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Abstract 

The importance of precipitation data acquisition and analysis in order to forecast several parts of climate patterns and profoundly 
intemperate events related to hydrological processes, (e.g. floods and droughts), has been significantly acknowledged by the 
involved scientific as well as governmental organizations, societies and authorities (e.g. meteorological, hydrological, agricultural, 
civil protection) worldwide. Focusing on the Mediterranean Basin, and especially Greece, there have been a lot of extreme rainfall 
events so far, which in association with the considerably steep orography of the Mediterranean Basin landscape unavoidably 
resulted to flash flooding phenomena and in addition in some cases with sequential debris-flows. The study area of the present 
research is the Kavala city in Kavala prefecture, North-Eastern Greece, North-Eastern Mediterranean Basin, where, a single, private 
meteorological station has been operating in Kavala city (Dexameni area), since the beginning of December 2005. The two most 
important aims which this present specific research concentrates are concluded as following: (i) to create a stochastic rainfall model 
dealing with the wet day episode existence and daily rainfall depth, and (ii) to produce total accumulated daily rainfall bulk depths 
(thus consequently daily, monthly and yearly artificial rainfall time series) by means of the two-parameters ( , ) Gamma 
distribution (the model parameters values were calculated based on past rainfall measurements). For this present specific research 
purposes, Gamma rainfall distribution function is used, aiming to constitute the powerful tool which most perfectly fits the so far 
recorded daily rainfall data distribution in Kavala city area. 
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1. Introduction 

The estimation of the regime and dynamics of hydrological phenomena like rainfall is of the utmost importance, 
particularly their time-based components of hydrological records in order to design, plan and operate water resources 
management systems. Hydrological time series data are largely characterized by varying and unsteady patterns. 
Rainfall is extremely significant agent that defines the groundwater recharge, water storage tanks available and surface 
run-off thus, consequently affecting, among other factors, the agricultural policy at a remarkably considerable degree. 
The building of a rainfall episode existence model is becoming particularly necessary, for several purposes, such as to 
create new hydrological series data, and as a result to enforce the efforts for further more sustainable water resources 
management [1]. 

 
Nomenclature 

Y0, Yn random variables distributed in the best possible way and assigned only two unique values 
P01 the conditional probability of a rainy day succeeding a non-rainy day  
P11  the conditional probability of a rainy day proceeding along a rainy day 

( ) Gamma function of two parameters Gamma distribution 
 shape parameter of two parameters Gamma distribution 
 scale parameter of two parameters Gamma distribution 

M mean of the daily rainfall depths 
V variance of the daily rainfall depths 

2. Methodology 

2.1. Study location area and data assembly 

In order to study rainfall patterns in Kavala city area, a coastal city, located at the north of the Aegean Sea, and surrounded 
by the Lekani mountain series branches to the North and East and the Paggaion Mountain ramifications to the West, total 
monthly recorded observations from the only one available, operating meteorological station (established in the proximity 
of the city web center), located at 40o56’25” N and 24o24’01” E, Dexameni city area, were analyzed, spanning a time interval 
period of 10 years as illustrated in Figure 1. 

2.2. Model building framework procedure 

A theoretical model-building procedure which has been brought widely into use with remarkably impressive outcomes, 
mainly based on first order Markov chains, Gamma probability density function and Monte-Carlo techniques (repeated 
random sampling in order to acquire arithmetic outcomes, generating picks at random from a probability distribution, 
computing 800 realizations per month to minimize the sampling error to an acceptable limit) in order to produce new, 
artificial hydrological time series data is described by the following successive steps [1,2]: 
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2.2.1. Rainfall episode existence 

A two-state, first order Markov chain is employed to determine the existence of rainfall episode where two different 
states are assumed to take place, namely day is either dry or rainy. More consistently explained, the probability that a certain 
day is rainy relies on whether the day before that was a rainy one too or not. Assuming that Y0, Y1, Y2,… Yn, are random 
variables distributed in the best possible way and assigned only two unique values, more specifically 0 and 1, having a 
probability of one, i.e., 

0 if the nth day is dry
1 if the nth day is wetnY   (1) 

 

Fig. 1. Map of the district of Kavala city, Greece. Created using Google Earth and miscellaneous mapping (http://www.meteokav.gr/). 

