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APRESENTAÇÃO

O nono volume desta colecção segue a lógica dos livros anteriores. Procura 

apresentar ao leitor uma coletânea de artigos sobre problemáticas que são transversais 

ao campo das ciências sociais aplicadas.

Sendo discutível, na metodologia seguida na organização dos vários volumes 

procurou-se privilegiar artigos que abordassem novas tendências e/ou problemáticas 

transversais relevantes, adotassem metodologias mais holísticas e/ou modelos de 

investigação aplicada, apresentassem estudos de caso nacionais e/ou internacionais e 

procurassem ser reflexivos. Nesse contexto, o nono volume está organizado em quatro 

grandes eixos – Planeamento e informação, Turismo, Saúde e ergonomia, Direito. 

Na construção da estrutura de cada eixo procurou-se seguir uma lógica em que 

cada artigo possa contribuir para uma melhor compreensão do artigo seguinte, gerando-

se um fluxo de conhecimento acumulado que se pretende fluido e em espiral crescente. 

Assim, o eixo Planeamento e informação, é constituído por um conjunto de quatro 

artigos. O planeamento dos territórios urbanos influencia a arquitectura das cidades e os 

seus equipamentos. Assim, o recurso aos sistemas de informação geográficos e cadastrais, 

enquanto sistemas geradores de informação e conhecimento, poderão ser bons preditores 

e auxiliares de gestão do risco, quer das cidades quer dos seus equipamentos.

O eixo Turismo junta um conjunto de sete artigos que, em comum, contribuem 

para optimizar os serviços e melhorar a imagem do turismo e do património cultural. A 

afectação ágil de recursos às actividades que mais deles necessitam, em cada momento, 

é um bom indicador de eficiência e de qualidade do serviço prestado. Esta flexibilidade 

permite redireccionar os diferentes imaginários e expectativas culturais e espaciais dos 

turistas, nas diferentes épocas do ano. 

No eixo Saúde e ergonomia, composto por seis artigos, subjaz que uma política de 

avaliação de serviços de saúde necessita da medição dos seus efeitos, da comparação 

com outros indicadores e de incentivos. Este pressuposto contraria a falácia de quanto 

mais idade se tem mais se sabe sobre sexualidade e reprodução. Os riscos associados 

a tal ideia induzem à forte necessidade de formação contínua e treino de competências 

para a prevenção e promoção da saúde, onde se incluem os métodos ergonómicos, por 

forma a poupar energia. 

O eixo Direito é composto por quatro artigos. Os normativos legais, em geral, 

obedecem a princípios éticos universais. Contudo, ainda há muitas lacunas a superar, 

nomeadamente quanto aos direitos femininos, com a ganância e a corrupção sempre 

à espreita.



Com a disponibilização deste livro e seus artigos esperamos que os mesmos 

gerem inquietude intelectual e curiosidade científica, procurando a satisfação de novas 

necessidades e descobertas, motor de todas as fontes de inovação. 

Jorge Rodrigues, ISCAL/IPL, Portugal

Maria Amélia Marques, IPS/ESCE, Portugal
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ABSTRACT: Over 27 years (1992-2019), 6057 
deaths by drowning have been recorded in 
Portugal, with a growing trend over the last 
decade. In 2022, eighteen fatal accidents 
directly related to bathing at sea occurred, on 
the river or lake beaches and in other maritime 
areas, with 10 directly associated with 
drowning. Madeira Island, and in particular 
the municipality of Machico, could not 
remain indifferent to this global scourge. Risk 
management in bathing waters and drowning 
prevention have represented an enormous 
challenge due to the lack of a standardized 
risk management model applicable to bathing 
waters. The weaknesses in the identification 
and risk management, combined with low water 
safety literacy, have significantly contributed 
to the high rate of drowning mortality. For 
this study Geographic Information Systems 
(GIS), ISO 31000 and ISO 13009 were used, 
conjugated with the beach risk assessment 
model developed by Peter Dawes. These 
tools allowed us to obtain a set of results 
from the risk analysis carried out on the 
bathing waters of São Roque, Banda d’Além, 
Prainha and Maiata. This analysis allowed the 
implementation of complementary measures 
to increase the awareness of users, who are 
not familiar with the beach environment, and 
thus are less aware of the coastal dangers and 
drowning risk.
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1 INTRODUCTION

Recreational uses of inland and marine waters are increasing in many countries 

worldwide. These uses range from whole-body water contact sports, such as swimming, 

surfing and slalom canoeing, to non-contact sports, such as fishing, walking, birdwatching 

and picnicking [1].

