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Abstract : Monthly mean, daily mean, and hourly values of air temperature are stu-
died for the city of Thessaloniki and the period between the years 1946-1973.

Trepical days, as well as partial-and total-frost-days are eramined separately
and their percentage per month s established.

Finally are examined temperatures that are fuvorcble or unfavorable for plant
growih.

INTRODUCTION

Air temperature in various districts of Greece has been the subject
of a number of scientists like AgciniTis 1.2, ALEXANDROU 34, EREDIA 7,
Pu. Karariperis 1011, MagioLorouLos U, L. KarapipERis, Livapas 14,
Frocas 8, ARsEND - PapapimiTriou 8 and others,

In the present paper we undertake a more detailed statistical stu-
dy of air temperature in the city of Thessaloniki, in view of the import-
ance of this element for Meteorology, Argiculture, Technology, and in
every-day life in general. The study is based on hourly, daily mean, and
monthly mean values of air temperature between the years 1946 - 1973,
because during this period the weather station of the Aristotelian Umi-
versity of Thessaloniki has been contimuously in operation, without any
interruption.

The shifting of the station by 230 m to the east of its earlier posi-
tion, that took place on January 1, 1959 produced such changes on the
element examined herein, as could be totally disregarded.

All the material used here, has heen taken from the records of the
Institute of Meteorology and Climatology and from its publications in
the series «Observations Météorologiques de Thessalonikiy 19,20,
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Mean and Extreme Annual Values of Air Temperature.

Athough data and details on annual mean and monthly mean va-
lues of air temperature may be found in a recent study «On the annual
variation of air temperature in Thessalonikis» by A. Flocas and A. Arse-
ni - Papadimitriou, and for an even longer interval, {1892 - 1973}, it
would not be without interest to examine their course during the 1946-
1973 period.

Comparison between corresponding values results in differences of
the order of one or two tenths.

TABLE |

Mean and extreme annual values of air-lemperature.

1892-1973 1946-1973 A
Max. 17.32 (1916) 17.13 (1950) 0.19
Mean 16.18 4 0.52 16.12 £+ 0.53 0.06
Min. 15.02 (1940) 15.23 (1973) —0.21

Mean and extreme Monthly Values of Air Temperature.

Mean and extreme monthly values of air temperature of the 1946-
1973 period and their standard deviation (g} are given in Table II. These
values differ [rom those published in the aforementioned study, as
follows: differences of maximum temperatures are zero in 6 months,
less than one unit in 3 months, and equal to one unit in another 3

TABLE IT

Mean and Ezxtreme monthly values of air temperature.

Max Mean +o Min A(Max-Min)
J 9.41 (1948) 5.80 1.84 3.02 (1954) .39
F 11.38 (1955) 7.42 2.01 3.07 {1965) 8.26
M 13.72 {1947) 9.88 1.46 6.26 {1956) 7.46
A 17.36 (1947) 14.76 1.26 12.24 (1955) 515
M 22.34 (1958) 19.81 1.25 17.36 {(1970) 4.98
J 26.42 (1954} 23.85 0.94 22.29 (1948) 443
J 28.25 {1950) 26.31 0.95 24.45 (1969) 3.80
A 28.39 (1952) 26.25 1.13 25.09 (1949) 4.30
8 25.52 {1946) 22.30 1.36 20.20 (1959) 5.22
0 20.39 (1966) 16.76 1.43 13.20 (1972) 7.19
N 14.51 (1960) 12.36 1.28 9.16 (1973) 5.35
D 11.50 {1960) 7.91 1.81 2.95 (1948) 8.55
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months. Minimum temperatures again have zero differences in 6 months,
equal to one unit in 3 months, and equal to two units in another 3 months,
Minimum values of the 1946 - 1973 period, generally appear higher than
those of the longer {1892 - 1973) period. Differences between monthly
mean temperatures are sometimes positive and sometimes negative,
their absolute value in no case exceeding 0.6° C.

