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충격 신호 분석에 기반한 침식 지수 개발 
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요 약

이 연구는 라질 북동부의 Maceió-Alagoas 지역에서 강우로 인한 토양의 침식 지수를 추정할 수 있는 

알고리즘을 결정하는 것을 목 으로 한다. 2003년부터 2006년까지 10분 이상 지속된 680회의 강우 사례에서 

수집한 분당 26,889개의 데이터 샘 은 우  크기 분포에 따라 분류되었다. 종속 변수와 독립 변수로 구성된 

방정식은 99%의 결정 계수로 침식지수를 추정한다. 최소 강우 강도와 침식도의 계는 통계  유의성으로 

검증되었다. 

ABSTRACT

This study is aimed at determining an algorithm capable of estimating the erosion index of rainfall for the region of 

Maceió-Alagoas in the northeast of Brazil. The sample of the truncated data from 2003 to 2006 counts 26,889 droplet 

size distributions integrated per minute, with 680 rain events with duration longer than 10 minutes. The equation 

proposed to estimate erosion index used as a dependent variable and independent variable, presenting a coefficient of 

determination of 99%. The statistical significance validated the relation between minimum rainfall intensity and erosion.
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Ⅰ. introduction

Rainwater is one of the conditioning factors of 

the type of erosion and its drops cause the impact 

energy on the surface of soil. Variability of 

precipitation characteristics caused by changes in 

the climate generate impacts on soil erosion as well 

as surface runoff. Pruski and Nearing and Zhang 

and Nearing found that changes in the amount and 

intensity of precipitation had a much greater effect 

on soil erosion and flow generation than on the 

frequency of storms[1,2]. Quantitatively, the change 

of 1% in precipitation resulted in 2.4% change in 

soil loss. 
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The index that expresses the capacity of the 

rain in provoking the pluvial-laminar erosion, is 

known as erosivity. However, each rain has its 

specific characteristic of size, number and terminal 

drop velocity, being these factors responsible for 

causing erosion. The impact of the drop gives off 

the particles of the soil, transporting the particles 

by spattering and producing the kinetic energy, in 

the form of turbulence. Another consequence of the 

impact of gout is the force on the thinner material 

below the surface, which causes soil porosity 

(sealing) to be obstructed, increasing surface flow 

and erosion[3]. 

The quantification of soil loss by pluvial-laminar 

erosion can be calculated using the universal soil 

loss equation (USLE), determined by Wischmeier 

and Smith[4]. The equation is expressed by 

multiplication with the erosivity   that means 

the product of total kinetic energy for the 

maximum intensity in thirty minutes. These 

authors, pioneers in the subject in question, explain 

that erosivity index,   is a term of statistical 

interaction, which reflects how total energy and 

peak intensity are combined in each individual 

storm. Technically, it explains how the detached 

particle is combined with the energy capacity. 

Wischmeier and Smith considered the   in the 

USLE, is able to express the potential of rainfall to 

cause erosion, considering the rainfall impact 

phases, soil disintegration, flow turbulence and 

transport of particles[4]. 

The evaluation of the erosive power of the rains 

has two main purposes. The first one is related to 

soil conservation, the erosion risk causing serious 

damage to society. The second is the possibility of 

quantifying rainfall characteristics (duration, 

intensity, quantity and frequency) influences soil 

erosion. 

Ⅱ. Materials and Methods

2.1 Instrument 

The RD69-disdrometer is an instrument with a 

temporal resolution of 1 min, continuously and 

automatically collects the rainfall characteristics, 

allowing to concretize a droplet size distribution 

(DSD). The RD69 disdrometer is shown in greater 

detail in Mores[5]. The equipment was installed in 

the municipality of Passo do Camaragibe-AL, 

distant 43.6 km of the meteorological radar of 

Maceió-AL, with the following geographic 

coordinates: latitude 09°13'15.6" south, longitude 

35°28'59.3" west and altitude 11 m. Hinkle et al. 

suggest a correction in the kinetic energy of the 

drop when it is under influence of the altitude[6]. 

The increase of the altitude generates changes in 

the temperature and the pressure of the air being 

able to bring about modifications in the terminal 

velocity of the drop. Due to the lower altitude 

where the RD69 was installed, there was no 

increase correction in the kinetic energy of the 

drop.

2.2 Erosion index 

The rain intensity R, is calculated by





  




                  (1)

where =number of droplets measured in size 

class i, =mean diameter of the drops of class i, 

=sensitive surface area of the disdrometer, 

=range of measurements in 1 minute. 

As proposed by Kinnell, equations (2) and (3) 

show that the kinetic energy of rain can be 

expressed as a rate, energy units per unit area per 

unit time [ ], or as quantity, units of 

energy per unit area per unit of rain depth 

[ ][7]. 
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Thus,   is expressed in 
    and   

is expressed in    , c is equal to 1, if   is 

expressed in    , c is equal to 1/3600.  

