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Abstract: The Sendai Framework for Disaster Risk Reduction provides several guidelines that
countries should follow. Still, some scientific papers discussed the limitations, difficulties, and
strategies in the implementation of these guidelines. Therefore, the objective of this review is to
understand what Setubal has done to cope with disasters, and the practical strategies to mitigate
them. To achieve this, several methodological guidelines and Portuguese legal documents were
analyzed. The results focus on the top four natural disasters that impacted the study area (landslides,
earthquakes, tsunamis, and floods), and the current pandemic of COVID-19. The practical strategies
implemented on the territory involve the installation of equipment such as emergency signs and
electronic panels that allow the dissemination of information to the communities in real-time. Also,
the collaboration with national and international scientists provided new insight to cope with disasters,
by bridging the gap between law enforcement agencies, science, first responders, and the practical
needs that local stakeholders must solve on the territory. Moreover, Setubal has implemented a variety
of practical and innovative measures, and therefore, could be used as a model not only to other
Portuguese municipalities but also to other countries.

Keywords: prevention; mitigation of risks; landslide; earthquake; tsunami; flood; pandemic;
resilient communities

1. Introduction

The Sendai Framework for Disaster Risk Reduction [1] provides several guidelines that are divided
into four main priorities: “understanding disaster risk; strengthening disaster risk governance to
manage disaster risk; investing in disaster risk reduction for resilience; and enhancing disaster
preparedness for effective response and to “Build Back Better” in recovery, rehabilitation and
reconstruction”. Following this, United Nations Office for Disaster Risk Reduction (UNDRR) has also
published several practical guidelines, including case studies, [2,3] that policymakers and stakeholders
all over the world can implement on their territory.

Still, some scientific papers discussed the limitations, difficulties, and strategies in
the implementation the UNDRR guidelines (for example, [4-6]). On the other hand, most municipalities
have their own agenda in terms of validating and updating mandatory national reports to cope with
natural disasters, according to their countries’ legislation. In most cases, local stakeholders do not have
the time or resources to focus on the development of the above guidelines. Nevertheless, to implement
the UNDRR guidelines at the local level, aligned with the national strategies and legal instruments,
Setubal municipality, Portugal has implemented a local strategic process based on the strategy definition
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proposed by Sousa [7], adapted from Ribeiro [8], from which derived the mental process of the ongoing
strategic planning process: “Strategy is the science and art of building, disposing and employing means
of conjunctive or disjunctive influence for action [9], in a given medium and time, to materialize goals
set by policy, overcoming problems and exploiting opportunities”. More recently, UNDRR published
a new report providing further strategies and guidelines for local disaster risk reduction strategies
and plans in urban areas [10]. Thus, although the UNDRR guidelines provide very important tools
for disaster risk reduction, this study will also focus on the compilation of national strategies and
legal instruments that are applied at the municipal level, and how these tools can be implemented on
the territory.

Therefore, given the wide scope of interventions, this review aims to present and discuss
the practical measures implemented at the local level to mitigate natural disasters and the current
COVID-19 pandemic. To achieve this, Setubal was chosen as the case study because it has very
heterogeneous land use, as presented in Figure 1, popular beaches on the west on an area with
unstable cliffs, an urban area mainly characterized by old buildings, and many industries, including
establishments that fall under the Seveso Directive guidelines [11,12]. Furthermore, with this review,
the authors hope to contribute to more resilient urban communities to mitigate natural disasters, not
only in Portugal but to other countries.
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Figure 1. Coastline land use of the studied area: (a) Location of Setubal municipality; (b) Main areas
including the Albarquel Urban Park (AUP) and the Varzea Urban Park (VUP). Adapted from [13,14].

2. Methods

The authors compiled several methodological guidelines for disaster risk reduction (DRR), at
international and national levels, as presented in Figure 2. The national legal instruments are related to
natural disasters and include official documents, technical reports, and guidelines for the municipal
territory, according to the ruling laws in Portugal. Then, the authors analyzed what Setubal municipality
had done to cope with disasters, especially the measures implemented on the territory: some technical
reports were published in academia while most practical steps were created by the Setubal stakeholders
themselves, which is quite innovative. This final step was conducted mainly by field survey.

