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Background

A number of authors have used Markov chains to mibaedaily occurrence of rainfall.
After the work of Gabriel and Neumann (Gabriel atelumann,1962) who applied the
Markov chain model successfully to describe TelvAdaily rainfall data, a number of
researchers have applied a similar technique talystainfall in widely different
geographical regions. However, except for a fewlyeatudies (Weerasinghe, 1989,
Punyawardena and Kulasiri 1998), not much workliesen carried out to model the wet
and dry spell sequence of daily rainfall observe&ii Lanka. The main objective of this
work is to use Markov chains to study the wet andspells of observed at the Colombo
meteorological station (1941-2000) based on datigipitation.

In the first order Markov chain probability modéhe probability of rain occurring on a
given day (wet day) depends solely on the conditérthe previous day. The two
transitional probabilities can be defined@gsand(1 — p;) wherep, is the probability of
a wet day given the previous day is dry, a(tl— p,) is the probability of a dry day,
given the previous day is wet.

The probability of a dry spell of lengthcan be defined assuccessive dry days followed
by a wet day. Similarly, the probability of a wededl of lengthn can be defined as
successive wet days followed by a dry day. Theaebeashown as;

po(1 —po)™ ! and(1 — py)p, "

The mean lengths of dry and wet spells are;

Lg =1/py andL,, = 1/(1 —p,)

Although the first order model can be extendeddwetbp higher order models, several
past studies (Punyawardena and Kulasiri 1998) ksheevn that the first order model is

sufficient for this region and that there is no adkage in using higher models. Thus, the
analysis and comparisons were carried out withrédselts derived from the first order

Markov model.

327



Analysis of wet and dry spells
Variation of transition probabilities

Transition probabilities show considerable variattbroughout the year. The probability
of observing a wet day followed by a wet day shavdimodal pattern of rainfall
occurrence with two distinct peaks with the firgtag in May coinciding with the start of
the southwest monsoon rains and the second pe@ktober coinciding with the start of
the second inter-monsoon season. The probabilitybserving a dry day followed by a
dry day is high during the northeast monsoon pedond during the latter part of the
southwest monsoon period. Thus, one can expecetahgations of wet spells during the
months of May and October and longer durations rgf gpells during the months of
January and August.

Modeling sequences of wet and dry days

The accuracy of the Markov model in estimating seges of wet and dry days is shown
in Figure 1 for the Colombo weather station. Théadand the model estimates agree
reasonably well. For the southwest monsoon sedday {0 September) and th& 2nter-
monsoon season (October to November), a slightctentuin accuracies is seen in the
estimate of the number of isolated one day wetispaebt shown here). The number of dry
spells of one day duration is under estimated lyniodel for all seasons. The data and
the model estimates agree reasonably well for gefis of duration greater than 1 day.
Perhaps higher order models may be able to fitlttie better than*lorder model when 1
day spells are considered.
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Figure 1: Comparison of observed (data) and estichdine) sequence of wet and dry days.

Mean length of wet and dry spells

The mean lengths of wet and dry spells for eachtmnedicted by the model were
compared with the estimated values from the datgsee Figure 2). The mean annual
duration of wet spells is 2.6 days while the meamual duration of dry spells is 3.8 days.
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As expected, the months receiving higher rainfativg longer durations of wet spells. In
general, the agreement between the model prediaidnestimates was quite reasonable.
The data shows greater disagreement for the mbatring longer dry spells.
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Figure 2: Simulated (+) and observed (0) averaggthes of spells (a) Wet (b) Dry

Conclusions

This study focused on comparing the predictiona ofodel based on Markov chains and
actual data on sequences of wet and dry spellsrenohean lengths of wet and dry spells
per month. Except for isolated single wet or drgreg, the model is shown to describe the
observed sequences of wet and dry spells which dgpgnding on the season. The mean
length of wet spells calculated by the model antihmeded by the data are accurate to
within £0.01 days.
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