Risk management in bathing waters and aquatic spaces represents a huge 

challenge for all those who, in some way, are linked to the area of defence and protection 

of life, more specifically to the prevention of drowning accidents. In this context and 

due to the imperative need to improve knowledge about risks, the implementation of 

policies (policy, goals, mandate and commitment) and organizational provisions (plans, 

relationships, accountability, resources, processes and activities), allows the creation and 

implementation of risk monitoring and review measures, to maintain high levels of safety 

enhancement and drowning prevention. The Foundation for Environmental Education 

(FEE) [2], which oversees the regulations and procedures for awarding the Blue Flag, 

implemented a set of criteria which are now part of the assessment and risk management 

in bathing waters, under the guidelines of the International Lifesaving Federation (ILS) 

[3]. These criteria, which aim to ensure safety in bathing areas, including some of the 

measures and procedures are based on ISO 31000 [4] and ISO 13009 [5].

Although each year at least 372.000 persons die from drowning worldwide, it is 

a neglected issue. There is a great need for research, covering all aspects of drowning 

reduction [1]. Drowning, which has been defined as death arising from impairment of 

respiratory function as a result of immersion in liquid, is a major cause of death worldwide, 

particularly for male children [6].

Although the number of people dying each year confirms drowning as a major 

problem worldwide, most studies relate to preventive and forensic aspects without 

integrating them within an overarching theoretical model [7].

In the year 2022, 654 bathing waters were identified in Portugal (surface waters, 

whether inland, coastal or transitional, where a large number of people are expected to 

bathe and where bathing has not been banned or permanently advised against), of which 

57 are located in the Autonomous Region of Madeira [8], with a bathing season period 

running from March 1 to October 31 [9]. 

Despite the human and financial costs and the potential for action, drowning has 

largely been absent from the international political agenda [10].

The bathing water management administrative authorities are obliged to ensure 

information, surveillance, and support, to reduce the potential risk of occurrences and 

consequently of drowning in bathing waters, depending on the periods in which a greater 
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inflow is expected, taking into account the meteorological conditions and the geophysical 

characteristics of each zone or place, as well as the social or environmental interests 

specific to the location, under the legal framework in force and based on the ISO 13009 

standard [4], to the bathing beaches.

Successful whole-of-society approaches can help to ensure that important frame-

works (e.g., national drowning-prevention plans) are well adapted to the risk factors and 

that full advantage is made of the communities that can inform understanding of the 

relevant risk factors. [11, 12]

The hazards that are encountered in recreational water environments vary from 

site to site, as do the nature and extent of exposure. [6]

In this context, it is important to increase knowledge about the specific risks of 

each bathing water, allowing the adoption of risk prevention and management measures, 

by the ISO 31000 standard [4] ensuring the objective of zero mortality, in terms of 

drowning episodes. ISO 31000 identifies that risk management is the practice of using 

processes, methods and tools for managing these risks and that the organizations that 

have identified risks and committed to the effective management of those risks will be 

better prepared to deal with them [4].

An extensive review of the drowning-incident literature revealed that drowning 

incidents can occur as a result of several factors that can be categorized [13] in human 

activity in, on, and around an aquatic environment, a drowning incident might happen to 

whomever, wherever, and under whatever circumstances [10].

The main objective of this study is the creation and validation of a risk identification, 

auditing and assessment model, which can be implemented at the national level to reduce 

the potential risk of occurrences and consequently of drowning in bathing waters.

