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Abstract 

In this paper, was studied the rainfall trends in monthly, seasonal and annual 

scales in the Atrak river basin for 40 years (1975-2014). A database of 

monthly, seasonal and annual rainfall to detect the rainfall trends in the Atrak 

river basin was collected from 27 climatological and synoptic stations. To 

study was used the impact of rainfall trends in hydrological patterns the 

Thiessen Polygon. This study displays monthly, seasonal and annual trend 

patterns and magnitude of trend slope in rainfall data series for Atrak river 

basin using Mann-Kendall (MK) test and Sen’s slope estimator test at 5% 

significance level. The results showed that there isn’t a significant trend in all 

seasonal and annual rainfall data series in the Atrak river basin.  Accordingly, 

this analysis, only five stations for overall Atrak river basin shows a 

significant increasing trend of rainfall in annual rainfall series.  In addition, 

based on this analysis, only July month for overall Atrak river basin shows a 

significant increasing trend of rainfall in monthly rainfall series. 

Keywords:  Rainfall, Trend, Thiessen polygon, Mann-Kendall test, Atrak 

river basin.  

 

INTRODUCTION    

Rainfall has the most oscillations in the climatic elements spatially and 
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temporally(Javari & Mohammadi, 2007). Severe changes in rainfall can have 

devastating effects on global atmospheric patterns and as well as the atmospheric 

patterns in Iran(Modarres & Sarhadi, 2009). However, investigation of the 

precipitation trends at different scales of time and space is the most important climate 

issues. The severe oscillation in rainfall has been occurring as  crises such as drought 

or flood and it will also ordinarily affect the future(Modarres & da Silva, 2007). 

Drought is known as a climatic crisis(Zarei & Eslamian, 2017). In general, 

understanding how the changes of rainfall trends, such as those found in recent years 

have been of interest to researchers in atmospheric science and hydrology(Onyutha & 

Willems, 2017). Regardless of whether a place is a wet or dry climate, awareness of 

trends of rainfall a place can be to help the managers and practitioners with respect to 

water problems to decision the future for implementation of hydrological projects. 

Iran (also Atrak river basin) is situated in the large parts of the arid and semi-arid 

regions on the one hand and the  determining role of the precipitation in the country 

are responsible for water supply, on the other hand, is important the more aware of the 

changes of rainfall trends. In understanding the rainfall trends in the world and Iran, 

as well as extensive studies, have been conducted. Shifteh Some'e et al. (2012) 

detected the significant positive and negative trends on a seasonal and annual rainfall 

for the 40-year for parts of Iran. They described the negative trends in spring and 

winter rainfall and five significant negative trends were revealed in the winter rainfall.  

Becker et al. (2003) distinguished the significant positive trends for the summer 

months with rainfall maximum in the Yangtze basin in China and significant negative 

trends in the later months. Verma et al. (2016) detected the increasing trend of rainfall 

in monsoon season and decreasing trend of rainfall in post-monsoon season at 39 

stations in Seonath river basin, Chhattisgarh, India by using the Mann–Kendall and 

Sen's non-parametric methods for 32-year.  Liang et al. (2011) considered the 

temporal-spatial variability of rainfall in Northeast China for the 48-year.  The 

findings showed a decreasing trend in rainfall was found from 77 (annual) and 80 

(summer) of the 98 meteorological stations during a 48 year period and the mean 

annual and summer rainfall rates decreased in a southeastern to northwestern direction 

during the 48 year period due both to the influence of the East Asian monsoon and to 

topography by using the linear fitted model, the Mann– Kendall test, the moving t-

test, and the Morlet wavelet and Kriging (exponential) interpolation methods. 

Modarres et al. (2009) measured the spatial-temporal trends of the annual and 24-hr 

maximum rainfall at 145 stations in Iran.  They detected the annual rainfall is 

decreasing at 67% of the stations while the 24-hr maximum rainfall is increasing at 

50% of the stations. The findings showed a negative trend of annual rainfall in 

northern and northwestern regions, and a positive trend of 24-hr maximum rainfall in 

arid and semiarid regions of Iran by using the Mann-Kendall (MK) test. Iran is 

located in the arid and semiarid regions of the Earth. Distribution of rainfall in the 

country is irregular. Average annual rainfall in Iran has been measured as 249 
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mm/year, which is less than one-third of the world’s annual average(Naghibi, 

Pourghasemi, & Abbaspour, 2017). Average annual rainfall in the Atrak river basin 

has been measured as 285 mm/year, which is more than average of the Iran’s annual 

average.  About 85 % of the rainfall falls in the March and April months in the Atrak 

river basin. Rainfall in Iran has the great spatially and temporally variability The 

Caspian Sea receives up to 1800 mm and eastern south regions of Iran receives less 

than 100 mm of mean annual rainfall in Iran (Alijani, O’Brien, & Yarnal, 2008). 

Changes in climate may have already affected factors of the atmospheric circulation 

systems such as western wind, convection, and topography(Kaviyani & Masoodian, 

2008). According to types of researches have been done to detect the rainfall trend 

patterns variations in Atrak river basin, no complete method has been used to analyze 

the trends of rainfall. Also, most prior researches didn't use the validation of the 

rainfall data series to apply the tests of the trend detection. In this study, was used to 

detect the rainfall trends based on hydrological patterns the rainfall data of 27 

synoptic and climatology stations during 40-year. Investigating the variability of 

rainfall trend patterns is important for the understanding of climate in the Atrak river 

basin. 

 

MATERIALS AND METHODS 

MATERIALS 

Atrak river basin is located in the eastern north of Iran. This basin is located between 

36° 56’ N to 38° 17’ N Latitude and 55° 58’ E to 59° 4’ E Longitude. The basin 

occupies a large part of the Khorasan Province in Iran. Atrak river basin is the longest 

river of Atrak and it measures a length of 350 km. It ends near Gorgon Province, 

which is at 1312 m above the sea level (minimum of elevation 315 m and maximum 

of elevation 2938 m). The studied area of the Atrak river basin is 18200 km2. The 

elevation distribution of the basin is almost diverse. The average slope of the basin is 

15.3 %. Atrak river basin has a semi-arid and arid climate. The basin receives about 

285 mm of mean annual rainfall and it is contributed in the seasons and followed by 

seasonal patterns. The daily, monthly, seasonal and annual rainfall data of 27 synoptic 

and climatological stations over Atrak river basin during of 40-year (from 1975 to 

2014) were obtained from the Meteorological Organization of Iran 

(http://www.irimo.ir) and Zonal Water Organization of the Khorasan province. The 

distribution of the stations in the basin and their corresponding area is displayed by 

using the Thiessen polygon (Table.1).  