The erosivity and erosion index of rainfall are 

represented by   and min. Equations (4) and 
(5) calculate the erosivity and erosion index of 

rainfall, respectively.

                        (4)

min min min                     (5)

where   is total kinetic energy of the rain in 30 

min,   amount of rain in 30 min,   maximum 

in tensity recorded at the highest  , min nt of 
rain in 30 min,   maximum intensity recorded at 

the highest  , min erosion index integrated in 1 
min,   kinetic energy rate integrated, and min 
the intensity of the rain per min.

2.3.5 Performance indicators 

The comparison between the erosivities 

calculated from disdrometer data and the estimated 

from the equations determined by adjustment of the 

variables were applied calculation of the following 

statistical indicators: mean absolute error (MAE), 

root mean square error (RMSE), Willmott's 

concordance index and confidence or performance 

index[8].
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where   is the observed value,   estimated or 

approximate value,   numbers of observations,   

average of observed values, and   correlation 

coefficient.

Ⅲ. Results and Discussion

3.1 Analysis of the sample

The sample of the truncated data (2003 to 2006) 

counts 26,889 DSDs (integrated per minute), with 

680 rain events with duration ≥ 10 min and rain 

intensity R > 0. There were 41 erosive rainfall 

events according to the individual erosive rainfall 

criterion. Figure 1 shows that individual rains () 

are all rains with a minimum time longer than 10 

minutes, for any amount of precipitation. The 

months of April, January and March were the 

months that recorded the highest number of rain 

events considered individual with 79.71 and 51, 

respectively. The unique event () of all rainfall 

was separated by less than 6 hours. For this 

selection criterion, April, January and August were 

the months that showed the highest number of 

events with 26, 19 and 13, respectively. The erosive 

rains () are rains with ≥    with at least 

one rainfall with ≥    , this type of 

rainfall was observed in every month of the year, 

except between October and December, since they 

are not included in the data sample. The month of 

July had more occurrence of erosive type rainfall, 
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and can be justified because it is part of the rainy 

season in the region. The chances of erosive rains 

occurring during the rainy season of the region are 

higher, however, this does not prevent erosive 

rainfall in the driest period, erosive rains can occur 

at any time of the year, but the chances of 

occurring in the rainy season are higher. 

Fig.1 Rainfall characteristics during the study 
period with disdrometer data. (CI: individual 
rainfall, EU: single event, NE: non-erosive 

rainfall, E: erosive. 

Non-erosive () rains were higher than those 

of the erosive type during all months studied. Not 

all rains have characteristics to cause soil erosion. 

According to Moraes rainfall in the Maceió-AL 

region has a strong rainfall of the stratiform type 

(intensity < 10 mmh
-1
), with convective cells 

(intensity < 10 mmh
-1
), in the stratiform areas[5]. 

It is exactly this period of convective rain in which 

the rain scan present erosive characteristic.

Stratiform rains in the region of Maceió-AL 

usually present a varied volume of rain, with long 

duration, but with low intensity, whereas convective 

rains are of short duration, high intensity, but with 

greater lamina of accumulated water. Figure 2 

shows the seasonal variation of erosivity during the 

studied period. For this first evaluation the months 

with higher and lower erosivity are June and 

September with 4,934,181.98    and 

899,323.25   , respectively. The month of 

January climatologically is a month with low 

rainfall, but January 2004 was a very rainy month, 

with rainfall above the historical average, and high 

values of erosivity. 

Fig. 2 Monthly erosivity of the Maceió-AL region 
during the study period.

Table 1 shows that the mean erosivity observed 

between erosive rainfall events is 361,194.83 

  . The highest values areas associated 

with higher rate and amount of rainfall, and higher 

amount of total kinetic energy of each rain event. 

The climatic condition of the region, influence to a 

greater or lesser possibility the occurrence of 

erosive rains. Of the erosive rains that reached at 

Maceió region, 47% occurred during the rainy 

season. In 2003, 211 rainfall events were recorded 

and in 2004, 291 events of which 71% were 

erosive. In 2005, 87 events and in 2006 there were 

91 rain events. Da Silva et al. mentioned that the 

years 2003 and 2004 recorded the highest number 

of days with precipitation (210 and 209, 

respectively) in Alagoas, and 2006 was the year 

that had the lowest amount of precipitation (186) 

and rain events[9]. 

