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SYNOPTIC AND GEOGRAPHICAL CONCIDERATION OF THE SEVERE HEAT-.

WAVE OVER GREECE IN JULY 1987

NICHOLAS G. PREZERAKOS

INTRODUCTION

Air temperatures that exceed 40°C or even 45°C
do not constitute an unusual fact for Greece. If we
run trough the archives of the Hellenic National Meteo-
rological Service, we can find many cases with.such high
temperatures, which nevertheless did not last for many
days. One characteristic such case occured on the .10th
of July 1977 where the temperatures in the county of At-
tica and especially at Elefsina meteorologiéal station (WMD
(WD N°16718) and Tatoi (1D N°16715) rose to a maximum of
48°C, while the maximum temperature on those same'sta-
tions on the 9th and 11th of July was approximately 12°C.
less. '

In contrast to the above, the time period from
19 to 27 July 1987, portrayed high temperatures which’
were less than those of older cases, but their duration
in days and the duration in the same day as well were
unusual. Por 9 successive days spanning from 19 to 27
July the maximum temperature in many stations spread
around Greece, rose over the 38°C. The minimum tempera-
tures were also relatively high, and the diurnal tempera-
ture range was small. Another characteristic was the
fact that the values of the maximum temperatures were
kept overall near the values of the maximum temperatures
for many hours during the day so that the discomfert
conditions for the people, animals, and even plants were
elongated for many hours every day with tragic results.

LYNONTIKH KAI TEQIPAOIKH BEQPHIH TOY ILXYPOY KAYIQNA ZITHN
EAAAAA TON {OYAIO TOY 1987.

NIKOZ I'. NPEZEPAKOI, MPOIZTAMENOL TMHMATOZ EPEYNQN-MEAETQN
THL EGNIKHI METEQPOAOI'IKHI YMNHPELIAEZ, T.8. 73502, TT 16603
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We state below some seiected reports of the news-
papers which presented the heatwave and its unbleasant
results in their own manner.

Since the phenomenon, as we will see below,belonggto the
atmospher's syroptic scale circulation, Hellenic ‘lational
Meteorological Service based upon the data received by
ECMWF, was able to predict the phenomenon two days in
advance (that is from 17 July 198? thus issuing a spe-
cial warning. Unfortunately noone seemed to realize, the
scale of the weather variations that were about to happen.
On sunday 19th of July, which was the first day of the
heatwave, the temperature rose to or even surpassed the
38°C. The newspapers named for the possibility of in-
coming disastfous effects, with large frontpage titles,
like "Xillér heatwave". On Monday the 20th of July the
maximum temperature in Athens rose to the 41°C while the
Eellenic National Metevrological Service was assuring
that the heatwave would continue. At the same time, the
first victims of the heatwave had already started arriv-
ing at the hospitals, while it was evident that the ge-
neral public was suffering, with the wealker individuals
being at a more disadvantageous position. On Tueéday the
21st of July the public information media announced the
first casualties, while the temperature in the county
of Larissa roée to the 41°C, and increased air pollufion
were detected in Attica. On Wednesday the 22nd of July
the casualties rose to 20, while the heatwave was conti-
. Yding and the demand for all sorts of airconditioning
devices had reached its peak. To top the above, water
scarcity was reported in certain suburbs of Athens.

On Thursday the 23rd of July the lifes lost were 150,
while water scarcity was becoming, a severe problem.

On Friday the 24th of July the country was declared in a
state of emergency. The casualties were 1000 already,
and severe space problems were being created at the mor-
ques and cemeteries. The people started flocking towards
the beaches, to relieve some of the extreme discomforts
caused by the temperature, but even that did not prove

to BeéngicsnIRMplodjkeDdtypdampe Bkprer af\egac wate®. at the
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shores was also showing unusual high temperatures. Peo-
ple had to stay continuously in it to relieve the effect
of the heatwave only in a small degree. The heat conti-
nued at the same rate all through the 27th of July brin-
ging the total number of casualties to over 1500.

. In this paper an effort is being made to analyse
the circulation of the atmoéphere, and the values of the
meteorological data for the time period ranging from the
19th throught the 27th of July of 1967. A study of the
circulation of the atmosphere 2 days in advance of the
above mentioned event is being made, in order to determine
possible centres of action or to detect the meteorological
factors which led to this situation.' Furthermore a calcu-
lation of Thom's discomfort index is being done from the
above data for many cities in Greece, to prove the extreme-
ly discomfortable weather conditions to which people, ani-
mals and plants were subjected. Finally an effort is being
made to ascértain whether the phenomenon was the first of

its kind in harshness and duration for the Greek territory.

THE CONCEPT OF THE HEATWAVE

In the above discussion, we used the term "heat-
wave" when we were refering to the very high maximum tem-
peratures that were recorded in Greece in the time period
from 19 to 27 July 1987. A strict definition of the term
"heatwave" has not been precicely given in the literature.
Many research meteorologists have given loose definitions
for the word "heatwave"; (also mentioned as warm invasion),
but those definitions are always given with respect to their
own perception, having as a result a big variation on the
nature of the.defined phenomena. In Greece, there are a
few scientists (Mariolopoulos and Carapiperis 1956, Flocas
1970, Repapis 1975, Metaxas and Repapis 1978) having dealt
with warm invasions or large warm advections, terms which,
sometimes, can easily replace the word "heatwave".

A distinction has been done by Metaxas and Kallos (1989)
between the consepts of warm invasion or large warm advection
and heatwaves giving, in the same time, the criteria to de-

fine a heatwave day in Greece. These criteria are:
WnoeiakA BiBAI0BAKkN Oed@paocTog - TuAua MewAoyiag. A.lM.O.
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a. The maximum temperature in Athens Observato-
ry must be at least 37°C.

b. The average daily temperature must be at least
31°C, at the same statien.

c. The maximum temperature at Larissa meteorolo-
gical station (WMO N°16648) must be at least 38°C in this
day.

These two meteorological stations were used because it

is commonly beleived that they are representative of

the Greek region for the Athens Observatory being located
in the main residential area and near the sea and Larissa
is a purely continental station, where the heat wave phe-
nomenon is strong and apparent.

