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Abstract 
The global warming phenomenon has had a great impact not only on the temperature patterns of 
the regions, but also on the spatial-temporal patterns of the occurrence of wet and dry days. As 
some areas have increased (decreased) the number of dry days, the result of these changes requires 
new approaches to water management in these areas. Golestan province in northern Iran is one of 
the provinces in south of Caspian Sea, where evidence suggests a decrease in precipitation days as 
well as the temporal displacement of precipitation days from the cold period to the warm period of 
the year. Therefore, the present study investigates the probability of occurrence of wet and dry 
days based on the one-time Markov chain method, as a change of decade. Thus, in this research, 
precipitation data from 197 precipitation stations for a period of 40 years from 1971 to 2010 was 
used. In this study, based on the most internal consistency of different regions in terms of the 
occurrence of wet and dry days, eight different spatial zones were identified. The results of this 
study indicate that the continuity of the wetter periods in the eight-cluster zones of Golestan 
province indication that the length of the wetter period has decreased in most months. The highest 
decrease in July was on average 0.20 days per decade. However, in August, September, and 
October, it reached its lowest level. In August and September, clustered zones in the eastern 
regions of the province show an increase in the longer period. This indicates that during the last 
decades throughout the second half of the summer, rainfall has increased in the province. 
 
Keywords: Climatic variability, Multidecadal variation, precipitation pattern, Markov chain, 

Golestan province. 
 
1. Introduction 
In recent years, due to the global warming 
phenomenon and regional and local changes 
in climate, in addition to rising average 
temperatures, several components of climate, 
including rainfall properties have gone  
under considerable changes (Alexander  
and Arblaster, 2009). In many areas,  
the annual rainfall may have not been  
much affected, but its consequences are  
the observed increase in evaporation due  
to warming and lack of access to water 
resources or temporal displacements (from 
one month to another). Most of the time, 
extreme climate phenomena such as  
the occurrence of wet and dry days cannot  
be determined. From the statistical point  
of view, they are considered as part  
of random processes. However, the 
prediction of the occurrence of such 
atmospheric phenomena is not easy  
and possible (Orosa et al., 2014). It needs  
to be explained that access to correct data  

and past periods of atmospheric factors is  
an effective factor in the prediction of  
these atmospheric events. For this purpose, 
the prediction of dry (wet) periods based  
on the identification of historical temperature 
data of a station can provide an example  
for understanding climate change. Overall,  
it is possible to predict climatic phenomena 
based on both statistical and dynamic 
methods. The other set of predictive models 
is statistical models that do not explicitly 
focus on the physics of the underlying 
phenomenon and only emphasize the 
relationship between inputs and outputs. 
These batch models excel in the ease of  
use of previous models. Although the general 
impression is that the results of dynamic 
models are superior to statistical models,  
this proposition is not always correct, and  
it depends on the recognition of  
the governing physical laws, the model's 
perception and the resolution of the model. 
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For this reason, the use of second-generation 
models is inevitable in some cases. In 
general, because of the complexity, 
timeliness, economical considerations and 
sometimes their need for supercomputers  
to implement dynamic models, researchers 
have welcomed the use of statistical methods 
due to the ease and requiring less time  
and costs (Wilby and Dawson, 2007; 
Kallache et al., 2011; Yang et al., 2012; 
Roshan et al., 2013a; Roshan et al., 2013b; 
Sillmann et al., 2013; Farajzadeh et al., 
2014). According to probability rules, some 
random phenomena have a greater chance  
of occurring, while the odds of occurring  
are somewhat lower. In addition, sometimes 
only one of the modes can occur  
in the n mode, while none of the modes  
can take precedence over other modes 
(Mandal et al., 2015; Sonnadara and 
Jayewardene, 2015; Cindrić et al., 2010).  
A proper model is required to calculate  
the chance of occurrence of the events. 
Examining these uncertain states is 
probability knowledge. Time-series methods, 
especially the Markov chain, are among  
the probabilistic prediction methods 
(Privault, 2013). The Markov chain, with  
a simple mathematical method (such  
as multiplication of arrays), makes solving 
the probabilities associated with dependent 
processes very easy. The Markov chain 
model (MCM) has two advantages over  
other methods: first, predictions are 
immediately available after observation; 
second, they require minimal computing 
procedure after processing the meteorological 
data (Cindrić et al., 2010; Mandal et al. 2015; 
Sonnadara and Jayewardene 2015).  
MCM is one of the most suitable and 
practical models of statistical forecasting in 
atmospheric sciences, which has attracted  
the attention of researchers in recent years. 
Various studies have been performed on the 
use of McMinn determining the probability 
of rainfall and droughts both around the 
world and in Iran. Among them, the results of 
the research by Hejazizadeh and Shirkhani 
(2005) have predicted the droughts and short-
term dry periods of Khorasan province. They 
concluded that most of the monthly 
differences and differences among stations 
could be identified in the study of the  
return periods of long-term dry periods, 

