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SUNSHINE DURATION
IN THESSALONIKI - GREECE

by
G. C. LIVADAS and A, A. FLOCAS

Summary : In this paper we study sunshine duration
in Thessalontke for the 1930 - 1968 period, tn annual, (2621
hours 4- 93,3), monthly, daily, and also hourly calues. We give
Tables of hourly values of sunshine duration for technologieal
applications and ecxplottation of solar energy in this northern
area of Greece.

Introduction.

Interest in the subject of sunshine duration is almost a tradition
with members of the staff of the Meteorological Institute at the Uni-
versity of Thessaloniki, who have worked here at various times and
periods: ALEXANDRoOU in 19332 published the first data ol sunshine
duration, obtained from the initial observations with a Campbell -
Stokes recorder (Manufactured by Casella), for the very short period
between August 1930 to July 1931. Tbe same research worker published
again tn 19403 data of sunshine duration for the 193 - 1937 period.
MARIOLOPOULOS ¥ in 1939 published data of sunshine, based upon esti-
mations of cloudiness. kyriazorouros in 193914 also published data
of sunshine duration for the period between August 1930 to December
1937.

The former of us has published in 1969 monthly values of sunshine
duration in Thessaloniki for the 1930 - 1968 period ¢ In the next
year (1970), the two of us together with Mr. Malthovannis have publish-
ed daily and hourly values of sunshine duration for this same period &
In the present paper we examine sunshine duration in tbe city of Thes-
saloniki from the [ollowing view - points: [irst as a classical climatic
element, with mean and extreme values for the sbortest and longest
intervals (day, month, year); then as a factor to be used in technological
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applications, for which we attend particularly to the statistical elabo-
ration of hourly values.

Material.

Measurements of sunshine duration have been oblained at the
Meteorslogical Tnstitule with Campbell - Stokes recorders, the first
of which had been working from July 6, 1930 till December 31, 1958
upen the southern wall of the meteorological lower on lop of the
old building of the Universily (Fig. I). Another Campbell - Stokes
recorder (manufactured by Casella) started working since January 1,
1958 on the rool of Lhe nmew building of Lhe Meteorological Institute
(FFig. ID), and al s northern side.

i

o
o i

frig. 1. First perivd: August 1930 - December 1968, The meteorological tower
of the ald building (Elevation £9.00 m (M.S.L.) ¢ 40°37, 4. 28°57"),

The second site lies at a distance of 230m. to the easl of the first
one; both are within the University campns (Fig. J11i).

We give helow in Table [ values of sunshine duration recorded
per month in the year 1958, when sunshine recorders have been working
simultaneously at sites I and II.

We observe from the above Table I that the dillerence resulting
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Feg. T1. Second period: January 1958 - to date. New burlding of the Institule

of Meteorclogy and Climalology (Flevation 4465 m (M.S L. ).
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between the two observational locations is comparatively small: aboul
2,3 % of the annual sunshine duration.

TABLE I

Per month sunshine duration (in hours) during 1958.

Site 1 Site 11

The Met. tower New butlding of A

{old building) Met, Institute
J 134.95 136.25 —1.30
F 189.40 194.75 —5.35
M 132.82 135.35 —2.33
A 197.04 198.45 —1.41
M 328.65 337.93 —9.28
J 323.26 330.49 —7.23
J 364.17 377214 —12.97
A 355.01 367.57 —12.56
5 215.40 220.00 —4.60
O 214.63 218.83 —4.14
N 92.45 90.99 +1.46
D 116.47 117.76 —1.29
Year 2664.31 2725.51 —61.20

From the above mentioned observational period, between the
years 1930 - 1968, we have excluded the interval between November
1940 till December 1945, that is the vears of war and german occupation
of the country, since Northern Greece has been among the areas most
hardly tried by the fates of war during World War II *,

In the present study we have used observational data from the
periods between November 1930 - October 1940, and January 1946 -
December 1968, totalling 396 months, thal is 33 years, 32 of which have
been full calendar vears (1931 - 1939 and 1946 - 1968).

The largest part of these data has been published in issues of the
series «Observations Météorologiques de Thessaloniki» (MAnroLorovu-
ros 1930 - 1937 ", kymriazorouros 1938 - 1958% and rivapas 1959 -
1965 7). The material for the remaining interval has been taken from
a previous study on sunshine duralion in Thessaloniki (LIvaDAs ®).
There is a notable fact about this material: all the recorder charts from
the year 1938 till 1968 have been elaborated by the same person, a

* For delails see (5], issues No Il and 12.
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fact which, in our opinion, renders the homogeneity of the material
quite outstanding.
Sunshine Duration.

a. The mean annuaql sunshine duration in Thessaloniki, for the 32
full vears (1931 - 1939 and 1946 - 1968) as well as the annual maximum
and minjmum duralion, are given below in Table 71,

TABLE II

Annual sunshine duration in Thessaloniki (in hours).

Maximum 2784.83 {1938}
Moean 2621.43 4-93.3 {Coef. of variation 3,569%)
Minimum 2408.71 (1963])

An examination of deviations [rom the mean annual value, shows
that the standard deviation a is :+ 93.3 hours, and their distribution
has as follows:

-+ 3a + 26 Lo —a — 20 —3s Z {years)
0 7 12 6 5 2 32
21.879 56.259, 15.629, 6.259,

This means that annual sunshine duration can be considerably
shorter than its mean, while deviations are of the order of (% o) lor
the large percentage of 56 9.

b. The mean monthly sunshine duration for the 396 months of the
period examined, as well as the monthly maxima and minima are given
in Table 111,

This Table 111 shows that the largest sunshine duration corre-
sponds to the month of July, which has also the largest value of theo-
retical sunshine duration (see Table 1X), the longest monthly maxi-
mum and the longest monthly minimum. On the other hand, the smal-
lest monthly minimum is recorded in December, that is the month with
the shortest theoretical sunshine duration, and also the month with
the shortest monthly maximum and the absolute minimum of sunshine
duration ever recorded.

We can consider as proofl of the variability of sunshine duration
during the vear, the fact that absolute maxima and absolute minima

8
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TABLE III

Mean and exireme monthly values of sunshine duration (in hours) for 396 months
in Thessaloniki

Maximum Year Mean ] Minimuin  Year Coefficient of

variation

J 193.65 1932 121,27 31.12 57.79 1955 25.669%,

F 209.61 1959 146.83 38.70 52.70 1954 26.36

M 239.04 1953 163.66 40.35 80.27 1960 24.65

A 295,73 1947 222.57 30.13 173.17 1959 13.54

M 328.65 1958 276.80 28.73 208.94 1957 10.38

J 378.07 1938 313.82 25.81 271.65 1964 8.22

J 393.15 1968 363.36 18.31 322.85 1967 5.04

A 378.01 1946 346.48 16.75 313.15 1963 4.83

5 294.50 1940 252.62 26.64 184.10 1960 10.55

O 234.95 1935 179.53 39.29 52.42 1951 21.88

N 189.01 1930 124.29 26.40 83.80 1968 21.24

D 162.84 1955 109.20 31.58 51,38 1938 28.85

Year 2620.43

have been recorded within the same year, as per the following Table

Iv.
TABLE IV
Absolute monthly mazinia and minima reeorded within the same year.

