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Annual Rainfall Erosivity Index Estimation Based on Daily,
Monthly and Annual Precipitation

Ming-Hsi Lee™ Huan-Hsuan Lin®? Yu-Ting Chan'"

ABSTRACT The Universal Soil Loss Equation (USLE) is presently one of the most widely used models for
evaluating soil erosion. The rainfall amount is often used to estimate the R factor for Universal Soil Loss Equation
(USLE) modeling. Daily, monthly, and annual rainfall data are commonly available. The purpose of the present study
is to establish three models for estimating rainfall erosivity based on daily, monthly, and annual precipitation, respec-
tively, and to identify the most suitable model in the Ailiao River watershed located in southern Taiwan. The data set
consists of 2266 storm events, monitored by 6 rainfall stations there. The results show that the 6 stations indicate
strong positive relationship (r* > 0.75) between annual rainfall erosivity and annual rainfall with a 99% confidence
level, which means the simplified estimation methods based on annual precipitation are useful for predicting
long-term annual rainfall erosivity in most of locations in the Ailiao River watershed. The results also show that an-
nual and monthly precipitation correlate with erosivity better than does daily precipitation based on the analysis re-
sults of root mean square error (RMSE) and mean absolute percentage error (MAPE) in the Ailiao River watershed.
Key Words : Annual precipitation, Rainfall erosivity index, Ailiao River watershed, USLE.
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Table 1 Rainfall stations data in Ailiao river watershed
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Fig.1 Flow chart of this study
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Fig.2 Geographic locations of 6 rainfall stations in Ailiao
river watershed

D

R,=) R, 3)
=1
M

R, =R, @
=1
Y

R, =) R, )
j=1

Hrp > R B2 j BIERHIFER O EHRE 5 E;(=eiPy) FEE )
SR e | B ZIEIREPREIRG » Ly ko5 j SHRERREYERR 30 73
FEIEPORAE > e 55 j S5l RV | B2 B AL PR
ZVEFREIEE » Py RSB j BRI | IZINIER R T &
G RIFERRAERY © R, Ko H AV EEGEFRTEEE B0 © Ry
RyEE AV EIGEROP RSB RIN - R, REEFHV BRI ah
8RN -

[k ENREEY Al Wischmeier and Smith {{¢#8 Laws k& Parson
J7> 1943 A3 E ZARE R BN BRI 2 f508 B R 2 Pl B 2
PREIEE A |

0.119+0.0873log I, for I, <76 mm h™
o = ©)

0.283 for I, > 76 mm h™'

AT B B 78RR 2 P98/ M 76 mm/h - FERR
FREMIE AL (6) 51 EFERITRE A 76 mm/h 1% - Efir
FEFRENRE Fo—EAE » N P RERERR R by i i -

N PR EbHE A TE tHFER 5 AT T3 6B AT A8
71 Ry EBE R WA [ PR - 3 e AR S RN (A
—IiG kg B RS S e BRE » MUt RER P e B
ZHI . ESTEA  BISERAETER - HERWT @ ()
BIGIER BRI A 12.7 mm > H %R B AT %
i R IR 6 /NIFLA_E 5 (2) RFEFEM AR 12.7 mm > {H
15 r8EAET 6.35 mm DL EZRE » EEHA e BT
RES > RIRZ SRR R — B A R PR B -

3. RESMAEE

REHZEAHBI T IRERE - PSR H 0t (Lee and
Heo, 2011) FfRz=/AF (Mello et al., 2013) » ¥ HH ~ H K&
WP BT (AR SR AR s S (R, R,EL R, BLER
SRR e M R AT R IR R R 8 (R HYZE
B - SUTIRERZE PR EERE ot R R A A FI A
= (D~ Fr -

(1) ¥ HIEERZ (root mean square error, RMSE)

RMSE = V (Rcal - Rest )2 (7)

(2) E4E S H57EE (mean absolute percentage error,
MAPE)

cal ~ Rext

MAPE = x100% (8)

cal



106 FHIFL - MORET - BT FIHE B R AR A AR BRI

() fm#= (Bias)