 

 

 

http://www.irimo.ir/


1414  Majid Javari 

Table.1: The distribution of the stations in the basin 

Station Geographical coordinate area of Thiessen Polygon  

 (KM2) Longitude Latitude 

Aierghaieh 56.37 38.17 595.3 

Gholaman 57.15 38.06 1271.2 

Ghareghanloo 56.73 38.25 620.0 

Asadli 57.36 37.29 344.5 

Babaaman 57.44 37.48 218.9 

Barbarghale 57.32 37.46 269.5 

Beshghardash 57.29 37.41 401.2 

Inche olia 56.40 37.62 2001.0 

Aghmazar 56.92 37.70 268.0 

Khartoot 56.66 37.93 1535.3 

Haseh gah 57.04 37.67 530.8 

Garmkhan 57.47 37.53 326.5 

Ali mohammad 57.62 37.75 961.0 

Ghezelghan 57.41 37.66 403.5 

Ghatlish 57.31 37.82 584.1 

Ghale barbar 57.19 37.75 485.8 

Darband samalghan 56.98 37.60 338.4 

Darkesh 56.74 37.45 308.3 

Resalat 56.77 37.52 513.6 

Shirabad 56.94 37.50 199.5 

Chari 58.15 37.18 940.0 

Barzoo 57.96 37.60 694.5 

Seiek ab 57.93 37.41 771.4 

Sad shoorak 57.70 37.38 800.1 

Farooj 58.22 37.24 744.5 

Namenloo 58.12 37.67 465.1 

Ghoochan 58.50 37.17 1617.1 

 

Thiessen polygon distribution was arranged in order to control the rainfall over the 

Atrak river basin and rainfall trends detected in the Atrak river basin. The spatial 

variability of rainfall was originated using the Thiessen polygon method in which an 

area-based weighting structure is used to design the value weights for each station. 

Thiessen polygon was used to measure the rainfall value at any point in the Atrak 
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river basin.  Therefore, Thiessen polygon computes a weight to each station in 

proportion to the area of the basin that is closest to that station(Adnan & Atkinson, 

2017). Thiessen and Alter considered the subject of evaluating rainfall in polygons 

neighboring rainfall stations(Schumann, 1998). Organized distribution of rainfall 

stations, they separated the underlying plane into polygons having the points in such a 

way that all points within any given polygon were closer to the rain station point 

within that polygon than they were to any other gauge-point(Croley & Hartmann, 

1985; Gurung, 2017).  Thiessen polygon is created so that every site within a polygon 

is closer to the point series in that polygon than any other point series. When the 

polygons are created, neighbors of a point series are defined as any other point series. 

Each Thiessen polygon includes only a single point input basin. Any location within a 

Thiessen polygon is closer to its associated point than to any other point input basin. 

The Thiessen map provides the several methods (simple as local influence method 

and mean, mode and median as local smoothing methods and cluster as local outliers 

method and entropy, standard deviation and interquartile range as local variation 

methods) to calculate values for the polygons(M Javari, 2016). These 27 stations were 

used to analyze rainfall trends on monthly, seasonal and annual scales; furthermore, 

the data were assessed with important quality indexes: (1) homogeneity over monthly 

time series, (2) being spatially demonstrative of the distribution regularity of rainfall 

in the Atrak river basin, and (3) number of absences over monthly time series. 

However, while certain data were missing the quality control and homogeneity tests 

were applied. 

  

METHODS  

Rainfall series analysis was carry out using statistical and GIS software (Minitab, 

Excel, XLstat, and ArcGIS10.3). In this study, normality was distinguished as temporal 

normality (normality tests)). The temporal normality of the rainfall data was tested by 

using the Shapiro-Wilk and Kolmogorov-Smirnov tests. Measures of the position of 

rainfall data were considered by exploratory analysis the mean, median and first and 

third quartile values of rainfall distribution. Temporal normality was indicated as any 

p-value greater than the significance level (α=0.05) indicates the rainfall series for 

each station is the normal distribution (cannot reject the null hypothesis).To analyze 

the heterogeneity conditions of rainfall data were used the Pettitt (1979) and Von 

Neumann (1951) tests(Pettitt, 1979; Von Neumann, 1951). To Pettitt (1979), the null 

hypothesis is the one that in which T variables follow the same distribution F. We, 

therefore, determined the null and alternative hypotheses in the study(Majid Javari, 

2016).  To detect the rainfall trends and its spatial variability, the calculated methods 

of trend variations were applied based on each station during years1975-2014. In this 

study, rainfalls series are considered to predict the trend and its spatial variability. 

Statistical-GIS analysis is applied to detect the trends of rainfall series in the Atrak 

http://www-personal.umich.edu/~copyrght/image/books/C%7C/C%7C/C%7C/C%7C/C%7C/C%7C/C%7C/SpatialSynthesisVolumeIBook1/bibliography.html#thialt_11


1416  Majid Javari 

river basin. Variability of trends in rainfall series was analyzed using the Sen’s slope 

approach (SSA) and Mann-Kendall (MK) test (Kendall, 1975; Mann, 1945); the latter 

is one of the widely utilized tests to reveal the temporal trends in climatic series. (Z. 

