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WIND IN THESSALONIKI - GREECE

by
G. C. LIVADAS and CHAR. 5. SAHSAMANOGLOU

(Institute of Meteorology and Climatology, Aristotelion University of Thessaloniki)

(Received 29-12-1973}

Abstraet: Wind in the city of Thessaloniki is studied from dota of the meleorologieal
station of the Institute of Meteorology and Climatology of the Aristotelian University
of Thessaloniki, for the 1930 - 1971 period.

Conclusions are drawn as to the wind directions {prevailing winds} and thetr velo-
criies.

INTRODUCTION.

The element of wind in the city of Thessalontki has been the sub-
ject of relative studies by Alexandrou?!, Mariolopoulos™, and Kyria-
zopoulos ¢, The [irst two used data ol varicus meteorological stations
that [unctioned [or diflerent intervals in various sites, in the city of
Thessaloniki, within the 1892-1929 period, while the third research
worker studied also data of the met. station of the University ol Thes-
saloniki lor the vears 1930 - 1837 (Mariolopoulos 15).

In the present work we examine data ol the above station (AUT)
for the years 1930-1971; these data have heen published in the series
«Observations Météorologiques de Thessalonikisy (Kyriazopoulos??, Li-
vadas 8),

It should be meutioned that, out of the 1930-1971 observational
period examined, the met. station of the AUT stopped operating, or it
operated defectively, during the Greek-italian war and the subsequent
German occupation, that is [rom November 1, 1940 till October 31, {944,
when the building of the University (on a speecial tower ol which stood
the anemograph ol the met. station (Mariolopoulos?® No. 1) Kyria-
zopoulos 7 No. 12) while the anemograph itsell was destroyed during
the retreal ol the German occupation army.

A new anemograph, provided by the Greek National Meteorolo-
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gical Service *, began operating on the same site from January 1, 1950:
Thus from the 41 years that elapsed since the installation of the lirst
anermograph, we have only 31 full years of continuous operation, upon
which our research has been based (1930-39 and 1950-71).

Also during the 31 vears of operation there have occured :

a) Interruptions of the clockwork (drum) of the anemograph, mainly
due to mechanical damage.

b) Interruption of the anemograph’s operation, due to freezing
of the water inside the float chamber, in cases of severe cold spells in
the area of Thessaloniki, when current failures also occur, because
aerial power lines are destroyed by heavy loads of ice and snow.

We give below Table I, containing two columns: the figuresin the
tirst column give the hours, per month, when the anemograph stopped
operating, while figures in the second are the possible hours of operation.

TABLE I

Hours lost and possible hours of operation of Dines anemograph per month
(M.S./AUT, period 1931 - 1939 & 1950 - 1971)

Hours lost Possible hours of operation
J 316 23.064
¥ 106 21.000
M 5% 23.064
A 104 22.320
M 116 23.064
J 105 22.320
J 165 23.064
A 727 23.064
3 101 22.320
O 84 23.064
N 25 22.320
D 143 23.064
T 2046 271.668

It should also be mentioned herewith that, from January 1, 1931
till December 31, 1958 the two afore meutioned anemographs operated
upon the tower of the old building of the University (Mariolopouloss
No. 1), with their head placed at a height H=535m above M.S.L.,
From January 1, 1959 the anemograph was shifted to the new me-
teor. station, inside the campus, at a distance of some 150 m to the east

* All anemographs have heen Dines pressure-tube anemographs: the first
two (1931 & 1950) manufactured by Steffens-Hedde (Hamburg), and the third
(1958) by C. F. Casella (London)
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of its old position. 'The transmitter has been placed on a special steel
mast (manuf. by Casella) erected upen a specially built hut, within the
ennclosure of the met. station. The head of the anemograph stands at

a height H = 42.2 m above M. S. L. (Livadas ).

This shifting was

so0 slight, that the observational series has been considered continuous,
and measurements as held in the same location.

A, MEAN AND EXTREME VALULS OF WIND VELOCITY.

a. Annual Mean.

