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Abstract: Rain and its various parameters in Thessaloniki (MS/AUT) are exami-
ned for the period : 1930 - 1972.

It is ascertained that the mean annuel rainfoll is 476,74 mm and the mean annual
variation of rain shows a double fluctuation with primary moximum and minimum in
December and August respectively,

The eyclonic activity during the winter period and the lack of it in summer are the
main causes (n the shaping of the above maximum and minimum.

The seasonal distributions of precipitation are examined as well as their duration
{both in days and hours}, the tntensilies and other rainfall parameters,

From the examination of the annual rainfall and the annual numbers of rainy
days in the area under examination during the period under consideration, a trend of
increase is ascertained which is conneeted with the inerease in population and the expan-
sion of the city during the same period.

INTRODUCTION

Rain and its various parameters in Thessaloniki are being examined.

The above subject was dealt with by the scientists: ALExanbprou?,
Mariororovuros 7 MarioLorouLos - KaraPIPERIS 8, KyRiazorovuLos 4,
Livapas - PapapimiTriov % the total of the papers in question refer to
more general studies of the greek area or the area under examination,
where the element of rain participates with the same weight as the other
elements. The basic source of the material used was the series of the
¢Annuaire de ['Institut Météorologiqnue»; OBSERVATIONS METEOROLO-
GIQUES DE Tuessaroniki'® of the MS/AUT. This data covers the pe-
riod 1930~ 1972; a gap is noted during the war and occupation (No-
vember 1940 - July 1945). This was covered by the meteorological
station of the german navy (MS/GWN) * which operated for tbe grea-

* During the occupation, the MS/AUT operated defectively during a certain
period of time. From tbe correlation of values of the MS/AUT and the respective

9

WnoeiakA BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.MN.O.



348

ter part of the above period at a distance of 1000 m. S of the MS/AUT
(LivADAS - PAPADIMITRIOU %) on the one hand and on the other hand
with the help of the respective observations of the meteorological sta-
tions of the Sindos Cotton Research lnstitute and that of the American
Farm School, by application of the regression equation

J— Ex —

X=X+ L—yy (Y —-T)
Thus, a 43 year series of full observations on rain has been completed.
It should be noted that the MS/AUT from the date it was founded
(1930) up to December 31, 1958 was operating on a site located about
230 m. W of the site it occupies since January 1, 1959 to this date.
For the connection of the two periods of precipitation observations, in
the above two locations, we correlated the observations on rain made
in 1970 simultaneously on the two sites. The amounts observed at the

old site (AUT,) and the new one (AUT,), are:
Month J F M A M J J A 3 0 N D Year

AUT, 32.1 43.3 746 5.2 53.5 484 99.6 3.3 11.0 385 59 315 447.9
AUT, 31.8 43.7 723 5.9 52,8 493 927 3.2 10.8 363 56 344 4388

and the correlation coefficient was found equal to: r = +0,998.

I. ANNUAL VARIATION OF RAIN.

It shows a double fluctuation with principal maximum in Decem-
ber and principal minimum in August. The rainfall of the rainiest month
is more than three times (3,98) that of the driest month; the latter shows
a rainfall of < 30,0 mm (14.5 mmj.

The secondary maximum - minimum are noted during May and
February respectively, The monthly values of the period varied
between: 166,2mm (Dec. 1935) and: 0 mm (rainless, Sept. 1942). The an-
nual values of the period varied between: 639.9 mm (1937) and 264.2mm
(1932) respectively, with mean annual precipitation of 476,74 mm. The
relation bhetween rainfall of the rainiest and driest vears of the pe-
riod is: 2,42

The variability coefficient of the monthly rainfall appears bigger

of the MS/GWN made on rainfall {(January 1943-June 1944), the correlalion coel-
ficient found was : r—=0,93.

Notice

From 1891 to 1925 various meteorological stations operated in different loca-
tions within the city of Thessaloniki : Austrian, Bulgarian, Greek High School and
other (ALexaNprou !, ManioLorouLos®’, KyniazorouLos 4, presenting a dissimila-
rity as regards time peried, location, hours and observation instruments.
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during the warm period (July - August - September) considering that
the very few intense precipitation of this season are particularly ac-
centuated, and stand out among the, as a rule, small or nearly non -
existent summer precipitation. On the contrary, the pluviometric
coefficients, as it is easily understood, appear bigger during the cold
period (maximum during December), considering that their order of

DIAGRAM I

Mean annual variation of precipitation in
Thessaloniki (M.S/AUT:1930-1972, MAP: 476,74 mm).

184 -
t
160 - ,
I
I
—
4
EMOJ ’ I
S ! oy
i
= - IR A
! i !
= d e ' Doy : A
100 X I I ' | ! I i
e A T S T b
~ Il ! ! : ! ! : i : : i
! i ! | 1 i
e 0o b A
2 A R
- - \ ! ‘ IL | ! : !
S R A
‘_ ) : ! ' I . ) : ] | 1 !
Q& ‘OJ i : ! T ; : : : b : :
; 1 ) 1I ] : ] |L : :
' ' ! : ! ! 1 ! ' I } ]
2000 1 0 L N
1 ) ) ! 1 ) 1
b I N I ! ] ! I I ‘ 4 ]
. A 1 | I
P W S T S WD W W .

