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551,597, 3 519

Meteorological Oﬁice,Pune
~ (Received 29 December 197

ABSTRACT. Probability concept has been adopted to demonstrate the importance of dry and
- wet spells for planning weather sensitive- agricﬁltural operations. - Daily rainfall data fmm;l Jure to
.31 October for the period 1936 to 1969 for six stations in Bihar have been analysed. Each month
has been divided into three, 10 or 11 day periods as the case may be. Basic and transitional pro
bilities of a dry or wet day, depending upon the state of weather on the previous day(s) have been

determined and discussed. g

L Infoducon |
. The pre-sowing preparation of fields, trans-

‘:'p'lan'ting nursery palms, application of fertilizers,

etc are a few of weather senstive operations
- which require specific rainfall conditions for
their most successful and economic completion.

hort range weather forecasting has not yet

eached a stage of practical possibility, and so,

ecourse has to bé taken for minimising the risk
of the weather hazard by making use of climato-
logical analysis of past weather data. The meth-
~od of presenting climatological information for

nnual or short periods, such as, months is in
he form of arithmetic means, which though
ay sometimes give misleading results. -

ice of a given amount of rain is

certainty, the probabilit

do have distinct adva’ﬁtages" over the study of

arithmetic means. : e
In this papers Markov .
cen adopted to estimate
nd wet spells. - ‘ o
Pas s e

s for a few s
/, Chowdh

~ Gaya, Purnea, M

ain technique has :
‘probabilty of dry

Gabriel and Neumann (1962) showed tha
Markov chain model could be used to describ
precipitation patterns. Gaskey (1963). |

out the seasonal variation in transition:
bilities. Feyerherm and Bark (1965) jus
the use of a second order Markov chain r

in dry spell analysis. and found no su
cevidence for the use of third or higher o;
preference to a second order chain, R
(1976) used Markov chain for estimatin “
bilities at Ule Jempol (Malaysia) and d

trated its practical application.

3. Data uvsed ,

In this study, six stations in Bihar
Jurnea, Motihari, Darbhanga,’
pur and Chapra) for which continuous da
available have been chosen. Daily rainfall
from 1 June to 31 October from 1936 to

A number of studies on wet and dry spells  * Definitions

‘have been conducted in India during past few
rs. Rainfall days at Delhi have been studied
Sarma 1952. Gupta (1966) studied these

A day is defined as wet (dry) if the

on that day is greater than or equ

‘than) 2.5 mm. A wet: (or

ence of consecutive wet (dr
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Fig. 1. (a-f). The initial probability of wet/dry and the conditional probabilities of these days determined by

the state of preceding day

have similar meaning. P(W/D) is the probabi-
lity of a wet day given that previous day was
dry. P(W/W), P(D/W) and P(D/D) are the
transitional probabilities and have similar defi-
nitions.

From the above it follows that :

P(W) = F(W)| F(W)+F(D) 1)
P(D) = 1—P(W) V 2)
P(D/D) = F(D/D)/F(D|D)+F(W|D)  (3)
P(W|D) = 1—P(D|D) O]

P(W|W) = F(W|W)|F(W|W)+F (D/W) (5)
P(D|W) = 1—P(W|W) ©

5. Discussion and interpretation

Initial and transitional probabilities have been
computed and illustrated in Figs. 1 (a-f) and
are discussed below :

5.1. Number of wet and dry days

For all stations the probabilities of dry days
P(D) is greater than that of wet day P(w)
for all periods. In nearly all cases, P(D) exceeds
55 per cent. It is more than 90 per cent in the
later half of October, perhaps as result of mon-
soon withdrawal. Probability of wet days is, com-
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Transitional probabilities of weather on (** day from those of two preceding days .

. TABLEl

~ WET AND DRY: SPELLS IN BIHAR

: Period

- p P p P P P P P
(DWD) (WWD) (DWW) (DDD) (WWW) (DDW) (WDD) (WDW)
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TABLE 1—Contd.