Gao, He, Dong, & Li, 2017).This test is determined as the trend detect statistic, which 

is a nonparametric test that examines the presence of a trend over long periods of 

rainfall (Yavuz & Erdoğan, 2012). A single forecast method (MajidJavari & 

Mohammadi, 2007) which depends on future periods should be used, only for fitting 

and performed to analyze the rainfall trend variations. In this study, an especial 

pattern with five techniques for 27 stations was applied. In the first stage, Mann–

Kendall test (MK) was used which is based on the type of trend pattern not the type of 

distribution. However, as the Mann–Kendall test is not strongly involved with data 

distribution and is less affected by the outliers, it is not very suitable for analysis of 

rainfall series with spatial variability (Dinpashoh, Mirabbasi, Jhajharia, Abianeh, & 

Mostafaeipour, 2013). To determine rainfall temporal trends, we first applied the 

Mann–Kendall test and t-test to the monthly rainfall series. Mann (1945) originally 

developed this test and Kendall (1975) subsequently obtained the non-parametric 

statistical distribution. The null hypothesis (H0) indicates that there was no significant 

trend in the examined time series, a hypothesis which is rejected if the p-value of the 

test is less than the significance level (e.g., 0.05 indicating a 95 % confidence level) 

(Rahmani, Golian, & Brocca, 2015; Sayemuzzaman & Jha, 2014).The MK test 

statistic S is calculated as (Nair et al., 2014; Sayemuzzaman & Jha, 2014):    

 
1

1 1

sgn
n n

kj
k j k

S x x


  

          (1) 

In Equation (10), n is the number of points, and 
k

x  and 
j

x  are the data values in time 

series k and j (j > k), respectively. A positive S value shows an upward trend, a 

negative value indicates a downward trend, whereas zero means that there is no trend 

in the Equation (11), sgn ( kjx x ) is the sign function:   
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The significance of the trend is evaluated by calculating the statistic sgn (x). The 

scattering (variance) is estimated as:   
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(3) 

In Equation.12, n is the number of series, m is the number of tied groups, and t 

denotes the number of ties of extent. In cases where n > 10, the standard normal test 

statistic Z is computed using Equation (13):  
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The trend is analyzed at a specific α significance level. When
/ 2
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the null hypothesis is rejected and a significant trend exists in the time series. In this 

analysis, we applied the MK test to see if a trend was statistically significant in the 

rainfall series at significance levels α = 0.01 and α = 0.05. At 5% and 1% 

significance levels, the null hypothesis of no trend is rejected if |Z| > 1.96 and |Z| > 

2.576, respectively. In this study, so as to estimate the magnitude of the trend and 

then to calculate Sen’s slope values (SSV):  

j k
x x

SSM
j k





                (5) 

In Equation (5), X j and X k are the series values at times j and k (j > k), respectively. 

Time series data sets are independent and MK and SSM tests can be applied to 

primary data values. In this study, the significance levels (p-values) with trend 

method for 27 stations was applied. The significance levels (p-values) forecasting of 

rainfall trends is an essential hypothesis for climatic researches. Small p-values (0- 

0.01) reveal small likelihood and suggest that the negative trend is significant and 

large, p-values (0.7-1) show large likelihood and indicate that the positive trend is 

significant at the 99 percent confidence level. The significance levels for each trend 

test have been interpolated in Atrak river basin using the ordinary kriging (OK) 

method.   

 

Rainfall spatial analysis: 

To analyze the spatial distribution of the rainfall series were used the geostatistical 

interpolation methods based on the rainfall character of the stations in the Atrak river 

catchment, we chose the nine interpolation methods (deterministic and geostatistical 

methods) for rainfall changes analysis spatially(Di Piazza, Conti, Noto, Viola, & La 
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Loggia, 2011; Erxleben, Elder, & Davis, 2002; Grimes & Pardo-Igúzquiza, 2010; M 

Javari, 2016; Wang et al., 2014). Based on the rainfall series nature and accuracy 

indices was selected the interpolation methods for the spatial changes analysis of the 

rainfall series. In this study, nine different interpolation methods (Table 3) that usage 

series from the rainfall series nature Atrak river catchment and its topographical-

hydrological properties (Table. 1) were employed and evaluated. Two groups of 

interpolation methods were analyzed: (1) deterministic methods and (2) geostatistical 

methods, which combine further techniques from semivariograms and covariance. 

Deterministic methods have properties that control either (1) the amount of similarity 

(such as inverse distance weighted method) of the rainfall series or (2) the magnitude 

of smoothing (such as radial basis functions) in the spatial patterns. These methods 

are not based on a random spatial pattern, and modeling of spatial autocorrelation in 

the rainfall series(ESRI, 2014). In this study, deterministic methods were applied the 

inverse distance weighted (IDW), global polynomial interpolation (GPI), local 

polynomial interpolation (LPI) and radial basis functions (RBFs). Geostatistical 

methods have properties that check either (1) the amount of spatial variability of the 

rainfall series or (2) the degree of spatial autocorrelation in the rainfall series, (3) the 

randomness of rainfall spatial patterns(Javari & Mohammadi, 2007) and (4) the 

investigate the statistical and spatial properties of the rainfall series(M Javari, 2016) 

.In this study, geostatistical methods were applied the ordinary kriging (OK), simple 

kriging (SK), universal kriging (UK) and empirical Bayesian kriging (EBK).  

 

Table 2: Descriptive statistics of rainfall series 
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Mean 26.1 36.2 42.1 41.9 36.8 14.5 7.6 7.6 6.6 12.0 24.7 28.6 104.5 93.2 21.9 65.3 284.8 

Standard Error 2.1 2.1 2.7 3.1 3.2 1.8 1.2 1.3 1.2 1.3 2.5 2.1 4.6 6.1 2.3 3.3 8.5 

Median 22.4 34.7 39.3 38.3 30.2 11.9 5.1 5.4 3.3 9.7 23.1 27.1 103.6 84.2 20.5 69.0 273.9 

Standard Deviation 13.3 13.5 16.8 19.9 20.1 11.7 7.6 8.0 7.7 8.5 15.5 13.1 29.2 38.4 14.6 20.6 53.8 

Variance 176.9 183.5 283.5 396.8 405.5 136.6 58.2 63.9 58.9 72.6 241.2 171.2 850.7 1471.9 212.4 422.6 2896.9 

Kurtosis -0.6 -0.6 -0.7 -0.1 -0.8 0.3 3.9 0.9 5.4 1.4 -1.1 0.1 -0.4 -0.2 -0.5 -1.0 -0.6 

Skewness 0.5 0.2 0.2 0.6 0.3 1.1 1.7 1.3 2.0 1.2 0.3 0.4 -0.2 0.5 0.7 -0.3 0.5 

Range 53.7 54.2 67.8 84.8 83.8 44.4 36.1 30.9 37.5 38.4 52.9 54.9 122.4 172 51.8 70.3 199.6 

Minimum 4.8 8.2 11.3 0.9 4.3 0.6 0.0 0.0 0.1 0.7 0.3 2.4 37.9 21.4 3.9 24.6 198.7 

