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Abstract. The climate characteristics of summer human ther-the southern regions and coastal areas of the country includ-
mal discomfort in Athens and its connection to atmosphericing Athens, which attracts many tourists not only because of
circulation are studied for the period 1954-2012. The humarits sites of archeological interest but also because it offers
thermal discomfort is examined in terms of the Predictedtransportation links to the islands of the Aegean Sea. Dur-
Mean Vote (PMV) discomfort index for calm and light wind ing the last decades, Athens has experienced regional climate
(3ms™1) conditions. Its inter-annual variability is characte- change along with strong urbanization; however a delayed
rised by a significant increase from the middle 1980s to thesummer temperature increase in the eastern Mediterranean
end of the study period. The onset and the cessation of theelative to the western Mediterranean, due to the higher fre-
discomfort period are found to take place around the begin-quency of northerly winds from middle 1960s to middle
ning of July and the end of August respectively, but from 1980s (Metaxas et al., 1991; Bartzokas and Metaxas, 1991),
middle 1980s the dates of onset and cessation have slightlis a feature of observed climate change in this region. The in-
moved earlier and later, respectively, leading to alonger sumerease of the mean temperature observed for Athens started
mer discomfort period. The connection between human therin the middle 1980s (Founda, 2011). Furthermore, the contin-
mal discomfort and atmospheric circulation is studied by ex-uous process of urbanization and the associated urban heat is-
amining the distribution of discomfort cases across six objecdand effect constitutes a second contributor to the local warm-
tively defined circulation types over Europe, based on Athensng and modification of climate characteristics, especially in
weather characteristics. High values of the PMV discomfortsummer (Philandras et al., 1999).
index are mainly associated with two typical high-summer Understanding human thermal discomfort characteristics
pressure patterns with the intensity of discomfort dependingor Athens can assist with climate risk management in the
on the pressure gradient over the Aegean Sea. On the comreas of tourism and health. Several studies have examined
trary, low PMV discomfort index values prevail mainly on thermal discomfort in Athens by applying a range of ther-
days typified by the other four circulation types, which are mal comfort indices noting that, at times, levels of discom-
more frequent during May, June, and September. fort can be severe and occasionally last several days (e.g. see
Metaxas, 1970; Giles et al., 1990; Matzarakis and Mayer,
1997; McGregor et al., 2002; Pantavou et al., 2008; Nas-
tos and Matzarakis, 2012; Vouterakos et al., 2012). In a
1 Introduction study which identified significant changes in the climato-
logy of the season of thermal discomfort in Athens, Mc-
Greece is a popular destination for millions of tourists every Gregor et al. (2002) suggested that a worthwhile line of re-
year. Its natural beauty and famous archeological sites constiearch would be exploring the link between thermal discom-
tute the main tourist attractions. Greece possesses a Meditefgrt and atmospheric circulation. The identification of the

ranean climate, characterised by cool and wet winters anghain atmospheric circulation characteristics associated with
hot and dry summers. This type of climate mainly dominates
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thermal discomfort can lay the basis for weather-based earlyabout 20 other well-known indices. For the “simple” in-
warning systems for heat stress. Also, the study of the interdices, based on meteorological variables only (e.g. heat in-
annual variability and trend of thermal discomfort for areas dex, Humidex, wet bulb globe temperature), they found very
like Athens is important in the context of the intensification low coefficients (slope: 0.70 andR? < 0.50), while for the

of urbanization and ongoing climatic change, both of which thermophysiological ones (e.g. physiological equivalent tem-
may significantly affect discomfort levels, the duration of the perature, perceived temperature, standard effective tempera-
discomfort period and the connection between discomfort le-ture) they found very high coefficients (slope near unity and
vels and atmospheric circulation. The present study is an exR? > 0.95). For PMV, which does not provide an equivalent
tension of the one of McGregor et al. (2002), as it examinestemperature as output, the relation with UTCI is described
further the characteristics of the inter-annual and intra-annuaby R? only, which is found to be 0.98, the highest amongst
variability of thermal discomfort in Athens (discomfort le- all indices considered. Taking into account (i) the high
vels, dates of onset and cessation and discomfort duratioretween PMV and the newly developed UTCI, which is con-
for a longer time period and, moreover, investigates the considered applicable for a wide range of climate conditions, and
nection between levels of discomfort and atmospheric circu<ii) the fact that the present work is an extension of the work

lation patterns. of McGregor et al. (2002), who used the PMV, we consider
the application of the PMV index to the analysis of atmo-
2 Data and methods spheric circulation thermal comfort associations valid.

