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WINTER AND SUMMER INDICES IN ATHENS

by
APOSTOLOS A. FLOCAS
{ Introduced by Prof. G. C. Licadas)
{ Received on 25.10.1973)

Abstract : In this paper, seasonal weather indices {winter, summer) are determined for
the city of Athens during the period 1898-1973.

Winter indiex (I, )is delermined through the context of the two meteorological pa-
rameters of air temperature (T ) and sunshine duration (\S) with the number of days with
snow {Ns), while the summer index (I,) is defined through the eontext of the same two
as above meteorological parameters with the amount of rainfull, these two indices are ex-
pressed respectively as follows:

Iw= 10T + —5:9—9—-4.7 N,

S R
h=10T+ 57— 33

Further more, winters are classified in five categories {severe, cold, normal, mild,
very mild) and summers are well {very poor, poor, normal, good, very good).

Aeceording to this classifieation, five winlers of the period examincd have been
characterized as “severe” and two as “rery mild”, while four summers were “very poor”
and two “very good”.

Finally is given the probability for the occurence of each class of winter and summer,

INTRODUCTION

The classification of winters (December - February) and summers
{June - August) and the determination of their degree of coldness or
warmth, 1s a sugject of particular interest, since the thermal anomalies
of a cerlain area, influence immensely the national cconomy of the
land and every human activity in general.

Till the present day, research scientists in Greece undertook mainly
the classification of winters and the definition of their degree of coldness,
mostly based on air temperature data. Of these we mention Livathinoes'?
Aeginitis', Karapiperis PR., Kyriazopoulos®\, Fiocas® e.t.c.
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Recently, a great number of scientists studied weather indices
various areas of Great Britain. Most of these scientitists propose various
empirical formulas for seasonal weather indices (summer and winter)
throngh a combination of the principal three meteorological elements,
that is temperature, rainfall and bright sunshine.

Among these, Poulter'™ [or the city ol London and Rackliff*® for
Armagh observatory (Ireland) proposed respectively the following two
formulas for the summer weather index (I.):

S
6

il =g

I, = 10T +

IS:4T+—1S—3-——2R

where: : T = mean temperature (June, July, August) in °F

S = total sunshine in hours over three months.
R = total rainfall over three months in mm.

Tothe same, Fergusson' and Hugles® proposed respectively the following
two expressions for the summer weather index:

S R
S RD
k=Tt~ 3

where T, = mean daily max temperaturc of the three months (June -
August)
S = total sunshine over three months, in hours.
R = total rainfall over three months, in inches.
RD = total number of rain-days over three months with rain-
fall > (.01 inches.

Another summer index expression was proposed by Murray'.
Rackliff*® has used an index of winter based on mean temperature,

WYnoeiakA BiBAI0BAkN Ogd@pacTos - TuAua MewAoyiag. A.MN.0.



I b

249

total sunshine duration and total number of days with sleet or snow.
The formula he proposed for Armagh has as follows:

where T == mean temperature (°F)} of the three months (December -
February).

S = total sunshine (in hours) over three months.
N, = total number of days with snow or sleet over three months.,

Lyari®? in his study of winters in England since 1950, gives a re-
lative formula for winter index.

In the present study we undertake the determination of seasonal
weather indices {(winter and summer) for the city of Athens, and the
classification of each winter as to the degree of coldness and each summer
as to the degree of warmth,

MATERIAL

In drawing up this work we have used basically the time-series of
monthly air temperature values in the city of Athens (Arseni?, 1858-1972)
and that of monthly sunshine duration values for the period 1897 - 1973
( Livadas - Karacostast),

Besides, data on rainfall and days with snow, have been taken from
the “Annales de I'Observatoire National d’Athénes, (1897 - 1930)'¢ and the
Climatological Bulletin series of the same National Observatory®!* for
the years 1931 - 1973.

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

Also the total number of days with snow for the three winter months
{Dec., Jan., Febr.) and the total rainfall for the three summer months
(June, July, Aug.) have been calculated.

TaBLE 1 has been based on the above data. Winters are allocated to
the year in which the months of January and February fell (i.e. Deec.
1927 Jan. - Febr. 1928 = winter 1928).