The annual mean, as well as maximum and minimum wind velo-
city in the city of Thessaloniki, have as [ollows :

Annual maximum
Annual mean
Annual minimum

Annual mean wind velosilies,

2,50 —2.99 m/sec
2,00 —2.49 m/sec
1.50 —1.99 m/sec
1.01 —1.49 m/sec

b. Monthly wind velocities.

TABLE 11

2.80 m/sec (1935)

1.7740.41

1.25 m/sec (1950)

are distributed ag follows :

2 years
§ years
13 years
11 years

Monthly mean maxima, monthly mean, and monthly mean mini-
ma of wind velocity are given in Table III.

TABLE III

Monihly mean maxima, monthly mean and standard deviations (L o), and monthly
mean minime of wind velocity tn Thessaloniki [period 1931-1939 & 1950-1971)

Mont
J

=

CRZo®Rr 2=

h Mean-max Year
4.20 1935
3.82 1934
4.82 1935
3.34 1933
2.66 1961
4,04 1969
4,25 1970
2.81 1969
2.69 1931
218 1936
3.27 1953
3.42 1931
4.32 1935

Mean
2.20
2.37
1.94
1.63
1.47
1.69
1.81
1.04
1.44
1.34
1.60
1.99

1.77

8D+ o

0.68
0.86
0.79
0.61
0.48
0.68
0.71
0.69
0.60
0.41
0.63
0.69

Mean-Min
0.58
0.87
0.70
0.58
0.39
0.72
0.83
0.29
0.33
0.56
0.42
0.92

0.29

Year
1939
1950
1954
1968
1968
1968
1950
1967
1967
1964
1966
1958
1967
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From Table IIT and the adjoined Graph I, we conclude that Lhe
monthly mean wind velocity has a double fluctuation, with a primary
maximum of = 2 m/sec during the cold season (December - February)
and a secondary maximum during the warm season (June-August).
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This double fluctualion is mainly due to the [ollowing causes :

I. During the cold season transitory anticyclones moving along
the main axis of Europe, produce strong north component winds.

Il. Again, we have strong north component winds from the ridges
of the Siberian high over the area of Balkans and Greece.

Also the local relief (Axios river valley) facilitates the development
of north compenent winds, such as the Vardaris wind.

ITI. The cold Balkans mainland, with comparatively high pres-
sures, and the warm Mediterranean - Aegean Sea, with its transitory
lows, produce strong pressure gradients during the cold season.

IV. During the warm season, the ridge of the Azores high, combi-
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ned with troughs from the Middle East {(South Asia - Monsoon Low),
produce the etestan winds prevailing in summer.

TABLE 1V

Frequency of monthly wind velocities

( Period 1931 - 1939 & 1950 - 1971)

Beauforl
scale J F M A M J J A 3 O N D
0 — _ . —_ _ _ _ . — - .
1 7 7 10 13 19 17 13 14 22 16
2 23 19 18 2 17 9 15 21
3 1 5 2 - 1 1 - = - —

As to the distribution of monthly values, from Table IV we observe
that it follows the curve of annual velocity variation, having meonths
with 3 Beaunforts wind force during the winter, [rom December to March,
and the two summer months of June and July (4-months cold season
and 2-months warm season).

As to the distribution of monthly mean wind velocities in the in-
terval X-3s to X |30, it has as per the [ollowing Table V :

TABLE V

—3G —25 —a a +a + s + 3a

2 59 136 118 45 9 3

The above Table V shows thal 197 months, oul of a total 372 {53.0%,)
have negative deviations and 175 months (47.0 %) have positive
deviations, while 3 moenths (March 1935 with mean monthly velocity
4.32 m/sec, June 1969 with monthly mean velocity 4.04 m/sec, and
July 1969 with monthly mean velocity 4.25 m/sec) or 0.81 9, have posi-
tive deviations > + Je.

¢, Dinrnal Variation.

The diurnal variation of wind velocity in the cify of Thessalonik:
is llustrated in the adjoined Table V1 and Graphs 11 - XITI.