J FMAMIJ J A S 0 ND
magnitude follows the order of magnitude of each month rainfall.

Out of the frequencies distribution of the deviations of the monthly
values from the mean value (for each one month) it is ascertained that,
notwithstanding the fact that the majority of values is smaller than
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the respective mean value, no monthly value is noted between H—3
and H - 3a.
Four significant deviations (> H L 3 o) were noted as regards
monthly values whereas none was noted in yearly values.
Approximately half (47 %,} of the total of monthly values vartes
between: 0 — 29.9 mm. Especially August shows values of which the
86 % give rainfall: < 29.9 mm. whereas the month of December covers

TABLE II
A. Distribution per grade of monthly rainfall ( MS/AUT : 1930 - 1972).

Grades J F M A M J J A S ON D Tod
{mm) Abs. val. %
0 - 29.9 15 20 19 21 19 23 25 37 24 13 16 11 243 47.0
30.0 - 5%.9 14 13 16 13 11 12 10 6 14 i6 12 15 152 29.4
60.0 - 899 2 8 7 5 10 7 6 2 9 9 7 82 158
90.0 - 119.9 2 2 1 3 3 2 2 A & 6 29 56
120.0 - 149.9 1 1 t 1 2 3 9 1.7
=150.0 1 1 02
Total 53 43 43 43 A3 A3 43 43 43 43 43 43 516 99.7
B. Distribution per grade of annual rainfall (MS/AUT . 1930 - 1972).
Grades o5 320 380 440 500 560 620 680  Total
{mm) - 2 ’
Distribution 3 & 5 13 i1 5 2 43
o 7 9 12 30 26 12 5 101

by its values the whole scale of grades, showing a value: > 150.0 mm
(166,2 mm). On the total of monthly values of the period, 75 %, do not
exceed 60,0 mm

The distribution of the annual values per grades appears skewed
to the left, whereas 50 9 of the total of values do not exceed 450,0 mm.

II. SEASONAL VARIATION OF RAIN.

From the mean seasonal rainfall of the period, it is ascertained that
winter gives 29 9% of the mean annual rainfall, autumn 28 9, spring
26 9%, and summer follows with a great difference {18 %,).

Although summer comes last as regards rainfall as an average
of the period, the absolute summer maximum (175,7 mm, 1943} ex-
ceeds the mean winter precipitation by 36,5 mm.
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DIJIAGRAM II
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The grades 80,0 - 120,0 and 160,0 - 200,0 mm, concentrate the 51 9,
of the total of the winter precipitation. The same percentage (51 %)
of spring precipitation concentrates in the grade 80,0 - 160,0 mm.

TABLE III
Seasonal rainfall data (MS/AUT : 1930 - 1972).

Perrentage (%)

Scason Mar. Year H H m Min. Year g m Maz. Min
(1) (2) (3) (4) (5} (6) (i) (3)(9)‘[10)(17)(12) (13)

Wi. 273.8 1969 139.2 138.0 205.8 41.6 1967 1.54 29 29 33 62/69 9/67

Sp. 243.9 1936 1247 1208 — 241 1947 1.32 26 26 38 41/65 5/47
Su. 175.7 1943 841 841 — 41.4 1954 0.92 18 18 18 34/43 3/54
Au. 2599 1955 131.7 131.9 — 20.6 1969 1.45 28 28 M.T.43/55 5/69
Symbols

H : Mean

#  : Median

m : Mode

£ The mean seasonal rainfall divided by the actual number of days of each

season (Wi. 90.25 days, Sp. 92 days, Su. 92 days, Au. 91 days).
Ezplanation

Columns: (10) - {13) resulted as follows:

The percentage of each seasenal rainfal!l was taken for each year, as to the respecti-
ve annual, and followed the selection of: ¢ = median, m = mode, max. = maxi-
mum (the denominator indicates the year) and min. = minimum (the denominator
indicates Lhe year).

Column (9) resulted from the percentage of mean seasonal rainfall as to the mean
annnal rainfall.

The majority of summer precipitation (70 %,) fluctuates between
40,0 - 120,0 mm. Finally, the 35 %, of the autumn precipitation con-
centrate on the 80,0 - 120,0 mm grade.

III. NUMBER OF RAINY DAYS.

Obviously, the rainfalls observed in a place are functions of also
the duration of precipitation as well. A relative indication of the du-
ration of preeipitation 1s also the number of rainy days. We speak about
srelative indication»s, because the number of rainy days does not ex-
press absolutely the duration of rain, since one day of rain is classified
as such one if during that day was observed precipitation (Z 0,0 mm)
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either of 1 minute or 24 hours duration. Thus, reasonably, the curve
expressing the mean annual variation of the number of rainy days does
not resemble necessarily with that of the mean annual variation of
rainfall in a location, as an average of the same period. The main dif-

TABLE IV
Distribution per grade, of seasonal rainfall (MS/AUT : 1930 - 1972).

(A) Abscluic values.

