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Abstract
The aim of this contribution is to understand the negative outcomes for human health during hot weather in 
a Mediterranean urban environment. Examining seasonal variations of thermal comfort in Porto, by Physi-
ologically Equivalent Temperature (PET), and comparing expected and observed daily mortality (all causes) 
and morbidity (all causes, respiratory and circulatory diseases), suggests that in southern Europe, people’s 
adaptation techniques for reducing heat stress and associated health risks need to be developed much fur-
ther. Research already done in Porto shows that social and economic vulnerability must be included alongside 
with individual characteristics, like age, gender or genetics, when defining the thresholds above which nega-
tive health impacts begin to become severe. Findings from Porto show that a climate risk map is needed for 
every metropolitan area, with sufficient detail to give locally appropriate temperature thresholds taking into 
account both the local climate and the socio-economic conditions of every sector of the urban environment.
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Zusammenfassung
In diesem Beitrag wird beabsichtigt, das Verständnis für die negativen Auswirkungen von Hitzeperioden auf die 
menschliche Gesundheit in einem mediterranen Ballungsgebiet zu verbessern. Die saisonalen Schwankungen des 
thermischen Wohlbefindens in Porto wurden ausgedrückt durch die physiologische Äquivalenztemperatur (PET). 
Daraus wurde die erwartete tägliche Mortalitätsrate berechnet und mit der tatsächlichen Mortalitätsrate vergli-
chen (alle Ursachen), sowie mit der Morbiditätsrate (alle Ursachen von Atemwegs- und  Kreislauferkrankungen). 
Die Ergebnisse deuten darauf hin, dass die Anpassungstechniken der Bewohner in Südeuropa deutlich weiter 
entwickelt werden müssen, um Hitzestress und die damit verbundenen Gesundheitsrisiken reduzieren zu kön-
nen. Laufende Forschungsarbeiten in Porto (Portugal) zeigen auf, das soziale und ökonomische Verletzlichkeiten 
der Gesellschaft ebenso berücksichtigt werden müssen wie individuelle Veranlagung, Alter und Geschlecht, um 
robuste Schwellenwerte zu definieren zur Unterscheidung der besorgniserregenden Gesundheitsauswirkungen 
von anderen, nicht bedrohlichen negativen Gesundheitsauswirkungen. Ergebnisse aus Porto zeigen, dass eine 
Klima-Risikokarte für jeden Ballungsraum nötig ist, mit ausreichendem Detaillierungsgrad um lokal angepasste 
Schwellenwerte für Temperaturen bereitzustellen. Diese Risikokarten müssen sowohl das lokale Mikroklima wie 
die lokalen sozio-ökonomischen Rahmenbedingungen jedes Sektors des städtischen Umfeldes berücksichtigen. 
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1.  Introduction

Porto – 41° N and 8° W – is the second largest city of 
Portugal and the centre of a metropolitan area with 
more than 1.5 million inhabitants. It is located in the 
extreme southwest of the European continent, and it 
is the first part of Europe to face air masses coming 
across the Atlantic Ocean from the west (Fig. 1). 

The area is affected by varied weather systems related 
to the complex air circulation in this zone, the nearby 
Azores Anticyclone and rapidly advancing depressions 
associated with movements of the Polar Front. The city 

is thus influenced by fluctuations of two markedly dif-
ferent types of air masses – warm and humid from the 
subtropics and colder and drier from the polar zone. 

This climatological context produces a changing daily 
sequence of contrasting, stressful and demanding 
thermal conditions potentially affecting human health 
(Monteiro 1997, Monteiro et al. 2012a, 2012c, 2013a, 
2013b, 2013c). This seasonal, monthly and daily ther-
mal irregularity is aggravated by the indoor climatic 
unsuitability of many buildings and, with high socio-
economic inequality, leads to a high probability of 
 severe negative human health outcomes for some sec-

Keywords      Health heat stress threshold criteria; mortality and morbidity; PET; Mediterranean cities 

