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Abstract

:

The duration of dust days (DDD) is one of the most important parameters that may worsen the effects of the presence of dust in the affected areas. Persistent pollution over consecutive dusty days can have particularly negative effects on the human respiratory system. The present analysis was conducted in Central Iran, where the phenomenon of dust is one of the most important problems. In this study, using dust codes recorded at 35 synoptic stations, the homogeneity of DDD across the region was investigated using the L-moments method. Then, characteristics of DDD over the period 1999–2018 were calculated. The results showed that the region is statistically homogeneous. Furthermore, Zabol and Zahdan are the stations worst affected, with the longest durations of 22 and 21 days in 2014. Additionally, the values of DDD with return periods of 5, 10, 25, and 50 years were calculated using fitted statistical distributions and kriging and mapped. Finally, using the K nearest neighbor method the most important factor affecting DDD of the spatial characteristics, including longitude, latitude, elevation, average daily temperature (tm), dew point (td), wind altitude (u), maximum wind speed (ffmax), and direction of the fastest wind (ddmax), was determined. It was found that the southeastern parts of the study area are affected by the longest dust storm duration in all return periods; over longer return periods, long dust storms are also found in the central parts, especially the central desert of Iran. Therefore, these areas should be given priority in fighting and controlling wind erosion. Furthermore, the results showed that the maximum wind speed has the greatest effect on DDD.
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1. Introduction


Atmospheric dust is a meteorological event that has adverse environmental effects and consequences, with a negative impact on the lives of humans and communities. Dust is a mass of small solid particles that are suspended in the atmosphere and may reduce the horizontal visibility to 1–2 km or less [1]. Assessments of the effects of aerosols on the climate and environment still feature large uncertainties, and a better understanding of the spatiotemporal variation in these effects is needed [2]. Dust particles can range in size from a few nanometers to 100 microns [3]. They can rise to the top of the troposphere and for a long distance laterally (4000 km from the source of emission) and may remain in the atmosphere for several weeks due to their small size [4,5]. Therefore, the effects of dust are not limited to the location of storms, which lift the parcels from the ground to the atmosphere, but their effects can be traced some miles away from the source, highlighting the global importance of these events. Mineral dust, as a major component of atmospheric aerosols, has a strong impact on the atmosphere. It affects the radiation budget of the earth’s atmosphere by scattering and absorbing solar radiation, alters cloud characteristics by providing cloud condensation nuclei or ice nuclei, and heats up the surrounding environment [6]. These particles can reduce air quality, favoring severe respiratory diseases, as well as destroy transportation infrastructure, reduce incoming solar radiation [7,8], induce negative effects on vegetation and agricultural fields, and so on [9]. One of the major factors in the formation of dust storms is the presence of strong wind flows associated with low-pressure systems in potential source areas [10]. Dust particles are effective in absorbing and reflecting the sun and earth radiation, especially in layers below 3000 m, affecting the incoming and outgoing radiation at the earth’s surface (atmospheric radiation balance). By increasing the absorption and reflection of sunlight towards space, they directly cool the underlying layers of the atmosphere and, on the other hand, warm the earth by trapping long wavelengths reflected from the earth’s surface [3,5,11,12,13,14,15]. Dust particles are harmful and dangerous to public health [16]. Dust storms can transmit a variety of pollutants and allergens such as spores, fungi, bacteria, pathogenic viruses, sediments, heavy metals as well as radioactive materials [17]. Breathing polluted air causes respiratory disorders including asthma, bacterial infection of the trachea and bronchi, pneumonia, and cardiovascular disorders including stroke and heart attack [18]. As well, dust also has a significant impact on global biochemical cycles, soil formation, atmospheric chemical composition, and air quality [19,20,21,22,23]. Therefore, dust may have irreversible harmful effects, and any area that has a high number of consecutive dust days will have more harmful effects. Dust is a dynamic phenomenon and research on it covers a wide range of time scales and variability in frequency and intensity [24,25,26]. Arid areas (deserts), semi-arid areas, seasonally dry coastal areas, lakes and wetlands, and areas with very low annual rainfall, very low soil moisture, abundant alluvial sediments, and poor vegetation are particularly prone to dust emission and hence to severe dust storms. In addition, dust storms can be worsened by human factors in the form of human intervention in land surface diversity, land use change through agriculture, deforestation, and overgrazing [4,27]. Poor land management, climate change, and drought caused by human activities, followed by land drying and desertification, poor management of water resources such as surface water diversion, multiple dams, and overuse of water, are contributors to dust supply. Many studies have been performed in the field of how dust days are affected by meteorological and land surface conditions in arid parts of Iran, [28]. Severe sandstorms raise dust during atmospheric instabilities under dry and windy conditions. In general, the main sources of dust storms are located in the arid and semi-arid regions of the world. In the Middle East, deserts in Iraq, Iran, Egypt, Israel, Syria, and the Arabian Peninsula are known to be the main sources of dust [29]. In recent years, dust events considered serious environmental hazards [3,11] have occurred with greater frequency and intensity in Asia [30]. Iran is located in a zone of southwest Asia where arid and semi-arid climate and sparse vegetation provide the conditions for dust storms, particularly in Central Iran, where the deserts of Loot and Kavir provide ideal conditions for this phenomenon. The Jazmourian, Gavkhoni, Hamoon wetlands in the central plateau of Iran, when dry and under influence of the regional winds, acting major dust sources, particularly in drought conditions.



