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Abstract 

Wind induced wave is of great importance due to its high energy. In this study wave climate in  

Long-term observational data are essential for detecting and understanding local, regional and 

global climate change. The goal of this paper is to consider climate data of west of the Caspian 

Sea for any trends in Annual means of 2m temperature and precipitation at the stations of 

Anzali, Rasht, Astara and Lahijan for 1956-2018 period. Some inconsistencies in the data were 

found. Our analysis and computations are done for Mean, maximum and minimum 

temperature, and precipitation. Using some statistical methods, such as Pearson and spearman 

correlation and Z-score, some analytical considerations are done. The precipitation has mostly 

a downward trend, strongest in Anzali, opposite to the general global trends that are mostly 

upward in areas of abundant precipitation, such as in the study area. The results of 

homogeneous test analysis of time series data showed strong (99% confidence level) non-

homogeneity trends (confidence level of at least 95%). 
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1. Introduction 

Climate change is a change in the climate 

behavior of an area relative to the behavior that is 

expected during a long-term horizon of observed or 

recorded information in that area (Arpe et al., 2018, 

Khoshakhlagh et al., 2016). Predictions of climate 

change due to human-induced increase to greenhouse 

gases and aerosol concentrations have been an 

ongoing area for debate and discussion. In other 

words, climate change is equivalent to a statistically 

significant change for the average water status over a 

long period (decades or more Arpe et al., 2018). 

These changes can be in the mean temperature, 

rainfall, climate patterns, wind, radiation, and similar 

parameters. The climate can be warmer or colder, 

and the annual rainfall of snow can be increased or 

decreased (Adam et al., 2014, CASPIANINFO 

(2018)). On a global scale, the gradual increase in 

temperature of the planet and oceans is the most 

important factor in climate change due to the 

increase in greenhouse gases. 

Climate change presents additional obstacles to 

ending poverty and achieving social justice. Rising 

temperatures, increasingly erratic rainfall, and more 

frequent and severe floods, cyclones and droughts all 
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have significant consequences for the livelihood 

security of poor people; and development 

professionals are seeing first-hand the effects of a 

changing climate on their work around the world. In 

order to ensure that development programs reduce 

people’s vulnerability to climate change, we must 

understand who is vulnerable to its effects and why. 

Then, we must apply this information on the design, 

implementation, monitoring and evaluation of 

activities (Zhao et al., 2017). 

In recent years, the integration of the 

observational data and modeled data into 

assimilation techniques has yielded a new generation 

of datasets for advanced research purposes of a 

review and comparison of these approaches and for 

discussion of some related statistical issues.  

Information about temporal and spatial variability 

in temperature and precipitation time series are 

extremely important both from scientific and 

practical points of view. Meteorological and 

oceanographic studies and predictions benefit from 

accurate temporal and spatial temperature and 

precipitation inputs. The detection of abrupt or 

gradual changes in temperature and precipitation 

records has recently become of increasing interest in 

the scientific world (Kundzewicz, 2004; Kundzewicz 

and Robson, 2004). In order to be able to make 

significant conclusions about such changes, long 

time series of climate parameters are needed. This 

work presents results based only on annual, seasonal 

and monthly climate parameters observations. To 

detect gradual trends in a meteorological time series, 

different statistical tests can be used: the Cochran Q-

test, the Cronbach's Alpha, the Pearson Product 

Moment Correlation Coefficient, the Spearman’s 

Rank Correlation Coefficient and z-score test. 

The basic idea is to express and interpret the 

climate data in terms of statistical parameters. Points 

of discontinuities in a time series that can be induced 

from changes in observation locations, equipment,

measurement techniques, environmental changes, 

and so on need to be detected. Wu et al. (2001) for 

detecting drought and wet periods at different time 

scales, by evaluating the SPI, CZI and Z-Score on 1, 

3, 6, 9 and 12-month time scales using monthly 

precipitation totals for four locations in China from 

January 1951 to December 1998 representing humid 

and arid climates, and cases of drought and flood. 

They compared advantages and disadvantages for the 

application of each index. Yan et al. (2019) showed 

that around 1995 the precipitation at the station 

Tashikuergan increased and led to an increase of the 

level of Lake Karakul at the north-western border to 

the Tibetan plateau. They also clearly showed that a 

large proportion of the precipitation had its source 

over the CS and the Caucasus. Arpe et al. (2018) 

investigated the impact of the CSL variability on 

several aspects of the CS because with increasing 

CSL the size of the CS will also increase especially 

in the shallow northern basin which is hotter than the 

deeper CS in summer and therefore evaporates more. 

