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Introduction
Precipitation is one of the most important weather profiles which 

has a worthy role in agricultural, industrial and tourism economics, 
although the water obtained from precipitation has different usages 
based on society`s ability and different time and seasonal conditions, 
but most of the time its surplus which includes much higher percentage 
than optimal usage, is left uncontrolled which causes flood and its 
damages [1]. Precipitation as one of the most apparent atmospheric 
phenomena has considerable temporal and special diversity in Iran. 
Continuous interactions of atmosphere circulation systems during 
the year cause such diversity in a prominent and extensive way [2,3]. 
One of the important topics in meteorology is the variation of amount 
and precipitation rhythm. Precipitation is one of the blessings of the 
Lord which causes flourishing and nature greenness; however, when 
human destroy the bed of descending this blessing, its consequences 
will be more injurious [4]. More accurate recognition of the acting 
way of atmosphere circulation patterns and elements influencing 
partly precipitations has considerable importance, and this kind of 
precipitation can cause flood and its catastrophic consequences. So it is 
necessary to identify the way of genesis, strengthening and lawfulness 
dominant in movement and expansion of precipitation causing 
climatic systems to gain benefit from its positive influences, and get rid 
of its detrimental results, or minimize it as possible [5]. In this respect, 
coincident with investigating drought periods, it is also necessary to 
investigate and analysis the wet periods. Wet and dry periods and 
phenomena like drought cause atmosphere circulation patterns in a 
region by changing the frequency and influencing [6]. Investigating 
the circulation patterns of middle layer of atmosphere in years when 
precipitation is higher than ordinary limit (relative to average), 
is considered as an important step in environmental analyses [7]. 
Investigations conducted on identifying the relation among atmosphere 
circulation patterns and precipitation variable in most parts of the 
world show that some of the patterns cause severe flood and others are 
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related to dry and low precipitation periods. Therefore, by identifying 
the main and important atmosphere circulation patterns in each region 
and their relation with meteorological variables, we can calculate the 
probability of precipitation or probability of not having precipitation 
in relation to any of the identified patters and we can express it 
quantitatively. By using the probability of precipitation or drought 
events in atmosphere circulation patterns in statistical-mathematical 
models, the probability of drought or wet year's event in any region 
can be identified and improve management. In this respect, synoptic 
patterns classification and using principle components analysis have 
been the focus of researches. Among all the investigations conducted in 
this filed, studies of Mohmmadi and Masoudian, [7]; Atayi [8]; Rezaei 
banafshe et al. [9]; Khoash akhlagh et al. [10]; Azizi and Alizadeh [11]; 
can be mentioned. Many studies have been conducted on atmosphere 
circulation patterns during drought and wet periods in the world and 
Iran and some of them are as follows:

Galambosi et al. [12] used principle component methods and 
multi-average cluster analysis in a study about assessment and 
analysis of atmosphere daily circulation patterns at level 500 HPa 
above southwest of America. Svensson [13] used principle component 
analysis method on data of 700 and 800 HPa with water able to 
precipitate. In this synoptic-statistical analysis, principle component 
analysis method with Varimax rotation was conducted on data, and 
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Abstract
Atmosphere circulation patterns have an important role in appearance of natural events. For this purpose, in 

