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CLOUDINESS IN THE MAJOR AREA OF THESSALONIKI

By
VLADIMIROS E. ANGOURIDAKIS
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{ Reseived 28.6.1973)

Sumrmary : Cloudiness tn the major area of Thessaloniki is examined, based upon
observations of the common obsercational period, belween the years 1936 - 40, and 1946 -
50, in the three met. stations of the Aristotelian University of Thessaloniki (AUT),
the American Farm School (AFS) and the Sindos Cotton Research Institute (SCRI}.

Correlation between obsercations of the three stations, taken two by two, proved
tgoody lo «sirongy, allowing to extend our conclusions to the whole observational
period of each station.

From adjoined Tables and Graphs, we draw the following eonclusions :

— Cyclonic disturbances that occur during the cold season in the area cxamined,
are the main factor of cloudiness maxima. On the contrary, high temperatures and the
absence of eyclonic disturbances in the warm season, result in the minima of cloudiness
during the summer.

— The atmospheric instability prevailing in the spring, produces the secondary
maximum ef cloudiness in the month of May, in the met. siations of AUT and AFS.

— The SCRI station is more subject to the cloud - dispersing effect of Vardaris
wind, while the other two stations are clearly influenced by the orographic effect of the
nearby hills.

— The effeet of the city is evident in the AUT station, having more cloudiness
than the other twe, rural stations.

— The distance between each station and the coast, kas alse some effect on its clou-
diness.

The above account for the large number of clear days in all three stations during
the summer, and the also large number of overeast days in winter,

INTRODUCTION

Thermaikos Gulf, as compared with other, southern regions of
Greece, has a comparatively high percentage of cloudiness (MarioLo-
povULos %M KyRiazopouLos 8).

Cloudiness in this area has been the subject of research from scien-
tists working on the general subject of the climate of this region, or on
the climate of the greek area (KuHLBRODT?, ALEXANDROU?, Ma-
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RIOLOPOULOS™SM,  Kyriazopouros f,  PriLippson 15, Asansogrou 52),
or works on this specific subject (ANGOURIDAKIS?).

In the present work we study cloudiness in the inner recess of Ther-
maikos Gulf, based upon observations from the following meteorclogical
stations: Aristotelian University of Thessalontki {(AUT), Sindos Cotton
Research Institute (SCRI), American Farm School {(AFS).
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MAP I

Distances between these stations have as [follows: AUT - SCRD:
13,6 km; AUT - AFS: 7,2 km: while the straight-line distance of each
station {rom the sea is: AUT: 1050 m; SCRI: 6600 m; AFS: 2200 m.

The horizon is more open at the SCRI; in the other two stations
it is confined by the neighboring hillocks of Redziki- Asvestolhorion
(elev. 400 - 500 m) and Mt Chortialis (elev. 1201 m).

Periods of complete observational series in the three stations being
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unequal (AUT: 1930 - 40, 42 - 43* 46 - 71; SCRI: 1936 - 40, 43, 46 - 71;
AFS: 1925 - 33, 35 - 42, 44 - 50) the period common for all three sta-
tions had to be restricted to the ten years between 1936 - 40, 1946 - 50.

Cloudiness wag measured in tenths of sky covered, and whenever
it was given in eighths it has been converted to tenths. We study and
compare values of the three daily observations, as well as the resulting
daily mean values of cloudiness:

MC = Cen + _Cuh + Cyoh
3

The adjoined Table I and Graph I have been drawn according to
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GRAPH I

* Years 1942 - 43 have been covered from observations of the german weather
station, that has tunctioned during the country’s occupation from the german army,
at a site standing some 1000 m to the south of the AUT station (Lavapas - ARsENI -
ParapimiTriou 12), A correlation between simultanecus observations of cloudiness
at the two sites [at 08:00 hours, Jan. 1943 - June 1944), resulted in cloudiness cor-
relation coefficient : r = + 0,99.

WneiakA BiBAI0BAKN Ocd@pacTog - TuAua MewAoyiag. A.lM.O.



163

values of daily mean cloudiness for all the full calendar years of obser-
vations for each station examined.