Also Kutiel et al. (1996) identified and compared dry 

and wet years, seasons, and sequences at four eastern 

Mediterranean stations for circulation types. The 

definition of dry/wet year or season was done by 

means of z-scores. They calculated correlations 

between the z-scores of the precipitation with zonal 

and meridional indices.Since, long-term 

observational data are essential for understanding 

local and regional climate and climate change, Feng 

et al. (2004) examined the daily meteorological data 

from 726 stations in China from 1951 to 2000, and 

developed an unprecedented climatic dataset that 

contains 10 daily variables. They designed and used 

the characteristics of the original stations’ data and 

quality-control methods in developing a new dataset 

that opens up opportunities for analyzing and 

understanding the climate variability and climate 

change in China. 
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2. Materials and Methods 

2.1. Data and General Characteristics of Study area 

In studies of climate change, long-term statistics 

can highlight changes, behavior and their properties. 

The meteorological data for this study were obtained 

from the Meteorological Organization of Iran (MOI) 

and the Iranian National Institute for Oceanography 

and Atmospheric Science (INIOAS). These data 

include long-term time series between 1956 and 

2018 from monthly data of mean temperature 

measured at 2m height (T2m) and precipitation, 

minimum, maximum and mean temperature, relative 

humidity, atmospheric pressure, precipitation; 

potential evaporation rates. Four synoptic stations, 

Anzali (1956-2018), Rasht (1956-2018), Astara 

(1986-2018) and Lahijan (1961-2018) are 

investigated (Lahijan station has 2 part data: one part 

from 1961-until 2004 and another part 2004-2018). 

The periods of observational data differ between 

stations (Fig. 1). These stations are assumed to 

represent a general state of the south-western CS. 

Some general and climatic characteristics for the 4 

stations are given in Table 1 for the longest available 

period within 1956-2018.    

Table 1: General characteristics of the twelve synoptic stations 

Stations Anzali Rasht Lahijan Astara 

Elevation (m) -23.6 -8.6 -2 -18 

Latitude N 37° 29´ 37° 12´ 37° 11´ 38° 25´ 

Longitude E 49° 27´ 49° 39´ 50° 00´ 48° 52´ 

Mean annual Temp* (°C) 16.30 16.25 16.0 15.39 

Maximum annual Temp (°C) 19.2 20.5 21.4 18.7 

Absolute Maximum summer Temp (°C) 28.0 33.7 33.3 28.2 

Absolute Minimum summer Temp (°C) 21.6 15.2 14.8 20.2 

Minimum annual Temp (°C) 13.2 11.3 11.0 11.7 

Absolute Minimum winter Temp (°C) 5.2 -2.4 -0.75 3.6 

Absolute Maximum winter Temp (°C) 10.3 22.6 22.4 9.9 

Mean Relative Humidity (%) 84.1 81.9 77.2 82.0 

Annual precipitation (mm) 1838 1329 1423 1356 

Air pressure at station level (hPa) 1019.0 1017.0 ----- 1019.0 

*Temp = temperature, Dashed lines mean absence of data 

 

 

Fig. 1: Periods when observational temperature data are available at different stations 
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2.2. Study area 

The Caspian Sea (CS) is the largest inland body of 

water on Earth. The CS has a surface the range of 

area 360000 km
2
 and 3.5 million km

2
 of basin and is 

surrounded by five countries [1]: Iran, Azerbaijan, 

Russia, Kazakhstan and Turkmenistan. Due to its 

vast area, the lake is referred to as a “The Sea” in the 

literature. 

The CS has about a third of average salinity of 

seawater, so it is not the largest freshwater lake. The 

CS is fed by 130 rivers, the most significant being 

the Volga, which enters from the north and accounts 

for about 80 percent of the inflowing waters. In spite 

of the inflow of freshwater, however, the sea remains 

salty, especially toward its southern end. The CS has 

no outlets, and loses water only through evaporation, 

a process that may tend to increase its salinity. The 

CS separated from the open sea during the Pliocene 

(Varushchenko et al., 1987). Today, the Caspian Sea 

Level hereafter (CSL) is around -26.5m below mean 

sea level. Owing to its land-locked nature, the CSL 

has fluctuated repeatedly during its geological 

lifetime. 

We confined our study area to the south-west of 

the CS [2]. There are four synoptic stations, Anzali, 

Rasht, Astara and Lahijan in Guilan Province, south-

west of the CS. The Guilan Province is situated in 

the north of Iran and the southwest of the Caspian 

Sea. It has a surface area of 14,711 km2, and is 

located between 36° 36′ 12″ and 38° 27′ 10″ north 

latitude and from 48° 43′ 18″ to 50° 34′ 11″ east 

longitude (Fig. 2). Guilan province is composed 

lowlands, adjacent to the Caspian Sea and the some 

western parts of Alborz Mountains [3]. 

