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ABSTRACT

Various empirical models have been developed to estimate the rainfall erosivity factor (R factor) in soil loss equation.
However, estimating the R factor requires high-resolution rainfall data and the empirical models must be validated prior to
local application. This study reviewed three major R factor models and evaluated the applicability of these models using
hourly rainfall data (1973~2007) archived for four cities (Seoul, Chuncheon, Namwon, and Jeju) in Korea. The monthly R
factor was calculated using the EI30 method based on hourly rainfall data. Monthly effective rainfall amounts and the
number of effective rainy days were extracted, and model parameters were estimated using subset data from 1973 to 2002.
Subsequent validation test conducted using subset data from 2003 to 2007. Stepwise regression analysis identified the
monthly rainfall amount and the number of rainy days with daily rainfall exceeding 10 mm as the most significant
variables of the R factor. The validation result showed acceptable predictive capability (R* > 0.7) but the accuracy reduced
with increasing R factor. Use of effective rainfall variables was found to simplify the process for R factor prediction,
compared to the EI30 method. However, the existing R factor models do not fully incorporate the interaction between
rainfall amount and intensity and the nonlinearity of R factor with rainfall data. Therefore, improving R factor estimation
models is necessary to enhance soil erosion predictions under future climate conditions where extreme rainfall events are

expected to occur.
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Fig. 1. Location of weather stations where the rainfall data used in this study was measured.
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Fig. 2. Monthly R factor estimated from rainfall data for Seoul,
Chuncheon, Namwon, and Jeju (1973-2007).
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Table 1. Estimation of parameters for the regression model (R = a-rain;o + b-days,, Loureiro and Coutinho, 2001)

City Parameter Estimate Std. Error t value p value R?
Sontl a 103453 0.4424 233837 < 2¢-16 07504
cou b -202.4390 19.9366 -10.1541 < 2e-16 :
Chunch a 5.8469 03209 182193 < 2¢-16 07490
uneheon b -78.1168 133720 5.8418 1.16¢-08 :
N a 73537 02252 32.6525 < 2¢-16 05605
amwon b -134.1230 8.7543 -15.3208 < 2e-16 :
. a 8.2826 0.4215 19.6491 < 2¢-16
Jeju 0.7029
b -145.7070 16.8091 -8.6684 1.54e-16

Table 2. Estimation of parameters for the regression model (R = a-rainy®, Fu et al., 2005)

City Parameter Estimate Std. Error t value p value R?
S a 0.0863 0.0228 3.7876 1.78¢-04 08460
eou b 1.6859 0.0400 42.0965 < 2e-16 :
a 02533 0.1021 2.4807 0.0136
Chuncheon 0.8874
b 1.4650 0.0655 223647 < 2¢-16
N a 0.2692 0.0696 3.8658 131e-04 08406
amwon b 1.4657 0.0429 34.1993 < 2¢-16 :
e a 0.2296 0.1155 1.9878 0.048 07000
! b 1.5263 0.0826 18.4721 < 2e-16 :
sl
™ g ®
® : ° e
oo - » * o
ee® _ “ ..o e ®
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4 caled®™ 1 10 %o @
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Fig. 3. Scatter plot of monthly R factor estimated from rain;y and days;y in Seoul, Chuncheon, Namwon, and Jeju. The orange planes
represent R factors estimated using the model proposed by Loureriro and Coutinho (2001).
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oIk o= HriERon, AFAFR)= ATl
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o] 2] g KoM R factors |=3l=d] % =
S %S 7L deS BAFET SRR, o] EEA

U 9ol ImmE E2G de) F9PRE nefs}

frr

4000

Monthly R factor (MJ mm ha ' hr' month")

0 250 500 750 1000
raing (mm)

Chuncheon

10000

7500

5000

2500

Monthly R factor (MJ mm ha ' hr' month")

0 250 500 750 1000
raing (mm)

Jeju

Fig. 4. Scatter plot of monthly R factor estimated from raing in Seoul, Chuncheon, Namwon, and Jeju. The blue lines represent R factors

estimated using the model proposed by Fu et al. (2005).
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Table 3. Estimation of parameters for the stepwise regression analysis

