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ABSTRACT

Rainfall is a meteorological variable of great importance for hydric balance and for weather
studies. Rainfall estimation, carried out by satellites, has increased the climatological dataset
related to precipitation. However, the accuracy of these data is questionable. This paper aimed
to validate the estimates done by the Global Precipitation Measurement (GPM) satellite for the
mesoregion of Southern Amazonas State, Brazil. The surface data were collected by the
National Water Agency — ANA and National Institute of Meteorology — INMET, and is
available at both institutions’ websites. The satellite precipitation data were accessed directly
from the NASA webpage. Statistical analysis of Pearson correlation was used, as well as the
Willmott’s “d” index and errors from the MAE (Mean Absolute Error) and RMSE (Root Mean
Square Error). The GPM satellite satisfactorily estimated the precipitation, once it had
correlations above 73% and high Willmott coefficients (between 0.86 and 0.97). The MAE and
RMSE showed values that varied from 36.50 mm to 72.49 mm and 13.81 mm to 71.76 mm,
respectively. Seasonal rain variations are represented accordingly. In some cases, either an
underestimation or an overestimation of the rain data was observed. In the yearly totals, a high
rate of similarity between the estimated and measured values was observed. We concluded that
the GPM-based multi-satellite precipitation estimates can be used, even though they are not
100% reliable. However, adjustments in calibration for the region are necessary and
recommended.

Keywords: remote sensing, statistical analysis, weather monitoring.
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2 Luiz Octavio Fabricio dos Santos et al.

Validacéo dos dados de precipitacéo estimados pelo satélite GPM na
regido sul do Amazonas

RESUMO

A precipitacdo € a variavel meteoroldgica de maior importancia para o balango hidrico e
estudo do clima. As estimativas de precipitacdo feitas por satélites tém contribuido para
aumentar o conjunto de dados climatologicos relacionados a chuva. Entretanto, o nivel de
confianga destes dados € questionavel. O objetivo deste artigo foi validar os dados estimados
pelo satélite Global Precipitation Measurement (GPM) para a mesorregido Sul do Estado do
Amazonas, Brasil. Os dados de superficie foram coletados da Agéncia Nacional de Aguas
(ANA) e do Instituto Nacional de Meteorologia (INMET), disponibilizados no site de ambas as
instituigdes. Os dados estimados foram acessados diretamente no site da NASA. Foi utilizada
analise estatistica de correlagdo de Pearson, indice “d” de Willmott, e erros Erro Médio
Absoluto (MAE) e Erro Médio Quadratico da Raiz (RMSE). O Satélite GPM estimou de
maneira satisfatoria a precipitacéo, pois obteve correlacdes superiores a 73% e altos coeficiente
de Wilmott (entre 0.86 a 0.97). O MAE e RMSE apresentaram valores que variaram de
(36.50 mm a 72.49 mm) e (13.81 mm a 71.76 mm), respectivamente. As variacGes sazonais da
chuva foram bem representadas. Em alguns casos, foi observada subestimacdo ou
superestimacdo dos dados de chuva. Nos totais anuais, observou-se uma alta taxa de
similaridade entre os valores estimados e medidos. Conclui-se que as estimativas do GPM
podem ser utilizadas, mas ndo com 100% de confiabilidade. Dessa maneira, € necessario que
haja uma calibracéo para a regiéo local.

Palavras-chave: andlise estatistica, monitoramento climatico, sensoriamento remoto.
1. INTRODUCTION

Amazonas is one of the states with the lower indexes of deforested area in the Legal
Amazon region. However, the Southern Amazonas region has been consolidating as a new
expansion area for agriculture and cattle raising and, consequently, has the largest deforested
area in the state (Macedo and Teixeira, 2009). Deforestation provokes microclimatic changes
that may cause alterations in the functioning of the Amazon rainforest dynamics. These changes
cause a gradual process of savanization due to alterations in the hydrologic cycle of this
ecosystem (Marengo and Betts, 2011).