 

 

Fig. 2: Position of synoptic stations in south west of CS 

2.3. General Climate Characteristics of Study Site 

Iranian coast in the south CS stretches about 800 

kilometers (level -26.5), contains approximately 18% 

of the Caspian coast. While the CS is mainly located 

in desert climate, the Iranian coast is characterized 

by subtropical climate. Total rainfall in the coast of 

Iran changes between 2000 mm in the West to less 

than 200 mm in the East. The most important 

tectonic feature of the Iranian coast is the Alborz 

Mountains that is separated from the coastal plain by 

frequent active faults. The seabed off the Iranian 

coast has complicated structures as the deepest part 

of the CS lies in front of Iranian coast. 

The CS is a closed basin without connection to the 

open sea. The Iranian CS coast is among the rainiest 

parts of the country. The weather is temperate and 

humid. The CSL is faced with numerous variations. 

The northern CS lies in a moderately continental 

climate zone, while the middle (and most of the 

southern) CS lies in the warm continental belt. The 

CS climate is mainly influenced by the geographical 

position, the prevailed regional atmospheric 

circulations and orography of the coasts. The CS is 

located at lower latitudes so it receives a significant 

amount of solar radiance. The climate of the CS is 

influenced by Alborz Mountains in the south and 
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Caucasus Mountains in west whereas the 

development of deserts and steppes in the eastern 

and northern coast influences the climate differently. 

The main air masses that determine the weather 

conditions over the sea are cold Arctic mass, humid 

temperate air masses from the Atlantic Ocean, dry 

and cold air masses coming from Siberian high 

pressure in Kazakhstan and subtropical warm air 

masses from the Mediterranean and Iran (Baidin et 

al., 1986).  

Summer air temperatures are fairly evenly 

distributed, average July to August figures range 

between 24 and 26°C (75 and 79°F), with a 

maximum of 44 °C (111 °F) on the sunbaked eastern 

shore but winter monthly average temperatures range 

from -10°C (14°F) in the north to 10°C (50°F) in the 

south (Rafferty 2011). The precipitation has its 

maximum in autumn (Fig. 2), see also Leroy et al. 

2011. It is explained there that the wind in autumn is 

blowing from the N and NE and then forced up the 

mountain barrier along the coast, at the same time 

the wind above the mountains is blowing from the 

west and descending down the mountains towards 

the CS. The updraft from the north-easterly winds is 

not exactly at the mountains but some distance away 

from them because of the downdraft. Therefore, the 

largest precipitation occurs in in Anzali and not in 

Rasht or Lahijan, which are nearer to the mountains 

(Fig. 3). 

A variety of wind conditions on the CS is due to 

its length from N to S, different orographic 

conditions and a variety of weather fronts transition 

on different parts.  

The mean wind speeds are lower in the southern 

part of the CS, in the central area 4-5 m/s, at the east 

coast 3.5-4 m/s, in the south-east corner of 2.5-3 m/s. 

Low values of mean wind speeds (2.5-3 m/s) occur 

in the southwestern coastal waters of Iranian and the 

southern shores of the CS. So, mean wind speed 

duration year (Fig. 4) have main difference due to 

various atmospheric processes on the CS, different 

thermal regimes of sea and land and distribution of 

orography, in various regions of the CS.   

 

 

 

Fig. 3: Seasonal precipitation of Astara, Anzali, Lahijan and Rasht 
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Fig. 4: Wind rose diagram for Anzali (a), Rasht (b) and Astara (c) stations 

with about 56%, 55% and 62.4% calm 

 

3. Statistical analyses 

3.1. Cronbach's Alpha (α) 

In statistics, Cronbach's α is a coefficient of 

internal consistency. It is commonly used as an 

estimate of  the  reliability of a  psychometric test  

for a sample of examinees. Suppose that we measure 

a quantity which is a sum of N  components                 

( N -items). Cronbach's α is defined as:  

C).1N(

C.N


  

Where N  is as above,   the average variance of 

each component (item), and C  the average of all 

covariance's between the components across the 

current sample of persons (that is, without including 

the variances of each component). Cronbach's α is a 

measure of internal consistency, that is, how closely 

related a set of items are as a group. 

3.2. Correlation Analysis 

Correlation often measured as a correlation 

coefficient – indicates the strength and direction of a 

linear relationship between two variables. 

Correlation coefficients can range from -1.00 to 

+1.00. The value of -1.00 represents a perfect 

negative correlation while a value of +1.00 

represents a perfect positive correlation. A value of 

0.00 represents a lack of correlation. The most 

widely-used type of correlation coefficient is Pearson
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xyr , also called linear or product- moment 

correlation. Pearson correlation determines the extent 

to which values of the two variables are 

"proportional" to each other. The value of correlation 

(i.e., correlation coefficient) does not depend on the 

specific measurement units used. 

