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ABSTRACT

Daily rainfall data are essential for improving society's
resilience. Rain Gauges are the conventional instrument to
measure rainfall. However, it is uncommon to have long
time series without gaps. This fact forces researchers to look
for other data sources, such as satellite data. This study aims
to validate daily rainfall estimated by CHIRPS and IMERG
based on gauge measurements between 2000 and 2018. The
chosen study area is the Paraiba Valley and North Coast
(PVNC) region, located in Sao Paulo state, Brazil. Statistical
measures such as Pearson Coefficient, Mean Absolute Error,
Mean Squared Error and Index of Agreement demonstrate
how well the estimations fit the real data. Results indicated a
low but significant Pearson correlation; a low Mean
Absolute Error; a high Mean Squared Error, and a regular
Index of Agreement. Satellite data is more trustworthy in
the plain and inland portion of PVNC.
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1. INTRODUCTION

Daily rainfall data are essential for improving society's
resilience. Important services like the planning for
electricity generation, water supply, or disaster prevention
are reliant on daily rain information.

Gauges are the most conventional instrument for
measuring rain and the only method that represents the real
precipitated water [1]. Unfortunately, the rainfall station
network in Brazil is geographically and temporally scarce.

As a solution to this problem, it is possible to obtain
rainfall estimation on a daily scale through satellites.
Products such as the Integrated Multi-satellitE Retrievals for
GPM (IMERG) and the Climate Hazards Group InfraRed
Precipitation with Station data (CHIRPS) have provided
scientists and companies with valuable information.

Nonetheless, satellite data also have limitations related
to temporal and spatial resolutions and relief influence [2].
Therefore, it is necessary to validate satellite data before
relying on research on these data. The validation tests
present the accuracy of estimated data (satellite data)
compared to the real data (rainfall gauge data) and how
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much the satellite data underestimates or overestimates the
precipitation amount. Thus, it is possible to know whether
or not satellite data can replace rain gauge measurements.

Studies have shown a better correlation between
satellite data and gauges data in coarser temporal and spatial
scales. For example, the use of satellite data for the entire
South American continent in monthly studies is well
accepted. Regarding satellite products comparison, CHIRPS
commonly presents better results for daily data, while
IMERG products commonly sub-estimate the rain.
However, it is recommended to validate data before relying
on estimates for refined scales [3, 4, 5].

The validation of continuous and countable variables,
such as rainfall, can be done through statistical tests using
goodness-of-fit measures [6]. Validation studies have used
Mean Absolute Error, Normalized Mean Square Error,
Pearson's Coefficient, and Willmott Index, among other
statistics [7, &, 9].

Considering that, this study aims to answer the
question: how well do CHIRPS and IMERG daily estimates
fit the real daily rainfall values for the Paraiba Valley and
North Coast (PVNC) region?

2. MATERIAL AND METHODS
2.1. Study Area

The PVNC region of Sao Paulo state comprises 39
municipalities covering 16,175 km?, comprising 2,264,594
inhabitants. This region registers rainfall-related disaster
events, such as landslides and floods, due to the
mountainous relief and floodplains occupied by cities,
resulting in economic and human losses.

This study used data from 21 rain gauges between 2000
and 2018 distributed along the PVNC region. Satellite data
refer to the same geographic coordinates as the gauges. The
dataset comprises gauges, IMERG, and CHIRPS rainfall
information and will be analyzed individually, considering
each point on the map. Figure 1 highlights the study area,
the points from which the collected data, and the respective
slope.
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Figure 1. PVNC altitude and gauges localization.

Regarding the precipitation regime, the mean annual
rainfall in the Paraiba’s Valley portion is 1400 mm; 70% of
this amount is concentrated in the spring-summer semester.
The rainfall regime is driven mainly by extratropical
atmospheric systems, frontal systems, and Mountain ranges.
On the North Coast portion, the rainfall is higher, exceeding
2000 mm per year, due to the influences from the sea, the
relief, and the humidity of the Atlantic Forest [10, 11].

2.2. Rain Gauge Stations

Automatic, telemetric, and conventional gauges
managed by the Brazilian National Water Agency (ANA)
provided the data for this study. After collecting the data,
ANA performs a pre-analysis to ensure that the rain gauge
data is consistent. This evaluation was carried out in three
steps: seasonal filter, identification of graphical distortions,
and comparison with data from their dataset. The qualified
data was denominated as “consisted,” and the non-qualified
data as “non-consisted” [12].

For this study, we collected the “consisted” data using
the HydroBr package [13] in python language.

2.3. IMERG

The IMERG data collection is produced by the National
Aeronautics and Space Administration (NASA) through the
Global Precipitation Measurement (GPM). Currently, there
are seven versions of the algorithm, the last one being
released in August 2022. The data have global coverage,
between 60° S and 60° N, and are available in a 30 minutes
time scale and 0,1° spatial scale [14].

For this study, we used daily data from version 6, Late
Run, collected through the Google Earth Engine (GEE)
platform, considering the parameters “scale = 11132
meters”, which corresponds to the original scale, and
“reducer = mean”, which corresponds to the mean value
between the pixels in the chosen geographical location.

