
&p.1:Abstract For 12 selected synoptic stations of the Greek
Weather Service, the daily 12 UTC values of the thermal
index Predicted Mean Vote (PMV) were calculated for
the years 1980 to 1989. The locally varied occurrence of
diverse thermal sensation and particularly of strong heat
stress were analysed in relation to the human-biometeo-
rological significance. With the help of a statistical mod-
el, PMV values of individual stations were transformed
into a high-resolution bioclimatic map. The map presents
the average annual number of days with at least strong
heat stress (PMV>3.0).
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Introduction

During the 1980s, the summer seasons in Greece were
often governed by meteorological conditions that were
extremely burdensome for human beings (Giles and Bal-
afoutis 1990; Giles et al. 1990; Matzarakis and Mayer
1991). The topography of Greece is varied, comprising
extensive mountainous regions as well as wide coastal
plains and numerous islands. Additionally, coastal areas
and islands are influenced by sea-breezes causing con-
siderable changes to human sensation of the ambient
thermal conditions at different locations. Particularly
with regard to economic factors such as the substantial
tourism industry, it is important to determine regions
with heat stress in summer and regions with a lower level
of thermophysiological stress by means of bioclimatic
maps.

Methods
Human-biometeorological studies on the effect of ambient thermal
conditions on human comfort, referred to as the thermal effective
complex, have been carried out during the past 50 years (Sibbons
1966; Jendritzky 1991). The thermal effective complex consists of
meteorological parameters that affect the human being in thermo-
physiological terms (Koch et al. 1992). The parameters are air
temperature, air humidity and wind speed, as well as short- and
long-wave radiation, which are parameterized by the mean radia-
tion temperature. The significance of these parameters to human
health is closely related to the thermo-circulatory system of the
human body.

Human-biometeorogical studies in the past have been based on
indexes, which consisted of only a single meteorological parame-
ter or a combination of factors. A major disadvantage of these in-
dexes is their lack of physiological relevance (Mayer and Höppe
1987). The currently more popular thermal indexes, by contrast,
do have physiological relevance, being derived from the parame-
ters of human energy balance (Höppe 1993). A fundamental ener-
gy balance equation for human beings, the comfort equation, was
described by Fanger (1972). The ‘Klima-Michel Model’ (KMM)
incorporates this comfort equation, with approaches for short- and
long-wave radiation fluxes, as shown in several applications
(Jendritzky et al. 1990; Mayer 1993). The calculated value of the
Predicted Mean Vote (PMV) derived from KMM represents the
average assessment of the thermal environment for a large sample
of human beings according to a comfort scale (Table 1). The Kli-
ma-Michel model, procedure of calculating PMV and advantages
of PMV are discussed in detail by Jendritzky et al. (1990), Höppe
(1993) and Matzarakis (1995). PMV may be said to be a well-suit-
ed measure for assessing the thermal environment of different out-
door-climates in a physiologically relevant manner.

In the present study, PMV values for selected synoptic stations
of the Greek Weather Service (Fig. 1) were calculated for the
years January 1, 1980 to December 31, 1989. Owing to the neces-
sity to analyse extreme thermal conditions, only meteorological
data of observations at 12 UTC (Universal Time Coordinated)
were utilized. The preparation of air temperature, water vapour
and wind speed data for use in the Klima-Michel model posed no
difficulty. However, to include short- and long-wave radiation, a
radiation model needed to be developed, which provided the mean
radiation temperature as additional meteorological input parameter
for the Klima-Michel model (Jendritzky et al. 1990; Matzarakis
1995).

In addition to the meteorological parameters, the Klima-Mi-
chel model requires the input of personal data. For this study, a hu-
man activity level of light physical work (= 80 W) was chosen.
Clothing, with regard to its relevance to thermal resistance Icl, was
adjusted according to the prevailing meteorological conditions,
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with air temperature as the controlling factor. The Icl-values given
in Table 2 are typical of Greek conditions and were integrated into
the Klima-Michel model. They were determined empirically.

Results

Human-biometeorological assessment
of the thermal environment at synoptic stations

The human-biometeorological assessment of the thermal
environment at selected synoptic stations may be repre-
sented by histograms of the daily PMV values. Data for
Hellinikon station at Athens airport are shown in Fig. 2.
This method has the advantage of allowing easy analysis
of extreme values.

The calculated PMV values represent the climatic
conditions at each individual station. Particularly in sum-
mer, the dependence of the PMV value on the location
results in a marked variation between PMV values calcu-
lated for different stations. Low-altitude continental sta-
tions (e.g. Larisa) show much higher thermal stress than
coastal stations (e.g. Hellinikon) or stations in elevated

Fig. 1 Locations of selected
synoptic stations of the Greek
Weather Service&/fig.c:

Table 1 Predicted Mean Vote (PMV), thermal sensation and
physiological stress level (modified after Jendritzky et al. 1990)&/tbl.c:&tbl.b:

PMV Thermal sensation Physiological stress level

Very cold Extreme cold stress
Cold Strong cold stress
Cool Moderate cold stress
Slightly cool Slight cold stress
Comfortable No thermal stress
Slightly warm Slight heat stress
Warm Moderate heat stress
Hot Strong heat stress
Very hot Extreme heat stress

