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Abstract: The sequences of rain and drought, during the period 1930 - 1972 are being
examined on the basis of rainfall data of the MS/AUT and the distribution of same
per month, season and year, is concluded.

Mainly the «Polyay method is applied through which the probability of appearance
of a sequence is given as well as the expected number of its repetition during g definite
period of time.

INrrODUCTION.

The distribution of sequences of rain and drought in Thessaloniki
are examined during the period 1930 - 1972 on the basis of the rainfall
observations of the Meteorological Station of the Aristot. University
of Thessaloniki (MS/AUT): Annuaire de I'lnstitut Météorologique de
Thessaloniki 5.

The gaps in the above observations created by the war and occu-
pation periods, were covered by the respective data of the meteorolo-
gical station of the german war navy (MS/GWN) which operated during
the above periods (Livapas and ARSENI - PAPADIMITRIOU #).

In order to find the probability of appearance of a sequence of
rain or drought as well as the expected number of repetition during
a definite period of time, we applied Polya’s method (GrisoLLET - GUIL-
MET - ARLERY ®, Apr Faran?).

The sequences of rain or drought in the greek area were dealt
with by MartoLorouros - Karariperis % those sclentists, however,
only mentioned statistical data whereas — due to the lack of adequate
data — they did not include Thessaloniki in the relevant tables.

I. DEFINITIONS.

As @equence of rainy is characterized a group ot n (n = 1) succes-
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sive rainy davs. More specifically, as «equence of rain of grade h; —
hijy, mmy is characterized a group of n {n = 1) successive days du-
ring which rainfall was recorded h mm (h; = h = h;y)). Generalizing the
term, we characterise as a wequence of droughty a group of n{n =1)
successive rainless days. .

In order to classify a sequence per month, season or year, we ap-
plied the following:

— A sequence, all days of which belong to the same month (n = 31)
obviously, belongs to this month.

-— A sequence part of the days of which belong to one month, and the
remaining days to the next month (n = 62}

{a) Isclassified in the month to which belong more than half of its
days.

{b) Is classified in the second month under consideration, when
exactly haif of its days belongs to the first and the other half
to the second month (n ==even).

— A sequence the days of which belong to three sucecessive months
{n = 30y, is always classified under the second of the months under
consideration.

— The above apply also in the case where the dates of the sequences
are located in the boundaries of two successive seasons or two suc-
cessive years,

IT. DISTRIBUTION OF SEQUENCES PER MONTH,

The sequences of rain and drought isolated according to the above,
are shown (per grade and number of days}, for each month, in Table I.

From the above table, which covers the whole period under exa-
mination, 1t is ascertained that the longest rainless period, was record-
ed during the period from September 1st to October Gth, 1942, In total,
during the whole period under consideration, only 9 sequences of drought
exceeded, as regards duration, 29 days (in other words, thev presented
a duration equal or bigger than the average month):

Serial No Month Period Duration Beason
1 Aupust 10/ 8-146/ 9/1930 38 days Summer
2 October 16/ 9-16/10/1932 31 Autumn
3 May 15/ 5-13/ 6/1935 30 » Spring
4 Oclober 15/ 9-21/10/1935 34 » Autumn
5 Seplember 12/ 9-12/10/1940 3 Aufumn
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6 July 9/ 7- 8/ 8/1%41 3w Summer
7 September t/ 9- 9/10/1942 39 Autumn (Max.)
8 July 14/ 7-17/ 8/19586 s Summer
9 October 7/10 - 5/14/1965 30 » Autumn

From the same Table I, it is ascertained as regards sequences of
rain per grade, that the duration of none exceeded 11 days.

As we reach the sequences of higher prade, a decrease in number
of appearances and duration is recorded. Thus, only 12 sequences of
rain of grade h > 50,0 mm, were recorded during the whele period
under consideration; the duration ol all sequences did not ezceed 1 day.

ITI. S8EQUENCES OF RAIN.

