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Abstract

Soil erosion is a form of land degradation commonly observed in different regions of the world, especially in tropical regions. In
Brazil, soil erosion caused by rainwater (pluvial erosion) is the most common and worrying form of erosion, causing various
environmental, economic and social damage. The main aim of this work was to evaluate the Erosivity Index (EI) relationships based
on CHIRPS and INMET data in the municipality of Cataldo-GO, that is located in one of the world's largest agricultural frontiers,
the Brazilian Cerrado. The results found indicated that the CHIRPS data it is an alternative for calculating El in the context of

municipality of Cataldo, southeast region of Goias state, from a previous stage for statistical validation.

1. Introduction

Soil erosion is a form of land degradation commonly observed
in different regions of the world, especially in tropical regions
(Koch et al., 2013; Amundson et al., 2015; Borrelli et al., 2017;
Browning and Sawyer, 2021). In this context, it is considerate a
dynamic and complex phenomenon that must be overcome,
given the adverse impacts that unleashes in ecosystems and it
services (FAO, 1980, 2011, 2015). Although is understood as a
phenomenon resulting from natural causes, soil erosion can be
significantly intensified by human activities, especially in
scenarios of intense land use and land cover changes (Steinhoff-
Knopp et al., 2021). This phenomenon show shows a tendency
to become much more frequent and intense in climate change
scenarios with extreme weather events, causing adverse
socioeconomics and environmental impacts (IPCC, 2021;
Makhtoumi et al., 2023).

In Brazil, soil erosion caused by rainwater (pluvial erosion) is
the most common and worrying form of erosion (Oliveira,
Wendland e Nearing, 2013). This is explained by the fact that it
not only breaks down and transports eroded material very easily
and quickly, but also causes major environmental, economic
and social damage (Guerra, 1995; Minella et al., 2007). The
splash effect is a important contributor to the disintegration and
release of particles from the cohesive soil matrix, their
transportation and deposition down the hillsides (Zhu et al.,
2023). In fact, detachment of soil particles by raindrop splash
on the ground surface is the first stage in the soil erosion
process, resulting in diffuse or concentrated surface runoff and,
consequently, in the disintegration and transportation of soil
particles (Fernandez-Raga et al., 2017).

Considering this climate-soil interface, some studies indicate a
contribution around 75% of rainfall erosivity to soil loss in
hillsides and areas with pronounced land use changes, like
agricultural lands without management practices and degraded
pasturelands (Robichaud and Brown, 2002; Makhtoumi et al.,
2023; Zhao et al.,, 2024). In this sense, emphasizing the
association between intensity, duration, frequency and energy
produced by the impact of rain, Wischmeier and Smith (1978)
proposed the Erosivity Index (EI30). Calculated from the
kinetic energy released by the impact of raindrops in events of

maximum rainfall intensity over 30-minute periods, this index
provides a high correlation with soil loss, being one of the most
widely used in various studies in Brazil (Lombardi Neto and
Moldenhauer, 1992; Bertol, 1994; Silva et al., 1997).

The EI values it is estimated from a historical series of at least
30 years of rainfall, to identify the apparent cyclic pluviometric
patterns in the region of study (Wischmeier and Smith, 1978).
Considering the climatic conditions inherent to each region,
different adjustment coefficients are necessary to estimate the El
(Nascimento et al., 2018). From this context, emerges one of the
main challenges to obtaining the EI, the availability of
precipitation data that is temporally and spatially representative
(Colodro et al., 2002). Given the large size of the Brazilian
territory, there is still a low density in relation to the network of
rainfall stations and a gap in relation to the homogeneity of their
spatial distribution, which overlaps with the lack of data in long
time series (Oliveira et al., 2010).

In order to overcome this lack of rainfall data, many studies
have evaluated the performance of data from global rainfall
estimation models, like Climate Hazards Group InfraRed
Precipitation with Station (CHIRPS) data, obtaining satisfactory
statistical results compared to measurements from conventional
stations (Nogueira et al., 2018; Costa et al., 2019). In view of
these aspects, the objective of this work is to evaluate the
relationships of the El from CHIRPS and INMET data, in
municipality of Cataldo-GO, located in the southeastern region
of Goias, close to the core area of the Brazilian Cerrado, to
assess their applicability in the surrounding areas where the
density of stations is low. With the fast changes in land use and
land cover in the Brazilian Cerrado (Souza et al., 2020), land
degradation caused by erosive processes it is increasingly been
observed (Alves et al., 2022).