Here we observe that as a rule, the diurnal variaticn acquires ils
peak wvalues in the early afterncon hours (15:00 - 17:00 h) while mi-
nima oceur during the night, from 20:00 to 08:00 hours, meaning that
wind velocity increases with air temperature.

The mean range cf the diurnal variation of wind velocity 15 << 1.0
m/sec during the cold semester from October tc March (although
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velocities are higher then); this range becomes > 1 m/sec during the
warm season from April to September and becomes maximum in June
(2.14 m/sec).

This is due to the fact that while winds blowing in winter are cau-
sed by general dynamic factors, such as the passage of low or high pres-
sure centers, and while the hour of their arrival - beginning is not rela-
ted to any particular time of day, in the summer winds prevailing (as
to frequency) in the coastal area of Thessaloniki, are sea - breezes,
that is daytime winds, starting, according to the temperature difference
between sea surface and the adjacent land, around 10:00-12:00 hours
and acquiring their maximum velocities at the times when air tempera-
tures also reach their maximum, that is befween 15:00 and 16:00 hours;
this 1s also the time when convective currents are stronger and air mas-
ses are lighter near the ground, because of increased temperatures. Sea
breezes usually stop around 19:00 - 20:00 hours.

The effect of sea breezes upen the diurnal variation of wind velo-
city is characteristic (see Table VI): thus starting from velocities ~ 1
m/sec arcund 06:00 hours during the April - September szemesler, it
rises to velocities > 2 m/sec at 12:00 hours during June and July, and
at 13:00 h in April, May and August, and remains steady for 6-8 hours,
with average velocities > 2 m/sec, while in Seplember when sea-tem-
peratures are highest, velocities exceed 2 m/sec around 15:00 hours,
remaining at this comparatively high level for about 3 hours.

The distribution of daily mean values (24-hours mean) is given in
the following Table VII, based upen data of 11.047 daily values.

Examining Table VII, we observe thal the percentage of calms
per vear is 15.1 9, and that winter months hold larger percentages of
calms than months of the warm (April - September) season.

Daily values =6 Beaufort force occur only during the two months
of maxima in the annual variation of wind velocity {see Graph I).

Consequently it can be maintained that, frequencies of daily values
confirm the annnal variation of wind wvelocity, and also that the coa-
stal city of Thessaloniki has a comparatively small percentage of calms
during the warm season, and this is due to sea-breezes, produced by
the proximity of land and sea (Thermaikos Gulf).

d. Extreme Values.

The ahsolute maxima of wind velocity, that have been recorded
in the city of Thessaloniki, are given in Table VIII.

Here again we observe that, velocities >> 30.0 m/sec occur during
the cold semester, while the absolute maximum ol this observational
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period has been recorded on February 21, 1933 and was 40.0 m/sec,
with E direction. This was a katabatic wind from the near-by Chortia-
tis mountain (elev. 1201 m, horizontal distance 13.0 km). '

TABLE VIII

Absclute mazima of wind velocity in Thessaloniki (m/see).

Maximum Mean
Month M/sec Dale M/sec 5.D. Lo

d 35.0 17 - 1 - 57 2,20 0.68
B 40,0 21 - 2 .33 2.37 0,84
M 28.8 31- 3-35 1.94 0.79
A 25.5 14 - 4 - 32 1.63 0.61
M 26.8 16~ 5-33 1.47 0.48
J 25.0 22 - 6-69 1.69 0.68
J 28.0 30 - 7-55 1.81 0.71
A 231 20 - 8-68 1.64 0.69
3 23.2 15- 9.33 1.44 0.60
0 30.5 26 - 10 -39 1.34 0.41
N 30.6 13 -14 - 32 1.60 0.63
D 30.0 9-12-35 1.99 0.69
Y 40.0 21 - 2-33 1.76

A study of all the daily maxima of wind velocity, for the 11.047
days of the period examined, leads to the following ohservations :

1. It is possible for wind velocities higher than gale force (Beau-
fort scale) to occur during the whole year. Nevertheless the largest
percentage of gales has been recorded during the cold season, mainly
between November and April; the percentage of gales has a second peak
in the month of July.

