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Estimation of Erositivity Using an Impact Disdrometer in East of Alagoas
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ABSTRACT

Rainfall is one of the most active forces that cause soil erosion. The action of rain on the soil exerts an erosive
power caused by the impact of the drops, which fall with variable speed and Kinetic energy, depending directly on the
diameter of the drop. The objective of this study is to determine algorithms capable of estimating rainfall erosivity for
the region of Macei6—AL. For this purpose, erosion rains were collected between 2003 and 2006 using a RD-69
disdrometer, which continuously and automatically measures rainfall distribution in a range of 1 min. The determination
of algorithms in the form of power equation to estimate was adjusted with one and two independent variables (amount
of rainfall, duration and maximum intensity).
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| . introduction warns that soil degradation is recognized as a risk

component for the maintenance of life on the

Erosion is one of the most known types of soil planet[1]. Erosion is a natural process where
degradation. The Brazilian Society of Soil Science energy supplied by water, wind and gravity drives
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the detachment, transport and deposition of soil
particles[2-5]. Among the several types of erosion,
we want to highlight the pluvial-laminar erosion,
as it is caused by the removal of the material from
the surface of the soil by the water, and its action
is accelerated when the soil is unprotected from
vegetation.

The Intergovernmental Panel on Climate Change
(IPCC) warns of more intense storms, as they will
result in higher rates of erosion throughout the
land[3]. On a global scale, the risks of soil erosion
by water are more restricted between latitudes
40°N and 40°S (tropical and subtropical regions),
and rainfall erosivity is 40% in tropical regions[5].
The Ministry of National Integration states that the
contribution of rainwater to erosion processes 1S
one of the determining factors for considering the
existence of risk to natural disasters in certain
areas of the Macei6—AL region|6].

There are few studies on erosivity in Brazil,
especially in the northeast[7], Oliveira et al., affirm
that there are 73 regression equations to calculate
erosivity, but these studies are concentrated in the
south and southeast regions of the country[8]. The
state of Pernambuco is the one that presents the
greatest concern about erosivity in the northeast
region. To understand rainfall (impact of droplets)
on erosion risky soils in the Macei6-AL region, we
chose to analyze the erosive rains using a device
called the Joss-Waldvogel disdrometer (JWD),
model RD69. This equipment captures information
of volume, diameter and kinetic energy of the drop,
amount, duration and intensity of precipitation.

This study will becomes relevant, since the
physical parameters of rain that are related to
rainfall erosion were evaluated in an unprecedented
way in the region of Macei6—AL.
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I, Materials and Methods

2.1 Data Criteria

Initially, for the calculation criteria of erosion
index integrated in 30 min (£Z,) were used to
select individual erosive rainfall[9-13]. Among the
criteria of the different authors, we can highlight:
(i) To study EL, rainfall (Q) >

considered.

10 mm was

(i) If @ < 10 mm, the amount of rain in 15
minutes must be at least 6.0 mm.

(iii) Rainfall separated by less than 6 hours with
any amount in this period, or rainfall separated
by 6 consecutive hours or more, with 1.0 mm or
more of rainfall during this period, should be
treated as the sole individual rainfall. Carvalho et
al. explain that the minimum and optimal time,
defined as the interval between two rains, is a
function of the variation of the water infiltration
rate in the soil after the end of the first
event[10]. This time, definitely suffers alteration
with the diverse types of soil.

(iv) At least one segment of intensity is greater
than or equal to 25.0 mmh .

(v) We disregarded @ < 1.0 mm in this period.

(vi) Total kinetic energy ERA (total) is greater
than or equal to 360 Jm’Z.

2.2 Erosivity

To determine an equation that estimates the
erosive potential of rain EIL, in Jmm(m’h)"' from
an independent variable, the amount of rainfall @,
in mm, an approximation was made for power law,
in the form. regression analysis was also performed
including rainfall the duration » and maximum

rainfall intensity R, as the second independent

nax

variable.
EL, =aQ)! )

El, =pQ'D* 2
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E]‘J[) = YQLdR]fm\ (3)

where dependent variable Y=EL,, independent
variables X=@Q.D and R, a and b are intercept and
slope, respectively. To transform the power function
Y=aX" into the

Iny =Ina+Blnz and to obtain the desired results, we

linear function we have

must transform the observations X, in Inz;, and the
observations y, in Iny. With the adjustment of a
least squares regression, to compute the coefficients
of the regression line as intercept, slope, and the

2

coefficient of determination »*, we must compute
the coefficients o, 3 and v doing as a line intercept
of the exponential transformation is Ine, to calculate

the coefficient, where A=¢“(lnA=«) and b=4.

2.3 Performance indicators
The
calculated from disdrometer data and the estimated

comparison  between the  erosivities
from the equations determined by adjustment of the
variables were applied calculation of the following
statistical indicators: mean absolute error (MAE),
(RMSE), Willmott's
concordance index and confidence or performance

index[12].

root mean square error

MAE=—"—— 4)
n
n 0.5
YE-0)
RMSE= |- )
n
n (E; _ 02)2
d=1—|——"—— — 6)
[(g-0o)+(o-0ol1*

c=rd (7

where O, is the observed value, E estimated or
approximate value, n numbers of observations, O
correlation

average of observed values, and r

coefficient.