Data from global rainfall estimation models, like Climate
Hazards Group InfraRed Precipitation with Station (CHIRPS),
it is an alternative for calculating rainfall erosivity in large areas
without measured data from rainfall stations, contributing to
assessment of the potential soil erosion and land degradation by
erosive processes (Kim et al., 2020). In addition, it can
contribute to territorial planning in context of intensive land
use, such as the municipality of Cataldo-GO.
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2. Methodology

In this work, we used two different dataset to estimate EIl. The
first, made available from surface data by the National
Meteorological Institute (INMET), refers to the records of the
conventional weather station code 83526-GO. The second refers
to CHIRPS, made available on Google Earth Engine Data
Catalog, in raster format, with a grid of 5 km. Both dataset
comprehend the time window 1990-2021, involving a monthly
time series of 32 years of precipitation observations, in the same
localization point, in the context of the municipality of Catal&o-
GO, located in Central-West Region of Brazil (Figure 1).
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Figure 1. Locallzatlon map of the municipality of Catalao GO

Considering pluviometric patterns and observing what the
literature says about the coherent adjustment coefficient for the
study region (Costa et al., 2023; Medeiros et al., 2024), El
MJ.mm.ha L.month™! was calculated using equation (1). The R
software, RStudio Integrated Development Environment (IDE),
was used to analyse the correlation between the El from each
dataset (CHIRPS and surface data from INMET) and graphical
representation of the data.

()

p? 0.841
EI30 = 68.730 (F)

Where EI is the monthly average Erosivity Index, in
MJ.mm.ha"'.month™!; p is the average monthly precipitation in
mm; and P is the average annual precipitation in mm.

3. Results and Discussions

The patterns of the El accumulations obtained from CHIRPS
and from INMET datasets (1991-2021) is presented in Figure 2.
The acronyms WS, BDS, DS, and BWS represent the Wet
Season, Beginning of Dry Season, Dry Season, and Beginning
of Wet Season, respectively.
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Figure 2. Average monthly El for the municipality of Cataldo-
GO (1991-2021), based on CHIRPS and INMET data.
Note that there is an unequivocal relationship between the
seasonality of precipitation and the average El accumulations.
According to the data, it is possible note that the highest EI
values occur during the Wet Season, while the lowest values
was found during the Dry Season. This can be identified in the

El derived from both datasets (CHIRPS and INMET).

In view of Figure 2, comparatively, the El values derived from
CHIRPS data seems to overestimate El values from the end of
the Dry Season, during the Beginning of Wet Season, until the
first month (December) of the Wet Season. After January, when
the EI values have the highest records, the pattern reverses, and
the El values derived from CHIRPS data remain below the El
calculated from INMET surface data. Specifically, this occurs
during the Wet Season until the end of the Dry Season.
Anyway, it is possible to observe in Figure 2 that, the EI
derived from CHIRPS data does not seem to differ significantly
from the EI derived from INMET data, establishing a similar
pattern.

In Figure 3 are plotted the time series of El obtained from
CHIRPS and INMET datasets, ordered between January 1990
to December 2021. A regular succession of “peaks and valleys”
it is identified in the EIl values, demonstrating the climatic
seasonality that characterizes the study area. Despite this, in
both datasets, January 2007 is the month with the highest El
value, 6.207 MJ.mm.ha!.month™! for the El obtained from
CHIRPS data, and 6.571 MJ.mm.ha!.month™* for the EI
obtained from INMET data. On the other hand, July and
August, respectively, are the months in all years of the observed
time series that record the lowest El values, value 0 (zero),
considering the EI derived of both datasets (Figure 3).
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Figure 3. Monthly EIl of the municipality of Cataldo-GO (1991-
2021).

In Figure 3 it is possible to identify that El have an annual and
intra-annual dynamic. This is something inherent in the
variability of annual, seasonal and monthly volumes of
precipitation between years with the usual regime and those that
are exceptionally dry or rainy (Nascimento and Oliveira, 2018;
Alves, Cabral and Nascimento, 2023), as also pointed out by
Costa, Nascimento and Luz (2023). In this context, considering
areas of intensive land use in agricultural activities, this data
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can be very important and useful for organizing the agricultural
calendar and even productive rotation on a farm scale.

Knowing the periods of greatest potential for soil erosion by
rainfall makes a big difference, because productive areas, which
are the most susceptible, can plan practices to protect the soil
surface, considering the use and management practices that best
suit each type of soil (Cogo et al., 1984). The El is a very useful
data, both for making decisions about preventing land
degradation by soil erosion in productive areas, contributing for
a more sustainable agriculture in the Brazilian Cerrado
(Dedecek, 1988), but it is also possible to incorporate it into
other promising technologies that already exist (Zolin et al.,
2021).