2. On the other hand it is also possible during the cold season, and
especially during the November - February interval, for the 24-hours
maximum to remain in the grade of calm, for a percentage of cases
=7 9%, This percentage becomes << 0.5 % in June and July, meaning
that it is quite rare during the warm season for a whole day to pass
with wind velocity staying in the calm grade (0 Beaulort force). This
is due to the fact that, even when the characteristic summer winds do
not blow, sea-breezes do.

During this 31-year period there have been recorded in all 416
cases of gale, that is cases when wind velocity reached or exceeded 8
Beauforts force,

Table X shows that 9 Beauforts wind force may be recorded in
every month of the year, while forces above = 11 Beauforts, that is
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storms damaging trees and buildings, can be recorded during the cold
season [rom October to March. A percentage of cases with velocities =
10B is gathered again in the cold season, while a small peak occurs in
July. On the contrary the months of May and September have the
smaliest percentage of gales.

TABLE X

Synoptic Table of cases with velocities » § Peauforts in Thessaloniki for the period
between 1930 - 1939 and 1950 - 1971,

Beaulort

scale  J PMOOA M J J A 3 0 N D Total

13— 1 — = = = 1

12 1 1 — — - = - = = 2

M - - 1 - - = - — — 1 2 3 6

10 o5 2 103 4 — — 2 3 3 3

$ 14 10 11 5 2 7 5 4 7 1 & 15 88

g 38 L4 30 24 13 15 24 16 11 15 20 38 288

Tofal 56 61 47 31 16 25 33 20 18 19 33 7 416

Q 13 15 11 7 4 6 8 5 & 5 8 14 100

[0}

According to Table X, days of gale per month and per year have as
in the following Table X1I.
TABLE X1
Mean number of gales (=8 Beauforts) per month in Thessaloniki
(period 1931 -39 & 1950 - 71)
J T M A M I J A 5 0 N D Year
1.8 2.0 1.5 1.0 05 €8 11 07 0.6 06 14 1.8 135

From the above two Tables we find that for this 31-year period,
the mean per vear number of davs with gale is 13.5, the maximum is 50
cases in 1933, when also the three absolute maxima were recorded (see
Table V1III). Minima with {0) value have occured in the vears 1956,
1958, 1967.

As Lo the distribution of days with gale during the vear, this coin-
cides with the distribution of percentages ol gales, meaning that the
maximum occurs in the December - March guarter, the minimum in
May, and there is a second peak in July.

Consequently we can assume that gale maxima occur during the
highest activity of the Mediterranean branch of the polar front.

B. Wixnp DirecTIiON.

Taking the hourly readings of wind direction and velocity from the
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anemograph recordings of the meteorological station of the AUT, we
can study the prevailing wind direction in the city of Thessaloniki,
or better the frequency of each direction during the 1931-1971 period
examined.

Here again the 1940-1949 decade has not been included, for the
same afore mentioned reasons, and also the year 1965, when the mecha-
nism recording wind direction was destroyed, and Lill 1t could be re-
placed, direction recordings were impossible.

Other interruptions have occured during the remaining 30 years,
for reasons similar to those mentioned in the first chapter (Wind Ve-
locity) {damages of clokwork ete.}. :

TABLE XIT

Month Hours lost Possibie hours of observation
J 131 22,320
F 93 20.330
M 17 22.320
A 11 21.600
M 330 22.320
J 310 21.600
J 129 22.320
A 118 22.320
3 10 21.600
0] 84 22.320
N 28 21.600
D 47 22,320

Tolal 1308 262.970

The 262.970 hourly readings of wind direction - velocity, have
been distributed per frequency of each direction (16 directions).

1t should be mentioned thal, the city of Thessaloniki should not
be considered as a windy city, since the percentage of calms during the
different months, varies between 44.54 ¢, (July) and 56.88 9, (Octo-
ber). Calm, especially during the nocturnal 12-hours, is the characteristic
of Thessaloniki.