the present study in order to identify the atmosphere circulation patterns which cause humid periods, the principle 
components analysis method and cluster analysis were used. Therefore by emphasis on peripheral circulation 
approach, wet periods during a 30 years statistic period (1982-2011) in 6 synoptic stations in Kerman, Yazd and Isfahan 
province which have long term common statistic period were calculated using standard precipitation index. The findings 
of principle component analysis showed that by eight components it is possible to explain 94 percent of the variations 
in geo-potential height data. Therefore, the first component with 62.3 percent appearance shows the dominance of 
polar and Siberia high pressure in cold period of the year, and the remaining components show atmosphere instabilities 
which penetrate the region from Mediterranean sea, Black sea and Red sea. The results of cluster inspections show 
that there are two patterns with 28 percent frequency and 15 percent probability of precipitation in the region. Therefore, 
the circulation pattern of middle level of the atmosphere shows that by establishment of a deep trough at the east of 
Mediterranean sea and red sea and locating the east of trough on the researched area, and simultaneously a low 
pressure centre become dominant at the sea level on the region which cause precipitation event. This arrangement of 
circulation pattern causes Iran to exit from drought.
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conditions surrounded by desert with no recorded rainfall for years and 
mountains (Zagros on the western border and Alborz to the north). 
Based on climatological conditions in Iran, four different seasons 
are distinguished including spring (first of March to end of May), 
summer (first of June to end of August), autumn (first of September to 
end of November) and winter (first of December to end of February) 
[18]. In this investigation, precipitation data of 6 synoptic stations 
(mentioned above) in temporal frames of day and month in a 30 year 
common statistical period (1982-2011) were used. The Standardized 
Precipitation Index (SPI) is one of the most commonly used indicators 
of meteorological drought monitoring and has been used extensively 
in the literature [22]. Among all drought indices, the Standardized 
Precipitation Index, SPI, is the most popular and is now widely used 
throughout the world for drought analysis (e.g., Hayes et al. [23]; 
Raziei et al. [9]; Ibrahim et al. [24]) The Standard Precipitation Index 
(SPI) was used for identifying dry periods and statistical investigation 
(Equation 1). This index was developed by Mckee et al. [25] based on 
the following relation in 1993. 

iP   P
SD

SPI −
=                                                          (1)

Where, Pi is precipitation in year i,  is the average precipitation 
during statistical period, SD is the set standard deviation of precipitation. 
Positive amounts of index show precipitation more than median and 
negative amounts show different intensities of drought (Table 1). After 
identifying the wet years by using SPI index, 38 wet months were 
identified with the spatial occurrence condition more that 50 percent, 
then by peripheral circulation approach for identifying the circulation 
patterns of wet periods, daily data of 500 HPa geo-potential height level 
in the given months were exploited. Data of 500 HPa geo-potential 
height level in array 609*306 (306 showed the day and 609 showed the 
points arrangement) was selected which was extracted from the website 
of the national center of environmental prediction/national center of 
atmospheric researches by special separation of 2/5*2/5 degree, in the 
domain of 10 to 80 degree west longitude, and 20 to 70 degree north 
latitude. Then by conducting the principle component analysis by 
correlation method and components rotation by Varimax, effective 
components were identified. Then by cluster analysis and calculating 
Euclidean distance and Ward method on component amounts, the 
circulation pattern of wet period was identified, and in each cluster 
or category one day was chosen and investigated as the key or pattern 
day. Principle component analysis has three output: spatial patterns 
(component load array), temporal pattern (component amount 
array), and component explaining diffraction array. For selecting the 
most important components, the explaining principle of more that 1 
percent was considered. So we used only those components for the next 
analysis that explained more than 1 percent of variations in 500 HPa 
geo-potential height level. Spatial patterns map for identifying the most 
effective components at the time of frozen phenomenon at the above-
mentioned levels were drawn, and in the next step, a cluster analysis 

two seasons including December to February and June to September 
were separated from each other. Kassamenos [14] used different 
methods like principle analysis, agent analysis and cluster analysis 
for climate classification and identifying precipitation periods in a 
study about describing synoptic condition above the south of Greece 
in the meantime of the second half of 20th century. Lamb, stated that 
the relation between precipitation as the most variable atmosphere 
phenomenon and atmosphere circulation patterns was very strong. 
By identifying the atmosphere circulation patterns, variations, 
frequency, intensity and spatial distribution of precipitation can be 
investigated and its physical reasons can be expressed. Duckstein et 
al. [15] identified circular patterns causing flood for Arizona State in 
United States. Corte-Real et al. [16] and Trigo and Dacamara found 
reduction of air species frequency causing precipitation and increase 
of air species causing drought as the main factors in precipitation 
reduction in Portugal in the second half of 20th century. Buntgen et 
al. [17] studied dynamic drought in Slovakia, and found high pressure 
system penetration at level 500 HPa on the central Europe as the cause 
of summer wet period in Slovakia. Moreover, many studies have been 
conducted about drought in Iran (Shahabfar et al. [18], Keshavarz 
and Karami [19], Golian et al. [20], Farhangfar et al. [21]) by using 
different indexes. However, till now no research has been conducted 
by using the principle components analysis in the researched region. 
Therefore, in the present study, since there is no investigation has been 
conducted about investigating the synoptic patterns effective on wet 
periods in the region (central Iran), this study has been conducted with 
the aim of identifying these patterns by using the principle components 
analysis. To this aim, first the data base used is introduced, then the 
atmosphere circulation pattern in 500 hecta-pascal level on Isfahan, 
Yazd and kerman provinces, Iran are determined by using the principle 
components analysis and cluster analysis, and its relation to wet period 
is investigated and discussed. 