3.3. Pearson Product Moment Correlation 

Coefficient  

One of the most often used statistical quantities is 

Pearson’s correlation coefficient xyr , which measures 

the degree of (linear) interrelation between two 

sampled (data size n) variables, x and y. Pearson's 

correlation coefficient ( r ) is a measure of the 

strength of the association between the two variables. 

A number of different coefficients are used for 

different situations. If we have a series n

observations (x) and n  model values (y), then the 

Pearson product-moment correlation coefficient can 

be used to estimate the correlation between model 

values and observations.  














n
1i

2
i

n
1i

2
i

n
1i ii

xy

)yy()xx(

)yy()xx(
r

 

Judging the strength of the linear relationship – 

according to Cohen (1988), the following can be 

concluded: 

 abs(r) > .50 are considered strong 

 r = +/- .30 are considered moderate 

 abs(r) < .10 are considered weak 

The Pearson product-moment correlation 

coefficient ( r ) assesses the degree that quantitative 

variables are linearly related in a sample. Each 

individual or case must have scores on two 

quantitative variables. The significance test for r  

evaluates whether there is a linear relationship 

between the two variables in the population or not. 

The appropriate correlation coefficient depends on 

the scales of measurement of the two variables being 

correlated. Pearson's Correlation Coefficient, 

measures of how close the scatter of points is to a 

straight line and is between -1 and 1. 

3.4. Spearman’s Rank Correlation Coefficient 

A non-parametric rank statistic proposed by 

Spearman in 1904 as a measure of the strength of the 

associations between two variables (Lehmann and 

D'Abrera 1998). The Spearman rank correlation 

coefficient can be used to give an R-estimate, and is 

a measure of monotone association that is used when 

the distribution of the data make Pearson's 

correlation coefficient undesirable or misleading.  

Spearman’s correlation coefficient is a statistical 

measure of the strength of a monotonic relationship 

between paired data. Spearman’s rank correlation 

coefficient is used to look at the correlation of data 

ranked in order. The formula for Spearman’s rank 

correlation coefficient is: 

)1n(n

d6
1r

2

2

s





 

Where d  is defined difference in ranking between 

each item i.e. 
2d is equal sum of the difference 

between ranks of the values of each matched pair and 

n  is number of samples. Test the Significance of the 

relationship: Decide on the rejection level - 95% in 

graph and table (2) it will be 5% or 0.05. 

In a sample it is denoted by sr  and is by design 

constrained as follows 1r1 s   and its 

interpretation is similar to that of Pearson's, e.g. the 

closer sr  is to 1  the stronger the monotonic 

relationship. The calculation of Spearman’s 

correlation coefficient and subsequent significance 

testing of it requires the following data assumptions 

to hold: 

 interval or ratio level or ordinal; 

 Monotonically related. 
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Note, unlike Pearson’s correlation, there is no 

requirement of normality and hence it is a 

nonparametric statistic. The Spearman’s Rank 

Correlation Coefficient is a different way of 

describing the strength of the correlation between 

two quantities.     

Table 2: Scatterplots and Correlation 

 

 

 

Diagram 

 about –0.80  about +0.60  about +0.90   r 

Strong negative correlation Weak positive correlation Strong positive correlation Interpretation 

    

 

  

Diagram 

about  0.00 about -0.70 about -0.50 r 

No correlation Moderate negative correlation Weak negative correlation Interpretation 

 

3.5. Standard Normal Distributions 

The standard normal distribution is a special case 

of the normal distribution. It is the distribution that 

occurs when a normal random variable has a mean of 

zero and a standard deviation of one. A measure of 

position for a data value relative to the other values 

in a data set is provided by its Z-score. The Z-score 

for a data value is equal to the number of standard 

deviations it is above or below the mean of the data 

set. The Z-values or Z-scores tell us the number of 

standard deviations the original measurement is from 

the mean. The Z-value is in standard units. There is a 

simple formula that we can use to compute the 

number Z of standard deviations between a 

measurement x and the mean µ of a normal 

distribution with standard deviation σ. The formula 

for calculating Z-scores is:  




 i

i

x
Z  

Where 

 iZ = individual Z score  

 ix = individual observed value, for example, 

exam mark  

  = mean for the set of data  

   = standard deviation.  

Here is how to interpret Z-scores. 

 A z-score less than 0 represent an element 

less than the mean. 

 A z-score greater than 0 represents an 

element greater than the mean. 

 A z-score equal to 0 represents an element 

equal to the mean. 

 A z-score equal to 1 represents an element 

that is 1 standard deviation greater than the 
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mean; a z-score equal to 2, 2 standard 

deviations greater than the mean; etc. 

 A z-score equal to -1 represents an element 

that is 1 standard deviation less than the 

mean; a z-score equal to -2, 2 standard 

deviations less than the mean; etc. 