In spite of the unequal periods {(which can not be compared stati-
stically), all series have certain common features, characterizing the
distribution of cloudiness in the area of Thermaikos Gull.

In the met. station of AUT are recorded the highest monthly mean
values of cloudiness, while the station of SCRI has the smallest (diffe-
rences do not exceed 1,3 tenths). The station of AFS records interme-
diate values, nearer to those of AUT, and sometimes tending to become
equal. This graduation of cloudiness in the above stations is acconnted
for in the end of this paper.

I. CLOUDINESS CORRELATION COEFFICIENT IN THE THREE STATIONS.

TABLE TI

Correlation coefficients of monthly and annual values of cloudiness in
the meteorological stations of : AUT, SCRI, and AFS, taken two by two,
for their common period : 1936 - 40, 1946 - 40

VALUES OF:r PER CEXNT (%)

COUPLES TIMT J F M A M J | A 8 0 N D A
OF M.8.
AUT/BCRI 08100 65 94 86 76 93 89 88 93 97 90 84 89 94
B 14000 77 95 82 83 66 75 67 88 82 91 91 94 77
» 20000 75 87 68 82 89 86 82 90 63 81 51 93 65
» M.D. 81 95 87 87 93 87 83 95 90 95 89 93 83
AUT/ATS 08200 95 98 95 86 94 94 82 95 89 96 91 85 #1
» 14100 77 91 79 80 55 89 70 90 87 V6 80 92 4
# 20100 75 74 39 76 87 90 30 89 87 93 71 81 38
» M.D. 87 93 80 87 86 94 66 93 88 95 90 B9 64
SCRI/ATS 08hoo 61 96 88 88 77 89 61 86 91 91 86 87 73
» 14800 76 89 74 88 77 91 47 94 75 76 76 98 86
» 20M90 65 70 46 85 90 87 65 W U3 90 57 92 82
» M.D. 76 91 71 93 8& 94 57 99 94 97 92 95 87

From herealter, all comparisons and conclusions, unless otherwise
stated, refer to the common for all three stations period between the
years: 1936 - 40, and 1946 - 50.

From Table IT, which gives the correlation coefficient ol monthly
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and annual values of cloudiness in the three stations (taken two by two),
we find that for all three couples of the correlated stations, more than
80 9, of the total of the resulting figures, have correlation coefficients:
r 2 70 %, while only 4 %, of the figures of AUT/AFS and SCRI/AFS
have correlation coefficients: r <2 50 %,. The correlation coefficient for
the AUT/SCRI couple is always: r = 50 9.

From the above, we may conclude that the correlation between
corresponding values ol cloudiness in the three stations, taken two by
two, is «goods to «stronge, allowing to extend the conclusions drawn
from the common decade, to the whole observational periods of full
calendar years in the three stations examined.

Il. CroupiNgss at 08:00, 14:00 anp 20:00 mouns.

The annual variation of cloudiness as a mean of the period examin-
ed, for the three daily observations, in all three stations, mostly shows
a double fluctuation. An exception to this rule, are the cases of the met.
station of SCR1/08 : 00 hours (single fluctuation), and the met. station
of AFS/14:00 hours (triple [luctuation).

Graph 11 clearly illustrates the similarity between the annual va-
riation of cloudiness in the met. stations of AUT and AFS, especially
at. 20 : 00 hours.

In all three daily observations, in the three stations examined, as
a mean for the whole period, the primary maximum is observed in
December, while the primary minimum in the months of July or (and)
August, and in one case (AUT/20:00h) in the months of August and
September.

The monthly mean values of cloudiness, as well as the annual mean,
are higher in the AUT met. station and smaller in the SCRI, while those
of the AFS are in between, tending sometimes to equal those of the AUT.

During the cold season, at 20 : 00 hours, the monthly mean values
of all three stations are practically identical, their differences varying
around the observational error.

All the above conclusions, as well as those drawn from the study
of Graph II, are discussed in the end of this paper.

ITI. DALY MEAN CLOUDINESS,

As a mean for the whole period, the annual variation of cloudiness
has a double fluctuation in the met. stations of AUT and AFS, and
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TABLE I11

Monihly mean and extreme values of cloudiness (M.D.) and their standard devations of the meteorological
stations : AUT, SCRI, AFS. Common period: 1936 - 40, 1946 - 50.

