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Abstract

Our planet Earth is changing due to the action of Man. Several factors influence the
functioning of our planet, such as the constant need for human evolution, population
growth and many others. Due to this, more and more we have extreme atmospheric
events.
There is an increasing need to become aware of this problem and take action both in

terms of what we can do to prevent the destruction of our planet and prevent when these
extreme events happen. The objective of this thesis is based on this last point.
To combat the lack of a system in Portugal capable of helping the general public

in extreme weather conditions, we created an atmospheric dashboard. The goals were
that this dashboard was simple to use, open to the general public, with high spacial
resolution (currently the smallest area used is the municipality, here we use an even
smaller geographic area), flexible, and scalable so that new data sources or new variables
could be added to the existing ones in the future without affecting the correct functioning
of the system.
This system uses meteorological data and relates them to other variables such as the age

of the population, the thermal conditions of buildings, number of deaths, among others.
The combination of all these data leads to the calculation of a risk index associated with
each zone.
The results show that the application has excellent portability, as it was easily installed

on another device thanks to the virtualization offered by Docker.
In terms of scalability, although did no tests at this level. However, during the application

development, there was the need to add new data sources. Considering that the application
is modularised, there was no problem with the existing or new data sources.
Users see great potential in the application in terms of usability for prevention by the

population during extreme weather events. Another positive aspect was that they liked
the layout of the elements in the interface, namely the fact that the map area is the most
prominent and most visible area in the dashboard. It also helped us get some feedback on
what could be improved, such as using more distinct colors to present the level of risk or
even improving the connection between the different views of the application.
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The results are positive and encourage further development of the application, applying
the suggestions obtained from user testing.
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1 Introduction

The planet Earth is not the same as 30 or 40 years ago. The same goes for our future
planet. This constant evolution has multiple implications. As the planet evolves, so does
the human race and everything around us. The massive growth of the population has led
to the over-exploitation of natural resources, bringing about issues like poverty, hunger
and many others. Natural resources are limited, and at this rate of growth, they will soon
no longer be enough to cope with the needs of our society. We are consuming the available
resources faster than they can be replaced, thus, it is imperative to find new ways of
sustainability for humankind [21] [35] [22].
Population growth requires continuous expansion of existing buildings and the con-

struction of new ones. However, free plots of land are needed to sustain these urbanization
trends. Humans are therefore destroying forest areas, cutting down trees, and thereby dam-
aging both the habitat of many animal species and the main natural "filters" of our planet
(i.e., the trees) [8]. Ultimately, deforestation and urbanization cause immense pollution.
Furthermore, this situation is exacerbated by the millions of cars that release carbon

dioxide (CO2) into the atmosphere every day. Together with all the goods required to meet
the needs of our modern society, these cars are manufactured in big factories that release
additional pollutants into the environment and are progressively exhausting several
sources of raw materials. In addition, to move people and goods, we consume millions of
liters of fuel from oil exploitation - another limited resource that causes environmental
pollution.
Those mentioned before are just some examples of the harm we are doing to our planet.

Human actions and our consumption and production-related activities are affecting the
health and functioning of our planet [60], and have significant consequences on the
climate. Over time we have come to notice an increase in extreme temperatures associated
with climate change. In other words, we have higher temperatures in summer and lower
temperatures in winter [2]. Results of several studies based on long-time series data from
the Northern Hemisphere reveal such an increase in the extreme temperatures and provide
evidence of its relation with climate change [3].
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This is a significant worldwide problem. However, in moderately evolved countries, like
Portugal, it becomes even more worrying. These countries are not prepared for extreme
temperatures, which results in an increase of the mortality rate [32] [68].
For example, in July 2006, a heatwave hit the city of Porto. In a study conducted to

understand the consequences of this event on mortality (all causes) and morbidity (all
causes, respiratory and circulatory diseases), it was observed that a one degree Celsius
increase in mean apparent temperature would result in: a 2.7% (95% CI: 1.7–3.6%) increase
in mortality (all causes), a 1.7% (95% CI: 0.6–2.9%) increase in respiratory morbidity a 2.2%
(95% CI: 0.4–4.1%) increase in respiratory morbidity in women, a 5.4% (95% CI: 1.1–6.6%)
increase in chronic obstructive pulmonary morbidity, and a 7.5% (95% CI: 1.3–14.1%)
increase in chronic obstructive pulmonary morbidity in women, for the entire population.
Moreover, considering only people above 75 years old, the study results showed: a 3.3%
increase (95% CI: 1.7–5.0%) in respiratory morbidity, a 2.7% (95% CI: 0.4–5.1%) increase in
respiratory morbidity in men, a 3.9% (95% CI: 1.6–6.3%) increase in respiratory morbidity
in women, a 7.0% (95% CI: 1.1–13.2%) in chronic obstructive pulmonary disease, and a
9.0% (95% CI: 0.3–18.5%) in chronic obstructive pulmonary disease in women [57].
The effect of high temperature on mortality and morbidity can also be influenced by

air pollution [43]. Increased ozone levels and particle concentration can aggravate the
number of deaths and hospitalizations during an extreme heat climatic episode [67].
In Portugal, the city of Lisbon (south) is more affected by cold temperatures than Porto

(north) [31]. The same happened in the rest of Europe. Moreover, the mortality rate during
extreme cold events in the European Nordic countries is lower than in the countries of the
South, like Portugal, Malta, and Spain. One degree decrease in temperature is associated
with a 1,35% increase in the daily number of total natural deaths. Cold temperatures
also result in significant morbidity, including respiratory tract infections, mental health
problems, and exacerbations of existing musculoskeletal, cardiovascular and respiratory
diseases [10]. Much debate remains around the determinants and prevention of excess
mortality during cold weather. For example, in the case of the United Kingdom, a recent
report shows that 22% of the excess of winter deaths in the UK can be attributed to poor
thermal conditions in buildings [39]. However, the seasonal effect of cold weather on
deaths is, at least historically, modifiable, for example, winter deaths in Wales and England
have dropped from a 5-year average of ∼ 70000 per winter in the early 1950s to ∼ 27000
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in the late 2000s [9]. Other authors have reported a general declining trend in excess
winter mortality in the last century. Such a trend can be explained by improvements in
infrastructure, technology, and public health, and it also has an important bearing on
what can be expected with future changes in the climate [6] [33] [52].

1.1 Extreme weather events in Portugal

When considering the specific case of Portugal, we observe a high correlation between
death rate and extreme weather events (i.e., cold and heat waves). Several factors can
explain this. Among them, we must mention that most of the buildings are old and do
not comply with the minimum requirements regarding thermal comfort conditions [65].
Overall, the Portuguese housing stock is outdated - 33% of the buildings data back to
the post-war period and are in need of renovation [46] - and home heating and cooling
systems are still rarely used. Such a situation partially results from a governmental policy
of the 60s (which has been abolished only recently) that kept the rent prices very low.
Therefore, “the rental revenues were not sufficient for house owners to perform the
adequate maintenance of buildings. This has led to a strong reduction of the rental market
and significant decay of the Portuguese housing stock quality. Portugal housing is found
to be one of the most energy inefficient of all housing in the Europe Union” [46].
Building regulation incorporating energy performance considerations was adopted in

Portugal in 1991, and its first remarkably successful application was on the buildings
designed for the EXPO’98 housing stock. Yet, the buildings’ energy certification system
was introduced in Portugal only in 2006. The certification process aims to monitor and
supervise the quality of new building projects and constructions, extensive renovations,
as well as the status of existing buildings, especially when these are to be placed in the
market for rental or sale.
The implementation of this process has implied creating a certificate database, which is

managed by the Portuguese Agency for Energy (ADENE). Today the database contains
information about over 1 million certified buildings of all ages [65].
Another aspect worth mentioning is the average income of the population. In Portugal,

the average salary is lower compared to other European countries, and despite the cost of
living being relatively low, the energy price is high. For this reason, people often avoid
using electric heating or cooling devices, thus exposing themselves to unfavorable thermal
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conditions, or prefer to opt for cheaper solutions - like the use of fireplaces for heating
since wood is more affordable than electricity. However, fireplaces release CO2 inside the
house, exposing occupants to the risk of dying during the night due to CO2 inhalation
[38].
Another factor is that the aging rate in Portugal is increasing (153,2% in 2018, against

98,8% in 2000) [44]. Older adults are more exposed to extreme temperatures because their
immune system is less effective than young adults and are often affected by additional
health conditions associated with aging. Moreover, many older adults live alone and
therefore may experience difficulties in receiving assistance or get help in case of need
[70] [64].
It is important to act quickly to mitigate climate change and its impacts. In order to do

so, as pointed out in the UN 2030 Agenda for Sustainable Development, the following
main actions should be undertaken: (1) Countries must take new preventive measures in
order to minimize the damage caused by natural disasters (2) Integrate climate change
measures into national policies, strategies and planning (3) Improve education, awareness-
raising and human and institutional capacity on climate change mitigation, adaptation,
impact reduction and early warning (4) Promote mechanisms to increase planning and
management capacity related to climate change in developed and small countries [25].
Developing reliable risk indexes and early warning systems is fundamental to help reach

the above-mentioned goals. These tools must include multiple data and indicators (i.e.,
based on weather forecast information as well as other variables - like socio-demographics
indicators - that may influence health risk during extreme weather events). An early
warning system based on a solid and reliable risk index is an effective tool that serves
to (1) provide data and information that could be used for improving climate change
mitigation policies, (2) raise public awareness on the correlation between health and
climate change, and (3) communicate adaptation measures to the general public, thus
strengthening its adaptive capacity. With these goals in mind, this thesis project aims at
the development of a public geographic dashboard providing information on the buildings
occupants’ health risk during extreme weather events and is integrated into an FCT
Research and Development project (RELIABLE), whose goal is to develop of a warning
system that will extend and enhance the existing tools. Before describing the proposed
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solution, the following sections give an account of the main early warning systems used
in Portugal and provide an overview of the RELIABLE project.

1.2 Problem Statement

Two of these systems are ICARO [68] and FRIESA. Are the main early warning systems
for heat and cold events currently being used in Portugal to support public agents in
implementing plans to minimize the health risks to the population during extreme weather
events.
The ICARO was created in 1999 by Instituto Nacional de Saúde Dr. Ricardo Jorge

(INSARJ), describes the impact on morbidity and mortality during heat waves in the five
health regions of mainland Portugal. Every working day, between May and September,
a bulletin reporting the risk level for each region and possible effects of the expected
temperature variation on the population is shared with a list of health care institutions
that are responsible for implementing mitigation measures.
Sixteen years later, in 2015, INSARJ developed FRIESA. Focused on monitoring extreme

cold events during winter, FRIESA covers two districts (Lisbon and Porto) and estimates
the mortality for all causes and respiratory and circulatory causes in both the general
population and the population of 65 years old or above.
Based on the weather forecast, ICARO and FRIESA calculate a risk level, which different

public agents then use to implement plans to minimize the health risks on the population
(e.g., reinforcement of hospital staff during the cold or heat waves). However, the two
systems are based on different risk indexes and differ in terms of spatial coverage and
resolution, making the implementation of integrated strategies to mitigate the effects of
extreme weather events less straightforward.
These two systems have three main flaws: (1) they do not target the general public - for

instance, ICARO is directed to health care institutions, (2) they do not cover the entire
national territory, ICARO covers five regions while FRIESA only covers the cities of Lisbon
and Porto, and (3) are mainly based onweather forecast. As mentioned before, several other
variables (e.g., buildings thermal condition) influence the population’s health risk during
extreme weather events. Thus, considering information like buildings thermal condition,
occupant’s age and sociodemographic indicators, is fundamental to develop a reliable risk
indicator. Databases with such information do exist. For example, the Energy Certification
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of Buildings System (SCE) database provides information about the quality and thermal
characterization of the residential building stock in mainland Portugal. Through the SCE
database, we can access several certification parameters - climate and location, period of
construction, and many others - related to the rating outcomes [65].
The project described here aims at addressing the above-mentioned issues by developing

a public, geographic platform to communicate the health risks of buildings’ occupants
during extreme weather events. The system will have high spatial resolution and integrate
data from multiple existing systems (ICARO and FRIESA) and databases, (i.e., census data
and Portuguese buildings certificates database) in a single model.
By considering all these sources of information we will create a new risk indicator

that will extend the existing ones in several ways. While ICARO [68] and FRIESA, are
at the district level (eight in the mainland and 2 on the islands), the new indicator will
have a higher spatial resolution - i.e., the subsection level. Specifically, the risk level will
be calculated for each of the 178364 Portuguese ’statistical subsections’ (census blocks).
Moreover, the new indicator will improve the existing risk forecasting models by including
new data sources like buildings characteristics and sociodemographic indicators. And
finally, the new system will target not only experts and public agents but also the general
public.