Period P P P P P P P P ‘
(DWD) (WWD) (DWW) (DDD) (WWW) (DDW) (WDD)(WDW)
(d) Chapra *
1-10 Jun 6 1 2 73 0 9 7 1
11-20 Jun 5 4 5 63 4 9 9 1 3
21-30 Jun 7 6 6 53 4 11 11 2 .
1-10 Jul 7 7 8 43 8 12 11 3 "
1120 Jul 8 9 9 33 11 12 12 4 i
21-31 Jul 9 7 7 4 5 12 12 3 ~‘
1-10 Aug 7 9 9 36 10 12 12 4
1120 Aug 7 8 9 40 9 1 12 3 <
21-31 Aug 8 7 8 4 7 13 12 4
1-10 Sep 8 7 7 43 7 12 12 3 v
11-20 Sep 7 8 7 4 8 11 12 3 i
21-30 Sep 7 5 5 58 4 9 10 2 J
1-10 Oct 4 3 3 74 2 7 6 1
11-20 Oct 2 1 0 91 0 2 3 0 g
21-31 Oct 1 1 1 93 0 2 2 0 |
(e) Gaya f
1-10 Jun 4 1 1 84 0 4 4 0 .
11-20 Jun 5 3 3 72 1 8 7 1
21-30 Jun 7 6 7 49 5 13 11 3
1-10 Jul 9 9 8 35 8 13 13 5 i
11-20 Jul 6 9 9 37 13 11 11 3 .
21-31 Jul 6 7 9 38 11 13 11 4 {
1-10 Aug 9 10 10 25 13 13 13 7
11-20 Aug 11 11 10 24 11 12 14 7 !
21-31 Aug 8 7 8 40 8 13 12 4 {
1-10 Sep 11 7 7 39 4 14 13 5
1120 Sep 9 7 7 45 5 12 12 3
21-30 Sep 7 4 4 63 3 9 9 1 {
1-10 Oct 4 3 3 72 2 7 7 1
11-20 Oct 2 1 1 90 0 3 3 0 .
21-31 Oct 0 0 0 98 0 1 0 0 f
(f) Muzaffarpur E
1-10 Jun 7 1 2 71 0 9 8 1 |
11-20 Jun 7 3 4 62' 1 11 9 2 |
21-30 Jun 8 6 7 48 5 12 1 3 g
1-10 Jul 7 7 7 45 7 12 1 3 {
11-20 Jul 6 9 7 43 11 19 11 3 |
21-31 Jul 9 7 7 43 5 13 12 4 G
1-10 Aug 9 8 8 35 7 13 13 5 r 4
1120 Aug 9 7 7 42 5 13 13 4 %
2131 Aug 8 7 7 43 7 12 12 3 L
1-10 Sep 8 6 7 46 5 13 11 3
11-20 Sep 10 6 6 44 4 13 13 4
21-30 Sep 6 4 5 61 3 10 9 1
1-10 Oct 4 4 3 73 3 6 7 1 i
11-20 Oct 3 1 1 87 0 4 4 0 |
21-31 Oct 2 1 1 90 0 3 3 0 (




,paratwely less The number of dry or wet days
is. obtained by multiplying the probability by,
10 for all

',largest ber of wet days expected would be

o Gaya respectlvely}’ 3. 7 betweell 21"'31 July at

k’ - D'\rbhml ;
Motih 4.6 between 21-31 July at. Purnea
and 3 8 between 11—20 July at Chapra o

S. 2 Large wet/dry spelts

. Inany penod the larger the values of transi-
tional probabilities P(W/W) and P(D/D),
the greater will be the probability of a long
_continuous wet or dry spell. These probabilities

the monseon act1v1ty is at its peak

; cxpenenced during 11-20 July. Occasions of a

 Purnea, 6.1 at Gaya, 5.9 at Muzaffarpur, 5.7
. at Monhan 5.5 at Chapta and 5. 2 at  Dar-
,bhanga :

~ Monsoon withdraws from Bihar around
second week of October. Consequently, largest
when out of 11 days at least on 10 occasions if

well on the sut:ceedmg day. In terms of fre-
‘quencies these are 11.0 at Gaya, 10.9 at Purnea,

~~'~pur and 10.5 at Darbhanga. ’
' 5 3. Perszstence in ramfall occurrence

‘To

nd out pemlstence in ramfa]l occur:

klg(W)..l =1'0) is determined.
- The’ theoreucal prcbabﬂlty of
';P(W/W) —PWi X PW)
. sixHn-

is ‘thens compared with observed P(W/W).
% cal probability is less than observed pro-
babil

day tgemg wet i.e., [P(W)-1=1-0], the proba-
’ that the fo owmg day will be wet is
‘ I expected if the two
there is some perststence

WET AND DRY SPELLS IN BIHAR

 periods except 21-31 of July, August therefore appears that strong persiste

tober, when it is multiplied by 11. The ,
3.4 and 4.6 in 1-10 August at Muzaffarpur and
and 3.5 between 21-31 July at
~ with P(D) would enable to determine pe
~ in dry days. Form Fig. 1 it is seen that thes

 is slightly greater than the latter in mo
_cases. As such, it can be said that the pe

o present in the occurrence of dry spell |
weak. ; F

. have also been shown in Fig. 1(a-f). As expected,
largest spells of wet days should occur either in

July or in early August because during ﬂns period 6. The second order Markov chain