In the present work, PMV is calculated for Athens at

The design of empirical indices for the assessment of hu-12:00 UTC, i.e. 14:00LT (15:00 summer time) (hereafter
man thermal discomfort was one the main research efforts irL4:00), for the warm period of the year (1 May—-30 Septem-
biometeorology during the 20th century. The effective tem-ber, hereafter summer) over the 59yr period 1954-2012
perature and the discomfort index were two widely known in- (153- 59 = 9027 cases). The WINCOMF program (Fountain
dices designed for this purpose (Hougten and Yaglou, 1923and Huizenga, 1995) is utilized, which requires input values
Thom, 1959). These indices have been applied in manyf air temperature, humidity mixing ratio and atmospheric
biometeorological studies (e.g. Jauregui, 1991; McGregorpressure. The original data used are daily values (14:00) of
1995a, b; Mavrakis et al., 2012). More recently there hasair temperature, relative humidity and atmospheric pressure
been a tendency for empirical indices to be replaced withat the National Observatory of Athens, Greece, for the above
more complex biophysical models, which simulate the ex-period. Mixing ratio is calculated from atmospheric pressure,
change of heat between individuals and the environmentelative humidity and air temperature, using the Clausius—
based on an evaluation of the human energy balance equ&lapeyron equation. PMV is calculated considering a human
tion with physiological parameterizations representing ther-metabolic rate of 1 met (58 Wnf) and 0.5 clothing units
mophysiological processes (e.g. Fanger, 1972; Hoppe, 1993ASHRAE Standard 55 summer). The above metabolic rate
McGregor, 2011). One of the human thermal comfort indicesand clothing level correspond to a lightly clothed person sit-
based on the energy balance approach is the Predicted Medimg for example in the outdoor environment of a café, shel-
Vote (PMV) (Fanger, 1972). PMV represents on a thermaltered from the sun. PMV values ef2 and+2 are defined
sensation scale the predicted mean vote of a large populas the thermal discomfort thresholds because, for values of
tion exposed to a given set of ambient conditions and is PMV > 2 or < —2, about 75 % of people do not feel com-
good predictor of mean responses for sedentary individualdortable (Fanger, 1972). Two ventilation states are consid-
wearing clothing suited for temporally constant and spatiallyered, namely calm and light wind conditions corresponding
uniform environments (McGregor et al., 2002). It is basedto a wind speed of 0.1 mé and 3.0 ms?! respectively. A
on the difference between internal heat production and heawind speed of 3.0 ms! is considered as the threshold beyond
loss to the actual environment for a person kept at the comwhich wind becomes a nuisance factor (de Freitas, 1990).
fort values for skin temperature and sweat production at the The variability of thermal discomfort in Athens is exam-
actual activity level (Fanger, 1972). ined in terms of the inter-annual variation of the following:

Recently, Jendritzky et al. (2012) introduced a new in- (i) the mean summer 14:00 PMV values and (ii) the fre-
dex named the Universal Thermal Climate Index (UTCI), quency of summer discomfort days at 14:00. The seasonal-
which is defined as the isothermal air temperature of a referity of thermal discomfort is studied by examining the intra-
ence condition that would elicit the same dynamic responseseasonal (1 May—30 September) variation of the 59 yr mean
(strain) of Fiala’s multi-node human physiology and thermal daily 14:00 PMV values as well as the number of discomfort
comfort model (Fiala et al., 2012). Blazejczyk et al. (2012) cases for each summer day during the 59yr period. Also,
compared UTCI values with various thermal indices that pro-the onset and cessation of the discomfort period for times
vide temperature as an output value arguing that an equivwhen PMV> 2 are considered. The onset/cessation of the
alent temperature makes the evaluation of thermal percepdiscomfort season is defined as the date when there was/was
tion by the public more comprehensible. They estimated lin-no longer 3 or more consecutive days with a PMV greater
ear regression slope amitf coefficients between UTCl and than or equal to a value of 2 at 14:00.
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Finally, the connection between human thermal discom- 2°

fort and atmospheric circulation is studied by examining the % P *T/}" \
distribution of discomfort cases across six objectively de- '° WA B | AN \!
fined circulation types over Europe, based on Athens weather, *° [~V 7V Y QLAY
characteristics, for the warm period of the year. This type of £ °‘f — _d-/

approach, where the value of environmental variables (PMV fo " M OASCAL AL Y [iohewind (asvs)

