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Abstract, In this paper we define seasonal (winter and summer) indices for the
etty of Thessaloniki during the period 7937-7974.

Through the combination of the two meteorological parameters of air tem-
perature (T) and sunshine duration (S) with the number of days with snow (Ng)
for winter and the amount of rainfall (R} for summer, the weather tndices ,ror
winler ((fig ) and snmmer (1) are expressed as follows:

Lo — 70T + 4% — 2.3N,

.8 R
L=10T+ = — o

The wintcrs are classified in five categories, as severe, cold, normal, mild, very
meld, and summers as well (very poor, poor, yood, very good).

According to the above classification, during the period examined we had
two cases of wintfers characlerized as wseveren, and thivieen winlers characterized
as «mildy, while one summer only has been chavacierized as «wery poovy, and
ihree as «very goody.

Finally the incidence probability for the occurence of each ciass of winter and
summer 18 also given.

INTRODUCTION

As we stated in a previous paper®, the classification of winters
(December-February) and summers {(June-August) as to their degree
of coldness and warmth, is of particular interest, because thermal an-
omalies occuring in an area, highly influence not only its national
economy bul also every aclivity human.

Classification of winters seems to have been untill now the main
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point of interest of Greck scientists such as Aeginitis', Livathinos',
Kyriazopoulos'e, Karapiperis®, Ilocas® and others. Most of these re-
searchers have based their classification and their definition of the de-
gree of coldness of winters on the element of air temperaiure alone.

During the last decade however, more scientists (7. e. Pouliers,
Fergussony Hughes®, Rackliff*", Flocas® and others) have been engaged
in studying seasonal weather indices. Most of these propose warious
empirical formulas for seasonal indices {winter or summer), combining
the main three meteorological parameters of air temperaiure, bright
sunshine and rain or snow.

We, in this paper, undertake the study of seasonal indices at the
city of Thessaloniki, and the classification of each winter as to the
degree of coldness and each summer as to the degree of warmth.

MATERIAL

The basic material for drawing up this work, wag the time-series
of monthly mean air temperature values at the city of Thessaloniki

TABLE T
SUMMER WINTER
{June, July, August) (December, January, February)}
Air Temperature
Year Co Year Ce
warmest 1946 27.27 1955 9.74
2nd warmest 1954 27.03 1951 9.59
coldest 1949 24.40 1954 3.89
2nd coldest 1969 24.43 1932 4.00

Total Bright sunsbine

sunniest 1946 1118.53 hours 1957 483,00 hours
2nd sunniest 1938 1107.20 » 1932 458.50 »
dullest 1973 895.40 » 1972 227.30 »
2nd dullest 1972 931.40 » 1947 238.99 »
Total Rainfall

Driest summer 1954 11.40 mm
2nd driest summer 1938 24.30 mm
wettest summer 1970 153.40 am
2nd wettest summer1957 153.20 mm

Snow No of days
Least number of winter days 1931, 1951 .0
2nd least number of winter days 1955, 1961 1.0
Highest number of winter days 1954 25.0
2nd highest number of winter days 1963 20.0
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during the 1892-1973 period (Flocas-Arsens”), rainfall data, numbers
of days wilh snow as well as additional data on air-temperature and
sunshine duration values for the period 1931-1974 have been taken from
the series «Observations Météorologiques de Thessalonikin published by
the Meteorological Institute of the University of Thessalonikit®!&.17,

From these data have been calculated the seasonal {winter and
summer) values of air temperature, and the total sunshine duration
for the winter (December-February) and the summer (June-August)
quarter, separately for each year.

Also the total number of days with snow for the three winter months
(Dec., Jan., Febr.) and the amount of rainfall (in mm) for the three
summer mouths (June, July, August), have been calculated,

Based on the above data we have drawn Table [. Winters are alloca-
ted to the year in which the months of Jenuary and February fell

The period examined for the city of Thessaloniki begins from the
winter of 1930-1931, since the series of monthly mean values of sunshi-
ne duration (missing for the 1940-1945 interval} exists from 1.6.1930.

WINTER AMD SUMMER INDICES

The method followed for the determination of seasonal weather
indices for the city of Thessaloniki, is that of Powlter's, Rackiiffv,
and Daurs?, which has heen already applied by the author for the city
of Atbens®

During a winter season, the total number of days on which snow
is recorded is more important for determining the degree of its severity
than the amount of precipitation recorded during the three winter
months. Because great rainfalls in winter may bring [loods and disas-
ter in their wake, yel they are not considered quite as important as
the results of the issolation of whole areas and the paralyzing of com-
munications from heavy and prolongated snowfalls.

It is also well-known that bright sunshine is an element that a-
rouses in a great extent every human activity; the psychological im-
paci of bright sunshine in winter, is considerable and should not be
understimated.