If the number of elements in the set is large, about 

68% of the elements have a z-score between -1 and 

1; about 95% have a z-score between -2 and 2; and 

about 99% have a z-score between -3 and 3. 

4. Discussion 

In this section, we discuss the climate data of four 

stations for 1956-2018 using some statistical 

methods defined before. 

4.1. Investigation of homogeneity climatic series 

Based on Cochran Q-test, we present Q values 

obtained from cumulative deviations test and the

significance level of the sequence test in Table 3 in 

order to assess the homogeneity of the climatic series 

for Anzali, Rasht, Astara and Lahijan synoptic 

stations. We have these results: 

 Due to large Q values, climatic series related to 

Anzali synoptic station do not have high 

homogeneity. But the sequence test confirmed 

homogeneity of all series except the maximum 

temperature, minimum, maximum and mean 

relative humidity. 

 Due to large Q values, climatic series related to 

Rasht synoptic station do not have high 

homogeneity. But, the sequence test confirmed 

homogeneity of all series except the maximum 

temperature, maximum and mean relative 

humidity and air pressure.  

 For Astara synoptic station, due to large Q 

values, climatic series do not have high 

homogeneity. But the sequence test confirmed 

homogeneity of all series. 

 For Lahijan synoptic station, due to large Q 

values, climatic series do not have high 

homogeneity. But, the sequence test confirmed 

homogeneity of all series except mean relative 

humidity. 

Table 3: Q-values of cumulative deviations test & α-sequence test climatic series 

(bold: statistically significant) 

  Anzali Station Astara Station Rasht Station 

Parameter Q-statistic α -sequence test Q-statistic α -sequence test Q-statistic α -sequence test 

Mean Temp -9.30 0.124 -7.28 0.491 -12.50 0.990 

Maximum Temp 11.57 0.001 -7.24 0.251 -4.65 0.000 

Minimum Temp -16.50 0.120 -6.90 0.251 -16.50 0.990 

Precipitation 8.30 0.673 -5.30 0.491 -4.50 0.568 

Wind Speed -8.20   4.74   12.10   

Freezing days 10.60   4.26   12.80   

Mean RH -12.85 0.001 5.15 0.294 -20.30 0.000 

Maximum RH 8.60 0.003 6.00 0.417 -16.65 0.000 

Minimum RH -16.95 0.002 4.97 0.415 6.80 0.437 

Pressure -12.60 0.669 3.42 0.251 17.00 0.004 

Sunshine -10.60   -6.60   -7.80   

 

4.2. Consideration of normality of climatic series 

For consideration of normality in climatic series, 

we show significant level of some climatic 

parameters using Kolmogorov - Smirnov test in 

following tables with using SPSS software. If the 

significance level of the test is greater than 0.05, 

normality will be accepted.  
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Table 4: Significant level of some Climatic Parameters 

Climatic Parameters Anzali Astara Rasht Lahijan 

Mean Temp 0.74 0.82 0.69 0.58 

Maximum Temperature 0.95 0.42 0.75 0.25 

Minimum Temperature 0.70 0.86 0.14 0.22 

Precipitation 0.34 0.59 0.57 
 

Mean Relative Humidity 0.02 0.36 0.07 1.00 

Maximum Relative Humidity 0.27 0.45 0.05 
 

Minimum Relative Humidity 0.07 0.10 0.15 
 

Pressure 0.48 0.99 0.17 
 

 

From Table 4, Kolmogorov - Smirnov test 

suggests: 

 For Astara Station, it is proved that all of the 

considered series are normal.  

 For Anzali station, all of the series are 

normal except annual average relative 

humidity. 

 For Rasht Station, it is proved that all of the 

considered series are normal.  

 For Lahijan Station, it is proved that all of 

the considered series are normal. 

4.3. Investigation of long-term trends of climatic 

series 

Tables 5-8 contains the Pearson product-moment 

correlation coefficient and Spearman rank correlation 

coefficient and correlation significance level of each 

climatic series related to Anzali and Rasht station for 

the period 1956-2018 and Astara and Lahijan station 

for the period 1986-2018. 

According to the above table for the Anzali 

synoptic station, maximum temperature, the numbers 

of frost days and total precipitation series have 

significant downward trend and minimum 

temperature and air pressure series have significant 

upward trends. Fig. 7 suggests that the downward 

trend of precipitation at Anzali is a step function 

around 1990 which we doubt to be a true climatic 

signal. Other series have no statistically significant 

trend. Also, Astara synoptic station (Table 6), mean, 

minimum and maximum relative humidity series 

have significant downward trend and mean, 

minimum and maximum temperature series have 

significant upward trends. Other series have no 

statistically significant trend. 

According to the Table 7 for the Rasht synoptic 

station, numbers of freezing days and pressure series 

have significant downward trend and mean, 

minimum temperature, mean and maximum relative 

humidity series have upward significant trends. 