Following the Sendai Framework for DRR, the National Platform for DRR (https://www.pnrrc.pt/)
was created in order to provide a national response strategy to disasters and pandemics. As of
January 2020, 36 Portuguese municipalities have joined the Resilient Cities Campaign, including
Setubal municipality. Furthermore, the Setubal Platform (Figure 2) was created to provide local
adequate response by bridging the gaps between Academia, technical reports, stakeholders’ actions
and the population. Moreover, these follow the “Words into Action” guidelines of UNDRR [15,16]
mostly by developing strategies and implementing operational measures in the areas of leveraging
partnerships, adopting a multi-hazard approach and customizing approaches to fit the local context as
well as sharing baseline knowledge of local disaster risk and resilience.


https://www.pnrrc.pt/
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Figure 2. Schematic tools to cope with natural disasters and the current COVID-19 pandemic at
international, national and the municipal/local levels. Highlighted in yellow are the strategy tools
created by Setubal municipality.

Examples of the Portuguese legal instruments are the several technical reports and methodological
guidelines published by the National Authority of Emergency and Civil Protection (ANEPC) over
the past two decades. The latest updated report [17] suggests that the most important approach
to mitigate risks is prevention (based in part on the Civil Protection Law, which contains several
Decree-Laws that have been updated over time [18]). To achieve this, it is recommended that each
municipality follows five general strategic objectives, summarized in Figure 3.

Another Portuguese legal instrument includes the periodic revision and validation of the Municipal
Emergency Plan (PME) [19] that provides general guidelines to all the risks that could impact the territory,
including natural hazards and pandemics. Since Setubal is a very heterogeneous municipality, there are
specific emergency plans that have been developed: the evacuation plan of Setubal [20]; the evacuation
plan to the Seveso and industrial areas (see location in Figure 1) [21]; the intervention plan at the historic
center, located in the urban area (Figure 1) [22]; and the municipal plan for forest fires [23].

General Strategic Objectives
1. Strengthen governance in risk management;
2. Improve risk knowledge;
3. Establish strategies for disaster risk reduction;
4. Improve preparedness for risks;

5. Involve citizens in the risk awareness.

Figure 3. The five general strategic objectives recommended [17].
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Additionally, the Municipal Plan for the Spatial Planning (PDM) [24] is also a mandatory legal an
instrument, which includes the Municipal Master Plan and the Detailed Plan that provide a strategic
framework for municipal development. Other legal reports related to the impact of natural disasters at
Setubal have been completed by consulting academics, which in part, fulfills the second objective listed
above, since these reports allow for the improvement of knowledge about risk management [25-27].

Moreover, the Municipal Directive of Civil Protection [28] defined the promotion and protection
of the interests of the population, in coordination with the civil parishes that include: safety and
protection of heritage, economic, cultural, environmental, and other public interests, assets, and values.
The strategic directive [28] also defined the vision that “the Setubal municipality must assert itself as
a national reference, as a promoter of urban safety in the field of civil protection and firefighting”, will
allow the improvement of its capacity for independent action.

Although biological hazards like pandemics were taken in consideration in the Municipal
Emergency Plan (PME) [19], all the strategies indicated in Figure 2 were implemented as emergency
and temporary actions to deal with COVID-19 pandemic (highlighted in grey).

3. Results of the Practical Implementations and Discussion

The compilation of natural disasters from the Portuguese legal instruments shows that Setubal
municipality is exposed to more than 20 natural and technological disasters. However, this study will
focus on the top four disasters which had caused most damage and fatalities in the past and that raise
some concern at the present. In addition, the current COVID-19 situation in Portugal (as of May 19,
2020) is briefly analyzed. Furthermore, the practical measures applied to the territory to prevent and
mitigate these disasters are also presented and discussed. Still, the situation of multi-disaster (e.g., if
a large magnitude earthquake occurs during the COVID-19 pandemic) is taken into consideration on
the Emergency and Contingency Plans. In fact, according to the severity of the situation, several levels
among the Civil Protection Mechanism could be activated, by the municipal, district, and even national
plans. Furthermore, Portugal has the military contingent that could also be activated if a critical
situation/multi-disaster occurs in the country—this occurred during the 2017 forest fires.

