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Abstract

RUSLE (Revised Universal Soil Loss Equation) is the empirical formular widely used to estimate rates of soil erosion caused by rainfall and associated
overland flow. Among the factors considered in RUSLE, rainfall erosivity factor (R factor) is the major one derived by rainfall intensity and
characteristics of rainfall event. There has been developed various methods to estimate R factor, such as energy based methods considering physical
schemes of soil erosion and simple methods using the empirical relationship between soil erosion and annual total rainfall. This study is aimed to
quantitatively evaluate the variation among the R factors estimated using different methods for South Korea. Station based observation (minutely rainfall
data) were collected for 72 stations to investigate the characteristics of rainfall events over the country and similarity and differentness of R factors
calculated by each method were compared in various ways. As results use of simple methods generally provided greater R factors comparing to those for
energy based methods by 76 % on average and also overestimated the range of factors using different equations. The variation coefficient of annual R
factors was calculated as 0.27 on average and the results significantly varied by the stations. Additionally the study demonstrated the rank of methods that
would provide exclusive results comparing to others for each station. As it is difficult to find universal way to estimate R factors for specific regions, the
efforts to validate and integrate various methods are required to improve the applicability and accuracy of soil erosion estimation.
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Fig. 1 The location of rainfall stations, Five stars represent the
stations of which results (e.g., graphs) are presented in
the paper as an example,
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Table 1 Metadata of rainfall stations of which data were used in the study. The rate of missing data and the averaged annual number
of rainfall events (determined to affect erosion) for each station were included,

Station ID: Water Missing Strom Station ID: Water Missing Strom
Station name e Long. shed c:::)a event Station name e Long. shed c:iz)a event

90: Sokcho 38.2 1283 | H,EC | 104 225 | 189: Seogwipo (*) | 33.1 126.3 SC 85 33.9
95: Cheorwon 38.1 127.2 H 75 234 | 192 Jinju 35.1 128.0 N 71 26.5
98: Dongducheon 375 127.3 H 71 236 | 201: Ganghwa 374 126.3 H 1.9 22,6
101: Chuncheon 375 127.4 H 71 23.1 202: Yangpyeong 37.3 127.3 H 6.9 25.4
102: Baengnyeongdo 37.6 124.4 H 13.4 155 | 2083: Icheon 37.2 127.3 H 11 26.1
105: Gangneung 375 1285 | H, EC 87 247 | 211 Inje 38.0 1281 H 1.2 232
106: Donghae 37.3 1291 | H, EC 17.4 217 212: Hongcheon 374 127.5 H 6.6 248
108: Seoul (*) 37.3 126.6 H 13.6 251 | 216: Taebaek 37.1 128.6 N 6.7 25.0
112: Incheon 373 126.4 H 8.7 22.8 | 221: Jecheon 371 128.1 H 76 26.5
114: Wonju 37.2 127.6 H 1.6 25.1 | 226: Boeun 36.3 127.4 G 0.9 27.2
115: Ulleungdo 37.3 130.5 EC 8.6 30.6 | 232: Cheonan 36.5 1271 G 1.6 251
119: Suwon (*) 37.2 126.6 H 6.9 24.4 | 235: Boryeong 36.2 126.3 G 1.1 24.6
121: Yeongwol 37.1 128.3 H 7.0 25.8 | 236: Buyeo 36.2 126.6 G 1.7 26.9
129: Seosan 36.5 126.3 G 8.9 246 | 238: Geumsan 36.1 127.3 G 1.2 26.5
130: Uljin 36.6 129.2 | N, EC 6.9 22.1 | 243: Buan 35.4 126.4 G 1.0 25.7
131: Cheongju 36.4 127.3 G 7.4 26.0 | 244: Imsil 35.4 127.2 S 23 29.0
133: Daejeon 36.2 127.2 G 8.6 27.3 | 245: Jeongeup 35.3 126.5 G 15 274
135: Chupungnyeong 36.1 127.6 G 1.4 243 | 247: Namwon 35.2 127.2 S 0.9 275
136: Andong 36.3 128.4 N 75 231 | 248: Jangsu 35.4 127.3 G 1.8 29.2
138: Pohang 36.0 1292 | N, EC 13.2 23.9 | 260: Jangheung 34.4 126.6 Y 1.0 29.1
140: Gunsan 36.0 126.5 G 6.9 253 | 261: Haenam 343 1263 | Y, SC 1.3 26.4
143: Daegu (*) 355 128.4 N 1.5 231 | 262: Goheung 34.4 1272 | S, SC 1.6 275
146: Jeonju 355 1271 G 75 27.8 | 271: Bongwhoa 36.6 128.5 N 1.9 253
152: Ulsan 35.3 129.2 N 3.7 251 272: Yeongju 36.5 128.3 N 1.1 256
155: Changwon 351 128.3 N 1.6 27.4 | 273: Mungyeong 36.4 1281 N 14 26.5
156: Gwangju (*) 351 126.5 Y 85 27.3 | 277: Yeongdeok 36.3 1202 | N, EC 1.8 22.8
159: Busan 351 129.0 | N, SC 8.8 27.3 | 278: Uiseong 36.2 128.4 N 1.3 234
162: Tongyeong 34.5 128.3 | N, SC 77 27.9 | 279: Gumi 36.1 128.2 N 1.1 231
165: Mokpo 345 126.2 Y 7.2 248 | 281: Yeongcheon 35.6 128.6 N 0.7 237
168: Yeosu 34.4 1274 | S, SC 8.7 27.0 | 284: Geochang 35.4 127.5 N 0.9 26.1
169: Heuksando 34.4 125.3 Y 12.0 209 | 285: Hapcheon 35.3 1281 N 1.5 26.1
170: Wando 342 1264 | S, SC 1.5 27.6 | 288: Miryang 35.3 128.4 N 25 258
184: Jeju 33.3 126.3 SC 85 28.6 | 289: Sancheong 35.2 1275 N 1.0 275
185: Gosan 33.2 126.1 sC 1.7 255 | 294: Geoje 345 1284 | N, SC 1.1 31.2
188: Seongsan 33.2 126.5 SC 63.1 31.3 | 295: Namhae 345 1276 | N, SC 1.2 31.0