The continuity of dust day duration (DDD) in the region, intensifies the human and environmental effects of this destructive phenomenon. The purpose of this study is to analyze periods of dust persistence and to identify the most affected areas. The return periods of different DDD values were calculated, and then these calculated values of this parameter were regionalized across the whole study area. One of the innovative aspects of this study is that no study has previously been performed on the persistence of dust days in the central plateau of Iran.




2. Materials and Methods


2.1. Study Area


The Central Plateau is Iran’s largest basin, consisting of nine sub-basins, including: Loot desert, Central Desert, Jazmoorian, Govkhooni, Salt Lake, Siahkoh Desert, Daranjir Desert, Abargho Desert, and Tashk Bakhtegan Maharloo. Rainfall in this area is very low, with an annual average of less than 100 mm, and locally just 25 mm. On the other side, the annual potential evaporation rate in this area is high, and in many cases reaches more than 4000 mm. As such, the potential evaporation rate can be as high as 40 to 80 times the annual precipitation, indicating extreme aridity. The average relative humidity of these plains is around 30–40% but declines to 15% during the warm season. The mean annual temperature varies between 15 and 30 °C, and the reported maximum and minimum temperatures are 51 and −18 °C, respectively. In Figure 1, the area is shown along with the synoptic stations that will be used here to identify the occurrence and frequency of long-duration dust storms in the region.



In this study, dust codes related to 35 synoptic stations located in the central plateau of Iran were used to determine DDD; the specifications of these stations are shown in Table 1. Figure 2 shows how the station data fit into the overall step-by-step plan of the research. In general, after taking the dust data and also the regional frequency analysis using L-moment, we calculate the probability value of DDD and obtain the return period of DDD values, and using interpolation the map of DDD at different return periods is obtained. Furthermore, using the k-NN classification method, the most important factor influencing the synoptic dust variability is determined.




2.2. Homogeneity Testing of DDD


Discordancy Test


Hosking & Wallis [31] presented two statistical measures for regional homogeneity, which include the discordancy statistic D and the homogeneity statistic H.



The discordancy test identifies inconsistent locations within the whole group. It is not easy to choose a value for    D i    (discordancy or mismatch criterion at station (i)) as a decision criterion for a mismatched station. Ref. Hosking & Wallis [32] suggested that a station is awkward when the    D i    level is above a critical level. In large areas, stations with high    D i    are more likely to exist. However, it is still suggested that if a station has    D i  > 3  , that is considered a mismatch [31].



