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Abstract: The distribution of preeipitation in the inner Thermaikes Gulf, and the
ef fece of the local ground relief and the city on this distribution, are examined from pre-
eipitation data of the 1934-1973 period from the following three meteorological stations:
Aristotelian University of Thessaloniki (AUT), Ameriean Farm School (AFS),
Sindhos Cotton Institute {SCI).

The seasonal precipitation index of the three locations is found, as well as the gene-
ral trend of annual precipitation in them.

InTRODUCTION

In this paper we examine the distribution of precipitation in the
major area of Thessaloniki-inner Thermaikos Gulf-as well as the eflect
of the city and the local ground relief upon this distribution; the study
is based on precipitation data from the meteorological stations of the
Aristotelian University of Thessaloniki (AUT), the American Farm
School (AFS), and the Sindhos Cotton Institute (S8.C.1).

The observational periods of each of the above stations, have as
follows: AUT: 1930-1973, AFS: 1925-1958, SCI: 1935-1973. Consequeu-
tly the interval common to all three stations is restricted to the period
1935-1958. We, however have extended this to 39 full years, by adding
to the observations of the American Farm School, those of the nearly
Sedhes Airport of Thessaloniki (SAT: 1959 - Sept. 1972), aud also those
of Mikra Airport of Thessaloniki (MAT: Oct. 1972-1973).

Correlation of precipitation recorded at the met. stations of AFS
and SAT during their commou observational period 1950-1958, resulted
in correlation coefficients > 4729, having as follows:

J F .M A M J J A S O N D Year
98 95 93 97 72 83 88 90 98 90 99 93 97
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The eventual few interruptions in the observational series of each
station, have been filled in from data of the other stations, by using the
regression equation

The subject of the present work has been the subject (as a whole
or as part) of research works by Alexandrou®, Mariolopoulosi®'t, Kyria-
zopoulos®, Mariolopoulos - Karapiperis?, Abatzoglou™®, Livadas - Arse-
ni®, Angouridakis®, Angouridakis - Machairas®.

The material has been taken from the following sources:

— Observations Méteorologiques de Thessaloniki'?,

— Records of meteorologieal observations of the Sindhos Cotton
Institute.

~— Records of the Hellenic National Meteorological Service,

-— Bulletin Quotidien du Temps™.

Before going any further, we give below Table I containing the
correlation coefficients of the monthly and annual precipitation recorded
in the three stations taken two by two, during the 1935-1973 observa-

TapLe 1

Correlation Coefficient {9,) of Monthly and Arnual
Precipitation at the met. stations of AUT, AFS, SCI,
taken iwo by two, for the period 1935-1973.

M.S. J F M A M J J A B O N D Year
AUT/AFS 89 93 92 93 89 62 84 80 85 94 97 97 83
AUT /8CI 79 81 90 90 78 69 65 79 85 6 T6 95 7

AFS /8CI 80 77 8% 85 74 39 55 71 88 80 88 88 69

tional period. This Table indicates that there is a stronger correlation
between the met. stations of AUT and AFS, than between these two
stations and that of the SCI. This fact differentiates the precipitation
regime of the latter from that of the former two, as it will be noted and
confirmed in the following chapters.

I. MEAN ANNUAL VARIATION OF PRECIPITATION.

Data of Table I1, contributed in the formation of GraphI, containing
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GRAPH 1
PRECIPITATION IN THE MAJOR AREA OF THESSALONIXI PERIOD: 1935-1%73
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curves of the mean annual variation of: a) precipitation, b) pluviome-
tric coefficient, ¢) the variability of precipitation for the three stations
during the period examined.

All three stations have a triple oscillation with a primary maximum
in December for the AUT and AFS stations and November for SCI, and
a primary minimum in Angust for all threec.