H: Han river, N: Nakdong river, S: Seomjin river, Y: Yeongsan river, G: Guem river, SC: South coast, EC: East coast
— Stars (*) represent the stations of which results are presented in the paper as an example,

ST AT AT A TS e BN AO] Rk i- AR ARFEE (AT 397 T7hel o
Aol thelste] AFEICk n e S LA W ASAE R G5 (mm) 9] Kol (F71H S ofnlgick
Slof wpeh THTEE ARFELR) ol AP AR LA B4 Aol thak A A A AN 7t 5 79}
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Table 2 Methods used to calculate rainfall kinetic energy
Num, ex Equation Developer Case studies
Gong et al, (2012)
I<76: e, =0.119+0.0873log, ,/
* k 10
(1) 15760 ¢, =0.283 Foster et al, (1981), USLE Lee et al. (2011b)
: Lee and Chung (2009)
Lee et al. (2011a)
(2)* e, =0.20[1—0.72¢ %] Brown and Foster (1987), RUSLE1 Lee et al. (2011b)
Lee and Chung (2009)
008 Lee et al. (2011a)
* =0.29]1—0.72¢ 00827 2 :
3) ey [ e ] McGregor et al. (1995), RUSLE Lee et al. (201ib)
(4)* e, =0.283[1—0.52¢ 00427] van Dijk et al. (2002) Lee and Chung (2009)
Onaga et al. (1988)
* >, =0.0981 +0.1061 7
(5) € gy Okinawa in Japan Lee and Chung (2009)
" e =0.1132+0.00557—0.005 < 10~ 21 Carter et al, (1974)
4 e L h 2
(6) +0.00126 X 10~ *7* South central in United States ee and Chung (2009)
—0.02 2
(7)* o — 0.368]1— 0.60¢~03%1] Jayawardena an_d Rez_aur (2000) Lee and Chung (2009)
Hokong in China
 0.034 Rosewell (1986)
* . =0.2635[1—0.669¢~ 0349/
® O O[ ¢ ] Souther Queensland in Australia Lee and Chung (2009)
10 Rosewell (1986)
* 2, = 0.29[1—0.596¢" 010
©) © [ e ] New South Wales in Australia Lee and Chung (2009)
(10)* e, = 0.0081+0.125l0g, 7 Zanchi and Torri (1960) Lee and Chung (2009)
Toscana in ltalia
Lee and Won (2012)
Noe and Kwon (1984) Lee et al. (2011a)
i log, e, = 1.08+0.136log, ./
(i %8106 810 Seoul, Suwon in Korea Lee et al, (2011b)
Lee and Chung (2009)
(12)' e, = 30.03(1—0.74¢~ 00587 Lee and Won (2013) Lee and Won (2013)
Daekwanryeong in Korea
2
(13)' e, = 6.040+12.367log, ./ Lee and Won (2013) Lee and Won (2013)
Daekwanryeong in Korea

