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Abstract
UTCI, although it was developed with the participation of scientists from 22 countries, it has shortcomings and 
people using it face various obstacles. The difficulties include wide range of issues: from different availability 
of meteorological data in individual countries, through the kind of air temperature which should be prop-
erly used in calculations, or the need of recalculation of wind speed. However the biggest subject concern 
algorithms for mean radiant temperature (Mrt) calculations, different models and programs which simplify 
calculations of this complex index though introduce different approximations and, as a result, many false 
results. The paper presents also wide range of UTCI applications in urban bioclimate studies and bioclimatic 
mapping, climate-human health researches and biometeorological forecasts which were the primary purpose 
of the index creation, but also applications in tourism and recreation or even in bioclimate change analysis.

Key words
problems with UTCI in use • data bases • mean radiant temperature • mapping • human health

Introduction

In 2019, 10 years had passed since the 
creation of a new biometeorological indicator. 
Its creators named it the Universal Thermal 
Climate Index (UTCI). Work on the develop-
ment of the index had been carried out since 
1999 when a commission had been set up by 
the Biometeorological Congress in Sydney 
to create a new, universal indicator that could 
be used in a wide range of bioclimatic and 
biometeorological applications, irrespective 

of the climate zone. The indicator was also 
intended to fully reflect the real heat exchange 
processes inside the human body when the 
human body is in contact with ambient condi-
tions. From 2006, parallel work had been car-
ried out under Action 730 of the COST pro-
gramme, with the participation of scientists 
from 18 European countries as well as from 
Israel, Canada, New Zealand and Australia.

After the work had been completed 
in 2009, the Index was presented to the scien-
tific community at a number of conferences 
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and in two dedicated publications. In 2012, 
a special issue of the International Journal 
of Biometeorology (vol. 56) was published. 
In 2013, a dedicated issue of Geographia 
Polonica (vol. 86, no. 1) presenting the out-
comes of the earliest research based on the 
UTCI was released.

The present issue of GP follows the UTCI 
international conference entitled ‘UTCI – 
Assessment Measure in Human Bioclimatol-
ogy – 10 Years of Application’, which was held 
in Warsaw in May 2019. The conference was 
attended by about 70 people from 19 count-
ries, and 40 papers and posters were delivered. 
In 2020, Miscellanea Geographica released 
a publication entitled ‘UTCI application in dif-
ferent spatial and temporal scales’ (https://con-
tent.sciendo.com/view/journals/mgrsd/mgrsd-
overview.xml), which presents 5 conference 
papers. The Special Issue of the International 
Journal of Biometeorology, UTCI – 10 years 
of applications, is now in print. Its texts are avail-
able online on the Journal’s website (https://link.
springer.com/journal/484/online-first).

Over the 10 years, the UTCI was applied 
widely in research not only in the field of bio-
climatology, but also in many related scientific 
disciplines. The most important of the UTCI 
applications include: assessment of regional 
and local features of bioclimate; urban biocli-
mate; recreation, tourism and sport; epidemi-
ology and health research; biometeorological 
forecasts; climate change; occupational health; 
bioclimatic mapping. Some of the above issues 
will be addressed by the book ‘Applications 
of the Universal Thermal Climate Index (UTCI) 
in Biometeorology’, which is being prepared 
on the initiative of Eduardo Kruger from the Fed-
eral University of Technology of Paraná (Brazil).

The purpose of the present text is to 
discuss the key problems that the authors 
of UTCI-based research encountered while 
preparing and conducting it. 

Methodological questions

When completing the work on the UTCI, its 
creators produced a methodological frame-
work covering: the method for calculating 

the UTCI, the preparation of sets of input 
data and the basis for interpreting UTCI 
values, including references to physiologi-
cal processes occurring in the human body. 
However, in practice, the guidance offered 
by the UTCI recommendations has not 
always responded to the problems encoun-
tered by researchers. These problems can 
be divided into several groups: (1) the avail-
ability and quality of meteorological data 
necessary to calculate the UTCI, (2) the 
method of calculating the mean radiation 
temperature, (3) the determination of wind 
velocity, (4) the interpretation of the UTCI 
in non-standard applications (various forms 
of sport, recreation and tourism), (5) the cre-
ation of UTCI distribution maps.