It we do not take into consideration the grade h of rain of the sequen-
ces, the duration and number of the sequences of rain are altered in
comparison with sequences of rain of grade mentioned in Table L

The frequency of appearance of the sequences of rain per duration,
is shown in Table I1.

From the data included in the above table, the curves in Graph [
were drawn, in which the {requencies per duration (number of days) of
appearance of the sequences of rain are shown by a full line {irrespe-
ctive ol grade) and the total numhber of days (per duration and sequ-
ence) by a dotted line.

Recapitulating, on a total of 15.706 days (period under conside-
ration: 1930-1972), 5.673 days of rain (daily rainfall: 2 0,0 mm) were
recorded, distributed in 2.432 sequences of rain. During the same period
were recorded respectively: 10.033 rainless days distributed in 2.433
sequences ol drought. We may say from the above that the probabi-
lity of precipitating = 0,0 mm on a given day ol the vear is: p=0,36.

IV. PoLyA' € DISTRIBUTION

Polya’ s distribution (GRI1SOLLET-GUILMET-ARLERY ?, ARl Faran?®),
brings a modilication fo the well known Bernoulli’ s distribution (in
the classical example of the Urn). This presupposes Lhe replacement
(after 1he extraction of a pellel and before extraction of a second) not
only of the pellet extracied but in addilion of a certain number: p of
pellets (of the same colour as the one extracted), so that after each
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TABLE I
Sequences of drought and rain per grade and per month (MS/AUT : 1930 - 1972)
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TABLE I1

Frequency of sequences per duration end toial number of rainy days

(MS/AUT : 1930 - 1972)

Duration of sequence Frequency A Totul number %%
i days (n) of sequences (\S) of rainy days (nx§)

1 1063 43,71 1063 18,74

2 594 24,42 1188 20,54

3 319 13,12 957 16,87

4 202 8,31 808 14,24

5 160 4,11 500 5,81

6 60 2,47 360 6,35

7 42 1,73 294 518

8 18 0,74 1 ek 2,54

4 11 0,45 99 1,75

10 1 0,45 88 155

11 9 0,08 29 0,39

12 — — — —

13 5 0,21 65 115

14 1 0,04 14 6,25

15 — — — —

16 2 0,08 52 0,56

17 — -— — —

18 1 0,04 18 0,32

19 — — -— —

20 — - — —

91 1 0,04 21 0,37

Total 2432 100,00 5673 106,01
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6 RAPH I

Frequency curves of sequences of rain
and days of rain(°/ MS/AUT 1930-72)
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extraction p-+1 pellets he replaced in the Urn, of the same colour ag
the one extracted. In the case: p=0, we find again the classical Pois-
son’ & distribution (Conrad and Pollak 2).

Thus, in Polya’ s method there is now a dependence between two
successive extractions.

This distribution proves to be satisfactory in order to find the
probability of appearance of a sequence of rain or drought of a certain
duration as well as the expected number of its appearance in a period
of time.

It is well known that in Poisson’ s distribution, the probability
Px, of x appearances of an event in a series of n observations, for: x==0,
1,2, .1, ... .18

e’ M. m e™m i

Po=eM, P, = yeoa, Pg= T (1)

where : T is the mean.
In Polya’ s method the probabilitieg (1) become:

The above probabilities (2) are simplified (after finding the Pq
and on the basis of it), as follows:

! T T e L E)

Po= TR

m
_I_n_ s Pl = Po ’*1‘*—; d
(L} d

where: m is the mean and the parameter : d {dependence parameter)
shows the degree of dependence of an event from the next.
«d» is calculated from the given data through the relation:

d= —1 (4)

m

where ¢® 1s the dislribution’s variance.
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V. APPLICATION OF POLYA 8 METHOD ON THE SEQUENCES OF RAIN
oF THE PERIOD 1930-1972

I'rom Table I which gives the sequences of rain of the peried 1930-
1972, we have the following:

During a period of 43 vears (15.706 days) were recorded: 5.673 days
of rain distributed into 2.432 sequences of rain. From all the above
sequences we deduct the first day of each sequence (1. e. {rom the 5.673
rainy days of the period, 2.432 days are deducted) and we find the re-
maining 3.241 davs, in other words, the total of the subsequent (minus
the first) successive days of ail the sequences.

