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ABSTRACT
In this study, a stochastic daily Precipitation generation model was adapted for the state of Odisha. The
model simulates the sequence of Precipitation occurrence using the method of transitional probability
matrices, while daily Precipitation amount was generated using a two parameter Gamma distribution. Daily
average Precipitation data from Odisha from the year 2001 to 2010 were used for this model. First order
Markov chains can adequately represent the Precipitation occurrences in all the months. Four states are used
for representing Precipitation in a wet day as a more good fit can be obtained for the distribution representing
the Precipitation amount in each class.
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1. INTRODUCTION
The natural systems are so complex that no
exact laws have yet been developed that can
explain completely and precisely the natural
hydrological phenomena. Precipitation affects
weather variables affecting the growth and
development of crops, and the spread of diseases
and pests. Hence Precipitation forms the
principal input to all agronomic models. The
future probability of occurrence of Precipitation
can be used for crop planning and management
and water management decisions, as the risk due
to weather uncertainty can be reduced.
The Markov models are frequently proposed to
quickly obtain forecasts of the weather “States”
at some future time using information given by
the current state. One of the applications of the
Markov chain models is the daily precipitation
occurrence forecast.

One of the statistical techniques is the
Markov chain used to predict precipitation on
short term, at meteorological stations. The
Markov chain models have two advantages:
• The forecasts are available immediately
after the observations are done because the
use as predictors only the local information
on the weather and
• They need minimal computation after the
climatologically data have been processed.
A first-order Markov chain is one in which
knowing one variable (like cloudiness,
precipitation amount, temperature, fog, frost,
wind) at time t is sufficient to forecast it at some
later time. The objective of this study is to
simulate daily Precipitation sequences for
Odisha to use as inputs to crop, hydrologic and
water resources models.
Markov chains specify the state of each day as
‘wet’ or ‘dry’ and develop a relation between the

state of the current day and the states of the
preceding days. The order of the Markov chain
is the number of preceding days taken into
account. Most Markov chain models referred in
the literature are first order. Many authors have
used Markov chains to model the daily
occurrence of precipitation. The low order
chains are mostly preferable for two reasons.
The number of parameters to be estimated is
kept to be a minimum, so that better estimates
are obtained. Second, the subsequent use of the
fitted model to calculate other quantities, such as
the probabilities of long dry spells, is simpler.
The distribution of the amounts of Precipitation
on wet days is usually modelled by gamma
distributions.
2 . MODEL STRUCTURE
A first-order Markov chain and skewed normal
distribution method requires daily weather
records for many years in order to estimate the
model parameters. Thus the availability of the
weather data limits the applicability of the
simulation method. Daily Precipitation data for
all the thirty districts are taken and the daily
average Precipitation for the state is calculated
for the period 2001 to 2010. The stations within
the districts were chosen due to their spatial
representations as well as availability of
adequate data for the study. The model consists
of
(I) Precipitation Occurrence Model and
(II) Precipitation Magnitude Model.
3.PRECIPITATION OCCURRENCE
MODEL
Modelling precipitation data at useful time for
different applications has been an important
problem in hydrology for the last 30 years. Cox
and Isham [3] presented an interesting
classification of precipitation models in three
types:
• Empirical statistical models,
• Dynamic models and
• Intermediate stochastic models.
The idea behind this classification is the amount
of physical realism incorporated into the model
structure. A Russian mathematician, Markov,
introduced the concept of a process (later named
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after him ‘a Markov process’) in which a
sequence or chain of discrete states in time for
which the probability of transition from one state
to any given state in the next step in the chain
depends on the condition during the previous
step. Daily rainfall includes the occurrence of
rain and the amount of rain. Markov chain
process is used to find out rainfall occurrence.
Once precipitation occurrence has been
specified, Precipitation amount is then generated
using a Gamma or mixed Exponential
distribution
[7,19,5,6,10,16,17,11,14,15].
Models of second or higher orders have been
studied by Chin [2], Gates and Tong [8], Eidsvik
[4].
A first order Markov chain is a stochastic
process having the property that the value of the
process at time ,
, depends only on its value
, and not on the sequence of

at time

values that the process passed through in
arriving at
.
In general, the number of states at each time
instant can be assumed as . Hence, there will
be

transitions between two successive

time instances. It is then possible to find the
number of transition probabilities,
from a
state at time

to another state at time

and accordingly, the
probability matrix,

,

following transition
can be prepared from

observed precipitation data. The structure of the
transition probability matrix would be