I1l. Results and Discussion

3.1 Estimation of Erosivity
and Smith, the
erosivity index is a statistical interaction term that

According to Wischmeier
reflects how total kinetic energy and peak intensity
are combined in each individual storm[6]. Both the
aforementioned authors, pioneers in the application
of this methodology, thus,
international researchers conducted works applying

several national and

these procedures, recommending the determination
of a numerical value of the erosivity index from a
historical series of rain, because the average value
of rain corresponding to a number of years long
admit  the
predominant mean value of the place where the

enough to representation of the
data were collected. The descriptions related to the
index are prominent to explain that the ideal would
be to determine for Maceid region or even any
other region, using a historical series of rainfall.
However, the research proposes to do a preliminary
evaluation of the erosivity using a truncated sample
of the RD-69 disdrometer. Then, due to the
reduced sample, it was not possible to determine
the R-factor, relationships  EL,— @,
(erosivity index — amount of rain per minute) were
This
estimate the numerical value FI, for erosive rain
in 24 h.

Equation (8) was adjusted, using as dependent

however,

determined. mathematical equation can

variable EIL, and independent variable @, were
considered a single erosive event with @, =10 mim,
where EIL, is equal to the rainfall erosivity in

Jnm(m?h)”" and @, quantity of rain in mm.
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EL, =2949Q™,  r*=0.89 ®)
The regression relation from equation (5), gave a
erosion index equation. The amount of rain (Q.)
for 89% of the variability of EL,
indicating a significant linear relationship. The
reliability of the regression line was assessed by
Analyzing
the F-test of global significance of the model, it is
verified that the P-value is less than 0.05, which
shows that the variable @, is related to EIL,.

through  the

significance test, the independent variable, with

accounts

constructing 95% confidence intervals.

Evaluating the variable @,
0.045, shows statistical evidence of the relationship
between EIL,, as the value of ¢ was less than
0.05 within acceptable limit (see Table 1). The
determination of the statistical equation to predict
rainfall erosivity, based only on rainfall, is therefore
quite acceptable. The amount of rain will always
remain an approximate (independent) predictor of
erosivity and estimation can be expected for low
and high amounts of rainfall.

Table 1. Static coefficient values for regression equation
using @, as independent variable

Predictor Estimate Standard deviation Statt  P-value
EL, 798 0.075 105.27 0.00
Q. 1.72 0.045 3825 0.00

The EIL, depends on the amount, the duration of
the storm and the maximum intensity of each rain.
second  algorithmic
independent  variables

Thus we determined a
regression adjusted. Two
simultaneously used to predict the value EIL,. We
hope to improve the adjusted determination
coefficients, thus decreasing, the prediction error
value of EL,. In the second equation, the duration
D of each erosive event is the second independent

variable with the main variable rainfall Q..
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El, =1803Q>" D~ "™ 1 =0.93 9

The coefficient »* adjusted for multiple regression
was 93% with 187 different
durations ranging from 30 min to 12 h. The

in equation (9)

P-value in the F-test of significance was less than
0.05, confirming that at least one of the two
independent variables is related to EI,. Analyzing
the individual statistical
parameters @, and D, and only D, through the

significance of the

standard deviation, the independent variables
showed evidence of being related to EL,, 30, since
their values were greater than 0.05 in Table 2. The
regression equation with two independent variables
significance, and is adequate for
Thus,

standard deviation of the variables (dependent and

has good
predictions. as adjusted *, F-test and
independent) are good measure how well the

equation fits the sample data.

Table 2. Values of the static coefficients for regression
equation with two variables

Predictor Estimate Standard deviation —Statt — P-value
EL, 754 0.084 89.63 0.00
Q. 2.04 0.052 39.12 0.00
D -0.71 0.076 -9.25 0.00

In order to test the rainfall variables, a third
equation adjusted with two independent variables,
besides rainfall was replaced by the maximum
rainfall intensity R, in mmh ', as the second

predictor variable.

EL, =159Q " R.% ? =0.95 10)

The adjusted coefficient of determination for this
multiple regression was 95%. In equation (10) we
used 187 rain intensities ranging from 1.32 mmh ™'
to 7347 mmh '. Equation (10) established an
F-test of significance greater than 0.05, shown that
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the variable @ and R, are related to EL,. In
Table
significance of the independent variables in the
Both @ and R,
statistical evidence since their values were greater
than 0.05.