Season ] 40 80 120 160 200 240 280{mm) Total
Wi. 0 7 11 8 11 h 2 43
Sp. 1 9 1 11 10 0 1 43
8u. 6 12 18 5 2 0 0 43
Au. 2 3 15 12 7 3 1 43
Total 9 31 33 36 30 7 4 172
{B) Percentage (%) {For each season).

Wi, 0 16 26 19 26 9 ) 101
Sp. 2 21 26 26 23 0 2 100
Su. 14 28 42 12 3 0 0 101
Au. 5 7 33 28 16 7 2 100
{C) Percentage (%) ( For each grade).

Wi, 0 23 29 22 37 a7 a0

Sp. " 29 20 31 33 0 25

Su. 67 39 33 14 7 0 0

Au. 22 10 27 33 23 43 23

Total 100 101 100 100 100 100 100

ference in this case between the above curves consists in the appearance
of the third extreme values of the number of rainy days (March: ma-
ximuam, April minimum). As an average of the period all months show
rainy days less than half of their number of days. The absolutely ma-
ximum number of rainy days of all months of the whole period was
observed in March (26 rainy days, 1961) whereas September, in one case,
showed not even one single rainy day (rainless, 1942).

The months of July - August - September show the greatest va-
riability as in the case of rainfall (see Table I).

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




355

As regards the mean, per seasons, values of rainy days for the
period, winter and spring have almost the same number (3% and 38
rainy days respectively). The maximum number of rainy days was
noted in winter of 1954 (58 rainy days: 68 9 of its total number of
days). In the summer of 1946 only 10 rainy days were recorded.

TABLE V

Data on number of rain-days (MS/AUT : 1930 - 1572).

Month or  Maz. Year w om M +eo + e CV, Min. Year
Season. %

(A) Per month

J 24 1972 14 M.T. 144 4.6 0.7 31.9 3 1932
F 24 1942 11 M.T. 11.2 50 08 446 3 1934
M 26 1961 12 M.T. 130 52 0.8 400 5 194553
A 19 1672 13 13 1214 3.5 05 289 3 1947
M 22 1957,63 13 13 1833 43 0.7 323 4 1942
17 1930 11 11 105 29 05 276 4 1932
] 20 1972 7 4 7.2 36 06 500 2 1946,48
A 14 1955 b G 31 26 04 509 2 M.T.
3 17 1949 7 MT. 73 39 06 53% 0 1942
O 20 1951 9 8 10.3 .3 0.7 417 1 1965
N 19 1954,56,62 12 12 12,4 40 06 322 f 1967
D 21 1930 14 17 13.7 40 0.6 29.1 4 1972
Year 168 1972 131 M. T. 1305 1714 2.6 131 98 1932
{B) Per season
Wi. 58 1954 38 38 393 7.9 1.2 201 25 1949
Sp. 51 1960 39 M.T. 384 7.4 1.1 192 21 1935
Su. 41 1972 21 20 228 6.1 0.9 267 10 1946
Au. 47 1955 30 26 30,0 76 1.2 2533 13 1965

The mean annual value of rainy days (130,5 days) does naot exceed
the 36 9, of the total of days of the mean year (365,25 days), whereas
the absolute extreme values are: maximum 168 rainy days (1872: 45 9
of the days of the year) and minimum: 98 rainy davs (1932: 27 9, of the
days of the year). 1t should he noted that the mean of these two extre-
me values of the number of rainy days of the vear, slightly differentiate
from the mean annual value of the period (133.0 and 130,5 rainy days
respectively).
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DI1AGRAM I

Mean annual fa) and seusonal (b} variatien of rain-days namber
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The 34 9%, of the total ol the monthly values shows rainy days
varying between 11 - 15 days. The month of March covers the whole
scale of grades marking {as mentioned belore) in one case 26 rainy days

TABLE VI

Distribution of number of rain-days per grade (MS/AUT .

fA) Per monih

1930 - 1972).

Number
of days J F M A M J J A 8§ O N D Toa 9
0- 5 2 8 2 2 1 2 17 25 15 4 2 1 81 157
6-10 4 10 13 11 11 18 18 17 20 20 11 9 162 314
11 - 15 21 17 12 23 1% 22 7 1 6 13 19 17 177 343
16 - 20 i2 6 12 7 10 1 1 0O 2 6 11 15 83 161
21 - 25 4 2 3 o ¢ o0 o 0 o0 o0 0 1 12 23
46 - 31 0 0 1 0 0 o 0 o 0 0 0 0 1 0,2
(R} Per season.
Number
of days We. Sp. Su An Total 9%,
0-10 0 0 1 0 1 0,5
11 - 20 o 0 19 3 22 12,7
21 - 30 6 6 19 19 50 29,0
- 40 22 20 3 17 62 36,0
41 - 50 10 16 1 4 31 18,0
51 - 60 5 1 0 0 6 3,4
(C) Per year.
Number
of days Frequency A
0- 30 ] 0
31 - 60 0 0
61 - 90 0 0
91 - 120 13 30
121 - 150 24 56
151 - 180 6 14

wehreas the month of August is restricted only to the 3 first grades of

the scale.

