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ABSTRACT: Trend analysis of climate variables has important role to detect climate variations and 
changes probably. Heavy precipitation events are one of the most important factors to reduce the 
products and raisins exports. This research aims to analysis of trend of sea level pressure patterns 
during growth of vitis vinifera in heavy precipitation events in Hamedan province. For this purpose, daily 
precipitations of 4 synoptic stations were used from March to October and from 1993 to 2009. Sea level 
pressure data are extracted from www.ncdc.noaa.gov for 100 days in 2.5º*2.5º spatial resolution and 6 
hours temporal resolution. The SLP patterns were computed using principal component analysis (PCA), 
cluster analysis (CA) and Ward linkage. Parametric methods (regression analysis and Pierson 
correlation coefficient) and non-parametric methods (Man-Kendall and spearman) are used and 
compared. The results show that there are 5 SLP patterns in heavy precipitation days during the growth 
of vitis vinifera.  Combined European and Siberian high pressure systems –low pressure system over 
Iran and Black Sea high pressure system- low pressure system in the West south in Iran have a trend 
increasingly but the other patterns have a trend decreasingly or without trend. The role of low pressure 
systems in Iran is more important than ones in Arab country. Also, the role of European high pressure 
system is more important than Siberian system to occur the heavy precipitation events in recent years. 
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INTRODUCTION 
 

 Effect of fluctuations or climate changes on various stages of plant phenology , geography of culture , farming 
techniques , water requirements , environmental stress and genetic of horticultural crops , causing changes in the 
yield and quality of agricultural products  and economic conditions of the market  in different countries of the world. 
Raisin grapes are the main agricultural products of Hamedan province and the country's exports. There are more 
than 70 factories in the city Malayer as a district that it is one of the most important cities in the country to export 
into Iraq, Russia, Ukraine, France, Germany and Canada, showing the importance of this product in the economic 
structure of the city, province and country. Heavy rainfalls, especially at critical stages of development can damage 
the vineyards, production and product quality and reduce the country's income from exports to low. Despite the 
existence of a series time alone is not proof of climate change on the occurrence of the event will strengthen the 
assumption.  So far, most of the studies in Iran [ 29 , 30 , 31 , 33 , 35 and 36 ] and the world [ 1 , 2 , 3 , 4 , 20 , 24 , 
25 , 26, 27 ] focused on the detection of climate change leading to the detection of changes in temperature and 
rainfall and approximately moisture, evapotranspiration and wind speed , respectively. Generally, results indicate 
that temperature has increased in large parts of the world in the late nineteenth century and the first decades of the 
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twentieth century and Earth's climate over the twenty-first century, about half ° C has become warmer than the last 
century. So far , many researches in the field of heavy rainfall  have done in the  worldwide ( 5 , 6 , 7 , 8 , 9 , 10 , 11 
, 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 21 , 22 and 23 ) and Iran ( 28 , 32 , 34 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 and 
45) that they showed  different patterns of sea level pressure associated with dynamic and thermodynamic 
atmospheric conditions especially in the upper levels  can be lead to the occurrence of weather anomalies and 
heavy rainfall. Although the effect of temperature and precipitation trends in the quantity and quality of agricultural 
products around the world is an important topic of research in environmental studies, but it seems the trend of 
synoptic-scale sea level pressure patterns because of Synoptic comprehensive view of all climatic and atmospheric 
variables can be detect fluctuations and climatic change better than the other methods probably.This study tries to 
identify the synoptic patterns of sea level pressure in the events of heavy rain falls in vineyards in Hamedan 
province during the growing season  and its trend using parametric and nonparametric. 
 

MATERIALS AND METHODS 
 

 For this purpose, daily precipitations from 4 synoptic stations were used from March to October and from 1993 
to 2009 (obtained from Iran Meteorological Organization). Sea level pressure data are extracted from 
www.ncdc.noaa.gov for 100 days in 2.5º*2.5º spatial resolution and 6 hours temporal resolution. The SLP patterns 
were computed using principal component analysis (PCA), cluster analysis (CA) and Ward linkage. In each case 
the mean circulation patterns, precipitation indices including frequency, mean, median, variance, skewness were 
obtained and compared to the original model. Parametric methods (regression analysis and Pierson correlation 
coefficient) and non-parametric methods (Man-Kendall and spearman) are used and compared. Changes in 
circulation patterns leading to heavy rain falls. For this purpose, Kolmogrov - Smirnov test was used to determine 
the normality of the data set. Using parametric and nonparametric regression analysis and Pearson correlation 
coefficient I - Kendall and Spearman at probability level of 95% was used. The simple linear regression equation y 
= a + bx is used to obtain long-term trend, which is calculated using the least squares method. Coefficient of 
Pearson correlation between +1 and -1 are used. The Mann - Kendall statistic z is positive if upward trend in the 
data series and z statistic is negative if the data set is negative. Calculated t in Spearman test is calculated with n-2 
degrees of freedom and is compared with the t table. Finally, obtained statistics were compared for all four 
methods. 
 