In the beginning we may consider that, 

1 1 1 1 0 0 1 1, ,...n n n n n n n n n nP Y y Y y Y y Y y P Y y Y y  (2) 

where, y0, y1,…,yn+1  {0, 1}. 
More precisely, we specify that the probability of a given day to be a wet one, is only associated with the fact whether 

the day before was either a dry or a wet one. As soon as we become aware of happened the day before, then, the probability 
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of a specified day to be wet is considered independent of past days of greater extent than the day before the specified day. 
Hence the stochastic procedure { Yn } n=0, 1, 2,…, n, becomes a Markov chain. Taking into account the following transition 
matrix, 

00 01

10 11

P P

P P
 (3) 

where,  Pij=P(Y1=j�Y0=i) I,j=0,1 
meaning that, P01=the conditional probability of a rainy day succeeding a non-rainy day, P11=the conditional probability 

of a rainy day proceeding along a rainy day, whilst the supplementary probabilities for dry day events are provided by P00=1-
P01 and P10=1-P11, in a way that fulfills the prerequisites P00+P01=1, and, in the same aspect, P10+P11=1, respectively [1,2,3]. 

2.2.2. Stochastic process of rainfall episode existence 

Rainfall episode existence is specified by contrasting a random numbed created by a uniform distribution stemming from 
the range between 0 and 1 with the numerical worth of the transition probabilities P01 or P11. In case that the random number 
is lower in value than P01, then the day before is considered as a dry one and the day in progress is specified as a wet one. In 
lieu of the previous sequence, if the random number is larger in value than P01, then the running day is considered as a dry 
one. Similarly, the same procedure is followed in case the day before is a wet one. As soon as the rainfall event existence 
has been demonstrated, the next step is to specify the rainfall depth of the certain day by creating a new random number 
derived from a uniform distribution and working out the inverse cumulative distribution function pertinent to daily rainfall, 
i.e. the random number is derived as the cumulative probability value and the associated daily rainfall depth is defined 
arithmetically by Microsoft Excel computer software [1,2,3]. 

2.2.3. Stochastic process of rainfall episode existence 

Rainfall episode existence is specified by contrasting a random numbed created by a uniform distribution stemming from 
the range between 0 and 1 with the numerical worth of the transition probabilities P01 or P11. In case that the random number 
is lower in value than P01, then the day before is considered as a dry one and the day in progress is specified as a wet one. In 
lieu of the previous sequence, if the random number is larger in value than P01, then the running day is considered as a dry 
one. Similarly, the same procedure is followed in case the day before is a wet one. As soon as the rainfall event existence 
has been demonstrated, the next step is to specify the rainfall depth of the certain day by creating a new random number 
derived from a uniform distribution and working out the inverse cumulative distribution function pertinent to daily rainfall, 
i.e. the random number is derived as the cumulative probability value and the associated daily rainfall depth is defined 
arithmetically by Microsoft Excel computer software [1,2,3]. 

2.2.4. Stochastic process of rainfall episode existence 

Rainfall episode existence is specified by contrasting a random numbed created by a uniform distribution stemming from 
the range between 0 and 1 with the numerical worth of the transition probabilities P01 or P11. In case that the random number 
is lower in value than P01, then the day before is considered as a dry one and the day in progress is specified as a wet one. In 
lieu of the previous sequence, if the random number is larger in value than P01, then the running day is considered as a dry 
one. Similarly, the same procedure is followed in case the day before is a wet one. As soon as the rainfall event existence 
has been demonstrated, the next step is to specify the rainfall depth of the certain day by creating a new random number 
derived from a uniform distribution and working out the inverse cumulative distribution function pertinent to daily rainfall, 
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i.e. the random number is derived as the cumulative probability value and the associated daily rainfall depth is defined 
arithmetically by Microsoft Excel computer software [1,2,3]. 

2.2.5. Rainfall depth 

As soon as we create a wet day, it is necessary to create a rainfall depth as well, by employing the Gamma distribution 
which is considered the most suitable when modeling the creation of daily rainfall depth, therefore, Gamma distributions 
were applied to rainfall depths of the wet days and those depths were created by taking specimens implementing a two 
parameters Gamma distribution. The following equation provides the probability density function of the Gamma 
distribution: 

1

( , , ) e
f  if >0, >0 and >0  (4) 

where ( ) represents the Gamma function and ,  imply the shape and scale parameters respectively which at the same 
time constitute certain parameters for each separate month. Concluding, 12 shape  parameters and 12 scale  parameters, 
hence 24 parameters in total, are required to portray the rainfall depth. Implementing the method of moments, i.e. =M2/V 
and =V/M, where M implies mean and V implies the variance respectively of the daily rainfall depths focusing on wet 
days, the parameters  and  are computed for each separate month individually [4]. 