From the above discussion it can easily be seen
that the definition of a warm invasion, or even that of
a large warm advection is not completely coincident with
the definition of a heatwave. A heatwave is a series of
successive days during which the recorded temperatures,
especially the maximum ones, are so high,
that multiple kinds of problems are created, the most
important being Healthhazards to men and aninals. The
heatwave bears a relationship to the séasons. A warﬁ
invasion, that will increase the temperature by 10°C within
24 hours, can happen during the January when the average
maximum temperature in Athens for example, is 15°C, and
can be considered as a pleasant spring day, or can happen
in July when the average maximum temperature in 32°C, and
be considered as a heatwave. These last constitute the
reason why . the crucial value of the daily maximum tempe-
rature, which varies from place to place, governs the
fact whether a temperature increase can be labelled as
a heatwave or not.

In Greece experience has shown that during the sum-
mer season a day can be characterized as a heatwave day
if its maximum temperature surpasses the 38°C. 1In the
United States those limits differ from state to state,
so the term heatwave is used only for the summer, while
a sudden increase in temperature during any other season
O BRSBTS Ak PR RER o @ 1er-
ge warm advection.
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a. The maximum temperature in Athens Observato-
ry rmust be at least 37°C.

b. The average daily temperature must be at least
31°C, at the same station.

' c. The maximum temperature at Larissa meteorolo-
gical station (WMO.N°16648) must be at least 38°C in this
day.

These two meteorological stations were used because it

is commonly beleived that they are representative of

the Greek region for the Athens Observatory being located
in the main residential area and near the sea and Larissa
is a purely continental station, where the heat wave phe-
nomenon is strong and apparent.

From the above discussion it can easily be seen
that the definition of a warm invasion, or even that of
a large warm advection is not completely coincident with
the definition of a heatwave. A heatwave is a series of
successive days during which the recorded temperatures,
especially the maximum ones, are so high,
that multiple kinds of problems are created, the most
important being healthhazards to men and aninals. The
heatwave bears a relationship to the seasons. A warﬁ
invasion, that will increase the temperature by 10°C within
24 hours, can héppen during the January when the average
maximum temperature in Athens for example, is 15°C, and
can be considered as a pleasant spring day, or can happen
in July when the average maximum temperature in 32°C, and
be considered as a heatwave. These last constitute the
reason why . the crucial value of the daily maximum tempe-
rature, which varies from place to place, governs the
fact whether a temperature increase can be labelled as
a heatwave or not.

In Greece experience has shown that during the sum-
mer season a day can be characterized as a heatwave day
if its maximum temperature surpasses the 38°C. In the
United States those limits differ from state to state,
so the term heatwave is used only for the summer, while
a sudden increase in temperature during any other season
of thelgear is characterized as a_warm invasion or a lar-
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DATA AMD METHOD USED

To study the synoptic evolution of the atmospheric
circulation, which resulted in the heatwave over south Italy
and the Balkans, we used the synoptic surface and upper air
observations of the eastern Atlantic, Europe, north Africa
and west Asia areas.

These observations have been selected regularly via
the Global Telecommunication System (GTS). Special emphasis
was given to the analyses of surface and 500 hPa synoptic
charts which constitute the main tools for weather analysis
and forecasting in the Greek National Meteorological Centre.
Some of them are presented further on. Also the relative
wind vorticity at 500 hPa and the thermal advection at
850 hPa with the associated mean wind fields were calculated
from the ECMWF unitialized data. Moreover vertical velocity
at 700 and 500 hPa were calculated from ECMWF's initialized
data as well, to show the possible large scale subsindence.
To find out the particular characteristics cf the heatwave
and its effect on the weather of Greece, all the observations
from the Greek meteorological stations, especialy those of
temperature, humidity and wind, were carefully collected
from 15 up to 28 July 1987. Imageries of the Meteorological
satellites NOAA 9 and METEOSAT were also analysed.

For a better study of the synoptic structure and evo-
lution of the atmospheric circulation and its possible cen-~
tres of action, which caused the heatwave, a mean chart of
500 hPa height was prepared for the 9 day period, that is
from 19 to 27 July 1987, and for both.the 0000 GMT and 1200
GMT synoptic observations. Also the height anomaly field,
i.e. its departude from 1949-1973 July's average (published
by Deutscher Wetterdienst), and the t (student) test for
0.01 and 0.05 statistical level, have been calculated (Brooks
and Carruthers, 1953). The mean field and its anomaly have
been analysed manually.

Since, as. known (Reiter 1975), the subtropical jet
stream is the principal atmospheric circulation feature over
the region under consideration dur;ng summer, its positions
for both the 0000 and 1200 GMT synoptic observation§ were
drawn ¥riiene By e pRes@panias whis pasangins. A.lM.0.
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Also, the mean positions of the polar jet stream for the
period from 19 to 24 July and from 25 to 27 July 1988
were drawn in order to determine the possible interaction,
(Reiter 1975) between these two main atmospheric jet
streams.

Finally by calculations Thom's discomfort index
Ig = 0.4 (T + Tw) + 4.8 (T:dry-bulb temperature and

Tw: wet bulb temperature in °C) for all synoptic obser-
vations during the whole period of duration of the heat-
wave, it has been possible to establish, the number of
hours during which the highest discomfort conditions
occurred within each day,

SYNOPTIC CONSIDERATION OF THE HEATWAVE

On 15 July 1987, a long wave dominates the atmo-
spheric circulation over Europe and northeast Atlantic,
on the 500 hPa chart (Fig.1). This long wave looks like
a meridional blocking, showing a tendency to move slowly
eastwards. A ridge line almost coincides with the12.5°
meridian. This ridge line is located more towards east,
over north Italy's region. West and east of this ridge
low systems appear centred on about 58°N. A synoptic-~
scale ridge covers the region of the nortchwest coasts of
Africa.

At the surface (Fig. 1) an almost stationary warm
low lying on northwest Africa causes the warm advection
from the southeast regions -towards the northwest ones,
whereas at the middle east, the indian summer monsoon low,
is being extended towards Cyprus, advecting thus very
warm air masses to the eastern Mediterranean and the
séhth Balkans.

On 16 July the ridge over Turope has advanced slowly eastwards,
whereas the lows' centres lying west and east of the ridge
"are moving towards south, especialy the western one, thus
strengthening the westerlies in northwest Africa.