Bias = LWR —Rat) 10904 ©
o Reg Ryn T2 SRR R - FREIG RN ERE R
TIN5 Rese RtERS SRR GRAREL - Fh e Pl B B2k PRI e 5 Sl
A A

= BREFYR

1. BUEREHSH

KWL KERN 6 [JRERS 10 FHREE
o A FRE Wischmeier and Smith (1978) #2H ARG~ E
50 o7 6 (BRI R B AR R S5 RAIFR 2 B -
FRHETEN - ESARERSEE 2266 35 - HHpRERLR
Bk 423 RS 0 HX R ERERNL 419 5 > &R
309 B hyax/b o 6 (EFREnh 2 B RN E R KME B R AT
2009 FEA e EAR - Hh R R LR S U B ER &
2969 mm Fyf A 0 HIORy FESCREYE 2296 mm > f/N Ry
HFRENE 1208 mm o FIGRERPaE R A EEE PN ERL
B BSOS B AE 2009 FEEEh se e EHAR > 4371 Fs 107675
MJ mm ha” b B2 70726 MJ mm ha h'' 5 £5/IMERIZE4:4E 2005
4 0612 ZERRHARI AT 1SR &35 28180 MI mm ha h! « (HE
=i PSS 5 R Bk A E S A4 2007 SEAEHEREESHRT 0 4
H B 60764 MJ mm ha™ h' ~ 46952 MJ mm ha™' h™' £ 45209 MJ
mmhalh?o

BRINT > HSRA R EMER R S 3470 S e peE
] {H B B AP P AR Al A B R L R HESCE ST
S rERE AR - EAh S B84 1E 0612 SEFR KB fERe A
> B A R PR LA PR bR B [ — B FE I AERR
HEEE  (HA T BRI ERAFEEE NRREEZ SR Gl
TEREEEA » 2009) -

2. A EIpFEMEMEERPEIS A AN ZET
AHFZERRAE 6 (PR E LG 10 4£(2002-2011 F)HY 10 73§
BER FMREESR L SRIEITIHERE (Py) BEHRE
FROTERFEEL (Ro) ~ HIEFRE (P,) BLAERIMEHEE (R, K
FEETRE (P,) BUERTRIFELEE (R) ZHEHAT - &SR0
F 3 fn o RPEUR > G AN E EIEEKE (0<0.01)
TR PR B BN A E B R B R (5 - HBAREL ()
BRIA 0.75 DLE - WS B AR - Hooh o DIARE
PR&E (Pn) B G O Bk 45 B (Ry) W & A A2 B B (5 =X
(R,=0.87P,'?) HIRAMER R (°=0.92) ; HIky HFEMRE (P)
B H B PR aRTEE (Ry) AYMERRAG (R~0.66P, > r*=0.83)
FAFFETRE (Py) BUAFEREMRIPEIIEE (R) HEERHAR,
=1.52P,' > P=0.75) - {EFEAEER 5y o DL R & /)
(Intercept=0.036 > P=0.014) ; H X & A% W = (Inter-
cept=0.091 > P=0.019) ; DI E RyEc A (Intercept=1.169 >
P=0.097) » TR HFAVEA REEIEERE AKX -

Salako (2008, 2010) $1¥5% K Al TH R R B 2 R R it [ o
77 H e PR 22 B ] e Pl e P R P S BT AT > R B A =0y
R;=0.27P, % 1?=0.96) » 1% By R;=0.66P," 7*(1*=0.86) » A5
H R pl & Sz B R Pl b e is Sy A Bt Bl (4 X B R R i &
HyAEER A - SEIERE A (2009) A G AL H Rk & 81 H
FEp e E RO TR - B(5UB R,=0.002P, > (r°=0.72) »
BLAWR LGS RSN it Er AR EREE—ERE
BF > PEFROPARIEE FAHRE ARG, (FIEhE) P -
Carlos and Karim (2011) 77755 o 3 s 6 A F i S B [ R
SPERFE R (4 R,=0.015P,"%" (1"=0.88) > Zhang et al. (2005)
G AT R IR R R T Sk AT R PR B AT R R S Bl S R R 2
R=1.084P,""(r*=0.89) » Lt Fii &S BHS A RIEE - FhE
PR SRR AR A » PRI LA P PR el R S IR BRI AT 93t
@ o