Analyzing the erosive rains distributed per minute 

we can conclude that the rate and amount of 

kinetic energy of the rain, therefore, the erosivity of 

the rain is directly related to the size and quantity 

of drops, this will also imply the amount and 

intensity of the rain during its evolution. A 

conclusion like this was also made by Hudson who 

states that erosivity is a function of the intensity 
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No Date
d

(min)

Rmax

(mmh
-1
)

QC

(mm)

ERA(total)

[Jmm(m
2
h)

-1
]

EI30

[Jmm(m
2
h)

-1
]

1 01/08/2003 413 38 12.39 3,717.11 144,719.06

2 03/09/2003 249 60 18.83 9,682.19 582,326.84

3 04/09/2003 146 57 15.53 5,655.29 325,817.98

4 04/09/2003 210 38 13.13 4,607.46 176,324.79

5 05/09/2003 382 68 36.21 12,392.53 844,233.61

6 08/09/2003 168 54 13.10 1,857.77 101,839.83

7 18/01/2004 390 71 42.05 22,968.83 1,546,720.90

8 27/01/2004 461 39 33.69 12,659.95 552,986.56

9 31/01/2004 314 62 27.57 10,922.67 678,293.72

10 01/02/2004 233 39 17.40 6,975.85 243,658.72

11 04/02/2004 199 29 16.42 7,161.63 208,372.62

12 20/02/2004 154 56 16.82 6,937.47 393,164.93

13 05/03/2004 184 34 11.17 3,593.69 123,727.00

14 07/03/2004 181 49 13.40 4,069.77 201,482.26

15 16/03/2004 164 69 40.33 20,831.66 1,325,870.72

16 08/04/2004 174 39 10.98 4,749.62 187,772.74

17 13/04/2004 689 43 67.85 27,927.57 1,140,022.97

18 16/04/2004 219 66 54.85 26,546.36 1,776,052.65

19 31/05/2004 330 34 25.18 9,773.67 304,030.61

20 01/06/2004 777 61 57.48 26,503.22 1,634,914.82

21 12/06/2004 412 26 23.18 7,487.11 195,317.09

22 14/06/2004 840 73 113.40 45,499.60 3,342,918.96

23 16/06/2004 183 49 14.31 5,171.25 253,506.92

24 26/06/2004 579 42 15.34 3,620.44 153,103.58

25 08/07/2004 455 63 45.67 20,197.41 1,052,721.19

26 13/07/2004 165 24 15.47 4,834.23 108,445.77

27 16/07/2004 476 52 25.53 8,466.14 446,584.40

28 16/07/2004 211 54 22.66 6,029.09 329,224.19

29 18/07/2004 110 52 12.36 7,654.42 399,282.63

30 29/07/2004 358 42 21.51 4,985.59 212,438.31

31 01/08/2004 361 20 20.49 5,382.86 109,170.42

32 06/08/2004 396 46 35.76 28,889.82 1,346,551.67

33 07/08/2004 144 26 10.46 4,174.97 108,989.59

34 19/08/2004 89 45 10.40 3,570.22 161,471.99

35 09/09/2004 717 55 63.38 20,035.22 1,112,202.91

36 21/09/2004 516 37 19.90 5,604.99 172,319.11

37 19/03/2006 51 42 16.59 11,430.92 483,567.87

38 23/03/2006 368 50 34.08 14,402.66 725,390.19

39 09/04/2006 175 52 17.96 8,505.02 443,187.05

40 30/04/2006 892 54 57.89 24,272.09 1,331,542.64

41 02/05/2006 187 53 10.27 4,499.02 238,491.09

42 07/05/2006 1181 72 85.44 67,504.67 3,200,544.99

Maximum 1181 73 113.40 67,504.67 3,342,918.96

Minimum 51 20 10.27 1,857.77 101,839.83

Average 281.5 49 20.20 7,570.76 361,194.56

Table 1. Intensity characteristics (max ), amount of rainfall (), amount of total energy (ERA(total)) and 
erosivity index ( ) of erosive rainfall in the Maceió-AL region.
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and duration of precipitation, mass, diameter and 

speed of the raindrop[10]. An example is the rains 

with approximately the same amount of drops per 

minutes, but with larger amounts of large drops 

generate higher rate and amount of kinetic energy. 

It is also observed that the higher amounts and 

intensities of rain are associated with these droplet 

sizes. However, rainfall with higher amounts of 

drops ranging from 0.36 mm to 2.59 mm also 

presents higher rate and amount of kinetic energy 

when compared to rainfall with few drops with 

diameters greater than 2.59 mm.

3.2 Estimation of erosion index

The erosion index is a term of statistical 

interaction reflecting how kinetic energy and peak 

intensity are combined in each individual storm[4]. 

For the determination of equation (15), data of the 

kinetic energy flow in    and rainfall 

intensity in    with a time resolution of 1 min 

were collected by the JW-RD69, representing a 

statistical sample of rainfall that reached the region 

of Maceió-AL. For this equation were considered 

all types of rain that reached the equipment, with 

26,888 DSDs per minute. Figure 3 shows the 

equation (10) adjusted in power form using as 

dependent variable min  and independent 
variable  (). 