Yeoear Month Sunshine duration Theoretical Fraction of
{in hours) sunshine duration  sunshine

1938 June Max. 378.07 451.33 0.8%

Diecember Min. 41.38 289.02 0.14

1959 February Max. 209.61 297.85 0.70

April Min. 173.17 398.77 0.43

-

1968 July Max. 393.15 457.83 0.86

November Min, 83.80 298,25 0.28

The above Table IV also shows that monthly values are independent
from each other, since maxima and minima occur at random: i.e.
extreme values for the month of May have been recorded in two conse-
cutive years, and the same has Lappened for extreme values in July,
while extreme values of November have been recorded one in 1930
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and the other in 1968, that is at the beginning and the end of the period
examined.

A study of deviations from mean monthly values, shows that the
standard deviation is smallest during the main two summer months
of July and August, and also the coefficient of variation has the smallest
percentages in the above two months. The maxima of standard deviation
occur during the two transitive months of the winder semester: March
© 40.35, and October & 39.39. The winter semester from October till
March has also a coefficient of variation >20.0 %,.

Out of the 396 months examined herewith, 207 (52.2 %) show
positive deviations from the mean monthly values, and the remaining
189 months (47.7 %) bave negative deviations; these deviations are
distributed as per the following Table V.

TABLE V
+2¢ to 43¢ 6 months 0.015
4o to -+ 2 59 » 0.149
+a to — 263 » 0.664
—0c W —2s 59 » 0.149
—2 to -3 8 » 0.020
>—00 1 B 0.003

1.000

In the case of October 1951, there has been a deviation >>-3 o (Mean
for October: 17953 h [ October 1951: 52,42 h [ =12741 h/ -3¢=
117.87). An examination of weather conditions that have prevailed
during that month, shows that the weather was unusually heavy:

Rain - days 20, against 14,0 mean; cloud - covered days (¢ 8/10} 25,
against 8,7 mean; normal monthly mean cloudines for October is
5.4 /10, October 1951: 8.9 /10 (ANGOURIDAKTS 1),

It should be mentioned that in October 1951 the absolute minimum
values of sunshine duration have been recorded also at the following
stations:

a. At the meteorological Station of the Sindos Cotton lnstitute,
near Thessaloniki {p: 40°407, a: 22°49", 1lp : 13.10 m), where the Octo-
ber mean for the 1946 - 1966 (period) is 152.4h (: 45.09), and the
sunshine duration recorded on October 1951 has been 32.74h, with
21 sunless days, against the mean 6.5 {(+. 4.73) (ABADJOGLOU 12).

bh. At the National Observatory of Athens where the October
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normal mean is 208.5 h and the duration recorded on Qctober 1951 has
been 134.8h (LIVATHINOS ¥, MARIOLOPOULOS 164 KARAPIPERIS '3),

The fact that this absolute October minimum coincides with the
minima of the neighboring Sindos station, enhances the conciusion that
on this month unusual weather conditions have prevailed in the area
of Thessaloniki; but its coincidence with the minimum of Athens, that
is a station lying 300 km to the south, indicates that October 1951
should be considered a month with extrernely heavy weather conditions
for the whole area of Greece,

Moreover, from the following Table VII, containing frequencies’
distribution of sunshine durations, we draw the conclusion that the
case of October 1951 is an exception in this aiso: While frequencies for
almost every month hold consecutive degrees of the scale, this October
1951 minimum stands in the last degree, while its next duration value
differs by more than three degrees, that is 74.43h. Table VI, Table VII,

TABLE Vi

Comparing the absolute minima of sunshine duration with the next to minimum
(secondary minimum) values in Table VI, we observe that Oetober has this very marked
difference and Navember the smallest of all.

Absolute Secondary

minimum minimum I I fAbs. Min,
J 57.79  {1955) 60.88  [1933) 3.09 5.30%
F 5270 (1954) 77.30  (1963) 24.60 46.67
M 80.27 [1960) 85.24 {1932} 4.97 6.19
A 173.17 {1958} 175.06  {1965) 1.89 1.09
M 20899  (1957) 224.55  (1964) 15.56 7.4
J 271.63 (1964} 273.96  (1968) 2.25 0.83
J 32285  {1967) 327.88  {1959) 5.08 1.55
A 313.15  (1963) 314.68 (1947 1.53 0.49
S 185,15 (1960} 198.02  (1959) 13.87 7.58
0 52,42 {1951) 126.85  {1962) 74.43 141.98
N 83.80 {1968} B4.47 {1955) 0.67 0.08
D 41.38 {1938} 47.94 (1946) 6.56 15.85

From the Table VII we find that every month of July and
August (that is the main two summer months) have sunshine durations
of more than 300 hours; also a large percentage (21 cases) belongs to
June, and 8 out of 33 months of May also belong to this group. One
hundred and cleven (111) months have sunshine durations between
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TABLE VII

Distribution of monthly sunshine duration frequencies.

Duration
in hours J F M A M J J A 5 O N D z,
381 - 400 6 6
361 - 380 2 14 6 23
341 - 369 & 7 16 27
321 - 340 1 7 6 8 22
301 - 320 7 8 3 18 a5
281 - 300 1 8 8 i 22
261 - 280 3 8 4 9 24
241 - 260 7 4 11 22
221 - 240 3 A M 3 f 18
201 - 220 2 5 7 1 3 7 25 111
181 - 200 2 7 2 9 2 7 2 31
161 - 180 1 5 8 2 4 1 21
141 - 160 5 5 7 3 6 6 34
121 - 140 10 5 [ 5 10 5 39
101 - 120 5 2 8 7 25 150
81 - 109 7 2 3 6 7 25
61 - 80 2 1 1 1 5 10
41 - 60 1 { 1 2 3 40
Total 496 396

200 - 30 hours; this group includes the months of March, April, May,
and September, and partly October with 11 out of 33 cases. Durations
between 100-200 hours correspond to 150 months: in this group belong
the months ol the cold semester, from October till March, and some
extremely short values of September and April. Finally we have 40
months (about 10 %) out of the 396 of the period examined, wilth du-
rations between 40 and 100 hours. These months with extremely short
sunshine durations, are all months of the cold October - March seme-
ster, with the greatest frequency in the main two winter months:
December with 14 cases, and January {0.

Yrom Table 1if and IX and the Graph I we draw the con-
clusion that the theoretical as well as the observed sunshine duration
in Thessaloniki, increases as an average from December till July, and
decreases from July till December.

However a more detatled examination of sunshine duration per
month, that is a comparison between consecutive months, shows that
quite often the rule ensuing from the study of mean monthly values
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according to which sunshine duration increases from month to month
during the December - July period, and decreases from July to December

400
Q Mean ennual
2620.43
300
o
o
o
200 v
o
100
)
I

GRhAPH |

is not always valid (does nol apply always). From Table VIII is clearly
shown that hesides the transition from August to September, which
is always normal, all other transitions might show increases instead
of decreases, and vice - versa decreases instead of increases.

