Original Paper Soil and Water Research, 16, 2021 (2): 74—84

https://doi.org/10.17221/25/2020-SWR

Estimation of annual mean rainfall erosivity based
on hourly rainfall data in a tropical region

MING-HSI LEE®, [-PING Hsu

Department of Soil and Water Conservation, National Pingtung University of Science
and Technology, Pingtung, Taiwan

*Corresponding author: mhlee@mail npust.edu.tw

Citation: Lee M.H., Hsu L.P. (2021): Estimation of the annual rainfall erosivity index based on hourly rainfall data in a tropical
region. Soil & Water Res., 16: 74-84.

Abstract: The annual mean rainfall erosivity (R) indicates the potential soil loss caused by the precipitation and runoff and
is used to predict the soil loss from agricultural hillslopes. R is calculated from rainfall stations with continuously recor-
ding rainfall databases. However, many short-term real-time rainfall databases that also relate to the rainfall intensity are
not readily available around Taiwan, with the hourly rainfall data being predominantly available. The annual mean rainfall
erosivity calculated by the 10-min rainfall data accumulation converted to the 30-min rainfall data (R 30) can be estimated
using the annual mean rainfall erosivity calculated by the 10-min rainfall data accumulation convert to the hourly rainfall
data (R eo) that are calculated from the kinetic energy calculated by the 10-min rainfall data accumulation converted to
the hourly rainfall data (Eegj). The maximum 60-min rainfall intensity calculated by the 10-min rainfall data accumulation
converted to the hourly rainfall data (/e;) has been established in rainfall stations throughout southern Taiwan. The 10-min
rainfall data set consists of 15 221 storm events from 2002 to 2017 monitored by 51 rainfall stations located in the tropical
regions in Taiwan. According to the results of this study, the average conversion factors of the kinetic energy (1.04), rainfall
erosivity (1.47), and annual mean rainfall erosivity (1.30) could be estimated based on the 10-min rainfall data.

Keywords: climate change; soil erosion; Universal Soil Loss Equation (USLE)

Abbreviations: E; — the kinetic energy in a rainfall event; Ej; — the kinetic energy calculated by the 10-min rainfall
data; Ego; — the kinetic energy calculated by the 10-min rainfall data accumulation converted to the hourly rainfall data;
e; — the unitary kinetic energy; eio; — the unitary kinetic energy calculated by the 10-min rainfall data; es; — the unitary
kinetic energy calculated by the 10-min rainfall data accumulation converted to the hourly rainfall data; I5p; — the maxi-
mum 30-min rainfall intensity calculated by the 10-min rainfall data accumulation converted to the 30-min rainfall data;
Isoj — the maximum 60-min rainfall intensity calculated by the 10-min rainfall data accumulation converted to the hourly
rainfall data; R; — the rainfall erosivity in a rainfall event; Ryo_so; — the rainfall erosivity in a rainfall event calculated by the
10-min rainfall data accumulation converted to the 30-min rainfall data; Rig_eo; — the rainfall erosivity in a rainfall event
calculated by the 10-min rainfall data accumulation converted to the hourly rainfall data; Ry 30, — the annual rainfall
erosivity calculated by the 10-min rainfall data accumulation converted to the 30-min rainfall data; Ro_eoy — the annual
rainfall erosivity calculated by the 10-min rainfall data accumulation converted to the hourly rainfall data; R — the annual
mean rainfall erosivity; Rio 30 — the annual mean rainfall erosivity calculated by the 10-min rainfall data accumulation
converted to the 30-min rainfall data; Rio 6o — the annual mean rainfall erosivity calculated by the 10-min rainfall data
accumulation converted to the hourly rainfall data; j — the effective rainfall event; y — the annual rainfall event.

Wischmeier and Smith (1958) found that the a high correlation between the soil loss and rainfall
product of the kinetic energy (E;) and the maximum intensity. Here, j showed an effective rainfall event.
30-min rainfall intensity (I3;) in arainfall event reveals ~ They defined the annual mean rainfall erosivity (R)
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as the average annual sum of the rainfall E;[3¢; values.
The rainfall erosivity (R)) and I3¢; of a rainfall event
are generally computed from the hyetograph data
or high-resolution rainfall data (pluviograph data).
Generally, a researcher must use at least 20 years of
rainfall data to compute the R of a given study area
when using the Universal Soil Loss Equation (USLE;
Wischmeier 1959). However, such a large amount of
data is not available for all regions in the world. Fur-
thermore, the R estimation is complicated even with
sufficient amount of pluviograph data available. To
overcome this problem, various simplified regression
equations have been proposed to estimate R by us-
ing more readily available data. Several studies have
reported a significant correlation between R and E;/3;
in many areas worldwide. Accordingly, the annual
precipitation data have been used to obtain a simple
estimation of R in numerous countries (Lawal et al.
2007; Roux et al. 2008; Angulo-Martinez & Begueria
2009; Xin et al. 2010; Bonilla & Vidal 2011; Lee &
Heo 2011; Yin et al. 2015; Plangos & Udmale 2017).
Detailed chart-recorded rain gauge data relative to
the storm intensity are not readily available in many
countries, such as China, whereas the hourly rainfall
data are readily available (Yin et al. 2007a).