Moreover, the element of air temperature alone is not enough for
the determination of the degree of coldness of a winter season in a
certain area; since it is possible to have small temperatures in the area
examined, resulting [rom anticyclonic systems prevailing in the greek
area (Livadas'®) and considerable increase of sunshine duration (Flo-
cas-Pennast),
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That is why, for the determination of a winter index, we should
have.a combination of the three meteorological parameters: air tem-
perature, sunchine duration, and days of snow falling in the city of
Thessaloniki.

According to Rackiff*® and the author as wells, the winter index
(I) is deflined as

Iw =W, T+W, 5 - W,Ng

where: T = mean temperature (°C} for December, January, February.
S = tlotal bright sunshine (hours) for the three months.
Ns == total number of days of snow falling in the three above
months.
W,, W, W, =1the weighting factors of the three elements, T,
5, and N respeclively.

The weighted value (W,) of Ny is considered negative, since N,
is negatively correllated. with T and S.

rrxs = — 0.69 rays = — (.22

The range of extreme values for elements T, S, and Ny for the
winter seascn, resultant from Table I, is 5.85, 22570 and 25.00
respectively.

An arbitratry value of W; = 10,.applied to the temperature range,
gives a span of 585 units; then weights W, and W, would be:

_ 1
~ 44

Based on the values of the above three weights W,, W,, W, we
have the following expression for the winter weather index:

W, and W, = 2.3

From this formula we have calculated the corresponding values
of 1y separately for each year of the period examined, and then we con-
structed Table 1L

The clagsification of summers and {the determination of their de-
gree as to warm or cool, dry or wet, sunny or dull, should he based
on the gombination of a number of meteorological parameters.
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Recently such scientists as Poulter'®, Rackliff**, Hughes?, through
a combination of the meteorclogical parameters of air temperature,
bright sunshine, and rainfall or number of rain-days, have calculated
the sumnmer weather index (Is) for various areas of Great Britain, while
the author did the same for the city of Athenss.

TARLE IT
Winter weather tndex (Tw) in Thessaloniki, 7937-7974
Individual Year
Deacade
Commen- Decadal
cing 0 1 2 3 4 5 6 7 8 9  mean
1930 148 107 118 153 141 159 147 141 147
1940 90 * % * * * 130 97 154 148

1950 157 166 170 152 40 161 121 195 169 149 146
196G 157 183 129 66 134 133 167 149 134 123 138
1970 145 147 1062 112 122

* missing elements of sunshiue duration.

We give the following expression of Is for the city of Thessaloniki,
as we did for the ctty of Athens, by combining the above basic three
meteorological parameters:

Ja=W, T+W,5-W, R

where: T = mean temperature (°C) for June, July and August.
S = total bright sunshine (hours) for June, July and August
R = total rainfall (mm) for June, July and August.
W', W, W, the weighting factors, so that T, § and R
would be equally weighted.

In caleculating the weights W's, W'y, W'y, Ponlter® and Rachliff™
have chosen their values so that the weighted range of each element
should be nearly equal.

The method dor determination of W'y, W', W', is the same one
followed by the author® for the city of Athens, based on the relalions
found by Davis? W'iop = W'y09 = Wy or, between W'y, W, W'
and the values of standard deviation or, s, op for T, S and R res-
pectively.

The weighted value of R is negative, as R is negatively correlatsd
with T and 8. '

At the city of Thessaloniki we have:

Ipg = 054, g — — 031, I'gg = — 033
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11 we assume the weight W', as arbitrary, and since the tempera-
ture T is expressed in degrees and their tenths, we have W’y =10.
From our calculalions, we have found:

ar = 0.74, og = 48.25 ap = 39.87
and since W', = 100y and W/, = 1007
Cs OR
-, 1 , 1
we have W'y = +— and W= —

6.5 5.4

Consgequently, the summer index (Is) for the c¢ity of Thessaloniki
18 expressed as:

On the grounds of the above formula, we have calculated the I,
separately for each year of the period examined, and drawn Table II1.

TABLE HT

Summer weather indez (Is) in Thesscloniki, 19371-7074

Individual Tear

Decade

Comrmen- Decade
cing 0 1 2 3 4 5 6 7 8 9  mean
1930 423 419 3490 40% £10 386 367 428 390

1940 372 * * 376 * 516 440 388 392 389

1950 412 394 413 412 427 387 400 391 14 387 404
1966 404 398 895 398 377 39%& 383 378 391 885 390
1870 372 376 368 366 394

* missing elements of sunshine duration

CLABSSIFICATION OF WINTERS AND SUMMERS

Kayrapiperis® and the author® have effected a classification of win-
ters in the Greek area, based mostly on data of air temperature,
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For the classilication of winters and summerg at the city of Thes-
saloniki, using ratues of lv and Iy, we follow al present the same pro-
cess as for the city of Athens (Flocas).