Materials and Methods
Study sites and data

The researched area includes 6 synoptic stations in Kashan, Isfahan, 
Isfahan east, Yazd, Kerman and Bam which were located in Isfahan, 
Yazd and Kerman provinces, Iran. Geographical location of this region 
is shown in Figure 1. Central Iran is a step-like plateau characterized 
by extremely wet climate in the Northern regions, arid and semi-arid 

Figure 1: Geographical location of the researched area.

Standard precipitation index Index value
2 and more Very severe wet years
1.5 to 1.99 Severe wet years
1 to 1.49 Middle wet years

-0.99 to 0.99 Normal
-1 to -1.49 Middle drought

-1.5 to -1.99 Severe drought
-2 and less Very strong drought

Table 1: Different intensities of drought based on Standard Precipitation Index.
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by ward integration method on component amounts was conducted 
for identifying the map patterns of wet periods, so in each cluster, one 
day was introduced on the basis of most intra-group correlation as 
the representative day or circular pattern. The map of representative 
days or circular patterns were exploited in the introduced coordinate 
framework, and processed. For calculating the distance, the following 
Euclidean distance relation was used:

2
, ,

1

), ( –  
n

i p j p
p

di j X X
=

= ∑                                                            (2)

Where: n is the people number, ,  i pX the amount of p variable in 
day i, ,j pX is the amount of variable p in day j. And for calculating the 
integration or data binding the ward relation was used: 

( ) ( ) ( )   
 ,   ,   ,     ,      

   
( ) i k i k i k

i j k i k i k i j
i j k i j k i j k

n n n n n nd C C C d C C d C C d C C
n n n n n n n n n

+ + +
∪

+ + + +
=

+ +
+ −  ( 3)

Where d is cluster Euclidean distance, I, j, k (C= Cluster) - Ci, Cj, CK 
each one is considered as a separate cluster. 

Results and Discussions
On the basis of diffraction array of principle component exploring, 

the explained percentage by each of the components of 500 HPa geo-
potential height level data were calculated for wet years patterns (Figures 
2-9). So by 8 components, 94 percent variation in geo-potential height 
data was explained (Table 2). The first component explained 62.3 
percentage of data diffraction of 500 HPa geo-potential height level 
in wet periods. Spatial patterns of this component showed that there 
were negative and positive steps in the researched area. The positive 
step dominant in central Iran showed a low height that provide the 
occurrence condition of atmosphere instability, and the negative step 
showed polar high pressure and Siberia high pressure which had two 
separate cow-eye patterns. Therefore, this component had the highest 
percentage of variation diffraction of geo-potential elevation data, and 
was the most effective pattern in wet period events in the research area 
(Figure 2). The probability of precipitation event in this component 

in wet years could be the lowest amount according to the available 
components, and this component showed the peak instabilities. The 
second component with 11.1 percent explained the diffraction of 500 
HPa geo-potential height level data in wet periods. Spatial patterns 
of this component showed that the positive step located on Red sea 
and in the east of Mediterranean sea had affected the researched area, 
and provided the instability condition and humidity ascend on both 
seas, Therefore, in wet periods, the important component was the 
entrance of humidity of Red sea from the southwest towards Iran 
and the researched area (Figure 3). The third component explained 
8.1 percent of diffraction of 500 HPa geo-potential height level data 
in wet periods. Spatial pattern of this component showed that there 
are several cow-eye patterns in the researched area, therefore two 
adjacent step one on the Mediterranean sea with positive step could 
be regarded as high elevation, and the other one with negative step 
which was located on Iran was considered as low elevation that caused 
the atmosphere instability in the researched region (Figure 4). The 
fourth component explained 3.9 percentage of diffraction in data of 

Figure 2: The second component of 500 HPa geo-potential height level 
data.