Maximum 58.6 62.4 79.1 85.7 88.1 45.1 36.1 30.9 37.6 39.0 53.3 57.2 160.3 193.4 55.8 94.9 398.3 

Coefficient of  

Variation %(CV) 

50.4 37.5 39.8 47.6 54.7 81.2 98.1 101.3 112.3 70.3 62.5 45.7 27.8 41.1 64 31.5 18.6 
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Table 3: RMSE of Interpolation methods for rainfall series 

series IDW GPI LPI RBF OK SK UK EBK 

January 5.67 6.17 5.93 5.65 5.64 5.25 5.64 5.68 

February 8.81 8.59 8.73 5.65 8.46 7.68 8.46 8.14 

March 10.5 10.19 10.48 5.65 10.05 9.36 10.05 9.78 

April 9.89 9.49 9.61 9.65 9.24 9.18 9.24 9.2 

May 8.36 9.23 8.75 8.97 8.01 8.33 8.02 7.93 

June 3.44 3.49 3.46 3.63 3.47 3.10 3.48 3.29 

July 3.01 2.76 2.90 3.43 2.76 2.59 2.76 2.71 

August 2.29 2.27 2.38 3.43 2.54 2.37 2.54 2.43 

September 1.82 1.70 1.75 3.93 1.82 1.80 1.82 1.74 

October 2.90 2.91 2.89 3.43 2.9 2.68 2.90 2.73 

November 4.42 4.17 4.30 3.43 4.04 3.72 4.04 3.96 

December 5.89 5.85 6 6.43 5.97 5.18 5.97 5.46 

Winter 24.4 24.36 24.63 25.43 23.56 21.62 23.56 23.07 

Spring 20.57 21 20.74 25.56 19.49 19.23 19.49 19.31 

Summer 6.07 5.58 5.91 6.86 6.23 5.78 6.23 5.96 

Autumn 12.46 12.01 12.29 13.67 11.46 10.7 11.46 11.25 

Annual 77.08 75.25 76.76 76.56 74.24 66.57 74.24 70.38 

 

 

Deterministic interpolation methods 

To analyze the stations distribution variations and its effectiveness was used the 

Thiessen polygons(Croley & Hartmann, 1985; Thiessen, 1911) for rainfall trends 

variability. Each station has measured the value of the nearest neighbor rainfall station 

based on the average distance from each station to its nearest neighboring within each 

sub-basin. Interpolation methods is a widely applied and comfortable to use spatial 

analysis. In this research, deterministic interpolation methods were divided into two 

groups, global and local. Global methods to estimate the rainfall series using the 

entire rainfall series. Local methods to predict the rainfall series from the calculated 

points within sub-basins, which are smaller spatial sub-basins within the entire basin. 

Inverse distance weighted (IDW) interpolation generally implements the rainfall 
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calculated values neighboring the rainfall prediction position(Johnston, Ver Hoef, 

Krivoruchko, & Lucas, 2001). To predict a value for any unmeasured location, IDW 

uses the predicted values neighboring the prediction location. IDW simulates that 

each rainfall measured point has a local influence that reduces with distance. It 

presents greater weights to rainfall points nearest to the rainfall prediction location, 

and the weights reduce as a function of distance. IDW, weights are relative to the 

inverse of the distance (between the rainfall measured point and the rainfall predicted 

point) extended to the power p-value. As a result, as the distance increases, the 

weights decrease rapidly. The rate at which the weights decrease is dependent on the 

value of p. If p = 0, there is no decrease with distance, and because each weight  is 

the same, the prediction will be the mean of all the data values in the search 

neighborhood. As p increases, the weights for distant points decrease rapidly. If the p-

value is very high, only the instantaneous surrounding points will influence the 

prediction. Based on best power value(Wagner, Fiener, Wilken, Kumar, & Schneider, 

2012) was controlled by minimalized the root mean square prediction error (RMSPE).  

GPI utilizes a polynomial function to measure a smooth surface to the rainfall point 

series. The GPI spatial pattern changes gradually from the surface to surface over the 

region of depicts the global trend patterns in the data series. A flat plane is a first-

order polynomial(Wang et al., 2014). The GPI is a smooth surface that represents 

gradual trends in the surface over the study area(ESRI, 2014). GPI creates a gradually 

varying spatial patterns using low-order polynomials that possibly illustrate rainfall 

trend changes. Local polynomial interpolation (LPI) is comparable to global 

polynomial interpolation, except that it uses rainfall data within localized 

surface(Hwang, Clark, Rajagopalan, & Leavesley, 2012). LPI, also, rainfall data fits 

local trends and it uses weights(Wagner et al., 2012). LPI is vulnerable to the rainfall 

point’s neighborhood distance. The localized surface can be stimulated around, and 

the surface value at the center of the localized surface and value at the center of the 

surrounding station point is estimated as the predicted value(ESRI, 2014).  Radial 

basis functions (RBFs), one of the deterministic interpolation methods used in this 

study. RBFs was used to create a surface that takes global trends and picks up the 

local variation(ESRI, 2014). RBFs use to fitting a plane to the sample values will not 

accurately represent the surface(Johnston et al., 2001). RBFs are moderately quick 

deterministic interpolators that are precise. RBFs methods are a series of particular 

interpolation techniques, that is, the surface must go through each calculated rainfall 

series value. There are five different basis functions: thin-plate spline, spline with 

tension, completely regularized spline, multiquadric function, and inverse 

multiquadric spline. Each basis function has a different shape and results in a different 

interpolation surface. RBFs techniques are a form of artificial neural networks(ESRI, 

2014). RBFs are used to create smooth surfaces from a large number of rainfall 

points. The functions create suitable results for mountainous regions. However, the 

RBFs are used for calculating smooth surfaces from a large number of rainfall points.  



