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Rainfall kinetic energy is a widely recognized indicator of a raindrop's ability to detach soil particles in rainsplash
erosion. However, it is challenging to estimate the kinetic energy (KE) of a given rain event, because it involves
analysis of the terminal velocity and drop size distribution (DSD) of raindrops. A preferred alternative is to relate
KE to rainfall intensity. Therefore we sought to characterize simulated rainfall, establish a relationship between
kinetic energy and intensity as a function of both time (KEt, J m−2 h−1) and volume (KEvol, J m−2 mm−1), and
examine the erosivity potential of each event. A rainfall simulator and Laser Precipitation Monitor (optical
disdrometer) were used to characterize raindrop size, terminal velocity and KE at different rainfall intensities
(1.5 to 202 mm h−1). Values of KEt ranged from 26.67 to 5955 J m−2 h−1 and KEvol ranged from 16.10 to
34.85 J m−2 mm−1, which is comparable to values determined from natural rain of similar intensity ranges. A
power-law function and a polynomial function between KEt and rainfall intensity had coefficients of determina-
tion (R2) of 0.99 and 0.98 (P b 0.0001), respectively. The best-fitting relationship between KEvol and intensity was
a power-law function (R2 = 0.95; P b 0.001). We found that erosivity had a very strong correlation with rainfall
depth (R2 = 0.99; P b 0.0001) in power-law function. Furthermore, regardless of rainfall intensity, KE is more
strongly correlated with raindrop size than volume of raindrop.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Soil erosion by water is a two-phase process that consists of detach-
ment of soil particles from the soil mass by rainsplash and transporta-
tion of detached particles by running water or runoff (Morgan, 2005).
Rainsplash erosion is caused by the kinetic energy of raindrops that
strike the soil and throw particles into the air (Sempere-Torres et al.,
1992;Wischmeier and Smith, 1978). Runningwater is a more powerful
erosive agent than rainsplash because raindrops use most of their ener-
gy in detachment and thus have less energy for transport than overland
flow (Gilley and Finkner, 1985; Grismer et al., 2008; Kinnell, 1990). In-
formation about the drop size distribution (DSD) of raindrops is funda-
mental for efforts to predict soil erosion and develop mitigation
strategies, because raindrop properties govern rainfall erosivity through
the kinetic energy of drops (Blanchard, 1953; Lu et al., 2008).

The available energy for erosion is analyzed in terms of potential and
kinetic energy (Morgan, 2005). Potential energy (PE) is computed as the
product of raindrop mass (m), the raindrop's height above the ground
(h) and the acceleration of gravity (g). The potential energy is converted
).
into the kinetic energy (KE) of raindrop motion, which is related to the
mass and terminal velocity (Vt) of the drop (Kinnell, 1990; Salles et al.,
2002; Van Dijk et al., 2002). The total kinetic energy of a rainfall event
is calculated by summing the individual kinetic energies of raindrops
with the aid of information on DSD and raindrop terminal velocity
(Sharma et al., 1995).

The basic expression of erosivity is based on the kinetic energy of the
rain and its maximum 30-min intensity (Wischmeier and Smith, 1978).
Kinetic energy is relatively more difficult to determine because mea-
surement of DSD is cumbersome, varies with different storm types
and requires a continuous record of the rainfall event. Even when DSD
information has been collected, the other necessary data (e.g. terminal
velocity) are seldom available and are not among commonly collected
metrological parameters. Therefore, researchers often estimate KE em-
pirically from its relationship to rainfall intensity (Hudson, 1965;
Lal, 1998; Meshesha et al., 2013; Nyssen et al., 2005; Onaga et al.,
1988). However, because this relationship varies with sample size,
methods and rainfall types, it is not considered reliable at all localities
(Van Dijk et al., 2002). For example, cyclonic rain in the temperate zone
ismainly composed of small and average size raindropswhereas high-in-
tensity tropical thunderstorms have a greater proportion of large drops.
Thus, the rain energy of the two storm types differs even at the same
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rainfall intensity (McIsaac, 1990;Meshesha et al., 2013). Therefore, in this
study, we investigated the kinetic energy and erosivity of rainstorms
using simulated rainfall.