Unit = /: mm/hr, *e,:

MJ/ha-mm,

Tek: J/mf-mm = 10* J//ha-mm

AL 90U A] (£)9} A9 AMIC) 08 NV A9 AE () L ZHEY

2 Fojol Az A ARSIl ofet AL ATtel o 9] Zlad B oS Tefe 29 a4ela A

ARHEE (4] ). T ARAIZE ] 9 ARE WA Sh3 A B

Ul AP 9ol Ul 4] APES A K A5 g Ei Al

o 79 HAIAE AR ek, ofo] vkl A7t 74

. ZE &), o FEHRAASI BN RS ol gstel 2o E
N PSR o] Tk A4 ok Slek (Table 3).

T EOFSAl APgo] T3E Ao A= El-Swaify et al.

714, R Aa7|7F 5910 A 732 A11A (M -
mm/ha-he)o] ], Bi= 8 Z-ALsFe] Z-oLi7) (M/ha),
fy & T Z9-AMFO] 308 o7 (mmvhr), m-e 2
2752 B A 420l N ARk &
T (A=7IZho| B2 Agt 7 ARIAF RS UREA I AL
=B O & AL

(1985)7} 3103t A (15)7} 714+ &) Q1-85| 31 912w (Cho
and Jeong, 2005; Kim et al., 2010; Lee et al., 2008) Jung et
al. (1983)9] 4] (17)2 1960 ~ 1980 5212|517} 7|4
A 9] 71AJR}F=. 9} Table 29] 4] (1) USLE 3412 #-85}o] 7}

S AR Akrsta A1 0F AR L) 3]
A4S AbET dafelot 2] (18)-2 Park et al. (2000)©] B3l
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Table 3 Simple methods to estimate rainfall erosivity factor (referred to Lee et al,, 2008)

Num, Formulas

References

R=0.5X1.T3XP

Roose (1975)

R=38.5+0.35XP

EI-Swaify et al, (1985)

(P> 850mm, P: mm/hr)

R=587.8—1.219 < P+0.004105P*

Renard and Freimund (1994)

R=0.503 X P—202

Jung et al, (1983)

R=0.641 X P—355

Park et al, (2000)

R=0.535 X< P—230.325

R=0.923 X P—644.120 (Hanriver basin)
R=0.535x P—266.794
R=1.087 x P—818.111
R=10.428 x P—107.951
R=0.727 X P—476.534
R=0.440 X P—226.131 (the East coast)

(19)*

Geumriver basin)

A~~~

Nakdongriver basin)

Yeongsan « Seomjinriverbasin)
the Southerncoast )

Lee et al, (2008)

Unit = P: mm, * R 10" J-mm/ha-hr, 'Rt MJ-mm/ha-hr

22 717H(1973 ~ 1996) 0] T3t 53 7)) 7] A=
R4S 5 USHUSLE 3410 285}e] 49
At B4 =3 Aol T A9 wla
o] et 249 H A1) A9 BIgbE} 90Ty
2 242 ZoKTh A8 AL Sl olot g0l %
AQIzpe] BAA APEL 919 AT} 2|44 02 o] 2of

O APEE A SRR /L A B
ch27] o] AT ATHES AA o Hwsl)

)

40] 14]

344101%

d

ot

=2

hil
e
o

rlr _llm N Ho

2 Ato] thopS Wrtslr] 98] =
@:}% 73922 01z}2] 2% RMSD (root mean square
o] A3}= 1:}/\_4 2o

H—=
g3 AT AT 5 RSl B 49 AR

= AAE A5 dike] E2HAS 7hsthe tERE=A
olo|7} Qlrk

RMSD, = (€)

A7IA R, = AA joll thall i A& o]-83F 7ol A] 7]
HH M A1 oW B = A4 2] Bt A ARIAE 9
njghe} N2 285 APY W of arolTh