3.1. Landslides

Previous reports identified 124 events in Setubal by the interpretation of orthophotomaps (2004)
and field surveys [27], all occurring on the western part of the municipality, where the unstable cliffs
were characterized (location in Figure 1). This area raises some concern because most beaches are
located there, which are very popular during the summer, as discussed by [13]. To solve the problem,
nets and walls were constructed to retain falling debris (Figure 4a). Moreover, the area has only one
narrow road, leading to significant traffic (Figure 4b,c). This situation is not sustainable, but also it
would be almost impossible to rescue any person in an emergency, as discussed by [13].

Thus, the Setubal municipality limited the traffic access to this area during summertime as of 2018.
This measure allows the emergency services to have quick access to the beaches as well as improvement
in mobility, sustainability, and environment. In order to allow residents and tourist to continue to
use the beaches free buses are available during summer months (Figure 4d). The information was
disseminated to the public in several ways, including YouTube videos [29]. With these approaches,
general strategic objectives 14 listed in the Methods Section (Figure 2), may be supported.
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Figure 4. West part of Setubal: (a) Parking lot at a beach. White arrows: unstable cliffs protected by
a net. Green arrow: reinforced wall is a secondary protection from falling debris (adapted from [13]);
(b) road with parked cars; (c) people parked even on forbidden spots; (d) as of 2018, a shuttle bus was
on service for free.

3.2. Earthquakes

According to previous studies [13,17,30,31], Setubal has suffered severe damage and fatalities due
to past earthquakes: 1755, 1858, 1909 and 1969, with the 1755 earthquake being the worst event. After
this earthquake, a fire hit the city, showing the vulnerability of the buildings to urban fires. Following
this major earthquake, the historic center of the Setubal, located in the urban area (Figure 1) has been
rebuilt and even at the present day, it has many old buildings and narrow streets. Besides, according to
the Census (2011) [32], 30% of the resident population of the historic center are over 64 years old. For
these reasons, if an emergency would occur in the area, especially an earthquake or fire, the emergency
services would not provide fast and efficient help to residents.

Given the above reasons, the Municipal Plan of Intervention to the Historic Center [22] was
implemented in 2010 to increase citizens’ resilience, provide the residents with practical tools for
a safe evacuation. The intervention plan [22] consists mainly of an evacuation map of the historic area
(Figure 5a). Quite innovative is the implementation of a variety of equipment throughout the city
center area: five Information Panels, 11 Emergency Columns, and 10 Meeting Points, as presented
in Figure 5b—d. The information panel (Figure 5b) allows the dissemination of written messages in
real-time. The installed equipment is a unique case in Portugal and it should serve as a guideline to
other municipalities and countries, as well as in Portugal.
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Figure 5. Municipal Plan of Intervention to the Historic Center (adapted from [22]). See location of
the urban area in Figure 1: (a) Location of the installed signs; (b) information panel; (c) emergency
column; (d) meeting point.

In addition, to promote the earthquake risk awareness and information among the citizens,
regular citizens’ assemblies on risk awareness and self-protection measures have been organized. An
example was the “Bocage 2013” directed to about 800 students. Firstly, the students were briefed about
earthquakes, and then the school community (teachers, students, and auxiliary staff) carried out an
evacuation exercise, considering an earthquake scenario. Moreover, several temporary exhibitions
have been also organized. With these approaches, strategic objectives 1, 2, 4 and 5 listed in the Methods
Section (Figure 3), might be completed, at least partially. Nevertheless, information and education
activities with citizens should continue. Also, regarding the strategies for earthquake risk reduction,
it would involve mostly the reinforcement of the structures. This approach has not been fully
implemented and constitutes a severe limitation, especially with old buildings with construction dates
before the 1960s.

3.3. Tsunamis

Although several technical reports indicate Setubal is vulnerable to tsunamis (especially those
triggered by the 1755 and 1969 earthquakes), many details have been unknown. On the other hand,
the national tsunami warning system is not operational yet. Therefore, the Setubal municipality took
several steps to create its own local tsunami warning system: a collaboration with the scientific project
Schema allowed the installation of experimental equipment: in April 2011, a Tsunami Alerting Device
(TAD) (Figure 6a) was set up in Albarquel Urban Park (location in Figure 1), with the collaboration of
the Joint Research Center (European Commission) [33,34]. The device is connected to a tide gauge
station, which belongs to the International Oceanographic Commission network allowing the data
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to be online [35]. The device allows for a local tsunami alerting system since it is equipped with
written messages, a siren, and loudspeakers, and as of January 2020, it remains unique and innovative
in Portugal.