The geological characterization of the municipality of Machico and the specific 

and peculiar characteristics of the bathing waters selected for this case study, allowed us 

to facilitate the interpretation of the concepts and methodology chosen, applicable to the 

model for assessing the risk of drowning in bathing waters. 

2 STUDY AREA FRAMEWORK

2.1 GEOGRAPHICAL FRAMEWORK

The Autonomous Region of Madeira (ARM) is located in the Atlantic Ocean, 

southwest of the Iberian Peninsula, and benefits from a privileged position, being 978 km 

from Lisbon and 700 km from the African coast. The Madeira Archipelago determines a 

geographic location in the Northeast (sector of the North Atlantic, between the parallels 

30º 01’ and 33º 08’ N and the meridians 15º 51’ and 17º 16’ W, in an intraplate region, to 
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West of the African Continent, Southwest of Mainland Portugal and the Southeast of the 

Azores Archipelago (Figure 1). It comprises the island of Madeira (785.6km2), the island of 

Porto Santo (42.4km2) and the islets of Desertas and Selvagens, with an area of 14km2 

and 4km2, respectively [14].

Figure 1. Territorial Framework of Autonomous Region of Madeira. Source: CAOP 2021 [15].

The island of Madeira, morphologically influenced by the volcanic structures that 

originated it, by the nature of its rocks, variations in sea level, climate and by the time of 

exposure to erosion agents [14], concentrates an enormous diversity of landscapes, from 

vegetation and microclimates, with 40% of its territory above 1,400 m altitude.

2.2 CHARACTERIZATION OF THE TERRITORY OF THE MUNICIPALITY OF MACHICO

The municipality of Machico, located at the eastern end of the territory of Madeira 

Island (Figure 2), at a latitude of about 32º N and longitude of 17º W, is constituted, on 

the north coast and in the innermost zone, by a territory of relief with the highest altitude 

at about 1,480 m, and, in the coastal zone of the south coast of the Island, by a territory 

of milder relief, marked by the broad valley of Ribeira de Machico (with a hydrographic 

basin of 25.43 km2) [ 14]. This stream and the Ribeiro Frio, which forms the western limit 

of the municipality, constitute the main watercourses since the remaining hydrographic 

network of the municipality is made up of small streams of a non-permanent nature, with 

a torrential regime in winter, but which, in some summer months are dry [16].

In the rugged relief, which characterizes almost the entire island, the central massif 

that extends through the interior of the municipality of Machico stands out, and in which 

there are several evidence of its volcanic origin, namely traces of volcanic apparatus, slag 

cones, pyroclastics and volcanic complexes. At the Eastern end of the municipality (and 

the island), from Caniçal to Ponta de São Lourenço, the territory extends into a narrow 

and low strip, with distinct geological characteristics, where dune formations made up of 
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accumulations of continental sands are found, and limestone crusts formed by sands with 

incrustations of shell fragments, foraminifera and algae, which allowed the formation of 

one of the few permanent sandy beaches (Prainha) on the entire island [17].

Figure 2. Territorial Framework of Machico Municipality. Source: CAOP 2021 [15].

In terms of morphology, the municipality of Machico has a wide variety of slopes, 

divided into areas with slopes below 40% and above 40% (Figure 3). In areas with a slope 

of less than 20%, urban occupation predominates, excluding Ponta de São Lourenço, and 

areas with a slope of more than 80% correspond to escarpment zones [18].

Figure 3. Slope maps of Machico municipality. Source: CAOP 2021 [15]; Level curves and quoted points - Master 
Plan of Machico Municipality [18].
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In the area defined for the risk assessment study, the altimetric variation is quite 

significant, with elevation intervals between 0 and above 1050 m (Figure 4). The lowest 

area corresponds to Ponta de São Lourenço, where elevations below 150 m predominate. 

This zone represents the eastern end of the Massif Central and the municipality and 

corresponds to a narrow, irregular and curved peninsula. Morphologically, it is distinguished 

from the rest of the Island by its smooth relief and low altitude and is characterized by the 

lack of vegetation [14].