Due to the limited availability of the breakpoint
rainfall data, many simple methods for estimating
R have been developed (Ateshian 1974; Arnoldus
1977; Richardson et al. 1983; Ferro et al. 1991; Re-
nard & Freimund 1994; Yu & Rosewell 1996; Zhang
et al. 2002; Yin et al. 2015; Panagos et al. 2016).
When more detailed rainfall data can be used, a more
precise computation of R can be achieved. With an
increase in automatic recording weather stations,
fixed-interval rainfall data are increasingly available
and used. Automatically recorded rainfall data in
fixed time intervals may be a preferred substitute to
the breakpoint data for R that are estimated through
the analysis of the yearly, monthly, daily, hourly data.

Istok et al. (1986) examined 15- and 60-min inter-
val rainfall data at three sites in a small watershed
in western Oregon in the United States. All the re-
sults revealed a highly significant linear correlation
between Ris; and Reg; for each site. The conversion
factors between R;s; and Reoj, which are the ratios of
Ri5; and Reoj, ranged from 1.193 to 1.378 and were
statistically different among the sites. Yin et al. (2007a)
estimated R; in central China by using 5-, 10-, 15-,
30-, and 60-min time interval rainfall data. The re-
sults indicated that the time interval was reduced
from 60 to 5 min, and the average conversion factor

decreased from 1.105 to 1.009 for E;. However, the
value changed from 1.668 to 1.007 and 1.730 to 1.014
for the I30; and Ej[30; values, respectively.

The literature describes many investigations on
the correlation between R; and the rainfall data time
intervals around the world. Yin et al. (2007b) stated
that because the continuous rainfall and rainfall in-
tensity data in many parts of China were difficult to
obtain, they analysed 456 rainstorm events recorded
by five water and soil monitoring stations in eastern
China and developed a method for estimating R with
the hourly rainfall data. Yang et al. (2010) adopted
the 10-min and hourly rainfall data of the drainage
basin of the Zengwen Reservoir in southern Taiwan
to compare the R; that was calculated from the two
types of data. Lobo and Bonilla (2015) developed
a method for calculating R by using rainfall data
recorded at 1-24 h intervals in Chile because rain-
fall data recorded at less than hourly intervals are
rare worldwide. Panagos et al. (2017) argued that
using annual rainfall data to calculate R could be
problematic and lead to substantial biases. There-
fore, they proposed estimating R with hourly rainfall
data recorded by 3 625 weather stations worldwide
to establish a global annual mean rainfall erosivity
diagram. Fischer et al. (2018) used radar rain data
to analyse rainfall in Germany. After considering
the effects of the temporal scale, spatial scale, and
position on the R, they proposed a modified function
for low temporal resolution rainfall data. However,
30-min or under 30-min time interval rainfall data
are not typically acquired because of its large volume
of data or requires payment; instead, hourly rain-
fall data are more readily available. Moreover, the
correlation between R; and the hourly rainfall data
in tropical regions has been investigated for many
years. Recently, studies evaluating the R; in tropical
regions by using hourly rainfall data at rainfall sta-
tions have been considered crucial.

In Taiwan, the current practice of estimating soil
erosion induced by effective rainfall involves calculat-
ing the product of the kinetic energy and maximum
30-min rainfall intensity as R;. However, only the
historical hourly or daily rainfall data are available in
most areas; most areas, thus, lack the short-interval
rainfall data needed to calculate the rainfall erosivity
as well as the long-term (yearly) radar rain data. The
insufficient precision in rainfall data has resulted
in calculation difficulties. Therefore, this study de-
veloped a method of estimating the annual mean
rainfall erosivity by using readily available hourly
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rainfall data. Most rainfall stations in Taiwan have
begun recording 10-min rainfall data to measure
the kinetic energy of an effective rainfall event, the
rainfall erosivity of a rainfall event, and the annual
mean rainfall erosivity for a more precise estimation.
The results of this study may serve as a reference for
competent authorities to estimate the annual mean
rainfall erosivity in Taiwan’s tropical region by us-
ing hourly rainfall data when short-interval rainfall
data are unavailable.

