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Abstrace : The well known method of calculating the deviation of the mean temperalure
of each winter (December-February) from the normal temperature of that season, has
been followed for the classification of winters in the wo cities of Thessaloniki and Laris-
sa. According to their difference from normal lemperaturcs, winters are classified in
five categories (very mild, mild, normal, cold, severe).

From this classification, we arrived at the following conclusions:

— There is a strong correlation (r = 0.92} between winiers in the two citics.

— In each of the two areas, there have been registered 5 severe winters, and 6 very
mild ones.

— Possibilities for the occurence of every category of winter are almost equal in both
cities.

INTRODUCTION

A classification of winters (December-February) aiming to determine
their degree of coldness, is of high interest, since temperature anomalies
of a certain area influence its vegetation and consequently the national
finances of the land, having effects on every kind of human activity.

The subject has been examined at timnes by various research workers,
each one suggesting his own special criteria. Such scientists have been
in Greece: Livathinos®, Eginitis®, Ph. Karapiperis®, Kyriazopoulos®,
and others.

Various methods have been proposed for the classification of winters,
as for instance the one based on the monthly sum of minimal tempera-
tures below zero®7,or on the deviations of the mean winter temperatures,
from the normal temperature of that season®®, or on the absolute minima
of temperature or on the frequency of frost days™, and others®-10,

Anyhow, the most accurate method for the classification of winters
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would require the introduction of other meteorological parameters too,
and especially that of rain and sunshine duration.

Most recently Rackliff'd, Hughes®, and Poulter'?, have calculated
the winter and summer indices for various regions of Great Britain and
Treland based upon the meteorological data of temperature, rainfall
and sunshine duration.

MATERIAL - METHOD

The method followed in this work for the classification of winters
in the two cities of Thessaloniki and Larissa, is the one used by Pk
Karapiperis® in his classification of winters in Athens for the period
1859-1949. We, however do not introduce percentages of minimal temper-
atures below the normal minima, when speaking of cold or severe win-
ters, or percentages of maximal temperatures above the normal maxima
for mild or very mild winters, for lack of extreme daily values of air
temperatnre during the whole period examined in the above two cities.

For working out this paper we have used basically the time-series
of monthly mean air temperature values of Thessaloniki (1892-1973,
Flocas - Arsent*), and of Larissa (1899-1973, Flocas®). After processing
monthly mean air temperature values for the cities of Thessaloniki and
Larissa, we can give the following data:

Thessaloniki  Larissa

Normal winter temperature (Dec.-Febr.)’C 7.00 6.13
Normal winter deviation (irrespeetive of sign)®C 1.03 1.05

According to the values of number A, denoting how each winter’s
deviation is above or below normal, we give the followingelassification
of winters:

Above the normal value Below the normal value
Very mild Mild Normal Cold Severe

Az21 11<A<2.0 0gA<10 11<Ag2.0 Az241
CONCLUSIONS

According to the above classification, we give in Table I, separately
for each city, the characterization of cold and severs winters together
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with their mean and extreme temperatures and their days of frost. Also
according to the values of A for each year and cilty separately we have
drawn Graph I. :
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From this Graph I and the calculated value of correlation r = 0.92
between winter temperatures in the two cities, we observe a strong
correlation between winters in the two areas examined.

From Table 1 we arrive at the following conclusions:

During the common for the two cities period examined herein (1899-
1973), we observe four cases of severe winters, that is in 1928-29, 1931-32,
1941-42, and 1953-54. It is worth noting that during the extremely
gevere winter of 1941-42, holding the first place among all winters in
these two areas, 7 and 10 total-frost days have been recorded in the ai-
ties of Thessaloniki and Larissa respectively.

Of the above severe winters, the 1928-29 one is mentioned by
Rackliff'3 as severe at Armagh and as cold in Athens by Ph. Karapiperis®.

The 1904-1905 winter is characterized as severe in Larissa and cold
in Thessaloniki, but with a very small difference from a severe one. This
same winter has been charactlerized as severe in Athens Ph. Karapipe-
ris®, and the district of Thessalia Livathinos.

On the other hand, the 1908-09 winter, characterized as severe in
Thessaloniki and cold in Larissa, is also characterized as cold by Kara-

piperiss, and severe by Livathinos™ in the areas studied by them respect-
ively.
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TABLE I
Cold and Severe Winters in Thessalontki (1892-1973) and Larissa (1899-1973).