The hydrological cycle in a certain region is directly related with its topography, geology,
physical mechanisms and the climate, of which precipitation (Ppt) is the most important
phenomenon. Ppt is considered as a preponderant system that modifies environmental dynamics
and is a variant of environmental balance and natural processes. (Girdo and Corréa, 2004). Thus,
characterizing Ppt over a region enables better planning for agricultural practices, soil structure
conservation, construction (drainage channels and dams), weather forecasting and the use of
hydric resources (Reis, 2014).

To monitor rainfall, it is necessary to use specific tools (pluviometers) to measure it in
loco. However, the lack of Ppt data in the Southern Amazonas region generates a demand for
the use of alternative measures such as, for instance, the use of remote sensing by satellites.
This information is extremely important for regions with high rainfall rates, since they may
contribute to rainfall data collection and analysis.

Remote sensing is a powerful tool because it offers a wide range of information. Thus, it
is possible to monitor energy partition and space-time distribution on a regional scale. In
general, rainfall estimates by remote sensing occur using sensors that are attached to the
satellite, such as Global Precipitation Measurement (GPM). GPM is projected to unify and
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improve rainfall estimates from microwave sensors. The GPM satellite was built to replace the
Tropical Rainfall Measurement Mission (TRMM), with the aim of providing a new generation
of remote observations of rain and snow (Hou et al., 2014).

Recently studies have compared the performances of the TRMM and GPM satellites. In
both cases, the Ppt estimates have shown quality, even at a regional or global scale. However,
the GPM satellite has performed better, because it has advanced technology when compared
with the TRMM (Liu, 2016; Prakash et al., 2018).

Fusions of the rainfall measurement method using rain gauges with the estimates provided
by satellites enable the validation of estimated satellite data (GPM) and mitigate the
consequences of environmental disasters. This study therefore sought to evaluate and validate
rainfall estimates from the GPM satellite in the Southern Amazonas region, compared with the
measured data collected at the ground stations.

2. MATERIALS AND METHODS

2.1. Study area

The municipalities of Humaita (HT; 7.30° S, 63.01° W and 58 m), Boca do Acre (BA;
8.45° S, 67.23° W and 116 m), Manicoré (MN; 5.48° S, 61.18° W, and 45m), Apui
(AP; 7.11° S, 59.53° W and 135 m) and Labrea (LB; 7.15° S, 64.47° W and 75 m) are located
in the Northern region of Brazil, in the South of the Amazonas State (Figure 1). This region
covers an area of modifications between the ecosystems of dense forests and natural fields
mainly composed of grasses and low mesophilic surrounding forests, high evergreen forests,
palm trees, Brazilian nut trees and others (Pavao et al., 2016).

The climate in the study area, according to Koppen's classification, is rainy tropical, in
other words, a short dry season (June through August) and a long rainy season (October through
March) with no hydric deficit. The annual average rainfall is of 2500 mm and the average
temperature is of 25°C (Vidotto et al., 2007).
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Figure 1. Location of the municipalities of Apui (AP), Boca do Acre (BA),
Humaitd (HT), L&brea (LB), Manicoré (MN) and Automatic Weather Station
(AWS), in Southern Amazonas State, Brazil.
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2.2. Data

In this study, we have used data from the GPM_3IMERGM vO04 final run. In this algorithm,
the IMERG shows data latency of 2 months after the observation period, allowing correction
and a better estimate process. Afterwards, the data collected and estimated by Global
Precipitation Mission (GPM) are available in the National Aeronautics and Space
Administration (NASA) website (https://giovanni.gsfc.nasa.gov/). We have used data for the
period of 2015 and 2016 covering the Southern Amazonas region. At the surface, we have used
the records from rainfall measurement stations of the Agéncia Nacional de Aguas — ANA
(National Water Agency) (http://hidroweb.ana.gov.br/default.asp) and the meteorological
stations of the Instituto Nacional de Meteorologia — INMET (National Meteorology Institute)
which are deployed in the study area.