MATERIAL AND METHODS

This study collected the 10-min rainfall data re-
corded from 2002 to 2017 by fifty-one rainfall sta-
tions distributed throughout Kaohsiung City and
Pingtung County, which are both situated in the
tropical region of Taiwan. This study applied the
definition of a single effective rainfall event proposed
by Wischmeier and Smith (1958) to identify effective
rainfall events within the area. The kinetic energy (Eo;
and Eeo;) of each effective rainfall event, maximum
rainfall intensity (I30; and Is0;), and rainfall erosivity
of a rainfall event (R10730j and R1076()j) were calculated
by the 10-min rainfall data and were subsequently
used to determine the annual mean rainfall erosivity
(R10_30 and Rig ¢o0). Here, 10_30 showed the 10-min
rainfall data accumulation convert to the 30-min
rainfall data and 10_60 showed the 10-min rainfall
data accumulation convert to the hourly rainfall
data. This study used the 10-min rainfall data, which
were chosen to more accurately estimate the kinetic
energy (Eiq) of an effective rainfall event, and the
30-min rainfall data were obtained by accumulating
the 10-min data to calculate the maximum rainfall
intensity (I30;), a parameter required by all contem-
porary rainfall erosivity calculation methods. In
addition, the 60-min rainfall data were obtained by
accumulating the 10-min data to estimate R3p when
accurate historical rainfall data or short-interval
rainfall data were lacking. In particular, this study
used the 10-min rainfall data to establish conversion
coefficients for E1o; and Eeoj, I30; and Igo), R1o_30; and
R10_60j and Rig_30 and Rig_go. Finally, a regression
analysis was performed to find the conversion co-
efficients for the kinetic energy, maximum rainfall
intensity, and annual mean rainfall erosivity from
the rainfall data at different time intervals.

Southern Taiwan Region. Two tropical regions
with an area of 2 961 km? (Kaohsiung City) and
2 784 km? (Pingtung County) surrounded by fifty-one
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Central Weather Bureau rainfall stations in southern
Taiwan were selected for this study (Figure 1). Ka-
ohsiung City and Pingtung County are both located
within the south of the Tropic of Cancer in southern
Taiwan. They are located in a tropical monsoon
climate; the winters are dry and the summers are
rainy. The average annual temperatures in Kaohsiung
City and Pingtung County were 25.1 and 25.2 °C,
respectively, with the lowest temperatures occur-
ring in January (the average monthly temperatures
were 19.3 and 20.7 °C, respectively), and with the
highest temperatures occurring in July (the aver-
age monthly temperatures were 29.2 and 28.4 °C,
respectively). In winter (December—February), the
weather is affected by the continental air mass and
the northeast monsoon, but is relatively dry due to
the Central Mountain Range in Taiwan blocking the
systems, with an average monthly rainfall of 18 mm
and 23 mm, respectively. In the summer (June to
August), the regions receive most rainfall (the aver-
age monthly rainfall in Kaohsiung City and Pingtung
County are 381 and 412 mm, respectively), mainly
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due to the influence of the plum rain, maritime air
mass and southwest monsoons, which are vulnerable
to thunderstorms and typhoons. Extreme rainfall
events occur frequently in these regions during the
summer, which trigger severe changes in the water-
shed environment and cause major sediment disas-
ters. An example is Typhoon Morakot in 2009, where
665 people were killed, 34 people went missing, and
approximately 4.4 billion USD was caused in damage
as a result. When it struck Taiwan over August 5-10,
the maximum accumulative rainfall in Kaohsiung City
and Pingtung County reached 2 517 and 2 686 mm (the
annual mean rainfall of Kaohsiung City and Pingtung
County are 1 885 mm and 2 022 mm), respectively.

Material. The product of the kinetic energy and
maximum 30-min rainfall intensity is the primary
parameter for the estimation of the soil loss induced
by an effective rainfall event. For areas with only
hourly or daily rainfall data available, estimating the
rainfall erosivity can be difficult. In Taiwan, although
most rainfall stations have begun recording 10-min
rainfall data, historical records are predominately
comprised of hourly data. Therefore, this study col-
lected 10-min rainfall data from the fifty-one rainfall
stations within the research area, which recorded
15 221 effective rainfall events between 2002 and
2017. Specifically, the 10-min rainfall and 10-min
accumulative rainfall data were used to estimate the
kinetic energy (Eio; and Eso;) of an effective rainfall
event, the maximum rainfall intensity (I30; and Zs0;),
and the rainfall erosivity in a rainfall event (Ryo_so;
and Rio_s0;). These parameters were subsequently
employed to determine the conversion coefficients
for the kinetic energy, maximum rainfall intensity,
and annual mean rainfall erosivity when the rainfall
data with different time intervals were used. The con-
version method is detailed in the following section.