M MS/AUT MS/SCRI MS/AFS

MAX YEAR N SD MIN YEAR MAX YEAR N SD MIN YEAR MAX YEAR N SD MIN YEAR
J 7.9 1946 6.8 0.60 5.8 1937 7.4 1946 64 0.74 5.2 1937 7.5 1940,46 6.6 0.68 5.5 1948
F 7.9 1947 5.9 4.8 1939 8.0 1947 541 130 30 1949 73 1947 58 0.99 40 1949
M 6.5 1950 5.7 4.0 1938 5.9 1940 5.0 0.92 3.3 1948 6.5 1339 5.7 0.80 3.7 1948
A 7.2 1948 5.8 41 1939 64 1937 49 110 25 1947 69 1937 57 088 43 1947
M 73 1946 5.9 4.8 1938 6.3 1936 4.6 0.84 3.5 1938 7.4 1936 5.8 0.76 5.9 1%49
J 5.4 1940 4.1 21 1938 4.4 1948 3.3 0.94 1.6 1938 5.3 1936 40 1.03 2.4 1936
J 3.9 1947 2.5 1.6 1946,50 2.7 1%47 1.8 0.61 0.9 1950 41 1938 2.6 0.81 1.3 1950
A 3.6 1939 2.4 0.5 1946 3.0 1939 1.9 0.69 0.5 1%46 3.7 1939 2.3 0.84 0.7 1946
3 5.5 1939 3.3 1.4 1946 59 1939 2.8 0.97 1.3 1946 5.2 1939 3.3 0.83 2.1 1946
O 6.6 1937,46 5.5 3.9 1938 6.6 1946 5.0 1.12 3.% 1950 6.8 1937 5.4 140 3.8 1950
N 7.6 194648 6.8 3.6 1938 7.3 1946 6.2 0.71 5.0 1938 7.5 1937 6.6 (.62 5.4 1938
D 9.0 1938 71 5.4 193648 8.4 1946 6.5 1.46 4.0 1948 9.0 1938 71 1.248 4.9 1948
A 5.59 1947 51 466 1938 5.02 1940 4.43 0.33 3.97 1938 5.61 1940 5.07 0.41 4.48 1948
MAX 9.0 Dec. 38 8.4 Dec. 46 9.0 Dec. 38
MIN 0.5 Aug. &6 0.5 Aug. 46 0.7 Aug 46

(8.2 Dce. 38)
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167

single fluctuation in the SCRI station.

Here also the primary maximum for all three stations occurs in
December, while the primary minimum of the AUT and AFS stations
is recorded in August, and that of SCRI in July.

The mean annual variation of cloudiness is practically identical
in the met. stations of AUT and AFS, while the monthly mean values
of cloudiness in the SCRI are nearer those of the other two stations du-

9- SRAPH IT a

g 51 AUTL
- 507 AFS.
ve_ 553 SCRJ.

ring the cold season, than they are during the warm one.
From the distribution of standard deviations for all three stations,
for each month as well as for the whole year, we observe that these

values are strongly gathered around the N — o, N + « interval, and
also that significant deviations are not recorded in any case.

Finally, Table V, contains percentages of monthly mean values of
cloudiness in the three stations, in the main grades of the cloudiness
scale.

Except for the interval of 5,0 - 5,9 tenths, in all the remaining gra-
des of Table V, percentages are almost the same for the met. stations
of AUT and AFS.

All the conclusions drawn from the above Tables and Graphs, are
discussed in the end of this paper.
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TABLE I¥

Stendard decations. Distribution of cloudiness values in the mel. sialions

of : AUT, SCRI, AFS.
Common period : 1936 - 1940, 1946 -1950

[—

(= (=R = — R ]