Components First Second Third Fourth Fifth Sixth Seventh Eighth 
Expression 
percentage

62.3 11.1 8.1 3.9 3.2 2.6 1.3 1.2

Table 2: Component percentages estimated from principle component analysis.

Figure 3: The first component of 500 HPa geo-potential height level data.

Figure 4: The third component of 500 HPa geo-potential height level data.
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500 HPa geo-potential height level in wet periods. Spatial pattern of 
this component showed that there were two important centers with 
different steps in the given region, negative step which was expanded 
from Red sea to Caspian sea and had affected the researched area, 
and the positive step which was located in the north of Black sea and 
Mediterranean sea, so according to the location of both steps, negative 
step could be considered as high elevation which had anticyclone and 
clockwise movements and made proper conditions for penetration of 
sea humidity towards the region, and the positive step was regarded as 
sub-polar low elevation which was extended to lower latitudes (Figure 
5). The fifth component explained 3.2 percentage of diffraction in 500 
HPa geo-potential height level data in wet period. Spatial pattern of 
this component showed that a center with negative step is dominant in 
west of Iran, a low elevation which showed the penetration of Red sea 
and Mediterranean sea moisture, and the positive step showed the high 
pressure of the North-west of Europe (Figure 6). The sixth component 
showed 2.6 percentage of diffraction of 500 HPa geo-potential height 
level data in wet periods. Spatial pattern of this component showed 
that there is a center with negative step in the north of Caspian 

Sea and Aral Lake, and was under the domination of Siberia high 
elevation, and the researched area was under the domination of low 
elevation (Figure 7). The seventh component showed 1.3 percentage 
diffraction of 500 HPa geo-potential height level data in wet periods. 
Spatial pattern of this component showed that a center with negative 
step was dominant on the region which showed low elevation and 
caused a very sever unstable condition, and provided the probability 
of heavy precipitation (Figure 8). The eighth component showed 1.2 
percent diffraction of 500 HPa geo-potential height level data in wet 
periods. The spatial pattern of this component showed that a center 
with negative step was dominant in the region which showed a low 
elevation and caused a very sever unstable condition, and provided the 
probability of a heavy precipitation occurrence (Figure 9). The seventh 
and eighth components could show very heavy precipitations in the 
researched area, and was effective in causing wet years, and showed the 
first component of dominant weather during the year. 

Circular pattern of cluster analysis of wet periods

Cluster exploration on agent amounts of analyzing the main 

 
Figure 5: The fourth component of 500 HPa geo-potential height level data.

 
Figure 6: The fifth component of 500 HPa geo-potential height level data.

 

Figure 7: The sixth component of 500 HPa geo-potential height level data.

 
Figure 8: The seventh component of 500 HPa geo-potential height level 
data.



Citation: Fatemi M, Omidvar K, Beiglou KHB, Narangifard M (2015) Using Principle Component Analysis in Identifying Synoptic Patterns of Wet 
Periods in Central Iran. J Earth Sci Clim Change. 6: 309. doi:10.4172/2157-7617.1000309

Page 5 of 8

Volume 6 • Issue 9 • 1000309
J Earth Sci Clim Change 
ISSN:2157-7617 JESCC, an open access journal 

component shows that 4 map patterns in occurrence of wet periods 
can be identified (Table 3). 