The main objective of this study was to analyze the DSD, kinetic en-
ergy and erosivity of different events, using data collected froma rainfall
simulator and an optical disdrometer. We also sought to establish an al-
ternative relationship between intensity and kinetic energy, and evalu-
ate the erosivity potential of different events.
2. Materials and methods

2.1. Rainfall simulator

Erosivity indexes can be developed using natural or simulated rain.
One advantage of rainfall simulation is its ability to emulate natural
rainfall in a controlled manner, and DSD can be adjusted to a degree.
By controlling rainfall properties such as duration, intensity, rainfall
depth and fluctuation in intensity, simulated rain helps to eliminate
the erratic and unpredictable variability of natural rain.

We used a drop-forming type of rain simulator at the Arid Land Re-
search Centre of Tottori University, Japan, that consists of a computer
control system, water reservoir and pump, oscillating screen and hypo-
dermic tubes that distribute the water. Its height of 12 m is in principle
sufficient for raindrops N3mm to achieve their terminal velocity (Fig. 1a).
More detailed descriptions of the simulator are given by Abd Elbasit et al.
(2010).

At first, the rainfall simulator had to be calibrated so as to get the in-
tensity of different flow rates. Thus, the water from the available tanks
(3 in number) was pumped at different flow rates and the correspond-
ing intensitywasmeasured and recorded, thereby, a total of 20 different
intensities were simulated (1.5–202 mm/h) for corresponding flow
rates (19.5–500 l/h). All the raindrops from the beginning to the end
of the events were included in the calculation of average intensity,
depth and characterization of the drop size distributions.
Fig. 1. Photographs of the rainfall simulator (a) and LPM sensor (b; location sh
2.2. Laser Precipitation Monitor (LPM)

There are several techniques to measure the DSD of rainfall. Manual
methods are tedious, time consuming, of limited accuracy and inade-
quate when raindrops fall in large numbers and at changeable rates
(Meshesha et al., 2014). Automatic sampling devices that produce con-
tinuous records of DSD and raindrop counts include acoustic (piezoelec-
tric transducers), electromechanical and optical disdrometers.

The Laser Precipitation Monitor (LPM), an optical disdrometer
(Adolf Thies GmbH & Co. KG, Germany), was used in this study (Fig.
1b and c). Precipitation particles falling through an infrared laser
beam (780nm) in a sensorwith a 45 cm2 cross section are characterized
in terms of their diameter and velocity by processing the signal of a pho-
todiode that receives the beam (Fig. 1c). The device classifies drops by
diameter from 0.16mm to ~9mmand determines their terminal veloc-
ity, then its software (version 1.04 07/2003) groups the raindrops into
different classes of drop size. Using the assumption that raindrops are
spherical, the diameter is used to calculate themass and velocity of rain-
drops and derive their corresponding kinetic energy.

To avoid backsplash effect of raindrops, the sensor was positioned
1 m above the ground and thus the actual distance between the sensor
area and the dripper (simulator)was 11m. Furthermore, the sensorwas
installed parallel to the ground and perpendicular (90°) to the mast (as
suggested by the company).

2.3. Kinetic energy expressions

A favored expression of rainfall erosivity is an indexbased on the kinet-
ic energy of the rain (Renard et al., 1991; Wischmeier and Smith, 1978).
Rainfall kinetic energy can be obtained from direct measurements, such
as by force transducers or acoustic devices (Abd Elbasit et al., 2010;
Jayawardena and Rezaur, 2000), or by calculation from the measured
DSD and terminal velocity of raindrops using a disdrometer.