Availability of meteorological data

The UTCI is used, inter alia, to assess the 
regional and local characteristics of a biocli-
mate. Such research relies on long or short 
sequences of meteorological observations 
from national networks of weather stations. 
Although measurements at meteorological 
stations are standardised, there are major 
differences both as regards the measure-
ment and methods of observation (e.g. some 
meteorological services have switched to full 
automation of measurements at most sta-
tions) and the manner of their public pres-
entation (e.g. digital and paper databases) 
and availability to researchers. Access 
to raw measurement data varies from coun-
try to country. In some of them (e.g. Poland, 
Germany, Ireland, Finland, Switzerland, Ser-
bia, Russia, USA and Canada) point-in-time 
values of the various meteorological ele-
ments, including temperature, are generally 
available and there are no major problems 
with access to historical data (although the 
data series start dates vary between these 
countries). Nevertheless, in many countries 
access to point-in-time observational data 
is still limited or impossible to get. There-
fore, some research is based on the results 
of researchers’ own field measurements 
addressing a specific problem. 
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In research practice, use is made of vari-
ous global databases that are available. 
Examples include:
• synoptic messages (SYNOP and METAR), 

available for selected stations in the 
OGIMET database (https://www.ogimet.
com/index.phtml.en),

• daily data published on NOAA websites 
(https://www.ncdc.noaa.gov/cdo-web/) 
and TuTiempo (https://en.tutiempo.net/
climate),

• the METEONORM database, containing 
hourly data for the Typical Meteorological 
Year (https://meteonorm.com/), 

• database of the European Centre for 
Medium-Range Weather Forecasts (ECM-
WF) available at the Copernicus Climate 
Change Service C3S (https://cds.climate.
copernicus.eu/). 
Each of these databases has its own 

specificities, which researchers must bear 
in mind when undertaking research. For 
example, synoptic messages are coded. 
Naturally, they can be decoded by software, 
but it must be remembered that messages 
are archived in the form in which they have 
been generated at a given station and are 
made available by the national meteorologi-
cal service. The database can have both cod-
ing errors and gaps for some observation 
dates. Besides, the database only includes 
post-2000 data.

The NOAA and TuTiempo databases 
contain daily values of some meteorological 
elements: mean, maximum and minimum 
temperatures, average air humidity (or dew 
point temperature), average and maximum 
wind velocity, gusts of wind, atmospheric 
pressure, rainfall totals, average horizontal 
visibility and/or general cloudiness. The use 
of average values in UTCI calculations can 
only be used for overall assessment of the bio-
climate of a given place and cannot be used 
for analysing the thermal stress to which 
a person is subjected at a given moment and 
place, which will be discussed below.

The METEONORM database contains 
multi-annual monthly mean values for a wide-
ranging set of meteorological data for various 

research periods. It includes, inter alia, hourly 
values of the meteorological elements neces-
sary to calculate the UTCI (air temperature 
and humidity, wind velocity, total solar radia-
tion, total cloudiness), which are generated 
on the basis of 10-year observation sequenc-
es for the typical weather year. The typical 
meteorological year (TMY) is a set of mete-
orological data with data values for every 
hour in a year for a given geographical loca-
tion. The data are selected from hourly data 
over a longer time period (normally 10 years 
or more). Therefore, these data are not suit-
able for studying long-term UTCI trends. 
Nevertheless, they can successfully be used 
for cross-regional (interregional) comparative 
research, both as regards the UTCI values 
themselves and the frequency of the different 
Index categories.

The ECMWF database contains global 
meteorological data from re-analyses and cli-
mate models. Meteorological variables were 
used to calculate worldwide historical grid-
ded UTCI values and to draw UTCI maps (the 
automated routine implemented to generate 
ERA5-HEAT was developed as part of the 
Copernicus Climate Change Service C3S 
implemented by the ECMWF). The UTCI time 
series is a sequence of spatial grids at 0.25° 
resolution (approximately 28 km at the equa-
tor) and 1-hour intervals (di Napoli et al., 
2020a, b). 