Figure 4. Hypsometric map of Machico municipality. Source: CAOP 2021 [15]; Level curves and quoted points - 
Master Plan of Machico Municipality [18].

From the global analysis of slope orientation, the municipality is divided into 

temperate and very hot slopes and cold to very cold slopes, giving rise to the existence of 

many microclimates, resulting from the relief complex not only of Machico but of the entire 

Madeira Island (Figure 5).

Slopes facing south have greater climatic comfort as they are warmer slopes, 

while those facing north have slopes with lower temperature values and less climate 

comfort.



Ciências Socialmente Aplicáveis: Integrando Saberes e Abrindo Caminhos IX Capítulo 3 40

Figure 5. Exposition Map of Machico municipality. Source: CAOP 2021 [15].

The general data on the average annual temperature in the municipality of 

Machico, recorded at the stations of Caniçal/Ponta de São Lourenço and Santo da Serra, 

for observations in the period 2000-2021, show that the average minimum temperatures 

in the coldest month are 14.6 ºC in coastal areas, with the average maximum in the hottest 

month in coastal areas being 23.7 ºC [12].

The average annual rainfall in coastal areas is about 400 mm, with a maximum 

in November 2021 (about 220 mm), with about 300 days a year without rain on the 

south coast. The municipality of Machico, due to its Atlantic location and orographic 

characteristics, exhibits climatic diversity, mainly through the dominant trade winds (which 

blow from the north/northeast) [19].

According to the above, the geological variety of the municipality leads to a greater 

diversity of hazards in bathing waters, which increases the probability of occurrences 

and, consequently, drowning episodes. In this way, the characterization of the municipality 

becomes essential, namely the analysis of slopes and hypsometry, which allow a 

better precession of the relief and subsequent interpretation of the hydrodynamics of 

bathing waters and the associated hazards. Likewise, the exposure, combined with the 

meteorological profile, allows the consolidation and interpretation of data referring to the 

affluence rates, essential for the analysis of exposure and the respective risk assessment.

3 METHODOLOGY

To carry out the risk assessment of bathing waters in the municipality of Machico, 

the data available in the Official Administrative Charter of Portugal (CAOP) [15] and the 
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Municipal Master Plan of Machico [18], will be collected and respective treatment, using 

Geographic Information Systems (GIS). Once the characterization of the municipality and 

its bathing waters has been completed, a risk assessment will be carried out, according 

to the Dawes and Scott model “Developing a beach risk assessment model” [20] and the 

ISO 31000 [4] and ISO standards. 13009 [5]. Figure 6 shows the Architecture design of 

the proposed methodology.

Figure 6. Architecture design of the Risk Management Process. Adapted from ISO 31000:2018 [4].

The characterization and identification of hazards in the bathing waters selected 

for the study, concerning the drowning risk, are divided into two broad categories [20]:

• Natural hazards

• Humans hazards

Natural hazards, within the scope of risk assessment in bathing waters, arise 

from the combination of the morphological and hydrodynamic characteristics of bathing 

water and their impact on the change in severity (eg currents, tidal amplitude, slope). The 

hazards, characterized as natural, but which do not imply a change in the level of severity, 

and the increased drowning risk, concerning the activities carried out in the water, are 

quantified through a model of bathing water audits, developed in addition to this project.

Human hazards result from instantaneous affluence (bathers in the water), 

combined with conflicting activities practised simultaneously in the water (eg surfing, 

boat operation).

Although there are two different categories of hazard characterization, it is the 

interaction between both (people and environment) that triggers the risk of drowning in 

bathing waters.

Vulnerability, although not part of the present study, makes it possible to categorize 

the types of users, according to low, medium or high-risk levels. Table 1 presents the 

qualitative level of conflict for a set of activities carried out in bathing waters.
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Table 1. Conflict level for a set of activities carried out in bathing waters. Adapted from Dawes [20].