Establishing the relationship between R; 30
and R;¢ ¢o based on the 10-min rainfall data. The
rainfall erosivity in a rainfall event calculated by the
10-min rainfall data accumulation converted to the
30-min rainfall data (Rio_30;) describes the erosive
impact of the rainfall and runoff on the detachment
and entrainment of the soil, which can be expressed
as Equation (1)

L

RlO}Oj = Ele ><130] = z(eloini)XISOj (1)

i=1
where:
Eyoj — the kinetic energy calculated by the 10-min rain-
fall data (MJ/ha),

I30; — the maximum 30-min rainfall intensity calculated
by the el0-min rainfall data accumulation con-
verted to the 30-min rainfall data (mm/h),

e10; — the unitary kinetic energy calculated by the 10-min
rainfall data (MJ/mm-ha),

Pj; — the rainfall amount (mm),

T; - the total rainfall duration,

i,j — the number of rainfall data instances and the
number of rainfall events, respectively.

By adding the Ry 30; of all rainfall events in one
year, the annual rainfall erosivity calculated by the
10-min rainfall data accumulation converted to the
30-min rainfall data (Ryo_soy) can be derived as follows:

Y
R10730y = leoJOj (2)

Jj=1
where:
Y - the number of rainfall events in the year.

In addition, the unitary kinetic energy (e;) is de-
duced from the relationship between the raindrop
diameter and the rainfall intensity, as follows (Laws
& Parsons 1943):

for I; < 76 mm/h

.- { 0.119 + 0.0876log!;
: for I; > 76 mm/h

0.283

Because the rainfall amount caused by some events
has too little energy to disturb soil particles, these
events should be neglected. The rainfall erosivity in
rainfall events (R;) should only be estimated from the
effective rainfall events. According to Wischmeier
and Smith (1978), all effective rainfall events can be
defined as follows: (1) events in which the accumula-
tive rainfall amount exceeds 12.7 mm, with no rainfall
for 6 h either before or after the event, and (2) events
in which the accumulative rainfall amount reaches
at least 6.35 mm in 15 min. This study proposed a
new index that refers to the rainfall erosivity in a
rainfall event calculated by the 10-min rainfall data
accumulation converted to the hourly rainfall data
(R10_60j), as shown in Equation (4):

T
R10_60j = E60j Xlgg; = Z(eéoi})ji ) X 160_/' (4)

i=1

where:

Egoj — the kinetic energy calculated by the 10-min rain-
fall data accumulation converted to the hourly
rainfall data (MJ/ha),

Isoj — the maximum 60-min rainfall intensity calculated
by the 10-min rainfall data accumulation con-
verted to the hourly rainfall data (mm/h),
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ec0i — the unitary kinetic energy calculated by the
10-min rainfall data accumulation converted to
the hourly rainfall data (MJ/mm-ha),

T; - the total rainfall duration.

Equation (1) indicates that subscripts i and j denote
the number of rainfall data instances and number of
rainfall events, respectively. By adding the R1g_so; of
all the rainfall events in one year, the annual rain-
fall erosivity calculated by the 10-min rainfall data
accumulation converted to the hourly rainfall data
(R10_60y) can be expressed as Equation (5):

Y
R10760y = ZR10760/' (5)
=

The relationships between the kinetic energy
(E1oj and Eggj) and the maximum rainfall intensity
(130 and Io;) are both linear (Weiss 1964; Yin et al.
2007a). Thus, the following relationship for the
rainfall erosivity in a rainfall event calculated by
the 10-min rainfall data accumulation converted
to the 30-min rainfall data (Ryo_3o;) can be obtained:

R10_305 = E10j % I30;

(aeEeop) x oo (6)
agazEsoilsof

where:

ar — the kinetic energy conversion coefficient,

a; — the maximum rainfall intensity conversion coef-
ficient.

By adopting the simplified notion az; = ar o, Equa-
tion (6) can be rewritten in the following compact
form:

R10 305 = agiR10_60) (7)

where:
ag; — the slope coefficient based on the linear regression
through the origin.

Equation (7) was used for the evaluation and cali-
bration by analysing the trends in the 10- and 60-min
rainfall data. Evaluating this equation involves statis-
tically determining whether Rig 30, during Rig_30; is
proportional to Rig 0y during Rio_eoj. Thus, ag; may
be used as a conversion coefficient to convert the
values of Ry _go; to the corresponding values of Rig_3.