The discordancy statistic is defined as follows:


   U ¯  =  N  − 1     ∑   i = 1  N   u i   



(1)






  S =    (  N − 1  )    − 1     ∑   i = 1  N   (   u i  −  u ¯   )     (   u i  −  u ¯   )   T   



(2)






   D i  =  1 3     (   u i  −  u ¯   )   T   S  − 1    (   u i  −  u ¯   )   



(3)







Here    u i  =    [   τ 2 i  ,  τ 3 i  ,  τ 4 i   ]   T    is the linear moment matrix at station i, N is the number of stations, and S is the sample covariance matrix [31,32]. The homogeneity test statistics include three criteria: H1, H2, and H3. If the value of this statistic is less than 1, the region is homogeneous; if it is between 1 and 2, the region is somewhat homogeneous; and if it is greater than 3, the region is completely discordant. In practice, it is stated that the H1 criterion is more appropriate for this test [33]. The value of this statistic is obtained from the following equation:


   H i  =  (   V  o b s   −  μ V     )  /  σ V   



(4)




with


   V  o b s   =    {      ∑   i = 1  N   n i     (   τ 2 i  −  τ 2 R   )   2      ∑   i = 1  N   n i     }    1 / 2    



(5)







Here,    n i    is the sample size at station i,    τ 2 i    is the sample linear torque (L-CV),    τ 2 R    is the mean sample linear torque (L-CV),    μ v    is the mean of    V  obs     values and    σ v    is the standard deviation of the    V  obs     values [31,32]



To select the best distribution in an area, we can choose the one that gives the best value of a fit criterion. Tests that are used to select a distribution to fit data include the Chi-square test    χ 2   , Kolmogorov–Smirnov test, PPPC (Probability Plot Correlation Coefficient) test, correlation coefficient test (for example, normal distribution and normal log and Pearson type 3, Anderson–Darling test and linear moment curves) [31,33,34]. In this research, the statistics of Hosking and Wallis are used.



In this method, the test of the best fit of the regional distribution function is performed in order to select the best regional distribution function and includes the calculation of    Z  D I S T     statistics. A distribution function that fits a set of data well will have    |   Z  DIST    |  < 1.64  . This selected function is known as the regional function and values of DDD with different return periods are obtained using it. The    Z  DIST     statistic is defined as follows:


   Z  D I S T   =  (   τ 4  D I S T   −   τ ¯  4  +  β 4   )  /  σ 4   



(6)






   β 4  =  N  s i m   − 1     ∑   m = 1    N  s i m      (    τ ¯   4 m   −   τ ¯  4   )   
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   σ 4  =    {     (   N  s i m   − 1  )    − 1     ∑   m = 1    N  s i m        (    τ ¯   4 m   −   τ ¯  4   )   2  −  N  s i m    β 4 2   }    1 / 2    



(8)







Here, DIST means distribution,    τ 4  DIST     means linear community protruding moment (L-CK),     τ ¯  4    is the mean regional linear torque of the sample protrusion,    β 4    is the area oblique value of the above torque,    σ 4    is the regional deviation of the above torque, and Nsim is the number of simulated areas, which is equal to 500.





2.3. Statistical Analyses of Dust Days


The dust codes 06 (Suspended dust that has traveled long distances) and 07 (Dust or sand rising from the station to the atmosphere) of synoptic bulletins were obtained over the study period of 1999–2018 from Central Iran weather stations. Statistics relating to dust days in the region were calculated in Excel software. Dust phenomena that lasted only one day were discarded so that only dust events (horizontal visibility below 1000 m) that lasted for several days (more than one) were retained in each station.



Then, the average, minimum and maximum duration of dust events per year were extracted for each station and were mapped using kriging for spatial interpolation in GIS software, and maps of the range of dust cycles in the study area were drawn. Furthermore, in order to predict the maximum expected duration of dust days at different return periods, Easyfit software was used. EasyFit allows to automatically or manually fit a large number of distributions to data and select the best model in seconds. It can be used as a stand-alone application or with Microsoft Excel. EasyFit Professional software supports statistical distribution. Such as Normal, Bernoulli, Beta, Chi-square, Erlang, Exponential, Geometric, Gumble, Inverse Gaussian, Johnson, Logarithmic, Logistic, Normal, Gamma, Inverse Gamma, Pearson, T- Student, Weibull, and so on. After fitting the data to statistical distributions based on matching tests (Kolmogorov–Smirnov, Anderson–Darling, Chi-Squared) selects the most appropriate statistical distribution that is ranked 1st. In this study, maximum annual data were used for each station.



Using the annual DDD maximum values calculated in the previous step, the best statistical distribution function for each station was calculated. Finally, the inverse relationship with the probable values of DDD with return periods of 5, 10, 25, and 50 years was calculated, and, using GIS software, these DDD values were mapped across the region.