Other series do not have statistically significant 

trend. Also, for the Lahijan synoptic station      

(Table 8); minimum temperature and mean relative 

humidity series have significant upward trends.     
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Table 5: Correlation coefficients and significant level, long-term trends of climatic Series-Anzali 

Parameter Pearson coefficient Significant level Spearman coefficient Significant level Trend 

Mean Temp 0.23 0.080 0.27* 0.410 0.009 

Max Temp -0.38** 0.003 -0.35** 0.006 -0.02 

Min Temp 0.73** 0.000 0.73** 0.000 0.037 

Mean RH 0.10 0.455 0.14 0.297 0.027 

Max RH -0.20 0.150 -0.15 0.264 -0.021 

Min RH -0.13 0.332 0.21 0.111 0.120 

Precipitation Sum -0.33* 0.012 -0.26* 0.500 -7.642 

Pressure 0.26* 0.048 0.25 0.055 0.013 

     * 0.05 level is accepted as significant level.       ** 0.01 level is accepted as significant level. 

 

Table 6: Correlation coefficients and significant level, long-term trends per year of climatic Series-Astara 

Parameter Pearson coefficient Significant level Spearman coefficient Significant level Trend 

Mean Temp 0.55** 0.006 0.56** 0.004 0.053 

Max Temp 0.62** 0.001 0.62** 0.001 0.064 

Min Temp 0.57** 0.004 0.65** 0.001 0.043 

Mean RH -0.69** 0.000 -0.75** 0.000 -0.194 

Max RH -0.56** 0.004 -0.58** 0.003 ----- 

Min RH -0.72** 0.000 -0.67** 0.000 ----- 

Precipitation Sum 0.04 0.862 0.03 0.907 1.14 

Pressure -0.31 0.139 -0.39 0.058 -0.026 

     * 0.05 level is accepted as significant level.       ** 0.01 level is accepted as significant level. 

 

Table 7: Correlation coefficients and significant level, long-term trends per year of climatic Series-Rasht 

Parameter Pearson coefficient Significant level Spearman coefficient Significant level Trend 

Mean Temp 0.46** 0.001 -0.37** 0.008 0.028 

Max Temp 0.03 0.840 0.03 0.850 0.002 

Min Temp 0.59** 0.000 0.68** 0.000 0.050 

Mean RH 0.68** 0.000 0.66** 0.000 0.016 

Max RH 0.45** 0.001 0.43** 0.002 0.042 

Min RH -0.05 0.718 -0.08 0.560 -0.011 

Precipitation Sum 0.07 0.639 0.09 0.550 -0.353 

Pressure -0.46** 0.001 -0.25 0.070 -0.055 

     * 0.05 level is accepted as significant level.       ** 0.01 level is accepted as significant level. 

 

Table 8: Correlation coefficients and significant level, long-term trends per year of climatic Series-Lahijan 

Parameter Pearson coefficient Significant level Spearman coefficient Significant level Trend 

Mean Temp 0.15 0.33 0.10 0.48 0.021 

Max Temp -0.20 0.21 -0.25 0.12 -0.027 

Min Temp 0.33* 0.03 0.40** 0.01 0.069 

Mean RH 0.47** 0.00 0.50** 0.00 0.011 

     * 0.05 level is accepted as significant level.       ** 0.01 level is accepted as significant level. 
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4.4. Consideration of Temperature Extreme Values  

The definition of hot/cold year was done by means 

of Z-scores. A year or a season was defined as 

extremely hot when Z≥1.5, similarly as extremely 

cold when Z≤-1.5. Hot/cold sequences at each station 

were identified and their timings were compared. We 

display extreme values of the Z-score of annual mean 

temperatures of Anzali, Astara, Lahijan and Rasht 

synoptic Stations in Table 9. 

Figure (5) shows annual mean of temperatures of 

Astara, Anzali, Lahijan and Rasht.  

 

Table 9: Observed values for temperature of averages during 1951-2018. Dashes indicate years without information.  

(Data from IRAN A (2018). Extreme values according to Z values are highlighted 

z-score range < -2,   -2 to -1.5,   -1.5 to -1.25,   1.25 to 1.5,   1.5 to 2,   >2 

 
AST LAH ANZ RAS 

YEAR Tem Z-Tem Tem Z-Tem Tem Z-Tem Tem Z-Tem 

1956 

 
 

  

15.28 -1.39 15.78 -0.62 

1959 

 
 

  