On the basis of data contained in Table Il and IIT we have calcu-
lated the mean values of Iy and I;, and their standard deviations ow
and os and we obtained:

Tw = 137 gw = 20.01
Te = 396 g = 17.21

TABLE IV

Classification of winters in Thessaloniki, 7937-1974,

Cold andI Severe winfers Mild and very Mild winters
Winters Iw Order  Ceassif. winters Tw Order classif,
1932 107 6th cold 1534 153 11th mild
1933 118 7th » 1936 159 sth »
1940 90 ard » 1948 154 10th »
1947 97 4th ] 1950 157 ath »
1954 40 1st severe 1951 166 Gth »
1956 121 9th cold 1952 170 3rd »
1963 66 2rd severe 1953 152 12th »
1972 102 5th cold 1955 161 7th »
1973 119 8th n 1957 175 2nd »
1958 169 4th »
1960 157 9th »
1961 183 1st »
1966 167 5th »

According to the values of 1y and I, and following our previous
classification® we distinguish winters in five calegories (severe, cold,
normal, mild, very mild) and summers in another five categories (very
poor, poor, nermal, good, and very good).

Based on the above classification we have drawn Tables IV and
V, and Graph [, illustrating the variation of ly and I; {from year Lo
year, during the period examined.
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GRAPH T
Year by year vartation of Winter and Summer Indices in Thessaloniki, 1937-7974.
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TABLE V

Clussification of summers in Thessalonikd, 71937-7974

Poor and very poor snmmers good and very good summers
Summers Iy Order classit. SUINTNErs I Order classif.
1936 386 9h poor 1931 423 4th good
1940 372 ard poor 1932 419 5ih »
1943 376 4th » 1935 410 10th »
1964 377 5th » 1938 428 ind  very good
1966 383 7th » 1945 416 61h goed
1967 378 6lh » 1946 440 18t very good
1969 385 8th » 1950 412 9Lh good
1970 372 3rd » 1952 413 8th »
1971 376 4th » 1953 417 9th »
1972 368 2nd » 1954 427 3rd very good
1973 366 1sl very poor 1958 414 7Lh good
CONCLUSIONS

1. During the 1931-1974 period examined herein, we observe two
cases of severe winters in Thessaloniki; namely those of 1953-54 and
1962-63. The winter of 1953-54 was characterized as «severen in the
cities of Thessaloniki and Larissa in a previous paper of ours®, while
thal of 1962-63 was characterized as «eold» in thal same paper; the
same winter was characterized as extremely severe in Manchester
(Raybould®®) and Armagh (Rackliiff?).

For the 1941 - 42 winter, holding first place among severe winters
in Thessalonikt {(Flocas®) we have no data of sunshine duration avail-
able, for the caleulation of L.

We also distinguish five cases of cold winters (Table IV} ; of these,
that of 1931-32 has been characterized as severe at Athens® and Larissa
and Thessalontki ag well (Flocas®) while those of 1932-33 and 1939-40
are also mentioned as cold in Larissa and Thessaloniki®.

It should also be noled that the winter of 1953 - 54 started early
and was prolongated till April®, while that of 1931 - 32 was prolonga-
ted till the month of March and that of 1939 - 40 fll the month of
Aprils. ’

We distingnish also 12 cases of mild winters during the period
examined, with that of 1960 - 61 coming first; as a matter of fact this
winter slightly-differs from a very mild one.
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Mild or very Mild winters in the ahove period are characterized those
of 1935 - 36, 1950 - 51, 1954 - B5, and 1959 - 60 for the three cities of
Athens, Larissa, and Thessaloniki, those of 1947 - 48 for Athens and
Larissa (Ilocas®®) and those of 1951 - 52, 1956 - 57, and 1960 - 61 for
Athens only®

Almost 77%, of the winters characterized as mild for the city of
Thessaloniki, were characterized as such for the city of Athens as well.

2. During the whole period examined, only one summer, that of
1973, has been characterized as very poor (very cool, wet, dull). We
should also mention the poor summer of 1972, that slightly differs from
a very poor one. The sunshine duralion recorded in thal summer {from
June to August) is by 73.3 hours shorter than normal (1014.7 hours)
while the amount of rainfall is by 61.8 mm higher than normal (79.9
minj.

On the other hand the summers of 1938, 1846 and 1954 are cha-
racterized as very good (very warm, dry, sunny); that of 1946 being
the sunniest, warm and dry and the one of 1954 warm, sunny, and
the driest of all.

{t 15 also worth mentioning that the summers of 1931 and 1932,
characterized as «good» (warm, dry, and sunny) are very near to the
characterization of «very gocd», having total sunshine duratlion
>1080.0 hours and rainfall amounting to<45.0 mm.