1.2.1 RELIABLE Project

This thesis is part of an FCT research project called RELIABLE (DSAIPA/DS/0111/2019),
which falls under the UN Sustainable Development Goal nº13 ("Take urgent action to
combat climate change and its impacts"). RELIABLE aims at developing an improved early
warning system for health risks during extreme weather events. Specifically, RELIABLE
aims at extending the current surveillance capabilities in the following ways:

• It improves the current risk forecasting models by integrating weather forecast
information and other data sources using machine learning algorithms.

• It increases the spatial and temporal resolution of the warnings – i.e., the risk is
calculated every six hours at the statistical subsection level (BGRI).
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• It targets an extended public (from public authorities to citizens), will therefore
be publicly available and easy to integrate into the websites of different public
authorities.

The initial four sources of data used to develop the risk forecasting model are:

• Historical information regarding healthcare indicators during Extreme Weather
Events EWE. It is crucial to improve the models that correlate the incidence of
extreme weather events with (i) the type of events in the healthcare system (e.g.,
people seeking health treatment, deaths), (ii) demographics (e.g., elderly) and so-
ciodemographic indicators (more exposed and vulnerable), and (iii) building stock
characteristics (year of construction, typology). One of the core aspects is to assign
the historical information to the BRGI level, thus improving the existing layers of
information by distinguishing aspects like the exact location of the death (e.g., hospi-
tal), the actual residence (e.g., elderly peoples nursing homes) and the official/fiscal
residence;

• Weather forecasts with high spatial resolution, where detailed information is cal-
culated at the BRGI scale. The forecasting models will be improved taking into
consideration the historical weather data and health data (mortality, morbidity and
other indicators);

• The national census data of 2011, which needs to be updated (data of the last census
will be available in 2022), particularly regarding the age and sociodemographic.
This will be done by upgrading the National Statistics Institute (NSI) data with new
data sources like digital information from municipalities (e.g., tax over estate/IMI
information), satellite imagery and crowdsource information.

• The database of more than 1 million buildings Energy Performance Certificates (EPC)
that were already issued by ADENE in order to estimate the indoor thermal comfort
conditions during the EWE. This is the key source of information as it allows to
estimate in detail the thermal comfort experience inside the buildings.

The municipality of Montalegre was selected as a testbed by the RELIABLE team.
However, the model will eventually be extended to the whole Portuguese territory.
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1.3 Proposed Solution

This thesis focuses on the development of the public geographic dashboard providing
information on the buildings occupants’ health risk during extreme weather events (EWE)
and will represent the ’interface’ for the models resulting from RELIABLE. The informa-
tion provided through this platform needs to be updated every six hours (the minimum
temporal resolution of the weather forecast models) and must be presented with a high
spatial resolution (subsection level). Considering the goals of the RELIABLE project, sev-
eral aspects should be considered in the design and development of the dashboard. In
particular:

• the back-end architecture must be flexible so as to allow for the integration of
additional data sources (which may also have different data structures) and, in the
future, be extended to the entire national territory.

• the dashboard should be designed in such a way that it can be integrated into the
websites of different public authorities. For this purpose, an Application Programming
Interface (API) will be created.

• the front-end should be designed in a user-friendly way so as to ensure easy access
to information also to non-expert users.

1.4 Document Structure

The document is divided into nine main sections. Initially, we start by briefly introducing
the problem and the proposed solution to solve this same problem with the introduction
section. Subsequently, a review is presented of what already exists in the current state of
the art related with this problem.
After and based on conclusions obtained after carrying out the literature review, a more

detailed solution to the problem found is presented. Here we have already discussed the
application’s architecture, among other aspects. After the solution was outlined, it was
necessary to plan, as is common in all software developments, to have a plan to follow
during the entire thesis execution time.
With this being said, we have the basics ready to start implementing the application, and

it is in the Implementation section we show the details and the implementation decisions
that were made so that the application meets our goals. Two types of tests were carried
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out to verify if the application reached the initial objectives: usability tests with five users
and portability tests to verify if the application is easy to install in any environment.
Finally, the results of the previous tests are exposed. Based on these results, a discussion

is made, and finally, we draw our conclusions based on all the work carried out.
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2 Literature Review

This section provides an overview of the state-of-the-art and is divided into three prin-
cipal subsections. The first one presents some existing risk communication dashboards
(academic and commercial projects), all related to weather data, except one that provides
information about the Covid-19 pandemic. The analysis of these platforms focuses either
on the technology used or the layout structure and will inform the design of this thesis
project.
The second section presents the mathematical models, which are the primary data

sources for elaborating the model used in this project (described in the previous section).
The third section proposes a review a set of technologies that could be used to develop
the system proposed in this thesis.
Finally, the chapter ends with conclusions drawn from this analysis and a summary of

the main design choices made to meet the project goals.

2.1 Platforms

This section presents the analysis of six existing risk communication platforms and ends
with a review of scientific literature describing the main principles for designing such
tools.

2.1.1 SusCity

This system materializes the Urban Building Database UBD user interface. The UBD is
a database that integrates multiple information related to the urban built environment
which comes from different sources and in diverse formats. The goal of an UBD is to
provide data and information and facilitate knowledge creation and sharing on existing
urban building stock and energy use to society. Its design and implementation must also
consider complementary concepts and functionalities, which are all contributing to the
overall goal of providing an integrated data repository that can be made available in a
universal format for different users.
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SusCity uses the UBD as a massive raw data storage for historical and real-time datasets
to build decision models, reports and dashboards for the analysis and visualization of rele-
vant city indicators. This dashboard allows for the interactive visualization of information
related to the urban context and data exploration with a high spatial resolution.
Through the map displayed at the center of the interface, users can select one or multiple

buildings, and visualize the related information available in the UBD, which is presented
on the right side of the display. The left side presents the information summarized at
urban scale (city, parish or selection area), allowing the dynamic multi-scale comparison
of a specific parameter. In this way, decision-makers, owners or occupants can check their
building’s energy performance compared to their neighborhood’s average, and identify
opportunities to decrease energy consumption.
The city of Lisbon was selected as a testbed for this system. For such a purpose, a UBD

containing data from 3259 buildings within 3.725.894𝑚2 of built area [58] was created.
Figure 1 shows the layout of the system.

Fig. 1. SusCity Dashboard
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2.1.2 ViewExposed
ViewExposed is an application aimed to help local stakeholders identifying areas that
are particularly vulnerable to extreme natural events and understand what makes them
vulnerable. A multiple view approach is adopted to visualize the information. Data is
presented through a combination of parallel coordinates plot, table view, sparklines, and
profile report [66].
Vulnerability assessment data is complex, so the authors implemented an easy-to-use

interface facilitating a high degree of user interaction through multiple and linked views.
The integrated vulnerability assessment framework comprises four significant steps:

• Create vulnerability indices separately for storms (StoVI), floods (FloVI), and land-
slides (SliVI);

• Perform a weighted combination of the vulnerability indices for storms, floods, and
landslides to generate a combined Physical Vulnerability Index (PhyVI);

• Assess the social vulnerability for Norway and create a Social Vulnerability Index
(SoVI);

• Integrate physical vulnerability and social vulnerability indices into one, the Inte-
grated Vulnerability Index (IntVI).

As shown in figure 2, the layout is divided into three main sections:

• Map view:Was implemented using the choropleth mapping technique and enriched
the tool with spatial and thematic navigation functions [47].

• The Parallel Coordinates View: The authors decided to employ a parallel coordi-
nates plot technique as broadly recognizable within the cartographic community due
to its suitability for visual exploration of multivariate data. In addition, this technique
is well suited for being linked with choropleth maps [30].

• The Table View: Displays the attribute information on the various vulnerability
indices. The rows represent municipalities and the columns represent vulnerability
scores.

2.1.3 VisAdapt
This solution is a visualization tool to support climate change adaptation [48]. It differs
from current state-of-the-art visualization tools in climate change and adaptation in that
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Fig. 2. The ViewExposed user interface

the authors developed it specifically for nonexperts users. The interface is structured
as a three-step exploration process, from left to right, with three linked modules: from
locate to investigate to act. In this way, the user’s attention is organized in a sequence of
pre-defined and logical steps that can be illustrated using a real user scenario (figure 3).

• First Module: The user starts by entering his/her address. Then, the user is expected
to specify the different features of his/her house, such as type of roof, the type of
garden and whether it has a cellar. At all times, it is possible to get help by clicking
on the question mark in the top right corner.

• Second Module: The parameters from the first module are combined with a multi-
tude of information on climate scenarios, climate risks, and exposure indices. The
user starts browsing through different climate variables. With a quick look at the
change gauges, the user can see that the projected change in the annual number of
days with a heat wave and the projected change in the annual mean temperature
are most prominent for the given region. The second module also includes a map
that helps the user see if, based on the projected increase in annual precipitation
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and the number of cloudburst events, he/she will need to consider making house
renovations in the future.

• ThirdModule: Indicates possible vulnerabilities for that location based on the house
characteristics (for example, a wooden façade is vulnerable because of the likely
increase in both annual mean temperature and the annual number of days with a
heat wave) and suggests adaptation measures. For example, could suggest the house
owner pay attention to the type of paint is used and consider repainting more often.
VisAdapt also provides the user with information regarding how to decrease indoor
temperatures during the warmest season.

Fig. 3. VisAdapt Web Application

2.1.4 IPMA Dashboard
The IPMA dashboard is very simple as it provides the weather forecast for Portugal and
its archipelagos (Madeira and Azores). As shown in Figure 4, the interface is very similar
to the information presented all days on the newscast.
It offers the user information regarding atmospheric andmaritime conditions. Bymoving

the mouse over the items displayed on the map, it opens a tooltip with a summary of the
weather conditions for a given area. If the user clicks on it, it navigates to a page with
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more detailed information for the upcoming days and, especially, the next twenty-four
hours (figure 5).
This system has some flaws; for example, the limited spatial resolution - the information

is provided at the district level. In addition, the information is spread across different pages
- i.e., the main dashboard and the detail pages -, while proving all relevant information on
the main dashboard would facilitate understanding [13].

