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A statistical study of the persistency of rain days
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ABSTRACT. A 60-year record of June-September precipitation data for Poona has been usel to determine

the frequency of rainspells of varions lengths.
: N o

thmie series & (@z”/r).

frequencies has been illustrated.

discussed

It has been found that the frequencies conform closely to a logari-

A method of predicting rain-days based on past rain, making use of the observed
Also, the use of the constant » of the logarithmie series in persisteney forecast is
Finally the skill score of a persistency forecast of a rain-day following a rain period of 1, 2,, .days dura.

tion has also been determined. Persistency itself may perhaps be construed as a meteorological factor and it
may be possible to improve the accuracy of rain forecasts by applying the persisteney theory in addition to the

existing synoptic technigues,

1. Introduction

Meteorologists have found that weather
sequences at any location are not entirely
unrelated to one another and that certain
types of weather sequences have a tendency
to persist. Emphasis is placed in recent
years on fthe objective methods of forecast-
ing and it is natural, therefore, to look
upon the theory of persistency of weather
as providing an objective basis. A good
deal of work on these lines has been done
since 1916 when Newnham (1916) considered
the persistence of Wet and Dry weather.
Later, in 1929 Gold advanced a method of
examining persistence of one type of weather
and subsequently Cochran (1938) extended
Gold’s investigation to the case when the
weather types have unequal probability.
The work of Gold and Cochran was based on
the distribution theory of runs applicd to
the combined data of wet and dry sequences.
Jorgensen (1949) has investigated the per-
sistency of rain and no-rain periods during
the winter at San Francisco and defines a
skill score’  for persistency forecasts,
Recently Williams (1952) has considered
the sequence of wet and dry days in rela-
tion to the logarithmic series. The pur-
pose of this paper is to present the results of
the study of 60 years data (1891-1950) of
daily rainfall at Poona during the monsoon
season from June to September on the basis
of the york ¢f Jorgensen and Williams,

2. Procedure

The daily rainfall at Poona was used to
tabulate the rainy days —a day receiving one
cent or more being considered a *rain-
day’ in this paper. From these data, the
frequency of rainspells of various lengths
was computed—

(¢) for the four months June, July,
August, September

(i1) for the season June-September and

(¢12) for the progressive periods 1891-
1900, 1891-1910...... 1891-1950.

These are given in Table1 (a), 1 (b)and 1 (c)
respectively, It may be  emphasized
that the spells discussed here represent con-
tinuity of rain days and not continuous rain
during the whole period. Further, while
assigning  spells  to  different months in
Table 1 (n), if a spell started in one month
and ended in the next month, it was as-
sumed that the spell had ° broken’ at the
end of the first month and that a different
spell had started at the beginning of next
month. In Table 1 (b) are also given the
cumulative totals of the frequencies (from
the longest to the shortest spell) from which
the proportional frequencies of rain spells
of various lengths followed by one or more
days, two or more days cte were determined.
It is seen from Table 1 (a) that the shorter
sequences are more frequent in the months
of June and September and that sequences
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TABLE 1(a)

Observed frequency of rain period of various
lengths during the four monsoon months

Length Months
of rain
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TABLE 1(b)

Observed frequency of rain periods, frequency caleu-
lated from formulae and the frequency cumulated
from the longest to the shortest

49
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of longer duration (9 and more days) are

more frequent in the rainiest months of

July and August as should be expected,

During the 240 months (June-September)
of the 60-vear record there were 3969 rain-
days out of a totalof 7320 davs giving the
probability of ‘54 for a day of rain on
chance. The probability is respectivelv
.40, .73, .63 and .40 for the months June,
July, August and September. Also the
probability* based on chance of rain on
two consecutive days is (.54)% for three
days is (.5H4)* ete, assuming that the oe-
currence of rain on any day is independent
of its occurrence on the previous day or days.