&/tbl.b:

Table 2 Thermal resistance of
clothing (Icl) with dependence
on air temperature Ta at 12
UTC for the human-biometeo-
rological investigation in
Greece&/tbl.c:&tbl.b:

Ta (°C) Icl (clo)

<0 2.0
0–15 1.5

15–25 1.0
25–30 0.75

>30 0.5

&/tbl.b:

−3.5
−2.5
−1.5
–0.5
0.5
1.5
2.5
3.5



36

areas (e.g. Florina or Tripolis). During the winter
months, the differences are less pronounced. None of the
synoptic stations produced PMV values <−1.8 (moderate
cold stress) due to the adjusted clothing for the time of
year. The coldest station (Florina) showed a maximum
thermal resistance for clothing of 2.0 clo.

For Hellinikon station (Fig. 2), the PMV values for
July were >6.0 as the result of specific radiation, thermal
and dynamic conditions at this site. However, the fre-

quency of days with PMV >4.0 is not considerably high,
since such values occur only during the summer months.
It should be mentioned that the thermal conditions at
Hellinikon station do not represent Athens itself, the sta-
tion being located ~8 km southeast of the city centre.
The calculation of PMV values for an extreme heat wave
in the summer of 1987, with meteorological data from
the National Observatory for the centre of Athens and
from the Nea Philadelphia station in a northerly suburb,

Fig. 2 Mean daily values of
Predicted Mean Vote (PMV) at
12 UTC at Hellinikon station,
Athens airport, for the years
1980–1989&/fig.c:

Table 3 Average monthly number of days with classified PMV values at Hellinikon station for the years 1980–1989&/tbl.c:&tbl.b:

Ranges of PMV

−3.0 to −2.1 −2.0 to −1.3 −1.2 to −0.6 −0.5 to 0.5 0.6–1.2 1.3–2.0 2.1–3.0 3.1–4.0 >4.0

Jan 0 0 2.4 21.8 4.8 2.0 0 0 0
Feb 0 0.3 2.7 20.7 3.8 0.8 0 0 0
Mar 0 0.1 1.6 20.5 6.8 1.1 0.9 0 0
Apr 0 0 0 10.4 11.7 7.2 0.4 0.3 0
May 0 0 0 2.3 7.6 16.3 4.5 0.2 0.1
Jun 0 0 0 0.1 0.5 12.0 11.0 4.7 1.7
Jul 0 0 0 0 0.4 2.7 10.2 11.6 6.1
Aug 0 0 0 0 0 2.7 9.9 13.7 4.7
Sep 0 0 0 0 1.2 11.3 13.1 3.5 0.9
Oct 0 0 0 5.5 10.4 11.8 2.9 0.2 0.2
Nov 0 0 0.1 17.8 7.7 3.8 0.6 0 0
Dec 0 0 1.2 22.4 4.7 2.7 0 0 0

&/tbl.b:

Table 4 Average annual num-
ber of days with PMV values
>3.0 (at least strong heat stress)
at selected stations of the Greek
Weather Service for the years
1980–1989&/tbl.c:&tbl.b:

Station Latitude Altitude Elevation in metres PMV >3.0
above sea-level

Larisa 39°04′ E 22°25′ N 73 89.5
Corfou 39°37′ E 19°55′ N 4 68.1
Florina 40°47′ E 21°24′ N 650 67.1
Samos 37°42′ E 26°55′ N 2 58.0
Hellinikon 37°54′ E 23°44′ N 28 47.9
Andravida 37°55′ E 21°17′ N 17 44.4
Tripolis 37°32′ E 22°24′ N 644 38.3
Alexandroupolis 40°51′ E 25°57′ N 7 38.2
Mikra (Theassoliniki) 40°31′ E 22°58′N 4 35.0
Rhodos 36°24′ E 28°05′ N 4 23.8
Heraklion 35°20′ E 25°11′ N 37 21.3
Limnos 39°53′ E 25°04′ N 17 16.5

&/tbl.b:
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Table 5 Number of consecutive days (>3 days) with PMV values ≥4.0 (extreme heat stress) at selected stations of the Greek Weather
Service for the years 1980–1989&/tbl.c:&tbl.b:

Station Year Total

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Larisa 11 6 7 2 5 7 4 7 5 3 57
Florina 8 9 3 3 4 2 4 7 6 2 48
Corfou 2 6 3 3 4 7 3 3 1 4 36
Samos 2 4 1 1 2 3 5 5 3 − 26
Hellinikon 3 1 1 − 1 2 1 3 2 1 15
Tripolis 3 1 2 1 1 1 2 2 2 − 15
Alexandroupolis 1 1 2 − − 4 1 2 4 − 15
Andravida 1 − 1 − 1 − − 2 4 1 10
Mikra 1 1 − − − 1 − 1 2 − 6
Limnos − − 1 − − 1 − 2 1 − 5
Heraklion − 1 − − − − − 1 1 − 3
Rhodos − − 1 − − − − − 1 − 2
Total 32 30 22 10 18 28 20 35 32 11 238

&/tbl.b:

Fig. 3 Average annual number
of days with strong to extreme
heat stress (PMV >3.0) for
Greece at 12 UTC for the years
1980–1989&/fig.c:
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was done by Matzarakis and Mayer (1991). Their results
show significantly higher PMV values for Athens com-
pared to Hellinikon.