2.4. Importance of Factors Affecting Dust Duration using Synoptic Station Data


k-NN Classification


Neural networks, support vector machines, and k nearest neighbor (k-NN) are some of the classifiers that are commonly used for fitting functions to explain complex phenomena using multiple potential predictors. In the k-NN classifier, the distance between an experimental pattern and all patterns in the training set is calculated. The distance can be calculated using distances such as the Euclidean or Manhattan distance. The probable classes get the vote of each of the k patterns that are closest to the test pattern. The returned class is the one with the highest number of votes. If x is the test data, denote the set k of the nearest neighbor x as S_x. S_x is defined as:


  ∀  (   x ′  ,  y ′     )  ∈ D \  S x  ,    S x  ⊆ D   s . t .  |   S x   |  = k  



(9)






  d i s t  (  x ,  x ′   )  ≥   m a x    (   x ″  ,  y ″   )  ∈  S x    d i s t  (  x ,  x ″   )   



(10)







(that is, every point in D but not in    S x    is at least as far away from x as the farthest point in    S x   ). The classifier h() can then be defined as a function that returns the most common tag in S_x:


  h  ( x )  = m o d e  (   {   y ″  :  (   x ″  ,  y ″   )  ∈ S x  }   )   



(11)




where mode(⋅) means selecting the highest event tag [35]. (Note: In the event of a tie, a good solution is to redo k-NN with a smaller k and return that result.)






3. Results


3.1. Regional Homogeneity Test


For the regional homogeneity test in this study, the maximum annual duration of dust days of 35 synoptic stations in the central plateau of Iran was investigated and the maximum duration of dust days in each year was used for frequency analysis. The first step in regional frequency analysis is to identify homogeneous regions. In a homogeneous region, the set of stations should be approximately similar in terms of frequency distribution. The homogeneous region is the main unit of regional frequency analysis. In homogeneous areas, the area does not need to be geographically homogeneous, but the stations should have similar values. Figure 3 and Figure 4 show the linear moments and homogeneity diagrams of the area.



Figure 3 and Figure 4 show the linear moments diagrams for the stations in the area. As shown, these moments have good dispersion around the mean.



Moreover, the D statistic was used to ensure the absence of heterogeneous stations in the region. Table 2 shows the calculations of descriptive statistics and sample linear moments for the stations under study. As shown in the table, the value of the D statistic in all stations is less than 3 and indicates that there is no heterogeneous station in the region. The value of the H statistic (less than 1) also supported the conclusion that the region is completely homogeneous.




3.2. Statistical Analysis of Dust Durability


Statistical analysis in the period 1999–2018 shows that the highest duration of dust days in 2014 occurred in Zabol stations with 22 and Zahdan with 21 consecutive days. Additionally, in Zabol and Zahdan stations, the minimum annual-maximum duration of dust days is 11 and 9 days. The diagram of annual-maximum DDD in these two stations during the period 1999–2018 is shown in Figure 5.



A seasonal survey of the index station of the region (Zabol and Zahdan stations) shows that the highest frequency of dust events occurs in summer, followed by spring; in particular, in Zahdan and Zabol stations about 52% and 48% of multiday dust storms occurred in summer; their diagrams are shown in Figure 6. The most important reasons for the high frequency of dusty days in this area in summer, include high temperatures that cause severe evaporation of water resources along with lack of rainfall in summer, all leading to reduced adhesion of soil particles due to lack of moisture. Dust emissions are worsened by the 120-day erosive winds of Sistan that blow in summer and strongly affect the eastern parts of Iran



After Zabol station with 22 days and Zahdan with 21 days, the next longest DDD was recorded at Anar, Nain, and Saveh stations with 8 days, as shown in Figure 7.



There is a big difference between the DDD values of Zahdan and Zabol stations and other stations in the study area. Although stations in the central deserts of Iran such as Khor, Biabank, Yazd, and Semnan, also have favorable climatic and edaphic conditions for wind erosion, the Zahdan and Zabol stations are the most affected by the 120-day winds of Sistan, known as the monsoon winds, that blow continuously over prolonged periods.



Furthermore, regarding the average annual-maximum dust day duration in the study area, Zabol station with an average of 15 days and Zahdan station with an average of 14.3 days had the highest values over the study period. On the other hand, Hashtgerd and Semnan stations with 0.98 and 1.25 days, respectively, had the lowest values in the area (Figure 8).



