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Abstract

In this work, machine learning techniques were applied to detect clusters present in satellite and weather radar images. The

technique used was the unsupervised clustering algorithm DBSCAN. This algorithm was used to extract the morphological

characteristics of atmospheric systems that occurred between February 1 and March 30, 2014 (rainy season) and September 15

to October 15, 2014 (dry season). The morphological characteristics are extracted from different thresholds (235K, 220K and

210K) of cloud top brightness temperature observed in the infrared channel of GOES-13 satellite, and also the precipitation

estimated at the reflectivity thresholds (20dBZ, 30dBZ and 40dBZ) of the SIPAM meteorological radar in the city of Manaus.

The results present the number of clusters identified by the algorithm and described the characteristics of the clusters during

the diurnal cycle and in both seasons.
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INTRODUCTION
In the Amazon region precipitation-generating and atmospheric process are 
modulated by different scales (micro, meso, and synoptic). Studying the 
morphological characteristics (size) of the atmospheric events  is fundamental to 
understand the dynamics of meteorological systems. The thermodynamic processes 
that lead to the development of convective systems (CS) over the Amazon depend 
on several local factors. The life cycle patterns of CSs have a strong relationship 
with the diurnal cycle through the radiative heating that occurs in the region [1]. 
Studying the morphological characteristics of CSs are important because they allow 
estimating the structures and intensity of atmospheric phenomena occurring in the 
Amazon basin region.
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CONCLUSION AND FUTURE WORK
The results obtained using DBSCAN clustering algorithm demonstrate the different 
characteristics of atmospheric systems over the study region. With this, it's possible 
evaluate during the morning period that systems have larger areas, especially for 
thresholds with less intense systems. Evaluating the size of the clusters it's noted 
that especially for radar, the difference between clusters of lower intensity (20 dBZ) 
were greater among the IOPs, this is mainly due to rainy season in the Amazon, 
where, systems with large stratified areas form clouds with large area extensions. In 
contrast, during IOP2 events tend to be more isolated and intense.

RESULTS
To characterize the morphology of the clusters found by DBSCAN, we subdivided 
into groups (Morning, Afternoon, Evening and Night) the clusters referring to the 
thresholds previously mentioned. Figure 2 shows the distribution for the size of the 
clusters in the different IOPs for the satellite and radar data. It is emphasized that the 
size of the clusters is based only on the number of pixels counted, the realistic size 
of the clusters should be considered based on the spatial resolution of the sensors 
(Satellite Resolution: 4km; Radar Resolution: 2km). The difference between the 
cluster sizes for the satellite (Figure 2a.) was not so significant if one looks at the 
means and medians in the boxplots, unlike the radar cluster sizes (Figure 2b.), when 
evaluating the difference between the IOPs it becomes clear the difference 
between the cluster sizes, especially at lower thresholds (20 dBZ).
It is also possible to notice that the number of clusters of lower intensity was more 
prominent in IOP1, this characteristic is related to the rainy period in the Amazon 
region. This period is also characterized by presenting rain cells with large stratified 
regions [3], which corroborates to the higher number of clusters with lower intensity 
thresholds. Another point to be highlighted in Figure 2, is the higher occurrence of 
clusters during the afternoon period, because in this period the systems are more 
intense and present greater dynamics of vertical development [3,4].

DATA AND STUDY AREA
The data used in this work are available in public repositories. In the case of satellite, 
the data is available on the FTP servers of INPE. For radar, the data is available on the 
ARM (Atmospheric Radiation Measurement) platform. The radar data are part of a 
compilation related to the 2014 campaign of the GoAmazon project, which among its 
experiments, used several instruments to investigate the interaction between forest 
and atmosphere in the Amazon basin region.
From the satellite, the infrared channel 4 (10.2 µm) will be used with an overlay over 
the whole Amazon basin region (Figure 1a). For the Radar the CAPPI (Constant 
Altitute Plan Position Indicator) of 3km was used (Figure 1b).

METHODOLOGY
DBSCAN is an unsupervised methods for identifying groups present in multivariate 
data [2]. This clustering technique does not require predefined classes. The main 
purpose of DBSCAN is find groups based on distance metrics between individuals 
points present in an information density. The applied thresholds were: 20, 30 and 40 
dBZ (decibels at Z-level) for RADAR and 235, 220 and 210 K (Kelvin) for GOES-13 
Satellite. These values represent different intensity features in the reflectivity and 
brightness temperature measurements. The coordinate locations of the points based 
on the intensity thresholds was the input for the DBSCAN training process. Such 
information is passed on to the algorithm, and with that, clusters are classified based 
on the distribution of coordinate points.
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Figure 1. Study area at the Amazon basin.  (a) GOES-13 satellite data with the infrared 
channel and (b) Radar volumetric scanning at the CAPPI level of 3km.

Figure 2. Distribution of the cluster size in the daytime and nighttime periods 
during the IOPs. (a) Satellite clusters size and (b) Radar clusters both, for 
different thresholds.
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