It is possible in a small percentage of cases (.20 % in July, to
10.23 9, in November - see Table 1X) for the maximum wind velocity
toremain in the (0) grade of the Beaufort scale (0.00-0.25 m/sec}. Such
cases may cccur during every month of the year. This fact is Jlustrated
in the following Table XV, in which we have included all the 479 days
with maximum wind velocity of 0 Beauforts.

From Table XV we find that 15.4 (4.1 %) is the mean per year

13
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TABLE XITI

Frequency (%} of wind direction in Thessaloniki
Period 1831 - 1871 *

Direction

Months N NNE NE ENE E ESE SE S8SE 3
J 15.72 7.51 3.97 2.78 4.86 213 1.96 1.55 1.27
F 14,77 7.44 3.86 2.06 4.91 2.06 2.62 1.43 1.80
M 12.14 4.56 3.87 2.27 4.86 212 2.78 2,28 2.62
A 9.82 3.67 2.49 1.51 3.09 2.01 2.50 2.22 4.26
M 10¢.03 3.27 1.95 1.06 1.85 146 210 1.86 4.06
J 10.73 3.68 1.89 0.88 1.53 (.85 1.76 1.88 4.62
J 12.51 3.16 1.65 0.65 0.92 0.94 1,51 1.68 5.05
A 11.17 3.91 1.92 .82 1.18 0.94 1.47 1.64 5.09
3 7.60 3.78 2.37 1.15 2.56 1.6% 2.05 2.12 .09
O 8.06 £.07 2.9% 1.72 3.79 2.46 2.33 1.89 2.13
N 10.06 .39 2.85 2.68 5.96 2.83 2.67 1.44 1.16
D 12.38 5.42 3.85 3.04 6.40 2.53 2.62 1.74 1.6%

Year 11.25 4.57 2.80 1.72 3.49 1.83 2,20 1.81 3.15

Direction
Months 35W SW WEW W WNW  NW NNW C

0.90 1.14% 0.63 0.95 1.18 2.57 3.76 4712 100.00
1.01 1.70 1.02 1.25 1.22 3.36 4.60 44,89  100.00
2.47 3.34 1.56 1.73 1.68 2.91 3.35 45.47  100.01
4,66 5.91 1.89 1.70 1.13 2.97 2.69 47.45 99.97
5.74 6.95 2.40 1.95 1.21 3.06 2.72 48.32  100.01
6.65 6.69 2.09 1.62 1.11 3.91 3.7 £6.42  100.02
7.27 7.18 2.27 1.44 1.06 3.81 - 434 44 5% 99.98
6.41 6.64 1.82 1.44 0.92 2.54 4.56 47.58  100.00
5,41 5.47 1.85 1.28 0.94 2.73 4.02 50.95  100.04
210 2.67 1.18 1.34 1.03 2.33 3.07 56.88 99.99
0.88 1.18 0.63 0.97 0.95 2.35 2.7 56.23 99.99
0.58 0.80 0.32 (.83 0.96 2.63 3.17 50.91  100.02

Zowp=—grZ3I<

Year 3.67 &4 1.49 1.38 1.12 2.93 3.56 48.89  100.00

* Missing data of years 1940 - 1949, and 1965
have not been taken info account.
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number of days with complete calm; these days are assembled in the
winter semester from October to March. During this period it is pos-
sible for high pressure syslems {0 remain stationary over this area, pro-
ducing weather conditions that were known to the ancienl Greeks as
salcyone (or haleyon) days».