Extreme values given in Table III, are very near those already
published for Thesgaloniki, with two very impressive exceptions: that
is the October maximum of the 1946 - 1973 period which appears smal-
ler than the corresponding maximum of the 1892 - 1973 period by 6.5°C,
and also the absolute minimum of July (for 1946 - 1973) which is by
4.9° C higher than the corresponding figure of the longer period. Never-
theless the absolute temperature range is again 54,4° C.

TABLE III

Absolute mazima and minima of air temperature in Thessaloniki.

Max  Date Min  Date A{Max-Min)
T 195 {13/1952) —12.6 {14/1968) 32.1
F 242 (17/1957) — 8.2 { 4/1956) 32.4
M 301 (31/1952) — &4 (8 & 9/1952) 34.5
A 32.2 (29/1968) 0.4 { 9/1956) 31.8
M 358 (23/1973) 7.2 (10 & 11/1957) 28.6
J 38.2 (30/1963) 9.7 (18/1952) 28.5
J 418 {19/1973) 12.0 {18/1970) 29.8
A 40.0 (12/1957)&(14/1958) 10.3 (21/1949) 29.7
S 37.4 (13/1950) 8.7 (14/1964) 28.7
O 29.7 { 2/1950) 2.2 (31/1971) 27.5
N 253 {15/1961) — 2.8 (28/1953) 28.1
D 21.2 (18/1955) — 6.6 { 1/1957) 27.8

Absolute Thermometric range 54.40C.

Daily Mean Temperature Values.

The fluctuation of daily mean air temperature values {Table IV,
Graph 1} has a primary maximum (27.03" C} recorded during the se-
cond ten-days of July and a primary minimum (4.74° C) in the last ten-
days of January. A secondary minimum oceurs during the first ten days
of February, which is followed by an increase of temperature. This in-
crease goes on till the first days of April, with a certain lag (delay) to-
wards the end of February. This certain slowness in the increasing pace
of temperature, observed during the first fortnight of April, is follow-
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ed by a steady increasy till air temperature acquires its maximum.

All the above confirm the view (corroborate)} about tardy winter
in Thessaloniki (L1vapas ™). Usually after the first fortnight of Au-
gust air temperature starts decreasing, but with a smoother rythm
than its inerease during the year’s first semester. This temperature goes
on falling till the month of December, in the last days of which it rises
again by 2° C.

Extreme valuzes have been recorded (Table V) within the above
mentioned intervals.

TABLE V¥

Exireme daily values of air lemperature.

Max Min A (Max-Min)
J 15.7 (13/1952) —7.6 {25/1963) 23.3
F 8.1 {17/1957) —5.1 ( 7/1956) 23.2
M 23.5 (31/1952) —0.3 (4/1955) &{1/1963) 23.8
A 23.7 (29/1970) 6.0 ( 8/1956) 17.7
M 28.0 {28/1950) 9.6 { 3/1970) 18.4
J 30.1 (24/1957) 14.9 ( 3/1966) 15.2
J 32.9 {10/1968) 16.3 { 1/1971) 16.6
A 3.6 ({14/1957) 15.9 (19/1949) 15.7
5 29.3 (14/1952) 11.0 {30/1959) 18.3
O 23.5 ( 5/1963) 6.4 (30/1971) 17.1
N 19.5 (22/1965) 1.0 (26/1948) 18.5
D 17.8 (14/1957)&(9/1960) —47 { 1/1957) 22.5

The difference between extreme daily values (Table V) is higher
in March (23.8° C), with those of the winter months: January (23.3° C),
February (23.2° C), and December (22.3 ) coming next.

Summer months have the smallest differences i.e. June (15.2° C).
August (15.7° C), and July (16.6° C).

Tropical Days.

The study of Tropical Days, that is days on which the temperature
maximum was 2 30.0° C, is of paramount interest from the bioclima-
tological point of view,

In the following table we give the number of cases and the occurence
percentage of limit dates of tropical days per month.
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First tropieal day Last tropical day
M A M J  Total A 8 Total
No. of cases 1 3 15 9 28 3 25 28

Percentage (%) 3.6  10.7  53.6 324  100.0 10.7 89.3 100.0

The earliest tropical day is the 31st of March 1952, and the latest
the 29th of September 1967. The interval between the first and the last
tropical day of a year is characterized as «ropical period».