RESULTS AND DISCUSSION 
 

 Cluster diagram of sea level pressure for selected days of heavy rainfalls shows that there are five main 

circulation patterns can cause heavy precipitation during the growing of vitis vinifera in the vineyard of Hamedan 

province.The first pattern, called the Black Sea high pressure - low pressure in the South West of Iran. in this 

circulation pattern, Siberian High pressure is located in northern China and Mongolia , European high pressure is 

located in southern Europe and low pressure of European integration ( elongated from north to south ) is in Iran , 

Oman, Persian Gulf , Saudi Arabia and the Red Sea (Fig. 1 ).  The second pattern is called European integration 

high pressure, Siberian high-Arabian low. In this Circulation pattern, the Siberian high is elongated from  north east  

of Iran to north of China and Mongolia, and north of Russia and Europe and low pressure is located from west of 

Iran to Saudi Arabia and the Red Sea (Fig. 2 ) . The third pattern, called the north of Caspian Sea high pressure –

Saudi Arabia low pressure. In this circulation pattern European high pressure elongated from north of Caspian Sea 

and Black Sea and also Arabian low pressure is located in Saudi Arabia, Oman, Persian Gulf and the Red Sea 

(Fig. 3). The fourth pattern, called European high integration, Siberian high - Low pressure in Iran. In this pattern 

siberian high is elongated from China and Mongolia to the north of Iran and low pressure is located in central Iran, 

West Iran, Oman, Saudi Arabia and the Persian Gulf (Fig. 4). The fifth pattern called the Siberian High - Yemeni 

low pressure. In this circulation pattern, the Siberian High is located in northern China and Mongolia, Arabian low 

pressure is over Saudi Arabia and Yemen (Fig. 5). This pattern is related to cool season and it has not been seen 

in warm season. In general, in all circulation patterns (Figure 6) air pressure gradient between high pressure and 

low pressure which is in west of Zagros can cause the occurrence of heavy precipitation. 

 Figure (7) shows that the fifth pattern has the highest skewness. All patterns have a negative kurtosis. Figure 

(8) shows that the fourth pattern and the first pattern have the highest and the lowest variance respectively. Figure 
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9 shows that the forth pattern and the first pattern cause the highest and the lowest heavy rainfalls respectively. 

Patterns of the one and Two have the most frequency and the fifth pattern has the lowest frequency of occurrence. 

The results reveal that the first pattern in April, May and June, the second pattern and the fourth pattern in April, 

May and September, the third pattern in April, May and September and the fifth pattern in August and September 

are caused heavy precipitation at the vineyards in Hamedan province. On the other hand, all the patterns occur in 

April. The first pattern and the third pattern are seen just in June and September respectively. In general, the April 

and May are the main months of heavy rainfall events during the growth of vitis vinifera in Hamedan province (% 

88). The heaviest rain falls (more than 30 mm per day) often occur in the second and fourth patterns. 

 Table 1 shows among the main sea level pressure patterns, the first and fourth pattern have increasing trend  

in all methods  of parametric and non-parametric methods (regression coefficient, Pearson , Mann- Kendall 

coefficient and Spearman coefficient ) and the other patterns have decreasing trend or they are without trend. The 

trend analysis of the sea level pressure patterns indicate that low pressure systems have increased within the 

boundaries of Iran. Thus, to generate heavy rainfall events in recent years, there are a gradient of air pressure 

stronger between low pressure and high pressure systems particularly European high pressure system rather than 

before. The results show that the Siberian high pressure system has played less important role to occur heavy 

rainfall, these years than last years.  

 
Figure1.The first pattern of SLP for heavy precipitation during the growth of vitis vinifera 

 

 
Figure 2.The second pattern of SLP for heavy precipitation during the growth of vitis vinifera 
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Figure 3.The third pattern of SLP for heavy precipitation during the growth of vitis vinifera 

 

 
Figure 4.The forth pattern of SLP for heavy precipitation during the growth of vitis vinifera 

 

 
Figure 5.The fifth pattern of SLP for heavy precipitation during the growth of vitis vinifera 
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Figure 6. Mean pattern of SLP for heavy precipitation during the growth of vitis vinifera 

 

 
Figure 7. Skewness and kurtosis of heavy precipitations in the SLP patterns for heavy precipitations during the 

growth of vitis vinifera 

 

 
Figure 8. Variance of heavy precipitations in the SLP patterns for heavy precipitations during the growth of vitis 

vinifera 
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Figure 9. Mean and frequency of heavy precipitations in the SLP patterns for heavy precipitations during the 

growth of vitis vinifera 

 

 
Figure 10. Temporal distribution of the SLP patterns for heavy precipitations during the growth of vitis vinifera 

 

Table1. the results of parametric and nonparametric tests of trend for SLP patterns in heavy 

precipitation events 

 

Parametric test Nonparametric test 

Regression 

analysis 

Pearson 

coefficient 

Mann-

Kendal 
Spearman coefficient 

Pattern 1 + + + + 

Pattern 2 _ _ 0 0 

Pattern 3 _ _ 0 0 

Pattern 4 + + + + 

Pattern 5 0 0 0 0 

*  Sign of " +" shows increasing trend, Sign of " –" shows increasing trend and Sign of "0" shows 

without trend 
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