Despite the clearly easier access to mete-
orological databases than a dozen or so years 
ago, this problem persists. The authors of the 
indicator developed a statistical regression 
model in which the UTCI is a function of four 
meteorological variables: air temperature 
(ta), water vapour pressure (vp), wind velocity 
at a height of 10 m above the ground (v10m) 
and mean radiation temperature (Mrt). 
While the first three variables are standard 
data measured at meteorological stations, 
the Mrt should be determined on the basis 
of other source data. It should be added 
that the assessment scale of the UTCI refers 
to transient meteorological conditions. 
Therefore, a complete and reliable analysis 
of biothermal conditions can be made only 
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on the basis of point-in-time data, from a spe-
cific observation date, e.g. 12 UTC, from seve-
ral (3-8) observation dates, and even from 
24 measurements per day. Below are some 
tips on how to perform UTCI calculations and 
how to interpret their results when the input 
data set is suboptimal.

Air temperature

Daily mean values of the meteorological 
elements used in some research are only 
useful in measuring the biometeorological 
conditions in a very general way, and are 
not suitable for assessing the actual thermal 
stresses on the body. For example, such data 
can be the basis for studying trends in ther-
mal stress change over decades, but not 
for establishing the relationships between 
these trends and specific stress categories. 
Such an analysis can be used for compar-
ing bioclimates of different places (provided 
that use is made of the same type of mete-
orological data for each of them), but can-
not capture the thermal stress on a person 
at a given moment and place. Moreover, 
calculations based on daily mean values 
produce a ‘flattened’ picture of the annual 
cycle of the UTCI, with no information about 
extreme values. 

To some extent, this problem may 
be solved by calculating the UTCI for maxi-
mum values of daily temperature, which 
are typically recorded in the early after-
noon. This is exemplified by Warsaw data 
from 2019. The annual amplitude of the 
UTCI (calculated from monthly averages) is: 
42.0°C for 12 UTC data (UTCI-12), 41.6°C 
for values based on the maximum daily air 
temperature (UTCI-max), and only 38.5°C 
for values based on the average daily tem-
perature (UTCI-avg). In the months from 
October to March, there is a noticeable 
overestimation of UTCI-tmax in relation 
to UTCI-12, and from May to August, UTCI-12 
was better reflected by UTCI-tmax than 
by UTCI-avg.

However, in order for daily values of mete-
orological variables (t, tmax, tmin, v, f and N) 

to be used for analysing thermal stress 
at specific times of the day, comparative stud-
ies must be carried out on the basis of reli-
able, independent observational material, 
linking the daily values of these elements with 
their values observed in a given geographic 
region at these specific times of the day. 
However, it should be remembered that they 
are approximate values that can produce 
probable UTCI values, and the categories 
of thermal stress assigned to them can only 
be treated as indicative. 

Wind velocity

Another problem linked to input data is posed 
by the wind velocity thresholds at which the 
UTCI equation can be solved. It is recom-
mended that these should be 0.5 and 30 m/s. 
Therefore, when undertaking these calcula-
tions, 0.5 m/s should be adopted for veloci-
ties lower than the former of these thresholds. 
Regarding the upper threshold, 27 m/s has 
been found to be a reasonable value. Failure 
to take into account the above velocity thresh-
olds (0.5 and 27.0 m/s) in the calculations 
will lead to erroneous, highly unpredictable 
UTCI values.

It should also be remembered that the 
regression equation employed to calculate 
the UTCI uses wind velocity at a height 
of 10 m above the ground, which keeps the 
standard of meteorological stations. In the 
case of research based on a researcher’s 
own field measurements, when the wind 
velocity is measured at a height of 1.5-2.0 m 
above the ground, it is necessary to convert 
the velocity to that at a height of 10 m. There 
are several formulae for this purpose. The for-
mula proposed by Liopo and Cycenko (1971) 
is relatively simple and often used:

v10m = vw (10/hw)0.2 

In the case of research on the UTCI within 
various city structures, Bröde et al. (2013) pro-
pose that the wind velocity be recalculated 
to 10 m using the above equation for wind 
velocity change with height.
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If wind velocity (v) is expressed in knots 
or km/hour, it should be recalculated to m/s.

Humidity

In order to calculate the UTCI, it is necessary 
to use air vapour pressure (vp), expressed 
in hectopascals. When preparing a data-
base, it is necessary to check in what units 
this meteorological variable is expressed and, 
if necessary, the pressure must be converted 
to hPa. The key software for calculating UTCI 
(e.g. BioKlima, RayMan) also allows relative 
humidity (f) and/or dew point temperature 
(td) to be entered instead of vp. 