Fig. 4. IPMA Dashboard

Fig. 5. District detail information



Extreme Weather Conditions Dashboard 17

2.1.5 USA Severe Weather

The North American National Weather Service collects reports of severe weather events
and weather-related damage the information is updated daily. The reports provided
are preliminary, while official verified reports are stored at the National Centers for
Environmental Information.
This dashboard (figure 6) displays reports from the one hundred twenty-two forecast

offices across the United States. The data is automated and served in ArcGIS Online by
the State of Georgia’s Emergency Management and Homeland Security Agency [23].
The interface layout is divided into two main parts, the sidebar on the left provides a

set of information about severe weather events in the USA: (1) reports on main severe
weather conditions, (2) a bar chart showing the distribution of severe weather events
across the different states and, (3) a list of these events.
The map displayed on the right of the screen presents the weather events listed on the

sidebar through a set of icons.
The dashboard is highly interactive. By clicking on the elements presented on the map

or the sidebar it is possible to filter the data or access additional information. For example,
after selecting one of the states displayed in the bar chart, both the list of events and the
map update to present information related to that state only.

2.1.6 DGS COVID-19 Dashboard

A more recent example of a risk communication dashboard is the one released on the
DGS website, which relates to the Covid-19 pandemic [19].
The dashboard is presented in figure 7. The data is updated every twenty-four hours,

and the time of the last update is always presented to the user.
The system is responsive, that is, it’s available in both desktop and mobile versions.

However, the mobile version does not load automatically when the user accesses the
platform via a mobile device.
Despite the richness of data provided, the information is displayed in a clear and

well-organized way. The dashboard is divided into four main parts which visualize the
information in different ways.
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Fig. 6. USA Severe Weather Dashboard

2.1.7 Map-Based Web Tools Supporting Climate Change Adaptation

Neset and colleagues [61] analyze existing geo-visualization tools supporting climate
change adaptation. In their article, the authors reviewed twenty map-based web tools.
These tools are classified according to their content and functionality and assessed in
terms of data presentation, interactive functions, information type, target audience, and
the way aspects related to vulnerability and adaptation to climate change are addressed.
Because climate change data are predominantly spatial, the authors pointed out that these
tools frequently feature solutions typical for geographic visualization (geo-visualization),
such as interactive maps or data displays [61].
Their study concludes that these tools can be classified into two main groups, depending

on their functionality. The first group consists of the so-called data viewers, which allow
users to display and view climate-related data. The second category is named data explor-
ers. It includes those tools that offer more sophisticated functionality, allowing users to
both display and analyze selected data, click on geographic objects, and view supportive
graphs. Moreover, the authors observed that these tools normally feature moderate or
high richness of data content. The majority of the systems analyzed target expert users
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Fig. 7. DGS COVID-19 Dashboard

and are not intuitive, ultimately suggesting that incorporating input from user evaluations
could greatly improve ease of use and understanding. According to Neset et al. [61], the
general challenges when designing map-based tools supporting climate change adaptation
appear to be (1) integrating information on adaptation measures with climate change–
and impact-related information and (2) maintaining a balance between representing the
inherent complexity and vast information, on one hand, and the fairly broad user profile
of most tools, on the other.

2.1.8 Principles to create a good dashboard

In their article, Matheus et al. [55] present the results of a study aimed at understanding
how to design dashboards that could create a sense of transparency and accountability.
Through literature review and case studies analysis, the authors identified a set of benefits
and risks of using dashboards in the public sector. Then they elaborated a set of ten design
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principles (see Table 1) that can lead to realizing the benefits and overcoming the risks
identified [55].
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Dashboard Principles
Principle Description Source
Collect accuracy
and precise data

Governments must give the most correct and precise infor-
mation, to prevent users from being unable to understand
the data and being misled. Incorrect information in the
dashboard can result in bad decisions.

[53], Case Studies

Customize views Dashboards should not be merely simple or generic visual-
izations; dashboards should contain customized views for
showing the problem at hand. In this way decision mak-
ers and users can gain insight. Customized views can help
them understand the situation. The design requires under-
standing of organizational strategies, viewpoints, business
processes, indirect effects, decision support systems, and
priorities. In the cases found in the literature review, sepa-
rate apps are developed for each purpose to enable a clear
view of the problem at hand.

[40], [49],
[51],[16], Case
Studies

Support different
view

A single view might result in a limited picture on the sit-
uation. Different views can avoid bias and improve the
understanding. By providing raw data, others can create
new views which can result in updating the dashboard and
improving usage.

[40], [49],
[51],[16], Case
Studies

Clear presenta-
tion

Dashboards enable the use of charts, graphs, pictograms,
bars, and numbers, etc., to visualize information for moni-
toring and analyzing performance. Dashboards should visu-
alize data in and easy-to-understand manner. In our cases,
the simplicity of the dashboards enabled their use by a broad
public.

[34], [42], [71],
Case Studies

Offer decision-
making support

Relationships between performance metrics and organi-
zational desires must be clear. Dashboards can provide
decision-support to evaluate ‘what if’ scenarios and to use
predictive analytics. This can help provide more insight
into the situation and help decision makers. By providing
insight into possible alternatives, the effect of choosing an
alternative can be predicted in our cases.

[45], [71], Case
Studies

Interaction
support

Static dashboards often provide limited insight. More in-
sight can be gained by providing interaction features, which
enables users to view the data from various perspective, to
suggest recommendation based on the data but also to pro-
vide feedback to improve the use. Real-time information
was a key element for supporting the decisions in the cases.

[5], [4], [56], [15],
[7], Case Studies

Provide overview
and details

Dashboards should be able to deal with an enormous volume
of big and open data. By providing an overview and the
opportunity to zoom in on details, the high-volume of big
data analyzed was presented in a simple visual display.

[12], Case Studies

Focus on creating
public values

Merely visualizing data has limited use if this is not suit-
able for creating added value. Dashboards are difficult to
develop, especially for big and open data. Often a business
case is required to determine the added value. Dashboards
should be designed to create public values like engagement,
transparency and accountability and adhere to public values
like privacy.

[37], [1], Case
Studies

Ensure real-time
updates of data

The majority of dashboards are not based on real-time data.
Governments present dashboards of what has happened in
the past and can use this to predict future events.

Case Studies

Ensure institu-
tional support

The creation of transparency results in the detection of
incorrect data or behavior. For citizens, it is hard to take
any action if there is a suspicion of fraud or corruption. It
should be possible for citizens to report to an independent
and trusted agency. There should be institutions to deal
with such matters further.

Case Studies

Table 1. Dashboard Principles [55]
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2.2 Data Sources

To be able to carry out the proposed solution, it is necessary to have data. Here we will
present some of these data sources that are used in RELIABLE project model.

2.2.1 Census Data 2011
The 2011 Census XV General Population Census and V General Housing Census has been
made by National Institute of Statistics (NIS) with the collaboration of Municipalities and
Parish Councils.
The Census is made every ten years in Portugal which records and systematizes data

related to the population like age, gender, occupation. Individuals are counted within
households and information is typically collected about the household structure and
the housing, such as the floor area, the appliances ownership, and even the household
maintenance needs.
Are essential elements for economic and social development, constituting themselves

as indispensable instruments when including services and the definition of policies, in
the most varied areas.
It provide useful information like:

• Which areas have the most degraded buildings;
• Which zones the population is older;
• The number of schools that are necessary;
• Where must be build the communication routes, hospitals etc;
• How to distribute the funds among the City Councils.

The territorial division is based on Nomenclature of Territorial Units for Statistical
Purposes (NTUSP) whose structure is broken down by three levels:

• NTUSP I: Covers Portugal Territory and Autonomous region of Madeira and Açores;
• NTUSP II: Covers North, Center, Lisbon, Vale do Tejo, Alentejo and Algarve;
• NTUSP III: Divide in Municipalities and Parish Councils.

The Portal of the National Statistical Institute discloses the main national results of the
2011 Census and is organized as follows [20]:

• Results Analysis;
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• Quality Inquiry;
• Tables with the results up to the level of NUTS II;
• Methodology and Concepts.

For example, one of the study points of the census visible on 8 is the aging index of
buildings:

Fig. 8. Aging Index of Buildings

Another example is the about the information about materials used in construction (see
figure 9):
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Fig. 9. Buildings Construction Materials

2.2.2 ICARO

System created in 1999, has as main objective the detection of periods of heat that, based
on the fulfillment of a set of criteria, are considered as involved on the mortality of the
Portuguese population.
Daily between May and September, the ICARO system receives from IPMA, the day

temperatures, observed and foreseen for all districts of Mainland Portugal. With which it
is estimated the potential risk to the health of the population through ten Indexes-Alert-
ICARUS, two national and eight regional (North Interior, North Coast, South Coast and
South Interior).
Daily bulletins are issued to the competent authorities with risk information to current

and next two days [68].
The the information is not centered in a platform to the entire Portuguese population,

like a public dashboard. Another disadvantage is that the information is just about heat
waves and not for cold waves too. And the data has a big spatial resolution, the district,
which is imprecise.
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2.2.3 FRIESA
FRIESA was developed by IPMA and INSARJ and is a surveillance and alert system of
extreme cold for the districts of Lisbon and Porto. Aims to obtain a mathematical model
capable of predicting risk situations for human health in extreme cold situations and to
include it in a structured surveillance system for a pilot test.
The main product of the system is the FRIESA index, which is a daily risk measure that

allows the identification of periods with possible impacts on mortality due to all causes or
diseases of the circulatory or respiratory system due to extreme cold.
The FRIESA index is calculated to the general population and specifically to the pop-

ulation with more than sixty-five years old. In the next figure 10 the values of FRIESA
index are presented to all-cause mortality from which they are expected effects of cold on
mortality [69]. The mortality data come form the Daily Mortality Surveillance System
(DMSS) [63].

Fig. 10. FRIESA Index Levels

• Index > Level 2: Very probable effect on mortality;
• Level 1 < Index <= Level 2: Probable effect on mortality;
• 0 < Index <= Level 1: Unlikely effect on mortality;
• Index = 0: Null effect on mortality.

2.2.4 Buildings Energy Performance Certificates Data Base
Energy certification of buildings has only been in use in Portugal since 2006. The certifi-
cation process aims at monitoring and supervising the quality not only of new building
projects and constructions or big renovations, but also of existing buildings, particularly
when these are to be put in the market for renting or selling.
In practical terms, the implementation of this process has implied the creation of a

certificate’s database, managed by ADENE.
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Today that database contains information about over one million certified buildings of
all ages. Given the number of details collected during the energy assessment, the database
constitutes a great source of information allowing for a better picture of the current
building stock.
Some of the parameters stored in this database are: climate zone and geographical

location, age, type of construction and building physical characteristics [65].

2.3 Tools Used

To build the dashboard of this thesis is necessary to study what technologies are best
for achieving our goals. Here in this section, we will analyze some technologies used by
applications reviewed in the Literature Review section and the ones we will use effectively
to implement our solution.

2.3.1 Presentation

Here we will present some technologies used in the applications reviewed, some of them
are standard in Web development for the presentation layer.