index values in this case) is considered for a range of circu- Y v

lation types determined a priori, is often referred to as the

circulation to environment approach in synoptic climatology E
(Yarnal, 1993). The circulation types used in this study have Year

been_(;leflned by Kassomenos et al. (2003), _Who applied ?—'ig. 1. Inter-annual variation of mean summer (1 May-30 Septem-
classification ?‘Cheme ba_sed on fa(_:tor a_malysmkandaans ber) PMV values for Athens at 14:00 for calm and light wind con-

cluster analysis on both (i) 2x 2.5 grid point sea-level pres-  itions. The curves are smoothed (bold lines) using five-year mov-
sure values over Europe and (i) meteorological observationsng averages with binomial coefficient weights. The dashed lines
over the Athens area. As the circulation types were definedndicate the statistically significant (95 % confidence level) linear
for a period only up to 1999, this part of our study is limited trends.

to the sub-period 1954—-1999 comprising 46 yr.
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frequency) are presented for calm and light wind conditions Wz A e e =
in Figs. 1 and 2. It is seen that the features of the “discom- 2 3 8§ 8 8 5 5 8 88 % 8 8 g g
fort climatology” in Athens are the considerable inter-annual () Year
variability and the positive linear trends (statistically signifi- o
cant at 95 % confidence level — Mann—Kendall test) for mean &
summer PMV values (Fig. 1) and the number of days with ¢ _ Az ]
PMV values greater than 2 (Fig. 2). Noteworthy is that strong é & I\ ) N £
upward trends in discomfort intensity and frequency occur  E « [/Ad= 5\7 l‘L\FVL\b [\ A MW =TV
after the early 1980s. Specifically, the mean summer PMV § & /'\ A} REEE )g" }:/:D\ab_-ﬁ_
values, for calm conditions, in general, range from 0.5t0 1.0 fg v g P % N/ V Vemvss
for the period before the early 1980s and from 1.0 to 2.0 for o il A V
the period thereafter (Fig. 1). A similar situation is found for 2 &2 8 2 5 5 5 & 813 @ 8 2 2 E
the frequency of the high PMV values (PM¥2). From the  (b) Year

1950s until the early 1980s, the seasonal num_ber_ of d'scomFi . 2. Inter-annual variation of the number of summer (1 May—
fort days generally ranges from 20 to 40, while in the last 3p september) days of discomfort (PMV2 and PMV< —2) for
30yr this number is higher and ranges from 40 to 80, ex-Athens at 14:00 for the period 1954—20¢) for calm and(b) for
ceeding 60 % of summer days in the latter years of the studyight wind conditions (smoothing and trends as in Fig. 1).

period. For the light wind conditions, the values are lower,

as expected, but for the last 10-12 yr of the study period they

exceed values typical of the few first years displayed for calmcomfort noted here for Athens after the early 1980s matches
conditions. An opposite (negative) trend is shown for num-with similar trends during the same period found by others ei-
ber of days with low PMV values less thar2, but the de-  ther for mean summer air temperature or for the frequency of
crease (also statistically significant) is not so strong (Fig. 2).extreme high temperature events, which have been reported
Also of note for the situation of light winds is that the late to be a result of the predominance of warmer air masses in
1980s represents a transition from a period when, in an absahe lower troposphere over the southern Balkans and the in-
lute sense, conditions of cool-related discomfort dominatedensification of urbanization in the city of Athens over re-
to a period when heat-related discomfort is a distinct featurecent years (e.g. see Philandras et al., 1999; Lolis et al., 2002;
of Athens thermal climate. From a thermal comfort manage-Kioutsioukis et al., 2010; Founda, 2011).

ment perspective, this is important as periods of cool-related The inter-annual variations of the dates of onset and ces-
discomfort can be coped with more readily than those forsation of discomfort (PM\%& 2) as well as the correspond-
heat-related discomfort. The increase in human thermal dising duration of discomfort are shown in Figs. 3 and 4. The
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Fig. 3. Dates of onset (green squares) and cessation (red squares) B
PMV'= 2 discomfort in Athens at 14:00 f¢a) caim and(b) light comfort in Athens at 14:00 fofa) calm and(b) light wind condi-

wind conditions. No discomfort period occurred for the years 1964 ) . L
and 1976 for calm and 1959, 1964, 1970, 1971, and 1976 for Iighttlons for the period 1954—2012 (smoothing and trends as in Fig. 1).

wind conditions.