In a previons work’, studying the mean annual variation of preci-
pitation in the AUT station, we found a double oscillation instead of
the triple oscillation mentioned herein. This alternative version which
exists also for the other two stations, (AFS and SCI), can be accounted
for as follows;

a) Statistically: The observational periods, {1930-1973 for
AUT and AFS and 1935-1973 for SCI) have been divided in five-year
sequences, not overlapping each other (the last 1970-1973 a four-year
one) and from these we formed all possible combinations: decades,
fifteen-year periods, ..., fourty-four years period. The resulting periods
of various duration, amount to 45 for the two stations of AUT and AFS,
and to 36 for the SCI station.

Thus for each station and period we have found the mean annual
variation of precipitation and from this we arrived at the various oscil-
lations (double: 2, ...... , quintuple: 5).

The results (frequencies) of this process, are given in Table III. As
should be expected, in short periods (< 15 years) have been recorded
even quintuple oscillations, since, because of the small number of years,
a high maximum or low minimum strongly affects the monthly mean
value and consequently the annual variation of precipitation at a cer-
tain place. For periods = 20 years, the oscillations are reduced to double
or triple ones, with only two quadruple cases (AUT). Beyond thirty
years, frequencies are even more strongly gathered around the double
and triple oscillations. The percentages mentioned at the foot of Table
IIT are characteristic.

Thus we arrive to the conclusion that, from the statistical point
of view it is possible, because of the small difference between secondary
maxima and minima and even more between tertiary ones, a strong or
small (according to the case) rainfall may change the oscillation from
double to triple or vice-versa.

b) Climatologically: Coastal areas of the Mediterranean,
present a mean annual variation of precipitation with a double oscilla-
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tion, due to the seasonal regression of the Mediterranean front. The inner
part of Thermaikos gulf undergoes this effect as belonging to the Medi-
ferranean, on the other hand it undergoes the eifect of the continent
into which this gulf penetrates. Moreover, one should take into account
the proximity of the mountain mass of Chortiates {elev. 1201 m) and
how it influences, especially during the spring season, on the precipita-
tion recorded in the three stations examined. Thus, according to the case,
one effect may overshadow the other, and change the oscillation of the
annual variation from double to triple, and vice versa.

TABLE 11T

Frequency of different variations, at different intervals, in the met,
stations of AUT, AFS, SCI.
Frequency per variation and per station.

Period’s Frequency per variation and per station.
Duration M.3.JAUT M.8./AFS M.3./sCI
in years 2 3 5 T 2 3 & 5 T 2 3 & 35 T
5 1 2 5 1 9 1 3 5 9 2 3 3 8
10 & 3 1 8 & 3 1 8 5 1 1 7
15 1 4 1 1 7 1 5 1 7 2 3 1 6
20 5 1 6 1 5 6 1 4 5
25 1 4 S 5 5 1 3 &
30 1 2 1 4 1 3 4 1 2 3
35 1 2 3 2 1 3 2 2
40 1 1 2 2 2 1 1
bh 1 1 1 1
Gen. Total 6 25 11 3 4§ 6 29 9 1 &5 7 23 5 1 36
9% 13 56 24 7 100 13 64 21 2 100 20 64 13 3 100
Periods = 20 years
Total 4 15 2 21 & 17 21 3 12 15
% 19 71 10 100 19 #1 100 20 80 100
Periods = 30 years
Total 3 6 1 10 3 7 10 1 5 6
% 30 60 10 100 30 70 100 17 83 100

Finally from Table II and Graph I we confirm the existing simila-
rity between the precipitation regime of the AUT and the AFS stations,
against that of the SCI station; as for instance the ocurrence of the
primary maximum of the mean annual variation of precipitation (AUT,
AFS: December, SCI: November), and the coincidence of the absolute
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maximum monthly precipitation, quantitatively as well as seasonally
(AUT: December 1935:166,2 mm - AFS: December 1935: 166,9 mm -
SCI: July 1970: 197,5 mm).

Standard deviation values vary per month almost alike in the three
stations, having their minima in August and their maxima in December.

Differences between the AUT and AFS stations on one hand and
that of SCI on the other, appear again in the distribution of pluviometric
coefficients for the three places. While the minimum for all three stations
occurs in August, the maximum in the AUT and AFS stations is recorded
in December, while in the SCT station it is recorded in November.