Albarquel Park
i

Waterheght (m]

Tsunami evacuation map at Albarquel Park
Scale

z
Inundation zone 1969 ® TAD 1: 2500 io
7 i —) 3
Inundation zone 1755 [®Evacuation sign 5 S0 10? H
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Figure 6. Installed equipment at the Albarquel Urban Park (AUP, see location in Figure 1) and evacuation
map: (a) Tsunami Alerting Device (TAD); (b) signs of tsunami dangerous area and evacuation; (c) sign
of tsunami safe area; (d) tsunami evacuation map at AUP (adapted from [13]).

More recently, tsunami mitigation and awareness strategies were implemented. In collaboration
with a scientific team [36], the use of the tsunami numerical modeling allowed a more detailed
understanding of the 1969 and 1755 tsunamis on the Setubal coastline [13], showing the municipality
would be hit within 30-40 min an earthquake. In addition, the tsunami evacuation map was produced
(Figure 6). What is innovative is the installation of several evacuation signs at the Albarquel Urban
Park (Figure 6b,c).

Furthermore, before the 50-year anniversary of the 1969 earthquake and tsunami, during February
2019, there were several activities to involve the citizens in earthquake and tsunami risk awareness,
including a seminar, temporary exhibition, a YouTube video [37] and a TV program [38]. Therefore,
with these approaches, all five strategic objectives listed in the Methods section (Figure 3) are supported,
at least concerning the Albarquel Urban Park. It is still necessary to continue the educational activities
with citizens and implement the tsunami evacuation maps on the Setubal municipality coastline.

3.4. Floods

Previous reports show the Setubal urban area (location in Figure 1) is prone to urban floods,
usually within a period of fewer than 6 hours [25,27]). As a result, the Varzea Urban Park was created
as a retention basin for floods. As shown in Figure 7, it has several artificial lagoons to retain, control
and drain the water. The construction of the park is not yet completed, but the first phase showed it to
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be very useful to mitigate urban floods after the Elsa and Fabien storms that occurred December 16-21,
2019. The concepts of Flood Resilience Measurement for Communities (FRMC) [39] offer the structured
means and can be recommended for further action.

Figure 7. One of the artificial lagoons of the Varzea Urban Park (VUP) (location in Figure 1).

According to the emergency records of Setubal Civil Protection of that period, there were 73
incidents related to falling trees, 37 related to falling structures, 35 related to flood due to intense
precipitation, six incidents related to the supply of electricity and one related to the supply of gas.
Thus, although flood is still a major hazard at the Setubal urban area, during the December 2019 storms
the wind caused more damages than the inundations.

3.5. Pandemics—COVID-19 Current Situation

Portugal was following the international development of the COVID-19 outbreak as it propagated
in China, then to the “Princess” Cruise Ship anchored in Japan, as well as Italy, France and Spain.
The virus propagation allowed Portugal (at national and municipal levels) to have some time to be
prepared since the first infected cases in the country were reported on March 2, 2020. Still, the first
prevention actions to control the virus propagation were taken by the Universities of Lisbon and
Coimbra that suspended all academic activities from March 9, 2020, including classes, university
facilities (cafeterias and bars, university museums, libraries, gardens and all sports); classes and
meetings continued to function by videoconference and by using online services and platforms, while
staff were encouraged to work at home. This was the first mitigation strategy applied in the Portuguese
territory. Then, the Portuguese Government took the first actions on March 12, 2020 [40] followed by
other measures (published on March 16, 17, 19, 20, and 26; on April 1, 2, 9, 17, 23 and 30; on May
2,12 and 15). The first phase of the national easing of lockdown was initiated on May 3, 2020 and
the second on May 18, 2020. The second phase will be active till May 31, 2020. All these Decree-Laws
were updated and adapted according to the daily data evolution provided by the General Direction of
Health (DGS) [41,42].

At the national level, as of May 19, 2020 [41,42], there were 29,432 confirmed infected cases in
Portugal, with 629 people admitted in hospitals, and 101 on the intensive care units; 266,720 people
tested negative (while 2349 were waiting for the laboratory results), 6431 recuperated, and 1247 dead
(of which 838 people were over 80 years old that correspond to about 67% of the fatalities).