In order to better understand the pattern, variability and extreme
records of the El values over the months of the time series
studied, in Figure 4 it is showed the boxplot for the EI derived
from both datasets (CHIRPS and INMET). The median El
values present a decrease trend between January and August,
and an increase trend between September and December.
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Figure 4. Monthly EI distribution of the municipality of
Cataldo-GO (1991-2021).
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Between the Beginning of Wet Season and the end of Wet
Season, the El values show greater variability than the El
observed in the Beginning of Dry Season and the end of Dry
Season. The EI values derived from CHIRPS data show a
similar dispersion to the El values derived from INMET data
(Figure 4). However, for the month of February, note that the El
values derived from the CHIRPS data show a positive
asymmetrical distribution, while the El values derived from the
INMET data show a much more symmetrical distribution. This
pattern is reversed in March, when the EI values derived from
INMET data show greater dispersion and positive asymmetry
compared to the El values derived from CHIRPS data.

For the EI values obtained from both datasets, it is possible
observe that January, February, March and April are the months
that historically show EI discrepant positive values, comprising
outliers, occurring more frequently in the Beginning and end of
Wet Season. In this context, on Figure 5 it is presented the
variability of annual EI values obtained from CHIRPS and
INMET datasets. For the annual El values derived from INMET
data, specifically, the observed historical average was 8,689.5
MJ.mm.hal.year?. In this context, the years 2004, 2007, 2008,
2011 and 2020, recorded values above 10,000.0 MJ.mm.ha
Lyear?, with the last year recording the maximum value of

11,854.8 MJ.mm.ha.year. Considering EI obtained from the
CHIRPS dataset, the observed historical average was 8,760.9
MJ.mm.hal.year?. The highest values was observed in the same
years as in the INMET dataset, with 2011 recording the extreme
value of 11,315.6 MJ.mm.hat.year.

Specifically, for the years 2004, 2007, 2008, 2011 and 2020, the
annual values of El obtained from CHIRPS data was 10,302.4,
11,121.7, 9,620.9, 11,315.6 and 10,030.6 MJ.mm.hal.year?,
respectively. Using the same dataset made available by INMET,
Costa, Nascimento and Luz (2023) show that the highest EI
values was recorded precisely in the years classified as rainy
and very rainy. Just like at the highest monthly EI values
obtained from both datasets it is find in the Wet Season, the
annual EI results show that the highest EI values follow the
same trend, with highest El values recorded in years rainy and
very rainy.
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Figure 5. Annual EI from CHIRPS and INMET datasets.
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In Figure 6, the annual EI from INMET are plotted against the
annual El estimated from the CHIRPS data, separately, for each
crop year (corresponds to the period from July to June of the
next year). The coefficients of determination varied between
0.79 (2016/2017) and 0.98, with the best result in 2006/2007,
the second year of highest average El. The best results between
El derived from INMET and from CHIRPS were obtained for
the crop years 2006/2007 (R? = 0.98), 2002/2003 (R2=0.97),
1994/1995 (R2=0.97), and 1996/1997 (R2 = 0.96), respectively.
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One the other hand, and the lowest coefficients were observed
for the crop years 2016/2017 (R2 = 0.79) and 2014/2015 (R2 =
0.90). The worst performance of INMET and CHIRPS was on
2016/2017. According to Costa, Nascimento and Luz (2023),
2016 and 2017 is a period classified as dry and usual in terms of
rainfall and EI.
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Figure 6. El estimated from INMET data versus the El
estimated from CHIRPS data, per crop year.
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In Figure 7, the monthly El from INMET it is plotted against
the monthly El estimated from the CHIRPS data, considering
the time series studied (1991-2021). The percentage of trend
(PBIAS) was 0.10, indicating a good performance (=<10%).
The Pearson correlation coefficient (r) was 0.95, demonstrating
the high correlation of the EI derived from CHIRPS data with
the El derived from INMET data, and the coefficient of
determination (R?) exhibited a good quality fit with 0.90.

y=—-12.8+1.01 x, R°=0.90
6000 | rggs
NSE: 0.90 .
PBIAS: 0.10

RMSE: 14 .1

4000

2000

EI30 derivated from INMET

0 2000 4000
EI30 derivated from CHIRPS

Figure 7. Monthly EI obtained from INMET data versus the El
estimated from CHIRPS data (1991-2021).
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The Nash-Sutcliffe Efficiency Coefficient (NSE) was 0.90,
classified as good (=>0.90), and the Root Mean Squared Error
(RMSE) was 14.1, indicating a good accuracy. These results
showed that the El obtained from CHIRPS data correlates well
with the EI obtained from INMET data. In Figure 8 it is
presented the average spatio-temporal variation of the annual El
observed in the municipality of Cataldao-GO, obtained from
CHIRPS data (1991-2021).
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Figure 8. Annual average El obtained from CHIRPS data to
municipality of Cataldo-GO (1991-2021).