14.97 -1.80 15.33 -1.22 

1961 
  

14.86 -1.35 16.68 0.51 17.62 1.82 

1962 
  

15.05 -1.17 16.72 0.56 17.52 1.69 

1964 
  

14.32 -1.85 15.43 -1.17 15.97 -0.38 

1965 
  

14.07 -2.07 15.92 -0.52 16.63 0.50 

1966 
  

17.19 0.79 17.46 1.57 18.23 2.64 

1969 
  

14.69 -1.51 14.38 -2.59 15.10 -1.53 

1971 
  

17.09 0.70 16.55 0.34 17.25 1.33 

1972 
  

14.55 -1.64 15.63 -0.91 15.87 -0.51 

1974 
  

13.74 -2.37 16.07 -0.32 16.17 -0.11 

1975 
  

15.74 -0.54 16.77 0.63 17.25 1.33 

1979 
  

18.62 2.10 16.80 0.68 16.82 0.76 

1981 
  

17.40 0.98 17.07 1.04 17.49 1.66 

1982 
  

15.38 -0.87 15.09 -1.63 15.08 -1.57 

1984 
  

15.35 -0.90 15.38 -1.24 14.92 -1.78 

1987 14.22 -1.73 15.59 -0.68 15.55 -1.01 15.56 -0.92 

1990 14.78 -0.90 18.11 1.63 15.94 -0.48 15.72 -0.71 

1992 13.89 -2.20 14.55 -1.63 15.11 -1.61 14.69 -2.08 

1993 13.59 -2.64 14.55 -1.63 14.76 -2.08 14.43 -2.42 

1994 14.37 -1.50 15.20 -1.03 15.52 -1.06 15.24 -1.34 

2010 16.77 2.02 18.42 1.91 17.93 2.21 17.37 1.49 

2012 16.04 0.96 17.70 1.26 17.31 1.36 16.69 0.59 

2015 15.88 0.73 17.68 1.23 17.28 1.33 16.64 0.52 

2017 15.97 0.85 16.65 0.29 17.27 1.31 16.70 0.60 

2018 16.42 1.51 17.13 0.74 17.68 1.86 17.33 1.44 
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Fig. 5: Annual mean Temperatures of Rasht, Anzali, Astara, Lahijan from 1956-2018 

 

4.5. Consideration of Precipitation Extreme Values 

The definition of extremely rainy or dry years was 

done by means of Z-scores. A year or a season was 

defined as extremely rainy when Z≥1.5, similarly as 

extremely dry when Z≤-1.5. Extremely rainy/ dry 

sequences at each station were identified and their 

timings were compared. We display extreme total 

annual precipitation values with Z- Scores <-1 and 

>+1 of Anzali and Astara, Rasht and Lahijan 

synoptic stations in Table 10. 

Figures 6 and 7 show probability extreme value 

series of annual precipitation of Anzali, Astara, 

Lahijan and Rasht Stations. 

We compare normal distribution of temperature 

and precipitation z-scores in each station Astara, 

Lahijan, Anzali and Rasht relative to normal curve 

(Figures 6 and 7). The Z-score can be used to 

determine an area under the curve which is known as 

a probability. Figures 6 and 7 can then be used to 

determine the area (or the probability) beyond z-

scores, the area between the mean and z-scores, or 

the area below z-scores 

The normal distribution is the most important 

probability distribution in statistics because it fits 

many natural phenomena. 

The normal distribution is a probability function 

that describes how the values of a variable are 

distributed. It is a symmetric distribution where most 

of the observations cluster around the central peak 

and the probabilities for values further away from the 

mean taper off equally in both directions. Extreme 

values in both tails of the distribution are similarly 

unlikely.As with any probability distribution, the 

parameters for the normal distribution define its 

shape and probabilities entirely. The normal 

distribution has two parameters, the mean and 

standard deviation. 
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Table 10: Observed values for Precipitation of averages during 1951-2018. Dashes indicate years without information.  

(Data from IRAN A (2018). Extreme values according to Z values are highlighted 

z-score range < -2,   -2 to -1.5,   -1.5 to -1.25,   1.25 to 1.5,   1.5 to 2,   >2 