Concerning the coefficient of variability, a simple inspection of
its annual variation in the three stations, (Graph I - Curve ¢), is rather
convincing about the behavior of SCI differing from that of the other
two stations,

Absolutely rainless months (precipitation: 0) have been recorded
once in the AUT and AFS stations (September 1942 and July 1965
respectively) and twice in the SCI (February 1947, December 1972),
while monthly precipitation of 0.0. mm have been quite often recorded
in all three stations.

More than 3 /4 of the total number of monthly values (Table IV,
Graph I1) are gathered in the grades between 0-29,9 mm and 30,0-59,9
mm; in any case, the above frequencies are distributed per descending
order as the amount of precipitation increases. As concerns the annual
amount of precipitation, their closest gathering is around 460 — 520 mm
(AUT, AFS) and 400-460 mm (SCI), meaning that here again we observe
a difference between the first two and the last station.

For all months and all three stations, values are gathered in the
intervals: H & ¢ > 59%, H 4 26> 92%, H 4 3¢ > 959, as to posi-
tive or negative deviations, the last generally outnumber the first, except
for the months of March (AUT, AFS, SCI) and February (AFS). Very
few significant deviations( > H -+ 30) have been recorded in the three
stations. As to the annual values, we have found no significant devia-
tions, while values from all three stations are gathered between the
intervals H 4- o = 100%, (AUT), 97%, (AFS), 1009%,(SCI)and H 4- 26 ==
100%, (AFS).

After a detailed examination (per station) of the mean annual vari-
ation of precipitation, we deem expedient to give below Table V, con-
taining the distribution of the general mean precipitation in the major
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DISTRIBUTION PER GRADE OF MONTHLY AND AMNHUAL PRECIPITATION
IN THE MAJOR AREA OF THESSALOMIKI. PERIOD; 1935-197)
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area of Thessaloniki. In drawing up this Table we have taken as general
mean precipitation the arithmetic mean of the mean monthly values
of the three stations, and as absolute monthly maximum and minimum
the largest maximum or smallest minimum recoreded among these
stations.

As should be expected, the general mean precipitation in the major
area of Thessaloniki, has a triple oscillation with a primary maximum in
December and a primary minimum in August, while the annual general
mean precipitation amounts to: 471,8 mm.

11, SEasoxAT VARIATION OF PRECIPITATION.

As an average of the period examined, in all three stations, summer
is the driest season of the year with precipitation £ 17.89%, of the mean
annual precipitation. On the other hand the rainiest season is autumn
in the AFS and the SCI1 stations, and winter for AUT, However, we
should mention that in the AFS station winter has as an average of the
whole period only 1,9 mm less than autumn.

TABLE VU

Mean Seasonal Precipiiaiion in the Major Area of Thessalontki.
(AUT, AFS, SCI: 1935-1973)

M.8. Winter Spring  Summer Autumn Year C.Pp. W.I.

AUT

mm 143.1 122.3 83.7 135.2 486.3 278.3 208.0
% 29.4 2514 17.6 27.8 99.9 57.2 42.8

AFS

mm 1331 115.9 83.1 135.0 467.1 268.1 1499.0
% 28.5 24.8 17.8 28.9 100.0 57.4 2.6

SCRI

mm 131.9 115.4 69.5 114.6 461.4 276.5 184.9
% 28.6 25.0 151 31.3 100.0 59.9 40.1

If we consider as cold season all the autumn and winter months,
and warm season all the remaining months, we find that the cold season
has in every station precipitation amounting to > 57,2%, of the annual
rainfall, as an average for the whole period examined,
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III. NuMBeR oF Raix Davs.

The period as an average of which we study the distribution of
rain days in this area, is by necessity restricted between the years 1935-
1970. This is due to the fact that precipitation data of the 1951-1958
period for the AFS station, have been taken from records of the National
Meteorological Service, as cumulative monthly tables, because the ori-
ginal analytical sheets of observations were missing and consequently
it has been impossible to single out the rain days of that period.