The F-test of global significance of the equation 

through the P-value shows that min is related to 
min because P-value was greater than 0.0. 

Standard deviation of the test of significance of the 

individual parameter min, was greater than 0.05, 

also confirming the static evidence of min in 

relation to min (Table 2).

min min,                   (10)
 

Fig. 3 Relationship of the erosion index min as 
a function of the rainfall intensity min for the 
entire data sample of the disdrometer. 

Predictor Estimate Standard deviation Stat.t P-value

 min 9.32 0.0023 947.94 0.0

min 2.18 0.0011 1835.94 0.0

Table 2. Static coefficient values for regression 
equation (15).

3.4 Evolution of erosive rainfall

An example of erosive rain (continental origin) 

occurred on January 18, 2004 in Alagoas, when the 

meteorological radar detected intense rainfall cells 

on Maceió. This rain presented its first isolated 

cells around 1400 UTC, distributed in the regions 

of Sertão, Agreste and Zona da Mata of Alagoas, 

presenting moderate and strong rain intensities, 

which were grouped together and organized a large 

area of precipitation. The most intense phase of the 

development of the convective system reached 

approximately 190 km in length, when it reached 

the disdrometer located in Maceió around 1600 

UTC, the phase of desensitization of the rain 

extending until approximately 2400 UTC. Figure 4 

(a) presents three important information on the 

evolution of the erosive rain of January 18, 2004, 

on the x-axis, it is verified the rainfall evolution 

time when the rain reached the disdrometer on its 

axis y, information on the disdrometer channels 

(diameters = “” channel). The RD69-disdrometer 

classifies raindrops into 127 categories according to 
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Fig. 4 Evolution of the Estimate of the erosion index 
for an erosive rain that reached the region of 

Maceió-AL on January 18, 2004.

size, and its program synthesizes these intervals 

into 20 classes, ranging from 0.359 mm (1st 

channel) to 5,373 mm (20th channel). The number 

of drops   is also reported on the chart through 

its color scale. The rainfall distribution of January 

18, 2004 showed the following characteristic: the 

maximum amounts of drops were concentrated 

between classes 5 and 14, corresponding to the 

diameter of 0.715 to 2.727 mm respectively, with 

the maximum number of drops 600  . It is noted 

that only after the initial 50 min of rain, this large 

amount of droplets was observed under a condition 

associated with maximum intensity of the rainfall 

cell (convective rainfall).

It is also observed that during the rest of the 

rainfall the amount of drops reached 100  , with 

a diameter varying from 1° to 12° channel 

corresponding to 0.313 to 2.077 mm (stratiform 

rain). The highest rainfall erosion index values are 

also associated with the maximum intensities, 

rainfall of January 18, 2004 had a peak of intensity 

of 71.06    at 1702 UTC corresponding to an 

erosion index of 105,364.55    calculated 

and 101,382.47    estimated. The duration 

of convective rainfall ( ≥ 20 ) was of 

approximately 35 min, period with greater 

water/laminar erosion, with 25.23 mm of 

accumulated rainfall, average diameter of the droplet 

with 2.68 mm, average for this convective period 

with 41,889.40    calculated and 38,403.69 

   estimated by equation (10).

The stratiform rains (R ≤ 10 ) accounted 

for approximately 6 hours, with a peak intensity of 

9.63   corresponding to 1,484.182   

of the calculated erosion index and 1,301.277 

   estimated, rainfall accumulated was 

14.95 mm, the mean diameter of the drop was 2.01 

mm (Figure 3 (b)). In Figure 3 (c) we find the 

evolution of min calculated and estimated by 

equation (15), during the entire evolution of the 

rain equation (15) under estimated the calculated 

min value, the mean value of mincalculated by 
the disdrometer was   , and was 3.747,48 

   from equation (10). 

IV. Conclusions

 Rainfall data that reached the region of 

Maceió-AL were collected by an impact 

disdrometer from 2003 to 2006. From the analysis 

of rainfall erosion index, the following conclusions 

were noted as a preliminary point. The equation 

adjusted in the power form used as dependent 

variable min and independent variable min, 
presented coefficient of determination of 99%. 



JKIECS, vol. 15, no. 03, 543-552, 2020

550

Statistical significance tests confirming the static 

evidence of min in relation to min. The 

performance indicators of the equations show that 

the equation (10) is considered acceptable for 

estimation of erosion index. The results of the 

research were considered satisfactory for a 

preliminary evaluation. As a suggestion for an 

improvement and better understanding of this field 

of research, it is suggested to carry out an 

extended investigation for a long period of data, in 

different regions of Alagoas. It is necessary to 

apply other types of statistical distribution and 

simultaneously to analyze data from the disdrometer 

with soil loss.
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