It is also quite possible that the sunshine duration of January be
longer qhan that of February, or even March i. e.
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1933 Jan. 193.65 (hours) Feb. 136.26 March  85.24
1954 Jan.  90.66 Feb. 32.74 March  86.40
1964 Jan. 160.59 Feb. 134.74 March  97.40
1967 Jan. 191.30 Feb. 165.85 March 165.70

This fact can be attributed to the variability of weather conditions
from vear to year, and especially so from month to month. Moreover
the lateness of winter in Northern Greece is proved once more.

As to the variability of weather in March, we should note that the
sunshine duration of this month can be shorter even than that of De-
cember, during one and the same winter (6 cases in 33 winters).

Winter 1931/32 Dee. 128.50 (hours) March  85.24 (hours)
» 1953 /54 »  118.08 > 86.40
» 1955 /56 » 162.84 » o 129.00
» 1957 /58 »  140.69 v 132.82
» 1959 /60 » o 99.21 » 80.97
» 1963 /64 »  115.80 » 97.40

The same might happen even during a winter with reduced sunshine
dnrations, such as the 1953 /b4 winter (374.88 hours), or in a wintev
with high sunshine durations, such as the 1957 /568 winter (Dec. to
March 597.86 hours, Normal Dec.-March duration 540.96 hours).

TADLE IX

eoretieal® sunshine duartion ;| observed duration (in hours);
Theoretical® sunsh duartion ;| observed durat h ;
and per month fraetion.

Theoretical* Mean observed Sunshine Fractlion

duralion {33 years) Maximum Mean Minimum
J 298.50 121.27 0.6487 0.4062 0.1935
F 297.85 146.83 0.7037 0.4929 0.1769
M 369.73 163.66 0.6465 0.4426 0.2171
A 398.77 222.57 0.7416 0.5381 0.4342
M 447.95 276.80 0.7336 0.6179 0.4665
I 451.33 313.82 0.8376 0.6953 0.6018
I 457.83 363.36 0.8587 0.7936 0.7051
A 42713 346.48 0.8849 0.8111 0.7331
5] 47417 252.62 0.7870 0.6751 0.4921
O 345.15 179.53 0.6807 0.5201 0.1518
N 298.25 124.29 0.6337 0.4167 0.2809
D 289.02 109.20 0.563% 0.3778 0.1431

Year 4455.68 2620.43 (.5880

* Theoretical sunshine values for Thessaloniki have heen estimated by Ale-
xandrou (2,3).
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The prolongation of winter till March is also proven by the sunshine
fraction, which is smaller in March than in February.

From Zable IX we draw the conclusion that the sunshine fraction
per month is >0.50 for the whole period from Apnl to Oclober, with
its maximum in August (0.81), becoming <<0.50 during the winter [ive
months, [rom November til March, with its minimum in December
(0.33).

The mean annual fraction 15 .H8380.

The absolute maximum sunshine fraction has been recorded in
August and it 18 0.8849, and the absolute in December. 1t should be
noted that in the city of Thessaloniki is at —5 min. for the whole vear,
because of Lhe Pieria mountains, while the refardation of sunrise varies
between 20 - 40 min. because of the neighbourhood of the mountain
mass of Chortiates - Kissos, which reduces the sunshine duration by
some 230 hours per vear.

c. Mean daily sunshine duration: Besides the comparatively high
variability of sunshine duration in the monthly values, the exact know-
ledge ol the variation ol ils values from day to dav, as well as its daily
variation are also of interes!, mainly in technological applications.

In the area examined, lreequent and sudden changes of the weather
are quite nsnal; it is possible for a sunny day, or a sequence of sunny
days to be succeeded by one or more cloudy days, and vice versa. This
is due to the fact of Thessaloniki being situated in the contacl area
between the warm FEasl Mediterranean and the comparatively cold
southeastern Europe, and the western projection of Asia (Asia Minor),
that is the activity area of the Mediterranean - Polar front.

Table X containg all the daily values [or the period examined,
that is for 12,414 days; only three days with no data have been exclud-
ed, together with two days of solar eclipses (the 15.2.1961 and 20.5.
1966) which although they should have been sunny, nevertheless and
their sunshine obstrucled from astronomical causes.

From Tables X and XI we find that sunless davs are 1.436 (11.6%,),
while for Lhe same period, davs with sunshine duration Z12.50 hours
are also 1.434, and dayvs with sunshine duration =8.50 hours are 6.083
(49.09%). The period between April to September seems Lo have a consi-
derable percentage of daily sunshine durations=11.50 hours. The
months from May to August seem to assemble most of the sunny davs,
while sunless days (duration —=0), the «practically sunlesss (duration
=0.49) and the almost sunless (sunshine duration=1.49, bul >0.49)
hold a very small percentage.

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



Duratlion
in hours I F
13.50 - 14.49 — —
12.50 - 13.49 —_ —
11.50 - 12.49 — —
10.50 - 11.49 — 11
9.50 - 10.49 1 171
B.50 - 9.49 177 125
7.50 - 8.49 94 73
6.50 - 7.49 68 72
5.50 - 6.49 65 56
4.50 - 5.49 66 30
3.50 - 4.49 59 49
2.50 - 3.49 58 42
1.50 - 2.49 46 62
0.50 - 1.49 80 57
0.01 - 0,49 63 44
0 277 167
1054 959
Notice :

20
187
120

86

73
70
48
56
3
61
72

na

1054

TABLE X

Distribution of daily sunshine duration values

A M J J A 5 O D A
— 10 3 23 2 — — — — 71 0.0057
25 196 328 579 235 — — — — 1363 0.1098
124 153 77 164 455 73 — — — 1145 0,0922
150 138 121 106 147 97 & — — 794 0.0640
122 111 99 50 72 375 217 28 — 1433 0.1154
96 73 (2 40 Al 140 175 157 95 1282 0.1033
90 63 42 24 26 80 84 98 123 883 0,0711
59 A5 40 16 20 63 81 51 g2 670 0.0540
50 53 32 16 12 39 37 67 36 573 0.0462
39 36 17 11 11 26 48 66 67 465 0.0375
36 38 22 7 17 24 59 65 71 503 0.0403
36 35 9 7 b 10 52 55 66 406 0.0327
39 30 18 3 4 17 45 62 46 %33 0.0349
45 28 14 7 4 22 66 87 63 545 0.0439
27 14 b] 1 2 19 46 69 70 412 0.0332
82 30 15 — 2 36 119 215 315 1436 0.1157
1020 1033 1019 10534 1054 1020 1053 1054 12414 1.0000

1020

The above Table does nol include three days, for which no dala exist, and two days of solar eclipses, the 15.2.1961, and the
200.5.1966.
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TABLE XII

Percentage of doys with various sunshine-durations during the April-September

semmesier.
Daily duration
{in hours) A M J J A S
>11.50 14.61%,  34.09%,  53.09% 72679  65.66% 7.059%,
< 150 15.40%  6.84%  333%  095%  0.96%  7.55%
< 0.49 10,69, 4,189, 1.96%, 0.099, 0.19% 5.399;
=0 8.049, 2.859% 1.479) 0 0.199, 3.539

Days with sunshine outnumber sunless ones, from February till
Octoher, while sunless days predominate during the November - January
trimester only, with their maximum in December (315 davs/29,899%).
The percentage of sunless or almost sunless days (Table X11) becomes <1
during the main two summer months of Julv and August.

d. Duration of groups of sunless days.