BioKlima uses the following conversion for-
mulas for this purpose:

vp = 6.112·10 [7.5·ta / (237.7 + ta)] ·0.01·f

vp = 6.11·e{5417.753·[1 / 273.16] – [1 / (273.16 + td)]}

Mean radiant temperature 

Mrt is a value which characterises the ther-
mal impact of solar and thermal radiation 
of the surroundings on man. Mrt represents 
a uniform surface temperature of an imagi-
nary enclosure surrounding the person. 
According to the above definition, when cal-
culating Mrt, account must be taken of both 
the fluxes of solar radiation (short-wave, Kglob 
and reflected Kref) that reaches humans, and 
of thermal radiation (long-wave), i.e. radiation 
emitted by the atmosphere (La), the ground 
surface (Lg) and objects in our surroundings 
(trees, building walls, etc., Lo):

Mrt = f (Kglob, Kref, La, Lg, Lo)

Naturally, the above general function (f ) 
requires the development of detailed algo-
rithms, and unfortunately there is no one-
size-fits-all solution in this regard. The origi-
nal UTCI recommendations (Weihs et al., 
2012) stressed that the calculation of Mrt 
should be based on data relating to individu-
al short-wave and long-wave radiation fluxes 
taken from climate measurements or models. 

In the initial period of UTCI research, the data 
were not widely available. Over the years, 
in the course of re-analyses by the ECMWF, 
the aforementioned global meteorological 
database was created on the basis of which 
point-in-time Mrt and UTCI values are cal-
culated. These are freely available from the 
Climate Data Store, CDS, developed as part 
of the Copernicus Climate Change Service 
C3S implemented by the ECMWF (CDS 2020). 
Currently, the database covers the period 
after 1981, and its time step is 1 hour (di 
Napoli et al., 2020a, b), so it cannot be used 
in studies for pre-1981 timespans. In station-
specific research, it must be remembered 
that use must be made of data from the near-
est 0.25° grid node (approximately 28 km 
at the equator). 

In the case of intra-urban bioclimates, 
numerous theoretical and experimental 
studies have been carried out to approxi-
mate the Mrt value as accurately as pos-
sible. The results of these studies are used 
in various computational fluid dynamics 
models, e.g. MITRAS (Schlünzen et al., 2003), 
ENVI-met (Brüse, 2004), SOLWEIG (Lindberg 
et al., 2008), MUKLIMO_3 (Sievers & Früh, 
2012; Sievers & Kossmann, 2016), HURES 
(Park et al., 2014), UrbClim (de Ridder et al., 
2015), and most recently PALM (Maronga 
et al., 2020). For built-up areas, use can also 
be made of the RayMan model (Matzara-
kis et al., 2010), which uses the VDI proce-
dure to calculate Mrt (VDI, 2008; di Napoli 
et al., 2020b). 

In studies based on standard meteoro-
logical data, the model most frequently used 
for calculating Mrt is the one implemented 
in the BioKlima 2.6 software. Based on the 
meteorological information available, the 
program selects one of the four models for 
determining Rprim, i.e. the amount of solar 
radiation absorbed by a nude man, namely: 
SolAlt (when only data on total cloudiness 
is available), SolGlob (when data on the inten-
sity of total solar radiation is available), Sol-
Dir (when data on the intensity of direct and 
diffuse radiation is available) or SolVis (when 
only horizontal visibility data is available). 
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Each of these models also requires informa-
tion about the height of the sun on a specific 
observation date (Błażejczyk, 2004, 2005; 
Błażejczyk & Kunert, 2011). Then, based 
on Rprim and other meteorological variables, 
Mrt is calculated using the following formula:

Mrt =  [(Rprim + 0.5·Lg + 0.5·La) / 
(5.384·10-8)]0.25 – 273

where:
La =  5.5·10-8·(273+ta)4·

[0.82-0.25·10(-0.094·0.75·vp)],
Lg = 5.5·10-8·(273+Tg)4

where: 
La – backward sky radiation, 
Lg – ground radiation, 
ta – air temperature and 
Tg – ground surface temperature estimated 
as follows: 

Tg = ta – (for cloudiness, N > 80%)
Tg = 1.25∙ta – (for N < 80% & ta > 0°C)
Tg = 0.9∙ta – (for N < 80% & ta < 0°C)

When daily mean values of the mete-
orological variables are used to calculate 
the UTCI, use should be made of the height 
of the sun at noon, i.e. the one that represents 
the middle of the day.