because the occurrence of short-term periods 
in almost all parts of the province shows 
similar trends. Daryabari (2006), using  
a matrix model for the probability  
of experimental transfer, predicted drought  
in 26 meteorological stations in Iran  
and stated that by using the base year's 
rainfall, it was possible to predict up to 5 
years. Asakereh (2008) examined the 
persistence and continuity of rainy days in 
Tabriz city using MCM and then estimated 
persistent probability and daily return period 
of each of the two rainfall-drought states. 
Asakereh et al. (2010) studied the probability 
of occurrence of dry days in Golestan 
province using the MCM in 51 weather 
stations within a 20-year statistical period 
and concluded that spatial variations of  
the probability of occurrence of dry day  
in the province were not significant. 
Moreover, with the increase of precipitation 
thresholds for the dry day, the probability  
of occurrence of dry day increased and  
its spatial differences decreased. Eyvazi et al. 
(2012) examined the drought in Golestan 
province using seven stations in 30 years  
in a probabilistic framework, which included 
the evaluation of the statistical behavior  
of the SPI drought index using the first-order, 
three-mode Markov model, for wet, normal 
and drought years. Their results indicated  
that the persistent probability, the average 
continuous-time and the frequency of 
drought were different in different regions of 
the province. Khadr (2015) predicted  
the meteorological drought of the Neil  
Blue watershed in Ethiopia using the MCM, 
and the result of the model performance 
showed that predicted and observational  
data had similar characteristics in terms  
of time series in different states. Moreover, 
the relative performance of the prediction 
model showed that in the developed state,  
it was able to detect events and non-events. 
Khorshiddoost and Fakhari (2016) worked  
on the probability of continuity and 
persistence of rainy days in southwestern  
Iran using the MCM and showed that  
the lowest probability of precipitation was  
in the flat areas and the highest probability 
was in Mountainous areas. He postulated  
that the most probable occurrence of  
rainy days was in the spring. Javan (2016) 
studied the persistence of rainy days in  
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the Urmia Lake basin using the Markov 
chain for seven stations in 20 years  
and concluded that the average daily 
precipitation duration in the studied  
basin was about 2 days. Tan et al. (2014) 
studied the multidecadal variability of daily 
monsoon rainfall of the northeastern 
Malaysian Peninsula using the hidden 
Markov model and concluded that  
the Markov model was able to identify  
the behavior of the large-scale rainfall 
phenomena. Yoo et al. (2016) examined  
the effect of climate change on daily rainfall, 
especially on the average number of wet  
days and average rainfall intensity, and 
concluded that increasing or decreasing  
the number of rainfall days to justify changes 
in the amount of monthly precipitation  
alone was not justifiable. However, it was 
justifiable by changes in precipitation 
severity. At Seoul's sampling station, it  
was determined that rainy days account  
for 30% and rainfall intensity accounted for 
70% of the total variation. In recent years,  
in Golestan province, given the bulk of 
studies conducted, it is shown that  
the changes in the intensity of precipitation 
were not significant relative to temperature  
or evaporation increases. On the other  
hand, there is evidences that rainy days  
are decreasing and the temporal displacement 
of rainy days from the cold period to  
the warm period of the year is raised 
(Ghanghermeh et al., 2016). Mostafazadeh  
et al. (2016) studied monthly wet and  
dry spell using power laws in Golestan 
province and their results show that  
the number of low rainfall periods is higher 
than the high rainfall in all stations studied. 
In addition, in periods of three consecutive 
months and longer, the number of  
low rainfall periods at stations northwest  
and north of the province is higher than  

the rainy season. Mostafazdeh et al.  
(2017) analyzed spatial and temporal 
variations of monthly precipitation  
in Golestan province using fractal 
dimensions. They concluded that the number 
of consecutive dry-wet months has decreased 
over a longer time scale (months). The 
analysis of fractal dimension showed that  
the dry periods have a lower frequency. 
Besides, the intensity of wet durations  
is higher in central and eastern parts of  
the study area, while the western part of  
the Golestan province had experienced more 
persistent wet periods. 
Therefore, the purpose of this study is to 
evaluate the spatial-temporal variations of 
Markov rainfall characteristics in Golestan 
province for 40 years with a decade scale. It 
has to be explained that despite various 
climatic studies that have used the Markov 
chain model throughout Iran, the perspective 
of studying the decade-long variations of the 
one-time Markov chain probability is done 
for first time in Iran. 
 