TABLE vII

Mean Number of Rain Days per Month and per year (hz 0.1 mn)
(AUT, AFS, SCI: 1933-1950)

AUT 107 7.2 79 89 86 71 3.8 3.3 48 B0 99 114 92.3

AFS 114 81 80 82 74 6.0 &4 235 46 72 9.1 121 88.7
8CI 3.5 43 54 646 54 52 23 23 33 56 7.6 7.2 60.4

Moreover we have chosen to ignore the rain-days of the period
1959-1973 (S.A.T., M.A.T., Monthly Climaiological Bulletir*'} because
we consider expedient to study Lhe shorter but uninterrupted period
1935-1950, instead of the longer, but interrupted for an eight-year in-
terval period between 1935-1950 and 1959-1973. Thus the period for
which we have an homogeneous material to study (rain-days » 0,1 mm)
has been limited from 1935 to 1950,

The mean annual variation of rain-days’ number in the three stat-
ions has a double oscillation with a primary maximum in December
(AUT, AFS) or November (SCI), and a primary minimum in August
(for all) and July (SCI).

The maximum per month number of rain days, as an average of the
period examined, is between 1/3 and 1 /4 aproximately of the number
of days of the mean month; while to the exception of September 1942,
{which has been absolutely rainless), no other month in any station has
had rain-days <7 2 (speaking always about the period 1935-1950).

We observe again that the number of rain-days at the SCI is quite
smaller than that of the other two stations, meaning that here again
the station of SCI differs from those of AUT and AFS,
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The maximum per year number of rain days has been recorded in
the AUT station (92,3}, and the minimum in the SCI station (60,4).

The difference between the mean annual number of raindays at
the AUT mentioned herein, and the number mentioned in a previous
study of ours®, which was 130,2, is due to the fact that here we consider
ag rain-days those with precipitation h » 0,1 mm and not h = 0.0 mm
{previous study).

TaABLE vIII

Mean Number of Rain Days (hz 0.4 mm) per Season
(AUT, AFS, SCI - Period 1935-1950)

M.S. Winter Spring Summer Autumn  Year C.P. W.P.
AUT R.d, 29.8 25.4 14.4 22.7 92.3 53.5 39.8
9, 32.3 22.5 15.6 24.5 99.9 56.8 4341
AFS R.d. 31.3 23.6 12.9 20.9 88.7 52.2 36.5
% 35.3 26.6 14.5 24.7 1011 60.0 511
8CI R4 171 174 9.8 16.4 60.4 35.5 26.9
o 28.3 28.3 16.2 27.2 100.0 55.5 44.5

Of all the seasons winter is the one that has the maximum mean
number of rain days in every station; and only at the SCI station spring
has the same number of rain-days as winter. Tt is worth noting that in
every station spring has more rain-days than autumn, and also that the
cold period {autumn and winter) hag the maximum number of rain days
in all three stations.

The frequency distribution of rain days in each station, per month
and per year during the period examined, proves that the greatest fre-
quency belongs to the grade between 4-7 rain-days, for every month
within this period, with maximum frequency at the SCI station (42,29,)
and minimum at the AFS station (31,39%,).

We do not have, in any station, any month of August with recorded
rain-days > 7.

We observe here again certain similarities between the two stations
of AUT and AFS, as well as corresponding differences of the SCI station-

— AUT, AFS stations: only August does not exceed the two first
grades of the scale, while in the SCI station this happens in July and
September too,

WYneiakA BiBAI0BRKkN ©ed@paocTos - TuAua MewAoyiag. A.l.0.