Activity Localization Activity type Conflict level

Swash e and Surf areas 

Paddling
Low

Wading

Swimming

Medium
Activities with inflatables

Bodysurfing

Bodyboarding

Wave dodging

High

Cliff jumping

Surfing

Windsurfing

Kitesurfing

Recreational boats

Besides the area of surf

Rowing Low

Diving

Sailing Medium

Snorkelling

Motor boats
High

Water Ski 

3.1 BATHING WATER SEVERITY CLASSIFICATION MODEL

The quantification of severity (capacity of the process or action to produce 

conditions for drowning) will be carried out using the interpretation of the hydrodynamics 

of bathing water and the hazards associated with the exposure of bathers, as Table 2.

Table 2. Bathing water severity level calculator. Adapted from Dawes [20].

Energy (severity) Population (exposure)

Classification Tide Wave High
Water 

bathers*

Activity 
conflict**

1 Normal tidal range (square) 0–0.25m 1–25 Isolated incidents

2 Amplitude of high tide (syzygy) > 0.25–0.5m > 25–50 Regular

3 Danger of overturning and dragging > 0.5–0.75m > 50–75 Persistent danger

4
High tide range, with danger of 

toppling and dragging
> 0.75–1.0m > 75–100

Persistent and 
dangerous

5 > 1.0–1.5m > 100–150

6 > 1.5–2.0m > 150–200

7 > 2.0m > 200

* To calculate the number of people in the water including surfing activities, the following factors must be considered: 
beginner surfer=0.5; experienced surfer or bodyborder=0.25.
** Conflicting activities are defined as those where there is an increased danger of conflict with bathers (eg 
swimming, surfing, bodyboarding and operating motorized boats). Not applicable to bathing beaches.
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The equation for calculating severity results from the arithmetic sum of the 

classifications associated with energy and population.

Severity level =Energy (Tide+Wave Amplitude)+Population (Water Bathers+Conflict Activities)               (1)

The severity level is subsequently classified qualitatively using Table 3.

Table 3. Severity level. Adapted from Dawes [20].

 Qualitative definition Severity level

High > 15

Medium - High 12 - 15

Medium 8 - 11

Low - Medium 5 - 7

Low 0 - 4

The typified consequences for risk assessment in bathing waters are death and 

morbidity from drowning. To calculate the degree of risk of bathing water, Table 4 presents 

the qualitative definitions for the probability of occurrence of this event.

Table 4. Degree of probability of drowning in bathing water. Adapted from Technical Notebook PROCIV n.º 9, 
ANEPC [21].

Qualitative definition Description

High Expected to occur often (has occurred frequently)

Medium - High Likely to occur sometimes (has occurred occasionally)

Medium Unlikely, but possible to occur (uncertain, random periodicity 
and with little reason to occur)

Low - Medium Very unlikely to occur (no previous occurrence known)

Low Almost inconceivable that the event would occur

The simplified qualitative matrix, for risk management and prevention of drowning 

in bathing waters, will be the result of the probability of occurrence (death or morbidity 

by drowning), with the qualitative quantification of the severity level, according to Table 5.

Table 5. The qualitative risk matrix for bathing waters. Adapted from Technical Notebook PROCIV n.º 9, ANEPC [21].

Severity

Low Low-Medium Medium Medium-High High

P
ro

ba
bi

lit
y

High Low Risk Moderated Risk High Risk Extreme Risk Extreme Risk

Medium-High Low Risk Moderated Risk High Risk High Risk Extreme Risk

Medium Low Risk Moderated Risk Moderated Risk High Risk Extreme Risk

Low-Medium Low Risk Low Risk Moderated Risk High Risk Extreme Risk

Low Low Risk Low Risk Moderated Risk Moderated Risk High Risk
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3.2 STUDY CASE – MACHICO BEACHES

The assessment of risk prevention and management measures in bathing waters 

will be carried out in the parishes of Machico, Caniçal and Porto da Cruz (Figure 7), 

integrated into the Hydrographic Region (RH10) watershed [22]. Although located in the 

same municipality, the enormous diversity of characteristics, combined with the possibility 

of carrying out a simultaneous analysis on the north and south coasts of the Autonomous 

Region of Madeira, led to the choice of beaches identified in Figure 7.