In Figure 8, note that the average annual El showed values with
a spatial variation between 6643 and 8760 MJ.mm.ha™.year.
Note that the southern, southeastern, western and center-east
regions of the municipality recorded the highest annual EI
values. In these areas the terrain is predominantly undulating
(slope 8-20%), characterized by low altitudes (between 520-560
metres) and a dense occurrence of river valleys. Latossolos,
Cambissolos and Argissolos are the predominant soil classes.

In these areas, land uses related to agricultural and livestock
activities predominate. On the other hand, the lowest values it is
recorded in the center-north of the municipality, where the
highest altitudes of the terrain occur.

The highest altitude recorded is 960m, occurring on a plateau.
Other areas with high altitudes occurs in the northeast of the
municipality, associated with ferruginous detrital-lateritic cover
and the Canastra Group - Chapada dos Pildes Formation. In
general, the slope of the terrain in these areas is predominantly
flat, with the occurrence of Neossolos and Latossolos, the latter
used intensively in agricultural activities (Silva and Rosa,
2019).

In Figure 9 it is presented the patterns of the monthly average
spatio-temporal variation of the EI observed in the municipality
of Cataldo-GO, obtained from CHIRPS data (1991-2021). We
identified that between November and all the months of the Wet
Season (December, January, February and March), the highest
El values are concentrated in the south, southeast, west and
center-east regions of the municipality. Between the Begeing of
Dry Season and during the Dry Season, the highest El values
are significantly lower than those observed during the Wet
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Season, concentrated in the north, northeast and east of the
municipality.

s | [[rem | [CM== -y

April @ >} June @

July @ August @ | | [September &2

@ ®

o e —-— i -—
_—a 408 749 ™ 119 1385 | | et 2ol MM 1771 1923

xl“:riﬂgure 9. Monthi;mav‘g;age El obtaineﬁdwfrd;ﬁ CHIRPS data 'to'
municipality of Cataldo-GO (1991-2021).

4. Conclusions

In this study, we demonstrate the potential of data from the
CHIRPS algorithm, an open source dataset widely used by the
community, with global coverage and a grid of 5 km, to retrieve
rainfall erosivity index. The main aim of this work was to
evaluate the El relationships based on CHIRPS and INMET
data in the municipality of Catalao-GO, that is located in one of
the world's largest agricultural frontiers, the Brazilian Cerrado.
The results found indicated that the CHIRPS data it is an
alternative for calculating El in the context of municipality of
Cataléo, southeast region of Goiés state, from a previous stage
for statistical validation with surface data from INMET. It was
observed that the El derived from CHIRPS data does not differ
significantly from the EI obtained from surface measurements
made available by INMET, establishing a similar pattern in the
time series analysed (1990-2021).

From the regression analysis between the El obtained from both
datasets, we obtained a trend percentage (PBIAS) of 0.10,
indicating good performance (=<10%). A Pearson correlation
coefficient (r) of 0.95 was observed, demonstrating the high
correlation of the IE derived from CHIRPS data with the IE
derived from INMET data, and the coefficient of determination
(R?) showed a good quality fit with 0.90. The Nash-Sutcliffe
Efficiency Coefficient (NSE) was 0.90, classified as good
(=>0.90), and the Root Mean Square Error (RMSE) was 14.1,
indicating good accuracy. These results show that, for the

municipality of Cataldo-GO, the El obtained from CHIRPS data
correlated well with the El obtained from INMET data.

In general, the results found, presented and discussed
corroborate with the results findings in the literature, and are in
line with other studies carried out more recently in the context
of the southeast region of Goias. We highlight that El is very
important data for territorial planning, as it corroborates the
implementation of sustainable practices in productive areas with
intensive land use by agricultural activities. From the
spatialization of the CHIRPS data, we can see that the results
show the southern, southeastern, western and center-east
regions of the municipality recorded the highest annual EI
values. This pattern of high El values was also identified at the
beginning and during the Wet Season.
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