Hypertext Markup Language:
Hypertext Markup Language (HTML) is the standard language for web page
development. Can combine it with two other languages, CSS and JavaScript.
Web browsers receive HTML documents and render the documents into multimedia web
pages.
The page’s structure to be shown to the user is entirely made using this language and it
uses a tag system to create the elements to be displayed on the web page [28]. The next
figure 11 show a very simple example of an HTML document:
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Fig. 11. HTML Example

Cascading Style Sheets (CSS)
Cascading Style Sheets (CSS) is a language that allows you to assign styles to documents
written in HTML. It makes the separation between presentation and content it allows us
to present the same content in different ways, in terms of layout, color and font. This
brings some advantages such as flexibility [27].
The figure 12 shows a very simple example:

Fig. 12. CSS Example

JavaScript/JQuery
It is another of the languages used in Web development. It is very efficient because it
works asynchronously and allows us to manipulate HTML documents, perform actions
on elements, handle events, communicate with the backend among other actions. It came
to change the way Web development was done, and nowadays, it is actually one of the
most used languages. [50]. A very simple example can be seen on figure 13.
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Fig. 13. JavaScript Example

Chart.js
Chart.js is a free open-source JavaScript library for data visualization, which supports
eight chart types: bar, line, area, pie (doughnut), bubble, radar, polar, and scatter. Created
by London-based web developer Nick Downie in 2013, now it is maintained by the
community and is the second most popular JavaScript charting library on GitHub by the
number of stars after D3.js, considered significantly easier to use though less
customizable than the latter. Chart.js renders in HTML5 canvas and is widely covered as
one of the best data visualization libraries [26]. The figure 14 shows an example of a
simple bar chart:

Fig. 14. Chart.js Bar Graph

Vue.js
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Created by Evan You, Vue.js is an open-source progressive JavaScript framework for
building user interfaces (UIs) and single-page applications, it is commonly referred to as
Vue and it is currently one of the most emerging front-end technologies.
This framework uses “high decoupling”, allowing developers to progressively create user
interfaces (UIs) including more modules. The next figure 15 shows the libraries that we
can include from a small Simple Page Application SPA to Multi-Page Applications MPA
[54].

Fig. 15. Vue.Js Modules

Another of the main advantages is the use of components. What is a component? A
component is basically a small part of the application, for example, a header, or a toolbar.
In this way we can build large scale applications composed of small, self-contained, and
reusable components. In the next figure 16 we can see and example of how a web
application can be divided in components.



30 Freitas

Fig. 16. Vue.Js Components

Some of Vue.js advantages are the simplicity, integration capacity, user-friendly interface,
customizable, few restrictions, good documentation and large support.

There are other well-known technologies, for example, the React and Angular but we
will choose not to use them because they are not as flexible and simple to use compared
to Vue.Js.

2.3.2 Logic

To be able to present data on the front-end, we need to have all the business logic mounted
on the back-end, here we will review some technologies used to develop the back-end of
some applications so that we can choose the best one for our particular case.

Java
Java is an object-oriented language designed so that the implementation has as few
dependencies as possible. Two cases of its use are: (1) creating desktop applications or (2)
developing services that other applications of various types will consume. It’s designed
for developers to create code once and run it anywhere. This means that once the code is
compiled, it can run anywhere that supports Java without recompiling it again. [29]. In
figure 17 is displayed a sum example:
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Fig. 17. Java Example

Node.JS
It is a JavaScript-based framework that allows us to develop a complete web application.
It is one of the most prolific Web development frameworks in 2019. It is used by big
companies and small businesses alike.
Allows you to create scalable and flexible applications that process multiple connections
at the same time. It works on a single task basis, that is, whereas traditional methods
require a thread for each connection, Node.JS has a single thread for all connections. Can
deal with a large number of requests without affecting response times. This comparison
can be see on figure 18.
Where Node.JS really is good is to building fast, scalable network applications, as it’s
capable of handling a huge number of simultaneous connections with high throughput,
which equates to high scalability.
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Fig. 18. Node.JS connections

It works based on modularization, each application functionality represents a module,
which means that the application is much better structured so that if we have to make
any changes, we just have to change that specific module without affecting the others.
Some of Node.JS advantages are scalability, flexibility, extensability, low cost, same
language on backend and frontend and is the biggest world repository.

2.3.3 Databases

Another important part of an application is the data storage, to consume data from the
data sources we need to have a way to save them. For this here we will present several
database considered for our system.

Structured Query Language (SQL)
It is a standard language to work with relational data bases. Is a declarative language and
does not require deep programming knowledge so that someone can write their queries
and get their results. It is used in the main market’s relational data bases like, Oracle,
MySQL, MariaDB, Microsoft SQL Server [17].
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Imagine that we have the following database table 19 with invoice information and we
want to get all the invoices with a value greater than 1000:

Fig. 19. Database table

With SQL we simple do the below query 20 and we will get the desired result:

Fig. 20. SQLQuery Example

MongoDB
Unlike SQL, it is a non-relational database engine and is used for large amounts of data.
Instead of using the traditional tables with relationships to each other, it uses collections
and documents. Documents are equivalent to a set of data in key-value form. While the
collection is equivalent to a database table in SQL, it groups a set of documents [24].
Some of the MongoDB features are:

• The database contains collections and these contain one or more documents. The
size of the document depends on the number of fields, which means that not all of
them are the same size.

• The structure of documents is related to the structure of classes in object-oriented
programming.
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• The documents (the rows) do not need to have a fixed structure previously created.
We can add whatever structure is most convenient for us.

• The data model available within MongoDB allows you to represent hierarchical
relationships, to store arrays, and other more complex structures more easily.

The MongoDB is very powerful when working with large quantity of data and when the
structure of the data can change with frequency because it is very scalable.
In the next figure we can see an example of a document in MongoDb 21:

Fig. 21. MongoDB Document

2.3.4 Map Rendering

Based on the literature review many of the approaches used depend on maps in the
presentation. We will soon review technologies that allow us to implement a map. The
map is the key element in the dashboard, is a central element where is shown the main
information to the user.
Based on this we will use this approach in our application as well.

Google Maps API V3
The Maps JavaScript API lets you customize maps with your own content and imagery
for display on web pages and mobile devices. Its features four basic map types (roadmap,
satellite, hybrid, and terrain) which you can modify using layers and styles, controls and
events, and various services and libraries [18]. An example is displayed on figure 22:
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Fig. 22. Google Maps API V3

Leaflet
Leaflet is the leading open-source JavaScript library for mobile-friendly interactive maps.
Weighing just about 39 KB of JavaScript, it has all the mapping features most developers
ever need.
The leaflet is a library for interactive maps that is the leading mobile-compatible use. It is
based on JavaScript. It was created to be simple to use, have high performance and
usability. It works on several desktop and mobile platforms, has good documentation, has
many plugins implemented to facilitate the developer’s work [14]. In the next figure 23
we can see a basic example of how the map looks like.
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Fig. 23. Leaflet - Simple map example

Some of the main functionalities are, standard markers, custom markers with images,
popups, is responsive on desktops and mobiles, zoom buttons, zoom with double click,
scale in elements etc.

OpenStreetMap
It is a project to build a free geographic database of the world. It’s aim is to eventually
have a record of every single geographic feature on the planet. The database is populated
thanks to contributors who collect GPS coordinates while driving or walking the streets.
OpenStreetMap offers a wide range of maps that we can use in our applications or simply
consult online. Several map rendering packages and Geographic Information Systems
suport OpenStreetMap data, and all the software you need yo create maps is available
free of charge, like for example Leaflet framework [36].

2.4 Summary

After all this work has been reviewed, we were able to draw some conclusions about what
parts of each revised contribution we will use to achieve the objectives of this thesis.
Below we will organize these conclusions into three diffrente parts, (1) visualization

layer, (2) Data sources and (3) Tools used to create our application.
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2.4.1 Visualization

The organization of the elements visually is a fundamental factor for the user to understand
the information that we are trying to convey to him in a clear and precise way, to do this,
we will follow the next principles that we found on the literature review.
In all apps we noticed that all of them use a map, this element is the most common to

show spatial information and continues to be the one that best performs this function, in
our dashboard we want to show spatial information too, so we will use a map like the
main element to show an overview of the information.
However, the map is not able to show all the information and with the detail we want,

so we will use another influences that we found in this applications that we reviewed. For
example, is very important show a detailed information about a certain event presented
in the map. For this we will use different types of graphs and quick information indicators
like for example the number of wind reports.
The use of flashy colors is a good approach to capture the user attention, so we will use

this colors in the areas that we consider of most interest to the user.
Normally the information shown on a dashboard is complex and in a big scale, so it is

important that the user has the ability to filter. Some of the dashboards reviewed use the
standard filter but some of them use an interesting approach, the space on a dashboard is
reduced so the filters are embedded in the dashboard elements themselves, this way we
can save space and have a much more interactive filtering approach with the user.
Another aspect that is used is the quick information when the user places the mouse on

top, this is a good point to use in solution of this thesis, because the user can access the
information simply and quickly.
Just one of the reviewed application is not presented in a single page, here in our opinion

a dashboard need to be single page so that the user can have all the information available
without having to navigate between pages.

2.4.2 Data Sources

Data sources are crucial to the successful development of the dashboard in question. There
are several sources of initial data for the thesis in question that could be expanded in the
future.
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Variables such as population age, number of daily deaths, thermal conditions of buildings,
etc., are obtained through data sources such as censuses, FRIESA and ICARO systems,
and the database containing energy certificates. These variables will not be used directly
in the project, as they will be used in conjunction with the atmospheric variables by the
members of the RELIABLE project to build the model that will give rise to the risk index.
On the other hand, we have the atmospheric variables consumed directly by the dash-

board, for example, what temperature or wind speed is felt in a specific area. These data are
obtained through an API created by the members of the RELIABLE project. This service
receives a coordinate point and the meteorological variable and returns the meteorological
values for that particular point.
For the above data to make sense, we have to associate them with the respective areas

of the map. These zones are obtained through a JSON file that contains them, and initially,
as already mentioned, they are zones only in the district of Montalegre.
With the combination of all these data sources, we have all the necessary data for

elaborating our meteorological dashboard so that users stay informed about possible
dangerous situations.

2.4.3 Tools Used
All the applications reviewed are Web Applications. Because of this influence, we will
follow the literature in this aspect and create a Web Application. In this way, anyone can
easily access the application.
To create an application with a good, responsive, extensible, and reusable interface, we

will use the Vue.js framework. There are alternatives such as React and Angular, but for
the purpose in question, we believe that Vue.js is more advisable because it is simpler and
more expandable.
Another requirement was that the application needs to be scalable, flexible, and extensi-

ble because it was initially just for the Montalegre region, but in the future, it must be
possible to expand to the entire national territory. To satisfy this requirement, we will use
the Node.JS framework because it allows us to easily create a modularized application
that can be easily expanded in the future.
Initially, we have the data sources as we described before, but the structure of these

data sources can change. For example, for evaluating buildings’ thermal conditions, new
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variables can be added, new data sources may emerge with the expansion to the entire
Portuguese territory, and so on. To achieve these requirements we will choose to use a
non-relational database, in this case, MongoDB because is very powerful when working
with large quantity of data and when the structure of the data can change with frequency
because it is very scalable.
Like we have seen in the 2.4.1 section we have two important elements in our dashboard,

the map and the graphics. For the map we will use the Leaflet framework in conjunction
with OpenStreetMap, this way we can take advantage of both, because is responsive across
devices and allows us to make a series of customizations to the map. For the graphics we
will use Chart.js because is simple to use and have a lot of chart types.
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3 Solution

In this section we will present the solution for the problems that we previously stated in
the Problem Statement section 1.2. Some of these problems are: (1) the existing systems are
not available to the general public (2) the systems do not have a simple and comprehensive
interface, some of that do not even have an interface (3) do not cover the entire Portuguese
territory (4) and not have flexibility and the models used have few variables.
Taking into account the problems encountered, and in the conclusions that were drawn

based on the literature review and our objectives, we want to create a public dashboard
that can be easily used by general public with a easy and comprehensive interface, with
more completed models (with more variables), which are flexible for new data sources or
new variables in the existing ones, and extensible for all Portuguese territory.