The Ppt estimates were taken considering the same coordinates of each surface station as
a GPM central point of grid, which covers an area of 10 x 10 km. We highlight that according
to the World Meteorological Organization (WMO), report n. 544, the horizontal radius of a
weather station would not exceed 250 km, or 300 km in sparsely populated regions (WMO,
2003), fitting perfectly with the observed area of a GPM satellite.

2.3. Statistical analysis

The data were processed on the basis of yearly and monthly averages. The relation between
the measured values and the estimated ones was made through the Pearson “r” correlation
index, the analysis of accuracy through Willmott “d” index (Equation 1), which links the
distance of the estimated values in comparison with the observed ones, and its values vary
between 0, for no matching, and 1, for perfect matching (Machado et al., 2015). The Root Mean
Square Error - RMSE (Equation 2) was also analyzed, indicating that the model presents
failures in the comparison between the estimated and the measured values, and the Mean
Absolute Error - MAE (Equation 3), which indicates the absolute mean distance (deviation)
between the estimated and measured values. In both errors, the values must be close to zero
(Machado et al., 2015).

—1_ X(Pi—0y)?
d=1 [2(|Pi—o|+|oi—o|>2] (1)
RMSE = Z(Pi;oi)z )
MAE = Y, |Pi;0i| @)

Where P: are estimated values, O; are observed values, O the average of the observed
values, and n indicates the total number of samples.

3. RESULTS AND DISCUSSION

The municipalities of HT and AP had the lowest errors and the highest “r” values,
respectively (Table 1). A Ppt underestimation by the GPM was observed. However, in general,
the GPM adequately estimated the monthly and yearly rainfall values with correlations above
73%. The municipality of Labrea presented a higher MAE and a lower correlation. BA had the
highest RMSE and MN had a good correlation.

The “r” coefficient correlation varied between 0.74 and 0.95, and the Willmott index of
concordance was between 0.83 and 0.97 among the analyzed municipalities. It was observed
that the existing differences between the derivative data from GPM satellite and those from the
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meteorological stations can be considered as a result of the distinction of scale among them.
The pluviometer presents a specific estimate, whereas the satellite represents a mean estimate
in the analyzed pixel, which, together with the characteristics of each region, may cause
different correlations in distinct areas (Almeida et al., 2015), once IMERG can present
systematic differences due to surface type and precipitation rates (Liu, 2016). Another
explanation is the fact that there is no predisposition from these estimative models to
systematically over - or underestimate the rainfall measurements (Collischonn, 2006). A study
comparing the monthly integration of multisatellite retrievals for the GPM has also observed
positive and negatives differences over land regions (Liu, 2016). The author also has noticed
that difference is more significant in regions near the ITCZ.

GPM errors, whether too high or too low, are related to the nature of the analyzed event.
The estimative correlation therefore can be strongly affected by examined areas which are close
to the measuring stations where no Ppt was recorded. On the other hand, in the observed cells
that are distant from the rainfall measuring stations, the events of higher intensity are minimized
due to the smooth essence of the data interpolation by the inverse of the distance towards the
square. Therefore, the Ppt series approximates the most consistent average measured values
(Almeida et al., 2015; Collischonn, 2006). Similar results have been found in a study carried
out in India, where monthly variations of mean rainy days and heavy rain events showed good
agreement to based-gauge observations (Prakash et al., 2018).

Table 1. Statistical indicators of the relation between the mean rainfall and the
estimated for the municipalities of Apui (AP), Boca do Acre (BA), Humaita (HT),
Labrea (LB) and Manicoré (MN) in Southern Amazonas State, Brazil. MAE:
Mean Absolute Error. RMSE: Root Mean Square Error. “r”: Pearson correlation
index. “d”: Willmott index. *, p < 0.05; **, p < 0.01; ***, p < 0.001.