The average duration of the tropical period in Thessaloniki is 117.8
days. The longest tropical period was recorded in 1952, with 182 days
and the shortest in 1972, with only 72 days.

Not every day within a tropical period is necessarily a tropical
day. The mean number of true tropical days in Thessaloniki is 68.8 days.
The maximum number of 104 days was recorded in 1954, while the mi-
nimum of 43 days was recorded in 1965. Table VI contains the amount
of true tropical days, their mean number and their percentage per month.

TABLE VI

Tropical days in Thessaloniki during the 1346-1973 Pperiod

M A M J J A ] Total
No of days 1 5 72 340 668 655 184 1925
Mean 0.03 018 2.57 12.14 23.86 23.39 6.57 68.75
Percentage (%) 0.05 0.26 3.74 17.66 34.70 3403 9.56 100.00

July has the highest percentage (34.70) 9, with August coming
next with a slight (34.03 9;) difference. March has the smallest percen-
tage (0.059,) and April as well ((.26 %).

It is worth mentioning that during the 28 years of the period exa-
mined, only 4 days have been recorded with absolute maximum air tem-
perature = 40.0° C, two in July and two in August. These are analyti-
cally the following: 22.7.1956, 12.8.1957, 24.8.1958, and 19.7.1973.

Days of Partial and Total Frost. Partial and Total - Frost - Days.

We term «days of partial frost» those days on which the thermome-
ter inside the screen falls below zero (0° C), but does not remain below
this degree during the whole day; while «days of total frost», those days
on which the maximum air temperature did not rise beyond 0° C.

In the study of frost - days we have taken into account the 28 years
that elapsed between the 1st of November 1945 to 31st of October 1973,
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since the winter season begins on November and ends in April of the
next calendar year.

The earliest day of partial frost (partial - frost - day) has been re-
corded on November 9, 1956 and the latest on March 18, 1952.

Again we give below the number of cases and the occurance percen-
tage of first and last partial - frost - days in Thessaloniki, per month.

TABLE VII
First partial - frost - day Last partial - frost - day
N D J  Total J F M Total
Cases 8 16 4 28 2 12 12 28

Percentage 28.6 571 14.3 100.0 71 42.9 50.0  100.0

The maximum number of partial-frost-days (46 days) has been re-
corded in two winter seasons, in 1948 - 49 and 1953 - 54, and the mini-
mum (2 days) in one only, that is in 1950 - 51.

Table VIII gives the amount of partial frost days, their mean num-
ber and their percentage per month.

TABLE VIII
Days of partial frost in Thessaloniki. (Period 1946-1973).

N D J F M Total
No. of cases 23 119 237 147 58 584
Mean 0.82 .25 8.46 5.25 2.07 20.86
Percentage (%) 3.9% 20.38 40.58 25.17 9.93 100.00

January has a very high number, since in this month are recorded
almost half of the days, February and December come next, with little
difference between them, while March and November hold only a small
percentage.

In the 28-years period examined 15 cases of total-frost-days have
been recorded in all, with maximum duration a 4-days spell. These cases
are distributed per month as follows: 3 days in December, 11 days in
January, and 1 in February, January has again the highest percentage.

Distribution of Daily Mean and Hourly Values.

The daily mean and hourly values of air temperature (for the 1946-
1973 period) have been distributed in non equidistant grades (Tables
IX and XI). Wherever temperature is considered important for some
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TABLE XI

Distribution of Hourly of Air Temperature in Thesselonike

M

26
263
456

1693
7440
4206
3382
1089
708
849
502
196
22

A

2
178
2052
2038
4926
8771
1528
566
65
19
12

M

4
252
2158
6928
3958
5261
2231
40

(1946 - 1973)

J

46
1584
6069
8906
2270
1159

126

J

2
237
3757
8564
7632
504
129
7

A

1

237
3669
8468
7798

023

1

11
25

)