Then, using GIS software and the kriging interpolation method, the maximum, minimum and average annual-maximum DDD over 1999–2018 were mapped in Figure 9, Figure 10 and Figure 11, respectively.



According to Figure 9, DDD is maximum in the east and southeast of the study area. Additionally, Saveh and Arak stations in the northwest of the region have a relatively high DDD.



Figure 10 and Figure 11, which are related to the maximum and minimum duration of annual-maximum DDD in the region, show that, the southeastern parts of the study area have the highest values of DDD for both the most and least dusty years, which indicates the difficult conditions of the area.




3.3. Frequency Analysis of Duration of Dust Days


Easyfit software was used to calculate the duration of dust days for different return periods. First, the most appropriate statistical distribution of the station was identified, and, based on the fitted statistical distributions, the values of duration of dust days in the return periods of 5, 10, 25, and 50 years were calculated. These were then regionalized using GIS software and the range kriging interpolation method. DDD was plotted for different return periods as shown in Figure 12, Figure 13, Figure 14 and Figure 15.



Figure 12 shows that DDD with a return period of 5 years can vary from 2 to 16.9 days, whose maximum is concentrated in the eastern and southeastern parts of the study area. Additionally, parts of the northeast of the region and the center (Naein) have a high DDD.



Figure 13 shows the southeastern parts of the study area as well as the central desert of Iran (Dasht-e Kavir), where Nain, Tabas, and Khoro Biyabank stations are located, have DDD of up to 27 days during a 10-year return period. The range in the 10-year return period is between 4 and 26.9 days, with the highest value in the southeastern parts of the study area in the provinces of Sistan and Baluchestan and Kerman.



Figure 14 shows the range of DDD from 9 to 35.8 days per year with a 25-year return period in the study area. Similar to the other return periods, this shows that the southeastern parts, as well as the central parts of Central Iran, are at risk for longer DDD.



Figure 15 shows dust zoning over a 50-year return period, with variations between 13 and 44.7 days per year. Values near the peak are widespread over more than two-thirds of the study area. The southeastern parts still have the longest DDD at this return period; furthermore, the central parts of the study area as well as the northwestern parts (Saveh and Arak stations) have high values for this return period. It is necessary to mention that industrial areas are mostly located in the northwestern parts of the basin and the high DDD values in these areas (Saveh and Arak stations) are mainly due to industrial pollution.




3.4. Parameters Affecting Dust Day Duration


In order to investigate the most important parameter affecting the durability of dust, 8 different properties were used. These spatial characteristics of the stations included longitude, latitude, elevation, average daily temperature (tm), dew point (td), wind altitude (u), maximum wind speed (ff max), and direction of the fastest wind (dd max). As expected, each of the features used has a different importance in the k-NN classification, which is shown in Figure 16. ffmax (maximum wind speed) was by far the most important parameter associated with spatial variability in DDD, consistent with the key role of wind in lofting and transporting dust.





4. Discussion


The phenomenon of dust is one of the most serious problems affecting the central plateau of Iran and this phenomenon has a very negative effect on the lives of the inhabitants of this region. One of the most important indicators determining the number of risks and damages of this phenomenon is its duration. A long duration of high dust concentration can have very detrimental effects on the respiratory system so a given level of dust can be very dangerous if accompanied by a long duration. Due to the presence of the main deserts of Iran (Loot Desert and Central Desert (Dasht-e Kavir)) in this region, the conditions for creating dust are very favorable. Ref. [36] also pointed to Middle East desert dust as an important risk factor for human health. That study found that the southeastern parts of the region, which are mostly located in the central Loot and Jazmourian basins, have the highest annual-maximum duration of dust days. Zabol and Zahdan are the stations having the highest duration of dust days in the region, being along the path of erosive winds such as the “120-day” Sistan storm pattern. Dry rivers and wetlands in this area, which includes the Helmand Basin, are considered the most important source of dust. Ref. [37] states that the southeastern region of Iran, which includes Sistan and Baluchestan provinces (Zahdan and Zabol stations), are the most important sources of dust in the central plateau of Iran. Ref. [38] also mentions this issue and states that the southeastern regions of Iran are affected by the deserts of Afghanistan and the Helmand Basin.