The period examined for the city of Athens begins from the winter

5
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Tanrte 1

Summer and Winter Extremne Values for Athens, 1898 - 1973

SUMMER WINTER
{June, July and August { December, January and February)

AIR TEMPERATURE

Year °C Year °C
Warmest 1946 28.1 1936 12.4
Coldest 1913 24.3 1929 7.7

TOTAL BRIGHT SUNSIIINE

Suuniest 1954 1223.7 hours 1910 558.1 hours
Dullest 1939 850.9 hours 1940 2792

TOTAL RAINFALL

Driest Summer 1945 0.1 mm
Wettest Summer 1901 134.6 mm
SNOW
No of days
Least number of snow days 0
Highest number of snow days 10

of 1897 - 1898, since the complete series of recorded sunshine duration
values, also begins from 1.1.1897 (Livadas - Karacostas').

DETERMINATION OF WINTER AND SuMMER INDICES

The method followed for the determination of seasonal weather
mdices for the city of Athens, is that of Poulter’?, Rackliff'® and Davis®.
During a winter season, the total number of days on which snow
is recorded is more important for the determination of the degree of
severity of the winter season, than the total rainfall over the three winter
months (December - January - February). The element of air temper-
ature alone, is not enough for the determination of the degree of coldness
of a winter season in a certain area. Moreover the psychological impact
of bright sunshine upon human activity during a winter season, is con-
siderable.
That is why in computing the winter index, we should have a com-
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bination of the three meteorological parameters: air temperature, sun-
shine duration, and days of snow falling in the city of Athens.
According to Rackliff'*, the winter index is defined as:

1, = W,T 4 W,8 — W,N,

where : T = mean air temperature over the three months (Dec., Jan.,
Feb.).

S = total bright sunshine for the three months.

N, = total number of days of snow falling m the three months,
and W,, W,, W, = the weighting factors of the three elements T, S, and
N, respectively.

The weighted value of N, is negative, since N, is negatively corre-
lated with T and S.

The correlation coefficients for the city of Athens during the period
1898 - 1973, have as [ollows:

rg =020, rpe=-—-059  and gy = — 0.01

From TasLE I we find that the range of extreme values for elements
T, 8, and Ng for the winter season (December, January, February) is
4.7, 278.9 and 10.0 respectively.

An arbifrary value of W, = 10 applied to the temperature range
gives a span of 47 units; then weights W, and W, would be

W, — —5% and W, = 47

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

I, = 10T 4- —5—Sq—_4.7 Ny

From this formula we have calculated the corresponding values
of I, separately for each year of the 1898 - 1973 period, and then we
constructed Tasre I1.

The classification of summers, in various types, through the deter-
mination of their degree of warm or cool, dry or wet, and sunny or dull,
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should be based on the combination of a number of meteorological pa-
rameters. Recently a number of scientists, such as Poulter'’, Rackliff'8
Hugles® and others have calculated the summer weather index I for a
number of areas in Great Britain through a combination of the meteoro-
logical parameters of air temperature, bright sunshine and rainfall or
number of rain days.

Combining these three basic meteorological elements, we give the
following expression of Iy for the city of Athens.

Iy = WiT + W5 — W3R
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.

and W, W’ W, the weighted factors so that T, §, and R would
be equally weighted.

In calculating the weights W,, W, and W, Poulter'?, Rackliff's,
have chosen their values so that the weighted range of each element
should be nearly equal.

For the determination of kg, Davis® has found the following relations
between Wi, W, W, and the standard deviations oy, o5, o, of T, 5,
and R respectively

Wior = Wias = Wisy

The weighted value of R is negative, as R is negatively correlated
with T and S.

Values of correlation coeflicients in the city of Athens during the
period 1898 - 1973, are:

Tps = .18 rrg = — .42 and rgg = — 0.15

If we assume the weight W) as arbitrary, and since the tempera-
ture T, is expressed in degrees and their tenths, we have Wi = 10,
From our calculations, we have found:

or =081,  o,=7583, and o= 2661

106
S5

100y

Or

and since W’2 = and VV; =
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Decade
Commencing