At the local level, the Setubal municipality was the first municipality to activate the Municipal
Commission for Civil Protection (on March 9, 2020) [43]. Then, the Municipal Emergency Plan
(PME) [19] was activated following the first Alert Situation that has been declared at the national level
on March 12, 2020 [40]. Under all the above national and municipal guidelines, Setubal stakeholders
implemented several actions on the territory to protect and support the local populations, among
them [43,44]: public communication, support to economic activities, social support to the most
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vulnerable population, support to the first responders, logistic food supplies, support of meals to
underprivileged elementary school children and to the children of first responders, disinfection of
public spaces, support of activities by the civil society (including the production of masks and boots
by a group of seamstresses), restriction to public circulation, and supporting the Setubal Hospital in
collaboration with neighbor municipalities.

Therefore, all these strategies were important to mitigate the COVID-19 impact in the country
and to keep outbreaks under control, as presented in Figure 8. As of May 19, 2020 [41,42,45] there
were only 80 confirmed infected cases in Setubal (Figure 8a), corresponding the 0.69 number of cases
for each 1000 inhabitants (total resident population is 116044), which is one of the lowest rates in
the mainland of Portugal, as shown in Figure 8b, as well as among the large cities in the country
(population of more than 100,000 people). Currently, the COVID-19 pandemic is still ongoing with
complex interactions, due to a combination of several factors like physical, human, economic, social,
and geographic conditions. However, the high awareness of disasters is for sure an important key
to mitigate the impact. The first cases of COVID-19 in Setubal were reported on March 24, 2020,
with 7 infected people. As listed above, a variety of measures were taken at national and local levels.
Moreover, authors were able to compile some statistical data related to activities carried out on Setubal:
as of May 19, 2020, there were a total of 308 emergency meetings involving Setubal stakeholders; 229
baskets of essentials were delivered to the population; 8430 home support (delivery of groceries and
medicine) and meals; 81 visits to several facilities, including 54 visits to nursing homes, supported by
social services and health authorities; and accommodation to first responders (a total of 25 until April
5, decreasing to zero since May 15).
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Figure 8. Geographic distribution of infected cases due to COVID-19 in Portugal mainland on May
19, 2020: (a) Number of infected cases on each municipality; (b) Number of infected cases per 1000
inhabitants on each municipality. (Data compiled from [41,42,45]. When less than three cases were
reported, data are not shown).
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4. Conclusions

In this review, the authors compiled the legal instruments for the municipal territory. It was found
that Portugal has many tools and guidelines (all in Portuguese) to identify and characterize natural
disasters, and therefore the diagnosis of disasters is in general well documented, at least at the national
level. Besides, prevention is the most important approach to mitigate risks in Portugal, which can be
generalized to all countries.

The results also show that the Setubal municipality is exposed to more than 20 natural and
technological disasters, but this review focused only on the top four: landslides, earthquakes, tsunamis,
and floods. In addition, the ongoing COVID-19 pandemic situation was also analyzed. The practical
strategies implemented on the territory involve the installation of equipment such as emergency signs
and electronic panels that allow the dissemination of information to the communities in real time.
Other measures involve banning traffic on those narrow streets that have a special risk concerning
rescue service access and the construction of artificial lagoons. This example convincingly indicates
the effectiveness of 3D urban model applications [46]. Moreover, the collaboration with national and
international scientists and researchers also provided new insight to cope with disasters, by bridging
the gap between law enforcement agencies, science and first responders, and the practical needs that
local stakeholders need to solve on the territory. A structured approach to policies and strategies
to prevent and reduce disaster risks and manage residual risks with preparedness, response and
recovery activities [45—47] can assist in addressing the different needs of actor groups, respectively
social subareas and domains [48-50]. In follow-up phases, the current projects and practices can be
augmented to identify features for a common understanding and framework of risk, security and
resilience [47,51]. In addition, the dissemination of information to the community is made through
social media and technological channels, such as videos on YouTube.

In summary, Setubal has implemented a variety of innovative practical measures that could be
used as a model, not only to other Portuguese municipalities, but also to urban areas in other countries.
Moreover, the recent COVID-19 pandemic showed that all the practical measures and local experience
were effective to help control the propagation of the virus in the population and to mitigate its impact.
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