The problem of whether sunless days occur at random, alternat-
ing with sunny ones, or il the appear as groups ol consecutive sunless
davs, is of paramount importance from the meteorological point of
view, and also from that of technological applications (utilization of
sun - power).

TABLE XIIf

Mean and extreme per month occurences of sunless days
in Thessaloniki (1960 - 1968).

Maximum Mean Lo Minimum
J 18 (1946) 8.15 1-4.39 1 11932)
F 17 (1954) 5,91 +3.99 0 {1938, 1953, 1966)
M 14 (1959) 5.24 +3.33 0 {1938)
A 7 {1931, 1959) 2.41 -+1.95 0 frequently
M 3 {1950 0.88 10.72 0 »
J 2 (4 years) 0.4% +0.69 0 »
J — 0 —
A T {1955, 1966} 0.06 +0.23 0 frequently
S 5 (£960) 1.06 +1.31 0 »
0 16 (1951) 4.50 +3.06 0 (1935, 1967)
N 10 {1946, 1956, 1962) 6.32 A T {1950)
D 19 (1946) 9.26 43,70 2 {1951)
Year £2.24
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We give Table X111, m which we have included data of sunless
days, as a climatological feature.

Data of the ahove Table prove once more the conclusions we have
come to previously, that is:

a. That the main two suimnmer months of July and August praetically
have no sunless days.

b. March outnumbers February in sunless days, while December
has the highest values, extreme and monthly average as well.

In Tables XIV and XV we have included groups of consecutive
sunless days (sunshine duration — 0) and groups of consecutive wactual-
Iy or practically» sunless days (sunshine duration 0.49 hours).

TABLE XIV

Distribution of groups of conseecutive sunless days in Thessaloniki.

Total of Total of

2 3 A 5 6 7 8 9  groups days X%,/%,
L% %
J 26 13 3 5 2 3 — 2 179 277 64.6
r 20 8 2 \ 2 — — — 89 167 53.3
M 17 8 2 1 2 — — — 83 178 46.6
A 8 2 2 — — — — — 30 82 36.6
M 3 — — — — — — — 6 30 20.0
J 2 — — —- — — — — 4 15
J — — — — — — — — — —
A — —_ — — —= — — — — 2 -
s 3 1 — — — — — —— 9 36 25.0
Q 10 4 3 - — 1 — — >l 119 42.9
N 24 10 2 2 — 1 — — 103 215 47.9
D 31 18 9 3 1 1 — — 180 315 a7.1
Total of
cases 144 64 23 12 7 G — 2 1436
Total of

days 288 192 92 60 42

-
[
==
o0

734

In the ahove Table XTIV the 1.436 sunless days of the period
examined, are studied as to the duration of groups ol consecutive sun-
fess days; this examination leads to the following conclusions:

a. Hall of the sunless days (51.1%,) appear in Thessaloniki in groups
of consecutive days.

b. Sunless days appear in groups during the whole Uctober - March
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gemester, in a percentage of more than 40%,, while in the main three
winter months, December, January, and February, the percentage
ig above 50Y,.

¢. Almost hall of these groups of sunless dayvs consist of two conse-
cutive days (144 case out of 2H8),

The longest period of sunless days belongs in January, with lwo
cases of 9 consecutive days {21 - 29/1 /1946 and 16 - 24 /1 /1962)

Besides the really sunless days (sunshine duration = 0}, we consider
as actually or practically sunless days those with daily sunsbine duration
of less than 0.50 hours, since the incoming solar radiation in a day when
the sun shone for only 30" or less, is so insignificant as to be practically
useless for any applicition.

In the Table XV are classified groups ol consecutive «pra-
ctically or actually» sunless days for the period examined. These groups
total 1.848 days, and their study leads to the [ollowing conclusions:

a. Consecutive sunless days come in groups at a percentage of 63.6%,
meaning that if to the sum ol actually sunless davs we should add
the 412 practically sunless ones (with sunshine durations [rom 0.01
to 0.49 hours) the pzrcentage of grouped consecutive sunless days
increases by about 1:2%,. This means that practically sunless days
largely intermingle wilh actually sunless days, thus emphasizing even
more the impression ol long intervals with overcast skies in Thessalo-
niki.

b. The October - March semester has a percentage ol 609, of suniess
days in groups; while December and January have such days in groups
at more than 709%. Also the percentage of grouped actually sunless
days is larger in March than in February.

Finally the two purely sumimer months ol July and August, remain
free of such groups of days with bad weather.

c. The percentage of groups with two consecutive days decreases
from 144:258 = 0.569%;, (with durations ==0), to 213:399 =0.53%,;
as to the percentage of days this class instead of 288:734 = 0.399,
becomes 426:1175 days == 0.36%,.

Moreover the longest durations of groups of sunless days now
amount to one case of 10 consecutive days (10 - 19711963}, and one
case of 12 consecutive days (9 - 20 /12 /1968).

e. Daily vartation of sunshine - Hourly values.

The period of daylight changes continuously, and accordingly
also changes the theoretical duration of sunshine from day to day,
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TABLE XVI

Mean hourly vaelues of sunshine duration, per hour and per month, in Thessaloniki (in hours)
(1930 - 1968)

5-6 6-7 7-8 8-9  9-10 10-11 11-12 12-13 13-14%4 1%15 15-16 16-17 17-18 18-19 1%9-20¢ Obscrved Theorctl.
J 013 0,36 041 045 049 050 030 049 0.4h 016 3.93 3.63
F 0.01 035 049 054 057 059 060 .59 (.56 053 038 0.08 3.24 10.54
M 0.02  0.3% 047 054 (.58 0539 060 059 055 052 (&1 0.04 5.25 11.94
A 0,04 0.33 057 0.65 0.68 072 073 072 071 069 065 056 032 00%  0.00 7.41 13.29
M 0.23 0.62 069 073 077 078 079 078 076 074 071 065 054 020 .00 8.98 14.45
J 0.39 073 080 085 (86 0.87 0.88 087 0.86 083 080 074 065 031 0.0% 10.48 13.04
J 0.41 0.85 (89 091 093 09% 095 049 093 093 091 08% 0.83 0.37 0.00 11.71 14.77
A 017 0.82 0.89 091 092 0.9 09&% 095 093 09% 092 0.89 080 016 0.00 11.20 13.78
5] 0.00 0.16 066 077 082 0848 086 085 083 084 082 072 018 0,00 8.37 12.47
0 001 038 0.55  0.59 063 0,60 065 0.65 064 0.60 045 0.01 5.81 11.13
N 0,00 047 034 043 040 050 0.51 051 049 0.k 022 0M 4.09 9.9%
D 0,08 032 039 043 045 047 046 044 038 0,09 3.01 9.23

year 0.103  0.296 0.496 0.613 0.657 0.68% 0.702 0.703 0.698 0.678 0.64%4 0513 0.284 0.090 0.003 7.166
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from month to month, during the evolvement of the year. In the adjoin-
ed Table XVI we observe that the length of actual daylight, as it ensues
from the sunshine duration recorded, changes: thus it has its minimum
{10 hours) during the two winter months of December and January,
while the preceding two autumnal months of October and November,
and the two following of February and March (although from the wea-
tber point of view, they too can be considered as winter months) they
all have sunshine durations of 12 hours.