Trend Analysis of monthly rainfall over Atrak river basin, Iran 1421 

Kriging and cokriging are prediction methods, and the final goal is to produce a 

surface of predicted values(M Javari, 2016). Ordinary kriging (OK). One of the main 

issues concerning ordinary kriging is whether the assumption of a constant mean is 

reasonable(Bajat et al., 2013). Ordinary kriging is used for rainfall data that seems to 

have a trend(Chen et al., 2010). However, as a simple prediction method, it has 

significant flexibility(Ahmed, Shahid, & Harun, 2014). Ordinary kriging is used to 

autocorrelation analysis the either semivariograms or covariance(Erxleben et al., 

2002; Oliver & Webster, 2015). The simplest method simple kriging (SK), is based on 

the assumption of a constant mean and specific errors(Aalto, Pirinen, Heikkinen, & 

Venäläinen, 2013).  Simple kriging with measurement error is obtained for the linear 

predictor. Thus, the check for the bivariate normal distribution can be used for simple 

kriging, allowing a user to assure that quantile and probability maps are based on 

reasonable assumptions(ESRI, 2014). Universal kriging (UK) assumes the model: 

Z(S) = μ(s) + ε(s). Where μ(s) is some deterministic function. A second-order 

polynomial is the trend long line-which is μ(s). If you subtract the second-order 

polynomial from the original data, you obtain the errors, ε(s) which is assumed to be 

random(M Javari, 2016). When rainfall series do not have a constant unknown mean 

 in rainfall spatial analysis, we developed the UK to account for a variable mean 

when making kriging estimates. Empirical Bayesian kriging (EBK) is a geostatistical 

interpolation method that systematizes the most difficult aspects of constructing a 

valid kriging model. Other kriging methods in geostatistical methods require to 

manually adjust parameters to receive accurate results, but EBK automatically 

computes these parameters through a process of subsetting and simulations(ESRI, 

2014). Empirical Bayesian kriging is different from other kriging methods in 

geostatistical methods by using an essential random function as the kriging model(M 

Javari, 2016).  

 

RESULTS AND DISCUSSION  

In the analysis, the rainfalls series of the 27 stations, data qualities, i.e., normality, 

homogeneity and detect of trend were investigated using Mann-Kendall test (non-

parametric tests) in type, for each quality.   

Statistical analysis of rainfall series  

The skewness and kurtosis amounts of rainfall data series revealed the abnormal 

distribution of data (Table 2). The monthly rainfall data series ranged from 30.9 mm 

and 84.8 mm in August and April respectively (Fig.1). The seasonal rainfall series 

ranged from 51.8 mm and 172 mm in summer and spring respectively (Fig.2).. The 

variability of the rainfall series was markedly higher than the values reported by 

Nicholls(1990) , and da Silva (2016) categorized the variability using the coefficient 

of variations (CV) of rainfall series properties, as moderate (10–100%) and strong (+ 
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100%) variability. The monthly rainfall series were predicted in February (37.5%) 

and September (112.3%) and in the seasonal rainfall series were computed in the 

winter (27.8%) and summer (64%) in the Atrak river basin (Table. 2). The obtained 

results indicated that the average monthly rainfall increased from September to 

March, and the lowest monthly rainfall occurred in September (6.6 mm). In addition, 

the statistical distribution of seasonal rainfall indicated that the average seasonal 

rainfall decreased from winter (104.5mm) to summer, and the lowest seasonal 

rainfall occurred in summer (21.9 mm).  

 

Fig.1: statistical distribution of the monthly rainfall in Iran 

 

 

Fig.2: statistical distribution of the seaonal and annual rainfall in Iran 
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Homogeneity analysis of rainfall series:  

To evaluate the homogeneity of the rainfall series, the Pettit (1979) and Van 

Neumann (1951) tests at significance level alpha 0.05 were used. To evaluate the 

homogeneity of the rainfall original data and rainfall extracted data, the tests at 

significance level alpha 0.05 were used. Evaluating the homogeneity results between 

the rainfall primary data and rainfall extracted series using two tests show that 

monthly series are homogenous.   

 

Temporal trend analysis of rainfall series:  

In this analysis, were used to identify the statistical properties of rainfall series for 

each station for the 1975–2014 period. In this study, was analyzed the temporal trend 

and temporal trend slope by using the Mann-Kendall (MK) and Sen.’s slope 

estimator, respectively. However, the temporal patterns of rainfalls series was 

evaluated through the Mann-Kendall (MK) and Sen.’s slope estimator analysis. Fig.3 

demonstrates the annual series provided by the MK test for each station over the time 

period of 1975-2014. At the annual rainfall series, 5 stations of all 27 stations (18.5 % 

of all stations) showed a significant increase temporal trend (Asadli, Barzoo, 

Ghatlish, Gholaman, and Namenloo) in the annual rainfall. It displayed that 16 

stations are presenting an increasing value of Zmk whereas 11 stations are displaying 

decreasing values. The Mann-Kendall test Zmk value for 5% significance level is 

1.96. Therefore, the stations showed blue represent for significant positive in annual 

rainfall and that of red shows significant negative.  Fig.4 reveals the winter series 

presented by the MK test for each station over the time period of 1975-2014. At the 

winter rainfall series, 5 stations of all 27 stations (18.5 % of all stations) showed a 

significant positive temporal trend (Barzoo, Ghoochan and Namenloo) and a 

significant negative temporal trend (Chari and Ghareghanloo) in the winter rainfall. It 

displayed that 15 stations are presenting an increasing value of Zmk whereas 12 

stations are displaying decreasing values. The Mann-Kendall test Zmk value for 5% 

significance level is 1.96. Therefore, the stations showed blue represent for 

significant positive in winter rainfall and that of red shows significant negative. Fig.5 

reveals the spring series presented by the MK test for each station over the time 

period of 1975-2014. At the spring rainfall series, one stations of all 27 stations (3.7 

% of all stations) showed a significant positive temporal trend (Asadli station) in the 

spring rainfall. It displayed that 15 stations are presenting an increasing value of Zmk 

whereas 12 stations are displaying decreasing values. The Mann-Kendall test Zmk 

value for 5% significance level is 1.96. Therefore, the stations showed blue represent 

for significant positive in spring rainfall and that of red shows significant negative. 