Kinetic energy is expressed in two forms in rainfall data analyses: ki-
netic energy per unit area per unit time (KEt, J m−2 h−1) and kinetic
own in a), and diagram showing the measuring principle of the LPM (c).

Image of Fig. 1
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energy content, which is a function of rainfall depth (KEvol,
J m−2 mm−1). Because drop size is strongly related to terminal velocity
and kinetic energy, KE of a given drop is derived from the product of its
mass and the square of its terminal velocity.

The instrument used in this study sums the number of drops in each
drop-size class along with their falling velocity and produces the output
for every 1min time period.We aggregated these 1-minmeasurements
into energy of total rainfall using the following expression:

KEt ¼ ρπ
12
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where ρ is the density of water (kgm−3), t is the exposure time (s),Ni is
the number of drops in class i, Di is the drop diameter of class i (mm),
v2Di is the falling velocity of Di (m s−1) and A is the sampling area of
the sensor (45 cm2). Similarly, KEvol was derived from the following
equation:
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where vol is the total depth of the rainfall event.

2.4. Rainfall erosivity indexes

The rainfall erosivity factor R (MJ mm ha−1 h−1) evaluates the ca-
pacity of rain to erode unprotected soil. Renard and Freimund (1994)
summarized previously published estimates of R for various parts of
the world. Wischmeier and Smith (1958) found that soil loss by
rainsplash, sheet and rill erosion is related to the product of rainfall ki-
netic energy E and maximum 30-min rainfall intensity I30, or EI30.
Monthly R values are obtained from the sum of EI30 values of all rainfall
events within a month, and similarly annual R values are the sum of the
EI30 values of storms in a year.

There has been concern over the validity of the EI30 index for the
high-intensity rains of tropical regions and higher altitudes, and also
for rains over the ocean where raindrops and their energies are small.
There is no clear justification that I30 is the optimum value for this pa-
rameter. Moreover, this index assumes that erosion occurs even at
light rain intensity, whereas Hudson (1965) argued that erosion re-
quires a rain intensity greater than 25 mm h−1 and based on this
Table 1
DSD and kinetic energy of simulated rainfall for different intensities.

No. Flow rate (l/h) Intensity (mm h−1) Rain depth (mm) Total drops

1 19.5 1.5 0.69 5472
2 41.8 4.2 1.75 12,213
3 73.9 8.4 3.4 40,365
4 100.9 12.8 6.17 60,420
5 124.2 16.7 10.3 67,904
6 150.5 21.6 7.9 60,734
7 176.4 27.1 13.5 187,004
8 204.2 34.2 23.4 365,839
9 228.6 49.3 19.6 234,588
10 250.1 56.9 25.6 538,437
11 275.8 60.6 34.4 363,977
12 301.9 66.2 25.4 279,956
13 328.5 71.8 27.5 326,465
14 354.4 74.9 43.7 172,011
15 379.6 80.4 40.2 289,373
16 404.9 95.8 51.1 196,976
17 429.5 107.7 50.7 311,997
18 456.8 128.6 72.9 204,077
19 480.9 156.9 65.4 190,961
20 500 202 99.2 281,045

Where, CV (coefficient of variation); D50 (median volume drop diameter); KEvol (kinetic ener
assumption he developed a simpler alternative index, but Stocking
and Elwell (1973) concluded that EI30 is the better index. Thus, it re-
mains themostwidely accepted index for erosivity estimates in the pro-
cess-based approach.

The other commonly used index of rainfall erosivity is the Fournier
Index (FI), which is the ratio p2/P, where p is the wettest monthly pre-
cipitation and P is the mean annual precipitation, or the Modified
Fournier Index (MFI), which is the ratio of the squaredmonthly rainfalls
in a year over the total annual rainfall (Meshesha et al., 2014;
Oduro-Afriyie, 1996). Both of these indexes yield rough estimates of
rainfall intensity and erosivity because they are based on monthly and
annual rainfall without any consideration of raindrop sizes and the en-
ergy of individual storms. Carolina et al. (2008) and Meshesha et al.
(2014) usedMFI to estimate the temporal variation and spatial distribu-
tion of rainfall erosivity and assess its implication for long-term soil ero-
sion in Uruguay and Ethiopia, respectively.