GRAPH If
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Daily vartation of sunshine in Thessaloniki.
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The actual - possible sunshine duration is 15 hours from Apru
till August.

The largest values appear around midday, although one cannot
really talk about a daily variation of sunshine, since the mean sunshine
value rises sharply shortly after sunrise, and from then on remains
almost stable, with very slight variations during the whole day; thus
between 09:00 and 16:00 during the whole year, variations are =0.10h,
that is almost invariable. A study of Graph I1 leads to similar conclu-
sions.

Furthermore we have examined the probability of recording hour-
ly sunshine values = Xi (where 1 =0, 1, 2, 3, 4, b), that 1s:

X, = sunshine duration = ()

X, = » » between 0,01 - 0,09 hours
X, = » » » 0,10-0,29 »
X3 = » » » 0,30 - 0,69 »
X, = » » » 0,70-099
X, = » » » 1 hour »

We believe that this knowledge is important for technological
applications.

Data of the adjoined 7ables XVII- XXII show that:

a. The minimum {requency of hours with «» sunshine duration,
during the day and for all months, is between 11:00 to 14:00 honrs,
while maxima appear at the hours of sunrise and sunset.

The same applies for the epractically sunless» hours (wilth sunshine
duration: 0,01 - 0,09h).

b. On the other hand the maximum frequency of sunlit hours
{(sunshine duration: 1h per hour) appears between 10:00 to 14:00 hours.
This frequency i1s 37,09 in December, increasing to 89,5% and 89,6%
respectively in the main two summer months of July and August.

¢. Sunshine duration between 0,10 - 0,99h per hour (see Tables
XI1X- XXI) have smaller percentages, comparatively higher during
the early morning and late afternoon hours.

Conclusions.

Most of these conclusions have been already mentioned in the
previous sections of this paper. However, in summing up, we can men-
tion that, from the detailed study of sunshine duration in Thessaloniki
for the 1930 - 1968 period, we have come to the following conelusions:
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a. The annual mean sunshine duration is: 2621.43 hours & 93.3
{TABLE 11); meaning thal from the point of view of sunshine, at the
northern recess of Thermaikos Gulf on the north coast ol the Aegean
Sea, we have the climatic type of the Mediterranean Riviera. More-
over, by comparing the data of Thessaloniki with data of varicus other
mediterranean stations on the northern coast of the Mediterranean, we
observe that even the macedonian coast exceeds other world famous
coasts as to sunshine durations.

TABLE XXIII

Sunshine duration {in hours} of Balkan's meteorological Stations.

Thessaloniki Trieste Split Avar Cetinje Sulina
J 121 94 148 132 §6 "
F 147 137 158 204 144 87
M 164 155 193 198 154 110
A 226 170 206 239 236 190
M 277 228 255 2§2 245 290
J 314 256 323 319 3587 308
d 363 315 354 339 366 338
A 346 294 343 356 329 319
3 253 212 246 249 226 222
O i80 140 185 203 191 157
N 124 108 128 141 98 87
D 109 9% 115 87 41 67
Year 2624 2205 2658 2769 2473 2246

b. The mean monthly sunshine durations has a simple variation,
with a minimum in Decemher with 109.20 hours + 31.58, and a maxi-
mum in July with 363.36 hours = 18.31 (Table {11).

The monthly values of sunshine duration from May till December
are >>200 hours, while values <7100 hours are assembled in the eold
period, with their maximum in December (14 cases ont of 33 months).

c. As an average sunshine duration increases from December till
July, and decreases from July till December. However, because of
particular weather conditions, it is possible for March to have shortest
sunshine durations than February, and also [or December to have
longest durations than January (see Table VIII). This fact is chara-
cteristic of the weather instability in the area examined, from vear
to year and also from month to month.
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Month

A

M

Hours 05 00 6 00 37 00 08 00 09 00 1y 00 11 00
06 00 07 00 08 00 09 00 10 00 11 00 12 00
2115 16.76 14.88 13.35 12.79

L4718 +3.94 +4.07 -4.29 +4.03

19.50 13.53 11.29 10.50 9.50 8.71

+10.09 +4.86 +4.44 +4.25 +4.43 +4.856

26.91 15.76 12.68 10.71 9.62 318

+3.23 +4.27 +3.77 L 3.87 +4.09 +3.96

24.38 13.71 8.097 7.29 6.41 5.62 5.24
+4.14 +2.74 -+ 2.56 +2.50 +-2.68 4 2.62 +2.74
13.24 7.50 3.74 4.79 .21 3.74 3.44%
+4.63 +3.33 +2.88 +2.28 - 1.97 4-1.65 +1.70
8.41 4.41 3.21 2.44 212 1.74 1.82
+5.01 +3.18 42,14 +1.594 +1.23 +71.14 4-1.27
3.41 2.03 1.38 115 0.94 0.85 0.68
+3.41 + 174 143 +1.1f +1.405 +4-0.61 + .79
11.86 2.40 1.46 1.11 0.86 0.94 (.74
433 +1.68 +1.25 +1.03 +0.83 +1.04 +0.77
10.31 18.37 5.46 3. 3.06 2.89 2.66
+13.45 +4.64 +3.04 +2.39 L2405 +1.94 +2.04
17.89 13.11 1014 8.89 8.03 7.26

+13.08 +4.93 +4.75 +4.44 +4.16 1+ 3.62

17.91 14.65 13.35 12.35 11.24

+4.71 +4.17 +3.11 +2.91 +2.87

22.29 17.56 15.48 14.68 13.47

+4.04 +4.66 +3.97 + 3.50 +4.05
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HIINAE XVII

aO»
12 00 13 00 14 00 15 00 16 00 17 00 18 00 19 00
13 00 14 00 15 00 16 00 17 00 18 00 19 00 20 00
12,18 12.15 12.68 13.79% 17.82
+4.02 +3.94 +3.80 372 +3.83
8.59 8.41 8.94 10.06 12.24 2112
441 4 3.99 4-4.06 417 +4.31 4-6.91
9.00 9.15 9.71 10.76 13.38 24.20
--4.08 +4.30 +4.58 +4.98 +4.55 +3.41 *
5.26 .62 5.79 6.29 §.21 13.65 25.44 0.85
4+ 2.37 1256 +2.43 +2.55 + 2.96 +3.73 4+ 2.51 +4£.90
3.76 3.62 4.21 4.53 5.88 8.71 14.97 4,21
+171.93 +4-2.04 +2.42 +2.03 +2.1 +2.67 “+3.91 +10.15
1.71 1.97 2.26 3.35 4.06 5.38 10.26 3.91
+ 115 4 1.20 +1.22 4-1.69 ~1.91 4 2.40 +3.64 L 947
0.53 0.59 0.65 1.06 1.26 2,29 6,12 7.79
4 8.645 +0.73 +40.80 - 0.8f +1.01 L L7T +2.894 L1299
0.57 0.91 (.66 0.80 1.09 1.91 12.80 1.60
L0.73 +0.77 +0.79 4-1.01 +1.16 +1.78 +3.83 L4652
2377 2.74 289 3.1 4.40 15.11 6.49
4 1.84 + 1.96 205 216 +2.68 44572 L11.92
717 7.63 7.01 9.03 10.80 19.14
+3.517 +3.91 L 3.83 - 3.97 +4.4517 + 1151
10.94 10.79 11.38 12.79 16.15
+3.21 +2.79 +3.13 4 3.43 +3.63
13.26 13.50 14.53 16.00 20.85
+4.00 +4.22 +4.6f S+ 417 +3.93
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X