UTCI in selected applications

Another methodological problem lies 
in determining the time of the day to which 
the UTCI will relate, the method for data 
analysis and interpretation, and the method 
for graphical/tabular presentation of data. 
The decision on these matters depends not 
only on the type and quality of the source 
meteorological data, but also on the pur-
pose of the research. Studies by Błażejczyk 
et al. (2010, 2012) and Okoniewska (2020) 
demonstrate that the UTCI observed 
at noon shows the greatest intraday spatial 
differences, even over a small area. There-
fore, most bioclimatic studies typically rely 
on the UTCI value observed at noon when 

the greatest outdoor human activity and 
the greatest variation in thermal stress 
conditions, and thus the greatest human 
exposure to this stress, are observed. 
The remaining problems identified above 
will be discussed based on the example 
of the use of the UTCI in research on urban 
bioclimate, tourist and recreational evalu-
ations, climate impacts on mortality and 
morbidity, UTCI mapping, and assessments/
forecasts of bioclimate changes, including 
thermal stress conditions.

Urban bioclimate

In the modern world, most of the population 
is concentrated in cities. Therefore, studies 
of the climate and bioclimate of cities are 
widely undertaken on all continents and at all 
latitudes. Urban thermal stresses are usually 
compared to those observed at extra-urban 
stations. As with regional studies, use is made 
of the same UTCI measures (Mąkosza & 
Nidzgórska-Lencewicz, 2011; Bröde et al., 
2013; Nowosad et al., 2013; Błażejczyk 
et al., 2014a, b; Lukić & Milovanović, 2020). 
In urban bioclimate research, the UTCI 
may be, and is likely to be, increasingly 
based on modelled data on account of their 
availability. 

Relying on field measurements is another 
approach to research on bioclimatic differ-
ences. Measurement campaigns are relative-
ly short (from a few days to several weeks) 
and are conducted in various city locations 
with different types of management and 
development. Such research conducted 
in Warsaw housing estates in 2013 demon-
strated a strong relationship of the UTCI not 
only with the size of the biologically active 
area, but also with the spatial structure of the 
estate (Błażejczyk et al., 2014a, b). Short 
series of measurements aimed at assessing 
the possibility of using the UTCI for landscape 
planning and design were conducted in Can-
ada and South Korea (Park et al., 2014) and 
Brazil (Bröde et al., 2012). The effect of urban 
greenery, especially parks, on thermal 
stress in cities has been researched by field 
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studies in Florence (Petralli et al., 2020) 
and in Warsaw (Błażejczyk et al., 2014b; 
Kuchcik et al., 2016). The greatest challenge 
in such surveys lies in locating the measuring 
station so as to ensure that its siting is repre-
sentative of the spatial unit under study and, 
at the same time, safe, as well as in engaging 
a sizable group in the research. 

In assessing the bioclimate of a city and its 
surroundings, especially if the city has a var-
ied topography, use can be made of UTCI 
values calculated using a simplified formula 
(Błażejczyk et al., 2014a), in which Mrt takes 
into account factors affecting change in solar 
radiation which depend on the landform, land 
cover and land development, factors that are 
very variable in cities (Błażejczyk, 2011a). 
Such approximations are useful in model-
ling biothermal urban conditions in different 
types of weather, with various values of the 
set of meteorological elements. Such stud-
ies have been conducted, inter alia, in War-
saw (Błażejczyk, 2011b), Lublin (Dobek et al., 
2013), or in the cities of the Ziemia Kłodzka 
region in Poland (Milewski, 2013). 