Largest wet spells at all the statxons are
 wet day preceded by a wet day are 6.3 at

. tth day is wet, (#-1)th day is also wet
(t-2)th day is dry. For sake of br

~ dry spells should be expected during this |
month  particularly between 21-31 October,‘

a day is dry on the previous day, it is dry as  computed from the basic probability.

o C - - ;
10.8 at Chapra and Motihari, 10”7 at Muzaffar- P (WWD) P (D) % p (W/D) %P (W/‘f ,,

can be s1m11arly

;'rence, probability of two consecutive wet days,
‘ ;"P'(‘W/W), startmg with a ramy day (l e,

' month The probability of two wet d

P(W) O
The theorehcal value of P(W/W) or P(W) o

it can be ‘deduced that given previous °
70 per_cent, Purnea being exception

: ’penod there is a gradual fall in the prob:
,At Darbhanga the lowast value of abou 30

: From F1g 1 it is ev1dent that observed '
bility is much larger than the theo:

fall do emst during southwest monsoon L

54 Perszstence in dry da:ys -

By the same analogy a compansqn ~de P(D,

probabllmes are nearly equal although the

Thus during monsoon season, the weather can
at times be persistently dry, it appears that severe'
drought is highly improbable over Bihar.

61 Effect of weather of precedmg iwa
on the state of the day

Let WitwD represent an occasion when

is denoted as WWD. Similar definitic
good for WWW, WDW DWD I)W
and wDD. :

The probabmty of tth day bemg w
the condition that (#-1)th day is also w
(¢-2)th day is dry, ie., P(WWD)

"‘d

the transrtlonal probabxhtles P( W/ W)
P(W/Dy and i is glven by ~

The ather probablhtles hke P(WDW),
obtained. These pr
have been glven m Table I and dlscus

The probablhty of wet day in betw
dry days, i.e., P(DWD) rarely exceeds
cent. Low values generally occur duri

ing a dry day, i.e, P(WWD) are, |
less than P(DWD) -The values are prac
less than 5 per cent in the beginning of the
soon as well as in the October month. Only at
Purnea and Gaya, probability does attam',large:
values in the range of 10-11 per cent

‘The probabl.hty of three consecutlve dry days ‘
ie., P(DDD) assumes high values for all stati
in the beginning of June itself when it e:

value is about 60 per cent. In the su
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cent is observed during 1-20 August. The lowest
value of about 35 per cent is observed during
1-20 August at Motihari and during 1-10 August
at Muzaffarpur while at Chapra the value of
this magnitude is attained during 11-20 July.
Values less than 30 per cent are observed only
at Purnea (11 July to 20 August) and at Gaya
(1-20 August), the lowest being 22 per cent
during 11-20 July at Purnea and 24 per cent
during 11-20 August at Gaya. The probability
of P(DDD) subsequently increases rapidly and
assumes greater than 75 per cent from 1i Octo-
ber for all stations, the values being 90 per cent
or more during 21-31 October.

The probability of three consecutive wet days
P(WWW) is zero as shown below :

Period Stations
1-10 Jun Darbhanga
21-31 Oct Purnea

1-10 Jun & 21-31 Oct Motihari

1-10 Jun & 11-31 Oct  Chapra, Gaya &
Muzaffarpur

The highest probability of 10-11 per cent is
seen at Motihari, Muzaffarpur and Darbhanga
during 11-20 July while at Chapra, this is
reached during two periods, viz., 11-20 July and
1-10 August. At Purnea and Gaya in most parts
of July and August the values are slightly high,
particularly at Purnea in July when it exceeds
15 per cent.

The probability of a wet day followed by two
consecutive dry days is 10-14 per cent during
the monsoon months. Only towards the end of
September and October months, the values fall
below 10 per cent. The spell of a dry day
between two wet days, i.e., WDW, appears to be
rather uncommon. Largest values are between
6-7 per cent at Purnea from 11 July to 20
August and at Gaya between 1-20 August. At
other places in all the periods and at these two
stations in the remaining periods, the values are
less than 5 per cent. In fact, after 11 October,
the probability is invariably zero, suggesting that

a dry day between two wet days after 11 October
may rarely occur. -

7. Conclusions

The study revealed that (i) the probability of
a dry day far exceeds that of a wet day even in
the rainiest months of July and August. Only 3
to 4 rainy days can be expected in any 10 day
periods in these months, (i) Strong persistence
in rainfall is observed contributing to frequent
floods but severe droughts appear to be impro-
bable over Bihar, (iii) High probability of a dry
day is observed particularly in early June and
October, irrespective of the conditions of previous
two days; correspondingly, the probability of a
third day being wet is generally small.
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