3. ZHEREMAMERRARI ZER LS

KRR SMERESTITE - SR B RS
(RMSE) * “PH4a$72 [ 57t (MAPE) BilfF7 (Bias)  53H7
R E S TR e (R, BFIFH - B RAE
VTR S AR T T AR . (R RELR,T) YRR R
Mo SITEEERATR 4 K8 3 o - R HET  REREK
1 6 EF a5 E s TR AR (R, DIEEW
EUEREA (64926 MI mm ha b yr'!) s HAOR R RS
(61679 MJ mm ha™ h™' yr') ; DL R i A PR e e
B8 (R G530 IEZRMEIEEA (58803 MJ mm ha! h!
yrhy s HIsREUFRELS (54397 MImm ha bl yr!y 5 DLA

£ 2 BREELE )RR 6 BT SXEEIFEINTT F 4 AEES
Table 2 Rainfall and rainfall erosivity index analysis for
6 rainfall stations in Ailiao river watershed

| | R BT RETR
R T (mm) (MJ mm ha' )

(%) |EAME| SKRERESE | BRE| BAEEESEE
Bl 423 | 2969 |2009FELHIvERERE, | 107675]20094F ST vrRa/HE,
BEST| 382 | 2296 |2009EEERI ARG, | 70726 | 2009454 FHAN
g 309 | 1200 |20094FELiFERGE, | 28180 |20054F06 12555
HE 419 | 1208 |2009LFELRTFEREE, | 46952 |2007FABHLRAR
=S| 367 1299 [20094F AT HERASE, | 45209 [20074FFEHEHER,
R 366 | 1939 |20094FELHIFIREE, | 60764 | 2007 FFEHERATRE,
Hazt | 2266

F 3 ZEWT BT SRR AL
Table 3 Regression analyses of rainfall erosivity index
under three rainfall amounts (P4, Pm, Py)

e~ Non-linear regression model Standard error
PR F

Equation r Intercept | P(q, m,)
AERE (P)| RA0.66P 0.83** |12670.4| 0.036 | 0.014
Al%g (P,)| R.=0.87P,"* 0.92%* | 53227 | 0.091 | 0.019

FlERE (P) 0.75%* 177.1 | 1.169 | 0.097

5F 1 **%0<0.01 ©

R=1.52P,%
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Fig.3 Validation of the regression models for daily (a),
monthly (b), and annual rainfall (c) focusing on the
relationships between calculated R factor and es-

timated one

Table 4 Comparison of the estimated R factor evaluated by the previous regression equations with the calculated R
factor
PRIEh Ry R’ R R RMSE" RMSE"™ RMSE™ MAPE’ MAPE" MAPE™
jE=s=sil 61679 54397 54643 58548 722 7036 3131 12 11 5
s 35280 26770 32776 38752 8510 2504 3472 24 7 10
Frs 54945 49395 48417 54764 5550 6528 181 10 12 0
HE 35257 35303 36255 42011 46 998 6754 0 3 19
=P 42442 33436 34800 38911 9006 7642 3531 21 18 8
it 64926 58803 54102 57690 6123 10824 7236 9 17 11
Max 64926 58803 54643 58548 9006 10824 7236 24 18 19
Min 35257 26770 32776 38752 46 998 181 0 3 0
Mean 49088 43017 43499 48446 6086 5922 4051 13 11 9
Ccv 0.25 0.27 0.21 0.18 0.49 0.55 0.59 0.62 0.46 0.64

[R,. ] Calculated Ry factor by using Wischmeier and Smith (1978).

*Estimated R, by using daily rainfall model. (R, =0.66P,"*")

**Estimated R, by using monthly rainfall model. (R,, =0.87P,'*?)

***Estimated R, by using annual rainfall model. (R, =1.52P,

],29)
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