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Abstract. Historically, weather conditions are depicted as an essential
factor to be considered in predicting variation infections due to respi-
ratory diseases, including influenza and Severe Acute Respiratory Syn-
drome SARS-CoV-2, best known as COVID-19. Predicting the number
of cases will contribute to plan human and non-human resources in hos-
pital facilities, including beds, ventilators, and support policy decisions
on sanitary population warnings, and help to provision the demand for
COVID-19 tests. In this work, an integrated framework predicts the num-
ber of cases for the upcoming days by considering the COVID-19 cases
and temperature records supported by a kNN algorithm.
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1 Introduction

In 2003, in Guangdong, the outbreak of Severe Acute Respiratory Syndrome
(SARS) gradually disappeared with the arrival of warm weather. Temperature
and its variations may have affected the SARS outbreak [14]. Few studies report
that COVID-19 was related to meteorological factors, which decreased with
increasing temperature. On 28 November, Portugal recorded more than 280.000
COVID-19 cases [4]. After the peak in the first wave on 17 April, the curve
began to decrease. According to experts, one of the main factors was lockdown
[3,5]. By this time of the year, the season in Portugal is Spring, which means
the average temperature is around 11°C and 20 °C. An analysis of the number
of COVID-19 cases and the places manifested more intensively was carried out.
The conclusion was that a very close relationship between the new cases and
the climate could be established. The data analysis revealed that SARS-Cov2
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increases virulence with temperatures between 6 °C and 11 °C and the presence
of lower humidity levels in the air [2]. According to DGS, Portugal is in the
second wave of COVID-19. Portugal is also facing the flu season, with the aggra-
vating factor that the amount of flu vaccines available was manifestly insufficient
[8,12]. National Health System includes 21,000 beds as the total capacity, while
17,700 are allocated to COVID-19 assistance [11]. The number of COVID-19
cases growth put pressure on hospitals. On 4 November, Portugal realized 444
hospitalized patients by COVID-19 in the Intensive Care Unit (ICU), which is
90% of the capacity of the ICU [6]. In 2016 the ICU occupation average was
above 75% [10], considering this behavior is stable across the years. Another
question raises how prevent ICU rupture if these numbers get back to previous
years standard value. Given the lack of evidence, it is essential to understand
the weather conditions impact on COVID-19 transmission. In this case, the rela-
tionship between weather conditions and several COVID-19 cases exists. It will
be possible help to manage human resources and keep up with the demand for
beds material resources (beds, ventilators, etc.) in hospital facilities and help
sanitary populations’ warnings decisions.

The remainder of this work is organized as follows. Section2 presents the
related work. Section 3 presents the architecture. Section 4 supporting our app-
roach to assess data quality. In Sect.5 we present the final product preview.
Finally, in Sect. 6 conclusions are drawn, followed by future work guidelines.

2 Related Work

As in a common sense, weather conditions are an essential factor that impacts the
number of infections due to respiratory diseases, such as Severe Acute Respira-
tory Syndrome (SARS) and influenza, also known as “the flu”. Studies presented
after the outbreak of SARS concluded the disease gradually disappeared with the
arrival of warm weather. Temperature and its variations may have affected the
SARS outbreak [14]. An exciting study relates the number of COVID-19 deaths
in Wuhan with the temperature and humidity. The conclusions reached by this
study were that the daily mortality of COVID-19 is positively correlated with
DTR (diurnal temperature range) but negatively with absolute humidity. This
study suggests the temperature variation and humidity may also be important
factors affecting the COVID-19 mortality [9]. Another study pursues the relation-
ship between ambient temperature and daily COVID-19 confirmed cases in 122
Chinese cities. The results indicate that mean temperature linearly relates with
the number of COVID-19 cases when the temperature is below 3 °C. Notwith-
standing, no evidence supporting such and relationship, especially a decreasing
number of COVID-19 cases when the weather gets warmer [15].

3 Architecture

The following elements were identified to obtain prediction results: the sensors
(DH11) and the board (Raspberry Pi 3), the API, the database, and the trained
prediction model. Each of these is represented on Image 1.
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Fig. 1. Solution architecture

Each raspberry pi and the respective DH11 sensor are installed in the area
where the user wants to obtain the prediction. It’s a requisite to ensure the
COVID-19 number of new cases are available for the selected geographic area.
Temperature data is stored through API calls on the database server. This per-
sistent data is used for temperature mean calculation and provided when needed
to the predictive model. The following variables were selected to train the model:

— Health sub-region;

— The municipalities average maximum temperature in the health sub-region
for the respective date;

— The municipalities average maximum temperature in the health sub-region
between day n and n — 7 days;

— Comparing the average of the number of new cases of COVID-19 in the health
sub-region counties between days n and n — 7 and the number of new cases
of n.