Fig. 1 Porto and Porto Metropolitan Area: geographical location
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tors of the population during hot weather. However, the 
criteria for issuing a hot weather health warning adopt-
ed by the Portuguese authorities are either the WMO’s 
definition of a heat wave: a sequence of at least 6 days 
with more than 5 °C above the average of the homolo-
gous period (WCDMP-No 47, WMO-TD, No 1071); or the 
Portuguese Meteorological Office’s thresholds of days 
in Porto, when the maximum temperature is from 32 °C 
to 36 °C (yellow), from 37 °C to 38 °C (orange) and above 
38 °C (red). However, both the considered temperature 
thresholds for triggering public health warning systems 
and the means of communicating the risk demonstrate 
that, in south European urban areas like Porto, extreme 
heat events are an underestimated hazard. The appar-
ently moderate fluctuations of the temperature indi-
cated by the analysis of the 100-year means obscure 
the day-to-day variety of thermal conditions and totally 
disregard the  urban impact on local and regional tem-
perature (Monteiro 1997, Endlicher et al. 2006).

Moreover, Porto is located in a global zone where most 
21st century GCM’s scenarios anticipate a considerable 
temperature increase during this century (Dessai 2002, 
2003; Díaz et al. 2002a, 2002b, 2006; Meehl and Tebaldi 
2004, Monteiro et al. 2013a), which is already evident 
in the Porto data series (Monteiro et al. 2012c). Even 
if the rate of increase has not been similar during all 
months and seasons it is reasonable to anticipate that 

the duration and intensity of extreme heat events will 
increase in Mediterranean areas like Porto (Planton et 
al. 2008; Rooney et al. 1998; Gaffin et al. 2008; Metzger 
et al. 2010; Monteiro et al. 2012a, 2012b, 2013a).

With this climatic prediction and recognising the irregu-
lar and episodic behaviour of the climate system, it seems 
relevant for cities like Porto to evaluate, as accurately 
and completely as possible, the negative human health 
outcomes, as has already been done, since 1990, for other 
European areas (Rooney et al. 1998, Calado et al. 2004, 
Grize et al. 2005, Fouillet et al. 2006, D’Ippoliti et al. 2010, 
Monteiro et al. 2012b, 2013a).  It is worth remembering, 
to cite just one example, that the well-known 2003 heat 
wave did not meet the official criterion of the required se-
quence of daily temperatures but provoked a significant 
morbidity and mortality excess (Monteiro et al. 2012b, 
2013b). This indicates the importance of trying to select 
the best, most efficient and reliable criteria for defining 
the extreme heat event thresholds, considering the par-
ticular socio-economic and biophysical characteristics of 
the built environment of each individual urban area.

2.  Materials and methods 

The basic data sets employed in our analysis of 
 Porto were yearly, monthly, daily and hourly cli-

Health heat stress in the Porto Metropolitan Area – a matter of temperature or inadequate adaptation? 

Fig. 2 Monthly average temperature and monthly total average rainfall in Porto, 1901-2007
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matic varia bles, daily hospital admissions and 
daily mortality data. The available daily and hourly 
climate data (temperature, humidity, wind veloc-
ity and direction, atmospheric pressure, insolation 
and solar radiation) of the two main climatologi-
cal stations Porto-Pedras Rubras and Porto-Serra 
do Pilar were compared to define: i) the 100-year 
annual temperature trends; ii) the Physiological 
Equivalent Temperature (PET); iii) the most severe 

heat extreme events using different criteria. Por-
to’s PET was estimated by SOLWEIG 2.3 software 
(Lindberg et al. 2008, Lindberg and Thorsson 2009), 
applied to Porto-Pedras Rubras climate hourly var-
iables, from 2002 till 2007. The  Porto PET thresh-
olds were established according to the internation-
al thermal (dis)comfort classes (Matzarakis and 
Mayer 2000, Matzarakis and Amelung 2008, Nastos 
and Matzarakis 2008, Monteiro et al. 2012b). 