3.1 Architecture

Based on this and in order to create the the system that meets our expectation we propose
an architecture as presented in figure 24.

3.1.1 Application

The application is divided in two main parts and we will use the Node.Js framework to
implement it.
The first part is the dashboard, that is the main output of this thesis. The user will use

the dashboards to consult their data. And this is divided into three main parts, (1) the
map where we will conjugate the Leaflet and OpenStreetMap frameworks and basically is
where we will display the most of the information so that the user can access it quickly;
(2) the interface, which aggregates everything that will be shown to the user in the
application and in order to create a simple, responsive and comprehensive interface we
will use the Vue.JS framework. And (3) the graphics, which will be used to show more
detailed information about certain parts of the map, when for example an user clicks on a
certain region in the map and will be implemented using the Graph.JS library.
The second part of the application is the back-end where we will handle all the data

that comes from the data sources (database) in the data handler module which will be
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exposed through an API. The data handler module be prepared to read new data sources
regardless of their format and store them in the database.
The API will be used to expose the data to different parts, like for example to our

dashboard and to external applications that want to consume our data.

3.1.2 Database

The database will keep all the data from all the data sources introduced in the application.
Here we will use MongoDB technology because as mentioned earlier, the application needs
to be able to read any data source with any structure, so the MongoDB is a non-relational
database and because of this it is more flexible than a relational database.

3.1.3 Notifications

The users will be able to configure certain locations in the application in order to receive
alerts when something is wrong in these areas.
This is very useful, for example, a child who lives far from their parents can for example

add the coordinates of the parent’s house in order to receive alerts when something is
not right in their area. In this way, the child can help the parents more quickly without
having to constantly check the dashboard.
However, this is not the main objective of this thesis but one of the objectives of the

RELIABLE project and will be implemented later by the project team.
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Fig. 24. System Architecture
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4 Planning

For the success of a project it is very important that an appropriate one be made in advance
of all stages of the project. In this section we will present all the planning done for the
execution of all the necessary tasks of this thesis. For this we will use the Gantt Diagram
because it is the most used for this type of planning.
Some advantages of the Gantt Diagram are:

• More effective task segmentation;
• More transparent and effective distribution of responsibilities;
• Interdependence of activities;
• Clear definition of deadlines.

The week one corresponds to October 1, 2020 and the last week to June 30, 2021.
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5 Implementation

In this section we will explain how the proposed solution was implemented to achieve
the goals stated before.
To keep the application flexible and easily extended, we chose to use an architecture

based on microservices. The architecture is divided in four microservices, (1) the Dash-
board, (2) Data Sources Handler, (3) API and the (4) MongoDB Database.

Fig. 25. Implementation Architecture

5.1 Dashboard

The Dashboard represents the main output of the application to users. It was implemented
using Vue.js, HTML and Javascript and it is divided in three main components.
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Fig. 26. Dashboard

5.1.1 Map View

The map is the biggest and most important component in the dashboard. It is where the
areas are drawn (so far we only have the zones referring to the municipality of Montalegre)
and each zone has a corresponding color according to the risk index.
For the map, we are using the ’vue2-leaflet’ npm library, which already has Vue compo-

nents for map (l-map), polygons (l-polygon), markers (l-marker), and many others.
The ’l-map’ component is simple. It just receives the zoom and the center coordinates.

Inside this element, we have the ’l-polygon’ component that represents an area inside
the map, and it has two essential properties, the ’fillColor’ that, as the name indicates,
represents the area color. The second, ’lat-lngs’, receives and arranges all polygon points
to be drawn on the map (figure 27).
The implementation is flexible and allows us to use any variable in the color range.

We are using the air temperature variable now, since the risk index indicator is not yet
finished by the project partners.
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Fig. 27. Draw Map and Polygons

The map interface also allows the user to see more details about each area drawn on
the map. When the user clicks on a map area, it shows a popup with detailed information.
The information contains the ID, the name, and the air temperature, as we can see in the
figure 28.
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Fig. 28. Map Component

When the map expands for the rest of the Portuguese territory, we will have many more
areas drawn on the map, making it difficult for the user to find the place he/she wants.
With this in mind, we added a search field on the map to easily find the area they want
(figure 29).

Fig. 29. Map Component
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5.1.2 Detail View

At the upper right corner, as presented in figure 26, the detail area presents additional
weather information for each of the areas marked on the map.
Motivated by the Literature Review, we decided to use the Chart.js library to build

graphs in the Detail View. But when it came time to implement this feature and after more
specific research, we decided to use the APEXCHARTS library because it is more flexible
and straightforward to operate with Vue.js.
Figure 30 shows how we can create a chart with this library. We need to pass three

properties, (1) type of the graph, in our case, we are using Heat Map type. (2) Series
property is a simple array of values. And (3) options property consists in the graph
configurations, like size, color ranges and many others.

Fig. 30. Chart Example

Here we have a card with three tabs, each one displaying a heat map with a specific
weather variable type. For example, in the first tab we have information regarding risk
index (as mentioned above, due to the fact that we still do not have access to risk data
there is presented is dummy, figure 31a), second information about relative humidity
(figure 31b) and finally in the third tab presents data regarding wind speed (figure 31c).
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(a) Risk Index

(b) Relative Humidity

(c) Wind Speed

Fig. 31. Detail View

5.1.3 Information View

The information view is quite simple, it contains several suggestions that users should
consider depending on the weather conditions, and it also presents some useful contacts
to get more detailed information.
At this moment, the information is static. It will have tips for when tips for particular

and important weather events, for example when its too cold or hot. This page will also
present contacts for entities responsible for providing support to users for more specific
questions.



Extreme Weather Conditions Dashboard 53

Fig. 32. Information View

5.2 Data Sources Handler

This microservice is responsible to handle the ’static’ data sources, such as an Excel file.
In this case, two different types of data sources handlers have been implemented, for

Excel files and JSON files.
With this service, a system administrator can easily upload an Excel or JSON file to

the server. This microservice sends an HTTP request to API that communicates with the
database to insert the file data. The data will be placed in a new collection or in an existing
one depending if the collection name already exists. An example of these data sources is
the data referring to the zones to be drawn on the map, which is a simple JSON file.
In figure 33 we can see an example of a JSON file upload. For this request we have three

possible parameters, the file itself, the name of the collection and the name of the JSON
property that contains the data to be inserted, if we do not pass a property name, we will
insert all the content from the JSON file in the database.

Fig. 33. Upload JSON File

5.3 API

The API is the main component of the application. As the name implies, this microservice
works as a data provider so the information can be presented in the Dashboard. All the
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information that our API sends to the Dashboard comes from our database. The API work
as an abstraction of the database in order we can manipulate the data the way we want.
Bellow we explain the main services provided by the API.

5.3.1 Obtain Weather Data

This is a background process, where our API obtains data from an external API provided
by RELIABLE project managers and saves this data in our database. Its importante to
clarify that when the Dashboard needs to consume data, the request is always made to
our API, which will get the data from our database. The external API is never consumed
at runtime, all the data used in the dashboard was previously written to our database.
Their API returns multiple metrics related to weather such as, air temperature, relative

humidity, wind speed, and many others, for a specific location (identified by its coordi-
nates). The weather forecast is made for the next seven days following the current day
and predicts each hour of each day.
At this moment, we have a route prepared to be called by a cron job to run this back-

ground process every seven days, it is a simple method that for each polygon makes
an HTTP request to the Weather API and obtains the weather forecast for the specified
variable (air temperature, relative humidity...), like in figure 34. But as we know, a forecast
can change over time, so it would be interesting to carry out this process every day or
even hourly since the prediction is made for each hour of the day. To accomplish this is
necessary to add additional logic so that if a forecast record already exists for a certain
time and zone it is replaced with the most recent forecast.
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Fig. 34. Get Weather Data from API

In this thesis, we are using three different types of weather data: (1) air temperature
(t2) showed in the map area popup, (2) relative humidity (rh2) in the graph of the detail
view’s second tab, and (3) wind speed (ws10) in the third tab. This data is stored in the
’weatherAPI’ collection figure 40.

5.3.2 Store Data

All the data we want to insert in the database passes by the API. As we are using MongoDB
engine for the database, all data is in JSON format, so we have a generic method that
inserts any data formatted in JSON in a specified collection of the database (figure 35).
In the future it would be a good idea to implement a routine inside the API to eliminate
duplicate records within the same collection.

Fig. 35. Store JSON Data
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5.3.3 Map Areas

Each polygon drawn in the map has multiple coordinates points. So, for each polygon, we
calculate the center point using the npm library ’geojson-polygon-center’. For this, we
obtain all the records in ’drawAreas’ collection. We calculate the polygon center point
calling the ’polygonCenter’ function of the library that receives all the coordinates points
of the polygon and returns the center point for each of them. After calculating the point,
we update the property ’center’ with the center point coordinates in the corresponding
collection element.
The code with this logic is present in figure 36.

Fig. 36. Calculate Polygon Center

After the centroid is calculated we have a simple route that returns the map areas
coordinates to be drawn in the map, and the current air temperature for each area. Two
queries are made, one to get the map areas and the other to get the weather data separately,
and after this, we map each area to the corresponding air temperature by the centroid



Extreme Weather Conditions Dashboard 57

point. All the information on this route is shown in the Map Detail View of the Dashboard.
The route implementation is visible at figure 37.

Fig. 37. Get Map Areas and Air Temperature

5.3.4 Weather Data

After we obtained and stored the Weather data from the external API in our database, it is
available to be consumed by Dashboard.
The Detail View of the Dashboard uses the route of figure 38 to show the different

types of weather data in the various graphs. In this case, we are consuming the relative
humidity and the wind speed, but we have many others variables available.
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Fig. 38. Get Different Types of Weather Data

5.4 Database

Since there is the possibility of adding new data sources and also due to the fact that the
data structure can change with the addition of, for example, one more weather variable
the database needs to be flexible, therefore, like mentioned before, we decided to use the
MongoDB engine to the database.
We have a Docker Container running a Mongo image with the project database based

on a volume, that is, even if the container stops the data that is saved on the database,
this one is not lost. The database is divided into two collections:

5.4.1 DrawAreas

This collection contains the data referring to the areas to be marked on the map for the
district of Montalegre. This data comes from a JSON file, and the data is inserted in the
database using the Data Handler microservice.
The collection’s most important properties are the name (’properties.LUG11DESIG’),

the area ID (’properties.BGRI11’), the polygon coordinates (’geometry.coordinates’) and
finally the coordinates of the center of the polygon that are used to get the weather data
from the external Weather API (’center’), see figure 39.
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5.4.2 WeatherAPI
This collection contains data from the various weather variables available in the external
API provided by the project colleagues, such as ambient temperature, relative humidity,
wind speed.
The API receives the coordinates referring to the center of the polygon (area) of the map

and the weather variable and returns the forecast for the weather variable in question for
the next 7 days. The structure of the collection is represented in figure 40.