In addition, in Table 3 is given the average monthly
number of days with classified PMV values for Hellin-
ikon. PMV values >3.0 (at least strong heat stress) oc-
curred only from April to October. The average monthly
number of days with PMV values >3.0 for Hellinikon
was 0.3 for the month of May, 6.4 for June, 17.7 for July,
18.4 for August, 4.4 for September and 0.4 for October.
Therefore the most burdensome thermal conditions in
Athens, where nearly half of the population of Greece
lives, occur during July and August. The data of Table 4
give the average annual number of days with PMV val-
ues >3.0 for all stations examined. Strong heat stress oc-
curred most often at Larisa (mountainous inland region)
with 89.5 days and occasionally at Limnos (island of the
North-Aegean Sea) with 16.5 days.

Analysis of the occurrence of extreme heat stress
(PMV ≥4.0) on more than three consecutive days at the
selected stations (Table 5) reveals Larisa as having the
most extreme heat stress throughout the time period
studied, and Rhodos as having the least. Further investi-
gations prove that Greece suffered from nine extreme
heat stress episodes during the 1980s: August 1980, end
of June/beginning of July 1981, end of July 1981, mid-
July 1984, end of July/beginning of August 1985, end of
July 1987 (extreme heat wave of 1987; see Matzarakis
and Mayer 1991), mid-August 1987, mid-July 1988 and
beginning of August 1988. Only relatively few episodes
of successive days with extreme heat stress occurred in
the years 1983 and 1989. Larisa was always the predom-
inantly stressful location.

Bioclimatic heat stress map

The results given for the selected synoptic stations in
Greece allow for a human-biometeorologically signifi-
cant analysis of the varying thermal conditions at indi-
vidual locations. There is also a need for spatial informa-
tion on thermophysiologically relevant indexes. There-
fore, bioclimatic maps have to be generated which dis-
play, for example, the spatial distribution of PMV values.
Individual PMV values were charted on a map using a
statistical model also requiring topographic data. For this
purpose, a digital relief model of Greece was developed
(Matzarakis 1995) with a resolution of one minute,
equivalent to a resolution of 1.8 km×1.3 km for Athens.
Topographical factors such as slope exposition and slope
angle were derived from this map by use of geometric
relationships.

Methodology linking meteorological and geographi-
cal data was developed with the help of multiple linear
regression, in order to generate a spatial approximation
of PMV values from the Klima-Michel model. For each
grid area, the PMV values were calculated as a function
of latitude, continentality, height above sea-level, slope
exposition and slope angle, as well as ratio of sea and

land surface. The results of the spatial approximation,
shown in Fig. 3, give the average annual number of days
with PMV values >3.0 at 12 UTC (strong to extreme
heat stress). For the sake of clarity, the data in Fig. 3 are
compiled into three classes: no days with strong heat
stress, 1–30 days with strong heat stress, and >30 days
with strong heat stress. Inland areas at altitudes >900 m
above sea-level experience no strong heat stress at 12
UTC (e.g. the southern Peloponnesian peninsula in the
south, and parts of Macedonia, Thrace and Epirus in the
north; see Matzarakis et al. 1994).

Remarkably, only a small proportion of the population
actually lives in these areas, which are hardly ever used
for summer recreation and tourism. Areas in which for
1–30 days per year at least strong heat stress can be ex-
pected at 12 UTC, are rare in continental Greece. Such
areas are almost always at heights of between 600 and
900 m above sea-level. PMV values >3.0 for more than
30 days per year occur in the centre of the mainland, in
closed bays with reduced wind speeds and in low coastal
regions. Most islands also fall into this category, although
the number of days with strong heat stress (PMV >3.0) is
only one-half of the number of those on the mainland.
This is due to the influence of cool, dry Etesian winds in
the Aegean Sea (Arseni-Papadimitriou 1984) and to the
development of local circulations in the Ionian Sea.

Conclusion

Thermophysiologically significant evaluation of the ther-
mal environment was achieved by means of a bioclimate
map of PMV values. The approach represents a useful
tool for assessing human-biometeorological concerns,
such as the frequency of strong heat stress. However, the
described method requires that meteorological and topo-
graphical data be available at sufficiently high resolution,
and in a specific form. As many stations as possible with
long-term meteorological data have to be processed. De-
pending on the purpose of the bioclimate map, digital re-
lief models need appropriate resolution. Additional topo-
graphical factors such as land use, which were not taken
into consideration in this study, can be integrated into the
statistical model to increase the information content with
regard to the spatial approximation of PMV values.

Only the average annual number of days with strong
heat stress has been presented in this study. However, the
importance of bioclimate maps for Greece is not limited
to the tourism sector and may also be applied to research
on climatic effects. As Greece is located in a climate zone
where considerable climatic changes are expected, some
influence on the thermal effective complex is predicted.
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