 

 

Highest monthly average temperature 
(1901-2007) 

 Lowest monthly average temperature 
(1901-2007) 

 
Month T °C Year  Month T °C Year 

Jan 12.0 1966  Jan 6.5 1945 
Feb 13.1 1998  Feb 6.2 1956 
Mar 16.2 1997  Mar 9.2 1916 
Apr 17.1 1997  Apr 10.0 1986 
May 18.6 1922  May 12.8 1984 
Jun 21.2 2004  Jun 15.0 1972 
Jul 22.7 2006  Jul 17.2 1912 
Aug 23.4 2006  Aug 17.0 1912 
Sept 21.8 1926  Sept 16.2 1927 
Oct 18.8 1989  Oct 12.4 1974 
Nov 17.5 1902  Nov 8.5 1971 
Dec 13.2 1989  Dec 6.2 1933 
YEAR 16.3 1997  YEAR 13.6 1932 

       
Highest monthly average daily maximum 

temperature (1901-2007) 
 Lowest monthly average daily minimum 

temperature (1901-2007) 
 

Month T °C Year  Month T °C Year 

Jan 15.1 1982  Jan 1.6 1954 
Feb 18.4 1998  Feb 1.0 1956 
Mar 23.3 1997  Mar 3.9 1970 
Apr 22.1 1997  Apr 5.7 1932 
May 23.7 1922  May 8.6 1972 
Jun 26.0 1981  Jun 10.6 1972 
Jul 28.1 1990  Jul 12.6 1965 
Aug 29.3 2006  Aug 13.0 1963, 1978 
Sept 28.3 1926  Sept 10.7 1952 
Oct 23.8 1962  Oct 7.1 1974 
Nov 21.4 1902  Nov 3.7 1934 
Dec 16.9 1953  Dec 1.5 1933 
YEAR 20.7 1997, 2006  YEAR 8.9 1932, 1935 

 

 

 

Tab. 1 Extreme monthly and daily temperature records in Porto, 1901-2007 
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The extreme heat events were defined by four  different in-
ternational criteria already tested for  Porto – WMO, Díaz, 
Thom’s and Heat Index –, and a fifth criterion was added 
to define the most severe heat extreme episodes at Porto 
but having in mind their duration and intensity (Monteiro 
et al. 2012b, Silva 2012, Monteiro et al. 2013b, 2013c). The 
number of days they last and the intensity was calculated 
by the number of days with maximum and minimum tem-
perature above the 90th percentile of the century dataset.

The daily hospital admissions from 2002 to 2007 
were collected from the Health System’s Central 
 Administration (ACSS) and correspond to the Great 
Diagnosis Category of Respiratory Diseases (GDC 4) 

and Circulatory Diseases (GDC 5) in the Tenth Revi-
sion of the International Classification of Diseases, 
2012. The morbidity data analysis used the daily 
admissions to the four public hospitals of the Porto 
Metropolitan Area (GAMP) with diagnosis GDC 4 and 
GDC 5, complemented by an analysis of admissions for 
bronchitis and asthma, COPD, pneumonia and pleu-
risy, myocardial infarction, stroke and heart failure.

The daily mortality data were gathered from the 
 National Statistics Institute (INE) and include all 
causes of death from 2002 to 2007. The official data 
of daily mortality by parish are available only for all 
causes and since 2002.

Fig. 3 Magnitude of urban heat anomalies in the Porto Metropolitan Area estimated according to Oke’s (1973) formula for 
temperate climate zones and the methodologies explained in Monteiro et al. 2012c. Sources: IGEO-CAOP 2011; IGEOE 
Cartas Militares de Portugal, Série M888 (1998 and 1999); itinerant measurements in 1989, 1990, 1992 (Monteiro 1997); 
PTDC/SAU-ESA/73016/2006 (2012)

Oke’s formula (1973): 
(2.01 log.pop.) – 4.06
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Fig. 4 Yearly average, maximum and minimum temperature in Porto, Portugal, 1901-2007

 Tmed Tmed max Tmed min 
Average gradient 
1901-2007 (°C) 

Average gradient 
1901-2007 (°C) 

Average gradient 
1901-2007 (°C) 

Year 0.009 0.015 0.004 
 

Winter 0.01 0.014 0.007 
Autumn 0.01 0.014 0.007 
Spring 0.009 0.019 0.0000 
Summer 0.011 0.018 0.004 