The data showed that the longer sequences
(t.e., exceeding 10 days) generally start in
middle of July and extend to middle of
August depending on their length. There
were two sequences lasting longer than a
month the first in 1896 of 33 days duration
from 20 July to 21 August and the second
in 1914 lasting 40 days from 5 July to 13
August,

3. Frequency of rain periods of various lengths
represented by a logarithmic series
Cochran (1938) has studied the problem
of runs for two weather tvpes and gave the

formula
. i

fom ® |

for determining the frequency of rain period
of various lengths expected on chance,
In this equation p represents the probability

T ¥ =
pGye- q(m -

of rain (i.e., .54), ¢ is 1-p (=.46) and

r,rm
is the frequency of runs of length » out of m.
Also m is the number of days in a season
(i.e., 122) and N the number of years of
data (i.e., 60), Frequencies calculated from
this equation are given in Table 1 (h).

TABLE 1(¢)

Observed frequency of rain period of various lengths
during the six progressive periods

Length of

Progressive periods
rain period

in davs —_— .
1801- 1861. 1801. 1801- 1881. 1891.
1900 1610 1920 1930 1940 1950
1 62 107 147 200 260 312
2 15 s 105 137 163 196
3 16 35 60 71 89 104
1 19 31 43 60 63 74
fi 5 I8 28 30 48 54
1] 3 7 13 20 31 39
7 3 8 I8 21 25 32
8 5 ) 15 ] 23 25
0 2 4 6 6 8 8
10 3 7 5 10 14 19
11 1 ] + 9 12 13
12 3 + 6 8 10 12
13 1 1 3 4 7
14 1 2 2 3 3 3
15 2 4 4 4 5
16 1 3 [} 7 0
17 1 3 4 5 6 6
18 2 2 3 3 3
19 2 3 2 2 3 +
20 1 2 2 5 6
21 1 2 4 6
22 1 1 1
23 2 3
4 1 1 1 1
25 1 1
26
a7 2 3 4
28
2 1
30
31
>31 1 2 2

* The probability of two consecutive duys of rain can be got from the total number of two consecutive rain-

days, Thus if Sy, 85,0 ... 8, are the frequencies of rainspells of 1,2, ... n days the probability of two
consecutive rain days = -‘;.‘3'171— 289t cvnnnes +(n—1)8, :jr'[i!"— 1) where 7' is the total number of days. In

the present case p = 3019/7319 - -4l

But this definition was not adopted sinec the elements entering in

this probability are not independent. Hence the probability (°54)* was used instead

€ -
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An alternative approach is based on the
assumption that weather persists, d.e., the
longer a spell of a particular type of
weather the more likely it is to last another
day. Williams (1952) applies the logarith-
mic series which is suited to describe a
series with much characteristics. Let &S,
S,, S» represent the frequency of
rain spell lasting over 1, 2, n days
respectively. If S is the total frequency
and T the total number of rainy days
then

ax’

we have setting S, =——

that 8 = Z8, = —alog, (1—=)
azx
1=

()
and T = ZrS, =

The quantity = is less than unity and we
see from these equations that

T
T+ a
giving @ and z in terms of the known
quantities S and 7. Methods of solving

these equations are given hy Williams (1947).
Yule (1944) gives

T
S=alog. (1 + F)and =

a i L

7T,
Where T; =ZX#8, the first moment
Ty =2Z1*S, the second moment of the logari-

and

thmic series.

The frequency of rain spells was calcu-
lated from the logarithmic series (@, z)
fitted to the data using the table given by
Williams (1947). These are included in
Table 1(b) along with the cumulative values.
It may be seen that the frequencies calcu-
lated from Cochran’s formula (based on
chance distribution of rain days) are far from
the observed frequencies. On the other
hand, the frequencies obtained by fitting the
logarithmic series (based on the persistency
theory of rain) compare favourably with
the observed, particularly the frequencies
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Fig. 1. Logarithmic series fitted to observed
frequency

of rain of 3 and more days duration. This
strengthens the general belief that the
phenomena of rain persists. The graph of
the logarithmic series is given in Fig. 1.