7+ APg W E o] ohE AP A8 A el tigk AV (4
o) 7153171 Y8l #-Zelt <t 71 2] (Euclidean distance,
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stations, HARIALS] At M )7F YL FtA Ak vl FA|
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1. A digt f-a7- Aol st A Hot ke A FAErE] Alo] B2 S Ho| Avte] 2 g o EokS
©0mm-1860mm YF1N 22 PALEAIDAL oy gy w2984 978 B9 Beton S0
= i =
O] i TSR Bt 2F 1,230 mm = LR T Eafier 7)9J8} 27} A7t = sk
A9 9] 78~ A| 4B+ 1,620 mm o]0 & v w A =A 1t
Efyton] Syt B8 A9 vEe At = A ZFe-EAd o] thFshAl Ureb = =i 74-9- 3 4114}
AR ] Zpard A A o &2 BHA et AHgof| 9lo] A8 E H Auto] ook of| sl ol sfiskaL 4]
2. USLE A%h$] A&7 24 Q1A ol A e =)= AP A gt 7S AAshe 22 S askal ofefe- ahgolck 2
SAZIB0: H| -7 w2 7k QIR AR A Toll A= theFeh W& A-8of whE Aule] 2lo| & ARFA o
A7) D739 A& 7170 w2 S ERIsHATh A 2 B0 24 of 2 AP Aol 2 Aite] B3
A2 U]l AuE Below o]z A=k 7Rke] 1t T AP e A Aol Aol el Al Alskazat shelct. 23
HY 7k 2gof Qlof F7He 0 &2 A8 7Hsgt uiriRs: A 94 o] th2A Yebts EGRAT oSl ool 4
A9 84S AAFR SZARIA; AP Q1 2] A WHE A4 E i A7t

g8 8] =R A8 A63, 2016 « 67



M
>

58 JlHo) U2 Y2

AP Znjo| ARSI mEiy

o

AL A

o] Q17+ 20159 4TSt w7124 AH2016
EEE ERCE R ES LB D R e nd
Fob|2ATAY S X9 (No. 2016010074)& o} 3}
9942

REFERENCES

1. Brown, L. C. and G. R. Foster, 1987. Storm erosivity using
idealized intensity distributions, Transactions of the American
Society of Agricultural Engineers 30: 379-386.

2. Carter, C. E., J. D. Greer, H. J. Braud, and J. M. Floyd, 1974.
Raindrop characteristics in south central United States, Transactions
of American Society of Agricultural Engineers 17: 100-103.

3. Cho, H. L. and J. C. Jeong, 2005. Estimating Soil Loss in
Alpine Farmland with RUSLE and SEDD. The Journal of GIS
Association of Korea 13(1): 79-90.

4. El-Swaify, S. A. etal., 1985. Soil Erosion and Conversion, Soi/
Conservation Society of America, Ankeny, lowa.

5. Gong, H. Y., K. P. Lee, J. Y. Lee, B. J. Kim, A. R. Lee, B. H.
Bae, and J. Y. Kim, 2012. Assessment of Soil Loss at Military
Shooting Range by RUSLE Model: Correlation Between Soil
Loss and Migration of Explosive Compounds. Journal of Soil
and Groundwater Environment 17(6): 119-128.

6. Jayawardena, A. W. and R. B. Rezaur, 2000. Drop size distribution
and kinetic energy load of rainstorms in Hong Kong, Hydrological
Processes 14: 1069-1082.

7. Jung, P. K., M. H. Ko, J. N. Im, K. T. Um, and D. U. Choi,
1983. Rainfall Erosion Factor for Estimating Soil Loss. Journal
of the Korean Society of Soil Science and Fertilizer 16(2):
112-118.

8. Kang, M. S., S. W. Park, S. J. Im, and H. K. Kim, 2003.
Computing the Half-Month Rainfall-Runoff Erosivity Factor
for RUSLE. Jounal of the Korean Society of Agricultural
Engineers 45(3): 29-40.

9. Kim, M. K., S. O. Hur, S. I. Kwon, G. B. Jung, Y. K. Sonn, S.
K. Ha, and D. B. Lee, 2010. Prediction of Soil Erosion from
Agricultural Uplands under Precipitation Change Scenario.
Journal of the Korean Soil Science and Fertilizer 43(6): 789-792.

68

* Journal of the Korean Society of Agricultural Engineers, 58(6), 2016, 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lee, H. K., Y. H. Jung, and J. H. Heo, 2008. A Study on
Estimation of Rainfall Erosivity in RUSLE. Jounal of the
Korea Water Resources Association 1324-1328.