In terms of human dangers, the choice fell on the bathing waters of Banda d’Além 

and Prainha, not only because they present the greatest diversity of users, but also 

because of the interest in evaluating bathing water sheltered by the natural conditions of 

the bay where is inserted, compared to bathing water with the same gradient profile (flat), 

but artificially designed.

Concerning natural hazards, the choice of bathing waters in Maiata and São Roque 

stems from the type of gradient and profile of the seabed, which, combined with direct 

exposure to meteorological conditions, allow significant changes in the level of severity.

Figure 7. Bathing waters of the municipality of Machico. Source: CAOP 2021 [15].

3.2.1 Bathing waters of São Roque

The bathing water of São Roque, characterized as an Urban Beach with intensive 

use [22], presents a hydrodynamic strongly influenced by the effects of the local maritime 

agitation. It presents a moderate slope, especially to the east of the access pier to the sea, 

which potentiates the occurrence of sprawling waves and the consequent return currents, 
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which recurrently produce the displacement of sediments by entrainment, especially 

when exposed to the maritime agitation of the south quadrant, combined with greater 

tidal amplitudes (Figure 8).

The west front of the bathing water has a lower slope and the protection of a 

sandbar that absorbs part of the energy in the lower swell amplitudes, which allows the 

development of surfing/bodyboarding activities.

Figure 8. Slope and hydrodynamics of bathing water in São Roque. Own Source.

3.2.2 Bathing waters of Banda d’Além

The bathing water of Banda d’Além, also characterized as an Urban Beach with 

intensive use [22], is protected to the east by the Porto de Abrigo breakwater and to the 

west by the Ribeira de Machico breakwater, creating a protection zone for the effects 

of the maritime agitation, which minimizes the transport of sediments by the dragging 

component, being only visible and with little impact, the transport in suspension. With the 

effects of sea waves mitigated and a flat gradient (slope) profile, the surf zone is protected 

from the influence of return currents, as can be seen in Figure 9.

Figure 9. Slope and hydrodynamics of bathing water in Banda d’Além. Own Source.
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3.2.3 Bathing waters of Prainha

The bathing water of Prainha is sheltered in a rocky cove in Ponta da São Lourenço, 

far from the urban centre. Characterized as a non-urban beach with intensive use – type 

II [22], it is one of the few permanent natural bathing waters with sand on Madeira Island 

(Figure 10), whose sandy sedimentary accumulation results essentially from erosion and 

transport of sand from deposits dunes [23].

The existing hydrodynamics is conditioned by the bay where the beach is located, 

which allows almost permanent protection and shelter against winter storms, allowing the 

existence of a sandy deposit of fine sediments.

Figure 10. Slope and hydrodynamics of bathing water in Prainha. Own Source.

3.2.4 Bathing waters of Maiata

The bathing water of Maiata, characterized as a non-urban beach with intensive 

use – type II, presents a mixture of black sand and pebble and light waves (conditioned 

by the weather) [15]. Although considered an excellent place for nautical activities, the 

hydrodynamics of the beach of Maiata, aggregates the effects of the tidal current with the 

sea currents (Figure 11), especially in periods of greater tidal amplitudes, which provide 

the existence of tidal currents. return with greater intensity.
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Figure 11. Slope and hydrodynamics of bathing water in Maiata. Own Source.

4 RESULTS

To allow greater precision in the exposure classification values (bathing in the 

water and conflict of activities), an effective user counting procedure was developed 

on July 2 to 20 of August 2022, and the instantaneous rate values were used for the 

classification of bathers in the water, according to Figure 12. Face-to-face counts were 

carried out by volunteers who counted beach users at 4 pm, between the 2nd of July and 

the 20th of August.

Figure 12. instantaneous rate values of the effective users of bathers in the water from the beaches. Own Source.

To calculate and qualitatively classify the risk, was used, the classification equation 

for the severity level in bathing water, combined with the classification assigned in Table 2.
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Table 6 shows the methodology presented for the calculation and classification 

of the risks for the beaches of the case study. The severity level results for the identified 

bathing waters are presented in Table 6.