Human health

As the key purpose of the UTCI is to deter-
mine how the human body responds to the 
surrounding thermal environment, using the 
UTCI in research on the effect of thermal con-
ditions on the relationship between morbidity 
and mortality is a very natural theme of inter-
est. Heat stress mortality studies differ 
in terms of the approach to UTCI. Sometimes, 
predetermined UTCI thresholds defined 
by the creators of the Index are used. These 
define the individual types of thermal stress, 
and the increase/decrease in mortality due 
to the different types is analysed. This was 
done by researchers in Moscow, who studied 
deaths caused by individual groups of diseas-
es (Shartova et al., 2019), in the city of Mash-
had, Iran (Fallah Ghalhari & Mayvaneh, 2016), 
or in various regions of Poland (Błażejczyk A. 
et al., 2018). This approach does not take into 
account the adaptation of a given popula-
tion to the climate where they live (Błażejczyk 

& McGregor, 2007). Nevertheless, it is useful 
in comparing different places with each other 
and with the results of research teams from 
different countries. 

The 10% and 90% quantiles of the UTCI, 
and even 5% in winter and 95% in summer 
(Urban & Kyselý, 2014) can also be adopted 
as the thresholds above/below which mortali-
ty or morbidity is analysed. Such an approach 
takes into account the climatic conditions of the 
place and people’s adaptation to the climate, 
and, in fact, marks the extreme conditions.

The third way is not to adopt any strict 
assumptions about the UTCI. In such a case, 
the curves of the dependence of mortality 
on the UTCI are determined using regression 
methods, typically the Generalised Additive 
Model, with increases/decreases in mortality 
shown above/below specific UTCI values. This 
was more or less how – albeit with the use 
of data from reanalysis and grid data – mortali-
ty in many European cities in the years 1979-
2016 was examined (di Napoli et al., 2018), 
and how, based on actual data, mortality 
for groups of diseases in several Polish cities 
in the years 1975-2014 were studied (Kuchcik, 
2017, 2020). The second method allows, inter 
alia, an increase/decrease in mortality to be 
attributed to each 1°C of increase/decrease 
in the UTCI and best describes the actual 
relationship between the phenomena stud-
ied. This method was also used to study flu 
episodes and their dependence on the UTCI 
(Lindner-Cendrowska & Bröde, 2021) and 
in a study of cardiovascular morbidity in the 
Iberian Peninsula (Santurtún et al., 2020).

The UTCI is also used for assessing the 
therapeutic potential of Poland (Kuchcik et al., 
2013) and how the bioclimatic conditions 
of health resorts relate to the needs of spa 
operators, a topic which has been worked 
on for over a dozen years at the Climate 
Impacts Laboratory at the Institute of Geog-
raphy and Spatial Management of the Polish 
Academy of Sciences. Here, the main purpose 
is to determine the frequency of days and 
spells when cold or hot stress may constrain 
the use of climatotherapy and even threaten 
the health of patients. 
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Tourism and recreation

Tourism and recreation are among the key 
aspects of human lives. Bioclimatic studies 
take into account various forms of physical 
activity and different weather scenarios. 
The aim of such research is to identify the 
places where and times when the exercise 
of various physical activities is the most ben-
eficial. The book by Błażejczyk and Kunert 
(2011) is a comprehensive compendium 
of methods (including the UTCI) which can 
be used in such studies. 

In the case of day- or hours-long forms 
of recreation and tourism, it is important 
to identify the biothermal contrasts, if any, 
between different times of day and between 
successive days (Błażejczyk, 2011a; Kuchcik 
et al., 2013; Pecelji et al., 2021).

Biothermal contrasts can also be the basis 
for large-area research, when tourism chang-
es the climatic conditions quickly and drasti-
cally. The practical purpose of such research 
is to propose recommendations on how 
to prepare for a trip to a different climate 
zone (Błażejczyk & Vinogradova, 2014).

Traditional methods and indicators for 
assessing climate from the perspective of tour-
ism and leisure pertain to so-called human 
thermal sensations. This way of assessing 
the thermal environment is sometimes trans-
ferred to the interpretation of the UTCI. This 
is a fundamental mistake, as the UTCI assess-
ment scale refers to thermal stress. The same 
type of thermal stress may be felt by individu-
als or populations as a stimulus causing dif-
ferent thermal sensations. In recent years, 
research has been initiated on the perception 
of the thermal environment, both from the 
perspective of thermal sensations and ther-
mal stress. UTCI field measurements and sur-
veys of various groups of respondents have 
been carried out in Curitiba, Brazil (Krüger, 
2017) and in Warsaw (Lindner-Cendrowska 
& Błażejczyk, 2018). During the 2019 UTCI 
conference in Warsaw, an initiative was pro-
posed to create a global database with data 
on thermal perception in various climate 

zones and types of environment. The project 
is coordinated by Kevin Ka-Lun Lau from the 
Institute of Future Cities, the Chinese Uni-
versity of Hong Kong and Eduardo Krüger 
from Universidade Tecnologica Federal 
do Parana, Curitiba, Brazil. In order to join 
the project, readers should contact one of the 
coordinators.