<

ear

fg. 4. Inter-annual variation of duration of PM¥ 2 summer dis-

characteristics of the inter-annual variations are in agreememld (PMV = 2) from early July to middle August, while the
with the above results for discomfort intensity and frequency.percentage of discomfort cases ranges from 40% to more
Specifically, before the early 1980s the onset of the discomthan 60 % during the same period. On the other hand, the
fort period was around the beginning of July and cessatiorpercentage of PM\& —2 discomfort days is practically zero
around the end of August, but after the early 1980s the datefrom early June to the end of August, while it is considerable
of onset and cessation have shifted earlier (middle June) an¢hbove 10 %) only before 20 May. The intra-seasonal vari-
later (middle September), respectively, leading to a longeration of standard deviation of PMV (Fig. 5b) shows lower
summer discomfort period. This is in agreement with the al-values during high summer as might be expected due to the
ready mentioned positive trends in the mean seasonal PM\persistence of settled weather conditions.
values and the frequency of high PMV days. For calm condi- The connection between human thermal discomfort in
tions, the mean discomfort duration is about 40 days for theAthens and atmospheric circulation for the period 1954—
period before the early 1980s and about 80 days for recent999 is investigated by evaluating the distribution of PMV
years. A positive statistically significant trend is found for statistics across six objectively defined circulation types for
the variation of discomfort duration for both calm and light the warm period of the year as identified by Kassomenos et
wind conditions. The above trends are in agreement with onal. (2003) for the Athens area. The mean sea level pressure
going climate change, which is associated with a continu-patterns for the six circulation types are presented in Fig. 7.
ous increase in the frequency of heat waves in southeasterfihe distribution of discomfort cases across the circulation
Greece (Giannakopoulos et al., 2011; Matzarakis and Nastosypes is shown in Fig. 8 and reveals that PM\2 discom-
2011). fort conditions prevail mainly under circulation types 3 and 4.
The intra-seasonal variations of (i) the 59 yr mean daily Also evident is that, for a person not exposed to wind (calm
14:00 PMV values and its standard deviation and (ii) theconditions) during weather events associated with circulation
percentage of discomfort cases for each calendar day (thgpes 3 and 4, discomfort at 14:00 would be experienced on
percentage of years presenting discomfort at 14:00 for eac4 % and 36 % of days respectively. PMV—2 discomfort
summer day) are presented in Figs. 5 and 6. Mean daily 14:0@onditions are associated mainly with the other four circula-
PMV values reach a maximum during the high-summertion types. Circulation types 3 and 4 are frequent during the
months of July and August as do the percentage of BMV summer (26 % and 17 % of the days respectively) but dom-
2 discomfort cases (years). For calm conditions, the mearnate during July and August (49 % and 40 % respectively)
14:00 PMV values are close to the upper discomfort thresh{Table 1). The other types present maximum frequency either
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Table 1. Occurrence frequency of circulation types, maximum air temperature, daily relative humidity and 14:00 PMV values in Athens
during summer (1 May—30 September).

Circulation  Occurrence Occurrence for ~ Maximum Relative  PMV  St. Dew. PMV St. Dev.
type (%) July—August  temperature humidity (calm) of PMV (light wind) of PMV
(%) (°C) (%) (calm) (light wind)
1 15 4 25.3 64 -0.21 1.40 -2.14 2.27
2 9 3 25.0 52 -0.24 1.47 -2.14 2.38
3 26 49 32.5 51 1.85 1.04 1.24 1.69
4 17 40 31.7 45 1.61 1.05 0.87 1.72
5 19 3 27.5 59 0.48 1.13 -1.00 1.85
6 14 1 24.3 57 -0.59 1.15 -2.73 1.87
All cases 28.5 54 0.85 1.51 -0.38 2.46
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Fig. 5. Mean intra-seasonal (1 May—30 September) variatiof@pf ~ Fig. 6.Mean intra-seasonal (1 May—-30 September) variation of dis-
PMV and(b) PMV standard deviation in Athens at 14:00 for calm comfort frequency at 14:00 in Athens f@) calm and(b) light wind

and light wind conditions for the period 1954-2012 (smoothing asconditions, for the period 1954-2012 (smoothing as in Fig. 1).

in Fig. 1).