TABLE XIV

Frequency (%) of wind direction in Thessaloniki
(Peried 1931 - 1971} *

Direction

Months N NE E SE 8 SW W NW C

J 21.36 9.12 7.31 3.81 2.49 1.90 1.85 5.04 47.12 100.00
F 20.78 8.61 6.97 4£.37 3.02 2,72 2.36 6.27 44 89 99.99

M 1640 7.29 706 497 49 585 834 542 4547 99.99
13.01 509  4.86 462 770 948  3.21  4.88 47.45 100.00
13.03 441 311 3.75  7.86  11.02 395 3.02  48.34% 99.99
1442 417 2,39 312 8.88  11.06  3.22  6.32 4642 100.00
16.27 356  1.72 281 952 1197 310 6.5t 4454 100.00
1541 429 206 276 9.1 10.96 281 5.28 4753  100.01
11.50 483 3.96 3.93 7.85 910  2.67 521 50.95  100.00
11.63 585 588 451 4.13 431 245 439 56.88  100.02
13.63  6.38 872 480 232 1.93  1.76 421 56.23 99.98
16.68 807 918 475 2.80 1.85 156 469  50.91 99.99

CEZO®E ==

Year 1532 5.95 527 4.01 5.89 672  2.67 527 4B.89 99.99

* Missing data of years 1940 - 49 and 1965
have not been tazken into account

The minmimum of days with calm occurs in June and July; during
these months we have a small decrease of hourly calms too. These, as
already mentioned, are par excellence the months of the etesian winds,

TABLE XV
Days with mexonum wind velocity O (Beaufort seale) or days of complete calm per
month (n Thessaloniky (1931 - 39 & 1950 - 71)

J i M A M J J A 3 O N D Year
2232 20 09 03 ¢4 006 01 07 08 1.8 3.0 3.0 15.4

and of almost continuous occurence of sea hreezes.

The prevailing wind directions in the city of Thessaloniki, have
as follows :

a. North component winds (NW - N - NE). These winds during
the cold season are produced by high pressure systems mostly advancing
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on trajectories north of Thessaloniki (¢ = 40%). These north compo-
nent winds include the local Vardaris wind {Alexandrou?, Kyriazopou-
los ), which usually blows as NNW, with its frequency equally distri-
buted throughout the year,

During the summer season, winds blowing through this quarter, are
the characteristic etesian winds of the Greek and East Medi-
terranean region.

b. Sea hreezes that blow the whole year round, (Alexandrou?)
with increasing frequency from winter to summer, and then decreasing
again till December. The direction of sea breezes in Thessaloniki, varies
between S - SSW - SW,

TABLE XVI(
Freguency of the two preveiling wind directions in Thessaloniki,

NW N NE

T i
NNW NNE S-SSW-SW
J 33.53%, 3.31%,
F 34.03 4.51
M 26.83 8.43
A 21.64 14.83
M 21.03 16.95
I 23,92 17.96
I 25.47 19.50
A 26,10 18.14
8 20.50 14.97
0 20.47 6.90
N 29.41 3.22
D 27 45 3.02
Year 25.11 10.96

Data of Tables XIII and XVI prove that the frequency of sea
breezes increases considerably (becoming sixfold) from December -
January till the May-August quarter, and then starts decreasing to
reach its minimum in December - January. If we want to compare the
annual variation of sea breezes’ occurence {Graph XIV) we find that its
course 1s similar to the annual variation of air temeperature, while its
curve of annual variation is almost identical with that of sunshine du-
ration 1n Thessalonik1.2? that is the amount of insolation (inco-
ming solar radiation), and that of annual variation of air temperature.
If we counsider that the main cause of sea breezes is the temperature
difference between land te and sea surface ts, Lhe larger the amounts
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of insolation the greater the frequency and intensity of sea hreezes.

On the other hand the frequency of north component winds with
its double fluctuation curve, is due to more general dynamic factors
(effect of the Azores high in summer, and transilory anticyclones are
ridges Irom the Siberian high).

CongLusIONS,

The study of the element of wind (direction and velocity) in the
city of Thessaloniki for the 1931-15671 period, leads to the following
conclusions :

1. The annual mean of wind velocity shows a decreasing trend,
if we compare the 1930-1939 decade, before the second World War, with
the following decades.

We attribute this fact to the continuous expansion of the city, ho-
rizontally as well as in height of buildings, especially after the vear
1950. It should be noted that the main part of the city of Thessaloniki,
stands to the north and wesl of our meteorological station, and tbe in-
crease of Lhe buildings’ height resulied in the decrease of wind velocity
in the meteor. station of the A. U. T.