In this study, we calculated erosivity from rainfall kinetic energy and
maximum 30-min intensity, and established a linear relationship with
rainfall depth.

3. Results and discussion

3.1. Drop size distribution and kinetic energy of simulated rainfall

For each of 20 combinations of flow rate and rainfall intensity, we
operated the rainfall simulator for 25 to 40 min to get optimum results
for DSD and corresponding kinetic energy (Table 1). The simulated rain
varied from 0.69 to 99.2 mm in depth and from 1.5 to 202 mm h−1 in
intensity. Data for 4,189,814 drops were recorded. All raindrops from
the beginning to the end of a given eventwere used to calculate average
intensity, energy, depth and to characterize DSD.

Values of KEvol ranged from 16.10 to 34.85 J m−2 mm−1 while KEt
ranged from26.67 to 5955.51 Jm−2 h−1. VanDijk et al. (2002) analyzed
measurements from around the world and found that when the data
were of high quality, KEvol ranged from 11 to 36 J m−2 mm−1 with av-
eragemaximumvalues of about 29 Jm−2mm−1 and averageminimum
values of about 12 J m−2 mm−1. Our observationswere generally with-
in that range, except that the minimum value was slightly higher than
the stated range. Van Dijk et al. (2002) also reported that for the inten-
sity range between 40 and 100mmh−1, the average KEvol obtainedwas
between 23 and 28 J m−2 mm−1. The median volume drop diameter
(D50) ranged between 1.94 and 7.25 mm and was relatively large with
Max. drops/min CV (%) D50 (mm) KEvol (J m−2 mm−1) KEt
(J m−2 h−1)

272 98.6 1.94 16.10 26.67
577 114.2 2.23 18.92 85.33

2418 92.3 2.26 20.11 151.25
2750 95.1 2.27 19.63 261.59
3851 92.4 2.76 22.41 353.56
4976 151.3 3.72 22.04 472.73
7861 52.2 4.26 24.79 553.70

11,187 73.6 3.25 27.69 678.99
14,701 68.6 3.85 27.43 1062.14
29,359 55.8 4.25 27.66 1165.32
17,462 88.8 3.82 29.26 1277.18
18,343 99.8 3.26 28.58 1109.21
23,417 62.7 4.65 28.40 1246.38
7749 57.9 6.25 31.15 2310.19

18,310 76.6 5.25 31.66 1855.11
7505 96.2 5.26 33.85 2252.06

14,442 80.6 5.26 32.11 2723.81
7469 150.0 7.26 34.13 3656.13

14,360 82.6 7.26 31.73 4741.38
15,874 82.5 7.25 34.85 5955.51

gy content); KEt (Kinetic energy time).



Fig. 2. Relationship between simulated rainfall drop volume and kinetic energy at different intensities.
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respect to natural rain (Table 1) of commensurate intensity. In natural
rain, D50 increases with intensity to a certain level above which it starts
decreasing as turbulencemakes larger drop sizes unstable,whereas that
is not the case in simulated rain. The coefficient of variation (CV) was
high and variable at different intensities (55.8% to 151.3%), which
means that for a given rainfall event, regardless of its intensity, the
drop sizes were highly diverse. We found no consistent relationship be-
tween intensity and CV, and some rainfall events had a CV exceeding 1
(or 100%), implying that the standard deviation of drop sizes was great-
er than the mean drop size.