Fig.6 shows the summer series displayed by the MK test for each station over the 

time period of 1975-2014. At the summer rainfall series, five stations of all 27 
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stations (18.5 % of all stations) showed a significant positive temporal trend (Asadli, 

Barzoo, Chari, Ghatlish and Namenloo) in the summer rainfall. It showed that 24 

stations are presenting an increasing value of Zmk whereas 3 stations are displaying 

decreasing values. The Mann-Kendall test Zmk value for 5% significance level is 

1.96. Therefore, the stations shown blue characterize for significant positive in 

summer rainfall. Fig.6 shows the summer series displayed by the MK test for each 

station over the time period of 1975-2014. At the summer rainfall series, five stations 

of all 27 stations (18.5 % of all stations) showed a significant positive temporal trend 

(Asadli, Barzoo, Chari, Ghatlish and Namenloo) in the summer rainfall. It showed 

that 24 stations are presenting an increasing value of Zmk whereas 3 stations are 

displaying decreasing values. The Mann-Kendall test Zmk value for 5% significance 

level is 1.96. Therefore, the stations shown blue characterize for significant positive 

in summer rainfall. Fig.7 shows the autumn series displayed by the MK test for each 

station over the time period of 1975-2014. At the autumn rainfall series, three stations 

of all 27 stations (11.1 % of all stations) showed a significant positive temporal trend 

(Asadli, Chari and Namenloo) in the autumn rainfall. It showed that 20 stations are 

presenting an increasing value of Zmk whereas 7 stations are displaying decreasing 

values. The Mann-Kendall test Zmk value for 5% significance level is 1.96. 

Therefore, the stations shown blue characterize for significant positive in autumn 

rainfall and that of red shows significant negative.  Fig.8 shows that there is in the 

most of the stations (15 stations), an increasing Sen’s slope for the entire study 

period. It can be seen from Fig. 8 that twelve of the stations are showing a decreasing 

trend for annual rainfall data. Fig.9 shows that there is in the most of the stations (15 

stations), an increasing Sen’s slope for the entire study period and, also, twelve of the 

stations are presenting a decreasing trend for winter rainfall data. Fig.10 displays that 

there is in the most of the stations (13 stations), an increasing Sen’s slope for the 

entire study period and, also, twelve of the stations are showing a negative trend for 

spring rainfall data. Fig.11 displays that there is in the most of the stations (24 

stations), an increasing Sen’s slope for the entire study period and, also, two of the 

stations are showing a decreasing trend for summer rainfall data. Fig.12 displays that 

there is in the most of the stations (19 stations), an increasing Sen’s slope for the 

entire study period and, also, five of the stations are showing a decreasing trend for 

autumn rainfall data. The spatial distribution of the annual decreasing trend slope 

showed that variation in the annual trend slope series was observed in the east and 

eastern north regions of the Atrak river basin and decreased toward the adjacent areas 

in the northern regions of the Atrak river basin. The findings revealed that the 

changes percent of the slope series showed a different trend slope in winter rainfall 

series, which varied within the range of 0 to 23.6% over a year (Fig.13). The spatial 

distribution of winter increasing trend showed that variation in winter trend series 

was observed in the eastern regions of the Atrak river basin and decreased toward the 

adjacent areas in the northern regions of the Atrak river basin. The results showed 
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that changes percent of the slope series displaying a different trend slope in spring 

rainfall series varied within the range of 0 to 9% over a year (Fig.13). The spatial 

distribution of the spring increasing trend showed that variation in spring trend series 

was observed in the eastern regions of the Atrak river basin and decreased toward the 

adjacent areas in center and north regions of the Atrak river basin. Fig. 13 displays 

the changes percent of the trend slope estimated by the MK test for summer series 

from 1975 to 2014. It indicated that the spatial distribution of the slope series 

revealing a different trend slope in summer rainfall series varied within the range of 0 

to 27.6% over year. The spatial distribution of the summer increasing trend showed 

that variation in summer series was at the all of the Atrak river basin and decreased 

toward the adjacent areas in south regions of the Atrak river basin. Fig. 13 shows the 

changes percent of the trend slope provided by the MK test for autumn series from 

1975 to 2014. It showed that the spatial distribution of the slope series showing a 

different trend slope in autumn rainfall series varied within the range of 0 to 14.4% 

over year. The spatial distribution of the autumn increasing trend showed that 

variation in autumn series was at the all of the Atrak river basin and decreased toward 

the adjacent areas in northern and western south regions of the Atrak river basin.  Fig. 

14 shows the changes percent of the trend slope provided by the MK test for monthly 

series from 1975 to 2014. It showed that the spatial distribution of the slope series 

showing a different trend slope in monthly rainfall series varied within the range of -

18.1% to 25.6% over month. The temporal distribution of the positive changes 

percent maximum in the March month showed that variation in monthly series was at 

March of the Atrak river basin and decreased toward the January in the Atrak river 

basin. Fig.13 shows, also, monthly rainfall over Atrak river basin, a high increasing 

slope is estimated i.e. Sen’s slope value is 25.6% for March and decreasing for 

January month. The Sen’s slope value for monthly rainfall over entire Atrak river 

basin is also 4.9% in during 40-year. The spatial trend type variations of rainfall data 

for the annual rainfall data series are predicted (Fig. 14). It is noticeably showed from 

trend analysis that rainfall series spatial trends types spatially are different from the 

north and western north to central and eastern south parts and displayed spatially 

decreasing (negative) patterns in correlated with the central, south and eastern south 

regions and demonstrated spatially increasing (positive) patterns in related with the 

western, north and western north regions in the Atrak river basin. However, temporal 

and spatial trend patterns are different in the Atrak river basin. In addition, temporal 

trend patterns is conflicted with mountain regions and spatial trend patterns is 

corresponded with mountain regions in the Atrak river basin.  
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Fig.3: Mann-Kendall Test results for annual rainfall in the Atrak river basin (Thiessen 

Polygon) 

 

 

Fig.4: Mann-Kendall Test results for winter rainfall in the Atrak river basin (Thiessen 

Polygon) 
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Fig.5: Mann-Kendall Test results for spring rainfall in the Atrak river basin (Thiessen 

Polygon) 

 

 

Fig.6: Mann-Kendall Test results for summer rainfall in the Atrak river basin 

(Thiessen Polygon) 
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Fig.7: Mann-Kendall Test results for autumn rainfall in the Atrak river basin 

(Thiessen Polygon) 

 

 

Fig.8. Sen’s Slope values for annual rainfall in the Atrak river basin (Thiessen 

Polygon) 
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Fig.9. Sen’s Slope values for winter rainfall in the Atrak river basin (Thiessen 

Polygon) 

 

 

Fig.10. Sen’s Slope values for spring rainfall in the Atrak river basin (Thiessen 

Polygon) 
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Fig.11. Sen’s Slope values for summer rainfall in the Atrak river basin (Thiessen 

Polygon) 

 

 

Fig.12. Sen’s Slope values for autumn rainfall in the Atrak river basin (Thiessen 