08 00

Hours 05 00 06 00 11 00
Month 06 00 07 00 08 00 09 00 10 00 11 00 12 00
J 0.55 0.41 .82 0.76 0.62
o2 +0.19 +0.28 —+-0.29 +0.24

F 1.03 0.47 0.79 .38 0.50 0.53
+1.00 +0.65 +0.83 L 054 1-0.65 -L0.70

M 1.15 0.50 0.65 0.85 (.53 0.65
=740 4+ 0.69 +0.87 1L 0.94 --0.74 --0.80

A 0.00 2.00 12.85 15.79 17.09 18.06 18.21
.00 +2.73 +3.15 42,74 13.10 __3.34 @3.16

M 1.00 .71 .62 0.76 0.53 (.53 0.62
+71.06 1 0.86 + 077 L 1.06 1-0.69 4 0.74 4-0.73

J 0.56 0.59 0.41 0.38 0.35 0.35 0.18
+0.78 1087 £0460 2054 L0408 1053  10.38

J 0.5 0.35 0.38 (.29 0.03 012 0.09
+0.8 1054 081 L1152 L0.17 0.0 028

A 2,23 0.46 (131 0.14 0.20 6.06 009
+£1.89 060 L0682 L1035 L1000 L0923 1028

5 0.46 2.29 0.83 .04 .37 0.26 0.20
+0.80 =248  +103 099  —0.54  +050  L0.40

O 1.20 0.71 0.77 0.66 0.60 A
1,35 LOT0 40.87 083 L0076 L0.65

N 1.00 1.03 0.8 0.71 0.88
077 L 104 +0.72 —+6.89 +0.75

D 0.91 0.56 0.65 0.62 0.76
£+ 0.89 +0.81 4-0.93 1 0.94 +0.84
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HiINAE XVII
«0.01 - 0.09»
12 00 13 00 145 00 15 00 16 00 17 00 18 00 19 00
13 00 14 00 00 16 00 17 00 18 00 19 00 20 00
0.53 0.91 0.76 0.68 1.
+0.21 4 1.01 + 1.00 +80.26 + 1.23
0.41 0.47 0.53 0.62 0.53 1.38
4-0.69 +0.65 3074 +0.581 +-4.98 +1.39
0.7 0.68 0.74 0.59 0.71 1.65
+6.82 +0.78 10.98 L 069 1 0.96 +1.19
18.29 17.47 16.71 14.82 11.71 3.7% 0.03 0.00
+3.37 +3.11 3,22 +3.140 +-3.46 +2.35 4017 0.00
0.44 0,47 0.65 0.65 1.00 0.82 1.50 012
EUNE! +0.61 +0.84 072 -4 7.84 + 1.07 112 +0.32
0.35 0.12 0.18 .41 0.38 0.76 1.18 0.12
+0.53 +0.32 L 845 +0.77 +-0.61 -+ 1.00 + 1.04 +6.40
0.12 012 0.21 0.24 0.24 0.32 1.06 018
+0.32 +0.32 + 040 Ltad9 414 - 047 +1.08 + .38
0.11 011 0.14% 0.14 0.23 b1 2.60 0.03
+0.32 +0.32 L 0.35 .35 =042 4 0.6 - 1.73 + 017
017 0.34% 0.26 0.29 0.%0 243 0.06
+4.38 L4053 044 4 0.57 L 0.59 +-1.84 10.23
.57 0.46 0.60 0.57 0.74 1.80
+0.64 4 0.69 +0.76 +-0.77 -+ 087 +1.85
112 0.74 0.91 0.79 0.85
=103 +1.07 +1.01 =4-0.93 +0.858
0.50 0.50 0.62 0.%4% 1.00
074 +0.70 +0.73 074 +1.16
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X,
Hours 05 00 06 00 07 00 08 00 09 00 10 00 11 00
Month 06 00 07 00 08 00 09 00 10 00 M1 00 12 00
J 2.88 1.50 1.62 1.38 118
+179 1030 4105  +1.06  +1.01
F 1.65 2.00 1.35 0.91 0.97 1.06
+143 L1891 08 L1067  +104 1091
M 2,94 1.79 1.88 1.50 1.53 1.44
1217 4108 4125 109  £127 4131
A 247 3.26 1.76 1.18 1.47 1.38 1.09
L2828 1191 131  +1017  +I140 L1128  L0.86
M 4.38 1.71 1.44 1.32 1.03 1.35 1.21
197 4136 2106 1108 L1115 1145 4128
J .85 1.96 1.29 0.82 0.85 0.82 068
+183 1098 L1601 075 084  LI07 4079
J 3.21 0.58 0.68 0.5¢ 0.4l 0.24 0.29
+264 4130 L0076 L1081 0.60  +0.43 L1052
A 0.7% 0.80 0.86 0.57 0.63 0.31 0.43
L2985 4089 1093 LarE 1080 1052 L0.55
S 0.37 3.51 1.40 1.23 .97 0.60 0.46
L0896 £2.80 2102 1090 1094 L0580  +0.65
0 1.23 2.31 1.60 1.63 1.43 1.54
+174 L7700 4102 L1l 1920 =118
N 2.38 1.79 1.44% 1.7% 1.56
+1.33 4123 121 3096  +119
D 3.12 2.12 1.76 1.41 1.76
+202 133 4124 1109 116
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HIN1E XIX