At the surface, the synoptic situation looks as if
it is unchanged with one thermal low transfering warm air

masses intoVngmhivBiBiicofixd cacfpmmotdte BofithéaateyiagdAtThe.
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other one from the east-southeast towards the south Balkans.
On 17 July 1987 the aforementioned ridge is lying
on central Europe, with the main portion of the ridge line
coinciding with the meridian at Z20°E, whereas its northermost
part is coinciding with the meridian 12.5°E thus showing an
inclination from northwest to southeast (Fig.2). In Greece, the
5820 gpm contour on the 500 hPa chart shows that a éomewhat
cyclonic atmospheric circulation exists. In northwest Afri-
ca the warm advection is being maintained almost unchanged,
whereas the extension of the summer monsoon low towards the
south Balkans has ceased, since it has already transferred
a great deal of comparotctively warm air masses, stagnating
now over the south Balkans, but mainly over Greece and west-
ern Turkey (Fig. 3). We also can see in Figure 3, that the
westéfn Mediterranean has become a region of .warm
advection, ccoming from northwest Africa and marching rorth-
easterwards. In North Spain and south Prance an intense
thermal gradient is obserxved, (Fig. 3) which is associated
with strorng northwesterlies resulting thus in a remarkab}q
cold advection towards southeast Spain. On 500 hPa (Fig.é)
the cold advection towards Spain results in the formation
of a cut off low, which makes the circulation aquire a ’
SW - NE direction and to intensify in the same time over
the western Mediterranean and northwest Africa on 19 July
1987, as it is shown in figure 4. The afofementioned cold
advection seems to be caused by the field of strong NW'winds
between the low being over British Isles, and the large sca-~
le warm ridge in the northeast Atlantic advacing slowly
eastwards while being strengthened, and while shifting its

ridge line, adopting a direction from SW to NE (Figs. 2,4).

Moreover the ridge over central Europe has been displaced

over Russia, the Black Sea, and the central Meditegranean
where it is being terminated in a warm high.

The sort of atmospheric circulation, which the west-
ern cut off low of the long wave has set up, results in an
intense negative advection of relative vorticity, and warm
advection in the middle troposphere towards Italy. This area
of negative advection of relative vorticity shows a tenden-
cy toVp@iestBidadita QaepudsrochaT whicthe®aayagsA.M.0.
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Fig.1. Subjective analysis of

Continuous lines are isotherms
GMT. Thick continuous lines are j; a 2°¢ interval, dotted con-

contours in a 6 gpdam interval, tinuous lines are thermal advec-
thick dashed lines are isothemrs tjon iseopleths in a 50 X 10'600
in a 5°C interval and thin con- gg~! interval,drawn only when

tinuous lines are isobars in & the thermal advection values

4 hPa interval. Presentation of sre gpsolutely greater than
surface fronts accordingly to 100 X 10—6°Csec—1. Arrows re-

WMO's  guide on the global data present 850 hPa mean wind

processing system (WMO publica- fjeld. The lenght of the arrows

tion No.305). is proportional to the wind
speed. Calculations are based

on ECMWF's initialized data.
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Fig.2. Same as Fig.1, but for Fig.4h. Same as Fig.1, but for
17 July 1987. 19 July 1987.
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On 850 hPa ( Fig.5) the air flow, shown over
northwest Africa and the western Mediterranean, coming from
southwest, transfers very warm and dry air masses of Sahara
- origin (Tc) northeastwards, So the region southwest of Rome
aquires the greatest values of the warm advection, that is
more than 200 X 10 °°C/sec. The isotherm labelled 26°C
reaches Sicily. This day, 19 July 1988, can be characteri-
zed as a heatwave day in Greece, because the Metaxas and
Kallos (1980) criteria are fulfillied, and the maximum tem-
perature overshoots the value of 38°C in many Greek cities
simoultaneously.

' On the next days, the high's northernmost por-
tion is weakening gradually, being displaced slowly east-
wards, whereas the southern portion is rather strengthening
due to the western low,which has moved very slowly south-
eastwards, being cut off (Fig.6), maintaining a southwest
direction for the tropospheric circulation over northwest
Africa and the western Mediterranean and also extending it
over south Italy and the south Balkans. In the same time'
the warm advection over:the Balkans made the 26°C isotherm
on the 850 hPa chart (Fig.7) to be over Bulgaria on 22 July.

Apart from the horizontal intense warm advec-
tion the large scale subsidence associated mostly with the
negative advection of relative vorticity (the circulation
is more anticyclonic on 23 July), appearing over Greece on
500 hPa (Fig. 8) must contribute to this intensive tempera-
ture rise (Lyall 1971, 1979). - Over the sea, large scale
downward vertical velocities dominate at all levels whereas
over land, being mostly mountainuous, overheated by the sea-
sonal prolonged solar radiation the vertical velocities ap-
pear to be slightly (1-3 hPa/h) upward up to 700 hPa asso-
ciated with absolute instability in the most of the‘bounda-
ry layer (Fig.9). Thus the right hand terms of the thermo-

dynamic equation (Wiin Nielsen, 1973).

st . 2o _ 1 6q
(W) = V.VPT + O)(Fa r) + P at (1)
P P
(T : temperature, V : wind, t :_time, o = -%%— : vertical
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Fig.9. Objective analysis of vertical velocities (a) at 700

hPa (b) at 500 hPa for 22 July 1987/1200 GMT. Isopleths are
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3

depending upon whether the air is saturated, T' = —p ¢

actual lapse rate, cp : specific heat of moist air at

constant pressure, —g%— : heat-energy change per unit mass
caused by processes other than condensation, Vp : horizon-

tal gradient on an isobaric suface) favor the local in-
crease of the temperature at all levels of the lower tro-
posphere. During the night, large scale downward vertical
velocities occur at all levels from surface up to 509 hPa
(not shown) over Greece, and the neighbouring countries.
As a result, even the second of the right hand terms of
the equation (1) contributes fully to the temperature's
increasing, counterbalancing thus the losses by radiation.