City Parameter Estimate Std. Error t value p value R?
rain;o 24.46 5.73 427 2.50e-05
Seonl days;o -194.01 27.08 -7.16 4.54¢-12 07965
eou rainy ; 820 5.16 -1.59 0.113 '
rain -5.94 2.25 -2.64 8.55e-03
rainyo 89.40 39.46 2.27 0.0241
daysjo -934.88 442.82 211 0.0355
Chuncheon rainyp; -81.30 39.45 -2.06 0.0401 0.7691
daysj»7 856.11 444.86 1.92 0.0551
rain -2.21 1.40 -1.58 0.1159
rain;o 13.77 1.73 7.96 2.26e-14
Namwon days;o -153.95 10.10 -15.24 < 2e-16 0.8974
rain;,; -6.14 1.64 -3.74 2.13e-04
lei raing 8.21 0.41 20.03 < 2e-16 0.6737
au days, -139.41 15.55 897 < 2e-16 '
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A ARIETRS TRt o714, 127 mme 0.5 9
A2 vl=oA S S o ALEsle 99IE 718k
o2 AAHE 7] o] th(Wischmeier and Smith, 1978).
Loureiro and Coutinho(2001)2] ellA= A 7893 10 mm
£ & 795 A3 93 7IEXE ARSI, Fu
et al.(2005)Y A= 4 F9HF 9 mmE Y=
e 8 7= PEeth YHE o= 10 mm o3
757 HAE o) 32 < (surface runoff)7t WASH=
Aoz LA JthBack and Coles, 2013). HFH]| Risal
et al.(2016)> ¥ Z39-FS W 839} o|x Y B
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ra 75 HFE 2A317] 918l stepwise regression
analysis”} =3 =| AT}

Table 32 47l |Gl =3H stepwise regression 2
= HoJFT Stepwise regressione A7 A8 (forward
selection)?} $21 A A (backward elimination)S &A%l &
431y AAkE Akaike Information Criterion (AIC)E H]
wsle o R 3=} Stepwise regression model
NA Frde 002 7RSIt A, T4, HEelA &
FOZ rain? days;, 57 AT 53], o] WG
52 Al 7 AGoX FFOZ 95% FelolA felsh
Ao 7 H7IER2 ™, Louriero and Coutinho(2001)°] A
Qret HRol|l A A= e} TYsitt. vhol AlFo)
A= raing®}t days, WE7F AEF AT oA Bk F
2ol gt -8 7359 7IES TH] Sl Ale, =4,
FdolX FFo=2 AEEH rain ¢ days), HI5E U A
Aol thet ¥R R factor T EF o] HyE AAsIth
o]:= Louriero and Coutinho(2001)2] E&2] =] Z-8-0]
E}ERS B, Table 19 W= Al A HXE &
AF SR F& FIS Bt ol2g Aak= oA

k= #8499 7Ieo® IdAE
10 mm °PIR1 29 ARAS AHEshe 3lo] Efdsith

4.4. I X[jo| Y

A=
=]

R factorE F43F7] $I8k 71&

R factor FHE 2I8t 7|1E 28

& (Loureiro and Coutinho,
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2001; Fu et al,, 2005)2] A5 H71sl7] 3l AL,
A, &9, AlFelA 49 5:d(20039~20073 )]
goleE &8sl 99 R factors FF3}5 T

A4 o 34 9 484 B 9

Risal et al.2016)°14] gh=re] A FH=Z A|HgE R factor
2 2 gl 43804 A9EE JHE HSEES o)
Sk stepwise regression modelS ©]-83Fc] 47] A <<9] R

Table 4. Validation results of regression models for monthly R estimation in Seoul, Chuncheon, Namwon, and Jeju

Ci Evaluation Loureiro and Coutinho Fu et al Risal et al. Stepwise regression
el metrics (2001) (2005) (2016) model
R? 0.89 0.87 0.65 0.90
Seoul RMSE 440.6 470.5 777.3 438.5
MAE 222.6 184.7 3319 215.8
R? 0.89 0.93 0.73 0.90
Chuncheon RMSE 287.1 226.8 4529 293.9
MAE 139.5 110.5 228.7 148.8
R? 0.89 0.91 0.28 0.92
Namwon RMSE 208.6 193.1 538.9 212.0
MAE 117.0 106.6 325.8 1183
R? 0.76 0.84 0.94 0.79
Jeju RMSE 749.3 625.3 379.6 752.8
MAE 223.0 213.0 205.2 228.6
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Fig. 5. Comparison of the performance of four models for estimating monthly R factor (@ Loureiro and Coutinho, 2001; Il Fu et al.,
2005; A Risal et al., 2016; ¥ Stepwise regression model). The solid line represents the 1:1 line indicating perfect agreement between

calculated and predicted R factor values.
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TH(Table 4, Fig. 5).

R2 %] 19 74852, RMSES} MAE 3fo] $re-=
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A FE0F Loureiro and Coutinho(2001)S} Fu et al.
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