 
AST LAH ANZ RAS 

YEAR Prec Z-Prec Prec Z-Prec Prec Z-Prec Prec Z-Prec 

1956         2897.80 2.56 1287.60 -0.16 

1957         3020.20 2.86 1734.60 1.57 

1958         2489.90 1.57 1136.30 -0.75 

1959         2508.20 1.62 1460.10 0.51 

1964     913.90 -1.75 1403.20 -1.05 1055.40 -1.06 

1969     1860.00 1.55 2298.00 1.11 1595.00 1.03 

1971     864.50 -1.93 1156.20 -1.65 957.80 -1.44 

1972     1460.50 0.16 2575.40 1.78 1967.60 2.47 

1975     1016.00 -1.40 2400.70 1.36 1599.60 1.05 

1980     732.50 -2.39 1705.00 -0.32 1105.10 -0.87 

1982     1657.00 0.84 2662.10 1.99 1937.20 2.35 

1983     1108.00 -1.08 1566.70 -0.66 988.40 -1.32 

1989 1230.90 -0.58 1853.50 1.53 1817.80 -0.05 1478.20 0.58 

1991 1160.70 -0.91 1443.50 0.10 1237.70 -1.45 1218.90 -0.43 

1992 1433.60 0.36 2111.00 2.43 1785.20 -0.13 1776.10 1.73 

1993 1391.80 0.16 2236.00 2.87 1805.40 -0.08 1895.30 2.19 

1994 1040.30 -1.47 1586.60 0.60 1560.00 -0.67 1446.20 0.45 

1995 1302.20 -0.25 1041.50 -1.31 1367.60 -1.14 1000.60 -1.27 

1998 1703.90 1.62 1284.30 -0.46 1921.60 0.20 1166.80 -0.63 

2000 1929.90 2.67 1599.20 0.64 2009.80 0.41 1438.30 0.42 

2004 1732.10 1.75 1789.10 1.31 1981.40 0.35 1616.60 1.11 

2005 1066.90 -1.35 1478.10 0.22 1605.10 -0.56 1457.60 0.50 

2007 1016.20 -1.58 1342.00 -0.26 1360.80 -1.15 1051.10 -1.08 

2009 1271.10 -0.40 1176.20 -0.84 1438.80 -0.97 995.80 -1.29 

2010 1199.20 -0.73 1054.50 -1.26 1336.10 -1.21 831.30 -1.93 

2011 1323.00 -0.16 1760.60 1.21 2914.10 2.60 1824.80 1.92 

2015 1701.90 1.61 1654.10 0.83 1771.90 -0.16 1493.40 0.64 

2016 1556.70 0.93 1873.10 1.60 2147.70 0.75 1426.10 0.38 

2017 1036.30 -1.49 1338.60 -0.27 1609.20 -0.55 932.10 -1.54 

2018 1555.70 -5.59 1226.10 -0.66 1585.00 -0.61 949.30 -1.47 
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Fig. 6: Z-score probability of mean Temperatures of Anzali, Astara, Lahijan and Rasht 

 

 

Fig. 7: Z-score probability of total annual Precipitation of Anzali, Astara, Lahijan and Rasht 
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5. Conclusions 

The precipitation and sea surface temperature are 

considered as the most effective components of 

water bodies. They effects on atmospheric elements 

and also given the role of global warming on land 

and sea surface temperature rise, in this study, using 

some climatic data was prepared for 4 sites near the 

Caspian Sea for a period of at least 30 years (in some 

stations more than 40 years). Then, the trends of 

temperature and precipitation change were studied 

for four stations in the Caspian Sea. The results 

showed that the temperature has changed because of 

the short-term climate fluctuations type and has a 

trend that can be seen in some yearly series. We 

considered some climatic parameters with using 

statistical methods, such as Pearson and Spearman 

correlation and Z-Score. This study shows that Z-

Score is a good tool to define, detect and identify 

drought and wet years. The main finding is that the 

2m temperature shows three different periods: 1950 

to 1975 with values near to the overall mean, 1977 to 

1995 with 0.5 K lower values and from 1996 

onwards with 0.5 K higher values than the overall 

mean. So what was special to these 3 periods? All 4 

stations agree with these changes. The latter 

increases are accompanied by an increase in the sea 

surface temperatures of the southern Caspian Sea. 

For the time before 1988 the SST values are 

uncertain or not available and a connection with the 

2m temperatures cannot be investigated. ECMWF 

interim reanalysis data onto the 2 m temperatures for 

the 4 stations agree generally very well with the 

observations at the site, only between 1979 and 1989 

that the observed values for Anzali are 0.5 to 1.0 K 

higher than the analyzed ones which we attribute to 

uncertainties in the SST analysis in that period. This 

bias can only be seen for Anzali as this grid point is 

nearer to the sea than those of the other stations. A 

trend of 2m temperatures can be seen for the period 

1977 to 2010 but hardly when including the data 

from 1950 onwards, then it is mostly part of an inter-

annual variability. This stresses that one needs to 

have very long time series to identify real trends in 

the data. The similarity in the changes at all stations 

suggests that the differences before and after 1995 

are due to a natural variability and not due to 

changes in the observational method. The years 1977 

and 1995 coincide with the turning dates of the 

Caspian Sea level changes which have been shown 

to be connected with ENSO and Volga River 

discharge variability. In 1995 the CSL reaches its 

peak, before that Volga had excessive precipitation 

and after that reduced precipitation. Kura and 

Sefidrud rivers played only a minor role for this CSL 

change but the evaporation over the CS itself was 

important as well (Arpe et al., 2000 and Arpe et al., 

2014). The sudden increase of T2m around 1994 is 

probably due to a change in the SST.  
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