M MS/AUT MS/8CRI MS/AFS
-3¢ -20 -0 +o +20 +3c-830-20¢ -0 40 +20+30-30-20 -0 o +2¢+30
J 0 1 7 2 0 0 1 6 3 0 0 2 ] 3
F 0o 2 7 1 0 o 2 7 0 1 0o 2 5 3
M 1 1 7 1 0 0 2 8 0 0 1 1 8 0
A 0 2 6 2 0 1 0 8 1 0 0 2 7 2
M 0 1 7 2 0 0 1 7 1 1 0 1 7 1
J 0 2 6 2 0 0 1 7 2 0 0 3 5 2
J 0 3 6 0 1 0 3 5 2 0 0 2 7 1
A 1 0 7 2 0 1 0 8 1 0 0 1 8 1
] 0 1 8 0 1 0 2 7 0 1 0 2 7 0
0 0 2 6 2 0 0 3 4 3 0 0 3 5 2
N 0 2 6 2 0 0 3 5 2 0 0 2 6 2
D 0 2 6 2 0 0 2 6 2 0 0 2 6 2
A 0 2 7 1 0 0 2 7 1 0 0 3 5 2
TADLE V

M.S. 5,0 - 5,9 40 - 6,9 3,0-7,9 20-89  1,0-10,0

AUT 21,7 9% 59,2 9, 80,0 9, 94,2 9, 99,2 0/
SCRI  24,29% 53,4 9% 72,5 9 89,2 9 98,4 9,
AFS 24,2 9, 60,0 % 79,2 9 93,4 %, 99,2 9
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1V. CLEAR (<2 TENTHS), CLoUDY (2- 8 TENTHS) AND OvERcAST (>8
TENTHS) Davs.

Table VI contains the number of clear, cloudy, and overcast days
in the three stations examined, as a mean: (A) of the whole period of
full calendar years of observations in each station; (B) of the common
for the three stations period.

Table VI - A is included in the above Table V1 only for compari-
son’s sake, while all our conclusions are based on values of Table VI - B
of the decade common for all three stations.

CONCLUSIONS.

Irom the above mentioned, we have come to the following con-
clusions:

—The annual variation of cloudiness, as a mean of the whole period
examined, shows a double fluctuation in the met. stations of AUT and
AFS, and single fluctuation in the SCRI station. The primary maxi-
mum for all three stations occurs in December, while the primary mi-
nimum of the AUT and AFS stations occurs in August, and that of SCRI
in July. In the stations of AUT and AFS, having a double fluctuation,
the secondary maximum occurs in the month of May, and the secondary
minimum in March. The above are explained as follows:

(a) The frequent cyclonic disturbances, caused by the mediterra-
nean branch of the polar front, contribute to the increase of cloudiness
during the cold season, and especially in December, when it attains its
maximum.

Another important factor contributing to the increase of cloudiness
in this area during the cold season in general, are the sea breezes: Air
masses stagnating above the Thermaikos Gulf, increase its water vapor
content, and are then induced by sea breezes to move landwards. The
relief of the area, and especially that of the AUT and AFS met. stations,
induces the orographic lifting of these moving air masses (if we consider
the fact that the peak of Mt Chortiatis — elev. 1201 m — stands at a
distance of merely 20 km from the coast, it follows that this lifting
should be rather rapid), and thus we have condensation of vapors into
clouds, due to convection, which results in the increase of cloudiness,
especially above the met. stations of AUT and AFS.

A third factor that contributes to the increase of cloudiness in De-
cember, 1s the occurence of fogs in the area examined (ANGOURIDAKIS 3),
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which are more frequently recorded during the months of December
and January (it should be noted that in all three stations the mean
monthly cloudiness of January is a little smaller than that of Decem-
ber).

Finally, we can mentton {though this is in a much smaller scale)
the formation of clouds due to condensation of water vapors from the
lakes that lie to the NE of Mt Chortiatis, with the concurrence of sui-
table meteorological conditions.

Indeed, lakes Coronia and Volvi, lte to N and NE of Mt Chortia-
tis in the valley between Mts Kroussia and Chortiatis. Radiation fogs
being quite frequent over both lakes, during the cold season, driven by
lights valley breezes, are often carried over the northern slopes of Mt
Chortiatis as stratus clouds; sometimes these stratus clouds reaching
over the crest of the mountain, which defines the eastern horizon of the
area examined, rise above it, thus increasing the cloudiness of the above
stations.