Lee, J. H., J. Y. Shin, and J. H. Heo, 2011a. Evaluation of
Rainfall Erovisity in Korea using Different Kinetic Energy
Equations. Journal of the Korean Soil Science and Fertilizer
44(3): 337-343.

Lee, J. H.,J. Y. Shin, and J. H. Heo, 201 1b. Rainfall Erosivity
in Seoul using Various Rainfall Kinetic Equations. Jounal of
the Korea Water Resources Association 124-128.

Lee, J. S. and J. H. Chung, 2009. Characteristics Analysis for
RUSLE Factor base on Measured Data of Gawon Experimental
Watershed. Jounal of the Korean Society of Hazard Mitigation
9(6): 111-117.

Lee, J. S. and J. Y. Won, 2012. Suggestion of Cover-Management
Factor Equation for Mountain Area in RUSLE. Jounal of the
Korean Society of Hazard Mitigation 12(2): 79-85.

Lee,J. S.and J. Y. Won, 2013. Analysis of the Characteristic of
Monthly Rainfall Erovisity in Korean with Derivation of Rainfall
Energy Equation. Jounal of the Korean Society of Hazard
Mitigation 13(3): 177-184.

McGregor, K. C., R. L. Bingner, A. J. Bowie, and G. R. Foster,
1995. Erosivity index values for northern Mississippi. Transactions
of ASAE. 38: 1039-1047.

Noe, J. K. and S. K. Kwon, 1984. A study of the estimation of
rainfall kinetic energy based on rainfall characteristics. College
of Agricultural Research., Seoul National University 9(2): 23-31.
Onega, K., K. Shirai, and A. Yoshinaga, 1988. Rainfall erosion
and how to control its effects on farmland in Okinawa, In
Rimwanich, S. (eds), Land conservation for future generations,
Department of Land Development, Bangkok 627-639.

Park, C. W., Y. K. Son, B. K. Hyun, K. C. Song, H. C. Chun, Y.
H. Moon, and S. G. Yun, 2011. The Redetermination of USLE
Rainfall Erosion Factor for Estimation of Soil Loss at Korea.
Journal of the Korean Soil Science and Fertilizer 44(6): 977-982.
Park, C. W., Y. K. Son, Y. S. Zhang, S. Y. Hong, B. K. Hyun,
K. C. Song, S. K. Ha, and Y. H. Moon. 2010. Soil Erosion Risk
Assessment in the Upper Han River Basis Using Spatial Soil
Erosion Map. Journal of the Korean Soil Science and Fertilizer
43(6): 826-836.

Park, J. H., H. S. Woo, C. K. Pyun, and K. I. Kim, 2000. A
Study of Distribution of Rainfall Erosivity in USLE/RUSLE
for Estimation of Soil Loss. Jounal of the Korea Water
Resources Association. 33(5): 603-610.

Renard, K. G. and J. R. Freimund, 1994. Using monthly
precipitation data to estimate the R-factor in the revised USLE.
Journal of Hydrology 157: 287-306.

Roose, E., 1975. Use of the universal soil loss equation to



M2 - USH - Al - fa8

predict erosion in West Africa. In: Soil Erosion: Prediction and Thesis. ITC.

Control, Soil and Water Conservation Society, Ankeny, 14, 27. van Dijk, A.LJ.M, Bruijnzeel, L. A., and Rosewell, CJ. 2002

60-74. Rainfall intensity-kinetic energy relationships : a critical literature
24. Rosewell, C. J., 1986. Rainfall kinetic energy in eastern Australia, review, Journal of Hydrology 261, pp. 1-23.

Journal of Climate and Applied Meteorology 25: 1965-1971. 28. Wischmeier, W. H. and Smith, D. D, 1978. Predicting rainfall
25. Son, K. 1., 2001. Applicability Examination of the RUSLE erosion losses: A guide to conservation planning, US. Dep.

Sediment Yield Prediction Equation in Korea. Journal of the Agric., Agric. Handb. 537.

Korea Water Resources Association 34(3): 199-207. 29. Zanchi, C. and D. Torri, 1980. Evaluation of rainfall energy in

26.

Toxopeus, A. G., 1996. An Interactive Spatial and Temporal
Modeling System as a tool in Ecosystem Management. Ph.D.

central Italy, In De Boodt, M. and D. Gabriels (eds), Assessment

of erosion, Wiley, London.

S8l 3) =27 A58 A6, 2016 * 69