These synoptic conditions were kept unchanged
from 19 to 22 July 1987, resulting in the creating of two
warm pools on the 850 hPa chart (Fig.7). One of them cen-
tred on 35°N, 1Z°E and labelled 30°C and the other one’
centred over Greece with a value greater than 28°C.

After the 23rd of July the 500 hPa low, ha-
ving become a cut off low, being thus not yet fed with
cold air, is being degenerated, while moving in the same
time slowly northeastwards from the area being northwest
of Italy. South Italy and the southern and eastern Bal-
kans have been covered by tropical continental air masses,
as the values of their tropopause height (about 100 hPa)
and temperature (about -70°C) indicate (see table I).

Jon 25 July the synoptic situation in Greece
remains aliost unchanged (Fig.10). So the temperature in-
creases even more, making this day be the warmest day of
the heatwave period for many Greek cities. But jﬁst be-
fore 25th of July the ridge over the north east Atlantic
has moved even further eastwards and has strengthened on-
ce more, while its line still had a SW - NE direction.

The build-up of excessive anticyclonic curvature on the
ridge is a consequence, of the wind speed increase at the
western flank of the ridge, causing the warm advection

whighs iR BTENBe SRERS oS oS RIRERIRG, iE. Kip gFidge.
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The expected increase of the wind at the eastern flank of
the ridge, advecting polar maritime air and kinetic energy
from the north east Atlantic towards the western Europe,
resulted in the rejuvenation of the low with a new centre
lying over England on 25 July (Fig.19). This low is a
vigorous synoptic pattern which, in turn, dominates the
atmospheric circulation. This low, moved northeastwards,
but a major trough of it with the associated cold front
moving southeastwards, caused the severe weather which
appeared over Yugoslavia. Furthermore the anticyclonic
circulation continues to cause the large scale subsidence
with a somewhat temporary increase, especially over east-
ern Greece (not shown). The warm pool over Greece also
continues to exist, being shown on the 850 hPa chart
(Fig. 11), while maintaining the surface temperature va-
lues at high levels.

On 27th of July the atmospheri: circulation
became cyclonic at least over north Greece (Fig.12) with
the corresponding cold advection. The value of this cold
advection is greater than 250 X 10-6°C/sec. (Fig. 13).

In southern and eastern Greece, as a consequence of tgis
synoptic situation, the wind shear on 507 hPa chart is
intensively anticyclonic, resulting in naintaining the
large scale subsidence of the tropospheric air over this
regions (Fig. 14). As a result the maximum temperature
in the cities of the eastern Greek mainland adopted their
greatest values. These values were predicted successful-
ly by the D+3 forecast of the ECHMWF model. The election
of the Athens meteorological station (Helliniko, WMO
N°16716) for the verification of this forecast (Rubli 1987)
is not suggested, because Helliniko's temperature depends
on the sea-breeze mesoscale circulation showing, 4hus, a
great bias from the predicted temperatures (Helliniko is
a coastal station). The 27th of July was the last day of
the heatwave period for eastern continental Greece, be-
cause on that day maximum temperatures had already been

reduced remarkably in northern Greece.

WnoeiakA BiBAI0BAKkN Oed@paocTog - TuAua MewAoyiag. A.lM.O.



N I O g ‘
fzség-égs?r U : 4L R0OGMT

Fig.11. Same as Fig.3, but for

Fig. . ig.
1g. 10. Same as Fig.1, but for 25 July 1987.

25 July 1987.

27-7-1937
120C GMT

Fig.13. Same as Fig.3, but for
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Fig.14. Same as Fig.9, but for 27 July 1987.
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“{EAN ATMOSPHERIC CIRCULATION DURING THE TIME
PERIOD THAT THE HEATWAVE AFFECTED GREECE.

Figure 15 shows the mean atmospheric circula-
tion from 19 to 27 July 1987 as it is illustrated by the
mean chart of the 500. hPa height. This mean chart indica-
tes that a long wave with ridges over central Europe and
the north Atlantic and a low between these two ridges do-
minates the atmospheric circulation.

The question which is now arisihg is whether
a feature of the three comprising the long wave appearing
on the 500 hPa chart plays the most important role in the
creation of the heatwave. To decide this we examined clo-
sely the 500 hPa height's anomaly field that is the dif-
ferences of the July's long-term average 590 hPa height
values from the mean 500 hPa height values of the time pe-
riod from 19 to 27 July 1987 and for both 0000 and 1209
GMT observations. Por'the study of such meteorological
and climatological topics the anomaly field plays the most
important role (Stringer 1972). This anomaly field shows
that Azores anticyclone has experienced an intesive strengt-
hening anq displacement towards the north. Anomaly va-
lues in north Atlantic's region overshoot the 210 gpm
being mostly statistically significant at the 0,01 level
of significance, fact which indicates that these high va-
lues of the anomaly field are due to the steady residence
of the same ridge over the region. This centre of action
must play the most important role in the creation of the
cold advection towards northwest Europe. This cold adve-
ction is performed by the strong north-northeasterlies
(as. the strong anomaly gradient shows at the east part of
the system) depicted in Figure 16 by the earlier mean po-
sition (from 19 to 24 July 1987)of the polar je% stream.
The extension of the western ridge northeasﬁwards adopting
the shape of a meridional blocking results in the setting
up of an intense cyclonic circulation of the eastern flank
of this ridge (Bjerknes, 1951}). Successive maxima of vor-
ticity are created moving south-southwestwarfds and at the
same time cold air masses are advected maintaining the

low sysksilicd Bid\SST, BE5d88oRoR4hARR ﬁwiga%%?rized
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zontal temperature gradient. This temperature gradient adopts
a NW - SE direction making the thermal wind increase in the
lower half of the troposphere resulting in the strengthening
of the southwesterly winds in the whole troposphere.

Thus south Italy and the éouth and eastern Bal-
kans are covered by Tc air masses of a northwest African ori-
gin. This,besides the tropopause height and temperature va-
lues shown in table 1, is also concluded by the high values
of the anomaly field (Fig.15) that they are greater than 120 gpm
in the Bulgarian region. These balues are mostly significanﬁ
at the 0,01 level of significance. This means that the anoma-
ly values have a likelihood less than 1 per cent to be random
(Brooks and Carruthers 1953). It also means a continuous in-
creasing of the 500 hPa height in the area from the beginning
of the heatwave's appearance as far as its peak owing to the
same steadily operating meteorological factors or circulation
patterns.