From the distribution of standard deviations, it is ascertained that
all months, during the whole period, mark an important concentration
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DITAGCRAM IV

Distributien curves of rain-days number per grade
(MS/AUY, 1930-1972}
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of their values in the class: M + 6 (= 63 9). With the exception of
April and July, all other months show more negative deviations than
positive,

As regards the seasonal values of rainy days, once again an impor-
tant concentration of values in the class M -1 o (2 63 %) is noted.
In this case with the exception of spring the other seasons show more
negative than positive deviations.

Finally, the annual values show a concentration of their deviations
in the class: M -+ o equal to the 65 9%, of the total and more positive
than negative deviations.

I¥V. DURATION OF PRECIPITATION.

As mentioned in the heginning of the previous paragraph, the
number of rainy days constitutes a relative indication of the duration
of precipitation. In this case we deal with the actual duration of pre-
cipitation, in other words, for each month we add hours and minutes
during which we had precipitation.

TABLE VII
Duration of precipitation in hours (MS/AUT : 1830-39, 1947-72).

Mazimum calues Mean Minimum values
Month  Duration Duration Duration

(hours) Year {hours) (hours) Year

J 234.33 1954 83.75 10.08 1932
I 250.33 1954 67.22 7.33 1966
M 220.08 1969 72.387 8.17 1938
A 126.83 1438 45.53 5.25 1935
M 78.92 1963 36.63 6.00 1962
J 62.92 1930 22,48 2.50 1938
J 38.08 1970 11.690 0.25 1948
A 37.58 1955 7.33 1.00 1934

S 93.08 1960 21.31 1.47*% 1954%
O 135.15 1972 44.34 0.58 1965
N 139.58 1956 57.68 11.55 1972
D 212.83 1962 74.65 5.17 1972
Year 990.25 1954 544.89 267.58 1950

* Table I shows the month of September 1942 as rainless, whereas this Table
shows as minimum duration of precipitation of the period, September recorded :
1.17 h. This is due to the Iact that this table was drawn on the basis of data of the
period : 1930 - 39, 1947 - 72, not including the year 1942
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DIAG6RAM Y
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The above values as an average of the period, show a double fluct-
uation with principal maximum - minimum in the months of January -
August respectively and secondary maximum - minimum in the months
of March - February respectively. The absolute maximum - minimum

TABLE VIII

Frequency distribution per grade of duration of precipitation (hours)
MSE/AUT : 1930-39, 1947-72.

{A) Monthly values. !'

Grades J F M A M J J A § O N D Toal 9 )
{hours) !

0- 24 1 9 & 7 11 22 30 35 2 10 5 4& 164 37.9 :
9, - 48 8 7 7 16 45 12 6 1 9 11 13 6 111 256 {
8- 72 9 8 9 7 9 2 1 10 & 8 T 164 ‘
72- 9 6 6 5 1 1 2 2 4 % 36 B3 g
96-120 7 1 5 4 2 5 6 30 6.9 |
120 - 144 2 1 1 1 1 1 7 1.6 "
144 - 168 2 3 1 6 1.3

168 - 192

192 . 216 1 1 1 3 0.6

216 - 240 1 1 2 0.4

260 - 264 1 1 2 0.4

Total 36 36 36 36 36 36 36 36 36 36 36 36 432 99.4

{B)Annual values.

Grades 240 360 480 600 720 840 960 1080 Total

{hours)

Frequency A 10 12 3 6 ] 1 36

(absol. val.) '
Frequency 11 28 33 8 17 0 3 100 !
(%)

values are noted in February 1954 (maximum 250,33h) and in July
1948 (minimum 0,25 h). We clarify in this case that whereas in Table 1,
September 1942 appears as rainless, Table VII shows minimum du-
ration of its precipitation in 1954: 1,17 h.

This is due to the fact that, as regards the precipitation duration
values, the period under examination was restricted to the years 1930 -
1939, 1947 - 1972, and consequently the year 1942 is not taken into
consideration.
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Out of the total of 432 months of the peried, 412 (95,1 9%,) show
precipitation (for each one month) of a duration 120 hours; during
the months of July and August in no case precipitation of a > 48 hours
duration each were recorded.

Concerning the annual precipitation, their total yearly duration
they did never show during the whole period under consideration pre-
cipitation of a total duration of 1080 hours; as regards maximum fre-
quency, this is noted in the 400 - 600 h. grade of rains.

V. MAXIMA HOUBRLY AND DAILY PRECIPITATION - INTENSITIES -
REPETITION PERIGDS.

Hourly and daily rainfall as well as intensities present both theo-
retical interest (as being connected to atmospheric instability) and a
practical interest considering that they become regulative factors of
vital sectors of human activity (Agriculture: destructive rains, City
Planning: floods, sewerage, Transportations: blockage of roads, and
other). It should be noted that in also this paragraph (as in the previous
one) the period under consideration is limited Lo the vears: 1930 - 1939,
1947 - 1972,

(a) Hourly rainfall

Having taken into consideration the extreme values between which
fluctuated the maximum hourly values during each month, during the
period under consideration, the following Table IX was drawn.