1890
1900
1910
1920
1930
1940
1950
1960
1970

0

349
370
364
356
335
391
376
379

314
372
341
366
367
365
380
371

TABLE 11L

Summer Weather Index for Athens, 1898 - 1973

363
352
382
372
352
396
392
360

I

n

d

341
334
351
327
368
383
388
361

1

v

360
348
358
360
338
403
359

idual

365
367
344
374
378
375
370

¥y ear

6

326
381
358
339
390
3N
373

350
372
385
368
368
393
364

8
358
375
351

390
383
367
386
347

9

353
374
350
375
i
346
366
370

Decadal
mean

352
360
365
359
363
385
372
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A

we have W, = 93

, 1

and W3 =33
Consequently, the summer Index (I} for the city of Athens is ex-

pressed as:

S R
=0T+ 57— 33

On the grounds of the above formula we have calculated the Iseparately
for each year of the period 1898 - 1973, and drawn TasLE HI

For the delermination of weights W, W/ W_, following Poulter’s"?
and Racliff’s'® method, we find almost the same value as above.

CLASSIFICATION OF WINTERS AND SUMMERS.

In the area of Greece Karapiperis® and Flocas® have effected a
classification of winters, based mostly on data of air temperature. At
present, by the determination of seasonal indices 1, and I, we attempl
a new classification of winters and summers for the city of Athens during
the period 1898 - 1973.

On the basis of data contained in TaBLEs | and we have calculated
the mean values of 1, and I, and their standard deviations o,, and s,
and we obtained:

I, — 154 o, = 22.86
I, = 365 5, = 17.62

According to the values of 1, and I,, we distinguish winters and
summers in five main categories, (see TABLE A):

Based ou the above classification, TaBLEs 1v and v, and Grapu 1 have

been drawn; this last illustrates the variation of T, and I, from year
to year, during the period 1898 - 1973.
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TABLE 1v
Classification of Winters in Athens, 1898 - 1973

Cold and Severe Winters Mild and Very Mild Winters

Winters Tw Order  Classif. Winters Iw Order Classif.
1903 133 13th Cold 1899 173 13th Mild
1905 129 11th » 1900 169 15th »
1907 131 12th » 1902 177 10th ”
1909 113 5th Severc 1904 179 glh ”
1911 128 10th Cold 1906 168 16th ”
1921 137 16th ” 1910 196 1st Very Mild
1924 137 16th » 1915 178 9th Mild
1928 127 9th ” 1916 173 13th »
1929 83 1st Severe 1917 185 5th ”
1932 110 4th ” 1919 178 9th ”
1934 121 7lh Cold 1925 178 9th ?
1937 131 12th ” 1926 175 11th ”
1938 135 15th ? 1936 180 7th ”
1940 140 17th ” 1939 171 14th ”
1942 109 3rd  Severe 1944 166 18th ”
1945 118 Gth Cold 1948 171 14th n
1946 124 8th ” 1951 190 4th "
1947 140 17th ? 1952 177 10th ”
1949 101 2nd  Severe 1953 169 15th ”
1954 i42 18th Cold 1955 191 3rd ?
1969 134 14th ? 1936 166 18th ”

1937 167 17th ”
1960 173 13th ”
1961 174 12th *
1962 164 15th ”
19606 182 6th ”
1970 1%4 2nd Very Mild
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TABLE v

Classification of Summers in Athens, 1898 - 1973

Poor and Very Poor Summers Good and Very Good Summers
Summers I Order Classif. Summers Is Order Classif.
1899 353 16th Poor 1908 375 16th Good
1900 349 12th ” 1909 374 17th ”
1901 314 1st Very poor 1916 381 11th 7
1903 341 7th Poor 1922 382 10th »
1906 326 2nd  Very Poor 1927 385 8th ”
1907 350 13th Poor 1928 390 5th ?
1912 352 15th ” 1929 375 16th »
1913 334 4th  Very Poor 1935 374 17th "
1914 348 11th Poor 1938 383 9th ”
1918 351 14th ” 1945 378 14th ”
1919 350 10th ” 1946 390 ath ”
1921 341 7th ” 1950 391 4th ”
1923 351 14th ? 1952 396 2nd Very Good
1925 344 8th ” 1933 383 9th Good
1930 356 18th ” 1954 403 1st Very Good
1933 327 3rd  Very Poor 1935 375 16th Good
1936 339 6th Poor 1956 391 4th ”
1939 341 7th ” 1957 392 3rd ”
1940 355 17th ” 1958 386 7th ”
1942 352 15th ” 1960 37 15th ”
1944 338 sth ” 1961 380 12th ?
1949 346 9th ” 1962 392 ard ”
1968 347 10th ” 1963 388 6th ”

1970 379 13th ”

CONCLUSIONS

1. During the 1895 - 1973 period examined we observe five cases of
severe winters in Athens, namely those of 1908 - 09, 1928 - 29, 1931 - 32,
1941 - 42, and 1948 - 49 (Table 1V). The first place in severity belongs
to the 1928 - 29 winter; the same winter holds second place in Thessa-
loniki and Larissa (Flocas®).