In order to predict the areas affected by the longest DDD, maximum expected DDD values at return periods of 5, 10, 25, and 50 years were determined for the stations and regionalized via kriging. It was determined that the southeastern part of Iran for all return periods is the area where the dust phenomenon is most concentrated. However, with longer return periods, the desert in the central parts of Iran also faces considerable risks of long dust events. Ref. [39] analyzed the frequency of dust days in the central plateau of Iran and states that the southeastern parts of the basin have a high frequency in all return periods. Ref. [40] also states that the eastern part of Iran, Zabol station, has a high frequency of dust, and the existence of the Helmand plain and the 120-day winds of Sistan are the most important factors responsible for that. Ref. [41] showed that so-called shamal, levar, and monsoon winds highly control the formation and dynamics of dust regimes. The 120-day winds of Sistan are from the monsoon winds and blow from the southeast, most strongly affecting the area around Zabol and Zahdan stations [42]. Mesbahzadeh [39] also found that Zabol station has the highest number of dust days in the region of the central plateau of Iran.



One of the most important factors that cause the movement of dust masses is the wind. Consistent with this, the results of this study also showed that the maximum wind speed has the greatest effect on the geographic distribution of dust duration across arid Central Iran. Windiness has also been postulated to be a key driver of interannual variability in dust day frequency in North Africa and China [40].




5. Conclusions


Dust storms are a major hazard faced by people in Central Iran, which can be worsened by human land and water management and by anthropogenic global warming. Here, we went beyond previous studies on the number of dust days per year across the region to examine dust day duration, as long spells of heavy dust concentration are particularly harmful to health and infrastructure. We found that, like the number of dust days, dust duration is worst in the southeast margin of this region, and that wind speed in the meteorological factor best correlates with the average annual-maximum dust day duration over this region. Understanding the temporal structure of dust events, for example in terms of the number of consecutive days, as well as their frequency can lead to better understanding and management of this destructive phenomenon.
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Figure 1. Geographical location of the study area. 
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Figure 2. Schematic of the presented research on dust day duration (DDD). 
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Figure 3. Diagram of linear moments L−CV, L−CS of the studied stations, along with those expected from different candidate probability distributions. 
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Figure 4. Diagram of linear moments L−CK, L−CS of the studied stations. 
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Figure 5. Annual-maximum dust days duration in Zabol and Zahdan stations 1999–2018. 
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Figure 6. Seasonal diagram of multiday dust events at Zabol and Zahdan station. 
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Figure 7. Diagram of maximum DDD, 1999–2018, in the study area. 






Figure 7. Diagram of maximum DDD, 1999–2018, in the study area.



[image: Applsci 12 06248 g007]







[image: Applsci 12 06248 g008 550] 





Figure 8. Graph of average dust day durations by station in the study area. 
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Figure 9. Map of the average annual-maximum dust day duration in the study area. 
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Figure 10. Maximum dust day duration in the study area. 
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Figure 11. Minimum annual-maximum dust day duration in the study area. 
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Figure 12. Dust day duration with a 5-year return period in the study area. 
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Figure 13. Dust day duration in the 10-year return period in the study area. 
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Figure 14. Dust day duration in the 25-year return period in the study area. 
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Figure 15. Dust day duration in the 50-year return period in the study area. 
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Figure 16. Character significance diagram for the k-NN method. 






Figure 16. Character significance diagram for the k-NN method.



[image: Applsci 12 06248 g016]







[image: Table] 





Table 1. Synoptic stations used in this study.
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	Latitude (°N)
	Longitude (°E)
	Station Names