97
91 61 g
91 &6F t

L % 60T-007

0007 oot
9'7 g
£'0% 68
Ty 8
558 L9
0007 Z6¥
z'g or
1) 17
Ve 44 g%
gye 09
0'ST g%
7001 76T
b 8
el 44
708 g
698 69
L'91 4
% [210L

1€
8E

%

=]
-

[S R Tn RToRK JRds] -0 D

DR W WD

61
c 8¢
9 8%
66-06 %
91 97
13
9 g
8 ‘
I %
a1 91
I
9 g
g S
g g
4 g
91 91
I
9 S
g g
Y 3
¥ i
N O

e 4

y 9

9 9
68-08 %

066T-GE6T (IDE ‘BAV LNV S ({ww g € y)

91 91

o1

L=l
-

[ [ et e

=]
-
=]
-

w e
[

G
1 9
T

607 %

ar 91
G
g 1T
T tH
9¥ 97
4 ¥
8 8
9 %
91 91
4 G
6 (2%
9
r r

e

69-09

91

12

o
+

9

e em 3

W

8¢ 9 g% v 108
sS4V
LOV

% 6908 %  6%-0% %/ operDy
uotje)idoad g [enuuy jo Louanbarg g

a9t 9t 9t 9t I AN
619
Sk
11-8
L%
& -0

128 (9

MDD
LUy 2]
I~ D e
[T = Tn]

[3=]
—

13 1ejoL
6F-91
CI-gr
-8

-%

-
3

Ay (a)

r~

[ =Ry
00T 00 e e D
[ B e BTy T

T eoy,
6T-9T
ST
FI-8
L%
£ -0
LAV (e}

v W A I SapRIn

AT 8] e D
-
[ I T = R

[}
(= Qe =

08610861 (108 ‘SAV LN/ W (ww 1o € y) shecp urey Jo LHusnbarg 'y

IOS - SAV - LAY ‘rypuoppssay,f Jo vaay tofopy ay3 fo o srgoutotont g

X1 214V],

WYneiakA BiBAI0BRKkN ©ed@paocTos - TuAua MewAoyiag. A.l.0.



R&IN-DAT'S NUMBER

PERCENTAGES

GRAPH 1II

. RAIN-DAY’S NUMBER {haormm] IN THE MAJOR AREA OF THESSALONIKL. PERIOD. 1935-1950
S fauT M5 /aFS Ms/5C1

i) MEAN ANMUAL VARIATION AND EXTREME YALUES

"
o
i

w
'

- o
] ]
—
—

U R [ 1 [ T R T | [ 1 1 v [ |
M amM ) J A S 0OND 4 FHM AM I J ASCHD JFM AMJ I A S ONTD
EAN SEASONAL VARIATIONM

s 3
1 4
T e~
z M-

~»
o
'

)
1

T [ I [T
Wi S0 Su Au. Wi Sp Su. Au Wi Sp Su Ay,

1go - i) TIME SERIES [ANNUAL VALUES)

RAIN-DAY'S MNUMBER

PERCENTAGES

PERCENTAGES

5}
k=]
1

2

40 ~ 1 1 ' ' 1 ' 1 ' 3 1 1 [ A J
1935 TI36 1937 1938 1933 1940 1941 1942 1943 1544 1945 1946 1947 1948 1949 19%0

ag = [(d)DISTRIBUTION PER GRADE OF THE MONTHLY VALUES OF THE WHOLE PERIOD,

40 =

AT

40 ~ (€l DISTRIBUTION PER GRADE OF THE ANNUAL VALUES OF THE WHOLE PERIOD.

30 -

Wnoiakn BiBAI0BrKkN ©edppacTtog - TuRua MewAoyiag. A.l.0.



61

— AUT, AFS stations: certain months-mainly winter ones-record
> 15 rain days (thus covering the highest grades of the scale), while
no month in the SCI station ever registered > 15 rain-days.

— AUT, AFS stations: every December of the period examined
record >> 3 rain-days, while one December at the SCI recorded << 3 rain-
days.

— Regarding the number of rain-days per year, the SCI station
covers every grade between 40-89 rain-days, while at the AUT and AFS
stations there is not one year with < 60 raindays.

— Finally, frequencies between 7(-109 rain-days per year are prac-
tically the same in both the AUT and the AFS stations.

All the above mentioned facts illustrate the influence of the local
relief and the location of each station on the precipitation recorded.
This will be discussed again in the end of this paper.

IV. Seasoxar InDpEX

By the method of the centered 12-month moving
average and percentages of moving average® we
find the seasonal index for percipitation in the three stations (AUT,
AFS, SCI) as an average of the 1935-1973 period.