Because the variation in the coefficient ap; results
from that in coefficient ay, the relationship between
Rig_30; and Rig_eo; is similar for each station among
the fifty-one rainfall stations selected, as illustrated
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in Figure 2. From Equation (7), R1o_30y can be for-
mulated as follows:

Y

Y
R10730y:Z;R10730j =aRjZ;R1076Oj:aRjR1076Oy (8)

J= J=
Assuming that « is constant, the relationship be-
tween the annual mean rainfall erosivity calculated
by the 10-min rainfall data accumulation converted to
the 30-min rainfall data (R 30) and the annual mean
rainfall erosivity calculated by the 10-min rainfall
data accumulation converted to the hourly rainfall

data (R10_60) can be described as in Equation (9):

1 1
R10730:;ZR10730,V = ;zR1076Oy:aR10760 9)
Y=1 =

where:
n - the cumulative number of years (there were 15 years
in this study).

As indicated in the preceding analysis, « is ap-
proximately constant and can, thus, be calibrated.

RESULTS AND DISCUSSION

Effective rainfall events. Tables 1 and 2 present the
basic geographic and rainfall data of the twenty-six
rainfall stations in Kaohsiung City and twenty-five
rainfall stations in Pingtung County in this study.
According to the criteria, 15 221 effective rainfall
events were identified using data from these fifty-
one rainfall stations (Tables 1 and 2). The shortest
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Figure 2. Rainfall energy proportional coefficient ag,
rainfall intensity proportional coefficient a;, and erosivity
proportional coefficient ag; at the fifty-one rainfall stations
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rainfall duration varied from 0.5 to 0.8 h. The longest
rainfall duration ranged from 96 to 244 h. The high-
est accumulated rainfall volume ranged from 522 to
2 970 mm. A maximum 10-min rainfall intensity
value of 786 mm/h was observed at the SiaoGuan-
Shan station in Kaohsiung City. The annual rainfall
amount varied from 1 358 to 4 070 mm.

Relationship between E;o; and Eggj. The kinetic
energy component of the rainfall erosivity in the
Universal Soil Loss Equation (USLE) was computed
using Equation (3) for both the 10- and 60-min rain-
fall data collected from all fifty-one rainfall stations.
The significant correlation regression between E;
and Eeo; with r* = 0.99 is presented in Figure 3, which
can be expressed by Equation (10):

El()j = 1.04E60]‘ (10)

The difference in the two values of the kinetic
energy component was due to the logarithm term in
Equation (3). In particular, the hourly data were equal
to the sum of six 10-min data values. The variance
of Eigj and Egoj was 0.04. Furthermore, the kinetic
energy conversion coefficient ag varied between 1.02
and 1.06 over the fifty-one rainfall stations and had
an average value of 1.04 (Figure 2). The variation
in the coefficient (ag = 1.04) in Equation (10) could
be obtained by calculating the fixed interval of the
10-min data in E;¢; and six 10-min data values in
Esoj, with all the rainfall data derived from the same
rainfall event. In addition, the kinetic energy did

Table 1. Rainfall characteristics of the twenty-six rainfall stations in Kaohsiung City