137

12 00

13 00 14 00 15 00 16 00 17 00 18 00 19 00
13 00 14 00 15 00 16 00 17 00 1§ 00 19 00 20 00
1.41 1,50 1.38 1.59 2.97
4107 £1.33 114 4160 11.89
1.35 1.41 163 1.5 224 2 68
L1166 117 1149 =102 168  £450
1,56 141 2,03 1.79 212 4.00
L1.35 1129 1438 =132 4113 4283
1.62 1.21 1.62 2.03 2.03 2.82 .06 0.00
41.33 47139 —Ld0 L1290 165 169 -p1.53 0.00
1.15 1.62 1.50 1.65 1.97 2.94 4,68 0.12
+7.29 4135 1098 L1105  L£1.25 L1441 L2159 4047
0.71 0.88 1.00 1142 1.65 218 4.09 0.26
+0.92 L1065  +1.05 105 4130 127 =212 4081
0.18 0.35 0.47 0.47 0.85 0.88 444 0.15
1045 5064 L0.65 4077 =400 1102 L1290 1049
0.23 0.26 0.43 .43 0.89 . 8.66 0.09
1048 10.50 1064 L1066 L0985 154 1300 4050
0.60 0.51 .54 0.83 1.37 5.83 0.29
1069  4£0.60  —0.73 074 +115  L£3.38 066
1.49 1.37 1.57 1.1 2.43 1.83
1.0 1093 L1250 1116 L1644 221
Al 150 1.59 1.56 291
L1435 186 Li47 L1149 L1.49
1.32 142 1.03 1.44 h.59
L103 4102 +161 4124 L2
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X,
Hours 05 00 06 00 07 00 08 00 09 00 10 00 11 00
Month 06 00 07 00 08 00 09 00 10 00 11 00 12 00
J 5.74 2.9 244 3.06 2.21
+3.13  +215 {152 4151 @ £1.28
F 0.21 3.76 1.97 2.38 1.82 2.09
+0.47 L1686 1120  +£1.35 L1149 1169
M 0.71 3.94 2.50 2 44 2 2.47
1140 1242 1159 1152 1132 L1227
A 24 4.59 3.06 2.47 9,21 1.91 2.24
4150 4202 4119 L14L —1.37  L15{ L1486
M 11.47 3.71 3.29 9.53 2.41 2.32 2.21
+4.13 1216 L1774 1158 4159 1137 4167
J 13.15 3.29 1.91 1.24 1.41 1.47 1.35
L1457 4224 138 L0884 11922 1161 @ +121
J 18.03 2.35 1.35 1.35 1.00 0.88 0.50
466 L1141 L1100  +£1.02 4121  +693 L1061
A 8.03 2.94 1.40 1.29 0.74 0.97 0.83
L£402 4229 L1150 111 L0699 4094  +0.88
8 0.00 92.34 3.69 2.3 1.77 1.49 1.29
060 125 +205  +£157 4144  +1.20 2108
0 0.06 5.06 2,91 2,483 2.63 2.43
+0.33 282 1173 4140 1141  +£1.38
N 5.85 2,79 2.91 2.32 2.44
1230 4.2.36 414 4162  L167
D 4.65 2.03 2.03 1.97 1.94
1344 L1683 1125 L1152 4133
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«0.30 - 0.69»

HHINAE XX

139

12 00 13 00 14 00 15 00 16 00 17 00 18 00 1% 00
13 00 15 00 15 00 16 00 17 00 18 00 19 00 20 00
244 1.91 1.9% 244 8.38
+142 1148 3116 L1412 1396
1.82 245 247 2.71 A4 0.53
141 £1.44 +1.39 1165 1183  L0.74
2.68 79 2.56 3.26 .44 1.06
+1.71 4179 1152 L2106  41.88 L7123
1.85 2.59 .65 2,94 3.44 5.26 1.53 0.03
+1.22  +£1.26 137 L1164  L148 L1265  L165 41017
2.65 3.15 2,94 3.65 5.50 5.65 8.38 0.09
+1.35 418 L1157 4133  4+1.59 41897 L1315 1037
1.5% 1.91 .62 1.94 2.94 3.56 11.09 0.12
4114 136 4101 2137 +1.43 4193 1423 1053
0.65 (.82 1.32 1.56 1.68 2.56 16.82 0.09
+0.84 3095 121 131 4110 4135  Ld61 L1037
0.86 1.4 0.83 1,57 1.83 3.09 6.37 0.03
L6087 4110 40894 L1138 1118 1189 4362  LOI7
1.%0 1.60 1.54 1.91 3.17 3.3% 0.03
4099 L1127 L1113 156 4210 L1233 017
2.91 2.43 2,89 2.77 £.63 0.28
4152 4150 =174 +160 1282  Lo48
2.32 2.65 2,24 2.62 6.85
4103 £149 139 L1300 L2376
2.52 2.71 2.06 2.38 4,53
+1.67 4 1.42 &61.30 +1.37 1296
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X,
Hours 05 00 06 00 07 00 08 00 09 00 10 00 11 00
Month 06 00 07 00 08 00 09 00 10 040 11 00 12 00
J 0.59 1.65 2.00 1.74% 2,62
+1.06 4 1.45 +1.75 +1.31 1173
F 0.00 3.47 245 1.76 218 1.97
0.00 4-2.58 - 1.55 1-1.54 - 1.36 4-1.60
M 0.00 4.56 1.79 247 2.18 2.74
0.00 4246 -1.05 +1.17 +1.36 +1.65
A 0.00 2.62 2,74 2.50 2.35 2.68 2,62
0.00 4+ 1.59 +71.29 +1.31 117 +1.55 -L1.30
M 0.85 1.53 2.88 2.71 2.99 2,59 2.88
4-1.19 21,59 4+ 1.87 +2.02 +1.56 +1.70 4 1.47
J 4.97 2.85 2,79 2.85 1.79 224 2.18
+3.86 +1.66 17173 +1.54 4-1.35 +1.63 -+ 1.29
J 379 2.85 2.21 1.68 1.50 1.53 1.71
4.05 -1.83 +1.18 +1.16 £ 1.29 +1.21 +71.48
A 014 5.04 2.06 1.9% 2.3 1.46 1.31
+0.68 + 9464 47.37 +1.58 \-4.71 4 1.05 4.1.09
8 0.00 2.31 7.06 2,63 2.20) 2.4 2.26
0.00 +2.24 2.3 11 +1.41 1-1.43 -|-1.50 +125
] 0.00 6.51 2.54 2.99 2.17 2.57
0.00 4 3.35 +1.57 |- 1.67 4-1.52 +1.38
N 1.94% 232 2.06 R 2.44
+2.17 +1.49 +1.57 4+ 1.46 +1.54
D 0.03 2.53 2.06 1.76 2.06
+0.17 L1463 +1.37 +1.37 1-1.26
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HNINAE XXI

«0.70 - 0.99»

12 00 13 00 14 00 15 00 16 00 17 00 18 00 19 00
13 00 14 00 15 00 16 00 17 00 18 00 19 00 20 00

2.26 2.09 2.06 2.35 0.65
+1.61 4 1.36 +1.49 +1.49 +1.13

2.09 2.56 2.09 2.03 A 0.03
+146 4150 129 L1334 1255 4617

2.62 2.88 2.76 2.94 4.85 0.03
+1.46  +1.71 4175 4180 240 1017

2.44 2.62 2.62 3.38 3.76 3.41 0.09 0.00
+1.50 4171 141  p171 11.83 1229 1028 0.00
3.29 1.94 3.35 453 4.59 4.56 1.12 0.03
L1164 4360  1-1.84 L1185 4206  £207 L1152 L1017
215 2.62 2.29 .12 318 4,00 2.79 0.00
L1371 4176 +1.38 1166 174 4194 1251 0.00
2.09 2.15 2.00 2.9 1.56 2.09 0.00
+1.95  +163 161 4167 198 2217 1224 0.00
1.46 1.29 1.86 2.14 2.40 5.63 0.54 0.00
1136 +1.30 157 L1138 140 4315  L1.3° 0.00
2.00 1.86 2,09 2.60 6.74 2.63 0.00
+£1.33  4-1.80 L1354 4164 4389  £199 0.00
2.31 2.60 2.57 2.89 7.83 0.03

11.30 1142 11.57 Lldp 4399 1017

2.63 2.88 2.97 2.59 2.88
+ 1.68 +1.74 +1.79 +1.52 4-2.23
212 2.29 2.29 2.53 0.03

+2.05 +2.20 +1.29 +1.65 +0.17
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Xs

Hours 05 00 a6 00 07 00 08 00 0% 00 10 00 11 00
Month 06 00 07 00 08 00 09 00 10 00 11 00 12 00