Also in order to see how the constants z
and a change in the six progressive periods
and also during the course of the monsoon,
the logarithmic series was fitted to data of
Tables 1(a) and 1 (c) and the results are given
in Table 2 (a) and 2(b) along with values of
T, 8, p, z and a, In Table 2 (b) the values
for the different decades are given in brackets,
Tt is observed that the average number of
rain-days per sequence and the constants =
and a increase® with the length of the
period considered. The constant a@ is in
fact additive whereas the constant # increases
because it theoretically depends on 778

# There was change in the raingauge site in the years 1879, 1005, 1927 and 1930, It is possible that the

increase in number of rainy days per sequence is partly due to the change in the site




52

INDIAN JOURNAL OF METEORO

(the average number of rain-davs) and
given by

S
solving equations (1) and (2).

4. The percentage frequency of rain periods followed

by the same type of weather

The logarithmic series possesses as shown
above theoretical properties of persistency
But for our work we need
definition and it 15 as follows ;
the percentage frequency in excess of chanes
that a period of R days of a particular type
of weather is followed by M or more sucees-
the same weather beginnine

a (quanvirative

Per<istenev is

stve days of
L days later.

LOGY AND GEOPHYSICS [Vol. 5 No. 1

agiven in
of tunes a

the accumulated values
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period of
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l'-lél: i‘-'\'”l!\\r'li by F:I‘Mw}.lin- il j)l_‘
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turation.

duration, 442 cases or 47 per cent were of at
least B-davs duration ete, Similarly of the
= cases lasting 2 davs or more 412 or 69

per cent lasted at least 3 davs. ete,  Corres-

pondinig percentage frequencies obtained 1n
en in Table 3 upto R-

Further frequencies being small
considered,  The In-l‘l't'lllal}_;l' fre-
probability} of rain period
comtiuing for 1, 2,, ..., ... days ona chance

basis are also viven in the tahle.

this ma 25

and M

Woere

HNOT e apy
o~

1ot
quencies (7,0,

TABLE 2(a)

Value of 7', S, ps, 2 and @ for the

4 months June to September

Months Number ol Number of Average per
rainy days SCQUENCes Kequenee
(7) (8) n d a
June 726 253 2487 103 841 137.7
July 1356 240 R I +720 <041 847
Adimast 1166 264 142 627 016 106-4
September 21 Bt 242 Hi] 817 162-0
TABLE 2(b)
Value of 7', &, p, » and @ for the six progressive periods
Number of Number of  Averge nom. Probability
I'ropgressive rainy days sequences  ber ol rainy of a day of
|>£‘l“i<ul tays per rain
"l‘(ilh I«
(7) (S) () a (¢}
1801- 1900 653 178 3-67 =535 -800 808
1891-1910 I254(G01)  330(152) 380(3-03)  -514(-493) “BUG(-062)  146:0(65+5)
1891-1920 1918(6G64) 4TH(149) 4-00(4-46)  -H24(-544) <003(-017)  204-8(59-7)

1861-1930 2H07(679)  G37(158)

1591-1940 A288(6O1)  T95(158)

1891-1950 SNGU(6ST)  0a0(155)

4-08(4-3 “BB2(-607)  -0G(-914)  269-8(G4-

YRS FTEES. $BRO(-566)  -008(-015)  333-3(64-0)

BABCE-30) -542(-558)  000(-916) 305-8(62-6)

(Values for the different decade

= are given in brackets)
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Table 3 shows that the probability that
the phenomena of rain at Poona will recur is
greater than would be expected on chance.
For instance, if what has taken place the day
before be ignored, the probability of rain
which is -54 rises abruptly to -67 if we know
it has rained. The probability continues
to rise gradually till 9 successive days of rain
but behaves somewhat irregularly afterwards.
The probability of a rain porm(l continuing
for at least one more day is high following a
rain period of 9, 14, 18 ‘and 22 days duration
with a value of 90-94 per cent as compared to
54 per cent expected on chance. A closer
examination of Table 3 shows that the proba-
bility of rain in general has four maxima
corresponding to R=9, 13-14, 17-18 and 22.