The mean (per sequence) of the remaining days s

— 3241
M=o = 1,3326 days (5)
The other parameters of this distribution are:
— Variance:
o xnj éf

Gt = T

— m?= 3571 , (6)

where: nj==the tolal number of all the sequences of the same duration:
Sj==x; — 1==the duration of the sequence (in days) reduced (on the ha-
sis of those previously mentioned) by one day, N = the total of the se-
quences recorded and : m = the mean previously mentioned.

— Dependence parameter:

d =" 1=1680 (7
m
On the basis of lhe above parameters, the probability of appearance
of a sequence of rain of a duration of 1 day, is: Po:_i—w-:o,416,
m
(14d) &
Le. a figure slightly differing from the one infered by the finding of the
simple probability:
n 1083 ,an /  sequences of 1 day
b= 2432 0,437 <_ number of sequences) (8)
By applying the previous relations, we [ind the probability of ap-
pearance of a sequence of a certain duration as well as the expecled
nwinber of s repetition (of its appearance) during the period under
consideration. The above results are included in the following
Table 1L
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TABLE LIT

Sequences of rain (MS/ACT : 1930 - 1972) — Polya’s distribution

Observed Caleulated by Polya’s method
sequenees of rain
Number Number of Expected

Number of days of Propability number
of days sequences sequences ng 51 ngx S Py Pyix N
1 1063 1063 1063 v 0 0,461600 1117,50

2 594 1188 594 1 594 0,226800 551,58

3 319 957 319 2 1276 0,127230 309,35

& 202 808 202 3 1818 0,074300 180,70

3 100 500 130 4 1600 0,064200 107,49

6 60 360 60 5 1500 0,026590 64,67

7 42 294 42 6 1512 ¢,016100 39,16

8 18 144 18 7 882 0,009800 23,83

9 11 99 11 8 704 0,006000 14,59

10 11 88 11 9 891 0,003700 9,00
11 2 22 2 10 200 0,002300 3,59
12 — — — 1 0 0,001420 2,45
13 5 65 5 12 720 0,000820 1,99
14 1 14 1 13 169 0,000510 1,24
15 — — -— 14 G 0,000320 0,78
L6 2 32 2 15 450 0,000200 0,49
17 — — — 16 0 0,000120 4,29
18 1 18 1 17 289 0,000070 0,17
19 — -— — 18 ¢ 0,000043 0,41
20 — — — 19 0 0,600027 0,07
21 1 21 1 20 400 0,000018 0,04
Total 2432 3673 2432 13005 2432,09
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YI. SEQUENGES OF RAIN AND DROUGHT DURING THE VARIOUS SEASONS

Finally, in Table IV we gathered the frequence of appearance of
sequences of rain and drought during the various seasons of the year.

It 13 clarified that:

From the tetal numbers of the sequences of each season, for the
rainless periods and the rainy ones, a great difference is ascertained,
for all seasons, between the total of the sequences of drought and those
of rain. Normally, these {wo figures should be equal or be different
by a unit. The large dilferences are due to the rules we followed (Par.
1}, for the classilicalion of a sequence under a month or a season, Tt
is possible, in other words, that a sequence, due to ils chronological
extenl, to belong to a month, covering, however, also quite a number
of days of another month.

During all seasons of the year, the sequences ol rain of a duration
of 1 day, are much greater than the respective sequences of drought.

CORCLUSIONS

From all the above mentioned we draw ihe [ollowing conclusions:

~—During all the months of the vear, (as an average of the period

1930-72), sequences of rain of a duration of 1 and 2 days, are more
numerous than the respective sequences of drought.

In case of sequences of a duration of 3 days, with the exception
of the months of March and December, all the remaining months re-
cord (ag an average of the period), sequences of rain inferior or equal
(Qctober) Lo the respective sequences of drought.