Our observations indicated that KEvol is more strongly correlated
with raindrop size than raindrop volume, regardless of rainfall intensity
(Fig. 2). Thus the total KEvol of rainfall is highly dependent on DSD. For
Table 2
Relationships between KEvol (J m−2 mm−1) and intensities (mm h−1) in previous s

Equation Region

KE = 11.87 + 8.73 log I Washington DC
KE = 29.8–127.5 I−1 Zimbabwe
KE = 8.95 + 8.44 log I Ottawa, Canad
KE = 6.261 ln I + 9.771 Denmark
KE = 9.81 + 11.25 log I Central Italy
KE = 9.81 + 10.6 log I Okinawa, Japan
KE = 35.9 [1–0.56 exp.(−0.034I)] Portugal
KE = 29 [1–0.6 exp.(−0.04I)] Australia
KE = 36.8 [1–0.69 exp.(−0.038I)] Hong Kong, Ch
KE = 38.4 [1–0.54 exp.(−0.029I)] Barcelona, Spa
KE = 28.3 [1–0.52 exp. (−0.042I)] Universal relat
KE = 36.65 (1 − (0.6/I)) Northern Ethio
KE = 7.56 ln (I) + 9.98
KE = 14.18 I0.172

Central Rift Va
Simulated rain
example, in simulations with intensities of 16.7, 34.2, 56.9 and
95.8 mm h−1, drops smaller than 2.75 mm accounted for 45%, 42%,
58% and 17% of the total raindrop volume but generated only 24%,
19%, 20%, and 6% of the total storm energy, respectively. On the other
hand, drops larger than 5.25 mm made up 28%, 37%, 21%, and 62% of
drop volume and contributed 37%, 57%, 42%, and 77% of the total KEvol,
respectively. Hence, even though smaller raindrop sizes contribute
more volume, they have lower cumulative energy due to their smaller
mass, while relatively few large drops generate cumulative energy out
of proportion to their volume.

Our results conflict with the conclusion of Abd Elbasit et al. (2010)
that “drop volume (%) and KE (%) showed good agreement.” However,
their observations excluded drops smaller than 1 mm and larger than
tudies.

Reference

, USA Wischmeier and Smith (1978)
Hudson (1965)

a Marshall and Palmer (1948)
Pedersen and Hasholt (1995)
Zanchi and Torri (1980)
Onaga et al. (1988)
Coutinho and Tomás (1995)
Rosewell (1986)

ina Jayawardena and Rezaur (2000)
in Cerro et al. (1998)
ion Van Dijk et al. (2002)
pia Nyssen et al. (2005)
lley, Ethiopia
fall, Japan

Meshesha et al. (2013)
Present study (2015)

Image of Fig. 2


Fig. 3. Comparison of established relationship between KEvol and rainfall intensity in simulated and natural rainfall.
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5 mm. Our results are in agreement with the conclusion of Clarke and
Walsh (2007), who used a similar rainfall simulator and found that
b1 mm drops (61%) generated only ~1% of the total KEvol and 1–5 mm
drops (38%) generated 75% of the total KEvol. Therefore, in general, our
finding supports the fact that KEvol is influenced more by drop size
than by drop volume.
3.2. Relationship between KEvol and intensity

Of various empirical relationships proposed between kinetic energy
content (KEvol) and rainfall intensity (I), the most widely used are log-
based and exponential functions (Table 2). Such relationships are essen-
tial for deriving kinetic energy from rainfall intensity. However, they dif-
fer substantially in their D50 values for rains of the same intensity but of
different types or in different regions.