A-Value Classification Order Mean Temp.  Frost days  Abs. min. Temp, Abs.max. Temp.
En GO on

Winters Thes. Laris. Thes. Laris. Thes. Laris. Thes. Laris. Thes. Laris. Thes. Laris. Thes.  Laris.
1892-1893 141 Cold gth 5.83 33 —10.0 18.9
1904-1905 2.0 2.3 Cold Severe 5th 4th 4.98 3.70 * 63 » —13.0 * 17.2
1906-1%07 1.7 141 Cold Cold 6th 10th 5.23 4.93 * 34 » — 8.6 * 18.2
1908-1909 2.2 1.6 Severe CGold 4th 7th  4.78 4.50 * 36 . — 6.5 * 16.5
1922-1923 0.5 1.7 ** Cold e 6th 6.35 4.37 * 34 * —10.2 * 17.2
1928-1929 2.9 2.6 Severe Severe 3th 3th 3.97 3.40 38 43 — 9.0 —11.3 18.0 19.1
1931-1932 2.9 a, Severe Severe 3th 2nd  4.00 3.33 44 &35 — 6.5 —11.0 16.4 17.8
1933-1934 1.5 1.5 Cold Cold 7th 8th  5.48 4,57 35 47 — 5.0 — 8.2 17.7 19.2
1937-1938 0.4 1.2 x5 Cold ** 9th  6.45 4,90 24 &b — 6.3 —11.8 21.0 21.7
1939-1940 1.1 11 Cold Cold 9th 10th 5.84 5.00 32 41 — 7.4 —17.8 20.2 18.3
1941-1942 31 2.8 Severe Severe 1st 1st  3.76 317 33 | — 9.6 —17.5 17.3 17.0
1948-1949 1.7 2.0 Cold Cold 6th 5th  5.20 4,07 35 58 — 5.2 —10.0 19.0 20,2
1953-1954 3.0 2.3 Severe Severe 2nd 4th  3.89 3.67 39 42 —10.3 — 9.2 181 16.0
1962-1963 1.2 0.9 Cold b 5th ™ 5.43 513 24 27 —10.1 —10.6 18.6 20.2
1963-1964 14 0.9 Cold b 9th b 5.9 513 31 3% -— 6.8 —10.2 20.3 20.5
1967-1968 0.2 11 > Cold *x 10th 6.79 5.00 19 41 —12.6 —21.6 18.4 21.0

*No data of maximum and minimum thermometer.
**This winter has not been characterized either as ¢old or as severe
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Among the cold winters simunltaneously recorded in the two cities
{Thessaloniki, Larissa), the first place is held by the 1948-49 one, follow-
ed by those of 1906-07, 1933-34 and 1939-40.

The 1962-63 winter has been cold in Thessaloniki, (extremely severe
in Manchester Raybould", and Armagh Rackliff'®), and normal but
very near to cold in Larissa, where it registered 29 frost days, 8 of which
have been total-frost ones.

We also mention the cold winters of 1892-93 and 1963-64 in Thes-
saloniki holding 9th place among the 82 years, and those of 1922-23,
1937-38, and 1967-68 in Larissa. It is worth noting that during the
cold 1922-23 winter in Larissa, 34 frost days have been recorded, 10 of
which have been total-frost days; the same winter was characlerized as
severe by Livathinos™,

Besides, the cold 1967-68 winter in Larissa,liolding 10th place among
the 74 years, registered 41 frost days, 6 of which have been total-frost
days, wbile the absolute minimum air temperature has been —21.6°C.
{14.1.1968). This same winter has been chatacterized as normal in Thes-
paloniki, with 19 frost days (3 total-frost ones), and with the absolute
minimum air temperature of the whole 1892-1973 period (—12.6°C on
15.1.1968).

Moreover it should be mentioned that a few of the winters classified
in Table I,started early, from November, recording in this month month-
ly mean temperatures below its normal (12.14°C) by 1.4--3.6°C in
Thessaloniki, and below the normal of Larissa {11.10°C) by 1.6—3.4°C.
Such winters have been for both cities those of 1904-05, 1908-09, 1941-42,
and 1953-54, and also the winter of 1892-93 for Thessaloniki and that
of 1922-23 for Larissa.