Fig. 39. Zones Collection

Fig. 40. Weather Collection

5.5 Communication Between Components

In the previous sections, we have described eachmicroservice, however, to fully understand
the implementation of the proposed solution wewill present how the different components
communicate among each other to provide the desired services.
The communication between all components can be visible in figure 25.
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5.5.1 Dashboard and API
The dashboard is the primary service that the user interacts with. It communicates with
the API to obtain the necessary data to present to the user.
When the user enters the dashboard, the necessary data is requested to the API. The

API checks if all the input requests are valid, and it communicates with the database to
obtain the data. Finally, after the API has the data, it is returned to the dashboard to be
presented to the user (figure 41).
The process encompasses three different requests: (1) obtain the map areas coordinates

and the air temperature to each area; (2) relative humidity, and finally (3) the wind speed.
The last two are only performed when the user clicks on the tab corresponding to each of
the graphics in the detail view.

Fig. 41. Communication Between Dashboard and API

5.5.2 Data Sources Handler and API
Like we already mentioned, the Data Sources Handler microservice is used to upload
’static’ data sources like, for example, a JSON or Excel file, so this communication occurs
when an admin user wants to add data from new or existing data sources in the database.
The admin uploads the file with the data into the Data Sources Handler microservice,

and, after this, the data is sent by an HTTP request to the API, which will add it into the
database (figure 42).
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If the data is added to the existing data source, the data would be available to consume
in the application without having to make any changes.
On the other hand, if we add a new data source, we have two possibilities: (1) We can

use the global route implemented in the API to get the data of any collection passing the
name, or (2) we can implement the specific logic for the new data source in a separate
module of the API.

Fig. 42. Communication Between Data Sources Handler and API

5.5.3 API and Database

It is the most obvious communication of the application. To have access to the data,
whether, for writing or reading purposes, the API must communicate with the database.
As we already refer to before, this communication occurs through HTTP requests when a
user enters the dashboard to obtain the necessary data, when an admin needs to insert
new data from a file or when the job gets weather data from the external API (figure 43).
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Fig. 43. Communication Between API and Database

5.6 Setup and Configurations

For the application to work without problems in any location, it is necessary to carry out
basic configurations. This section presents the necessary configurations to deploy a new
installation of the proposed system.

5.6.1 Docker

For all dependencies to be installed automatically, it is advisable to use docker to compile
and run each microservice in a container.
For this to be possible, each microservice has a Dockerfile with all the dependencies

and configuration needed to generate a Docker Image. We can run the command "docker
build ./" in the directory where the Dockerfile is located to create the image. In the figure
44 we can see an example of a Dockerfile.
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Fig. 44. Dockerfile Example

After we have the images compiled, to run the Docker containers based on the images
created before, we need to run the command "docker run { image name }" for each image.
If we want to compile all the images and run all containers simultaneously, we can use

the Docker Compose. It is a more complex file, but by running the following command
"docker-compose up –build" we compile all images and run all containers based on these
images which starts a fresh instance of the dashboard (figure 45).

Fig. 45. Docker Compose File
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5.6.2 Database User Configuration

To have API access to the MongoDB database, we need a microservice running a Mongo
instance with a configured user with read and write access to the project database.
To create this user, we need to enter into the MongoDB container and execute the

command in figure 46. We need to specify the username, password, and roles we want
the user to have for the specified database name.

Fig. 46. Add Database User

Finally, after we have the user created, the username, password, and the port of the
database container needs to be added in the API service configuration file (.env),

Fig. 47. API Configuration File

5.6.3 Add Data to the Database

As mentioned above, the information about map area coordinates comes from a ’static’
JSON file that RELIABLE project managers have provided. This data was added to the
database.
Figure 48 shows an example of entering these data into the database. We need to specify

the database collection name (’drawAreas’) and the JSON property that has the data we
need, in this case (’features’).
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Fig. 48. Add Map Areas Data
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6 Evaluation

Motivated by the fact that at this moment in Portugal there is no system with the capabil-
ities of the system proposed in this thesis, and the extreme atmospheric conditions have a
great impact on people’s mortality due to the poor thermal conditions of the buildings.
The objective of this thesis was to create an atmospheric conditions dashboard that

consumes a data model that relates a set of variables such as weather data, thermal building
conditions, number of daily deaths, and creates as output a risk index.
It has to be flexible for new data sources and new parameters within existing data

sources and expandable so that it can be expanded to the entire national territory in the
future. It has to have an excellent spatial resolution when compared to other existing
systems.
The interface needs to be understandable and straightforward to be easily used by the

general public. The dashboard API will be available to be consumed by other applications
that want to use this type of data.
In order to verify that these objectives have all been achieved, we carried out the

following evaluation methods:

6.1 Usability Tests

To verify if the final result of the dashboard meets the initial usability requirements, that
is, the interface is responsive, has a good organization of information, and can be easily
used and understood by an inexperienced user, we run usability tests with real users.
The usability of the interface was assessed through the think-aloud protocol. Think-

aloud is among the most popular Human Computer Interaction techniques for usability
evaluation [11]. Originally proposed by Ericsson and Simon [41], the method consists in
asking participants to verbalize their thoughts as they use an interactive system to perform
a set of pre-defined tasks. The big advantage of using think-aloud is that it does not only
help identify usability issues but also gain insights into the overall user experience [59].
For the purpose of this study, the traditional think-aloud protocol was used [41] – i.e.,

the test moderator has minimal or no interactions with users and does not provide them
with any kind of assistance. In order to observe how potential users would interact with
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the dashboard and identify major misconceptions, the following five tasks were given to
participants:

(1) Find on the map a specific address (provided by the moderator);
(2) Identify the ID number of the area that the address belongs to;
(3) Find the current risk level of a specific area (ID of the area to find was provided by

the moderator);
(4) Find the current speed wind in that area;
(5) Identify the current areas with higher and lower risk, respectively.

Five people participated in the test – a number of subjects that, as suggested by Nielsen
[62], are sufficient to identify the majority of the issues with the system. The study started
with a brief introduction to the think-aloud protocol, followed by a general description of
the dashboard and its purpose. The sessions were carried out individually and recorded
with permission from the participants. Each session lasted around 15 minutes. During the
test, a moderator silently observed the participant performing the tasks and noted relevant
events. At the end of each section, follow-up questions were asked for clarification if
needed. All participants (three females and two males) are researchers at the Interactive
Technology Institute. Their age ranges from 32 and 36 years (average age was 34,2 years).
The results were obtained by analyzing (i) task performance and (ii) verbalization

data. Specifically, task performance was determined considering whether the task was
completed correctly or not, and the degree of difficulty experienced before successfully
completing a task:

• good performance = 0 or 1 wrong clicks;
• moderate = between 2 and 3 wrong clicks;
• poor = ≥ 4 wrong clicks or not completed.

Participants’ verbalizations were transcribed and thematically analyzed using a general
inductive approach.

6.2 Portability Tests

Another important point is the application portability. The entire application must be
portable, that is, it must be easily installed and configured on any device. As such, we will
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be evaluating the portability of our solution. For this, we will install and configure the
application on another device, which will later use to carry out usability tests with users.
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7 Results

In addition to all the work carried out in the literature review and in the development
of the application itself, it is essential to conduct tests on the work carried out to verify
whether it achieved the intended objectives.
In this section, we will talk about two types of tests performed, namely portability and

usability tests.

7.1 Portability Tests

User testing is a fundamental step in the application development process. For these tests
to be possible, with some users, and because we cannot have access to a remote server,
we installed the application from scratch on another Windows desktop.
It is essential that the application is easy to install on any platform, hence we have used

Docker technology.
The installation process is very similar to the one presented in section 5.6, but here

we will introduce some more details and draw some conclusions from the installation
process.
This process is divided in seven steps:

7.1.1 Docker Desktop Installation

Docker installation is fundamental to compile and run our application without having to
worry about dependencies. As the computer where the application was installed has a
Windows 10 system, we can install Docker more simply by installing the Docker Desktop
application.
The download and installation process is straightforward. Just follow all the steps

presented. After the application is installed it looks like this (figure 49).
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Fig. 49. Docker Desktop App

After this, if we open the command line we can check that we already have access to
Docker commands, just type ’docker’ like in next figure 50.

Fig. 50. Test Docker in CMD
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7.1.2 Obtain Mongo Image

To have our database available, we need to have a Mongo image running within our
Docker environment. Docker already provides a ready-made image of Mongo, and we
have to get it, running the following command, ’docker pull mongo’.
After the download process is complete, if we run the command ’docker images’, we

can verify that we have an image named ’mongo’, as shown below (figure 51).

Fig. 51. Mongo Image

7.1.3 Get Application Source Code

We already have one of the necessary images compiled (mongo’s) however, we need to
have the images of the other microservices of the application. It was necessary to access
their source code, which is available on two sites, GitHub and OneDrive.
In this case we just download the code from the OneDrive. After the download is finished

we already have the source code on our machine.
As we can see, in the project folder, we have a file called ’docker-compose’ (figure 52).

This file is responsible for compiling the images of each microservice as well as running
the containers.

Fig. 52. Docker Compose File

7.1.4 Compile and Run all Microservices

After that, we only have to open the command line and go to the directory where the
’docker-compose’ file is located. And finally run the command ’docker-compose up –build’
to build the images and run the containers based on these images.
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When processing is finished, we can verify that we already have our containers running,
using the command ’docker ps’ like in the next figure 53.

Fig. 53. App Containers

7.1.5 Configure Database Access
At this stage the application is already running. However, if we want access to the database,
we have to create a database user with authorization to do so.
For this, it is necessary to have access to the container that contains the database. To

facilitate the process, we are going to use the Docker Desktop application. After opening
the application, we open the command line of the ’mongo’ container, as shown in figure
54.

Fig. 54. Mongo Container Command Line

After that, inside the mongo container command line, run the following two commands
(’mongo’ and ’use admin’) to get inside admin database (figure 55).
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Fig. 55. Admin Database

Finally, just run the following two commands (figure 56) to create the user with access
to the project database (ThesisDB). The password and user names can be defined during
the configurations, but if changed, they must be updated in the .env file from the API
microservice.

Fig. 56. Database User Access

7.1.6 Add Initial Data

Now that everything is ready to use the application, we have to add the initial data to work
correctly. For this, we have to add data to the two essential collections for application, the
data referring to geographic areas (drawAreas) and the meteorological data (weatherData).
We have prepared routes in the API for entering this data. We only have to make one

HTTP request for each type of data, and the data will be added to our database. To facilitate
the process, we are going to use the Postman application.
Figure 57 shows the request to enter the geographic data of the areas to be marked on

the map.



76 Freitas

Fig. 57. Upload DrawAreas Collection Data

After that, we need to run the job to calculate each area center point running the
following HTTP request (figure 58).

Fig. 58. Calculate Centroid Point

Finally, just get the weather data for each central point in each area (figure 59). At this
moment we are using three types of variables wind speed (ws10) and relative humidity
(rh2) and air temperature (t2).

Fig. 59. Obtain Weather Data

7.1.7 Run the Application
Finally, we can access to our application. By accessing the URL configured for the frontend
microservice, which in our case is http://localhost:8060, the result is the same like in figure
26.
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7.1.8 Summary
In short, the installation of the application was done from scratch. Taking this into account,
we can say that it was a simple and relatively quick process.
We did not have to worry about the dependencies needed for each of the microservices.