And it can be estimated by (Siriwardena et al.,
[12]):

where
from state

= historical frequency of transition
to state

and

= the maximum

number of states. With the yearly extreme
maximum precipitation data this matrix shows
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the transition probabilities,

of yearly

precipitation in state at time

to state at time

given

Precipitation

state

valid by definition. Any state probability varies
between
zero
and
one.
Notationally,
where
. Also,

the

where

following properties of the transition matrix are

.

Once P is known, all that is required to determine the probabilistic behavior of the Markov
Chain is the initial state of the chain. In the following,
chain is in state at step or time

where,

. The

vector

denotes the probability that the
has elements

. Thus

is the initial probability vector. In general,

(4)

4. MODEL FOR PRECIPITATION MAGNITUDES ON WET DAYS
The Precipitation amounts on wet days are modelled by a two parameter gamma distribution
with the density function is given by

where,

for

(6)
(7)

and
in which

and

are the shape and scale parameters respectively.

The parameters of the gamma distribution

and

were estimated using Greenwood and

Durand (1960) method as given below

where,

in which,

is the Precipitation amount on wet days. The estimate η* was

corrected for small sample bias using Bowman and Shenton equation,

where,

is the sample size the estimate for

is

(10)

5. RESULTS AND CONCLUSIONS
MODEL CALCULATION
To analyze the Precipitation data using Markov Chain Model, we consider four states and the state
boundaries are as given in the following table (Table – 1).
TABLE- 1: STATES AND THEIR BOUNDARIES
State
1
2
3
4
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Limits (mm)
0.0 - 0.0
0.1 - 3.9
4.0 - 27.9
28.0 - ∞
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Here, the first state (State – 1) indicates that, there is no Precipitation in a particular day, so the day is
a dry day, whereas the other states are rainy days. Since, there are four states, the transition probability
matrix has order
. These transition probabilities are calculated month-wise. These transition
probabilities for different months are given in Table – 2.
TABLE – 2: MONTHLY TRANSITION PROBABILITY MATRIX
April

May

June

July

August

September

October

November

December

After calculating the transition probabilities for each month, we now calculate the parameters of the Gamma
distribution, which are represented in Table – 3.
TABLE- 3: PARAMETERS