One more indication, which advocates for the air
masses being over Greece and the neighbouring coutries have
a Saharan origin, is the subtropical jet stream's positions
as they are shown in Figure 16. It is worth mentioning that
before the I25th of July 1987 there didn't exist any indica-
tion either on maximum wind chart or in satellite-imageriés
to help us to indetify the subtropical jet stream's position.
It seens that the warm air masses that had occupied‘the south
Balkans due to the likely extension westwards of the summer
Indian monsoon low, mentioned above, diminished the thermal
contrast at jet stream's level, nothing thus left to witnes-
ses its presence. Even the characteristics bands or cirrus
clouds accompaning the subtropical jet stream (Reiter, 1975)
are completely absent from the satellite imageries. The sub-
tropical jet stream makes sense of his presence on 25th of
July interaéting with the polar jet stream over north Italy
and north Yugoslavia causing the extremely severe weather oc-
cured there on z5th and 26th of July. On next days the sub-
tropical jet stream retrogrates southwards getting gradually
away from the polar jet stream and adopting its usual summer
position,,thgﬁoéﬁKb tween sout GreeF%dB?inlanrﬁgg Crete
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Table 1. Mean and maximum velues of height and temperature at tropopauses
500 and 850 hPa at Helliniko upper air station from 19 to 27 July 1987.

Méteorological Parameters

Height mean

Height maximum

Mean Temperature

Absolute maximum temperature

Levels

Propopause | 500 hPa: 850 hPa

107 (nhPa) | 5926(gpm) 1558(gpm)
100 (nPa) | 5970(gpm) 1590(gpm)

-68°C -7,12°C 2k,17°C

-70°cC -6°C 28°c

T 500nPa .
9-27/7/987

Fig.15.
the time period from 19 to 27

July 1987 and for both 0000 and

1200 GMT,and their anomalies,

e.g.the departures of the 1950-

1973's average from this mean.
Thick lines are contours drawn
in a 6 gpdam interval, dashed

lines are anomaly isopleths in

a 3 gpdam interval. Horizontaly

hatched areas include anomaly
values significant at 0.05 level of
significance and crossed hatched

areas include anomaely values signi-

ficant at 0.01 level of significance.

Mean 500 hPa heights for{

i Vet

Fig.16. Positioﬂs of main jet
streams during the heatwave o
time period. The thick conti-
nuous line is the mean posi-
tion of the polar jet stream
for the time period from 19

to 24 July and the thick dashed
line in the mean position of
the polar jet stream for the
time period from 25 to 27 Ju-
ly 1987. Thin continuous lines
represent the ppsitions of the
subtropical jet stream from

25 to 29 July 1987. Maximum
winds are plotted as on the
upper éir synoptic charts.

FL and the following number
denote the level of the maxi-
mum wind in hundreds of feets,
wvhereas the numbers below them

denote day and time.
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From the above discussion anyone can conclude that the
very warm weather in Greece occurs when the subtropical
jet stream lies north of Greece or has become a very
weak circulation feature being further north or having
diminished there.

THE EFFECTS OF THE HEATWAVE ON THE WEATHER CONDITIONS

OF GREECE IN ASSOCIATION WITH TIIZ GEOGRAPHICAL CHA-
RACTLRISTICS .

The synoptic discussion and the study of
the mean atmospheric circulation during the heatwave's
occurrence, pointed out clearly that this meteorological
phenomenon belongs to the synoptic and larger scale atmo-
spheric circulation. For that reason, the ECMWF model's
three day forecast was proved quite successful, and sub-
sequently the Hellenic National Meteorological Centre was
able to warn the general public two days in advance.

Let us see now in detail the direct effect
of this synoptic scale atmospheric circulation on local
Greek weather conditions, which caused the loss of more
than 150C lives.

We can easily see from table 2, that the ma-
ximﬁm tenperature values, rounded off, at certain meteo-
rological stations located in urban or rural areas of re-
latively large Greek cities overshot the value of 37°C
during most of the time period ranging from 19 to 27 July
1987. These cities, have been selected so as to repre-
sent all kinds of Greek local climates. Some of these
stations are purély continental e.g. Larissa, Aliartos,
some of these partly continental e.g. Nea Philadelphia
being in Athens' region about 20 km from the sea, some
of these are coastal stations of the Greek mainland e.g.
Helliniko, Elefsina, Kalamata and Athens Observatory.

The last one lies about 5 km from the sea. Finally, the-
re are coastal stations on the Aegean sea islands as Kos,
Naxos or on the Ionian sea islands as Corfu and Zakynthos.
Heraklio is a coastal meteorological station lying at
northern coasts of Crete and Tybaki at southern coasts of
the same island. However many differences referred to
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the maximum temperature values, appear between these cities
of different local climates or geographical characteristics.

In general we can easily realize that Metaxas and
Kallos' (1980) criteria for defining a heatwave day are
fulfilled for almost all days in the time period from 19
to 27 July 1987 except for the first one namely 19 July 1987.

However the maximum temperatures reached the value
of 38°C at the purely continental meteorological stations,
and even more in lNea Philadelphia and Tybaki on 19 July
1983. On the same day many purely continental Greek meteo-
rological stations not included in table ZAappeared to re-
cord maximum temperatures having just exceeded the value
of 37°C.

It is noteworthing, that some of the meteorological
stations of table 2 show a fluctuation of their maximum
temperature values during the time period considered.

This fluctuation appears only in the coastal stations which
are located either in the Greek mainland or in the islands.
Some meteorological stations lying on the Aegean sea islands,
maintained the air temperature values in low levels far
“fron ﬁeatwave's levels. One of these stations, namely Na-
xXo0s, is the most representative of this category. Naxos
recorded maximum temperature's values below 33°C during

all the heatwave's period and so we can say that it was

not affected at all by the heatwave. Something similar
happened to almost all meteorological stations lying on

the northern coasts of the RAegean sea islands. The reasons
must be attributed to the composite phenomenon of the sea-
breeze blowing from the same direction with the etesians,
which are the prevailing northerly or northeasterly winds
mainly over Aegean sea (but frequently extending westwards)
during the whole of the summer (Karapiperis, 1951).
Etesians are due to the synoptic scale pressure gradient
and oppose sea breeze at the stations lying on the south-
ern coasts of the Greek Islands or the Greek mainland.
' To explain the fluctuation of maximum temperature
values which are shown in table Z, we have once more to
recourse to the local sea-breeze circulation, which did
not apﬁear on some days of the period under consideration.
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Table 2, Maximum and minimum temperatures recorded from 19 to 27 July 1987
at some Greek metcorological stations.