= z —

(fg Shortest Longest - ’E\ @ ::“

Rainfall 3 g rainfall  rainfall % g £ *E a ‘s
station i3] "qu 2 E P duration duration g é ;c; g % = 2 s
E = 2 2E P3E EEE £ EE
A = S E% (h) S¢E SFE gE ZE
Zuoying Zuoying 120°17'N  22°40'E 230 0.5 184 857 101.5 13 1602
Fengsen Xiaogang 120°23'N 22°32'E 241 0.5 121 726 84.5 61 1616
Sanye Luzhu 120°16'N  22°50'E 366 0.5 122 995 102.5 35 1635
Gangshan Qiaotou 120°17'N  22°45'E 259 0.5 125 944 125.5 31 1617
Gutingkeng Tianliao 120°24'N  22°53'E 259 0.5 132 1036 87.5 87 1421
Mujha Neimen 120°27'N  22°58'E 224 0.5 137 1358 109.5 94 2 007
Chishan Chishan 120°29'N  22°52'E 421 0.5 156 1789 99.5 63 1996
Fengsen Dashe 120°21'N  22°45'E 290 0.5 122 925 126.5 55 1772
Jiasian Jiaxian 120°35'N  23°04'E 232 0.5 138 2 094 150.0 60 2 650
XIPU Dashu 120°26'N  22°43'E 255 0.5 167 1 040 124.5 30 1903
Fengshan Fengshan 120°21'N  22°38'E 377 0.5 133 933 105.5 27 1787
Daliao Daliao 120°25'N  22°36'E 302 0.5 193 814 85.5 24 1723
Yuemei Shanlin 120°32'N  22°58'E 212 0.5 120 1373 91.0 112 2271
Meinong Meinong 120°31'N  22°53'E 307 0.5 117 1 066 121.0 46 2228
JiaDong 120°33'N  22°50'E 314 0.5 144 1 004 144.5 95 2257
Jhuzihjiao Yanchao 120°20'N  22°48'E 310 0.5 123 837 95.0 51 1799
Jianshan 120°22'N  22°48'E 313 0.5 129 846 109.0 270 1823
Xinfa Liugui 120°39'N  23°03'E 256 0.5 139 2423 148.5 470 3032
Dajin 120°38'N  22°53'E 427 0.5 120 1473 156.0 190 2711
Yuyoushan 120°42'N  23°00'E 381 0.5 161 2970 127.0 1637 4070
Gaozhong 120°43'N  23°08'E 241 0.5 138 2 338 134.0 760 2786
Fuxing 120°48'N  23°13'E 380 0.8 117 2 247 122.0 700 2377
Xiaoguanshan Taoyuan 120°48'N  23°09'E 355 0.5 135 2 541 143.5 1781 2995
Sinan 120°48'N  23°04'E 274 0.7 136 2 806 128.5 1792 3750
Nantianchi 120°54'N  23°16'E 291 0.8 122 2740 99.5 2700 3661
Paiyun 120°57'N  23°27'E 238 0.8 141 1655 50.5 3340 2 642
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Table 2. Rainfall characteristics of the twenty-five rainfall stations in Pingtung County

= >

= 2 =

= Shortest Longest - ’g o ’g &

= . . Q ) E g

Rainfall o < = rainfall  rainfall Y E E & o ®

station = < = s duration duration ¥ 3 = é == S =

[Z2) = = — — = (o}
g B S i SEE EET @B 5=
z = S g8 S22 55E 3 £ E
= 3 S 83 (h) SSE SEE #© £
Ali Wautai 120°44'N  22°44'FE 263 0.5 141 1200 1085 1040 2733
Majia Majia 120°%41'N 22°40'E 248 0.7 193 1939 1390 740 3491
Ligang Ligang 12029'N  22°47E 310 05 102 1002 1015 42 2016
Pingdong E‘irtlft““g 120°30N  22°39'E 292 0.5 167 1115 1155 25 2124
Xinwei Yanpu 120°32N  22°45E 352 0.5 244 1088 1405 56 2222
Linluo Linluo 120°33N  22°39E 234 05 167 991 1315 54 2230
Nanzhou Nanzhou 120°30N  22°29E 306 0.5 115 867  133.0 20 1598
Chaojhou Chaozhou 120°32'N  22°32E 354 05 172 865 1545 12 1848
Fangliao Fangliao  120°35'N  22°21'E 305 0.5 114 707 93.5 69 1358
Maobitou Hengchun 120°44'N  21°55E 342 0.5 99 943 1275 49 1419
Checheng Checheng 120°44'N  22°04E 320 05 105 764  199.5 54 1610
Laiyi 120°37’N 22°31'E 363 0.5 171 1355 1565 74 2 448

Wanluan
Chishan 120°36'N 22°35'E 284 05 174 1789  108.0 48 2630
Sandimen e 120°38'N  22°42'E 245 0.5 138 1299 1490 59 2575
eipu
Longquan P 120°36'N  22°40'E 333 0.5 195 1045 985 61 2438
Lili Chuni | 12037N 2225E 228 0.5 168 878 1615 91 1944
unri
Chunri 120°37'N 22°22'E 387 0.5 105 708 155.0 86 1677
Fangshan Fangshan 120°39'N  22°14'E 197 0.7 118 646 108.0 36 1627
Shangdewun 120°42'N 22°45'E 395 0.5 140 2296 173.0 820 3346
Gusia Sandimen 120°38'N  22°46'E 395 0.5 201 1208 1160 140 2582
Weiliaoshan 120°%41'N 22°49'E 229 0.5 121 2969 1245 1018 3548
Syuhai 120°53'N 22°11'E 227 0.8 120 1234 1005 20 2023
Mudanchihshan 120°50N  22°09'E 251 0.5 148 566 1000 504 2268
udan

Dahanshan 120°44N  22°06E 364 05 9% 522 1180 260 1457
Shouka 1205I'N 22°14E 244 05 148 612 81.0 489 2184

not increase by more than 76 mm/h. The values of
Eyoj and Eg; were, thus, substantially equal to each
other. Although kinetic energy has been considered
the main rainfall erosive factor (Wischmeier & Smith
1958; Hudson 1965; Carter et al. 1974; Sempere Tor-
res 1992), the effect of a high-intensity rainfall on
the erosivity was significant in this study area. The
high-intensity values were recorded in short periods,
particularly in storms with short durations, which
indicated that other combinations of the kinetic en-
ergy and maximum intensity for shorter periods were
more effective erosivity indices for this study area.