J 0.00 7.76 9.26 10.71 11.59
0.6¢ +3.58 +3.73 +3.62 +3.84

F 0.00 3.00 10,47 12.29 13.26 13.85
0.00 +2.38 +3.71 +4.18 +4.55 +4.52

M 0.00 4.4% 11.50 13.03 14.47 14.53
0.00 +43.35 +3.80 4-4.29 +4.59 441

A 0.00 5.00 12.85 15.79 17.09 18.06 18.21
0.60 4273 L1316 4274 4410 1334  +3.16

M 0.06 13.62 16.50 18.18 19.94 19.85 20.32
+0.23 +4.62 L4789 +4.75 +4.32 +4.68 +3.89

J 0.06 172.60 20.38 22.26 23.47 23.38 23.79
+0.24 +5.22 +3.22 - 2.90 +2.19 +-2.09 -+2.37

J 0.03 292.53 95.00 26.00 25,12 27.38 27.74
+0.17 281 4256 1242 1234 198 4213

A 0.00 19.31 24.91 25.94 26.26 27.26 27.60
0.00  +411 4305  £274 L1504 L1189 L 1.71

S 0.00 1.17 11.57 19.63 21.63 92.34 23.14
0.00 171 1399 1379 L1346 4335  L3.05

] 0.00 3.17 13.20 15.03 16.00 16.66
0.60 +3.06 +4.37 +4.36 +4.45 +£.37

N 0.03 7.41 9.35 10.38 11.44%
+-0.17 +3.34 +3.20 4+ 3.68 +3.61

D .00 6.21 9.12 10.56 11.00
0.00 +3.52 +3.67 +3.756 +3.98
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HHINAE XXH
«1.00»

12 00 13 00 14 00 15 00 16 00 17 00 18 00 19 00
13 00 14 00 15 00 16 00 17 00 18 00 19 00 20 00
12.18 12.44 12.18 10.15 0.06
+ 3.46 +3.39 + 3.91 +3.35 +0.24
13.97 13.24 12.53 11.53 4.56 0.00
4+ 3.88 + 4.31 +4.02 4+ 3.80 +2.70 0.00
14.44 14.09 13.21 11.65 6.50 0.00
+4.50 4-4.53 +4.78 +-4.24 +3.19 0.00
18.29 17.47 16.71 14.82 11.71 3.74 0.03 0.00
+ 3.37 -4-3.41 +3.14 +-2.79 4+3.76 +2.36 +0.17 0.00
19.26 17.88 17.88 15.71 13.71 9.91 0.38 0.00
+3.81 L 496 1-4.03 +3.40 3.50 4 2.99 +7.08 a.00
23.56 22.50 21.65 20.06 17.79 1412 0.59 0.00
+4-2.67 +2.80 +2.86 +2.96 + 3.57 + 4.08 —+1.65 a.00
27.44 26.97 26.35 25.35 2415 21.41 0.47 0.00
+2.23 +2.20 --2.59 + 2.54 +3.43 +3.54 +1.01 .00
27.77 27.69 27.09 25.M 24.57 18.14 0.17 0.03
+1.71 +2.07 +-2.41 +2.77 +3.23 1-4.18 +0.84 +80.17
23.06 22.94 22.49 21.26 13.91 0.66 0.00
+3.19 4345 +3.25 +3.43 543 +1.04 0.00
16.54 16.51 94 14,69 4.77 0.00
+4.43 + £.43 +4.55 +4.44 +3.41 .00
11.56 11.35 10.91 9.65 0.35
+3.52 +43.16 +3.02 + 3.00 +0.72
11.47 10.88 10.47 8.21 0.00
+4.37 +4.32 +3.97 +3.76 .00
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d. The daily mean of sunshine duration increases according to
the monthly mean. Maximums appear during the main two summer
months of July and August (when totally overcast days are null).

The totally sanless days (sunshine duration =—0) are 42,24 per
year {Table XIII), with a maximum of 9.26 in December. It should
be noted that March outnumbers February in sunless days (5.24 cases
against 4.91), a fact that enhances the notion of late winters in the
area of Northern Creece.

We believe also that the detailed examination of groups ol conse-
cutive sunless days, should be the basis for research upon the possi-
bility of technological applications and exploitation of solar energy
in the area of Northern Greece.

e. The percentage of practirally sunless hours (duration 0 - 0,09h)
is very small during the whole year for the 10:00 - 14:00h interval
(Table XVII). On the other hand a Jarge percenlage of sunlit hours
(duration 1,00h) is characteristically grouped in this same interval
{Table XXII).

As it should be expecled, percentages of Lhe remaining degrees
of sunshine duration (10-0,99h) are quite high for the remaining
hours.

f. As an average there is no real daily variation of sunshine duration
in Thessaloniki (Table XVI, Graph I1). One or two hours after sunrise,
the mean hourly duration rises to a high degree, and remains almost
gtable for 7- 11 hours (according to season), withoul any noteworthy
variations.

Karapiperis¥® comes o similar conclusions for sunshine durations
in the city of Athens, studying the 1959 - 1963 period.

In Thessaloniki, at first glance, cloudiness should not play an
important role as to the development ol the average sunshine duration,
because as a role it is almost the same at 08:00h (5,39 tenths) and at
14:00h (5,53 tenths) (Angouridakis)®. Bul since cloudiness should
have the same influence upon sunshine, one is led to believe that we
shonld look elsewhere for cause and effect.

In our opinion, although cloudiness is the basic for the daily aver-
age of sunshine duration, is should however be examined in correlation
with the geographic position and the relief of Lthe area, at the meteo-
rological station of the University of Thessaloniki as well as in the met.
station of the National Observatory of Athens.

The two stations have characteristic similarities as to geographic
position and relief:
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— They are both situated at the northern eoasts, of Thermaikos
Gulf the first, and Saronikos Gulf the second; both gulfs facing south-
wards, that is open to the southern horizons (same orientation).

— Sunrise is retarded for a 30 - 40 period by mountains: Mt
Chortiates (elev. 1201 m' in Theszaloniki, and Mt Hymettus {elev.
1026 m)" in Athens,

— Also the horizon to the west and north is obstructed by moun-
tains in both cases.

-— Both stations are situated at the same longitude, meaning that
the sun is at zenith on almost the same instant, and they have the same
period of daylight.

The neighbohood of land with sea, causes, almost during the whole
vear, sea breezes, which in turn give rise to orographic cumauli upon
the surrounding mountain tops, which however do not obstruct the
sun’s trajectory. Thus, cloudiness remains the same, but changingplaces
upon the sky, it teaves the sun’s path free.

NEPIAHWYIE

Mzretdrar % Sulpxeia tHe Thwgavelas v Qrogahoviny, Sk thy yeovidy
neptadoy 1930 - 1968, téoav 1 énola (262103 dpor = 93,3) bdoov xal 4
wnviala xet fueemolx, Gg xal ol Gpurixe tipal. Aldovrar Ilivaxse dptaicy
Tdy TH¢ fHhopavelag ik Teyvohoyrds Lpapuoyks xal  ypnotuemolnsty
vFe faonFe dvepyeiug slc Thy Bopelay tadryy "Exdmvuery Hlzpopiyv.

10
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