Table 6. Severity classification in bathing waters.

Tide
Wave

Amplitude
Water bathers

Activity
conflict

Severity

São Roque 3 3 1 1 Medium

Banda d’Além 1 1 2 1 Low-Medium

Prainha 1 2 1 1 Low-Medium

Maiata 3 4 1 1 Medium

For the bathing water of the São Roque the following assumptions for the 

application of the methodology were considered:

Tide: 3 - Danger of overturning and dragging, due to the gradient and type of swell 

(sprawling).

Wave Amplitude: 3 – Ripple Amplitude between 0.5–0.75m

Water Bathers: 1 - (1 - 25)

Conflict of activities: 1 - Due to the inexistence of ripple in the period of analysis, 

there are no activities and respective conflicts.

A severity value of 8 was obtained through the calculation, which corresponds to 

Table 4, at a qualitative level of Medium severity.

It is important to mention that the qualitative level of severity changes in the 

bathing waters of São Roque and Maiata, through the variation of maritime agitation (wave 

amplitude) and tidal amplitude (tide). Low and low-medium severity levels can occur in 

the bathing waters of São Roque and Maiata during periods of slump tide or at low tide 

or syzygy tide periods, with little sea agitation. In this last period, the variation between 

low tide and high tide can quickly change the energy level and consequently the severity 

leading to the occurrence of accidents.

In the process of risk analysis, the occurrences of mortality and morbidity due to 

drowning in the identified bathing waters were considered. Although it was not possible 

to access more precise data, probability sampling was carried out using information from 

the media. Concerning the drowning probability, were considered the two deaths in the 

bathing water of Maiata in 2016 [24] and the lack of records of occurrences, with serious 

consequences in the other bathing waters. The qualitative risk matrix for the bathing 

waters evaluated takes the following from Table 7.
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Table 7. Qualitative risk classification.

Severity Probability Risk Rating

São Roque Medium Medium Moderated Risk

Banda d’Além Low- Medium Low- Medium Low Risk

Prainha Low- Medium Low- Medium Low Risk

Maiata Medium Medium-High High Risk

5 CONCLUSIONS

Over 27 years (1992-2019), there were 6,057 drowning deaths in Portugal, with an 

increasing trend in the last decade. In 2022, according to data from the National Maritime 

Authority, there were up to 18 fatal accidents directly related to bathing on sea, river or 

lake beaches and in other maritime areas, of which at least 10 were caused by drowning. 

The Autonomous Region of Madeira and, in particular, the municipality of Machico, cannot 

remain indifferent to this global scourge.

The municipality of Machico, due to the existence of different hydrodynamic 

profiles of bathing waters, presents a huge challenge in risk management and drowning 

prevention. The application of the exposed methodology for the assessment of risk in 

bathing waters made it possible to classify the risk for the different bathing waters and 

validate the model through the presentation of qualitative classifications. It was possible 

to verify the difference in severity between bathing waters as a function of hydrodynamic 

characteristics and exposure to the effects of adverse weather conditions. In this case, 

the bathing waters sheltered by bays (banda D’Além and Prainha), present a lower risk 

level and less impact of waves and respective sea currents, presenting a low-medium 

level of severity. Bathing waters with direct exposure (São Roque and Maiata) presented 

hydrodynamic characteristics of greater risk, with a medium severity level. The Medium-

High probability of drowning occurrences for bathing water of Maiata, associated with the 

medium severity quality level, increases the qualitative value of the risk to High.

The main difficulties in carrying out this work stemmed from the need to articulate 

the doctrine of ISO 13009 and ISO 31000 standards, with the concepts of identification, 

analysis and risk assessment applicable to bathing waters.

The risk assessment model described and validated through the case study, will 

be integrated into a more comprehensive bathing water risk management model, currently 

under development, which includes the implementation of municipal bathing water risk 

management policies and provisions for organizational risk management and mitigation. 

An audit system is also being developed to assess the implementation of risk mitigation 
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and management measures, which will integrate the requirements for the annual risk 

assessment of bathing waters.
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