5. Forecasting of rainy days based on persistency

Persistency 2& defined above measures the
tendency for weather to continue in excess of
chance and thus quantitatively is equal to the
prnlm.hllrfv of continuance obtained from the
data minus the random probability. This
difference can be worked out for verious
values of R and M from Table 3. Fig. 2

represents graphically the persistency ca lcula-
ted for various values of R with M= L=1.

From the figure it may be seen that per-
sistency has maxima following a rain period
of 9, 14, 18 and 22 with a value of 36-40 per
cent. Practical interpretation of this result
is that if ‘today’ is the 9th day of a ra‘n period
the total probability that it will rain ‘to-
morrow’ is 93 which on subtraction of 54 per
cent random probability for arain-day, gives
39 per cent for the value of persistency.
Similer results for other values of M can be
derived directly from Table 3 using the per-
centages given in the r'ght hand margin. In
practice it would be necessary to forecast
rain for the second or third day after it has
rained on & perticular day and we have no
knowledge of rain on intervening days. We
have thento take L=2, 3 ete. Froma further
examination of records the persistency curve
M=1, L=2 in Fig. 3, was drawn. This
curve does not show any prominent peaks like
the curve M=1, L=1. Tt rises upto R=8
and is steady afterwards at a value 26-27.
Interpretation of this is that if ‘ today * is the
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8th day of a rain period at Poona, the proba-
bility that it will rain ‘the day after tomorrow’
without any knowledge of what might happen
‘ tomorrow ’. is 81 per cent as obtained from
the data. Reducing this figure by 54 per
cent which is the probability of rain due to
chance we get 27 per cent for the persistency.

6. Skill score of a persistency forecast

A measure of success of a forecast is funda-
mental to any technique of objective fore-
casting. Such a measure is called a SKILL
SCORE and is given by

C—E

L

C=the number of correct forecasts

E-=the number of forecasts likely to be
correct due to chance
=the total number of forecasts.

Obviously such a measure takes into account
the residual skill of a forecaster and does not
give him credit for the number of forecasts
which would he correct with a purely random
distribution of them throughout the season.
Based on this measure a persistency forecast
will have a worthwhile score. Also € for
such forecasts is given by the percentage
frequency in Fig. 2 for a situation considered
and £ by the percentages on chance given
in the rlﬂ]lt hand margin of the figure, Thus
C — I would be the actual persistency when
N is taken to be 100. Considering the most

common forecast, viz., M=1, we have

where

Pn-rvstenn P expl‘essed as percentage

1 Probebility (-5%) of a rany

]
= 6% or 2-17P
These values of A are given in the right hand
scale of Fig. 2 and it may be seen that for
M=1, the sklll()f pvrslste-mv rain forecasts ’
varies from -22 to -87 depending on R the
length of the prm‘mling rain period.

7. The use of the logarithmic series in the evaluation
of persistency

In the practical application of the persis-
tency theory to forecasting day to day rain-
fall, it may be worthwhile to calculate instead
of the observed percentage frequency®(given
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> with rain at least 5 cents and at least 10 cents

TABLE 3

Percentage frequency of occurrence of a rain period of M or more days
following a rain period of R days