Polygon) 
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Fig. 13: Sen’s slope results for Seasonal rainfall (%) 

 

 

Fig. 14: Sen’s slope results for monthly rainfall (%) 

 

Spatial analysis of rainfall series 

The interpolation methods have been analyzed using the monthly, seasonal and annual 

rainfall data series collected at 27 climatic and synoptic stations in the Atrak river 

basin. In this research, accuracy indexes were applied to compare and evaluate the 

predicted series of the eight techniques. Table 2 shows the values of RMSE in the 

monthly, seasonal and annual rainfall series. Simple kriging (SK) presented the best 
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efficiency in the rainfall spatial variation analysis.  In addition, the results show the 

global polynomial interpolation (GPI) and radial basis functions (RBFs) methods for 

three and two rainfall series were designated from all 27 stations, respectively. Thus, 

the prediction results were the selective methods of the interpolation for monthly 

(Table.4), seasonal and annual (Table.4) rainfall, and they were compared with the 

observed data series of 27stations.   

 

Table.4 : Selective interpolation method for rainfall series 

Series Selective method Value 

January SK 5.25 

February RBF 5.65 

March RBF 5.65 

April SK 9.18 

May EBK 7.93 

June SK 3.10 

July SK 2.59 

August GPI 2.27 

September GPI 1.70 

October SK 2.68 

November SK 3.72 

December SK 5.18 

Winter SK 21.62 

Spring SK 19.23 

Summer GPI 5.58 

Autumn SK 10.7 

Annual SK 66.57 

 

Figs.17-33 presents the comparison between predicted and observed monthly, 

seasonal and annual rainfall patterns for 27 stations to analyze the spatial variability. 

The results show a more or less suitable conformity between predicted and observed 

rainfall series. For the series of monthly rainfall, the data series under three scenarios 

(spatial variability of severe (more than 10 mm range), intermediate (5-10 mm range) 

and weak (less than 5 mm range) are classified to the observed data. Fig.15 represents 

the spatial distribution of the series for monthly, seasonal and annual rainfall in the 27 

stations to analyze the spatial variability by using predicted range of rainfall 

javascript:IDADCWKB.Click()
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variability. Fig.16 represents the comparison between the three scenarios for monthly 

rainfall in the 27 stations to analyze the spatial variability by using predicted range of 

monthly rainfall. All the three scenarios series as well as the spatial variability reaches 

their highest in May (19.34 mm). For the monthly rainfall series, the results indicate 

that the January, February, March , June , July ,October and December predicated 

series are lower well with temporally with original rainfall series. For the second 

pattern, the results reveal that the predicted series (April, May and November) are 

higher than temporally the observed rainfall series. For the third pattern, the results 

reveal that the predicted series (August and September) are equal temporally with 

observed rainfall series. As for the monthly rainfall series, the results show that the 

spatial variability of the monthly rainfall is intense in the April, May and November 

months. The greatest spatial variability occurs in April, and is the least in the January 

(Table.5).  

 

Table.5: values of rainfall trend and Sen 'S slope for rainfall series 

Months Variance Mean Median Standard Deviation Sen 'S Slope Z.MK 

January 3.6 26.1 22.4 13.3 -0.181 -1.27 

February  3.7 36.2 34.7 13.5 0.108 0.45 

March 4.1 42.1 39.3 16.8 0.256 0.87 

April 4.5 41.9 38.3 19.9 0.086 0.43 

May  4.5 36.8 30.2 20.1 -0.133 -0.43 

June  3.4 14.5 11.9 11.7 -0.029 -0.15 

July 2.8 7.6 5.1 7.6 0.167 2.09 

August 2.8 7.6 5.4 8.0 0.025 0.55 

September 2.8 6.6 3.3 7.7 0.019 0.55 

October  2.9 12.0 9.7 8.5 0.019 0.27 

November 3.9 24.7 23.1 15.5 0.219 1.01 

December  3.6 28.6 27.1 13.1 0.032 0.08 

 

For the seasonal pattern, the results show that the predicted series (all seasons) are 

higher than temporally the primary rainfall series. However, for the seasonal rainfall 

series, the results show that the spatial variability of the seasonal rainfall is intense in 
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the all seasons. The greatest spatial variability occurs in spring, and is the least in the 

autumn (Table.5). This is for the reason that the dominant seasonal patterns occurs in 

the rainfall of Atrak river basin, and it has an effective seasonal pattern of rainfall. 

However, the spatial variability patterns of monthly predicted and observed series are 

a suitable correspond temporally. Hence, the rainfall spatial distribution are well 

predicted by selective interpolation methods. According to the RMSE of interpolation 

methods, the rainfall variability of 27 stations may well be predictable for the period 

of 2014–2054 over Atrak river basin. In addition, the interpolation effectiveness of 

simple kriging (SK) is better than those of other methods in the geostatistical and 

deterministic methods based on the terms of RMSE.  The January rainfall spatial 

pattern interpolated by the best method (SK) was employed to predict the spatial 

variability of rainfall during the 2014–2054 over Atrak river basin. Fig. 17 shows that 

the January observed (A1) and predicted (A2) rainfall variability would be increasing 

rapidly from Northeastern to Southwestern Atrak river basin. The amount of rainfall 

variability would be from 21.3 to 34.1 mm month−1. Therefore , the Northeastern and 

the center Atrak river basin would receive the smallest monthly rainfall (about 21.3 

mm month−1), while the Southwestern Atrak would receive the highest one (nearly 

34.1 mm month−1) for the period of 2014–2054. The February rainfall spatial pattern 

interpolated by the suitable method (RBF) was utilized to predict the spatial 

variability of rainfall during the 2014–2054 over Atrak river basin. Fig. 18 shows that 

the February observed (A1) and predicted (A2) rainfall variability would be 

increasing gently from center parts to the northwestern parts of the Atrak river basin. 