Van Dijk et al. (2002) noted that the variation in these equations
arises mainly from variations in measurement techniques, rainfall
types, sample sizes or biases and methods of interpretation. Grismer
(2011) proposed a new general equation, but found that it made
overpredictions in areas with strong coastal influence and
underpredictions in semi-arid and sub-humid places.
Fig. 4. Fluctuation of KEvol in different 1-min time
We used our simulated rainfall data from 20 events to establish the
following power-based and logarithm-based relations between KEvol
and intensity:

KEvol ¼ 14:18 I0:172 R2 ¼ 0:95; Pb0:001
� �

ð3Þ

KEvol ¼ 4:24 ln Ið Þ þ 11:68 R2 ¼ 0:92; Pb0:001
� �

: ð4Þ

Both equations have fairly high correlation coefficients, but the
power-law function of Eq. (3) provides the better fit to the data, and
we compared it to other equations derived from natural rain in Fig. 3.
Unsurprisingly, for any given intensity the corresponding KEvol was
higher in our experiments than in natural rain because drop sizes are
larger in simulated rain. This result was also supported by the D50 anal-
ysis in Section 3.1.

Our results also show that there are strong fluctuations in energy
with time. The variation increased with intensity, ranging from 5.7 to
29.1, 12.6 to 33.2 and 9.14 to 43.4 J m−2 mm−1 for intensities of 8.4,
21.6 and 74.9 mm h−1, respectively (Fig. 4). This implies that, for a
given intensity, the erosive power of rainfall varieswidely during a rain-
fall event.
intervals at three different rainfall intensities.

Image of &INS id=
Image of Fig. 4


Fig. 5. Scatter plot of KEt versus I data with power-law and polynomial functions.
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3.3. Relationship between KEt and intensity

We used simulated rains with intensities of 1.5 to 202 mm h−1 to
analyze kinetic energy as a function of time (KEt), and obtained results
between 26.67 and 5995.51 J m−2 h−1. In natural rainfall events, KEt
ranges from 200 to ~3000 J m−2 h−1 for intensities between 1 and
42 mm h−1, but it can reach up to 6000 J m−2 h−1 for short and high-
intensity rainfall events (Grismer, 2011; Morgan, 2005; Van Dijk et al.,
2002). The maximum KEt in our simulated rain, obtained at the highest
intensity, was close to the record 6000 J m−2 h−1 documented by
Madden et al. (1998) in natural rain. We observed KEt values much
smaller than the lower threshold of natural rainfall, but our results for
the average and upper limit values were closer to those for natural rain-
fall. We generated the following polynomial and power-law functions
relating KEt and intensity, both of which yielded excellent fits to the
data (Fig. 5):

KEt ¼ 0:054 I2 þ 19:92 I–43:05 R2 ¼ 0:98; Pb0:0001
� �

; ð5Þ

KEt ¼ 15:96 I1:09 R2 ¼ 0:99
� �

: ð6Þ

Although these yield a better fit, in most cases a function relating
KEvol and I is used because rainfall depth data are more accurate and
Table 3
Erosivity values of different rainfall intensities and depths.

No. Average intensity
(mm h−1)

Rain depth (mm) Duration (min) Maximum inte
(mm h−1)

1 min 5 m

1 1.5 0.69 25 3.4 1
2 4.2 1.75 25 7.34 4
3 8.4 3.4 24 11.5 8
4 12.8 6.17 29 21.6 12
5 16.7 10.3 37 47.3 34
6 21.6 7.9 22 40.3 29
7 27.1 13.5 30 34.8 28
8 34.2 23.4 41 61.2 42
9 49.3 19.6 24 76.2 58
10 56.9 25.6 27 87.6 69
11 60.6 34.4 34 118.2 93
12 66.2 25.4 23 95.7 85
13 71.8 27.5 23 98.9 82
14 74.9 43.7 35 185.4 117
15 80.4 40.2 30 165.8 135
16 95.8 51.1 32 188.2 154
17 107.7 50.7 28 187.2 150
18 128.6 72.9 34 273.4 234
19 156.9 65.4 25 304.9 208
20 202 99.2 28 394.9 373
accessible from local metrological stations than rainfall duration data,
which are subject to bias and errors.