3 we can analyze the independent

standard  deviation. show

Table 3. Static coefficient values for regression
equation with two variables

Predictor Estimate Standard deviation Statt  P-value
El, 507 0.19 2657 000
Q. 0.96 0.05 1864 0.00

By ax 1.26 0.08 1638 0.00

3.2 Evaluation of the erosivities

The analysis of the performance of the equations
in this
comparing the values of F£I, calculated from the
data of the disdrometer, and those estimated by the
equations adjusted in the form of power. Among

determined study was performed by

the algorithms that determine the approximate value
of EIL,, equation (10) was the one that presented
better performance indicators, contrary to equation
(8) that presented higher values (Table 4).

The smaller the difference between observed and
estimated, the better the measurement accuracy.
The agreement index (d), proposed by Willmot, has
this property (0 < 7C¢ < 1) and can be used, for
example, to compare different simulations of the
same phenomenon[14]. The determined equations
presented high values for Willmott's coefficient and
similarly for the analysis of the reliability of the
equations, we considered the confidence index (c)
proposed by Camargo and Sentelhas, being that the
equation (10) was the one that presented values
closer to 1, for the three determined equations[15].
The
considered optimal.

concordance and confidence index was

Table 4. Indicators of the performance of
equations determined to estimate EI,

Equations EAM RMSE d c
Eq. (8 103.42 436,524.38 0.99 0.93
Eq. (9) 134.80 411,763.56 0.99 0.95
Eq. (10) 44.07 174,663.76 0.99 0.97

Table 5 shows the reliability of the estimates
(9 and (10).
necessary to calculate the confidence intervals (e)
in the estimated The
confidence interval in the form Y=+¢(1—a)s where
Y is equal to rainfall ¢(1—e) is the value of the
distribution 7-student, with the 90% confidence
interval[16].

made by equations (8), It was

erosivity. approximate

IV. Conclusions

Rainfall data that reached the
Macei6-AL were collected by an impact disdrometer
from 2003 to 2006. From the analysis of the
erosivity and rainfall erosion index, the following

region of

conclusions were noted, as a preliminary point:

1. Erosive rainfall with @ > 10 mm, Egrioy >
360 Jm %, and with at least one rainfall of R >
25 mmh ' was considered. This type of rainfall
was observed in almost every month during the
period of the study, except between October and
December, drier months of the year with lower
rainfall indices. The month of July had more
occurrence of erosive type rain, justified for
being 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 erosion rainfall
that can occur in the driest period. Erosive rains
can occur at any time of the year, but the
chances of occurring in the rainy season are
bigger.
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Table 5. Reliability analysis of the rain erosivity estimate

Equations Interval (Dependent variables) Estimated

Q. (mm) ElLj*e

002 -~ 0.99 74933 + 122654
102 - 1% 520594 + 625603
EL, =2949Q™ 201 - 293 1316231 = 14,611.96
314 - 783 38670.69 + 5385873
813 - 1351 14564767 + 17694870
1435 - 7363 910545.02 + 1,782,766.52
Q.(mm) D(min) Elte
056 ~ 2.27 10 - 15 33451 + 81578
0.16 - 7.83 16 - 29 78979 + 161955
El, =1808Q*"' D" ™! 0.14 - 943 30 - 4 11541 + 314338
142 - 1659 45 - 57 3554.37 + 12,63821
080 - 2341 61 - 89 1,011.14 + 815654
223 - 73.36 91 - 700 1,113.83 + 3400326
Q. (mm) Rimmh™ 1) El *e
0.09 - 0.99 133 - 1611 931,55 + 1,783.29
102 - 1.82 324 - 3052 623563 * 881659
EL, =159Q" R\ 134 - 261 702 - 54.82 16.057,53 + 2373381
261 - 405 743 - 4951 2573659 + 35431.82
416 - 989 12,03 - 62.10 99.04150 + 1347259
1040 - 5869 2028 - 7347 381.641,96 + 64843503

2. For this first evaluation, the months with higher the rain during its evolution.

and lower erosivity are June and September,
respectively, with 4,934,181.98 Jmm(m?h)"' and
899,323.25 Jmm(m?h)~'. The highest values are
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 influences the greater or lesser possibility
of occurrence of erosive rains. Of the erosive
rains that reached the region of Maceié during
the study period, 47% occurred during the rainy
season.

. 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

376

. The second algorithm used two

. The amount of rain @, accounts for 89% of the

variability of FEI,, indicating a significant linear
relationship. Evaluating variable @, through the
significance test, the independent variable with
0.045 shows statistical
relationship between EIL,, as the value of @,

evidence of the

was less than 0.05 within acceptable limit.

predictor
variables to predict the value EZL,, includes in
addition to the amount of rain @, the rain
entered as the second

duration D was

independent variable. The coefficient of +?
adjusted for multiple regression was 93%. The
individual  statistical ~ significance  of  the
parameters ¢, and D,

through  standard
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deviation, show evidence of relationship between
the independent variables with EI,.
6. For the third algorithm to estimate
adjusted with two variables, amount of rain @,
The adjusted
coefficient of determination for this multiple

ElL,was
and maximum intensity &, ,..
regression was 95%. This equation established

an F-test of significance > 0.05, shown that the
variable @, and R, , are related to EIL,.
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