TABLE IX

Largest and smallest values of maximum hourly precipitation
per month (MS/AUT: 1930-1939, 1947-1972)
Month J £F M A M J J A 8§ 0 N D Year
Largest 13,3 15,0 17,5 27,3 42,2 32,5 47,3 16,3 40,8 30,7 17,6 12,9 47,3
Max.{

Smallest 0,9 0,3 0,9 11 01 21 0,0 00 0,0* 0,0 1,2 0,4 0,0

* See footnole of Table VII and clarification on page above.

From the above maxima, the largest value is recorded in the month
of July whereas the smallest value is recorded in December and (with
a slight difference) in Jamuary. The maximuom of July: 47,3 mm/h,
as compared to the other rainfall conditions of the area under exami-
nation, is quite remarkahle, considering that it is inferior to the ma-
ximum mean monthly value (December: 57, 87 mm, Table 1) by hardly
10,57 mm. and constitute about the 1/10 of the mean annual precipi-
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tation of the area under consideration.

Out of the per grade distribution of frequencies, interesting con-
clusions are drawn, as we will see furtheron. At this stage we only note
that 94,2 %, of the months of the period under consideration, record-
ed maximum hourly rainfall =179 mm/h. Bigger than 17,9 mm/h

TABLE X

Frequency distribution per grade of mazima hourly precipitation
(MS/AUT : 1930-39, 1947-72).

G(jgf;:) J F M A MJ J A S O N D Year 9
0.0- 59 26 27 27 24 16 15 16 22 21 19 17 2% 254  58.8
6.0-11.9 9 7 8 8 10 9 7 9 11 13 9 111 25.7
12.0 - 17.9 1 2 1 2 6 4 7 2 2 3 42 9.7
18.0 - 23.9 12 3 3 1 3 13 3.0
24.0 - 20.9 1 3 2 6 14
30.0 - 35.9 1 1 g 05
36.0 - 41.9 1 1 2 05
42.0 - 47.9 1 1 2 05

Tolal 36 36 36 36 36 36 36 36 36 36 36 36 432 100.1

maxima are recorded during the whole period, only in the months:
April - July and September - October, in other words during spring
and autumn,

The descending series of the frequency per grade of the maxima
hourly precipitation, for all months (last column of Table X) is given
. through the curves in Diagram VI (VI,: linear coordinates, Vig:
semilogarithmic coordinates) and their mathematical expression is:

Y — B_D-BT’HSs“ (1)
where: v = frequency and x = the serial number of the grade under
consideration.

(b} Maxima daily precipitation.

In order to examine the maxima daily precipitation, material
was gathered covering the whole period 1930 - 1972, Thus, we found
that 54,8 %, of all months of the period recorded daily precipitation
.not exceeding 15,0 mm/24h; whereas 95,8 %, recorded daily precipi-
} tation not exceeding 40,0 mm/24h, in other words, precipitation smal-
. ler than the hourly maximum of the previous paragraph.

Out of the last column of Table X1, curves (A : linear coordinates,
10
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DIAGRAM ¥L

Frenquency curves per grade of maxima hourly precipitation
{MS/AUT ! 1930-39,1957-72)

fa) Linear coordinates {b) Semi-~logarrthmie coordinaies
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B : semilogarithmic coordinates) were given in Diagram VII, the ma-
thematical expression of which is

v == g—0,03%+6,76 (2)
where y = frequency and x = the serial number of the grade under
consideration.

TABLE XI

Frequency distribution per grade of maxima daily precipitation
({MS/AUT : 1930 - 1972).

Grades T T T T T
{mm/24h) J F M A M J J A § O N D Year 9

0.0 - 14.9 22 024 25 25 24 22 25 32 27 21 19 23 283 54.8
15.0 - 29.9 19 19 11 13 .17 45 7 9 & 9 19 11 157 30.4

30.0 - 44.9 2 2 6 3 3 4 8 1 &# 11 5 5 54 10.5
45.0 - 59.9 i 1 2 1 2 3 1 4 2 3 20 3.9
=2 60.0 1 1 2 0.4
Total 43 43 43 43 43 43 43 43 43 43 43 43 216 100.0

Note: L. ALexaxprou'in: ¢The Climate of Thessaloniki» {page 57 - Maxima of
rain 24 hours), reports 24 hours maxima recorded, greater than those we mention.
(April: 74,1, May 90,0, July: 72,6, November: 82,5); these values pertain to years
prior to these considered in this study and to meteorological stations which opera-
ted in various sites within the city of Thessaloniki.

(c) Intensities

With the material on hand, we were able to cover, as regards inten-
sity, the periods: 1930 - 1940 (October) and 1946 (May)- 1972. The
maxima intensities recorded during the above periods are given in Ta-
ble X1l below.

The maximum intensity was recorded in July (July 15, 1972)
where in 5 time 19,0 mm were recorded, a quite important amount
of water for the area under examination, when taking into considera-
tion its other rainfall conditions.

However, on the basis of more general criteria, the intensities of
MS/AUT mcluded in Table X1I may be considered as not important.