Metcorological NO Days of July 1987 Tmax
Stattons WHO 19 20 21 22 23 24 25 26 27 Tain
. Tmax 36 38 41 42 43 41 41 41 41 32.2
Athens Observatory 714 Tmin 24 25 27 28 28 29 28 27 2 22.9
D.T.R. 12 13 14 14 15 12 13 14 13 9.3
. Tmax 38 41 42 43 42 42 41 43 44 33.2
Nea Philadelfia 701 1pin 22 23 26 28 28 28 27 27 26 20.5
D.T.R. 16 18 16 15 14 14 14 16 18 12.7
Tmax 337 37 36 40 42 38 36 31 36 31.6
Helliniko 716  Tmin 23 23 25 25 26 26 28 25 25 22.7
D.T.R. 10 14 11 15 16 12 18 12 1N 8.9
Trmax 36 41 41 42 43 41 42 41 45 32.7
Elefsina 718 Tmin 25 26 26 28 30 25 29 27 29 22.1
D.T.R. 1M 15 15 14 13 16 13 14 186 10.6
Trax 28 39 40 40 40 39 40 42 44 32.0
Aliartos 674 Tmin 20 21 21 25 22 23 22 23 25 11.6
D.T.R. 18 13 19 15 18 16 28 19 19 4.4
Trax 38 40 41 40 41 39 42 43 43 33.1
Larissa 648  Tmin 19 20 21 21 21 23 21 22 22 17.5
D.T.R. 19 20 20 19 20 16 21 21 21 15.6
Tman 31 36 38 38 38 37 37 38 38 28.7
Kos 740 Tmin 21 23 27 28 29 " 25 ‘2 28 27 21.2
D.T.R. 10 13 11 10 9 12 "9 10 1 7.5
Tnax 30 30 31 32 32 31 31 33 33 26.7
Naxos 732 Tmin 22 23 26 28 28 26 26 26 25 21.6
D.T.R. 8 1 s 4 4 5 s 7 8 5.1
Tmax 30 32 32 31 32 32 33 32 36 28.7
Heraklion 754 Tmin 20 22 23 24 23 25 27 25 24 21.4
D.T.R. 0 10 9 7. 9 7 6 7 12 7.3
Tmax 38039 40 39 41 41 40 40 44 31.5
Tybaki 759  Tain 19 23 23 25 26 26 25 25 21 20.3
D.T.R. 19 16 17 14 15 15 15 15 23 11.2
Tmax 33 03¢ 34 34 43 37 39 41 .41 31.1
Kalamata 726  Tmin 18 21 20 20 22 22 20 19 22 18.1
D.T.R. 15 13 14, 14 21 15 19 22 19 13.0
Tmax 35 35 39 40 41 41 39 41 34 30.6
corfu 641  Tmin 18 20 20 22 23 22 22 21 22 18.0
D.T.R. 17 1% 19 18 18 19 17 20 12 12.6
Tmax 3¢ 36 39, 40 42 41 41 42 36 30.3
Zakynthos 719 Tmin . 18 18 22 23 24 23 23 22 20 21.0
D.T.R. 16 18 17 12, 18- 18 18 29 16 9.3

Explanation of symbols :

Tmax = _Maximum Temperaturé, Tmin = Minimum Temperature,

D.T.R. = Diurnal Temperature Range.

Tmax = July loog - maximum te ture, Tmin = July long-t '
Ynoiokn Bl “Afoeﬁxﬁ“&éé'ga‘?mg”- “‘rpr]p&“pfé&'ié‘?/iag. ATH.@.m:n{mmngem;::r:::::



| 177

On these days the large scale thermal advection and the

air subsidence which were the main factors mostly control-
ling the air temperature variation over the whole of the,
Greek region did not allow adequate horizontal temperature
gradients to develope between the air over the sea and land
to produce sea breeze or particularly sea breeze strong
enough to predominate the light etesians blowing from the
opposite direction. This was the reason why the Helliniko
meteorological station (WMO N°16716) which is a coastal
station in Attica, the major regioh to which Athens belongs,
the sea breeze did not appear to blow at all on 22, 23 and
24 July, whereas a weak sea breeze circulation occurred on
19, 20, 25 and 27 July 1988. The latter fact affects the
registration of the temperature (Fig. 17a), which shows
peaks on the days when the sea breeze circulation d4id not
occur, whereas it shows a fluctuation around the maximum
temperature on the days when the sea breeze appeared.
Something similar the registration of the relative humidity
shows (Fig. 17b). On these latter days, the maximum tempe-
rature values were kept below the value of 37°C at the Hel-
liniko meteorological station. We have to mention that on
27th of July 1987, a day which was for many cities of the
eastern Greek mainland the peak of the heatwave period, the
maximum temperature at the Helliniko meteorological station,
just reached the value of 36°C, due to the sea breeze blow-
ing, an event which did not occur at the Elefsina meteoro-
logical station, although the latter is also a coastal sta-
tion at a distance of a few kileometers from Helliniko.

As a result of this last fact, the maximum temperature
reached the value of 45°C at the Elefsina meteorological
station on 27th of July 1987. This maximum temperature va-
lue was the greatest during the heatwave's period not only
for the Elefsina station, but for the whole of Greece as
well. The fact that sea breezes do not occur simultaneously
at all of Athens region's coastal meteorclogical stations,
is a problem which is attributed to the interaction between
mesoscale and synoptic scale circulations and it has not yet
been fully investigated (Prezerakos, 1985). Moreover the
sea breeze, wherever it occured, was bery weak and restricted
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at the coasts. This can be concluded from the fact that the
Athens Observatory and Nea Philadelphia meteorological sta-
tions being relatively close to the coasts of Attica, did not
provide any evidence of sea -breeze circulation during the
whole of the heatwave's time period for Nea Philadelphia.
This is evident from the registrations of the temperature and
relative humidity (Fig. 17].