R—TLength of the preceding rain period in days

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 93 24 95
=
=
w 8 12 17 20 22 23 20 30 33 83 30 32 32 31 94 o <1%
g (12) (17) (19) (22) (23) (24) (25) (26) (27) (27) (27) (27) (27) (27) (26)
£ 7 15 18 24 26 28 29 32 36 41 36 35 38 40 35 5 96 1%
3 (15) (20) (23) (23) (27) (20) (30) (31) (31) (32 (32) (32) (32) (32 (31) (31)
S 6 18 22 26 32 33 35 30 39 46 44 44 43 47 45 47 28 32 3%
(18) (24) (27) (30) (32) (34) (33) (3B) (37) (37) (38)  (38) (38) (31%) (37) (37) (36) =
F 6 22 27 32 30 40 41 43 44 48 49 54 51 52 53 4% 40 34 47 5% &
= (L’:.’)l‘.".l){:l:n(:i(i_‘n::ks}un){-JI)(I:ul:m-II) () () () (45) (14) (44) (43) (42) =
= 4 28 WL O30 41 43 50 51 53 54 52 60 63 61 5% a6 53 A0 41 41 36 42 54 90, =
Y (27) (35) (40) (43) (45) (47) (49) (50) (31) (51) (52) (52) (52) (52) (52) (52) (51) (51) (50) (49) (47) (45) =
'_5 36 41 48 51 53 54 62 63 05 BSE 63 T0 76 6O 62 G2 65 HY 45 48 47 62 58 169, §
& (34) (44) (49) (52) (53) (56) (38) (59) (60) (B1) (61} (61) (62) (623 (B1) (61) (61) (61) (6) (59) (58) (58) (54) g
:- 2 47 53 60 62 65 66 6T T6 76 T0 0TI T4 84 x5 7 68 76 78 66 52 63 GO 67 78 299%,
= (43) (55) (60) (64) (66) (68) (68) (T0) (T1) (71) (72) (72) (72) (72) (T8) (72) (72) 72) (71) (71) {(70) (69) (67) (66)
% 1 61 60 77 78 80 81 Sl 82 63 82 85 SL S0 01 90 Bl 84 91 86 76 68 92 75 89 88 %
_l (62) (72) (76) (70) (81) (82) (83) (81) (84) (84) (85) (83) (85) (83) (85) (B5) (85) (85) (84) (84) (84) (83) (K2) (82) (80)

Bracketted figures correspond to logarithmic series
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in Table 3), percentages based on the loga-
rithmic series fitted to the observed frequen-
cies. The theoretical percentages are deter-
mined by the value of z and can be directly
obtained from the cumulative totels of loga-
rithmic frequencies given in Table 1 (b). The
theoretical percentage frequencies thus cal-
culated correspond to x=-909and are given
within brackets in Table 3. It is seen from
Table 3 that the theoretical persistency rises
to a value of 31 (i.e. 85-54) after 11 days of
rain and continues till the 18th day and later
begins to decline gradually. The continuous
line in Fig. 2 gives the persistency and skill
score based on theoretical frequencies for
M=L=1. The skill score attains a value of
+67 on the 11th day of rain.

Thus, while the observed persistency rises
gradually upto R=8 and exhibits four
maxima later on, the logarithmic (i.e.,
theoretical) persistency shows a rise upto
R=11, steadiness upto R=18 and declines
iater.

In this connection it was studied how far
the definition of rain-day adopted in this
paper accounts for the difference between
these curves. Criterion of 5 and 10 cents
for a rain-day was considered. The persistency
curves corresponding to the data and
the logarithmic series are shown in Fig. 3.
The b cents curve has peaks at 4, 7 and 9 but
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not the 10 cents curve, but both the curves
deviate from the smooth logarithmic curves
like the 1 cent curve. The significance of
the logarithm'c frequencies lies in the fact
that = is fairly constant over the 60 ycars
having increased only by -02 from -89, its
velue for the 1st decade 1891-1900. The
constant z may aptly beécalled an ‘Index of
Persistency’ since the percentage frequencies
based on z increase with z as illustrated
below—

P21

g P 31
050 28 36 4()
0-M 62 72 76

(where pp is the probabilitiy of a day of
rain after B days of rain). From Table 2(a)
it is seen that the variation in z values is
much less compared to the variation in the
probably p. Based on z it is possible to
prepare charts like Fig. 2 to indicate the per-
sistency during the different months. But,
it appears that for Poona the value of z can
be taken to be =909, the season’s value itself,
As mentioned previously the constant =
depends on T/S and hence should be the
same for stations having the same number of
rain-days per sequence.
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