 
January 0.009 0.011 0.006 
February 0.013 0.017 0.008 
March 0.016 0.028 0.005 
April 0.006 0.015 0.002 
May 0.006 0.014 0.002 
June 0.011 0.02 0.0033 
July 0.011 0.018 0.003 
August 0.011 0.016 0.005 
September 0.008 0.013 0.003 
October 0.014 0.015 0.012 
November 0.009 0.013 0.007 
December 0.01 0.013 0.005 

 
   Higher values 

 
 
 
 
 
 
 
 

Tab. 2 Yearly, seasonal and monthly temperature gradient in Porto during the last century (1901-2007)



86 DIE ERDE · Vol. 145 · 1-2/2014

Health heat stress in the Porto Metropolitan Area – a matter of temperature or inadequate adaptation? 

The mortality and morbidity excess during the thermal 
heat stress events was calculated from the difference be-
tween the admissions and the deaths in the homologous pe-
riod (i.e. the number of deaths in the same sequence of days 
of all the other considered years) and in the pre-defined 
extreme heat event periods (Monteiro et al. 2013b, 2013c).

Finally, on the basis of the obtained PET values during 
extreme heat events, the morbidity and mortality ex-
cess daily data during these periods, the new thresh-
olds above which the mortality and morbidity starts 
to increase were established. As Almeida (2012) ex-
plained with detail it is possible to relate the obtained 
PET values to the air temperature. 

In addition, a GIS project was conceived to calculate a 
deprivation index by parish, using a multi-level crite-
ria analysis, in order to identify with the most possible 
precision the target population of this new extreme 
heat warning system in the Porto Metropolitan Area.

3.  Results

The apparently agreeable moderate temperatures 
and rainfall volumes indicated by Porto’s 100-year 
climatic averages (Fig. 2) hide the enormous daily 
variability in weather due to the high variability of 
local weather systems (Tab. 1).

The temperature extremes recorded at the clima-
tological stations near the edges of the Porto urban 

area need to be modified to take account of positive 
thermal anomalies reported within the Metropolitan 
Area since 1990 (Fig. 3).  Moreover, the positive trends 
of both minimum and maximum temperatures from 
1901 to 2007 (Fig. 4) are the outcome of the combina-
tion of high yearly, seasonal and monthly gradients of 
temperature increase (Tab. 2). While the minimum 
temperature gradient is higher in autumn and win-
ter, the maximum temperatures increase is greater in 
spring and summer (Tab. 2). March and October are 
the months with steepest maximum and minimum 
temperature gradients (Tab. 2).  This variation in long-
term trends, due to global weather changes and to lo-
cal human activities, must cause great difficulties for 
much of Porto’s human population, especially those 
who are most vulnerable to change, including the sick, 
poor, mentally ill, disabled, extremely young and aged, 
in their efforts to adapt to temperature extremes. 

Calculation of Porto’s PET confirms the impression, 
obtained from the basic analysis of the tempera-
ture, of a high frequency of stressful days for hu-
man health due to heat (Fig. 5). Although classified 
as a temperate climate type with a habitual warm 
and dry season, Porto’s climate does not provide the 
city’s human beings with comfortable temperatures 
every day of each year.

The PET, by month and by year, shows two or more 
extremely demanding hot days in terms of human 
health of over 35 °C each year (Tabs. 3 and 4). This 
happens most often, but not exclusively, during the 

Fig. 5 Porto’s PET comfort classes: frequencies per month, 2002-2007
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Tab. 3 Yearly distribution of days with maximum PET, by comfort class, 2002-2007

Tab. 4 Monthly distribution of days with maximum PET, by comfort class, 2002-2007