Months

AND

FOR GAMMA DISTRIBUTION

State 2

State 3

State 4

State 2

State 3

State 4

April

0.08013

0.30112

0.10112

0.02511

0.06213

0.00076

May
June

0.16011

0.24971

0.00097

0.09231

0.01402

0.00045

0.05896

0.30119

0.25432

0.04934

0.03302

0.00110

July

0.12117

0.16312

0.33102

0.10313

0.02003

0.00386

August
September
October
November
December

0.43215
0.21003
0.49875
0.03583
0.19898

0.27962
0.05946
0.05102
0.03112
0.04813

0.26120
0.04986
0.02352
0.00056
0.01989

0.40456
0.17325
0.04279
0.09284
0.05983

0.01232
0.06983
0.00512
0.01986
0.01042

0.00201
0.00098
0.00389
0.00524
0.00045

Priyaranjan R. Dash

485

6. CONCLUSION
Stochastic Precipitation models are concerned
with the time of occurrence and depth of
Precipitation. Various Precipitation models
have been using different time scales. Daily
Precipitation models have gained wide
applicability as being appropriate for use in
detailed water balance and agricultural and
environmental models. In this study a
stochastic daily Precipitation generation model
was adapted for the state of Odisha. The model
simulates the sequence of Precipitation
occurrence using the method of transitional
probability matrices, while daily Precipitation
amount was generated using a two parameter
Gamma
distribution.
Daily
average
Precipitation data from Odisha from the year
2001 to 2010 were used for this model. The
model parameters were estimated from
historical Precipitation records.
Markov chains indicated that first order
Markov chains can adequately represent the
Precipitation occurrences in all the months. A
number of states are used for representing
Precipitation in a wet day as a more good fit
can be obtained for the distribution representing
the Precipitation amount in each class. The
states and their boundary limits are given in
[Table -1]. The monthly transition probabilities
are given in [Table-2]. The two parameters, η
and λ of the gamma distributions are given in
[Table- 3].

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

REFERENCES
[1]

[2]

[3]

[4]

Caskey, J.E., 1963. A Markov Chain for the
probability of precipitation occurrence in
intervals of various lengths. Mon. Weath. Rev.,
91, 298–301.
Chin, E.H. (1977) Modelling daily precipitation
occurrence process with Markov chain. Wat.
Resour. Res. 13 (6), 949-956.
Cox, D.R., Isham, V., 1994. In: Barnett, V.,
Turkman, K.F. (Eds.), Stochastic Models of
Precipitation. Statistics for the Environment 2.
Water Issues. Wiley , New York, pp.3–18.
Eidsvik, K.J., 1980. Identification of models for
some time series of atmospheric origin with
Akaike’s information criterion. J. Appl.
Meteorol. 19, 357–369.

Priyaranjan R. Dash

[15]

[16]

[17]

Feyerherm, A.M. and Bark, L.D., 1965.
Statistical methods for persistent precipitation
pattern. J. Appl. Meteorol., 4, 320–328.
Feyerherm, A.M. and Bark, L.D., 1967.
Goodness of fit of Markov chain model for
sequences of wet and dry days. J. Appl.
Meteorol., 6, 770–773.
Gabriel, K. R. and Neumann J. (1962); A
Markov chain model for daily rainfall
occurrence at Tel Aviv, Quart. Jour. Roy.
Meteorol. Soc. Vol. 88, pp 90–95.
Gates, P., H. Tong, 1976: On Markov Chain
Modeling to Some Weather Data. J. Appl.
Meteor., 15, 1145–1151.
Hopkins, J.W. and Robillard, P., 1964. Some
statistics of daily rainfall occurrences from the
Canadian Prairie province. J. Appl. Meteorol.,
3, 600–602.
Lowry, W.P. and Guthrie, D., 1968. Markov
chains of order greater than one. Mon. Weath.
Rev., 96, 798–801.
Richardson, C.W., 1981. Stochastic simulation
of daily precipitation, temperature and solar
radiation. Water Resour. Res., 17, 182–190.
Siriwardena, L., Srianthan, R. and McMahon,
T. A. (2002); Evaluation of two daily rainfall
data generation models, Technical Report
02/14,
December
2002,
www.toolkit.net.au./cgibin/webobjects/toolkit.w
oa/wa/downloadPublications?id100014technic
alreport211214, Dated: (13/01/2006)
Selvalingam, S. and Miura, M., 1978.
Stochastic modelling of monthly and daily
rainfall sequences. Water Resour. Bull., 14,
1105–1120.
Stern , R. D. and R. Coe. 1982. The use of
rainfall models in agricultural planning. J of
Agric. Meteorology 26: 35-50.
Stern, R. D. and Coe, R. (1984); A model fitting
analysis of daily rainfall data, Jour. R. Stats.
Soc. A, Vol. 147(1), pp 1–34.
Stern, R.D., 1980a. Analysis of daily rainfall at
Samaru, Nigeria, using a simple two-part
model. Arch. Met. Geoph. Biokl., Ser. B, 28,
123–135.
Stern, R.D., 1980b. Computing probability
distribution for the start of the rains from a
Markov chain model for precipitation. J. Appl.
Meteorol., 21, 420–423.

486