This was because we are using docker technology, as its objective is to create this ab-
straction layer so that the installation processes are independent of the machine we are
installing.
Therefore, we can say that the goal of application portability was successfully achieved.

7.2 Usability Tests

Here we will present the results of the execution of the proposed tasks to the users during
the tests. First, let’s talk about showing the result of the execution of the five tasks. Then
on the verbalization data and finally present some application limitations that emerged
from the tests.

7.2.1 Task Performance
In terms of task performance (see table below 60), three out of five tasks were successfully
completed by all participants, while one participant did not complete tasks two and three.

Fig. 60. Task Performance Results

Task 01: Find on the map a specific address (provided by the moderator): all participants
completed the task successfully. Only two out of five encounteredminor issues. Specifically,
it was pointed out that when typing the address provided by the moderator in the map
search box, the autocomplete search box does not return any suggestions when adding the
street number. This led one participant (P 03) to think (s)he inputted the wrong address.
Additionally, both participants (P 03 and P 05) reported that the search box is too short
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(see figure 61); thus it does not allow to read long addresses entirely. Ultimately, three
out of five participants were disappointed by the fact that the map search query does not
result in a pin displayed on the map. Such feedback was described as extremely important
to understand whether the map search was successful or not.

Fig. 61. Map Search Box

Task 02: Identify the ID number of the area that the address belongs to: only one
participant completed the task without encountering any difficulties. All the others found
this task hard to perform since they couldn’t understand that the map is interactive
– i.e., they can click on it to open a tooltip with additional information related to the
area selected. In this regard, it was suggested to add affordances – e.g., the tooltip could
automatically open as a result of the map search.
Task 03: Find the current risk level of a specific area (ID of the area to find was provided

by the moderator): all participants experienced some difficulties in performing this task,
which all relate to the identifiers used to refer to the subsections – i.e., a sequence of
eleven numbers that is not ’meaningful’ to users. In this regard, P 03 said, "I didn’t notice
them. I saw numbers and thought it was just another piece of data". When told that
those are the identifiers officially used by the national authorities to classify geographic
information and that the subsections do not have a ’name’, P 03 suggested to help users
link the identifiers with the actual geographic locations they refer to by linking map and
sidebar – i.e., once an area is selected on the map, the respective identifier is highlighted in
the sidebar. Another user suggested grouping the subsections by parish so as to facilitate
the search. Another aspect worth mentioning is that two participants (P 03 and P 05) tried
to search for the subsection by using the search box on the map, suggesting it could be
relevant to include this feature in the system.
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Task 04: Find the current speed wind in that area: regarding this task, all the issues
experienced by participants are due to the tab menu used to organize the different pieces
of data (i.e., risk level, humidity, and wind speed). In fact, the arrow used to navigate
within the tab menu items only allows moving to the previous/next tab; therefore, it does
not work when the next/previous tab is visible (see figure 62). In other words, in order
to reach the last tab (i.e., wind speed), users needed to select first the second tab (i.e.,
humidity) and only then use the arrow to access the following tab. This bottleneck can be
easily overcome by modifying the way users navigate the tab menu.

Fig. 62. The Tab Menu

Task 05: Identify the current areas with higher and lower risk, respectively: all partici-
pants successfully completed the task without any difficulty.

7.2.2 Verbalization Data

The following four main themes emerged from the analysis of the verbalization data:
Colors code: three out of five participants pointed out that the color codes used to

classify the different data sets (e.g., temperature and risk level) were reported to be too
similar and consequently a source of confusion. When performing task 03, one participant
started questioning whether the color of the bar represents the temperature of the area or
the risk level "the risk should be high since the bar is light yellow. Or maybe that’s the
temperature, and 30 is the level of risk. I mean, it seems to be the same color as one of
those used in the legend on the map. Mmmm. . .no. . . actually, it’s just similar. And the
table has its own legend. . . I was wrong. The risk is ’high’".
Interactive features: several participants reported having issues understanding what

elements of the interface are interactive and what are not. In particular, the main source of
confusion was the map. As mentioned above, participants suggested adding some prompts
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to the map – e.g., a tooltip (opening automatically or on mouseover) that provides some
information about the area and suggest clicking on it to know more.
The different views should be linked together: another aspect that emerged from

the think-aloud exercise is the lack of a link between the information displayed on the map
and the data provided in the sidebar. While performing task 05, a participant mentioned
that (s)he would have liked to see where those sub-sections were located: "I wonder if these
areas are distant from each other or not. It would be useful if, after selecting an area from
the chart, the same area gets highlighted on the map". Also, participants’ verbalizations
suggest that such a link between the elements of the interface could facilitate information
retrieval. For example, P 02 mentioned: "it would be easier to find the risk level of an area
simply by selecting it from the map".
Geographic information facilitate understanding: finally, several participants re-

ported appreciating the fact that the map is the main element of the interface. P 03, in
particular, stated: "I like that the first thing that catches my attention is the map. Usually,
data are provided in the form of numbers while the geographic information provides
context to it". Moreover, the first comment that P 01 made when presented to the interface
was: "a map! This will make it easier to look for information".

7.2.3 Limitations
Although not central for this Thesis project, the user study was conducted with the goal of
extending the scope of the evaluation so as to include an initial assessment of the front-end.
Despite some limitations, the feedback collected provided a set of useful insights that
could be implemented as future work. In this regard, two are the main limitations of this
study: the sample size and the characteristics of the participants. Although sufficient to
identify the main usability issues of an interactive system, a bigger sample would have
provided richer insights on the usability of the interface. Also, it should be pointed out
that participants in the study are Human Computer Interaction researchers - therefore
not the actual end-users - and not very familiar with the geographic area involved (the
demo focuses on Montalegre). As part of the RELIABLE project, it was initially planned
to conduct the study in Montalegre as part of a workshop with the local stakeholders.
However, as a consequence of the pandemic, the workshop was canceled. It was therefore
decided to opt for this specific sample, with the goal of getting feedback from people that
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are experienced in usability and the possible bottlenecks that specific design choices can
engender.
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8 Discussion

This section will review all the work presented before to conclude what went well and
what could have gone better.
We will discuss the following points (1) if each Proposed Solution item resolves a

problem presented in the Problem Statement, (2) if the technologies presented in the
Literature Review were appropriate, (3) if the data sources were the most suitable, (4) and
how we compare the implemented solution with the revised work. This discussion will
also include other observations gathered during the development of this thesis.

8.1 Assessing Extreme Events

The Problem Statement section focuses on two existing Portuguese solutions, the ICARO
and FRIESA systems, that evaluate the risk level of extreme heat and cold weather events,
respectively. As we do not have direct access to these two systems, an analysis was carried
out based on information provided by the RELIABLE project partners. The objective of
this analysis was to find the weaknesses of these systems so that we could implement a
solution that would solve them.
These systems are not available for the general public to consult. Only competent

entities such as health institutions can access them, and there is no single central point to
access weather data for heat and cold. We addressed this problem by developing a Web
Application for heat and cold events open to any citizen with an internet connection. This
access is not yet possible because the application has not yet gone into production, but it
will be available when that happens.
Another disadvantage is that the risk assessment carried out by these systems does not

cover the entire Portuguese territory. For example, the FRIESA system only works for the
cities of Lisbon and Porto. We believe that all places in the country must have access to
this information. With this objective in mind, and as we still do not have access to data
for the other country areas, the application was implemented for the Montalegre area
as a pilot test. But in a way that it could be easy to expand to the rest of the Portuguese
territory in the future, it will only be necessary to introduce new data. That data will
be available in the dashboard to be consulted by its users. In this case, it would only
be required to add information about the new zones in the ’DrawAreas’ collection. The
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structure of this information is shown in figure 39. The rest of the process of obtaining
meteorological data for each zone will work in the same way because it only needs the
areas’ coordinates.
The systems in question have a low spatial resolution. The weather forecast is for large

geographic areas like an entire municipality, and the forecast will be the same for the
whole area. This aspect makes the forecast less reliable, as if we imagine a municipality can
have a large territorial area. As we know, the temperature or risk is different depending
on the zone. Our implemented solution uses high spatial resolution: weather forecasts,
risk index calculation, and all other estimates are made for a smaller geographic area that
we call subsections. This way, each specific area can have a more accurate forecast.
Finally, we should consider another aspect in a more reliable and flexible system for

future changes. Both systems are based on the weather forecast and the number of deaths
to predict the risks of temperature (high or low) in mortality in some regions of the country.
However, temperature is not the only important variable for predicting mortality during
extreme weather events. Other variables, such as the thermal conditions of buildings, the
population’s financial possibilities, and age, greatly influence the way people manage to
protect themselves. The REALIABLE project took these aspects into account and created
a model that considers all of them to make a reliable forecast of the level of risk for each
area while being flexible to add new variables in the future. This model was not finished
in time by the rest of the RELIABLE project team. However, everything is prepared so
that it can be integrated without any problems.

8.2 Solution and Implementation

At the architectural level, and based on our two primary goals for this project, scalability
and flexibility, a survey was carried out to determine which architectural pattern would
best suit our purposes. Considering the advantages and disadvantages of the different
architectural patterns, we have decided to follow a microservices architecture. Despite
being recent, it has been widely used in applications intended to be as flexible and
scalable as possible. For example, if we need to add another service or functionality to our
application, we can create a new microservice without changing the existing ones.
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Finally, we associate Docker technology to this architecture so that the application
becomes independent of the system where it will run, the necessary dependencies are
installed automatically. This way, we can easily install our solution on any system.
At the level of technologies used for implementation, a survey was carried out during

the literature review phase on which technologies could help implement our solution. The
project’s base framework remained the same as the one we had chosen in the literature
review, NodeJS, as it is widely used in microservices architectures as well as helping create
flexible and scalable applications. This technology was applied to all the application’s
microservices, except for the one that contains the database, because it does not have any
business logic, it only contains the database itself. This option brought us architectural and
structural advantages in terms of a vast set of already implemented libraries that we only
have to install and use. For example, the ’vue2-leaflet’ dependency links OpenStreetMap
and Leaflet and gives us a set of components that we can use directly in Vue. This particular
dependency makes our work much easier because it already offers us a set of abstractions
that made the whole part of drawing the map, showing data on the map much simpler.
On the front-end, in addition to Nodejs, we added the VueJs library to fulfill yet another

objective of our solution based on the simplicity of use and responsiveness of the same
in different equipment such as a desktop, tablet, or mobile phone. It made our work
straightforward again, as this library already offers a set of responsive components
without creating the CSS of the elements ourselves from scratch.
At the level of the detail view, we needed to show a set of data in more detail, using

graphs. During the Literature Review, we made the first choice to use the Chart.Js library
to treat charts. Still, later on, when we started trying to develop this part, we chose to use
another library, APEXCHARTS, since it is much simpler to integrate with Vue.js.
Finally, we chose to use MongoDB technology to meet the application’s flexibility and

expandability requirements at the database engine level. There are no dependency issues
between database tables, and data processing is universal, as everything is in JSON format.
If we want to add a new data source, we create a new collection, and if we are going to
add a new variable to an existing data source, we have to add this unique property to the
collection, and everything else remains the same.
In short, in our opinion, the technologies chosen were the most correct as they allowed

us to create a flexible and scalable application that fulfills the project goals. In terms of
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design, creating a single-page dashboard with well-organized and structured information
also allowed us to achieve one of the goals that involved the simplicity of the application
so that any user, even inexperienced, can use our application without any problem.
In terms of portability, as we can experience in section 7.1, the installation and con-

figuration of the application is simple. This is because the Docker technology is used. It
creates a whole virtualization environment that makes us not have to worry about the
dependencies to be installed, machine resources, and others.

