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ABSTRACT

This work proposes a methodology for optimizing rain gauge station allocation in Sao
José dos Campos/SP. The methodology consists of collecting data from existing rain gauge sta-
tions, using the inverse distance interpolation technique to estimate values at un-sampled points and
grouping the data into groups using the K-Means algorithm. The goal is to maximize the coverage of
the rain area and provide more accurate and reliable information about the amount and intensity of
rainfall in the region. With this approach, we hope to contribute to improving rainfall monitoring in
Brazil, representing an essential step towards reducing the damage caused by socio-environmental
disasters associated with rainfall. The proposed methodology resulted in an average improvement
of 11.6% in rainfall detection compared to the previous arrangement, making it an effective solution
to improve the prevention and mitigation of the impacts of hydrological events.
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1. Introdution

Socioenvironmental disasters can have a significant impact on communities and a coun-
try’s economy. In Brazil, hydrological events are one of the most impactful classes of socioenvi-
ronmental disasters. According to [Freitas et al. [2014]], they represent 32.7% of the events that
occurred in Brazil between 1991 and 2010 and account for the highest number of deaths between
2011 and 2019, representing over 90% of the cases [Parizzi [2022]].

Rainfall monitoring is an important component in disaster risk management. One way to
perform monitoring is with rain gauges. These stations measure the quantity and intensity of rainfall
in a specific area and can automatically send the collected data to the cloud through data telemetry.
Real-time monitoring of rainfall data is important for predicting and preventing the impacts of
hydrological events [Sensors [2021]].

Thus, we aim the following overall objective:

* To propose an optimized allocation of rain gauges to maximize rainfall area coverage.

To achieve this objective, the following specific goals will be pursued:

1. Analyze the data from rain gauges in the city of Sdo José dos Campos/SP to determine
the amount of rainfall in each location.

2. Interpolate the data to estimate the amount of rainfall in new locations based on the
information from existing rain gauges.

3. Apply a clustering algorithm to the resulting data to identify candidate regions for new
rain gauge locations.

In this work, we employed artificial intelligence techniques, such as inverse distance inter-
polation and K-Means clustering, to manage uncertainties in the prediction of hydrological events.
The optimized allocation of rain gauges proposed by our methodology can help reduce uncertainties
in the prediction of hydrological events by providing more accurate and reliable information about
the quantity and intensity of rainfall in different regions of the city.

2. Methodology

We aim at a propose a methodology for the optimized allocation of rain gauges in the city
of Sdo José dos Campos. The methodology consists of collecting data from existing rain gauges,
interpolating values at unsampled points using inverse distance weighting (IDW) interpolation tech-
nique, and clustering the data into k groups using the K-Means algorithm. The objective is to maxi-
mize the coverage of the rainfall area and provide more accurate and reliable information about the
quantity and intensity of rainfall in the region.

2.1. Data

The data used in this work were obtained from the Cemaden website [for Monitoring e
of Socioenvironmental Disasters [2023]] through their interactive map. Information regarding the
rain gauges in S@o José dos Campos between the years 2018 and 2022 was collected for the months
of January, February, and March. The data was provided in spreadsheet format for each month,
containing several columns, including the name of each station (nomeEstacao), its latitude (lati-
tude) and longitude (longitude) coordinates, and the measured value (valorMedida) representing
the rainfall measurement at regular intervals.

Only the relevant columns were selected: nomeEstacao, latitude, longitude, and valorMe-
dida. The information from the rain gauges in the technology park was grouped into a single station
by calculating the average of the sum of all measurements. The result was a dataframe containing
each rain gauge station (with a single station representing the combination of all stations in the
technology park) with the sum of rainfall at each location.
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2.2. Inverse Distance Weighting Interpolation with KDTree

We aim employed the inverse distance weighting (IDW) interpolation technique, [Shepard
[1968]], to estimate values at unsampled points. IDW assigns values to unknown points based on
the weighted inverse distance from the closest known points. To optimize the search for the nearest
neighbors, we used a data structure called KD-tree, [Bentley [1975]], which organizes points in
a k-dimensional space. In addition to interpolation at specific points, we developed a function to
create new geographical locations and interpolate values at those locations.

We implemented a function that utilizes the DataFrame of sampled points and a parameter
to expand the latitude and longitude range of the new locations. We also implemented the idw _kdtree
function, which uses the DataFrame of sampled points and a parameter for weight calculation. This
function constructs a KD-tree and finds the nearest neighbors using the query method of the KD-
tree. The interpolated values are obtained through a weighted sum of the values from the nearest
sampled locations.

2.3. Clustering with K-Means

We employed the K-Means clustering algorithm to divide the data into k groups. This
method is a clustering algorithm that aims to partition n observations into k groups, [MacQueen
[1967]].

We implemented the kmeans_clustering function, which utilizes the K-Means algorithm
to cluster the data in a DataFrame based on the latitude, longitude, and valorMedida columns. The
group labels and centroids are returned by the function. This function is applied to a DataFrame di-
vided into 11 groups, and the labels are stored in the kmeans_labels column, indicating the group to
which each location belongs. Additionally, for this research, the centroid locations were considered
as a new solution.

3. Results

This work was developed using Python in the Google Colaboratory environment. To
evaluate the results, we calculated the sum of rainfall detected at locations with interpolated values
within a 2-kilometer radius of any rain gauge and compared it with the sum of rainfall detected
within a 2-kilometer radius of any centroid defined by the K-Means algorithm.

When comparing rainfall detection using the current arrangement of rain gauges with the
detection using the centroids proposed by the K-Means algorithm within a 2-kilometer radius, we
observed that the proposed arrangement showed an improvement in rainfall detection. This suggests
that the new arrangement may be more effective in detecting the amount of rainfall compared to the
current arrangement of rain gauges.

4. Conclusions

In this work, a methodology was developed and applied to optimize the allocation of rain
gauges in the city of Sao José dos Campos/SP. The data from existing rain gauges were collected
and analyzed. Subsequently, interpolation and clustering techniques were used to estimate values
at unsampled points and identify candidate regions for new rain gauge locations. The goal was to
maximize the coverage of the rainfall area and provide more accurate and reliable information about
the quantity and intensity of rainfall in the region.

The results showed that the proposed methodology was effective in improving rainfall
detection. The new arrangement of rain gauges proposed by the K-Means algorithm showed an
average improvement of 11.6% in rainfall detection compared to the previous arrangement. This
suggests that the proposed new arrangement may be more effective in detecting the amount of
rainfall compared to the current arrangement of rain gauges.
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However, it is important to note that this work has some limitations. For example, we
only used data from existing rain gauges and did not consider other sources of information, such
as satellite images or radar data. The quality of the data collected by the rain gauges can affect the
results. If the collected data is not accurate or reliable, it can affect the effectiveness of the proposed
methodology.

Although the results showed a suggestive improvement in rainfall detection, this work is
still partially completed, and there is room for future improvements. Further steps will be taken to
enhance the results, including testing new algorithms and conducting analyses in other cities.
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