	30.88
	55.25
	Anar



	29.10
	58.35
	Bam



	28.73
	57.67
	Jiroft



	27.97
	57.70
	Kahnooj



	30.25
	56.97
	Kerman



	30.42
	57.70
	Shahdad



	29.55
	55.68
	Sirjan



	30.10
	55.13
	Shahrbabak



	33.38
	52.38
	Ardestan



	32.52
	51.71
	Isfahan



	33.78
	55.08
	Khoor.Biabank



	32.85
	53.08
	Naeein



	33.53
	51.90
	Natanz



	31.98
	51.83
	Shahreza



	32.52
	51.85
	Kabootaabad



	34.13
	49.83
	Arak



	33.88
	50.48
	Mahalat



	35.05
	50.33
	Saveh



	34.70
	50.85
	Ghom



	34.78
	51.18
	Salafchegan



	35.59
	53.42
	Semnan



	27.13
	60.92
	Zabol



	29.47
	60.47
	Zahdan



	32.43
	53.62
	Aghda



	31.90
	54.28
	Yazd



	30.50
	54.25
	Marvast



	36.18
	57.65
	Sabzevar



	32.89
	52.28
	Birjand



	34.03
	58.18
	Ferdoos



	33.67
	56.90
	Tabas



	35.92
	50.90
	Karaj



	36.25
	50.00
	Ghazvin



	36.00
	50.75
	Hashtgerd



	35.75
	51.88
	Abali



	36.20
	49.95
	Takestan
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Table 2. Descriptive statistics and linear moments of station DDD.
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D

	
LCk

	
LCv

	
LCs

	
Station Name

	
Station Number






	
1.19

	
0.230

	
0.310

	
0.250

	
Anar

	
1




	
1.55

	
0.348

	
0.508

	
0.5

	
Bam

	
2




	
1.70

	
0

	
0.532

	
0.225

	
Jiroft

	
3




	
1.53

	
0.323

	
0.564

	
0.505

	
Kahnooj

	
4




	
1.12

	
0.144

	
0.459

	
0.263

	
Kerman

	
5




	
0.78

	
0.064

	
0.443

	
0.234

	
Shahdad

	
6




	
0.6

	
0.150

	
0.401

	
0.269

	
Sirjan

	
7




	
0.04

	
0.160

	
0.464

	
0.299

	
Shahrbabak

	
8




	
1.55

	
0.384

	
0.509

	
0.501

	
Ardestan

	
9




	
1.65

	
0.124

	
0.434

	
0.254

	
Isfahan

	
10




	
1.23

	
0.345

	
0.356

	
0.265

	
Khoor.Biabank

	
11




	
1.12

	
0.256

	
0.214

	
0.567

	
Naeein

	
12




	
0.87

	
0.154

	
0.456

	
0.354

	
Natanz

	
13




	
1.18

	
0.321

	
0.785

	
0.2457

	
Shahreza

	
14




	
1.23

	
0.298

	
0.458

	
0.286

	
Kabootaabad

	
15




	
1.98

	
0.287

	
0.443

	
0.2632

	
Arak

	
16




	
0.65

	
0.253

	
0.469

	
0.321

	
Mahalat

	
17




	
1.34

	
0.215

	
0.346

	
0.324

	
Saveh

	
18




	
1.25

	
0.145

	
0.765

	
0.354

	
Ghom

	
19




	
1.12

	
0.186

	
0.745

	
0.435

	
Salafchegan

	
20




	
0.67

	
0.196

	
0/561

	
0.406

	
Semnan

	
21




	
1.77

	
0.229

	
0/422

	
0.298

	
Zabol

	
22




	
0.43

	
0.397

	
0.453

	
0.501

	
Zahdan

	
23




	
1.64

	
0.389

	
0.478

	
0.568

	
Aghda

	
24




	
1.32

	
0.204

	
0.786

	
0.451

	
Yazd

	
25




	
1.26

	
0.101

	
0.763

	
0.397

	
Marvast

	
26




	
1.87

	
0.158

	
0.298

	
0.374

	
Sabzevar

	
27




	
0.56

	
0.274

	
0.444

	
0.313

	
Birjand

	
28




	
1.54

	
0.369

	
0.476

	
0.553

	
Ferdoos

	
29




	
1.95

	
0.275

	
0.698

	
0.187

	
Tabas

	
30




	
0.42

	
0.399

	
0.771

	
0.195

	
Karaj

	
31




	
0.31

	
0.281

	
0.432

	
0.543

	
Ghazvin

	
32




	
1.58

	
0.186

	
0.304

	
0.229

	
Hashtgerd

	
33




	
0.01

	
0.168

	
0.454

	
0.304

	
Abali

	
34




	
0.48

	
0.147

	
0.538

	
0.34

	
Takestan

	
35




	

	
H1 = 0.64

H2 = −0.07

H3 = −0.72
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