Kyriazopoulos ® studying data of wind from this met. station
of the University of Thessaloniki for the 1931-1937 period (7years)
finds an annual mean wind velocity of 2.3 m/sec. While Lhe study of
wind velocities in the present work, covering the 1931-1971 period and
using 31 full observational years, from this same met. station, resulted
in an annual mean wind velocity of 1.77 m/sec. This difference should
be attributed to the aforementioned faci that, the lwo-or three-storey-
ed buildings of the city, have been replaced alter 1950 hy eight - slo-
reved bwldings, 28-30 m high, that is equally high or even higher than
the opening of the anemograph’® s head. Also the buildings have been
agplomerated into blocks, thus forming & barrier against north and west .
component winds.

On the contrary the south section is the least affected by block
buildings, because the whole area of the University Campus, and the
International Fair of Thessaloniki, Logether with the municipal Park
remain independent and free of the city planning, and thus the buil-
ding of separate edifices and not continuous blocks has been main-
tained here.

2. A similar effect 1s observed in high values of wind velocity :
Table XVII contains a comparative list of days with gale (cases with
wind force = 8 Beauforts).
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Numbers ol days with «trong wind» {as they were characterized
during the 18%9-1911 period (Alexandrou!), when Thessaloniki still
was a middle - eastern {ype of town, with 50.000-60.000 inhabitants,
are [ollowed by the numbers of days with gale [rom the met. station of
the A. U. T., mentioned by Alexandrou! and Kyriazopoulos®, these
numbers resemble each other, and also those mentioned by us in the
first column of this Table for the 1931-1939 period in the same station.
On the contrary, the second column of ours, covering a period of 31
observational years (including the 1931-39 interval) is representative
of a Balkan c¢ity of 100.000-120.000 inhabitants. This column indicates
a considerable decrease in the annual mean as well as in the monthly

TABLE XVII

Mean per month number of days with gale (=88 ) in Thessaloniki according
to different authors.

ALEXANDROU (1)  KYRIAZOPOQULOS (¥) LIVADAS-SAHSAMANOGLOU

Bulgarian met. .
SE. AT.T. AU.T. A T.T. AU.T.

1899-1911 1930-32 1931-37 193139 31 years
T 6.1 2.0 2.5 2.4 1.8
Ir 5.1 3.0 3.7 4.0 2.0
M 5.5 3.0 3.0 3.3 1.5
A 34 2.0 2.9 2.4 1.0
M 1.5 0.5 0.6 0.9 0.5
J 3.3 1.3 1.4 1.4 0.8
T 2.1 1.7 1.3 21 1.1
A 3.0 0.7 0.9 0.8 0.7
5 1.9 0.7 0.6 0.8 0.6
0 2.3 1.7 0.9 1.6 0.6
N 3.9 3.0 1.9 2.0 1.1
D 3.9 1.7 1.9 3.0 1.8
Year 41.6 19.5 201 24.7 13.5

mean numbers of gales (the city has reached now the level of european
cities, with 600.000 inhabitants). Also both periods (1931-39 and 1931-
71) show the same annual variation (double [luctuation), with the only
difference that the longer period is reduced as compared with that of
1931-39.

3. The annual variation ol wind velocity has a double fluctuation,
with a primary maximum in the main winter season from December to
February, and a secondary maximum during the main summer season,

Wnolakn BiBAI0BAkN @edppacTog - TuAua MNewAoyiag. A.lM.0.



434

from June to August. The 1931-37 period, studied by Kyriazopoulos @,
had a similar variation.

The number of days with gale has an analogue variation. Causes,
as already mentioned, are that the north component winds, which
consist 1/4 of the prevailing in the area winds, are due :

a. During the cold season, to anticyclonic systems (moving along
trajectories > 45° N (Livadas ®), or to ridges ol the Siberian high (Ma-
riolopoulos ¥, Livadas %2, Karalis 8).