The same 1928 - 29 winter is characterized by Rackliff'® as “severe”
at Armagh, while Karapiperis® givesit sixth place among the winters
of the period 1859 - 1949, and classifies this as a “cold” winter.

It should be noted in addition that while the winters of 1908 - 09

WYnoiakA BiBAI0BAKkN Ogd@pacTos - TuAua MewAoyiag. A.MN.O.



260

and 1941 - 42 started early in November, those of 1928 - 29, 1931 - 32
and 1948 - 49 were prolongated till the month of March, as it is also
mentioned by Kerapiperis® and Flocas® for the areas examined by each.

To the same, we observe two cases of very mild winters, those of
1909 - 10 and 1969 - 70. It should also be noted that in the 1909 - 10
.winter has been recorded the longest sunshine duration (558.1 hours),
while during the 1969 - 70 winter no snowfall has been recorded and
the sunshine amounts to 460.1 hours ({from December to February).
These two winters have been characterized as mild in Thessaloniki and
Larissa (Flocas®).

2. During the same 1898 - 1973 period, four summers have been
classified as “very poor” in Athens (very cool, wet, dull) namely those
of 1901, 1906, 1913, and 1933 (TaBLE V).

It should be noted that the summers of 1901 and 1906 are character-
ized as the wettest of the period with a total rainfall (June - August)
of 134.6 mm and 105.6 mm respectively and a mean temperature 1.8°C
below the summer normal (26.1°C).

Besides, the summers of 1936, 1939, and 1944, characterized as
“poor”, but very near the range of “very poor” summers; their total
sunshine duration being by 63.0 - 192.0 hours shorter than the normal
(1043.0 hours), and their total rainfall above normal (24.7 mm) by 17.4
to 62.0 mm.

On the other hand the summers of 1952 and 1954 are characterized
as “very good” (very warm, dry, sunny); their mean temperature is
about 10°C above normal, total sunshine duration > 1200 hours, and
total rainfall << 5.1 mm.

It is noteworthy that the summers of 1946, 1950, 1957, and 1962,
characterized as good (warm, dry, sunny) are actually very near the
“very good” range. Their mean temperature is by 1.0° - 2.0°C above
normal, their total sunshine duration is between 1038.1 - 1144.7 hours,
and their total rainfall between 0.4 - 2.4 mm.

3. The frequency of severe winters is highest during the period 1929-
1949, while that of very poor summers during the first thirty years of
this century.

4. In the interval between 1950 till the present day, no severe winter
has been recorded; on the contrary there has been a great number of
very mild winters.

Such mild or very mild winters also occured between 1898 - 1926;
this same interval includes the 1909 - 10 winter, which is the sunniest
of the whole period.
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The greatest frequency of “good” or “very good” summers has been
observed between the years 1950 - 1973, with the only “poor” summer
being that of 1968.

5. In all the 1898 - 1973 period examined, the most “severe” winter
is that of 1928 - 1929 (I, = 83), and the most “mild” that of 1909 -
10 (I, = 196).

Accordiug to the winter classification in Athens, a winter is charae-
terized as “severe”, when I, < 115, “cold” when I, < 143, *very mild”
when [, > 193, and “mild” when [, > 166,

6. This new process for the classification of winters, agrees with
the one used by Karapiperis® for the city of Athens. As a matter of fact,
during the 1898 - 1949 period, which is common in both studies, all the
winters characterized as severe or cold, get similar characterizations by
us. We, however designate in addition the following “cold” winters:
1902 - 03, 1920 - 21, 1923 - 24, 1927 - 28, 1933 - 34, 1936 - 37, 1937 -38,
1939 - 40, 1944 - 45, 1945 - 46, and 1946 - 47; among these winters, those
of 1933 -34, 1937 - 38 and 1939 - 40 are also encountered either inLa-
rissa or Thessaloniki (Flocas?).