at the beginning or at the end of the warm period (figure notthe Aegean Sea. The pattern of type 4 can be considered as a
shown). The average summer maximum temperature, relaypical Etesian wind pattern (e.g. see Metaxas and Bartzokas,
tive humidity and 14:00 PMV values along with their stan- 1994; Ziv et al., 2004), while in type 3 the Etesian winds over
dard deviations, for each circulation type, are also given inthe Athens area appear to be weaker in a relative sense. In the
Table 1. Circulation types 3 and 4 present the highest PMVAegean in summer, a powerful sea breeze system dominates
values with the lowest standard deviations, which indicatesuperimposed on which are the northerly Etesian winds. In
nearly steady or persistent weather conditions. Therefore, wéthens the sea breeze blows from the south opposing the Ete-
will focus on these two types inasmuch as they can be consian winds. Days associated with this opposing wind system
sidered as the typical high-summer pressure patterns. Bothave been defined as “Etesian” and “sea breeze” days (Cara-
types are characterised by the presence of a summer thepiperis, 1951) depending on the dominant wind direction at
mal low over SW Asia and high pressure values over Eu-noontime. In terms of human thermal comfort, the Etesian
rope. Their differences appear in the position and the intenwinds are an important climatological feature because they
sity of the anticyclone centre and the pressure gradient ovemoderate the summer heat, as this wind is cool and dry over
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Fig. 7. The 6 circulation types over Europe, defined by Kassomenos et al. (2003) based on the Athens weather in the warm period.

the Aegean and adjacent areas. They also affect tourism and The inter-annual variations of discomfort intensity and fre-
sailing and disperse pollutants, which build up when the seajuency for circulation types 3 and 4 are presented in Figs. 9
breeze prevails along with a strong inversion. Based on thend 10 respectively. Of note are the upward trends of discom-
above and comparing the pressure patterns for circulatiotfort intensity and frequency for both circulation types; all lin-
types 3 and 4, we suggest that “sea breeze” days are morear trends are statistically significant. Comparing Fig. 9 with
frequently associated with type 3 while “Etesian” days are aFig. 1 (for the common period 1954-1999), we see that PMV
feature of type 4. This is in agreement with the highest PMV values for circulation types 3 and 4 are higher than the ones
values in Table 1, which appear for circulation type 3. Furtherfor all cases, as expected. More specifically, for calm con-
insights into atmospheric conditions that bear implicationsditions, for circulation type 3/4, all 46/40 values are higher
for thermal comfort are gained if the average water-vapourthan the summer climatological values with the differences
pressure is considered for calm conditions associated witmanging from 02/ — 0.1 to 10/0.9 and the average differ-
circulation types 3 and 4. For type 3, water-vapour pressure ignce being 55/0.27. Similar results are found for light wind
found to be 24 hPa while for type 4 it is lower at 21 hPa. Tak- conditions. It is noted that during the last summers of the
ing also into account the higher maximum temperature and®0th century, when circulation type 3 prevails, the discomfort
relative humidity values for circulation type 3 days (Table 1), threshold, 2, is exceeded even by the average PMV value. In
we suggest that discomfort can be expected to be higher ofig. 10, the annual days with PMY 2 are presented as per-
type 3 days. However it should be remembered that this aseentages on the y-axis (since the number of days characteri-
sertion applies for the situation of a person sitting in a placesed by each circulation type is not the same every year). This
sheltered from the sun and not exposed (or exposed slightlydeveals that the increase of discomfort frequency is more ev-
to the wind. Therefore, these results are valid only for peopleident after the early 1980s, especially for circulation type 4,
not exposed to moderate to strong summer breeze winds @ince the percentage of high PMV discomfort days doubled.
the Etesian wind. In other words, it appears that, during the last years of the
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period 1954-1999.

20th century, Athenians experienced discomfort regardless

of whether circulation type 3 or 4 prevailed. It is also noted % ZZ
that the above increase is not related to the frequency of oc- % 70 A A\ }J
currence of the two types as it refers only to the days of their g ® CilenEenTHes LA\ RS
prevalence. In any case, Kassomenos et al. (2003) did not % :0 ;\ M e Y LR
find any statistically significant increase or decrease of the 3 32 A £ S AaM-LFPAL
occurrence frequency of the two circulation types. $ [ LVi- N~ AR VN circudtiontype
5ol VY
a o
4 Conclusions 2 3 88885 EE & 28 8 8 8 &
(a) Year
The main characteristics of the inter-annual and the intra- s o
annual variability of summer human thermal discomfort in g 8
the Athens area have been examined and revealed the follow- 2 7 i
ing for a person, lightly dressed, sitting in a place sheltered £ N
from the sun and not exposed to strong wind: g jz /\ - I EE e kﬁv . "JiFf’
1. There is a significant increase in the intensity and the % . |/ \ AT x-Fra Vv
frequency of summer human thermal discomfort in & V- --—"Q;rA\" A Circulation type 4
Athens after the early 1980s. The frequency of high <& 0
discomfort days has doubled during the same period. ) a2 2 @ 8 B8 & %'Yef € B B 2 2 8 8