(d) Repetition periods.

When studying the maxima precipitations of a location not only
the amount and duration of precipitation are important. Equally impor-
tant (if not more) is the knowledge of the time period intervening be-
tween two precipitation of a given amount: hi mm or greater than that.
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DIAGRAM ¥II

Frequency curves per grade of maxima daily precipitation
(MS/ALT :1930-1972)

fa) Linear coordinaies
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TABLE XI1II

Frequency of daily precipitation = 2,00 mm in Thessaloniki

(MS/AUT : 1930 - 1972).

Year J F M 4 M J J A 8 O

1930 1 1

1931 1 1 1 2
1932 1 1

1933 1 1

1934 1 2 1 1
1935 2 1
1936 1 1
1937 1 1
1938 1

1939

1940

1941 1 2 1 1
1942 1
1943 1 1 2 1
1944 1 1 1 1
1943 1 2
1946
1947 2 1

1948 1 1

1949 1

1950 1 1 1 i
1951 1 1 1 1 1
1952 i 1 1

1933 1 1

1954 2

1955 1 1 1 1 1
1956 1 2 1

1957 1 .

1958

1959 1 1 i
1960

1961 1

1962 1

1963 1 1 1 1 1
1964 1 2 1 1

1965 1 1 1

1966 1 1 1
1967 2 1 2 2

1968 1 1

1969 1

1970 1 1 1
1971

1972 1 1 1 2 1

e e
——

—— e b

-~
-
-~
e

[T A

Ll

Total 12 18 15 12 14 16 20 6 16 22
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In this case we examine the repetition period of daily precipitation
of a given amount and above.

Specifically, in Table XIII were included the daily precipitation
of the period 1930 - 1972 the height of which was = 20,0 mm.

From Table XIII we find that, as an average of the period, 4,7
cases of daily precipitation = 20,0 mm ({(more specifically, 47 cases
within a decade) are recorded per annum. Diagram VIII was based
on the data of Table XIII.

TABLE XIV

Frequency of daily precipitation = 50,0 mm in Thessaloniki
(MS/AUT : 1930 - 1972).

Year J F M A M J J A &) O N D
1934 60/1

1935 « {18 months) 52/t
1938 « {27 months) 57/1

1942 « (30 months} 54/1

1943 + (13 months) 51/1

1944 « (12 months} 51/1

1945 <« {9 months} 58/1

1947 «— (27 months) 51/1
1952 + {59 months) 64/1

1954 + (13 months) 53/1

1956 « (27 months) 56/1

1957 « {11 months} 51/1

1961 + (46 months) 54/1

1967 «— (75 months) 50/1
1972 < (34 months} 5%/1

Finally, in the above Table XIV areincluded the cases ol daily pre-
cipitation the amount of which was = 50,0 mm,
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Out of this table, Table XV was drawn from which it is concluded
that between two daily precipitation of = 50,0 mm intervenes a time
interval, as an average ol the period, of 31,5 months ( 2> 2,5 years).

TABLE XV

Intervals (in months} between daily precipitation z 30.0 mm

Tolal

Mean

(MS/AUT : 1930 - 1972).

Precipitation {in whole mm)

May 1934
December 1935
April 1938
July 1942
Septemher 1943
October 1944
Augnst 1945
December 1947
December 1952
February 1954
June 1956
June 1957

May 1961
September 1967
April 1972

¥I. TRENDS

60,0 mm

59,0
57,0
54,0
51,0
51,0
58,0
51,0
64,0
53,0
56,0
51,0
54,0
50,0
54,0

intereals (in months)

18
27
50
13
12

9
27

From the annual values of ratnfall in Thessaloniki during the period
1930 - 1972 (Table XVY, 2nd column) we form their time series by the
polygonic line (a) ol Diagram IX, ol which we examine the general
trend. To this effect we applied three of the more usually applied me-
thods, the results of which do not diifer greatly; they prove (all three
methods) that, [or the period under consideration, there exists a trend
of increase in rainfall with the progress of time in the area under exa-
mination. The mathematical expression of the lines interpreting the
general trend of the rainfalls under consideration, are:

{a) Semi - averages method (Diagram 1X, curve (b)):
y = 0,481t + 468,377
{b) Least squares method {Diagram I1X, curve (c))

v = 0,803t + 476,74

(3)
(4)
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DIA6RA M IX
Trend of annual precipitdalien (MS/A.U.T.ISJG-IS?Z)

fa) Annual precipitatien flime sertes)
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DIAG6RAM X

Trend oef annual values of rain-days number { MS5/AUT:930-72)

fa) Annuai values of rain~days number
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(¢) 3 - vears running mean method (Diagram IX, curve (d)):

y = 0,456t + 485,576 (5)
where : y =rainfall and t = statistical order of dates.

Of the three above methods, method (b) gives the quicker increase
of rainfall with time.

Applying the same procedure in the case of the number of rain-days
per annum, of the same as above period, and the same area, we have
respectively the mathematical expressions of their general trend, i.e.