The same applies for all mild or very mild winters except for those
of 1930 - 31 and 1940 - 41 which we classify as normal. Moreover we
classify as very mild the winters of 1898 - 99, 1905 - 06, 1924 - 25, and
1943 - 44; the first of these winters (1898 - 99) is also mentioned as such
in Thessaloniki (Flocas®).

7. A “very good” summer, during the period examined, has been
that of 1954 (I, = 503), and “very poor” that of 1901 (I, = 314).

A summer is classified as “very good”, when I, = 395 as “good”
when [, > 374 as “very poor” when [, £ 335, and as “poor” when
I, < 356.

8. The incidence probability of a “severe” winter in Athens is 7%,
“cold” 219, “very mild” 3%, “mild” 339, and “normal” 369,.

To the same, the incidence probabilities for summers have as follows:
“very poor” 5.3%, “poor” 25.0%, very good” 2.6%, “good” 28.9%,, and
“normal” 38.1%,.
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IIEPIAEYIX

XEIMEPINOI KAI GEPINOI KAIPIKOI AEIKTAI EIX AGHNAX

Txb
ATIOZTOAOY A. ®AOKA
(* Egvacrigier Metewpoldoyiac - Kieparodoyiac)

Elc miv napoboay epyactav doyorebpela pt tév mpocdiopiopdy émoyia-
6V xatptnddv Sewtdv (yewpdvog, Bépoug) elg v moAw Tév Afmviv xata
v Sdpxcioy TTC peieTwpevne weptddou 1898 - 1973,

Ad ouvduacuol TGv TELGY Pagév TowpoAoydv mapapbtpmy THe
Dzpronpactag dépog (T), the Buxpreiac fooavelag (8) xal tol dplpol fue-
piv mrdaewe ybvog (Ng) elg wiv ok tév "Abnvay, mpoodiopilerar 6 wot-
ptnds Selwtng yepdvog (ly), & 6molog BiSztar Omd <ol Timou

Iw=10T—|—5—S§ — 47N,

‘Opoing, dig. ouvdvaopod ey S, T xal 1ol Gyouve Bpoy¥ie (R) mpocdiopi-
Cetar 6 wonprede Seburme Bfpoug (1,), exngpaldpevoc i Tol thmou

I, = 10T + — —

5 R
94 33

'Axorotlog, Gmohoyilovrar ab Tiwatl tév Iy xal Ig 8 Exactov #10g T¥g
peizsTeopévig meptbBou elg THY woAL THhv TAbrvév.

Mepuetépe, yivetat yapawtrplonds el mévre xatyopias TEHY YELLOVWY
(severe - Spipde, cold - Juypés, normal - xavovieés, mild - Amag, very
mild - yaunls) xal wév Ozpdv (very poor - mokd Puypes, Ovpd xal dvio,
poor - uygpd, Oypd xal dvrio, normal - xavovd, good - Oepud, Enpd xal
Hhrogeyyie, very good - mokd Oepud, Enpd wal flogeyveg).

Me Baow mhv talvdprow tadtyy elg "Alfvag dmexpatnoay xatd THY pe-
hstapévny meplodov:
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— mévte mepinTdcels dppéav yetwmvev (1908 - 09, 1928 - 29, 1931 - 32,
1941 - 42, 1948 - 49) Gg xai ddo yhoxdey (1909 - 10, 1969 - 70) xai

— téoaupa B8py, (meprédwv 1901, 1906, 1913, 1933) dbg modd Yuypd, dypa
xol dvilua xalhe xal 8do Oépn (mepuédwv 1952, 1954) bg nord Beppd, Evpa
xal HAopeyyT.

Térog, 9 mlbavdng émixparroews 8" éxdorny xatyyoplay yewpdveg dg
Saupeog elvan 7%, Yuypols 21%, yvhoxéog 3%, Frlou 33%, xal xavovixal 36%,
évid B v xatryoplay Bipoug Mg modd fuxpd, dyed xul dvihe slvan 5.3% dig
duyps, Oypd xal dviko 259, mokd Ozpud, Enpd xat fhogeyvis 2.69%, O=gud,
Enpd xal fhogeyyds 28.9% xal d¢ xavovixd 38.1%,.
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