Level 
Number of days per year (%) by PET class in Porto  

2002 2003 2004 2005 2006 2007 

Very Cold  < 4 °C 1 1 0 0 0 1 
Cold   4 °C – 8 °C 3 5 4 4 4 4 
Cool  8 °C – 13 °C 22 19 18 19 15 14 
Slightly cool  13 °C – 18 °C 28 21 27 23 24 24 
Comfortable  18 °C – 23 °C 23 23 17 23 20 24 
Slightly warm  23 °C – 29 °C 16 20 22 18 21 21 
Warm  29 °C – 35 °C 6 5 8 7 7 9 
Hot  35 °C – 41 °C 2 4 2 4 5 3 
Very Hot  > 41 °C 0 2 0 2 3 1 
 100 100 100 100 100 100 
       
          > 20% 

 

 

Level 
Number of days per month (%) by PET class in Porto (2002-2007) 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Very Cold 
 < 4 °C 

0 2 1 0 0 0 0 0 0 0 1 2 

Cold 
 4 °C – 8 °C 

16 9 5 1 4 0 0 0 0 1 6 12 

Cool 
8 °C – 13 °C 

46 38 26 13 5 3 1 1 1 6 27 50 

Slightly cool  
13 °C – 18 °C 

32 37 34 38 28 6 3 3 6 32 42 32 

Comfortable  
18 °C – 23 °C 

6 13 17 28 38 41 27 16 24 30 16 4 

Slightly warm  
23 °C – 29 °C 

1 1 11 16 15 29 46 44 41 22 9 1 

Warm 
29 °C – 35 °C 

0 0 3 4 10 11 13 18 18 9 0 0 

Hot 
35 °C – 41°C 

0 0 0 1 3 8 8 11 9 0 0 0 

Very Hot 
> 41 °C 

0 0 0 0 1 2 3 7 2 0 0 0 

 100 100 100 100 100 100 100 100 100 100 100 100 

             
           > 20% 
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warm season (July to September). Between 2002 
and 2007, there were more hot and very hot days, 
according to PET classes, in 2006.

To portray the effects of unusually hot weather in the 
warmest part of the year, it is important to select the 
most appropriate indicator of the potential for hu-
man heat discomfort.  Different indicators use vary-
ing criteria (Tabs. 5 and 6). Previous work in Porto 
suggests the most suitable indicator is that of Díaz 
as it is less demanding about the number of days of 
excessive heat, but considers the importance of both 
the diurnal and the nocturnal thermal environment 
(Monteiro et al. 2012b, Silva 2012).

So, following the Díaz criteria, with a minor adaptation 
considering the sequences of at least two days in Porto, 
with the 70th, 90th and 97th percentiles of minimum 
and maximum temperature as potential thresholds 
for a high probability of negative health outcomes in 
vulnerable human beings, the worst heat events from 
2002 to 2007 were found to be in July-August 2003, 
July 2006 and August 2006 (Tab. 7). 

For each event the observed and expected mortality 
and morbidity were calculated, revealing a considera-
ble excess of mortality and morbidity increase during 
each extreme heat event compared to more normal 
seasonal conditions (Tab. 8).

During these three extreme heat events, the behav-
iour of mortality (all causes) and morbidity by res-
piratory diseases (all causes, circulatory, bronchitis 
and asthma, COPD, pneumonia and pleurisy), circu-
latory diseases (all causes, stroke and heart failure) 
shows an excess of occurrences, reaching as much 
as 118 % of normal for COPD (Tab. 8). The analysis 
of daily records for some of these events shows that 
negative health impacts arose during the excessive 
heat episode and continued for the 2 to 5 days after-
wards (Monteiro et al. 2012b, 2012d).

In this paper we aim to go further and try to under-
stand whether such exceptional events have simi-
lar negative health impacts in all socio-economic 
groups, demographic categories and built environ-
ments. Initially we examined the mortality rate 

Tab. 5 Heat events in Porto according to WMO, Díaz, Thom’s and Heat Index criteria by decade (all months)

 WMO 
criteria 

Díaz 
criteria 

Thom's 
criteria 

Heat Index 
criteria 

 Number of events 

1901-1910 0 21 no data no data 

1911-1920 3 20 no data no data 

1921-1930 3 20 no data no data 

1931-1940 2 18 no data no data 

1941-1950 5 22 no data no data 

1951-1960 3 16 no data no data 

1961-1970 5 17 no data no data 

1971-1980 2 16 7 11 

1981-1990 2 25 8 14 

1991-2000 6 30 6 12 

2001-2007 6 31 10 14 

1901-1910 0 21 no data no data 

Total 37 236 31 51 
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30 July – 12 August 2003 11-18 July 2006 3 – 13 August 2006 
 Length: 14 days  Length: 8 days  Length: 11 days 