Considering the maximum remperature wvalues, which
were recorded during the heatwave's period, as a series of
observations belonging to‘an extended period of unusually hot
weather, it would be reasonable to decide whether a tempera-
ture break, that is a sudden change in the temperature, occur-
ed or not. Using Oerlemans' (1979) approach we found that a
break did not occur in the beginning of the heatwave period,
whereas a remarkable break occurred at the end, that 1s on 27th
of July, for some meteorologicdal stations of northwestern Gree-
ce, and on 28th of July for some other stations of eastern
Greece. <Calculations were made for the maximum temperature
values of a few stations, where the speed of the change eguals
2, that is B = 2 (Oerlemans 1979}. This break aralysis, show-
ed that the heatwave arrived into Greece smoothly and gradually,
whereas it left Greece very suddenly.

We can also realize from table 2, that the mini-
mum temperature values were high during most of the heatwave
time period. This fact reduced the daily temperature range
elongating thus the duration of the discomfort conditions, which
were making people suffer ceasellessly even during the night.

There was also a remarkable contribution, to the
heatwave because of the fact that many hours during each day
the temperature reading was close to its daily maximum value.
This was derived by examining the thermographs of many meteo-
rological stations distributed over Greece. Some typical of
them are shown in Fig. 17a.

In order to accurately determnine the éiscomforta—
bility and length of the weather conditions over Greece during
the time period under consideration Thom's discomfort index
{I4) was calculated from a selection of Greek meteorological
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stations. This index is a suitable one for closed spa-
ces e,g. offices or rooms but we think that in such
windless or with very light winds weather conditions it
works satisfactorily even outdoors (Thom 195%). Table 4
shows that the daily maximum, and even the daily minimum
values of Thon's discomfort index, were very high during
the whole of the heatwave's time period thus maintaining
very discomfortable weather conditions for many hours
each day, a fact which was the main reason for the loss
of so many lives. The index's values ranged high for a
rather long time period during each day, having as a re-
sult the cancelling of all the civil services, a step
usually taken in USA, when Thom's index adopts values

30 or greater. It is well known (Thom 1959) that when

24 & Id < 26 then the 50% of the total porulation feels

discomfort, when I, > 26 then the entire population

feels discomfrt and when Id > 26.7 the discomfort feel-
ing is very strong and dangerous. It is noteworthy to
mention that Thom's index values should be much higher

if the warm air masses which had settled over Greece we-
re not of a Saharan origin, that is Tropical contilnental
{(TC). 1In some coastal cities where the humidity was also
high the weather conditions were really intolerable.

The last question which remalns to be answe-
red is whether the heatwave phenomenon under consideration
was really an unprecedented one. In order for thls gues-
tion to be answered accurately, it should constitute the
subject of a specific investigation, which should inclu-
de the analysis of the data of many Greek meteorologicai
stations setting up this way, adequate criteria. However
a heiristic answer tould be given by saying that maximum
temperature values greater than those of the 1% tp 27 Ju-
ly 1987 periocd have been recorded in the past, e.g. on
10th of July 1577, when the maximum temperature adopted
the value of 48°C at Elefsina and Tatoi meteorological sta-
tions as we have already mentioned in the introduction.
Also maximum temperature values greater than 18°C were
recorded at most of the Greek meteorological statlons.
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Table 3. Daily maximum and minimum wvalues of Thom's discomfort
index and their times of occurrence from 19 te 17 July
1987 at some Greek meteorological stationm.

BAYS O P JULY 1587

Heteorological WMO

! 19 20 b 22 23 24 25 26 17
Stations n*

26,6 28,8 29,v 29,7 10,8 20,7 2%,7 29,6 29,4

time 1500 7800 1800 1800 1500 1500 1800 1500 1500
HELLINIKO 716 el e e e
Id 23,1 22,4 22,9 23,7 25,3 24,9 26,2 24,2 24,2

time 0600 DJOO 0300 Q600 - 0300 000 0300 0690 0600

29,8 30,7 11,3 32,2 3,4 3,4 31,2 M,.5 .8

time 1500 1500 1500 1500 1500 1500 1500 1500 1500
W.PHILADELTIA 701 =5iee e e mm——— _—

24,2 24,% 25,9 36,5 27,7 26,3 23,8 26,2 26,1

tipe G900 0900 ¢560 0900 0900 0300 0%43 0900 0500

21,5 21,& 21,1 28,8 20,0 28,4 28,8 9,71 28,7

time 1800 1500 1500 1500 1500 1500 1500 1500 1500
THESBALONIKI 622 =-1--- e e e e e e e

20,9 21,3 22,0 22,6 22,%t 23,2 22,4 23,2 21,5

time 00D 0300 0300 0300 0300 - 0100 03100 0300. 0600

LARISSA 648 - ————- e s

19,8 21,5 21,8 22,8 22,1 22,5 23T.0 22,5 19,12

time 060 0300 0300 D300 0306 0300 4300 0300 0800

KALAXATA 726 BT e .

min

tima 0300 0300 030D 0300 0300 0300 0300 0200 (G600
LCr ~

Explanation of &qu Bij\ro@ixepkteeppadiog 1 Wiuc [auwhoyied A [RO: dry buib
. topperaturs ond Ty e wot bulb temporature Sax = maxisum, min 4+ sinlmusm Oc.time =
- oocurrence time, LCT = Loesl Clvil Tima )
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Such maxima have been reported many times in the past du-
ring similar yearly periods. The Metaxas Kallos' (1980)
investigation about heatwaves in Greece was based upon that
material,

