' b yr ' 2 7P %3, I the RUSLEC|A F3skal
Q)= Brown and Foster (1987)¢] 212 6035 MJ mm ha '
h™' yr', RUSLE20]A] Z=48}a1 Q1= McGregor et al, (1995)
o] 2]2 6692 MJ mm ha ' h™' yr ', Wischmeier and Smith
1978) 9] 79 EFollvA| A o2 Akt 72 6692 MJ mm
ha' h' yr' & UeRgr}, £3| USLES] Wischmeier and
Smith (1978) A& ©]-8-3F gt} RUSLE29]A] A5t Q1=
McGregor et al, (1995)9] 2]o] &Jgt 72 A 1Ak Apo]
7h 2at A (1~3%) 22 UEhg o, RUSLEO|A] S35}
11 )= Brown and Foster (1987)2] 413} Noe and Kwon
(1984) 2 Alof| oJ7k gk 2}7F Bt 10% R 20% Afo)7} U=
Ao Ueplt, ol Eojz woke u, 7 Fe) e
SEAUALE Tglo] Haahe rlze) dte] a4
Q1A} (Jung et al,, 1983; Park et al., 2000; Shin, 2010)7}
153 Bt o] & Zlo] opd x| tiet HEZ}F B Rt
Chal Ef

A, AA 20 e AFtAREol ZF A Yol B A
+EURAE E=Edtee AlEE YWY olf+=, USLE}
RUSLEO A &Skl Qli= 79 &5l x]4]o] nj=o] &
A (R 2 HAAlg X)) 8] ZeAMte =R E f
Fl Ao]7] wjiZolch, o]¥1 ¥4 Noe and Kwon (1984)
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