In Graph IV (based on data included in Tables Il and X) we have
included the following curves:

a) Mean annual variation of precipitation, b) pluviometric coeffi-
cient, ¢) seasonal index (the full line denotes the arithmetic mean, and
the dotted line the median). The seasonal index of medians was included
in this Graph only indicatively, since we rely mainly on the seasonal
index derived from the arithmetic mean, because the mean of its monthly
values, for all three stations, is almost 1009%, (Table X - last column).

In Graph 1V, is clearly seen a similarity between the curves of
pluviometric coefficients and those of the seasonal index, with a small
deviation for the SCI in the month of March. However this deviation
may be ignored since the seasonal indices of February, March, and April
are almost equal (95,5, 94,6, and 94,9 respectively), and also hecause
the seasonal index of these months at the SCI station, derived from the
median (dotted line), balances the situation.

In any case, we can now say that the annual variation of precipi-
tation in the stations of AUT, AFS, and SCI has a triple oscillation
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GRAPH IV
SEASONAL INDEX OF PREC|P|TATION IN THE MaJOR AREa OF
THESSALONMIKI PERIOD: 1935-1973

MS fauT M5 /AFS MS/SC)

{aIMEAN ANNUAL VARIATION (mm)

v Ve

D=
{b}PLUVIOMETRIC COEFFICIENT ([*%s]
16D -
140 -
120 —
100~
Ba0-
60—
an-
eg -

[c)SEASONAL INGEX (%)

160 - e MEaR

- — MEDO|aN

140 =

60 —

Wnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MNewAoyiag. A.lNM.O.



64

(speaking always about the period 1935-1973, and with the reservations
mentioned in paragraph 1}, with a primary maximum in December (AUT,
AFS) or November (SCI1) and a primary minimum in August (in every
station).

V. CHRoNOLOGICAL SERIES (TIME SERIES).

In a previous study®, we had found an increasing trend of the annual
precipitation in the AUT station, deriving this general linear trend by
the method of least squares, moving average, and semi-averages.

However we have preferred here to find the trend by a second degree
curve (parabola) rendering more accurately the general trend as well
as its variations.

Thus, by applying the method of least squares for a second degree
curve, we arrived in finding the trends of the three stations, for the pe-
riod 1935-1973, whose mathematical expressions have as follows:

AUT: Y = 458,179 — 0,509t + 0,222t 1)
AFS: Y = 444,583 — 1,880t + 0,179t2 (2)
SCI: Y = 444,718 - 0,038t + 0,132t (3)

Here we observe a decreasing trend of annual precipitation till the
year 1954, and from then on an increasing trend, which is faster iu the
AUT station and slower in the AFS.

Besides, from the time series (Graph V), appears a certain periodi-
city, of the order of 4-7 vears for the first half of the period examined,
while during the second half of the same period this periodicity is re-
duced to 3-4 years.

A detailed examination of time series proves the similarity in the
variation of annual precipitation of the AUT, and the AFS stations,
and the difference between those two and the SCL.

The largest differences are observed during the following intervals:
1938-1940, 1942-1944, 1946, 1950. On the contrary, towards the end of
the period examined (1968-1973), we observe a similarity between the
stations of AUT and SCI, and a difference between those two and the
ATS. This may be attributed - with certain reservatious - to the increase
of industrial units in the area of SCI.

From the time series of each month and each season, for the three
stations, we observe again the similarity between the AUT and AFS
stations, and their difference from the SCI.
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V1. PRECIPITATIOR IN THE MAJOR AREA OF THESSALONIKI.

The area examined herein consists of a strip of land of varying width
(2-5 km), sheltered from the north by the low hills of Varna, Redziki,
Asvestohorion (elev. 400-500 m) and Mt Chortiates (elev. 1204 m), and
bound to the south by the coasts of the inner Thermaikos Gulf, like an
ark curving southwards.

This strip of land borders to the west upon the Axios river valley,
and to the east upon the valley of Anthemous; the three met. stations
examined are allineated almost symmetrically along the longitudinal
axis of the strip, following the curving of the coast.