3.4. Evaluating erosivity values of simulated rainfall

Table 3 summarizes the erosivity values (EI30) of our 20 experimen-
tal rainfall events, which ranged from 0.16 to 5896.98MJmmha−1 h−1.
The result indicated that EI30 values were strongly correlated with rain-
fall depth (Fig. 6). Hudson (1971) found no clear relationship between
EI30 and rainfall depth; however, Garollina et al. (2007) showed that it
is arithmetically possible to express EI30 in terms of the rainfall depth.
The very high coefficient of determination between rainfall depth and
erosivity (R2 = 0.99; P b 0.0001) suggests that nearly 99% of the varia-
tion in erosivity is accounted for by rainfall depth.

The relationship between rainfall erosivity R and depth D is
expressed by the following power-law equation:

R ¼ 0:366D2:064 R2 ¼ 0:99
� �

: ð7Þ

The relationship is highly stronger as compared to the finding of
Hassan (2011) for natural rainfall in Iraq, in which the value of R2 was
about 0.83. However, this model based on our simulated rain data
should be applied to natural rain with great caution because the rainfall
depth (e.g. rainfall duration) was controlled more strictly than is prob-
ably the case in natural rain at the same intensity. Other researchers
have established such relationships in natural rainfall and foundweaker
correlations than reported in our study. For example, Roose (1975)
showed that annual rainfall erosivity in Ivory Coast and Burkina Faso
could be estimated from annual rainfall depth (mm) andmultiplication
of 0.5. In general, a relationship between rainfall erosivity and depth
should take into account the character of local rainfall, not only rainfall
depth but also the local rainfall intensity, drop size and energy.

4. Conclusion

Weused a rainfall simulator and LPM to analyze DSD,D50, kinetic en-
ergy and erosivity potential of rainfall intensities ranging from 1.5 to
202 mm h−1. For all rainfall intensities, the corresponding KEvol was
higher than for natural rain as simulated rain has larger drop sizes.
This finding indicates that the kinetic energy of rainfall was more
nsities Absolute
KE (J)

Energy per
area (J m−2)

Erosivity
(MJ mm ha−1 h−1)

in 15 min 30 min

.6 1.5 1.4 0.05 11.11 0.16

.2 3.7 3.5 0.16 35.56 1.35

.8 8.3 8.6 0.27 60.50 5.20

.24 12.4 11.6 0.57 126.44 14.67

.1 23.4 17.02 0.98 218.03 37.11

.8 25.8 25.8 0.78 173.33 44.72

.7 28.3 26.9 1.25 276.85 74.47

.8 40.5 38.9 2.09 463.97 180.49

.8 56.1 46.1 1.91 424.86 195.86

.4 64.8 54.9 1.06 236.48 129.83

.6 76.4 65.7 3.26 723.74 475.50

.2 67.6 63.5 1.91 425.20 270.00

.8 80.4 69.9 2.15 477.78 333.97

.6 99.2 74.7 6.06 1347.61 1006.67

.1 113.6 78.7 4.17 927.55 729.99

.4 99.2 95.01 5.40 1201.10 1141.16

.3 129.6 105.8 5.72 1271.11 1344.84

.1 140.8 135.8 9.32 2071.81 2813.52

.8 156.9 156.2 8.89 1975.57 3085.85

.2 223.6 212.18 12.51 2779.24 5896.98

Image of Fig. 5


Fig. 6. Relationship between rainfall erosivity (EI30) and rainfall depth.
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strongly correlated with drop size than drop volume, regardless of rain-
fall intensity. A power-law function relating KEvol and intensity yielded
the best fit to observations (R2 = 0.95; P b 0.001), and both polynomial
and power-law functions yielded excellent fits to the relationship be-
tween KEt and intensity (R2 = 0.98 and 0.99 (P b 0.0001), respectively).

The relationship between rainfall depth and erosivity (EI30) had a
very high coefficient of determination (R2 = 0.99). However, this equa-
tion should be applied to natural rain with caution because rainfall du-
ration was tightly controlled in our simulations.
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