Relationship between I30; and Igo;. The rainfall
intensity component of Equation (1) was computed
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using the 30- and 60-min rainfall data collected from
fifty-one rainfall stations in southern Taiwan. The
results for I30; and Iep; are shown in Lines 1 and 2 in
Figure 4. These lines indicate that the range of vari-
ance for I3p; was less than 2/, but more than Ig;.
A difference in the diversity in the rainfall intensity
helped identify the relationship among the differing
levels of the maximum rainfall intensity. According
to all the results, a higher number of rainfall events
with a duration less than 30 min resulted in a higher
number of I3g; values close to 219;. Furthermore,
Figure 4 indicates that /3; approached Lines 1 or 2,
but the data were located between the two lines if
I30; > 50 mm/h. The regression analysis revealed the
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Figure 3. Comparison of the rainfall kinetic energy calcu-
lated by the 10-min and hourly rainfall data (E1¢; and Eeq)

30- and 60-min rainfall intensity (/30; and /60;) to have
the relationship I30; = 1.47160; (r? = 0.90). Here, the
maximum rainfall intensity conversion coefficient a;
equalled 1.47. Moreover, Figure 2 indicates that the
rainfall intensity conversion coefficient varied more
markedly among the fifty-one rainfall stations than
did the kinetic intensity conversion coefficient itself.
Thus, although the rainfall distribution affected the
relationship between I30; and I, it was not crucial.
Therefore, although the difference between R 30;and
R10_s0j was sensitive to the rainfall distribution in a
year or a single event, it varied only slightly between
the vicinities.

Many studies have assumed that the value of the
rainfall erosivity depends entirely on the maximum
rainfall intensity and that the conversion factor for
the kinetic energy is approximately equal to 1. Yin et
al. (2007a) indicated that the dominant role played
by I30; on E; in terms of the error when estimating
R30; by using the fixed-interval data was apparent for
the 60-min fixed-interval data. The average conver-
sion coefficient was 1.105 for the kinetic energy, and
the average conversion coefficient was 1.668 for the
maximum rainfall intensity in this research. Our
study results had the same variation trend regarding
the kinetic energy conversion coefficient and the
maximum rainfall intensity conversion coefficient.

Conversion factor for R3p and Re. Figure 5 il-
lustrates the relationship between the computed
values of Rig_30; and Rio_s0;. The regression analysis
revealed that Rig 30 and Ryo_so; with r? = 0.97 are
related as follows:

200 300 400 500
Iso (mm/h)

0 100

Figure 4. Comparison of the maximum 30-minute rainfall
intensity I30; and the maximum hourly rainfall intensity s,

R10 305 = 1.30R10_e0; (11)

Figure 6 plots Rjo 3 against Ryo g0 with r* = 0.95.
R0 30 and Ry _¢o are expressed as in Equation (12).
Here, a equals 1.30.

R10_ 307 = 1.30R10_60 (12)

R;is underestimated each time the intervals increase
from 5, 10, 15, or 30 to 60 min (Williams & Sheridan
1991; Yin et al. 2007a; Panagos et al. 2015). As a
compromise, the 30-min temporal resolution data
were used, although the most abundant time-step
was 60 min. In addition, Yin et al. (2007a) noted that

120 000
Rl()j()j = 1~30R10,60,‘
R2=0.97 .
100000 + 7 =15221 e
S 80000 Line 1
.5 s
g
= 60000
=)
g
1
=
& 40000
20 000
0 ——

0 20 000 40000 60000 80000 100000 120 000
Ry 60 (MJ-mm/ha-h)

Figure 5. Relationship between R1g 30; and Rig_e0; for each
rainfall event
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Figure 6. Relationship between Rig 30 and Rig_so

moving toward time intervals less than 30-min to
obtain reliable erosivity estimations is unnecessary.