Finally, runing through the archives of the
Hellenic National Meteoroclogical Service, which are stored
in magnetic tapes and which have 1953 as a starting year
with the exception of the Athens Observatory stored data,
which have 1B%¢ as a starting year, we can conclude that
cases of 9 successive days with maximum temperature values
nore than or equal to 37.5°C, have not been recorded at
any Greek meteorological station with the exception of La-
rissa, where it occured once. iloreover, the case of 0 suc-
cessive days during which the maximum recorded temperature
was grater or equal to 41°C been reported at most of the
purely continental meteorological stations of eastern Gree-
ce from 20 to 27 July 1987 is really an unprecedented phe-
nomenon concerning observations since 1%53 and since 1896
for the Athens region individually. Unfortunately, there
is not sufficient data to accurately answer whether the du-
ration of very discomfortable weather conditions is an un-
precedeted phenomenon. There exists strong evidence how-
ever, verifying that the loss of 1500 lives is 1ndeed_an
uprecedented phencmenon locally, as something similar has

been reported never before.
CONCLUDING REMARKS

From the study of the synoptic atmospheric
circulation in the time period from 15 to 28 July 1987 we
were able to conclude that the heatwave phenomenon having
appeared over south Italy and the Balkans belongs to the
synoptic scale and larger atmospheric cjrculation and the
metecrological factors which are responsible for its gene-
ration are :

a. The very intensive thermal advection in the
whole of the free troposphere transfering very hot and
dry air from north Africa towards the south Italy and the
Balkans. These tropical continental air masses came over
the already warm air masses stagnating over the Balkans
having arrived there by the extension of the Indian sum-
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b. The atmospheric circulation, in the western
Hediterranean and the Balkans appeared to be extremely
anticyclonic, with direct consequence the negative adve-
ction of relative vorticity and the large scale subsiden-
Ce in the area from Libya to the Balkans.

c. An intense diabatic warming due to persisting
sunshine on a very mountajinous region as the Balkans 1s.

The main centre of action was detected becau-~
se of the study of the mean atmospheric circulation based
upen the mean 500 hPa height and its anomaly fields, This
centre of action was a meridional blocking high meandering
aver ngrtheast Atlantic, which was controlling the circula-
tion, making a deep low, situated at the eastern flank of
the ridge to be maintained active and persist over north-
west Europe for many days, thus becoming the key system.
This key system caused the intensive warm advection, men-
tioned above, towards south Italy and the Balkans, whereas
the svhtropical jet strean was located on a position being
to the north of.the Balkans during the heatwave period.

Also the heatwave tipe period portrayed high
temperatures, which surpassed the value of 3B°C at most
of the Greek meteorological stations for many days, thus
producing extremely disconfortable weather conditions,
which caused the loss of more than 1500 lives.

The fact that 9 successive days appeared
having maximum temperature values greater or equal to 30°C
during the heatwave, was not unprecedented for all of the
Greek meteoroleogical stations. B successive days with na-
ximum temperatures greater or equal to 41°C have never
been seen since 1953 at Nea Philadelfia and since 1096
at the Athens Observatory metecrological stations.

The fact that the values of the temperatures
were overall kept near.the values of the maximum tempera-
tures for many hours during the day, were unique for
the majority of the Greek meteorological stations.
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NEPIAHTH

LTINV EPYQoLid AQuTth YLVETQL npoomddeia va npogdpLopL-
oToUv KAl HEAeTINIOUV T XAPGHTINEALOTLME Tne OUvONTL®AL AL~
paxac xuxiogopiag Tne atudoparpas, n onola npoxdiede Tig
cEatpeTiud wnliéc xar nMapaTeTauéveg Jepuoupacieg oTnv Ei-~
Aaba Tou IcoUALe tou 1987. Awxdun Siepeuvdrar o POAGE Twv
PUILKOY EWY PP LHOY XAPGKRTNOLITLROY Twv 6.aedowy TEQLOYGY THC
EAAdSGac nouv guvéBaiavy otn Staudpewon TRC xatavoune Twvy Jep-
HonPagLdV quidy dtn xdoa uag.

H perétn £8ecfe OTLv 1O Mévipe Bpdorwe Atav évac pevd-
Ang xilpaxag avrixuxAdvag tinou peonufpLvol epnodSLopcd otn
uéan tpénoowaipa. To OUCTNUEa AUTS umeltoviav ctnv TMEpLOYh
ToU BopeELoavatoAdiuol ATAavTixoU eAfyxovrag TNV aTpogeaLp Lk
Huxiopopia. H Lowupt ;Uulowcpia oTa avaTtoALxd Mpdomeda Tou
REYRANE »Aluauag GVTLHURADvE TpowdAECE T SnuLcoupyia evoc
Badéog xauniol otnv mepLoxh tng Baperobutixic Euvpdmnng.
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To yaunid napfpeive eEALPETLHA EVEQYD EMi NMoAAdL nuepEg XL .
€yive €tor TO obornua ®Aelbli. To ocbotnua avtd xAe b1 mpowd-
AEJE TNV TAPATETAREVN HAL LOWUPH VOTLOSUTLRN WuwAo@opla mévw
and tn PopeLoSutivunfl APpLMA, TN SuTuu’h MedgdyeLo wal Ta BaAiud-—
Vi,Q UE OUVETMELA TN ULETACCRA TPOTIAMOV MTUELPWT LKLY aeplov paldv
atn votLa Itaila waL T Badwdvia o cuvdtHES ULEYAANg xAluawag
ATuogpalLpLXNe HaToALoSnong. H xatoAiicdnon auth o ouvbuaoud
HE ThV évrovn niiaxR axkrivoBaAiia ndvae OINV EMLEVELA Tng EAANR-
VLMAC YAC mou watd To MAelatov eivar opelwvh cuveTéAece oTnv
MEPQLTEPw alEnon Tng Sepucwpadiagc oro og Tou HAwRol.

Axdun ue PBdon opLOUEVES JEpuoupacLanéC mapaué TPOug HaL
To Eeintn Suggoplag TOU Thom EYLvE SuvaTOC O XAPARTNOLIWOS
TV HALPLHOY guvdnudy TOu EMukpaToloav otnv EAldba and 19
uéxpr 27 Ioukiou 1987 wc eEaiLpeTixd emux{vBuvwy YLO TOUC Qv -
Ypumoug ta Lo war axdun vyia Ta outd enl nmoAiég dpeg HdABe
NUEPCC ULE CUVENMELE TO SAvaTo Mdww armd 1500 arduwv.

Térog éyLve pia npoonddela va Ppedel av To @aiuvOuevo
autd Tou nalowva NTav Mpwtopavég o évTaon xal SLEApHELa OTNV
EAAGSG. '
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