{a) Semi - averages method (Diagram X, curve (b))

y = 0,805t + 107,735 (8)
(b) Least squares method (Diagram X, curve (c)}):

y = 0,518t 4 119,604 {7)
{c} 3 - years running mean method (Diagram X, curve {d)):

v = 0,550t -+ 118,450 (8)

CONCLUSIONS

From all the above mentioned we draw the following conclusions:

— The intense cyelonic activity over the area under examination
during winter, is the principal cause of winter precipitation.

On the other hand, the lack of cyelonic disturbances during
the warm pertod as well as the low temperature of the sea during
this season {in relation to those of the surrounding lands) provoke,
more or less, a stability of air masses, which have as result the
important reduction (or even cessation) of precipitation during
the period in question. Sometimes these stability conditions change,
due to sudden invasion of colder air masses {rom greater latitudes,
in height (phenomena: upper trough or col pool) with as result
the creation of thundering conditions with showers.

Thus, the mean annual variation of rain in Thessaloniki, pre-
sents a double fluctuation with principal maximum in December
(winter for the area under consideration) and principal minimum
in August (summer for the area under consideration}). Secondary
maximum and minimum are observed in May and February re-
spectively.

— As regards rain, September may be listed under the warm period
of the year for the area under consideration (same as in cloudiness:
ANGOURIDAKIS ?) considering thal rainfall of this month slightly
differs from that of July. Furthermore, we note that September
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is the only month of the period under consideration during which,
in one case, uo rain-day was recorded (September 1942).

The absolute maximum monthly rainfall during the whole of the
period under consideration, was recorded in December 1935 (166,2
mm) and the absolute minimum, as mentioned before, in Septem-
ber 1942 (0 mm).

The absolute maximum and minimum annual rainfall were re-
corded in the years: 1937 (max. 639,9 mm) and 1932 (min. 264,2
mm).

A «good» to wtrongs concentration of values of monthly precipi-
tation in the class: Tl 4+ o iz recorded whereas the few cases of
significant deviations (always to the right of the mean value:
> H + 3o), take place during the warm period mainly due to
heavy rainfalls of this season. As regards the annual values of
rainfall, no significant deviations were recorded during the whole
period. 1t should be noted that in the case of monthly values of
rainfall, negative deviations (values included in the class: H,
H—30) are, as a rule, more than the positive (slewed to the left),
whereas the opposite happens in the case of annual values of rainfall
{skewed to tbe right).

From the distrtbution of the monthly rainfall of the period, we
find that: more than the 3/4 (76,4 %) of the total of the monthly
rainfall have not exceeded 60,0 mm. Especially the month of
August in no case during the whole period exceeded 60,0 mm.
Approximately half of the annual rainfalls of the period {51 9)
fluctuated between 320,0 and 500,0 mm.

It is ascertained that precipitation of the warm period (spring -
summer) are, as a rule, smaller than the respective of the cold
period {winter 4+ autumn), a characteristic feature of mediter-
ranean precipitation.

From the rainfalls recorded during the various seasons we find
that winters holds the first place with autumn following {(though
there isn’t but a slight difference between these two seasons).
The maximum frequency for all seasons and for the whole period
iz recorded under the grade: 80,0 - 120,0 mm. of rain (55 cases on
a total of 172); follows the grade: 120,0 - 160,0 mm of rain (36
cases on a total of 172).

The maximum number of rain-days per month (h =2 0,0 mm)
was recorded in March 1961 {26 rain - days) and the minimum du-
ring September 1942 which was a rainless month, whereas in Au-
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gust for the whole period of 43 vears, no more than 15 days of
rain were recorded.

— If we examine the duration of precipitation in hours, we find that
the mean anunwval variation of duration per month precipitation
presents a double fluctuation with principal maximum in January
and principal minimum in August. The secondary maximum and
minimum are recorded in the months of March and February re-
gpectively.

The absolute maximum monthly duration of precipitation
in hours is recorded in February 1954 (250h 20" of rain) whereas
the absolute minimum is recorded in September 1942 which was
a rainless month {see lootnole Table VII).

In the months of July and August, in no case during the whole
period, more than 48 total hours of rain were recorded for each,
one, whereas the maximum frequency for all months was recorded
under the grade: 0-24h (37,9 %,).

Only 4,3 9, of the total of months of the period recorded pre-
cipitation of a total duration per month of 2> 120h.

From the distribution of the duration in hours of the annual
precipitation in Thessaloniki, we find that 33 %, on the total of
vears of the period recorded precipitation of a duration fluctua-
ting between 480h and 600h.

Only 3 9% of the total of years of the period under conside-
ration recorded precipitation the total duration of which in hours
fluctuated between 960h and 1080h.

— The maximum hourly precipitation in Thessaloniki during the
periods 1930 - 1939 and 1947 - 1972 was recorded in July 1972
(July 15, 1972): 47,3 mm/h, in other words a remarkable amount
for the area under examination when taking into consideration the
other rainfall conditions of the area.