Istok et al. (1986) presented a highly significant
linear correlation between R;s; and Reo; by using the
15- and 60-min data from three sites located at a
small watershed in western Oregon. The conversion
factors between Ri5; and Reg; varied from 1.193 to

https://doi.org/10.17221/25/2020-SWR

1.378, and statistical differences were evident among
the three sites. However, this factor was larger when
the breakpoint data were used instead of the 15-min
data. Panagos et al. (2015) introduced the regression
functions developed to convert R from the differ-
ent temporal resolutions to the 30-min resolutions.
The conversion factors were 1.5597 for Rgo, 0.8716
for Rys5, 0.8205 for R;o, and 0.7984 for Rs. The con-
version factors for the recording time-steps lower
than 30 min were less than 1, which explains how
the homogenised 30-min-based R dataset slightly
overestimated the ‘real’ rainfall erosivity.

The R originally established by the regression analy-
sis on the annual mean rainfall erosivity and the
annual rainfall data recorded from 1957 to 1976 by
using 8 rainfall recording rain gauge stations, with
only hourly rainfall data (Huang 1979). Unfortu-
nately, these data were not updated almost 30 years
ago. This study has established the Rig 30 based on
the 10-min rainfall data from the rainfall stations
located in Kaohsiung and the Pingtung area in the
tropic region of southern Taiwan. The accuracy of
the rainfall data and density of the rainfall stations
has been increased during the period of study. The
R0 30 compared to Huang (1979) showed that most
of the Ry 30 of this study are more reasonably than

Table 3. The significant difference between R1g 30 based on this study in the tropic region of southern Taiwan (A) and

the estimation of Huang (1979) (B)

Annual mean rainfall

Annual mean rainfall

City/county I::;Eiilll eros1v11te§1/0(_)3fotgl\s; study, erosivity oil—([ltgl)ang (1979,  pp = (A)(% % 100%
(MJ-mm/ha-h-year)
Gutingkeng 23982 13 361 79.5
Mujha 31062 18 603 67.0
Kaohsiung Jiasian 43 504 21 028 106.9
City Fengshan 24581 13 650 80.1
Meinong 35282 23191 52.1
Nantianchi 41 355 48 008 -13.9
Ali 38716 39 890 -2.9
Ligang 29 096 19 539 48.9
Pingdong 32 822 19 301 70.1
) Laiyi 47 441 21 854 117.1
Ei‘f;‘;;g Sandimen 47 515 24,556 93.5
Longquan 34055 18 909 80.1
Gusia 45 495 24500 85.7
Dahanshan 19700 53259 -63.0
Shouka 22 595 46 819 -51.7

PD - percent difference
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Huang’s results, whose range of percent difference
is —=63.0 ~ 117.1% (Table 3). When using the annual
mean rainfall erosivity of Huang (1979) to estimate
soil erosion, the Ry 30 may be underestimated.

CONCLUSION

Calculating the Ry 30 and Rjo_¢o based on the 10- and
60-min rainfall data from fifty-one rainfall stations
in southern Taiwan is the best practice, according
to this study.

All the results indicated that the kinetic energy
values derived using the two sets of data were strongly
related because Eyo; = 1.04E¢; with r? =0.99. In ad-
dition, the maximum rainfall intensity values of the
30- and 60-min intervals were related because I30; =
1.47I6o; with r* = 0.90. The rescaling (conversion fac-
tors) of E was nonsignificant, but the rescaling of /
was significant when changing the time resolution
from the hourly to the 30-min rainfall data.

The Rig_30; associated with a rainfall event and
the Rio_so; associated with a rainfall event can be
expected to be RlO_BOj = 1~30R10_60j with 72 = 0.97.
Finally, the R 30 and the R;y 60 can be expressed as
R0 30 = 1.30R10 g0 with r? = 0.95. The 60-min rainfall
data were successfully used to estimate the rainfall
erosivity, where more precise time resolution data
were unavailable. A marked improvement in the
predictions between the 60-min data and the 30-min
data was achieved in this study.

Because typhoons often strike Taiwan between
July and October, it is possible for the R; associated
with the heavy rainfall of a typhoon to surpass R,
so the conversion factor of the rainfall erosivity will
be larger than the conversion factor of the annual
rainfall erosivity.

This study proposed a method of estimating the
hourly rainfall erosivity on the basis of the 10-min
rainfall data that should greatly assist future studies
assessing the effects of climate change, which is a
major problem in the world.

Compared with the use of conventional rain gauges,
applying radar technology, which has gradually ma-
tured, allows for the advanced assessment of how a
temporal scale, spatial scale, and position affect the
annual mean rainfall erosivity (R; Fischer et al. 2018).
In the future, the research team will investigate how the
temporal and spatial scales change during a typhoon
or a heavy rainfall event and how such changes affect
the annual mean rainfall erosivity when sufficient radar
rain data will become available in Taiwan.
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