City MAE RMSE “d” “r”
AP 36.50 13.81 0.97 0.95***
BA 56.92 71.76 0.91 0.85***
HT 49.34 19.73 0.91 0.86***
LB 72.49 23.42 0.84 0.74**
MN 41.47 17.44 0.83 0.86***

The GPM, in general, underestimated the rainfall records (Table 2). The highest
underestimation was observed in the municipality of HT (16%) and the lowest in MN (2%). In
BA, an overestimation of 12% was observed. In the wet season, in HT, the highest difference
(15%) of underestimation was observed and the lowest value was observed in AP (3%). In the
dry season, the satellite also inclined to underestimate in the municipality of LB with a
dissimilar difference (262%). In the municipality of MN, there was an overestimation (41%).
A study conducted in India to detect heavy rainfall event frequency by using IMERG and
compare it with gauge-based observations, showed great results (Prakash et al., 2016). This
lowest underestimation can be explained by the high frequency of rain events during the wet
season (Pedreira Junior et al., 2018), while the discrepancies during the dry season are
consequences of convective and stratiform rain reduction, which are more evident in the rainy
season.

In the dry season, the reduction of the processes of precipitation formation that are
associated with factors such as climatic conditions and regional particularities may result an
error reading by the satellite, overestimating or strongly underestimating rainfall measures
(Anjos et al., 2016). Further, these errors may be tied to the low temporal resolution of the
satellite images that may undermine the capture of the measurements and the cloud brightness
temperature (Pscheidt et al., 2008).
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Table 2. Annual and season variability of the measured and estimated rainfall for the
municipalities of Apui (AP), Boca do Acre (BA), Humaitd (HT), Labrea (LB) and
Manicoré (MN), in the Southern Amazonas State, Brazil. WS: Wet Season; DS: Dry

Season.
o Measured (mm) Estimated (mm) Differences (mm)
Municipalities
Annual WS DS Annual WS DS Annual WS DS
AP 1936 1782 154 1822 1725 96 -114 -57  -58
BA 1946 1820 126 2200 2112 88 254 293 -38
HT 2105 2024 81 1822 1761 61 -283  -263 -20
LB 2132 1896 237 2056 1991 66 -76 95 -171
MN 2417 2297 119 2358 2156 202 -59 -141 82

In the period of 2015 and 2016, the satellite yearly average was 2052 mm year*, while the
surface average was 2109 mm year™ (Figure 2). The best estimate results are the ones for the
municipality of MN and the worst performance was observed in the municipality of HT. The
yearly mean spatial variability of precipitation estimated by the GPM satellite in the years of
2015 and 2016 were concentrated in the Northern part of Southern Amazonas State (Figure 3).
In 2015, a set with rainfall values varying between 98 and 250 mm month™ was observed in
this region. In average terms, the estimated values correspond greatly to values measured by
the gauge-based values, both in temporal and spatial distribution. In 2016, the spatial variability
of rainfall had a more homogeneous character all over the region, with values from 115 to
250 mm month™.

These values are associated with the meteorological systems that operate in this region,
such as the South Atlantic Convergence Zone (ZCAS), the South American Monsoonal System
(SMAS), the Intertropical Convergence Zone (ZCIT), the Instability Lines (LI), the Bolivian
High Pressures (AB) and front systems (cold fronts) (Rickenbach, 2004; Vera et al., 2006).
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Figure 2. Yearly rainfall estimated by the GPM and measured by the based-gauge in the
municipalities of the Southern Amazonas State (Brazil).
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Figure 3. Yearly mean spatial variability of estimated rainfall by the GPM satellite in the
Southern Amazonas State in 2015 and 2016. A: Apui, B: Boca do Acre, C: Humaita, D:
Léabrea, E: Manicoré.
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4. CONCLUSION

The rainfall estimates provided by the GPM are consistent and can satisfactorily reflect
precipitation occurrences in Southern Amazonas State (Brazil). The statistical indicators show
that there is a rainfall correlation between these two methods with its multiple r presenting a
descriptive value in the quality of the obtained adjustment.

Seasonal variations of the rain are represented accordingly. In some cases, either an
underestimation or an overestimation of the rain data was observed. In the yearly totals, a high
rate of similarity between the estimated and measured values was observed.

Finally, this paper highlights that the GPM estimates can be used, even though they are not
100% reliable. Thus, studies that may generate adjustment equations for better estimates are
expected in the future.
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