Of these three stations, only that of AUT functions within an inha-
bited area (a little to the east of the city center of Thessaloniki), while
the other two are situated outside of inhabited areas defining the limits
of the above strip (W - Axios wvalley - SCI station [ E - Anthemous
valley - AFS station).

This arrangement of the station, as well as the morphology of the
examined area will allow us in the conclusions (always taking into ac-
count the differences and similarities mentioned in former chapters) to
correlate the distribution of precipitation with the ground relief, the
city (as an urban unit) and the location of each station.

CONCLUSIONS

Az an average for the 1935-1973 period, the annual variation of
precipitation in the area examined, has a triple oscillation, with a pri-
mary maximum in December {AUT, AFS) or November {SCI), and a
primary minimum in August (for every station).

In a previous study® we had come to the conclusion that the mean
annual variation of precipitation in the AUT station has a double oscil-
lation (with the same as above primary maximum and minimum). This
apparent contradiction is explained in paragraph I of the present study.

The occurence of the primary maximum and minimum, during the
cold and the warm season respectively, is explained by the cyclonic
activity in the area examined, during the cold season and its absence
during the warm one, concurred in the second case by the comparatively
low sea temperatures, against those of the surrounding lands.

In this paper, we consider as our main contribution, the conclusions
drawn - on a mieroclimatic scale - as to the distribution of precipitation
in the area examined and the effect of the ground relief, the city, and the
location of each station upon this parameter:

WnoeiakA BiBAI0BAKN Ogd@pacTog - TuAua MewAoyiag. A.MM.O.



67

We observe a general similarity between the two stations of AUT
and AFS as to the distribution of precipitation chronologically as well
as in the amount of precipitation, while the station of SCI differs, ag for
instance:

(1) The absolute maximum monthly precipitation has been recorded
in both the AUT and AFS stations in December 1935, while in SCI it
was recorded in June 1970.

(i1) Except for the months of June and September, in all the remain-
ing months the correlation coefficients between monthly values of the
AUT and AFS stations are higher than those hetween these two stations
and the SCI. The same applies for the correlation coefficients of annual
precipitation.

(iif) The primary maximum in the mean annual variation of preei-
pitation occurs in the AUT and AFS stations in the month of December,
while in SCI it occurs in November.

The above and other similarities or dissimilarities noticed in former
chapters, are explained as follows:

a) The distance between the AUT and the AFS stations is about
7 km, while between the AUT and the SCI stations it is almost 13,5 km.

b) The distance of both the AUT and the AFS stations from the
sea, is less than 1,5 km, while that of the SCI is almost 6,5 km.

Paragraphs {a}) and (b) partly explain the similar precipitation
regime of the first two stations and their difference from the SCI; still
the main explanation is given by the evaluation of the ground relief,
as below:

¢) The SCI station has an open horizon especially to the north,
while the other two stations are sheltered from the north by the low
hills of Varna - Redjiki - Asvestohorion (elev. 400-500 m) and from the
north-east by Mt Chortiates (elev. 1201 m).

Thus the SCI station experiences more strongly and frequently
the effect of the cold-dry cloud-dispersing wind Vardaris, a north-sector
wind that is less felt by the other two stations.

d) The AUT and AFS stations are situated on the inner side of the
basin formed around the inner Thermaikos Gulf. As a consequence we
have quite often above these two stations convective clouds{orographic
or due to relief), in a certain measure increasing the rainfall, in which
the SCI does not always participate.

This fact is ilustrated hy the small correlation coefficient between
monthly values of the first two stations and those of the last one in the
months of June and July.
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As a matter of fact the effect of the ground relief and the location
of each station, becomes more pronounced during the warm season,
since then we do not have rainfalls of general characters in extensive
areas, while the few intense ones, mainly of orographic character, in-
crease the amount of rainfall wherever the process of orographic rains
is active, that is in the AUT and AFS stations.

e) The effect of the ground relief formation (AUT and AFS stations
upon the course of rising air masses of south to southwest sector) on one
hand, and the effect of open horizons (SC1) on the other, favor the arrival
of moist air masses from the sea more in the first two stations, and con-
sequently cloudiness and then rainfall over them (with the concurrence
of other meteorological conditions too).

f) The existence of the city, contributes to the increase of rainfall
mainly over the AUT station, but also over the nearest station of AFS.