14
702
4210
9330
3436
2005
440
17

O

458
3807
3522
6252
6011

563

157

39
19
&

417
1048
4072
9402
2407
1354

420

360

405

205

69
1

D S s

3

538 541
9966

30131 40097
2 47189
98 18002
907 27522

5681 47630 140343
3842 18859
3582 16160
1402 6560
1555 5790
2177 8680

967 5080 61129
372 2049
160 735
85 372
2 162

20 3338

20832 18984 20832 20160 20832 20160 20832 20832 20160 20832 20160 20832 245448

J

0.1647

r

TA

BLE XII

Percentage Distribution of hourly air temperature values

0.0012
0.2776 0.4729
0.7608 0.6761 0.5154

0.0745 0.0463 0.0105

A

M

— 0.0002

0.0089 0.1157
0.8823 0.8822
0.1088 0.0019

J

0.0023 0.0115 0.011% 0.0007
0.3796 (.5914 0.5826 0.2437 0.0220

J

A

8

0

N D Year

— — 0.0022
0.1634

0.6181 0.3971 0.4060 0.7548 0,9405 0.7%10 0.3210 0.53718
0.0008 0.0375 0.2555 0.6492 0.2491

0.0035 0.0297 0.0136
1.0000
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section of human activity (Agriculture, Technology, Industry) they
have heen examined in detail. Thus, in the above mentioned Tables,
one can See grade - divisions of 1° C, 2° C, but also of 5° C. Winter
months have characteristically higher fluctuation than the summer
months.

The percentages of these temperature (daily mean and hourly ones)
are gathered within the interval between 10.0° - 24.9° C (Tables X and
XII).

Plants and Temperature.

Plants in general need certain temperatures [or their satisfactory
growth, each plant having its own temperature optimum. One can how-
ever formulate certain general rules as to harmful and favorable tem-
peratures for vegetation. :

Extreme temperatures damage plants in two ways, either by free-
zing or by scorching.

Early and late frosts may destroy more sensitive plants, or with-
hold the growth of more sturdy ones. Such catastrophes may however
be avoided if one knows the frostless season, the number and dates of
early or late frosts. These data may be found for the city of Thessa-
loniki in Tables VII and VIIL

The harmful effects of excessively high temperatures on plants de-
pends not only from their height but also from how long they last. Ho-
wever temperatures > 35° C are generally harmful for vegetation 8,
Such {daily mean) temperatures have not been recorded in the area of
Thessaloniki during the 28 years examined herein (Table IX).

On the other hand, temperatures < 6° C do not favor the growth of
plants, even though humidity conditions may be otherwise favorable.

Temperatures that affect favorably the life processes of plants are
those included between the interval of 10.0° - 30.0° C. Table IX contains
the distribution of daily mean values of air temperature in Thessaloniki
for these 28 years, per month. Temperatures between 30.0°- 35.0°C do
not affect the growth of plants either favorably or unfavorably, conse-
quently one can without risk of error, count them as temperatures fa-
vorable for plants.

Table X contains the percentage distribution of such temperatures
per month. It is worth noting that every month participates in these
favorable for plants temperatures,

11
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CONCLUSIONS

The study of air temperature for the 1946 - 1973 period led us to
the following conclusions.

The annual mean, and the monthly mean and extreme tempera-
tures in the city of Thessaloniki, slightly differ from those recently pub-
lished in a previous paper. The same applies for extreme values, except
for the October maximum and the July minimum,

The fluctuation of daily mean temperatures has a primary maxi-
mum in July and a primary minimum in January. The variation curve
does not appear symmetrical in both semesters, being smoother in the
second semester than in the first.

The «tropical period» in Thessaloniki beging as a rule in May and
ends in September its average duration being 117.8 days. July has the
highest percentage of tropical days,

Partial - frost - days may occur during the five month period from
November to March. The highest percentage of partial and/or total-
frost - days belongs to January, since almost half of the partial - frost -
days and 709, of the total - frost - days are recorded in this month.

A percentage of 57 %, of daily mean as well as hourly temperature
values are gathered between the interval of 10.0° -24.9¢ C.