2.4. CHIRPS
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CHIRPS products are available for almost the entire globe
(50°S to 50°N), with high resolution (0.05°), in daily,
pentad, and monthly scales. The rain information is a
composite of data collected by the Thermal Infrared band,
the Tropical Rainfall Measuring Mission Multi-satellite
Precipitation Analysis, version 7, the Cold Cloud Duration,
and selected surface stations. More than 11,000 rain gauge
stations in Brazil are used to reduce the CHIRPS estimates
bias [15].

We collected the daily CHIRPS data using the GEE
platform, considering the parameters “scale = 5566, which
corresponds to the original scale, and “reducer = mean”,
which corresponds to the mean value between the pixels in
the geographical location chosen.

2.5. Methodology Flowchart

The methodology is summarized in the flowchart below.
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Figure 2. Methodology steps.

2.6. Statistical Analysis

Pearson’s Coefficient (r), Mean squared error (MSE), Mean
absolute error (MAE), and Index of agreement (d) indicate
the goodness-of-fit between satellite data and gauges. Each
formula is described below, where "y" is the rain gauge data,
and "¥" is the satellite data.

2.6.1. Pearson's coefficient

Pearson’s coefficient measures the linear association
between the predicted and observed data. It ranges from -1
to +1, where negative results indicate an inverse relationship
between the variables and positive results suggest a direct
relationship. Values near 0 indicate a low relationship
between the variables [16]. The formula is given by:

nYyy — ¥y ¥y

v A
gy’ -E»* Vn3y -C»°

2.6.2. Mean squared error

r =

The Mean squared error value ranges from zero to infinity
and increases exponentially with an increase in error. The
desired value is zero, as much closer to zero, the better the
model’s performance [16]. Its formula is given by:
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2.6.3. Mean absolute error

The Mean Absolute Error is the simplest loss measure. It is
considered the arithmetic average of the absolute errors.
Results point to just the extension of the errors but not the
direction. The higher the value, the worse the accuracy of
the model [16]. The formula is given by:

n

- L —
MAE = n§1 ly, = vl

i=

2.6.4. Index of Agreement (Willmott 1982)

Developed by Willmott in 1982, the Index of Agreement (d)
varies between 0 and 1, in which 0 represents no model
agreement to the observed values, and 1 represents the best
model agreement. An important characteristic is that d is
sensitive to extreme values [17, 18, 19]. The formula is
given by:
S (y-y )?
d=1- —=

Zy =yl +ly=yD?

3. RESULTS

Results are presented in this section. The maps on the left
depict the statistics measures between IMERG and gauges,
while the maps on the right depict the statistics measures
between CHIRPS and gauges. The r values are presented
first, then the MAE, posteriorly the MSE, and lastly, the d.

A

Figure 3. Imerg and CHIRPS r.

Both satellite data presented low but significant Pearson
coefficients, which was expected because of the long time
series. The wvalues range between 0.18 and 0.37. In
comparison to the IMERG, the CHIRPS presented higher
Pearson's coefficients.

Figure 4. Imerg and CHIRPS MAE.
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The values of Mean Abslolute Error ranged from 4.16
mm to 7,91 mm. In comparison to IMERG, CHIRPS
presented more gauges with lower MAE values.

Figure 5. Imerg and CHIRPS MSE.

The Mean Squared Error values range from 80.77 to
312.87. In comparison to IMERG, CHIRPS presented a
wider range.

Figure 5. Imerg and CHIRPS d.

The Index of Agreement values ranges from 0.42 to 0.6.
In comparison to IMERG, CHIRPS presented higher Index
of Agreement values.

4. DISCUSSIONS

Daily rainfall is one of the hardest variables to be estimated.
This paper presented a validation study using IMERG,
CHIRPS, and rain gauge data. Regarding variation across
the area, it is possible to notice better results in plain terrains
inside the continent than in steep terrains on the coast.

Pearson Coefficient results demonstrated a low linear
correlation but significant (p-value <= 0.05). Low Pearson's
values were already expected since the time series is big.
Similar results were found for the Sapucai River watershed,
north of the PVNC region [3]. MAE resulted in low values,
which means there are no big differences between the
predicted and the real value. MSE resulted in high values.
Since some discrepancies between satellite and gauge data
occur, this statistical measure increases exponentially. Most
of the Index of Agreement values were higher than 0.5,
which means a good agreement between the model and the
real data.

5. CONCLUSIONS

Given the results across the study area, it is
recommended to rely on some other source than daily
satellite data for uses in the PVNC mountainous and littoral
portion. However, these products can be used as
complementary data. Moreover, it is more trustworthy in the
plain and inland portion of PVNC.
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It is shown that CHIRPS and IMERG predictions are
similar, despite CHIRPS having more accurate daily rainfall
values slightly. Better results should appear as long as
satellite data is used on a coarser scale, such as the
bibliography cites it.

It means it is important to install and maintain rain
gauges for the superficial rain measures, despite their
financial cost. Or increase the algorithm to correct the
satellites' biases.

For future studies, it is suggested to delimitate groups
of data according to climate seasons and calculate the
goodness-of-fit measures to analyze the variation of the
predictions in each season.
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