Almost 829 ol the summers characterized as «good» or «very
good» for the city of Thessaloniki, are also characterized as such for
the city of Athens as wells,

3. In all the 1931 - 1974 period examined (leaving out the 1941 - 45
interval), the most «severe»n winter is that of 1953 - b4 (Iy = 40) and
the most «mild» that of 1960 - 61 (ls = 183).

According to the new clagsification process® for winters, a winter
is characterized as «severe» when [4<88, «cald» whem [4S122, «very
mildn when I¢>186, and wmildy when Is=>152,

This new classification process fully agrees with that previously
followed by the author for the city of Thessaloniki®. As a mattler of
fact every winter of the 1931 - 74 period, previcusly characterized as
«severen or wcald», receives the same characterization again, except for
the two winter seasons of 1933 - 34 and 1948 - 49, having sunshine
duration longer than normal by almost 89.6 hours, their number of
days with snow being<3.0, while the mean air temperature has been
below normal, This fact should be attributed to anticyclonic systems
prevailing in the area of Greece, and producing a sersible increase
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of sunshine duration (Flecas*) and a fall of air temperalure (Livadas'®14)
in the above area. The first of the above two wiuters is now chara-
cterized as mild, and the second as normal.

Moreover, by the new classification process we find thal wintlers
of 1932-33, 1946-47, 1955-b6, 1971-72, and 1972-73 are characterized as
cold. The same applies for all winters characterized as mild, except
for those of 1930-31, 1938-39, and 1969-70 which have been chara-
cterized as «normaln but slightly differ from being «nild». Also «nildy
are characterized the winters of 1933-34, 1949-50, 1951-52, 1956-57,
1957-58 and 1960-61; the winlers of 1951-52, 1956-57 and 1960-61
have been characterized as mild in Athens too®.

4. A avery good» summer, during the period examined, has been
Lhat of 1946 (I, = 440); and a «very poor» one, that of 1973 (I, = 366).

A summer is classified as «very good» when 12426, as «good»
when 12406 «very poors when 1,366 and w«poor» when T,<386,

Summers characterized as «good» or «very good» in Thessaloniki
are found to hesc in Alhens too, except for those of 1931 and 1932
which have been characterized as «normaly for Athens.

It should be mentioned that a number of summers clagsified as
upoorn or «very poor» have been observed in the area examined du-
ring the last decade. Qut of 11 such summers, 8 (73%) have occured
between 1964-1974 (Graph I, Table V).

5, The incidence probability for a «severe» or «cold» winter at
Thessaloniki 1s 23.1%, for a «mild» or «very mild» 33.3%, and thal
for a wnormal one is 43.69%,.

To the same, the incidence probabilities have as follows: «poorn
or «very poorn 26.8%; ugoodn or «very good» 26.8%, and for «normal»
46.4%,.
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NNEPIAHYIE

KATIPIKOL AETKTAI XEIMQNOZ KAI @EPOYX
EIY OEZZAAONIKHN

Tt
ATIOZTOAOT A. GAOKA

Eic v mopoloay Zpyacioy mpoadiopilovtuy Emoyiol xuipirnol Seintut
(yewetivos, Déooug) Sa wiv whity 1o Gzcouhovinng et THY YoOWXAY Te-
plodov 1931-1974.

Avx guwdurapol Ty Slo uetswpohoyindv mrpxuéTpwy Depponpualag gf-
pos (1) nal 19 Swxpnclog fHhopavelag (S) perx 1ol dpBuch (Ne) fuepiv
TTihgeas yrovos Jtd Thv yaipdve xel Tl BPovg Beoxic (R) Sk 18 Bépog, moos-
Sroptlovrar ol watpuol Szintar yewwdivos (Iw) wal 0époug (Is) Erppaléusvor
gvrtigTotywe Omd TiHv Thmav:

5

5
6.5

Jo = 10T + ﬁ5ﬁR

%

TMepartépew ol yeipdveg tabwopolivrol sl Tévre narnyoptes (severs-Sou-
wig, eold-$uypds, normal-xavovrds, mild-Ameee, very mild-yaunde) kel ta
Dépn Emione eig mévre xotyyoptog {vVery poor-moild Guyped, bypd nal dvhho,
poor-duypd, Gypd wel dvhiio, normal-wavewnd, good-Ozpud, Evpeod xal #-
Mogeyyic, very good-monld Ozpud, Engd xal fhossyyés).

Dippove pt thy tabwbunow wthy, slc Qesoxhovingy xata wv yshetw-
pévny mzptodoy Siexplvapey Emupdon G’ tvoc udv b0 mEpimrdosmv yEt-
podvey Gg severe xal 13 &g mild, &g’ Eripov 8t g meptmrdioee Dipoug
Gg Very poor xul tptdv dg very good.

Térag, 8idevat ¥ mbavdtng Stk Thy dmunpdtnow widc Ixdotng xaTnyoplue
yewdivog xal Dépouc.
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