A speclal case of north component wind, is thelocal wind Vard a-
ris, which blows quite often in this area. Because of its importance thig
local wind has been studied by quite a number of research workers,
(i. e. Kuhlbrodt4?, Alexandrou!, Mariclopoulosts, KyriazopoulosS$,
Livadas® et al. ).

b. During the warm season prevail the etesians, starting late in
May with the precursor elesians, and later- on the typical etesians (Ari-
stoteles 2, and many others ever since). These winds blow till the end
of September, depending purely on the pressure patterns ol the North
Hemisphere, and mainly on the association of the positious and intensity
of the Azores high aud the low pressure area of southern Asia (Mon-
soon low), during the May-September interval

The above two independent calegories of north component winds,
produce the double [luctuation in the annual variation of wind veloci-
ty (Tables II1, VII, VII1, XV, Graph I} as well as thal of wind direc-
tion {Tables XIll, X1V, XVI, Graphs IT-XIIT).

4. The effect of the city in decreasing wind velocities, resulted in
increasing the number of calms. Comparing our frequencies of wind
direction with those mentioned by previous researchers, using met. da-
ta before 1940 (Tables XV1 and XVII} we observe a considerable in-
crease in the percentage of calms from the 1892-1929 period (27.9 9,
to 48.9 %) as well as for the 1831-37 (from 26.4 %, 1o 48.9 %). On the
other hand, both pre-war intervals (before 1940) almost coincide as to
the frequency of calms (27.9 % - 26.4 %). '

We should also point out the decrease in the frequency of south
component winds : Alexandrou® and Mariolopoulos* characterize as
prevailing wind direction for the March to October imterval during the
1862-1929 period, the SW winds, and they consider N winds as prevail-
ing only during the cold season; on the other band Kyriazopoulos ¥,
studying data from the met. station of lhe Aristotelian Universily
(A.U.T)), finds as prevailing wind direction for the 1931-37 period that
of N compounent winds from Oectober till March, and again in July and
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August, and only in April-June and September the SW direction,

On the contrary, in the present work, the frequency of N compo-
nent winds is higher than that of SW in every month of the year, and
gets even higher during the cold season.

5. Calms, covering 2/4 of all hourly ohservalions (489 % mean
yearly), are of paramount importance. Calm is a characteristic of the
necturnal 12-hours (20:00 to 08:00h) in the city of Thessaloniki. This is
perkaps the cause «par excellence» of an extremely unpleasant and un-
desirable climatic feature. Especially during the cold season, when the
high relative humidity, frequent temperature inversions, and frequent
fogs keeping in the near the ground layer the whole amount of pollu-
tants of a rather developed industrial area, and the consequeni atmo-
spheric pollution from the traffic of all kinds of vehicles and the heat-
ing mstallations of a c¢ity of 1.000.000 inhabttanits, lend to the city
of Thessaloniki the character of a city much more infected than should
be expected.

6. On the other hand, a rather favorable climatic factor for this ci-
ty, are sea breezes.

It should be mentioned thal, the city of Thessaloniki is built on
the northern coast of Thermaikos Gul, and continues to spread on holb
sides, tending to form a semi-circle around the inner Thermaikos.

Sea hreezes blow here the whole year round; however Lheir maxi-
mum frequency oceurs in the warm season, when sea hreezes moderale
the summer heat.

The direction of sea breeze in the semi-circular cily of Thessaloniki,
varies from one observational site to another, and so does its starting
and ending time. This perhaps accounts, up to a point, for the decrease
in the frequency of SW wind directions. Yet as a further investigation
of the problem of sea breezes 1s out of the scope of the present paper,
we shall not go any further into this question.
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T md
T K. ATBAAA xut X, Z. TAXTAMANOTAOY

(’ Eoyaoriowr Mevswgoloyias - Khparodoyles IHavemornulov Geooalovinneg)

Meretaitar 6 dveuce sl iy whhw THe Wegsahovirne, dmwd ovorysin Tob
Metewporoyivol Zrafuod 1ol ‘Iveritoitou Metewpohoviag wai Kitpato-
rovieg Tol *Apiotorsieion Havemornuiov Bzoauhovinns, tc meptédon 1930~
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