Pattern A (wet years): This pattern has the frequency of 28 percent 
in wet periods which is in the second order among map patterns. 27 
March 1999 was chosen as the representative or pattern day based on 
correlation analysis. Map pattern of 500 HPa geo-potential height level 
shows that a deep trough in the east of Mediterranean Sea and Red 
sea is formed and leads to trough east lying on the researched area. 
The presence of this cold hole in western part of Caspian Sea with 
closed contour 555 geo-potential meters can be observed (Figure 10). 
Moreover, high elevation system (anticyclone) with closed contour 
590 geo-potential meters was formed on Arab sea, and by clockwise 
circulation led to humidity transport above Arab and Oman Sea toward 
central part of Iran. Map pattern of sea level pressure shows that Siberia 
high pressure center is dominant in north and east of Iran, and above 
Iran there is a low pressure center with closed contour 1010 HPa that 
cause instability (Figure 11). High pressure center on mountain region 
of Anatoly was formed on closed contour 1010 HPa. In this pattern, 
according to sea level pressure and level 500 HPa, it can be concluded 
that accompaniment of atmosphere levels in making instability in the 
region is effective, and if humidity is provided, precipitation can occur, 
and this pattern is so effective in occurrence of wet periods. 

Pattern B (wet years): This pattern has the frequency of 28 percent 
in wet periods, and 3 June 2009 was chosen as the representative or 
pattern day based on correlation analysis. Map pattern of 500 HPa 
geo-potential height level shows that a trough  is formed on the 
Mediterranean sea, and also a ridge with focus on north of Caspian 
sea is formed and in this situation by making an atmosphere barrier 

lead to laying of ridge east on the region, and lead to falling of cold 
currents into Iran (Figure 12). Map pattern of sea level pressure shows 
that sub-polar low pressure is extended towards low latitudes and 
leads to extension of Siberia high pressure tongue and combined high 
pressures (Siberia-Europe) into Iran, and the researched area is under 
the domination of high pressure tongues (Figure 13). Investigating the 
tow-mentioned levels shows that in the middle level of atmosphere 

Patterns Correlation of 
representative day

Intre-group 
correlation Frequency year month day Year month day

A 0.85 0.78 28 1378 1 7 1993 3 27
B 0.89 0.84 22 1388 3 13 2009 6 3
C 0,84 0.75 35 1377 5 28 1998 8 19
D 0.91 0.88 15 1390 9 2 2011 11 23

Table 3: Representative days obtained from cluster analysis.

 
Figure 9: The eighth component of 500 HPa geo-potential height level data.

 
Figure 10: Geo-potential elevation map at level 500 HPa in the representative 
day of pattern.

 
Figure 11: Sea level pressure map in representative day of pattern A.
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closed contour 1000 HPa is located in the southern coast of Persian 
Gulf. This pattern shows the hot period of the year (The first 6 month) 
which is appearing with 35 percent frequency. Therefore, in this pattern 
there is no condition of precipitation and this is one of the properties of 
the weather in this region. 

Pattern D: This pattern has the frequency of 15 percent in wet 
periods, which has the 4th rating among map patterns. 23 October 2011 
was chosen as the representative or pattern day based on the correlation 
analysis. Map pattern of 500 HPa geo-potential height level shows that 
a trough with focus on Caspian sea to the center of Persian Gulf is 
formed, and there is a ridge with focus on Mediterranean sea which 
leads to falling of cold air on Iran, and in western regions which are 
located under the upper divergence of trough, there is the probability 
of atmosphere downpour (Figure 16). Map pattern of sea level pressure 
shows that a high pressure center in west Europe with closed contour 
of 1035 HPa is formed, and its tongue penetrates into Iran, and the 
researched area is under the domination of high pressure, and two high 
pressure systems are seen in the north of Baikal lake and Tibet plateau 

there is cold air falling of high latitudes, and at the sea level there 
are high pressure centers. Conformation of atmosphere levels in this 
situation leads to coldness and reduction of temperature in the region, 
there is no condition of precipitation, so in wet years in this region such 
situation is not far from expectations. 

Pattern C (wet years): This pattern has the frequency of 35 percent 
in wet periods, which has the first rating among map patterns. 19 May 
1998 was chosen as the representative or pattern day based on the 
correlation analysis. Map pattern of geo-potential elevation height at 
level 500 HPa shows that High pressure (Azor) penetrates into Iran 
from north of Africa, and this current leads to air falling to lower levels, 
and provides stable condition for the atmosphere, and sub-tropical 
high pressure with contour 590 geo-potential meter covers (embrace) 
Iran (Figure 14). Two central core of this high pressure with closed 
contour of 595 geo-potential meter in south west of Iran and Algeria 
are formed. Map pattern of sea level pressure shows that low pressure 
centers are formed which are extended toward Persian Gulf and the 
researched area (Figure 15). The central core of this low pressure with 

 
Figure 12: Geo-potential elevation map at level 500 HPa in the 
representative day of pattern B.