Excessively high air temperatures, harmful to plants, have not been
recorded in Thessaloniki. On the other hand, excessively low tempera-
tures, dangerous for plant growth, holding 0.86 9, of daily mean values,
have been studied separately, because of the great interest they present.

All the months participate with considerable percentage in the fa-
vorable for plant growth interval of 10.0° - 35.0° C.
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IDEPIAHYIZ

IZTMBOAH EIE THN MEAETHN THZ @EPMOKPAZIAX
TOY AEPOZ EN OEZZAAONIKH

"Trd
ATTEAIKHY APIENH - HAITAAHMHTPIOY

Elc v mapoloav gpyaatav Emuyetpeitar Srefodinddtepy perémny tig Ozp-
poxpadlas dépog Tis Oeaoadovinne xat Stk Thy ypovuedy meplodov 1946-73,
meplodov xal’ Fv Ehertodpymasy &vev Swaxon¥c & petewpoioyinds ataluds
708 AJL.O. Medetdvrar al péoar pryviaiar, péoa fuepnotal, xalfdsg xal al
Opatar Tipal wdric.

Al péooe Husphowr Trpal mapovaldbouy &v mpwrelov péytatov, T4 dmot-
ov daufdver yopav xatd 76 dedtepov dexanuepov oY "Tourion xal &v mpwrtelov
Exdyrotoy, Eupavilépevoy xartd 1O Tedewtalov dexefucpov Tol lavovapiov.
‘H sapmddn petaforis twv mapovotaletar meptoadtepoy Suary xatk 176 B
gEdunvov, dmd &mu 16 o'

‘H perérn tév tpomindy Hpepdv, nis Edwae plomy Sudpxeiay Tpomuxiic
meptédov 1178 Huepdv, ut péoov dpludy arndide Tporixév fuepdv 68,8 #-
wepbiv. ‘H évarplrepov onpueiwbelon tpomuay fptpa Snijplev 7 31w Mogtiou
1952 xai % Bpadirepov % 20 Zentepfplov 1967.

Eic &nmv thv 28etiav dveqaviotmoay 4 Tpfpar pt peylomyy Oeppoxpa-
olav = 40° C. "EE 8hov té@v pavév clg Tode broloug dpgavilovtar ouvifieg of
Tpomual Apfpat, THY peyaduTepay auyvdtyra mapoustdlet 6 "Todhiog xal v
wixgotégay & Mdptioe,

Al nuépor pepixol xal 6Awold mayetol Epgavifovrar xatd 16 DHumvev
NoepPpiov-Maptiov. "EE adtév mv peyadurépav ouyvérnra fuspdv wepinod
Grrs xal hxod mayetold mapouatdler & 'lavovdptog, & Grolog Exet o FHutov
oy Tuepdv pepwxold xal t6 709, Ghed rmayetol. Elg mhyv pedetopbvny me-
plodov, évepavislnoay pdvov 15 nepimrdoeig Ghinod mayeTol.

Téoov al péoar fueptiotar, Soov xat al dpratar Tial, rapovadlovy pe-
yodutépay suyvétyra (57%) ele 76 Swomqua 10.0°C-24.9°C.

‘Evéveto Surywpiapds tiv edvoixdv xal tév Suouevéy Sud T gura Bep-
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poxpaativ. Tynral Suopevels 8¢’ abra Oepuoxpasion 8iv Eoqueidlysav elg
v méhwv THe Ozovarovixng, xal xatd v ypovixiv mepiodov 1946-73. Al
duopevels yapnral, dvepybpevar pdhig eig 10 0.86%, 7ol cuvérouv TGv péowv
fuepnolov Depporpaciév, mapéyovrar sic tov whvara IX dvadutinéc xato
pive. Zypavoueh elvan 7 ouppetayy Bhov tév pavav (IiveE IX), el vdc
edvoixds Sk Td Qutd Oeppoxpaciug, fror Tae mephapPavopbvas zlg 1o Sud-
crpe 10.00C-35.00C.
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