Tmax 

5 days > P99 (35.2 °C) 

Tmax 

3 days > P99 (35.2 °C) 

Tmax 

5 days > P99 (35.2 °C) 
2 days > P98 (33.9 °C) 3 days > P97 (33.0 °C) 1 day > P98 (33.9 °C) 
1 day > P95 (31.7 °C) 1 day > P95 (31.7 °C) 2 days > P97 (33.0 °C) 
2 days > P93 (30.6 °C) 1 day > P90 (29.1 °C) 1 day > P95 (31.7 °C) 
1 day > P68 (24.4 °C) 

Tmin 
6 days > P98 (19.2 °C) 2 days > P93 (30.6 °C) 

1 day > P73 (25.1 °C) 1 day > P97 (18.7 °C) 

Tmin 

7 days > P99 (20.0 °C) 
1 day > P80 (26.4 °C) 1 day > 90 (17.1 °C) 1 day > P98 (19.2 °C) 
1 day > P82 (27.0 °C)   1 day > P97 (18.7 °C) 

Tmin 

5 days > P99 (20.0 °C)   1 day > P96 (18.3 °C) 
2 days > P98 (19.2 °C)   1 day > P94 (17.8 °C) 
1 day > P97 (18.7 °C)     
1 day  > P96 (18.3 °C)     
1 day > P95 (18.0 °C)     
1 day > P94 (17.8 °C)     
1 day > P93 (17.6 °C)     
2 days > P92 (17.4 °C)     

 

Tab. 7 The three worst heat events in Porto in terms of intensity and duration, 2002-2007

Extreme heat event Observed (o) 
[no.] 

Expected (e) 
[no.] 

(o-e) 
[no.] 

(o-e)/ e 
*100  [%] PET 

Mortality 
30 July – 12 August 2003 490 365 126 34 % 27-47 °C 

11 – 18 July 2006 313 226 87 39 % 31-45°C 
3 – 13 August 2006 351  281  70 25 % 31-45°C 

Morbidity 
Respiratory diseases (all causes) 

30 July – 12 August 2003 288 229 60 26 % 27-47°C 
11 – 18 July 2006 204 144 60 42 % 31-45°C 

3 – 13 August 2006 237  173  64  37 % 31-45°C 
Circulatory diseases (all causes) 

11 – 18 July 2006 232 215 17 8 % 31-45°C 
Bronchitis and asthma 

3 – 13 August 2006 26 12 14 112 % 31-45°C 
Chronic disease obstructive 

11 – 18 July 2006 24 11 13 118 % 31-45°C 
3 – 13 August 2006 26 15 11 76 % 31-45°C 

Pneumonia and plearisy 
11 – 18 July 2006 41 24 17 68 % 31-45°C 

3 – 13 August 2006 39 25 14 56 % 31-45°C 
Stroke 

11 – 18 July 2006 31 29 2 7 % 31-45°C 
Heart failure 

3 – 13 august 2006 29 25 4 15 % 31-45°C 
 

Tab. 8 Observed and expected mortality and morbidity in Porto from 2002 to 2007 (adapted from Monteiro et al. 2012a and 2013b).
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among the people over 64 years old, as the elderly 
are more likely to die from causes independent of the 
indoor and outdoor climatic conditions (Fig. 6). 

Through a hierarchical multi-criteria analysis of all 
variables, using a GIS containing the most detailed 
available health, demographic and geographical 
data, we derived a deprivation index under extreme 
heat events. The analysis considers as variables af-
fecting the health of the isolated elderly: inadequacy 
and age of the dwellings, overcrowding in terms of 
living space, unemployment rate, income, illiteracy, 
sun exposure and slope (Fig. 7).