(b) The primary minimum of July and August is due to high tem-
peratures (July and August being the hottest months in this area),
as well as to the absence of cyclonic disturbances during this season.

{c) The occurence of the secondary maximum in the month of
May for the met. stations of AUT and AFS, we attribute to the insta-
bility prevailing during this season, which resulls in convective clouds
that are boosted by the neighboring hills and mountain. The SCRI sta-
tion standing much further than the above two from these hills, is not
greatly influenced; thence the absence of a secondary maximum in this
station.

Besides, an important factor which abolishes the secondary maxi-
mum in the SCRI station, and generally contributes to the lesser ¢lou-
diness in this station, as compared with that of the other two, is the
wind Vardaris (Map I), which, because of its cloud - dispersing proper-
ties, diminishes the cloudiness over the SCRI station, while this same
wind gets milder and only slows - up cloudiness in the other two sta-
tions, because of the hills that shelter them.

(d) The secondary minimum in the month of March, is due to the
arrival over the Balkans of continental air masses from bigger latifudes.

—As an average for the whole period examined, the monthly mean
values of cloudiness in the AUT station are higher than those ¢f the
other two stations, the SCRI having the smallest. The values of the
AFS are in - hetween, yet nearer those of the AUT.

The factors of this gradation are the following:
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{a) The urban factor: The influence of the city upon the increase
of cloudiness over it, is evidenl (GrirriTHS ¢, LANDSBERG ¥, SAKALIS 15,
Tout 7). The numerous sources of condensation nuclei in the city of
Thessaloniki (AUT met. station) contribute to the increase of cloud-
iness over it, as compared with the other two rural stations (AFS
and SCRI1). As a matter of fact, the heating installations, exhaust gases,
dust from traffic, various industries and factories, ships riding at an-
chor in the port, etc., continuously enrich the air of the city with con-
densation nuclei, which, under suitable meteorclogical conditions (ar-
rival of humid air masse, drop of temperature ete.), increase the clou-
diness over the met. station of the AUT. The met. station of the ATS,
standing nearer to the citv than that of the SCRI, is more subject to
the influence of the city, and consequently records values of cloudiness
nearer to those of the AUT station.

(b) The distance of each met. station from the coast: The met.
station of the AUT is nearer to the coast, and consequently undergoes
more strongly the effects of humid air masses coming from the sea, and
thence records more fogs than the other two. As a matter of fact, a
check (not only between observational days, but also hetween indivi-
dual observations) proved that quite often the AUT station records fogs
that do not reach to the AFS station.

(¢) The relief of the area: Orographic clouds considerably increase
the cloudiness of the AUT and AFS met. stations, while they have very
Iittle effect in the remote station of SCRI1. Besides, this same reliel
allows the direct and unhindered flow of cloud -dispersing wind Varda-
ris in the SCRI station, while the hills standing to the north of the AUT
and AFS stations, slighten or slow down the effect of Vardaris on these
stations.

— Generally there is an increase of cloudiness around midday: This,
of course, 18 due to the greater temperature differences during this time
of day.

Exceptions to the above rule are: {a) Radiation fogs, which, when
they occur, increase eventually the cloudiness of 08: 00 hours (since,
as a rule, they disperse by 11 : 00 or 12 : 00 hours). (b) Cases when clou-
diness increases around 20 : 00 hours, during the month of May. This
is due to the formation of the above mentioned convective clouds, which
usually start around 11 : 00 hours, and are fully developed in the eve-
ning.

— If we consider the percentage of cloudiness values from the three
stations, around certain grades of the cloudiness scale (Table V), we
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find a certain similarity in the distribution of cloudiness values in the
stations of AUT and AFS; this similarity is explained by the above
mentioned effect of the city (urban factor) and the local relief on these
two stations, The same two factors explain the smaller cloudiness in the
SCRI station, on account of the Vardaris wind.

— From Table VI - B, we find that the months of July and Aungust
have the largest number of clear days in all three stations, while Decem-
ber (AUT, AFS8) and November (SCRI) have the smallest number of
clear days. This is in full accordance with all the above mentioned con-
clusions on the annual variation of cloudiness in the area examined. Mo-
reover, the SCRI station has an overall larger number of clear days than
the other two; this too is explained by the above conclusions.