The effect of the city is explained, by the friction of moving air--
masses (mainly southerly ones) upon the rough surface of the city build-
ings, their deceleration due to friction, and then their, couvection
assisted by the general relief, as already mentioned.

Another contribution of the city to the increase of rainfall, are the
numerous sources of condensation nuclei {exhaust gases from traffic,
residential central heating, industries, ship riding at anchor in the har-
bor etc.); all those facilitate conditions for condensation, which together
with the above mentioned convection (due to friction}, result in the
formation of clouds and then rain.

This contribution of the city to the increase of rainfall is mentioned
by other scientists too Landsberg”,; however it has not been absolutely
established, because of the comparatively short observational period
examined by each research worker.

Finally, from the time series of annual precipitation in the three
stations examined, we observe a decreasing trend from 1935 till 1954,
and from then on an increasing trend, that seems faster in the AUT
station.

We should mention particularly for this last station, that the year
1954 marksthe begining of a high building season in the city of Thessa-
loniki which combined with the facts mentioned in paragraph (f) of thig
chapter, should explain the faster increase (as compared with other
sites) of rainfall in the AUT station after the year 1954.
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ITEPIAHVYIZ

EIlI THY KATANOMHX THX BPOXHZ EIZ THN IIEPIOXHN
MEIZONOZ GEZZAAONIKHZ

Trd
BAAAIDMHPON EMM, ATTOYPIAAKH

"Ex Vg werbmng Thv pnvialev nol stnolov Spoyopetpudy P&V g
meptédou 1935-1973 cig tobg MEI/ANIO, ATE xxi IBE, mpoxbnret 671 of
MIZ/ATIO xai AT Zugavilouv sapels tuotdntag petafd Tov, gvé 6 MI/
IBZ 3wxgpépel TovTwv, xal’ doov agopd el Thv BpoyousTptxiy quumepLpops
abTiv.

Tobro aittohoyeivm én THe Emdpdocswg émi ¢ Bpoyls, Tod dvayidgoy
xal THe mérswe.

Ta wipra péyiorav nal dhayiotov tig Ppoyontdosme - xatd wésov Baov
Tie wepuédou - elg tae Tpels Oéaeig, waza TV yeipepvhy ol Bspwviy dvmiaToi-
ywe meplodov, doelhovran elg v SpaotnpiéTyTa 7ol pegoyetanoel peTdmToL
xatd THY yewpepviy meplodov, xal elg v EXhewy abthig xata mv Oepuviy
TOOTYY, GUVETLIROLpoUUEVYG T7¢ TeheuTalag xaxl % TOV youniddv Dzpuoxpa-
orav i Bakdorne Evavel abTiv TéV meptfaihoveddv Enpdv xata THv Oepuvip
meplodov.

"Ex téiv péoav prviatwv Bgoyopertpiedyv Sy, Tév BpoyousToindv ouv-
TeEMEGTOY nal Tob Eroyirob Selxtou, elg Tag Tpelg Diceig Sra v hg dvw ypa-
vixdy mepiodov, auvayetar i xatavopdh THg Bpoxfic xatd Thv Sudpxstay Tob
Evoug, elg Ty peherapbimy megloxhy.

Téhog, Sidetar ¥ walnparod Exppasic tig yevirdic Tdcewe Tdv Errotay
Bpoyouetpueddv dbav el Tag Tpels Oéaewg, fimg tupaviler dpymbe piay mrdawy
xal &v cuveyely plav alfnow, At elvar Tayurépa mpoxetpévon mepl Tol M/
All®, cvurinrovsa &v mpoxeipéve, ut mpy adfmowv olxodopirol dpyasuod
elg iy mohw e Oesoahovinng.
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