There have aiso been certain winters that were prolongated till
March, recording in this month mean monthly temperatures below ils
normal (10.39°C) in Thessaloniki by 1.0-3.8°C, and below the Larissa
normal (9.64%C) by 0.8-3.6°C. Such winters, common for both cities, are
the 1906-07, 1928-29, 1931-32, 1939-40 1941-42, 1948-49, 1962-63 ones,
and the winter of 1892-93 for the Thessaloniki and that of 1967-68 for
Larissa.

Finally, during some winters, such as 1906-07, 1939-40, 1941-42,
and 1953-54 the monthly mean temperature registered in April has been
below normal (14.89°C) by 0.9-1.8%C in Thessaloniki, and by 0.6-1.8°C
of the corresponding Larissa normal (14.05°C). Also on the 1892-93 and
1928-29 winter temperature has been below normal by 2.4°C and 1.4°C
respectively in Thessalonikt; and by 2.4°C and 1.4°C. below normal in
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Winters

1894-1895
1896-1897
1898-1899
1899-1900
1901-1902
1%03-1904
1909-1910
1914-1915
1916-1917
1917-1918
1918-1919
1926-1927
1930-1931
1935-1936
1938-1939
1947-1948
1950-1951
1952-1953
1954-1955
1959-1960
1965-1966
1969-1970

TABLE It

Mild and Very Mild Winters in Thessalontki (1892-1973) and Larissa (1899-1973).

A-Value Classification
Thes. Laris. Thes, Laris.
11 mild
2.2 very mild
11 mild

1.9 1.6 mild mild
2.3 22 verymild wvery mild
24 2.5 verymild very mild
1.3 2.0 mild mild
1.7 21 mild very mild
2.5 22 verymild very mild
0.1 11 ** mild
1.4 0.7 mild b
0.5 1.2 ** mild
1.5 1.7 mild mild
23 21 very mild very mild
1.2 1.0 mild **
0.7 1.1 = mild
2.5 1.9  very mild mild
1.4 1.1 mild mild
2.7 25  verymild very mild
1.4 14 mild mild
14 0.8 mild w

1.2 1.3 mild mild

Order.
Thes., Laris.
12th
5th
12th
6th  7th
4th  2nd
3th  1st
10th  4th
7th  3th
2nd 2nd
**  10th
9th  =*
- 9th
gth  é6th
4th  3th
11th  **
x 10th
2th  5th
9th 10th
1st  1st
9th 10th
12th  **
11th  8th

*No data of maximum and minimum thermometer.
**This winter has not been characterized either as mild or as very mild.

Mean Temp.
°C
Thes. Laris.
8.14
9.25
8.17
8.96 7.77
$.38  8.43
9.50 8.73
8.35 8.20
8.74 8.33
9.58 8.43
6.89 7.33
8.45  6.87
6,99  7.43
8.52 7.93
9.32 8.33
8.20 715
7.92  7.33
9.5 810
8.43 7.27
9.74 8.73
8.44 7.23
8.18 6.93
8.23 7.53

Frost days.

Thes.

17
7
20
8

-
-

-

(=9 Lo
[ A T=- R RO - B - S U T B L

-

Laris.

15
20
24
15
15

30
17

13
19
20
13
22
13
34
33
16

Abs. min. Temp.

Thes.

—6.7
—2.0
—35.5
—2.3
—3.4
—2.4

—3.3
*

*
*

*

—3.8
—0.6
—841
—1.7
—2.8
—1.5
—2.4
—2.0
—4.8
~—5.9
—2.4

Laris.

—3.0
—4.0
—3.0
—4.9
—4.0
—3.5
—6.5
—9.0

—4.0
—.4
—3.0
—4.0
—4.0
—4.0
—4.5
—9.5
—17.0
—3d.4

Thes.

17.7
21.0
21.2
18.4
21.5
22,0
17.5

*
*
»

*

19.0
20.4
19.2
18.6
19.9
18.8
19.8
23.3
22.2
22.0
20.3

Abs, max. Temp.
°C

Laris.

20.9
22.2
23.3
231
22.6
21.0
21.0
18.8

181
20.6-
21.2

21.0
21.8
22.3
23.2
21.8
22.8
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Larissa during the 1937-38 and the 1963-64 winters respectively.

Having classified winters in reverse order to the cold ones, we have
drawn Table I], containing winters characterized as mild and very mild,
with all their relative data.