Bioclimatic mapping

One of the important aims of climatic and 
bioclimatic studies is to define the spatial dif-
ferentiation of particular climate elements 
and/or bioclimatic indicators. Several meth-
ods of UTCI mapping are in use. In general, 
authors apply isoline maps, based on point 
data (usually meteorological stations) (Vino-
gradova, 2020; Kuchcik et al., 2021), raster 
maps (Milewski, 2013; di Napoli et al., 2020a) 
or typological maps (Błażejczyk & Błażejczyk, 
2014). Recent years have brought a new 
source of meteorological data taken from cli-
matic re-analysis undertaken in the European 
Centre for Medium-Range Weather Forecasts 
(ECMWF). Meteorological variables were 
used by di Napoli et al. (2020b) to calculate 
worldwide historical gridded Mrt and UTCI 
data and to draw UTCI maps. The automated 
routine implemented to generate ERA5-HEAT 
provides UTCI time series as a sequence 
of spatial grids of 0.25° resolution and 1-hour 
intervals. ECMWF and ERA5-HEAT data are 
applied in raster mode for regional research. 

The typological maps are based on 
Błażejczyk’s method developed in 2002 
(Błażejczyk, 2002) and modified by Kunert 
(2010). The method can be applied in UTCI 
mapping on a local scale, assuming different 
types of weather. Maps such as those already 
mentioned in the context of city bioclimate 
research have been prepared, inter alia, for 
Warsaw (Błażejczyk, 2011b), Lublin (Dobek 
et al., 2013), cities of the Ziemia Kłodzka 
region (Milewski, 2013), and for some Polish 
health resorts (Błażejczyk et al., 2014a).

Recently, researchers from China have 
attempted to use satellite imagery and 
surface temperature in UTCI mapping. 
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However, although reference was made 
to meteorological station measurements, the 
entire procedure seems disputable. The suc-
cessive levels of data modelled under various 
assumptions on the basis of which the UTCI was 
calculated in a simplified way make it dif-
ficult to say what the maps actually show 
(Wang et al., 2020).

Bioclimate change analysis

In recent years, great importance has not 
only been attached to climate change, but 
also to bioclimate changes. The UTCI has 
been used to analyse multi-annual trends 
of changes in hazardous heat and cold stress 
in humans in many cities in Poland in the peri-
od 1951-2018 (Kuchcik et al., 2021) or in the 
cities of Lower Silesia in the years 1966-2017 
(Głogowski et al., 2020). 

The UTCI is also used in forecasting 
bioclimate changes according to vari-
ous scenarios. For example, in the analysis 
of the German bioclimate forecast for the 
years 2031-2050, the input data consisted 
of UTCI values obtained using the COSMO-
CLM model, which were superimposed 
on a digital terrain model. This produced maps 

of Germany with the potential number of days 
with different intensities of thermal stress 
and different lengths of spells with oppressive 
weather (Brecht et al., 2020). Another exam-
ple of how the UTCI can be used in forecast-
ing is the analysis of human exposure to ther-
mal stress in Vienna’s street canyons in the 
light of the changing climate and increasingly 
frequent heatwaves, which was also carried 
out using modelled climatic data with differ-
ent temporal and spatial resolution based 
on the Corine land surface dataset (Trimmel 
et al., 2021). When conducting such analy-
ses, it must be borne in mind that they are 
based on modelled data and present a very 
approximate picture of the future.

Climate change forecasts based on vari-
ous SRES scenarios (A2, A1B, B1) have also 
been the basis for predicting changes in ther-
mal stress according to the UTCI. They have, 
for instance, been completed for Poland 
(Błażejczyk et al., 2013, 2018, 2020) and 
Hong Kong (Cheung & Hart, 2014).

Editors‘ note:
Unless otherwise stated, the sources of tables and 
figures are the authors‘, on the basis of their own 
research.
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