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Global warming is accelerating and according to the World Meteorological Organiza-
tion (WMO), the decade from 2011 to 2020 was the warmest recorded decade ever. In a
“warming planet”, the changes in the mean temperature are accompanied by simultane-
ous increases in the intensity and frequency of climatic extremes, like exceptionally hot
weather. Heat waves (HWs) in particular—broadly understood as prolonged periods of
excess heat—rank among the most hazardous climatic extremes, with profound impacts on
human health and natural systems. Apart from climatic factors, exposure and sensitivity
(or vulnerability) of a population to thermal risk involves a variety of socioeconomic and
demographic components, like urbanization levels, population ageing, economic status,
adaptive capacity, and others. Today, urban areas are home for more than 55% of the global
population, and this proportion is going to increase in the near future. Urban residents
are more vulnerable to HWs due to the added effect of the Urban Heat Island (UHI), a
phenomenon that makes cities hotter than the surrounding non-urban sites, but also the
synergistic reactions between UHIs and HWs that exacerbate the strength of UHIs and
increase heat stress. This Special Issue (SI) presents a number of innovative studies on the
topic, focusing on urban areas. Long-term trends in HWs and heat stress metrics at cities
of different climate and size, and simulations of the urban thermal environment using
air temperature and/or other thermal (bioclimatic) indices, but also interactions between
HWs and UHIs and social components affecting urban thermal risk, are addressed and
highlighted in this SI.

In their study, Founda et al. [1] assessed exposure of the European population to
extreme weather and thermal stress, by analysing historical climatic data spanning several
decades at cities of different background climates, ranging from warm Mediterranean cities
like Athens (Greece) to very cold cities of northern Europe like Helsinki or Oulu (Finland).
The results demonstrated that hot extremes and “great discomfort” conditions based on
bioclimatic indices have almost tripled during the last two or three decades, especially at
southern cities, while northernmost cities have experienced an unprecedented increase
in HWs during the last decade, when heat-related “discomfort” conditions have also
become increasingly more frequent compared to the 1970s or 1980s, when such conditions
were absent.

The papers by Katavoutas and Founda [2] and Rasilla et al. [3] focus on Mediterranean
cities and study the characteristics and trends of HWs metrics over long periods, as well as
the synergies between HWs and UHIs. The Mediterranean has been assigned as one of the
most responsive to climate change areas in the world, with respect to the observed and
projected thermal risk. Thermal comfort/discomfort conditions were assessed using both
simple indicators, like the Heat Index (HI) or Humidex (HD), and advanced (or rational)
thermal indicators, which are based on a human heat balance model, like the Universal
Thermal Comfort Index (UTCI) and the Physiologically Equivalent Temperature (PET).

Rasilla et al. [3] analysed a centennial record of air temperature in Madrid and found a
shift by +1.5 ◦C in the mean air temperature during the recent period 1980–2017 compared
to the previous period 1948–1979, accompanied by a significant increase in the frequency
and duration of HWs after the 1980s. The authors also studied UHI intensity using air
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temperature records at different urban and non-urban stations and land surface tempera-
ture (LST) images from MODIS products to assess the surface UHI (SUHI), and investigate
the possible synergistic interactions between UHIs and HWs. Positive feedbacks between
UHIs and HWs are reported in this study, with exacerbation of the nocturnal rather than
daytime UHI intensity during HW episodes. In regards to the surface UHI, both diurnal
and nocturnal SUHI were found to increase during HWs but without symmetrical magni-
tudes of increase, with the average value of the nocturnal SUHI reaching 2 ◦C, being twice
as high the diurnal one.

In their study, Katavoutas and Founda [2] introduce the Urban Heat Stress Intensity
(UHSI) index—in-line with the well-known Urban Heat Island Intensity (UHII) index—
using bioclimatic instead of air temperature indices and assessing the difference of heat
stress conditions between urban and non-urban sites during HW and non-HW periods.
The analysis demonstrated a robust intensification of nighttime heat stress conditions in
urban, compared to non-urban sites during severe heat waves, implying positive feed-
backs between HWs and UHSI. Nevertheless, severe heat waves almost equalized heat
stress conditions between urban and non-urban sites during midday. The results were
very consistent between the two bioclimatic indicators used to assess heat stress in the
study, namely the simple, well-known Humidex (HD) and the rational UTCI, taking into
consideration the mechanisms of heat exchange and the thermo-physiological process on
the human body.

Using a single-level Urban Canopy Model (UCM), combined with observations and
Landsat satellite data, Chen et al. [4] simulated high-resolution spatial distribution of air
temperature, humidity, heat index, and UHI intensity in a very effective way, in Suzhou
City (China), suggesting the validity of the model to capture microclimate features within
the urban environment, necessary for urban climate analysis and adaptation/mitigation
studies. The spatial distribution pattern of urban heat islands was found to be highly
consistent with urban land cover fraction, with the annual average UHI intensity ranging
from 1.2 to 0.8 ◦C, depending on the density and ventilation of urban areas.

Despite any observed or simulated trends in indices related to thermal stress and the
possible synergies between HWs and UHIs in urban environments, the health outcome
of extreme temperatures is also subject to a number of additional, social factors, includ-
ing population acclimatization, psychology, subjectivity to thermal comfort/stress, and
behavioural practices. The paper by Elnabawi and Hamza [5] addresses some of these
components. The study conducts a critical assessment of the outdoor thermal comfort
studies from a behavioural point of view, paying particular attention to perceptions of
outdoor thermal comfort and the use of outdoor space in the context of urban planning.
The study discusses limitations, weaknesses, and gaps of the adopted methods in litera-
ture studies, while underlining the need for data that capture the subjective sensation of
urban surroundings in order to reveal a wider perspective of the evaluation of outdoor
thermal comfort. In this direction, the authors also propose a comprehensive framework
for examining the behavioural aspect of outdoor thermal comfort, linking the microclimatic
environment with subjective thermal assessment and social behavior.

In the context of a rapidly warming and urbanizing environment, I believe that this SI
will be a useful contribution to the literature, and will inspire future work on the topic.
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