4.  Discussion

The results obtained from Porto confirm findings 
from other European temperate zone cities. As in Ber-
lin during the August 2003 heat wave, there is a vital 
need to find more efficient solutions that consider the 
complexity of the combined effects of “… heat waves, 
thermal stress, rapid urbanisation, growing number 
of elderly people and global climate change …” (Endli-
cher et al. 2008: 277, also Gabriel and Endlicher 2011, 
Philips et al. 2013). They also underline the importance 
of every urban built form and structural design option 
in understanding the local (dis)comfort areas inside 

Health heat stress in the Porto Metropolitan Area – a matter of temperature or inadequate adaptation? 

Fig. 6 Mortality of aged people in the Porto Metropolitan Area, 2011. Sources: IGEO-CAOP 2011; ACSS (2000-2007); PTDC/SAU-
ESA/73016/2006 (2012); INE (2001 and 2011)

Mortality (+64 years old) ‰
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a city and inevitably the heat stress over human be-
ings which corroborates much research on American 
cities (Stone et al. 2012) and on Porto (Monteiro et al. 
2012a, 2012d, 2013a, 2013b, 2013c). It strengthens 
the need of downscaling and readjusts the local and 
regional extreme heat thresholds, considering the 
specificity of the regional climate context, as well as 
the local impacts on climate driven by intense urban-
isation and socio-economic vulnerability.

The existing climate, socio-economic and health data 
available at the local scale (Almeida 2012) suggest 
that there is a health-temperature relationship in the 
Porto Metropolitan Area, and it appears reasonable to 
propose a new risk temperature threshold guideline 
and a list of recommendations (Tabs. 9 and 10). 

These thresholds and recommendations were ob-
tained after considering the day-to-day behaviour 

Health heat stress in the Porto Metropolitan Area – a matter of temperature or inadequate adaptation? 

Fig. 7 Deprivation index for the Porto Metropolitan Area. Variables of the deprivation index: Pie – % isolated elderly; P > 64 –  
% population over 64 years; Pbwrn – % buildings with repair need; Poh – % overcrowded housing; Ur – Unemployment 
rate; Pi-150€ – % incomes up to 150 €; Pbto 1919 – % buildings contructed before 1919; Ir – illiteracy rate; PseN – 
% exposure to N; Ps – % slopes > 8°.  Sources: IGEO-CAOP 2011; ACSS (2000-2007); PTDC/SAU-ESA/73016/2006 
(2012); INE (2001 and 2011)
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of mortality and morbidity both during and after the 
extreme heat event. They also reflect the validated ex-
isting Deprivation Index Map that considers the demo-
graphic, socio-economic and built bioclimatic outdoor 
and indoor discomfort features of the urbanised area 
(Monteiro et al. 2012b, Wilhelmi and Hayden 2010).

From the research in Porto, it would be more appropri-
ate and efficient to issue the warnings of possible nega-
tive public health outcomes during extreme heat events, 
when the maximum and minimum temperatures reach 
both 70th percentiles (25 °C – 29 °C; 15 ° – 17 °C). The 
risk is highest when the 97th percentile (37 °C; 
21 °C) is reached. These values differ considerably 
from those of other authors and especially from 
those used to issue official warnings (Dessai 2002, 
2003, D’Ippoliti et al. 2010). However, they are closer 
to those used in some case studies made in similar 
Mediterranean contexts (Díaz et al. 2006).

5.  Conclusions

This contribution clarifies the relevance of introduc-
ing major changes not only in the way heat warning 
systems are issued, but also in the way heat warn-
ing systems are established, if the goal is really to 
prevent negative health outcomes. The temperature 
thresholds should consider the historical data, as 
they are what people base their expectations upon 
and are biologically somewhat adjusted to.  Howev-
er, they should also incorporate the real present-day 
socio-economic and environmental conditions. So, 
the efficiency of a warning system is a matter of both 
(a) selecting the most appropriate and suitable tem-
perature thresholds, and (b) considering the skills 
that people have that enable them to adapt to chang-
ing hot-spell heat levels and their frequency of occur-
rence under global and local environmental change.
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