The target consists of predicting whether the number of new cases of n+1 is
higher or lower than the number of new cases of n (n=current day).

4 Experiment

The experiment involved a Raspberry PI (version 3) with a DH11 attached.
The central server, deployed as a Virtual Machine, consists of 2 cores operat-
ing at 3 GHz with 4 GB of RAM, running the API and the predictive Model.
The MongoDB Atlas service provided the database support. APIs providing the
municipality temperature data [7] and COVID-19 cases [13] were collected with
a Python application. This application aggregates municipalities by health sub-
region and averages their maximum temperature. After collecting temperature



COVID-19 Next Day Trend Forecast 47

data, we accessed the COVID-19 API and extracted the number of cases cor-
responding to each health sub-region. The application produces a CSV file and
includes the following features: date, health sub-region of the North, number of
cases in the North, health sub-region of the “Centro”, number of cases in the
“Centro”, health sub-region of “Lisboa and Vale do Tejo”, number of cases in
“Lisboa and Vale do Tejo”, health sub-region of “Alentejo”, number of cases in
“Alentejo”, health sub-region of “Algarve”, number of cases in the “Algarve”. Sub-
sequently, another Python program was developed that creates our dataset CSV
file including the following features:

Health sub-region;

— Daily municipalities average maximum temperature for health sub-region;

— Municipalities average maximum temperature for sub-region between n and
n — 7 (days);

— Average number of new cases of COVID-19 in the municipalities of the health
sub-region between n and n — 7 (days);

— Number of new cases from n.

Our approach is to predict whether the tomorrow’s number of new cases (day
n+ 1) by considering the number of new cases occurred today (day n). A training
dataset will be considered as input to the predictive model. With all mounting
and setup done, we collected the previous temperature and COVID-19 data to
train our model. It’s possible to keep “feeding” our dataset through this API
and test different predictive models’ inputs. A visual explanation is available on

Image 2.
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Fig. 2. Dataset diagram
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5 Results

Our previous analysis supported selecting the kNN as the first algorithm for our
predictive model, which makes predictions using the training dataset directly.
Predictions were made for a new instance (x) by searching through the entire
training set for the K most similar instances (the neighbors) and summarizing
the output variable for those K instances. For regression, this might be the mean
output variable. In classification, this might be the mode (or most common) class
value [1]. The distance was used to determine the most similar K instances in
the training dataset to a new input. For real-valued input variables, the most
popular distance measure is Euclidean distance. After tuning the K value, we
conclude that 3 corresponds to the value providing the higher accuracy while the
chosen metric was Minkowski. The Table 1 shows the accuracy values obtained
with kNN for different day intervals and 15% and 30% test size.

Table 1. kNN accuracy scores (k= 3)

HDays 15% 30%H
| 6 049 055
|7 066 0.58
| 8 054 044
|9 045 047
‘ 10 059 0.50

Further research and testing allowed us to explore the Random Forest algo-
rithm and achieve 72.4% accuracy with 41 n_estimators. This result will define
the response of our predictive model setup as presented in Table 2.

Table 2. Random Forest accuracy scores (n_estimators =41)

H Days 15% 30% H

| 6 045 0.54
|7 072 061
| 8 056 0.52
|9 045 052
‘ 10 0.53 0.47
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6 Conclusion

Predictive analytic tools give users deep, real-time insights into an almost endless
array of business activities. These tools can be used to predict different behaviors
and patterns, including the demand for COVID-19 tests, basing predictions on
an analysis of data collected over some time. According to the achieved result, the
presented model is achieved 72% accuracy in predicting the number of COVID-
19 cases for the next day. For this result, we considered as main variables the
temperature and evolution of the last 7 days of the number of COVID-19 cases.
This model may be implemented under any circumstances considering tempera-
ture collection is ensured, and the number of new cases of COVID-19 in the area
concerned is known. Following the implementation of the proposed architecture,
it is possible to set up a complete system without substantial investment. It was
also essential to state the importance of “days interval” in the model. As the
first symptoms appear after the 4 days, knowing that, between the COVID-19
test schedule and the result’s registration. Next, the patients wait 2 or 3 days.
The results obtained are consistent with the sources consulted. On the seventh
day, we established the relationship capable of generating the most satisfactory
results regarding the prediction.

It will become essential to consider a more extended period of days as the fore-
casting weather conditions are pretty precise. Moreover, given the low achieved
model accuracy suggests exploring new features, such as the humidity, day of
the week, or wind speed.
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