Exactly the opposite applies regarding the number of overcast
days: We should however mention that, figure of Table VI - A for over-
cast days in the months of July and August, do not agree with those
mentioned by Livapas '% but this difference arises from the fact that,
while figures in Livadas’ work are based on continuous recordings of
sunshine recorder charts, our characterization of a day as «loudy» or
sovercasty is based on the mean of the three daily observations (at 08 : 00,
14 :00, and 20: 00 hours).

We observe only a slight month to month variation in the number
of cloudy days, in all three stations examined. This however can be
explained by the fact that the characterization of «wloudy» days, in-
cludes days with cloudiness® values as high as 60 %, of the cloudiness
scale. Thus, summer days with little more than two tenths of clondiness,
and winter days with little less than eight tenths, are both termed «clou-
dy» days. Consequently, the probability of cloudy days’ occurence,
rises to 60 9.
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IIEPTAHYIE
II NEOQZXIZ EIX THN IIEPIOXHN MEIZONOX QEXZAAONIKHE

Trd
BAAA. ATTOYPIAAKIT

(' Egyactijgtor Merewgoloyias Havemaryuiov Gcooalovixnc)

Meretdrar 7 vépwows ele iy meploytv peilovo Oeocatovivng, éni <H
Bacel Tév TapaTNENCEWY VEGAGTHE TEV UeTEwoshoyivdy oraliuév ¢ TApt-
atotedsiov llavemiomnuion Ocooarovinng, “Apepiwavinic ewpyinic Xyo-
Mg, wot Ivorirodteu BapPawoes Zivdou, watd iy wowiy adtév meplodov
magatpoeny 1 1936 - 40, 1946 - 50,

Tuaypbriag yevoudvy petald tov mapathpgeoy THv Tpubiv otalpdy
(AapBavopivev dva o), dmedeiyln weadan fwe woyvpon, Emitpémouan
v éméutagw Tav ouvavopdvey cuprepaopdaTtay sle GAdxinpov THY meplodoy
Taputefictey exdotou atabued.

‘Ex iy mopartifepévev Tlwdrey xoai Alaypappdrtov, ouvdyovtet T&
dxorouba cupmepdopate

—AL xuxkovivel Statapdfels, ai dmolwe hapPdvouy yhpay xatd THY du-
ypay meplodoy Tol Evoug i Ty Dewpoupbvry meployny, elvar t6 wdprov al-
Tlov The Snploupyles Tév peyictey Tiwdv TRG vepocews. Avtiliras, ol
ol Deppoxpaatar ap’ Evde xal 4 e 1év dveTipn wushovikdy da-
Tapabemv xotd v Oeppivy weptodov Tol Evoue &g’ étépou, Eyouv G dmo-
téheapa THY Eupdviow Tol ErayloTou ThHe vepdgeng xatd To Dépec.

—'H mupatolon drpospuipua) dotabeix the Expwie meptbdou, dmote-
ret 18 altiov Smpoupylag ol Beutepedovtog peviatou 1ol pyudg Modou el
Tals petswporoyixods otalpods AITG xai ATZ.

—'0 pereoporoyindc otalpde IBY émmpedletar apesatepov toHv Sbe -
v, drd &g vepodtautiag EubtyTag Tol dvépou Bapddey, v of 8o Ere-
pot atobpol Splotavtor supde iy Emidpmaw tév Thnaéotepoy wpds advade
xelpveny  Sdopdtov.

—H &nidpaoic tHe mwhhews etval cugig cle Tév petewporayidy otabpdy
7ol ATIQ, mporarelon alinow THe vephoews, Evavtt 16V Etéowv 8bo xsi-
pevory Ev Oradlpo.
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—'H dnbatacts i Buddaons de’ éxantou orabuol, Ennpedler Exlone why
VEGWOLY EXETTOU.
Ta dvaripw spunvedouy Enioyg wal Tov peydhov dpBipdy aifplov Nue-
pdv elg Todg Tpels orabpobe watd 6 Dipoc, dig wal THV peydrov dpbpbv ve-
pooreTay Ruepdyv watd THV yelmdva.
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