2. Data and methods 
Golestan province, due to its location in the 
southeast of the Caspian Sea, neighboring the 
Karakum desert (in Turkmenistan), as well as 
the west-east extension of the Alborz 
Mountains in the southern part of the 
province has a diverse climate. According to 
these conditions, the annual rainfall in 
Golestan province varies between 150 and 
750 mm. In this study, the data of 197 
stations were used to accomplish the research 
objectives, of which 110 stations data were 
extracted from the Meteorological 
Organization and 89 ones from the Ministry 
of Energy (Figure 1). The length of the study 
period included the daily rainfall data for a 
period of 40 years, which was selected from 
1971 to 2010. 
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Figure 2  . Flowchart of research methodology. 
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In addition, the temporal pattern of the P00 
condition is the highest in the warm period of 
the year and with the lowest probability of 
occurrence in the cold period. This state of 
conditional probability shows that the 
phenomenon of dryness intensifies when 
precipitation decreases. While in the P11 
condition, wet to wet mode, is the exact 
opposite of the previous state, so that both in 
spatial terms, in the southern regions and in 
mountainous regions, is high in its 
occurrence, and also in temporal terms, 
during the cold period due to the arrival of 
the precipitation systems, the probability of 
occurrence increases. 
In this study, the maximum constant 
probability of occurrence of wet days is more 
likely to occur in April and May, as well as 
in December, January, February, and March, 
and that the probability of occurrence is very 
low during the warm period. Geographically, 
the least likely occurrence of this probability 
is seen in cluster 8 and the highest in clusters 
1 and 2. However, the constant probability of 
the occurrence of a dry day also indicates that 
the highest frequency is in the warm months 
of the year, while it is less likely to occur in 
cold periods. In clusters 1 and 2, the lowest 
probability of occurrence and in clusters 6 
and 8, the highest probability of occurring of 
the dry day are observed. However, the 
results showed that the maximum duration of 
the dry period in the warm months of the 
year and its minimum occurrence for the cold 
period of the year is due to the arrival of the 
precipitation systems. The decrease in 
summer precipitation chiefly depends on 
retreating Westerly's (Alijani, 1996). In 
general, as we move towards cluster areas in 
the northeastern part of the province, the 
length of dry period increases, and as we 
move towards the southern and western 
mountainous regions, the dry period is 
reduced throughout the months. This result is 
different from those of the study by Asakareh 
and Mazini (2010), because the results of 
their study showed that spatial variations of 
the probability of occurrence of dry day in 
the province are not significant. However, 
perhaps one of the factors in the 
inconsistencies of the results of this research 
with the present study is the lack of fit and 
consistency during the statistical period and 
the number of study stations. Because in the 

study conducted by Asakareh and Mazini 
(2010), the length of the study period was 
merely 20 years and only on 51 stations. 
However, many studies for Iran and the 
various regions of the world show the 
temporal-spatial variability of rainfall for 
recent decades. 
Based on the overall conclusion of this study, 
it was found that the Markov chain has 
properly been able to provide reasonable 
estimates of the probabilities and spatial-
temporal variability of the wet and dry days 
according to the region's reality.  
Similar to the results obtained in this study, 
for many other studies using the Markov 
method, the validity and acceptability of the 
results of this method are apparent 
(Hejazizadeh and Shirkhani, 2005; 
Daryabari, 2006; Asakereh, 2008; Asadah et 
al., 2010; Javan, 2016; Roshan and Nastos, 
2018). Multidecadal variations of the 
temporal continuity of dry periods at the 
eight cluster areas indicate considerable 
spatial-temporal variations at the provincial 
level. In general, during the last 40 years, 
almost all months and clusters have grown 
over the dry period, but the slightest changes 
are in the months of April, December, 
February, March, and the most changes are 
from June to September. On the other hand, 
the findings showed that the length of dry 
periods is more pronounced for northern 
areas of the province. Also, the multidecadal 
variability of temporal continuity period of 
wet periods in Golestan province indicates 
that in most months and most study clusters, 
the length of wet period is declining. 
Therefore, it can be concluded that in 
August, September and October, the lowest 
variability in the decline of the length of wet 
period, but its increase in eastern regions is 
seen. This suggests a shift in precipitation 
from cold months to hot months. 
The variability of the precipitation model is 
not concentrated solely for the southern 
Caspian Sea, but for the northern parts of the 
Caspian Sea, spatial and temporal variations 
in the pattern of extreme precipitation 
occurrences indicate that these patterns have 
changed for the recent decades. 
The most important solutions to mitigate the 
effects of atmospheric hazards, such as 
drought, are to develop early warning 
systems. Although there are differences in 
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drought alert systems due to the variety of 
data used, but similar to all these alert 
systems, drought monitoring is an essential 
first step in their design. Therefore, in order 
to develop drought-warning systems, a good 
understanding of the temporal-spatial 
distribution of precipitation events plays an 
important role in this process. So the results 
of this study can be used as a preliminary 
study in designing drought-warning systems 
in Golestan province. 
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