3. Results 

The average and standard deviation of recorded data monthly rainfall depth mean and standard deviation for each separate 
month, taken from the meteorological station in Kavala city, are depicted in Figure 2 which displays a profoundly high 
irregularity for both variables. 

 

Fig. 2. Monthly mean and standard deviation chart of recorded rainfall observations at Kavala city. 
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Fig. 3. Monthly variation of Gamma distribution shape parameter of recorded data. 

Fig. 4. Monthly variation of Gamma distribution scale parameter of recorded data. 
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By first sight, we conclude that the rainfall variability is rather evenly distributed throughout the year, more specifically, 
is higher during January, February, July, October and December. The parameters of the Gamma distribution were calculated 
employing the method of moments and we realize that the shape parameter  value of Gamma distribution is lying within 
the bounds from 0.2220 (August) to 1.5335 (May), whilst, the scale parameter  value lies within the span from 3.3980 
(May) to 77.6820 (October), as depicted within the Figures 3, 4 which constitutes a proxy that the daily rainfall profoundly 
varies within the entire calendar year. 

The dominant wet season over the Mediterranean Sea ranges from October to March, receiving the maximum rainfall 
amounts during November-December. As far as the conditional probabilities are concerned, which display the perseverance 
of the rainfall occurrences, by noticing carefully the Figure 5 we clearly observe that not only in the rainy season, but in all 
months, a wet day is more plausible to succeed a wet day in favor of a wet day following a dry day, except May and August 
which are lying outside the dominating rainy season; Additionally, between February and May (partly within and partly 
outside the major wet season) a wet day is rather anticipated succeeding a dry day than the rest of the calendar year. 

 

Fig. 5. Conditional probabilities of daily rainfall from recorded data. 
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Fig. 6. Comparison of recorded and created total monthly rainfall at Kavala city, Greece. 

Fig. 7. Comparison of recorded and created standard deviation of total monthly rainfall at Kavala city, Greece. 
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The total monthly rainfall depths of rainy days of observed data resemble to those of the created data (exhibiting an 
almost perfect fit for March and April, as well as for the period ranging between July to December) and are higher from 
September to March compared to the other months (April to August), as depicted within Figure 6. 

The standard deviation patterns for both observed and created data look rather alike between each other. The fluctuation 
of rainfall depths for wet days of the observed data resemble rather satisfactorily well to those of the created data and are 
higher from September to March compared to the other months (April to August), as depicted within the Fig. 7. 

The observed number of wet days per month are identical June and August and they follow a rather similar pattern for 
the rest of the calendar year, as illustrated in the following Figure 8, 

 

Fig. 8. Comparison of recorded and created number of wet days at Kavala city, Greece. 

The classification of observed rainfall time series revealed that on a 10-year basis 879 (24.07%) days (out of total 3652 
days) were rainy (rainfall depth higher than null). 

4. Conclusions 

Rainfall episode existence and bulk depth, as well as quantity and distribution pattern of wet days on a monthly basis of 
preceding rainfall time series were employed to efficiently specify the creation of simulating rainfall time series for Kavala 
city, Greece, in the present scientific research. The acquired outcomes undoubtedly proved that both variables, namely, total 
monthly rainfall and number of wet days have been adequately and efficiently simulated. Afirst order Markov chain process 
was employed to forecast the total number of rainy days, whilst, the Gamma probability distribution function was applied 
and implemented to create the total depth of monthly rainfall of the worked up rainy days. In order to create new rainfall 
time series we employed several statistical parameters, namely, means, variances, standard deviations and conditional 
probabilities concerning rainy and non-rainy days. The supplied outcomes from this scientific research could become useful 
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in order to provide valuable information to the water resources management authorities dealing in the context of the 
agricultural practices, such as scheduling different crop irrigation requirements, dam and water reservoir construction, 
groundwater recharge as well as in the context of the civil protection construction, natural environment protection and 
aesthetic aspects such as flood protection works, drainage works, rainfall water storage tanks on a single residence place 
scale within the city web, streams restoration, environmental flows establishment, riparian areas protection, soil erosion and 
sediment transport assessment etc. 
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