2. Before the early 1980s the onse_t Of the discomfort pe'Fig. 10. As in Fig. 2 but for circulation types 3 and 4 and in per-
riod takes place around the beginning of July and CeS<entages (%) and for the period 1954-1999.
sation around the end of August, but after early 1980s
the dates of onset and cessation have shifted earlier
(middle June) and later (middle September), respec-

tively, leading to a longer summer discomfort period. 4. Days characterised by strong Etesian winds are associ-

ated with less heat-related discomfort until the 1980s,

3. From early July to middle August, the discomfort le- after which it appears that urbanization and climate
vels are close to the upper discomfort threshold, while change tend to eliminate this influence as manifested
during this period more than 50 % of the days are cha- by an increasing frequency of days with high PMV in-
racterised by high discomfort levels. dex values.
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Results bear implications for heat risk management in Athens-ountain, M. E. and Huizenga, C.: WINCOMF: a Windows 3.1 ther-
especially as this study has demonstrated at an intra-seasonalmal sensation model user's manual for Wincomf, Environmental
time scale when the period of severe discomfort occurs on a Analytics, Berkeley, CA, 1995.
climatological basis. Further, the identification of the large- Giannakopoulos, C., Kostopoulou, E., Varotsos, K. V., Tziotziou,
scale atmospheric circulation conditions associated with pe- E'ngfsﬁgtrhgiiz'cg'; :trt:g‘;eeg;‘;sfu?;sgzzmgz\tﬁgg'Za;en‘;r;aﬁe
riods of high levels of thermal discomfort may assist with 8298430110 1007/310113-011-02’19-20.11 : T
the development of Weather-basgd early qunlng syst_ems foéiles, B. D., Balafoutis, C., and Maheras, P.: Too hot for comfort:
_heat stress. The fact tha’F th.e.re IS compelllng statistical ?V' the heat waves in Greece in 1987 and 1988, Int. J. Biometeorol.,
idence that points to a significant change in levels of dis- 34 98_104d0i:10.1007/BF01093453990.
comfort and the duration of the season of discomfort raises{oppe, P.: Heat balance modeling, Experientia, 49, 741746,
the question as to whether the detected trends in discomfort doi:10.1007/BF01923542993.
can be attributed to human-induced climate change. WhileHoughten, F. C. and Yaglou, C. P.: Determining lines of equal com-
answering this question is beyond the scope of this study, fort, Journal of American Society of Heating and Ventilating En-
findings presented here lay the basis for assessing the role gineers (ASHVE) Trans, 29, 163-176, 1923.
of anthropogenic climate change in altering levels of humanJauregui, E.: The human cIimate_of tropical cities an overview, Int.
thermal comfort. Lastly, the analyses undertaken here have J- Biometeorol,, 35, 151-1660i:10.1007/BF01049061.991.
raised a number of questions about the thermal comfort cIi—JeZﬂgttig' tr?e"rmda? ir?;;(rl) FTHt aJnd Bz?;’:pe'gﬁbl G“56UT4§|1-VZ%
matology of Athens. What are the levels of r_\uman t.hermal d0i*10.1007/s00484-011-05132012.
stress for fully expolsed/nonfSheltereq condlthns taking IntoKassomenos, P. A., Sindosi, O. A., and Lolis, C. J.: Seasonal vari-
account solar radiation loading and different wind speed sce-  ation of the circulation types occurring over southern Greece: A
narios? What is the cause and nature of extreme thermal dis- 50-year study, Clim. Res., 24, 33-46, 2003.
comfort events and their associated temporal behaviour an®joutsioukis, 1., Melas, D., and Zerefos, C.: Statistical assessment
to what extent might the urban heat island effect raise levels of changes in climate extremes over Greece (1955-2002), Int. J.
of discomfort beyond those due to regional/global warming? Climatol., 30, 1723-1737/0i:10.1002/joc.203®010.
Such questions provide a basis for further work on AthensLolis, C. J., Bartzokas, A., and Katsoulis, B. D.: Spatial and
human thermal climate. temporal 850 hpa air temperature and sea-surface tempera-
ture covariances in the Mediterranean region and their connec-
tion to atmospheric circulation, Int. J. Climatol., 22, 663—-676,
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