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Dry spell probability by Markov chain model and its
application to crop developmental stages
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ABSTRACT. A fir..' order Mark ov chain model has been fitted to daily' rainfall data. of tbe monsoon months
in the Delhi region. Conditional probabilities. length of dry spells for different cumulative probabilities with
particularreference to developmental stages of bajra crop in the kharif season have been computedand illustrated
bymeansof nomograms.
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dry. Rainfall am ount is involved only in the de fini
tion of occurrence or non-occurrence of rain. In the
first order Mark ov chain the probability of an event
that would occur o n any single day depends only
on the cond itions during the preceding day and is
independent of events of further preceding days.
The parameters used in thi s model (Weiss 1964) are
the two conditional probabilities Po and 1', where ,

1', = Po (W/W) ( I)

is the probabili ty of occurrence (Po) of a wet day
(W) when the preced ing day also is wet;

Po = Po (WID) (2)
is the probab ility of occurrence of a wet day when
the previous day is d ry (D). The probability ofa dry
spell of length II days is given by

1'0(1 -1'0)' -' (3)

The cumulative frequency distribution through n
for dry sequences is obtained using the expression :

2 . Methods and Materials

1. Introduction

Daily rainfall data for the monsoon months June
to September recorded at the IARI crop weather
observa tory, New Delhi (La t. 28° 35' N, Long. 77°
10' E) for 30 years from 1941 to 1970 have been
utilized. Days were classified as either 'wet' or 'dry'
according to whether a total rainfall of at least
6 ""!m ~a? occurred in 24 hours or not, respectively,
ThIS limit has been chosen since the average poten
tial evapotranspiration during the rainy season in
Delhi region is of the order of 4-5 mrn/day and th is
criterion ha s been found suita ble to describe dry
spells in the monsoon season (Sastry 1976).

In cases where a dry spell overlaps between two
Markov chain probability model assum es that adj oining months, the days ~f tbe spell belon ging

the probab ility of rainfa ll occurring on any day to the first month a re not assigned to the adjoining
depends on whether the previou s da y was wet or month, but the spell has been treated as ending on

~. .

T he success or failure of crops par ticularly under
ra infed co nditio ns is closely linked with the rainfall
pa tterns. Simple criteria related to sequential pheno
mena like dry a nd wei spells could be used for a naly
sing ra infall dat a 10 obta in specific information
needed for crop planning a nd for carrying out
agricultural operati ons (Sastr y 1976). A method
to evaluate frequencies of co ntinuous days with
rainfall above or below any chosen thre shold value
has been reported earli er (Kapoor a nd Sast ry 1970).
Studies on persistency of dry spells on a regional
scale have been mad e by Ramabhadran (1954),
a nd Ram an and Krishnan ( 1960). As synoptic
systems ind ucing rainfa ll or dry spells have been
found to persist for a few days over a region, it is
useful to ascertain the probab ility of sequential
events like a wei day followin g a no ther wet da y or
a dry day following a wet or dry day during the
cro p gro wing season. Markov chain probab ility
model has been found suita ble to describe the lon g
term frequency behaviour of wet or dry wea ther
spells (Gabriel and Neuma n 1962, Casky 1963,
Weiss 1964, Sundararaj and Ra machand ra 1975,
Medh i 1976 a nd Bhargava et al, 1977). It has
found wide ap plication in studies on daily rain fall
distributio n (Ho pki ns and Robill ard 1964, Patt ison
1965 a nd Maunder et 01. 1971). However, th is has
not so far been applied to different cro p develop
mental sta ges. In this investiga tion, a first order
Markov chain probability model has been applied
to rainfall data of the JAR I far m area to evalu ate
conditional probabilities for monsoon months
and dura tions of dry spells at different cumulative
probability levels dur ing the growth stages of baj ra
crop in the Delh i region.