During the cold period (November - March) as well as in Au-
gust, the maxima hourly precipitation {(during the period mentioned
in the beginning of this paragraph) did not exceed 17,9 mm. This
is quite clear considering that during winter the large monthly
amounts of rain are a result of the, as a rule, long duration preci-
pitation of small intensity; for the month of August the actually
recorded monthly amounts of rain are small or rather zero. On the
contrary, during the remaining months of the year, heavy and of
rather short duration precipitation are recorded mainly of oro-
graphic origin.
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— The 54,8 %, of the total of months of the period under consideration
in Thessaloniki, recorded maximum daily rainfall £ 14,9 mm,
whereas only May, in one case, recorded maximum daily preci-
pitation >> 63,0 mm.

It shouid be clarified that L. ALExanDprou?!, reports maxi-
mum daily rainfall in Thessaloniki, greater than those we mention;
however, these values pertain to previous vears than those con-
sidered in the present study.

— The intensities recorded during the period 1930 - 1940 (October)
and 1946 (May) - 1972 cannot be considered as important when
seen within the frame of precipitation in the Mediterranean;
however, taking into consideration the remaining rainfall condi-
tions of the area, those recorded in July 15, 1972: 19,0 mm/5,
243 mm /107, 276 mm/15, 38,0 mm/20', 47,3 mm/30", are quite
important for Thessaloniki.

— We ascertained in Thessaloniki as an average of the period 1930 -
1972:

{a) Daily precipitation 2 20,0 mm take place every 79,8

days (47 times during a decade).

(b) Daily precipitation = 50,0 mumn take place every 2.5 years

approximately (every 31,5 months).

— Finally, from the examination of the annual rainfall and the an-
nual number of rain-days in Thessaloniki, for the period under
consideration, the following are concluded:

A trend of increase of rainflall in the city of Thessaloniki, was
proved by all three methods used. A quite reasonable cause of
such increase is the influence of the city. In fact, J. griFFITHS 3
and J. Murray MircHELL Jk. ? report as probable causes for the
increase in precipitation, the expansion and the increased acti-
vities of the city. They have reservations, however, since there
are no long series of rainfall observations, so that they may be
able to found their conclusions on more data.

In this study, the period under consideration without being
long enough, ailows one to discern gnite cleariy the above mentioned
increase. Such increase, with fluctuation periods from 2 to 6 years
"(periods between two successive maxima or two successive mi-
nima), follows the expansion of the city of Thessaloniki and the
growth of its industrial and transportation activities.

More specifically, from 1958 and on, when Thessaloniki begun
to show signs of building intense growth, the fluctuations of an-
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nual rainfall became more dense and of a smaller width, with more
clear and intense the general trend of increase.

The annual values of the number of rain-days in the city of
Thessaloniki during the same as above period, give the same pi-
cture,

Thus, we may say that:

The increase of the nuclei of condensation (polhited air - hahi-
tants: 1.000.000) contributes definitely to the creation of conden-
sation conditions and consequently: eloud formation.

The increase in the covering of the city by concrete or other si-
milar stuff (covering of dwellings with concrete, paving of roads
with asphalt, and other) facilitate the updraft due to mechanical
reasons (overheating) which, especiallv for the area under consi-
deration, being assisted by the neighbouring sea and the amphi-
theatric structure of the city, contributes to the condensation of
air masses due to elevation, which in turn reinforce the actually
existing precipitation,

Finally, the factor «friction» (on the continuously expanding buil-
ding area of the city) compels the elevation of the coming air mas-
ses due to the reduction of the velocity of their lower layers with
the same as the preceding result.
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Al BPOXOIITQZEIZ EIZ THN GEZZAAONIKHN

Tra
B. ATTOTPIAAKH xai II. MAXATPA
(' Eoyaarijoior Merswpedoyies xal Kiyparoloyiag)

NEPIAHYIZ

Mehetévtor % Ppoyh xal of Stdpopor mapdpetpol T el Thv Geooudo-
vhopy (MZ/ATIO), Sd whv ypovuehvy mepiodov: 1930 - 14972,

Avomiotoltan &1 o wéaov éthawov Bpoyopetpixdy Gfog slvan: 476,74 mm,
% 8t pdoy drnola mopeta THg Beoxdie, éppoviler Sumkipy wbpavaw pé wbpla
pbyrotoy - EhdyioTey  xatd  AsxépBoiov - Alyoustov  dvTioTolywe.

‘H suxhevid dpdiowg xata Thy yerpspwhyv meplodov xat % ENhewdrig adtie
xoeto, THY Qeplviy Towadeny, slvan Ta wipta altie Swxpogodcetg Tov avtépw
peviotou xai EhoyicTou.

"EMyypovtan al émoyial xatavopal téhv Bpoyontdoeny, e xal al dudp-
xetat adTév (téaav elg Rubpus, 8oy nal el bpac), al paydudrnTes xal dXha
BpoyoueTptnal TapapeToOL.

"Ex e perhétne 1év Etnotwv Bpoyopetpixdyv Ghév xal tév &mciwv
GerBudv Ruepdiv Peoxiic, ele whv Inb perétny mepoyny xata v Bewpovpény
negiodov, Sumotoltal pla tdaowg adffoews, ouvleopévn pé thv adinoty ol
ninfuopal xol THv éméutacy THE mohewe xata v abthv mepiodov.
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