 

Figure 13: Sea level pressure map in representative day of pattern B.

 
Figure 14: Sea level pressure map in representative day of pattern C.

 
Figure 15: Geopotential elevation map at level 500 HPa in the 
representative day of pattern C.
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(Figure 17). Therefore, agreement of these two levels in this pattern 
shows the condition of cold air falling, if low pressure center is formed 
in the region, and based on the east of the present trough, instability is 
established, and is effective in occurrence of precipitation in the eastern 
part of the researched area. Disagreement of atmosphere levels in the 
absence of humidity provides the condition of dust. Iran, and specially 
the researched area, is under the domination of dust condition. In 
general, according to the results, this investigation is in agreement with 
the investigation conducted by Khoshakhlagh which was conducted 
in the West south of Iran about the spatial position of Mediterranean 
Sea trough axis. Moreover, in the research done by Atayi et al. [7] the 
circulation patterns of pluvious period show a deep descent on Iraq 
and the establishment of the researched region at the eastern part of 
the descend which is in a good agreement with the results of the present 
study. 

Conclusion
According to the close relationship between atmosphere circulation 

patterns and climatic elements, weather extreme phenomena like flood 
and drought, and dry and wet periods can be related to variations of 
atmosphere circulation patterns [26]. Therefore, in the present study by 
using principle component analysis and clustering, eight components 
were identified on the researched area in wet periods which can explain 
94 percent of data variations in level height of 500 HPa. The results 
of the main component analysis in wet periods show that the first 
component with the highest percentage of appearance has the main 
role among circulation patterns and determines the dominant pattern 
in cold periods of the year, and its negative step shows polar and Siberia 
high pressure which have two separate cow-eye patterns. Therefore, this 
component has the highest percent of diffraction in data variation of 
geo-potential elevation, and is the most effective pattern in wet periods 
of the region, and by 62.3 percent explains the variation diffraction, 
which does not have the condition of precipitation with penetration of 
high pressure or high elevation tongue, and the remaining components 
based on the negative and positive steps of centers show atmosphere 
instability which penetrate the region from Mediterranean sea, Black 
sea and Red sea and lead to exit from drought and experience wet 
period in the region. Investigating the circular patterns of sea level 
pressure and geo-potential elevation of middle level of atmosphere in 
wet period shows that the arrangement of circulation patterns with 28 
percent frequency provides the condition of precipitation, and in other 
patterns 15 percent probability of precipitation is provided, and the 
absence of humidity may lead to dust occurrence [27,28]. Therefore, 
map pattern of 500 HPa geo-potential height level at the time of 
precipitation shows that a deep trough in east of Mediterranean sea 
and Red sea is produced which lead to establishment of east through 
on the region, and map pattern of sea level pressure shows that 
there is a low pressure center on Iran, and also covers the researched 
area. The situation of the middle level of atmosphere and sea level 
pressure provide the conditions of instability and ascend and leads to 
precipitation in this region, or if there is no humidity, dust may occur. 
Therefore, 43 percent of times, there is the probability of precipitation. 
The arrangement of circulation patterns in the remaining times in wet 
periods shows that in the middle level of atmosphere by formation 
of trough, the researched region would be at the west part of the axis 
which is the place of cool air falling of upper latitudes, and in the sea 
level, center or tongues of high pressure of north, west and north 
east of Iran would extended on the region which because of stability, 
prevent the ascend of humidity if present, and prevent precipitation in 
this region. In general, identifying the atmosphere circulation patterns 
can be effective in weather forecast, regional planning and climatic 
models [29,30]. Therefore, according to the lack of related studies in 
the researched area, conducting more researches help us to understand 
and recognize the region`s weather better. 
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