8.3 Data sources

In an initial phase of the RELIABLE project, when reviewing the literature of this thesis,
we had as data sources the data from the 2011 censuses, the ICARO and FRIESA systems,
and finally, the database with the energy certificates of the buildings. Later, after more
developments, the data sources used to carry out this thesis were different from the
initial ones (will be explained at the end of this section). Currently, three data sources are
consumed from the application.
The first and one of the most important is the source that provides us with the informa-

tion about the necessary geographic zones to be drawn on the map, such as geographic
coordinates, name, and identifier. These areas are currently restricted to the district of
Montalegre and were provided in an Excel file whose content was stored in the project’s
database using the Data Sources Handler microservice.
There is also an API that gives us a weather forecast for the next seven days. Com-

bining the previous data source with this service, we can obtain information on several
meteorological variables such as air temperature, wind speed, relative humidity, etc. This
information is used in the map popup to show the air temperature of each zone and in
the graphs of the detail, view to show data from other meteorological variables such as
wind speed and humidity.
Finally, as the third and final data source, we have a model that calculates the risk level

for each zone. This is where the initial project data sources are referenced, as this model
uses all of them to estimate a risk level. Variables such as atmospheric conditions, thermal
conditions of buildings, and population age are used to generate a more reliable risk index.
As already mentioned, this has not yet been finalized by the RELIABLE project team, and
we are currently using the air temperature as a risk indicator. However, everything is
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ready to be easily replaced. It is probably the most important data source as it will allow
us, based on all the others, to estimate the level of risk for each zone so that people can
take preventive measures.

8.4 Contributions to the field

For the successful development of our application, the review of the existing state of the
art was also critical. In this case, in the literature review, we reviewed applications related
to extreme atmospheric events and possible pandemics such as COVID-19. The review
of these applications allowed us to perceive what already exists and how it is built, at
least visually. With this review, we can conclude what we could use, and improve, in our
application.
We chose to create a single-page dashboard since all the reviewed work opted for this

option, except the IPMA portal. In this way, the information is more centralized and
accessible, the user does not need to navigate from page to page, thus preventing the user
from forgetting the data he saw on the previous page.
Still referring to the interface and the content organization, we tried to be straight-

forward as possible so that non-experienced users can easily and quickly consult the
needed information. For the layout, we were based on the ViewExposed application,
which is divided into three parts. The left half of the screen is occupied by the map as
we think it is the most crucial area and where users will quickly find more information.
There is also a detailed area in the right upper corner, with the graphics showing more
specific information about map polygons. Finally, the lower-left corner presents helpful
information and contacts.
Another point we wanted to improve was to have a better spatial resolution than

existing applications. For the IPMA website, the minimum spatial resolution that allows
visualizing information is city/town level. If we think about it, it is still a considerable space.
Since meteorological data is not the same for all points in an area with these dimensions,
the forecast presented might not be correct. We decided to implement a higher spatial
resolution so that the data presented to the user is as reliable as possible. To improve the
prediction of the level of risk, instead of only using the air temperature for the estimate,
we decided to use other variables that also influence the imminent risk to adverse weather
conditions, such as the thermal conditions of buildings, people age.
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Finally, and to take advantage of the study made in a set of applications that gave rise
to a group of good principles for creating a dashboard in section 2.1.8. We decided to use
these same principles in our application since this way, we would be establishing our
design on a solid base.
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9 Conclusion

Climate change is increasingly impacting the Earth’s surface, thus affecting everything on
it. Human beings are one of the main species affected by several extreme events, such as
heavy rain and extreme heat. There must be learning and a consequent change in human
behavior to mitigate the consequences. Several governments are implementing a series of
regulations so that global warming is minimized in the future. The consequences have a
greater or lesser impact depending on a set of factors. For example, the thermal conditions
of buildings are essential as they will allow people to feel comfortable inside their homes.
The population’s age and associated diseases are also a factor to consider, as older people
or people with related diseases are not so resistant to this type of extreme events.
In Portugal, as mentioned above, we know that the population is aging and that the

thermal conditions of the buildings are not the best due to their age and the low income of
families. We also know that there is currently no open platform for the public to consult
atmospheric conditions with a high spatial resolution. Keeping the population informed
about possible extreme weather events is an excellent weapon in the fight against the
consequences they can cause and the analysis of events in the past so that the prediction
and preventive measures can be more effective in future events.
This thesis intended to do just that, that is, to offer people a meteorological dashboard

with a higher spatial resolution than any of the current ones, the proposed system data
refers to an area smaller than that of a parish. Another goal was that it would be easily
accessible by any user without the need for user experience. In addition to weather data,
the main output is the risk index displayed for each of the areas marked on the map. This
index lists a wide range of variables, such as meteorological variables, thermal conditions
of buildings, age of the population, among others. We are offering a new risk indicator
that does not currently exist in our country.
As the last goal, the application had to be easily scalable and flexible enough to be

expanded to the entire Portuguese territory and allow the addition of new data sources or
variables. The application was built and designed using standards and technologies that
allow us to do this. For example, when the risk index is finalized by those responsible for
the RELIABLE project, everything is prepared on the application side so that this new
index easily replaces the air temperature index.
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The experience of developing the system proposed by this thesis was excellent, as I
had never developed anything of this dimension previously. It was a complete process,
from the investigation phase of the problem itself, from what is already implemented to
minimize the consequences of climate change, to the step of requirements interpretation,
architecture design, and implementation.
In addition to all this, the thesis is part of a research project, RELIABLE. It was an

advantage as I had not yet participated in any project outside the autonomous region of
Madeira, let alone with this dimension. It was an excellent experience to see the processes
used in a project of this type. It was very gratifying to recognize the work developed in
this thesis by those responsible for the project. It will be even more so when the platform
goes online for the general public.
In terms of results, the usability tests were going to be carried out by project managers

at a congress held in the district of Montalegre. However, due to the COVID-19 pandemic,
the congress was been postponed and the user’s tests could not be carried out in a valuable
time for this thesis. To combat this lack, tests were carried out here in the region with
some users. As usual, the tests resulted in less good and good aspects of the application.
But in general, the application was well accepted by users, who found it an asset. The
points presented as limitations in the results of usability tests will be improved as future
work.
Regarding the integration tests, it was impossible to perform them at the end of the

development of this thesis due to lack of time. However, throughout the development
phase, new data sources emerged, and in all of them, it was possible to add them without
conditioning the application’s operation with the existing data sources. So, we can say
that the application is well modularized.
Finally, portability tests, we can conclude that the use of the docker was an advantage

to the application. This way, we could easily install the application anywhere without
worrying about dependencies due to the docker’s virtualization.
The RELIABLE project had other objectives, such as developing a notification system

to alert users to potentially dangerous situations. However, it was not one of the main
objectives of this thesis. It will be implemented in the future at the level of the project.
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Briefly, we can argue that, the main objectives of the thesis were achieved. We have a
complete dashboard with a large spatial resolution, which lists several variables (atmo-
spheric variables, building conditions, population age, among others), is simple to use for
non-experienced users, is open to the general public, and is flexible and scalable for the
future changes.

9.1 Future Work

In this section, we will expose what can be done in the future to improve the work of this
thesis. The majority of work has been done, but always exists quick adjustments to be
made.

9.1.1 Store Data from Weather API

At this moment, to obtain and insert the data from Weather API in our database, we need
to execute an HTTP request manually, using, for example, Postman software. The rest of
the process is automatic, we just need to make the HTTP request to a route of our API
and the system takes care of the rest.
To resolve this detail is necessary to add a cron job to execute this HTTP request when

needed in the background. With this, this process will be all automatic. This has not yet
been done as the system has yet to go into a production environment.

9.1.2 Risk Index

The risk index is the main output of the RELIABLE project model. Based on it, we can
see the level of risk of a specific zone on the map. Like we refer to in the Implementation
section, we are using the air temperature instead of the risk level to present the risk of
each zone because this risk is not finished yet by project partners.
As an initial requirement, the entire project would have to be flexible, and this part is

no exception, so it will be easy to substitute one variable for another in the future. It is
necessary to replace the air temperature request by risk index, and after this, use this data
in the front-end of the application.
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9.1.3 Add New Weather Variables

One of the requirements was adding new data sources or adding new variables inside
an existing data source in the application. If in the future this need arises can be easily
satisfied. For example, if there is the need to add a new graph with another weather
variable in the Detail View of the dashboard, we need to make a new HTTP request to
obtain the corresponding data and add a new chart in the front-end to show this data,
without affecting the rest of the system.
Or suppose we need to add a new data source from a JSON or Excel file. In that case,

we already have all the logic required to insert this data in the database using the Data
Sources Handler Microservice. We just need to add the specific logic of this new data
source in an isolated module of our API.

9.1.4 Expand to all Portuguese Territory

As we referred at the beginning of this thesis, we will expand the dashboard from the
Montalegre district to all Portuguese territory. It is a task that does not require a lot of
effort because we already have a scalable and flexible architecture.
We just need access to the coordinates of all other areas of the Portuguese territory,

store this data in ’drawAreas’ database collection, and after this, the process to draw the
zones in the map, obtain weather data for each zone will be the same as today.

9.1.5 Polygon Centroid

The air temperature showed in the popup of each zone is the temperature for the centroid
of polygon. So, no matter what site of the polygon the user clicks that the temperature
will be the same.
A possible improvement solution, since this services requires a set of coordinates, it

would be necessary to obtain the coordinates where the user clicked. Then, we could
check if there was already a record of weather data in the database. Otherwise, it would
have to be requested from the weather API of the RELIABLE project and saved in our
database to avoid making requests to the API and historic.
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9.1.6 Login and Notification System
There were other two requirements of the RELIABLE project, but they were not the main
objectives of this thesis hence they were not implemented. They were there, a login and
notification system. These two are related. First, the user creates an account, and after he
will receive notifications on his device about dangerous situations.
As we are using amicroservice architecture, it makes the applicationmore extensible and

scalable. When implementing this feature, it is advisable to create two new microservices,
one for the login and another for the notifications. For the user to access the Dashboard
and view the currently displayed data, an account is not required. In other words, our
current services will not be affected, as we are not modifying the work that is already
done but adding new features separately.
The login system will be used to user save their personal information and the areas for

which they want to receive alert notifications. Regarding the notification system, it will
be a background process that will check if there is a danger for the areas marked by the
users, if there is, it will send a notification to the user’s mobile device.

9.1.7 Other Tests
In section 6 we present a set of different types of tests that we intended to carry out for
our application. However, due to some factors, such as the delay in the availability of data
sources, it was not possible to carry them out within the thesis.
As mentioned in section 7, there was only an opportunity to carry out two tests: usability

and portability. However, integration, overload, and performance tests were lacking.
As future work, it would be interesting to carry out these tests to evaluate parameters

such as application responsiveness, ability to adapt to new data sources, and others.

9.1.8 Limitations
As a result of usability tests, we obtained positive aspects of the application, but we also
had limitations. We intend as future work to resolve these points to improve users’ use of
the application.
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