In case of sequences of a duration greater than 3 days, all months,
(as an average of the period), record sequences ol rain inferior to the
respective gequences of drought.

—During the whole period under consideration only 9 zequences of
drought exceeded in duration the 29 days (= 30 days), with a greater
frequence ol their appearance during autumn (5 times); during this
season & sequence of dronght (39 days) of the maximum duration was
recorded: 1/9 - 9/10/1942.

—From the total sequences of rain recorded during the period under
consideration, those of a duration of 1, 2 and 3 days, cover the 81,25 %
of the total, whereas the number of days of the total of sequences of
rain of a duration of 1, 2 and 3 days, covers Lhe 56, 55 9%, of the total
number of rain-days of the period under consideration.
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Sequences of {4 ) drought and (B) rain per season {M5/A Ur . 1936 - 1972)

392

Number Winter Spring Summer Autumn Number Winter Spring  Swnmer  Autumn
of days A B A B A B A B of days 4 B A B A 8 A B
1 221 224 227 275 151 301 146 254 21 1 — 2 — 2 — 2 1
2 133 156 141 186 g1 118 108 1306 22— = = — & — 1 —
3 71 85 82 95 60 56 66 80 23 — _ = — z2 — 2 —
4 57 64 51 63 53 28 54 4 24 2 - — - 1 — - —
5 35 39 42 23 41 14 &7 20 25— - = — 2 — 2 —
6 45 24 25 17 31 13 28 11 26 - = = — 2 — 1 —
7 24 12 18 17 23 a 13 8 227 - - = — 2 — = -
8 17 6 13 4 25 — 24 5 28 - - = - — — — —
9 10 3 10 4 22 1 12 4 28— = = = e
10 6 5 8 P 13 — 15 2 0 — — I - = — 1 —
11 3 4 12 — 9 — 12 — 31 _ = = — 1 — 2 —
12 8 — 10 — 5 — 7 1 2 - —_ = = = = = —
13 2 1 6 — 5 1 3 — 33— — — - — — = —-
14 3 1 3 — 6 1 & — 88 - - - — — — 1 —
15 1 — —= — 7 1 4 — 3% - — — — 1 - — —
16 — 2 1 — 5 — 3 — % - = - - @ — — — —
17 ' — R  R— 47 e e
18 2 G P — 1 — 38 — — — = 1 - = =
19 5 - = — 3 - = — 39 — 99— - — — — 1 —
20 R 9 50— -

Total 646 644 655 686 570 537 562 566
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—The sequence of rain of the maximum duration (21 days) was re-
corded during aatumn.

—Refering to the sequences of rain and drought per season and per
duration recorded (see Table TV), we ascertain that in the case of se-
quences of a duration of 1 and 2 days, those of drought are less nume-
rous than the respective sequences of rain, whereas in the case of se-
quences of a duration = 6 days, the sequences of drought are more nu-
merous than the respective sequences of rain (during all seasons).

—The application of the Polya’s method gave remarkable results:
through this method, the probability of appearance of a sequence of
a certain duraction, during a definite time period as well as the expect-
ed number of its repetition during the time period in question, are
given with satisfactory accuracy.
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MEPIAHYIZL
ENEIZOAIA BPOXHE KAI ANOMBPIAY EN @EXXAAONIKH

Tro
BAAAIMHPOT E. ATTOTPIAAKH
{(* Eoyasthotor Merswpodoyiag xai Klwaroloyias)

Mexetévtar o émeistdia Peoyfic nal ovoufplug xate v mepiodov
1930 - 1972, Bdos tév Pooyopetpudy ototysiov tob ML/ATIO, wal suve-
yeTol ¥ xetavopd odtdv wete phve, fnoyiyv kel Etoc.

Kupteag Zpappéleton # péadoc Polya, Suk the dmolug Siderar 9 mela-
vbrng Eugpaviczeg Evde dmaigodlon g xad & dvapevbuevor deBpbe Emavadd)-

[ > r~ e> LA Loy \ A and 8
vewe altol, xal’ wpiopévny ypovixry neglodov,
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