From Table IT we observe 5 very mild winters common in both
cities, that is the ones of 1901-02, 1903-04, 1916-17, 1935-36, and 1954-55,
the first place being held by that of 1954-55 for the whole period examin-
ed, while the 1935-36 winter has been characterized as very mild for the
city of Athens too Karapiperis®.

The winter of 1914-15 is characterized as mild in Thessaloniki and
very mild in Larissa, while the winter of 1950-51 is the other way round.

In Thessaloniki during the 1892-1899 period the winters of 1894-95
and 1898-99 are characterized as mild and that of 1896-97 as very mild. -

Finally we distinguish 9 mild winters in Thessaloniki and 10 in
Larissa separately.

A comparison between the winters classified for Thessaloniki and
Larissa (Tables I, IT) and those classified by Karapiperis® for the city of
Athens during the period 1899-1949, Teads to the following observations:

I. The winters of 1904-05, 1906-07, 1908-09, 1928-29, 1931-32:
1941-42, and 1948-49 have been characterized as cold or severe for the
three cities of Greece, Athens, Larissa, and Thessaloniki.

I1. The winters of 1899-1900, 1901-02, 1903-04, 1909-10, 1914-15,
1916-17, 1930-31 and 1935-36 have been characterized as mild or very
mild in all three cities, while those of 1918-19 and 1938-39 as mild in
Athens and Thessaloniki only,and that of 1947-48 in Athens and Larissa.

The above indicate a mostly simultaneous occurence of the various
categories of winters in the three cities and consequently in a large part
of the area of Greece.

Ending, we give belowthe probabilities for each category of winter,
separately for each city.

Very mild Mild Normal Cold Severe
Thessaloniki 0.08 0.15 0.61 0.10 0.06
Larigsa 0.08 0.14 0.61 0.10 0.07

We observe that the probabilities are almost equal in both cities.

It is also worth mentioning that the probabilities for a mild or very
mild winter in Thessaloniki or Larissa are quite the same with the ones
calculated for Athens Karapiperis® from the 1859-1949 period.
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HEPIAHYIZ

TAEINOMHZIZ TON XEIMONQON EIZ @EEZAAONIKHN (1892-1973)
KAI AAPIZAN (1899 -1973)

‘Trnd
A. A DAOKA

Ipdg rabwbpnow Tév yaimovey (Aexéufptog - Pefpoudprog) slc Beasa-
hovixny xal Adptooy, Expnowornonly f vaoty pélodog 1y droydv tig Dep-
poxpaatag Exdatoy yerpéivog dmd THe wavovidis TtuRe The yewwspwic Deppo-
wpaolag. ‘H ypyowponotovpébey Ty 1ob A, dplletar dg & Adyog tHe dmoyTic
vhe wéame Bepponpasiag Endaron &nd T7g xavovinfc TiuTg ol yatpudvog, mpdg
C Ty xavowxny Tl THe dmoyTie dBtampltac arueiou, xeywpiopbveg 8y Exd-
oy Omd peréTnv TOAW.

*Avardyos e T ol A, Suexplvopey Tole yewpdvag elg yauxels, 7)-
mloug, xeavevixods, huypode xal Sprpeic.

*Ex 1¥¢ tafwopnosag tadtyg Stamigroivrat ta ££7e:

— "Trophic layupiic aguayetictwg {(r=0.92) petald téov yetpdvov elg
aupotépas Tdg TOASLG.

— Bdaer 1Fc mipufic 100 A (A2 2.1) dyapaxtrplslinaay dg mréoy Sprueic
yeruoveg xal g tég o mherg cuyypdvee, ol Thv meptédwy 1928-29, 1931-
32, 1941-42 xat 1953-54, dg ral of Torolrol Tév Erdv 1904-05 xai 1908-09
St Adproay xal Qeaoahovingy dvrioTolyws.

— Ol yupaxtnpiabbves Gg yauxelg yewpdves (A 22.1), mapempnbnony
auyypbves xal sl tog 300 mhreig, of oV mepddev 1901-02, 1903-04, 1916-
17, 1935-36 xal 1954-55, dig xal Enl whéov of yapéives 1914-15 (Adowoa) xal
1950-51 {Oczooarovixn).

-— Térog, dmdpyes ) adry) ayedty mbavétre Emspariosag wie Exdarng
xornyoplag yetpdvog xal elg Tag 800 moRelc.
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