The amount of rainfall variability would be from 33.2 to 48.6 mm month−1. Hence, 

the central parts of the Atrak river basin would receive the minimum monthly rainfall 

(about 33.2 mm month−1), whereas the northwestern Atrak would receive the 

maximum one (nearly 48.6 mm month−1) for the period of 2014–2054. The March 

rainfall spatial pattern interpolated by the useful method (RBF) was used to predict 

the spatial variability of rainfall during the 2014–2054 over Atrak river basin. Fig. 19 

displays that the March observed (A1) and predicted (A2) rainfall variability would be 

increasing gradually from the northwestern to the southwestern Atrak river basin. The 

amount of rainfall variability would be from 38.9 to 57 mm month−1. Therefore, the 

northwestern of the Atrak river basin would receive the minimum monthly rainfall 

(about 38.9 mm month−1), whereas the southwestern Atrak would receive the 

maximum one (nearly 57 mm month−1) for the period of 2014–2054. The April 

rainfall spatial pattern interpolated by the suitable method (SK) was used to predict 

the spatial variability of rainfall during the 2014–2054 in the Atrak river basin. Fig. 20 

shows that the April observed (A1) and predicted (A2) rainfall variability would be 

increasing rapidly from central parts to southwestern parts Atrak river basin. The 

amount of rainfall variability would be from 41.7 to 50 mm month−1. Thus, the 

central parts of the Atrak river basin would receive the minimum monthly rainfall 

(about 41.7 mm month−1), whereas the southwestern Atrak would receive the 
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maximum one (nearly 50 mm month−1) for the period of 2014–2054. The May 

rainfall spatial pattern interpolated by the suitable method (EBK) was employed to 

predict the spatial variability of rainfall during the 2014–2054 in the Atrak river basin. 

Fig. 21 shows that the May observed (A1) and predicted (A2) rainfall variability 

would be increasing gradually from the northwestern parts to the southwestern and 

southeastern Atrak river basin. The amount of rainfall variability would be from 31.4 

to 46 mm month−1. Thus, the southwestern and southeastern parts of the Atrak river 

basin would receive the maximum monthly rainfall (about 46 mm month−1), whereas 

the northwestern Atrak would receive the minimum one (nearly 31.4 mm month−1) 

for the period of 2014–2054. The June rainfall spatial pattern interpolated by the 

suitable method (SK) was applied to predict the spatial variability of rainfall during 

the 2014–2054 in the Atrak river basin. Fig. 22 shows that the June observed (A1) and 

predicted (A2) rainfall variability would be increasing slowly from central parts to 

different parts of the Atrak river basin. The amount of rainfall variability would be 

from 14.4 to 15.5 mm month−1. Thus, the central parts of the Atrak river basin would 

receive the minimum monthly rainfall (about 14.4 mm month−1), whereas the other 

parts of the Atrak would receive the maximum one (nearly 15.5 mm month−1) for the 

period of 2014–2054. The July rainfall spatial pattern interpolated by the suitable 

method (SK) was applied to predict the spatial variability of rainfall during the 2014–

2054 in the Atrak river basin. Fig. 23 shows that the July observed (A1) and predicted 

(A2) rainfall variability would be increasing gradually from south and southwestern 

parts to north and northwestern parts of the Atrak river basin. The amount of rainfall 

variability would be from 7.3 to 9.1 mm month−1. Thus, the south and southwestern 

parts of the Atrak river basin would receive the minimum monthly rainfall (about 7.3 

mm month−1), while the north and northwestern parts of the Atrak would receive the 

maximum one (nearly 9.1 mm month−1) for the period of 2014–2054. The August 

rainfall spatial pattern interpolated by the suitable method (GPI) was applied to 

predict the spatial variability of rainfall during the 2014–2054 in the Atrak river basin. 

Fig. 24 shows that the August observed (A1) and predicted (A2) rainfall variability 

would be increasing gradually from southeastern to the northwestern Atrak river 

basin. The amount of rainfall variability would be from 0 to 14.2 mm month−1. Thus, 

the southeastern parts of the Atrak river basin would receive the minimum monthly 

rainfall (less 1 mm month−1), whereas the northwestern parts of the Atrak would 

receive the maximum one (nearly 14.2 mm month−1) for the period of 2014–2054. 

The September rainfall spatial pattern interpolated by the suitable method (GPI) was 

applied to predict the spatial variability of rainfall during the 2014–2054 in the Atrak 

river basin. Fig. 25 shows that the September observed (A1) and predicted (A2) 

rainfall variability would be increasing gradually from southeastern to the 

northwestern Atrak river basin. The amount of rainfall variability would be from 2.2 

to 10.5 mm month−1. Thus, the southeastern parts of the Atrak river basin would 

receive the minimum monthly rainfall (about 2.2 mm month−1), whereas the 
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northwestern parts of the Atrak would receive the maximum one (nearly 10.5 mm 

month−1) for the period of 2014–2054. The October rainfall spatial pattern 

interpolated by the suitable method (SK) was applied to predict the spatial variability 

of rainfall during the 2014–2054 in the Atrak river basin. Fig. 26 shows that the 

October observed (A1) and predicted (A2) rainfall variability would be increasing 

gradually from southwestern to the north and northwestern Atrak river basin. The 

amount of rainfall variability would be from 10.9 to 12.4 mm month−1. Thus, the 

southwestern parts of the Atrak river basin would receive the minimum monthly 

rainfall (about 10.9 mm month−1), whereas the north and northwestern parts of the 

Atrak would receive the maximum one (nearly 12.4 mm month−1) for the period of 

2014–2054. The November rainfall spatial pattern interpolated by the suitable method 

(SK) was employed to predict the spatial variability of rainfall during the 2014–2054 

in the Atrak river basin. Fig. 27 shows that the November observed (A1) and 

predicted (A2) rainfall variability would be increasing increasingly from southeastern 

to the northwestern Atrak river basin. The amount of rainfall variability would be 

from 23.8 to 25.1 mm month−1. Thus, the southeastern parts of the Atrak river basin 

would receive the minimum monthly rainfall (about 23.8 mm month−1), whereas the 

northwestern parts of the Atrak would receive the maximum one (nearly 25.1 mm 

month−1) for the period of 2014–2054. The December rainfall spatial pattern 

interpolated by the suitable method (SK) was employed to predict the spatial 

variability of rainfall during the 2014–2054 in the Atrak river basin. Fig. 28 shows 

that the December observed (A1) and predicted (A2) rainfall variability would be 

increasing gradually from southwestern to the northwestern Atrak river basin. The 

amount of rainfall variability would be from 29.2 to 32.1 mm month−1. Thus, the 

southwestern parts of the Atrak river basin would receive the minimum monthly 

rainfall (about 29.2 mm month−1), whereas the northwestern parts of the Atrak would 

receive the maximum one (nearly 32.1 mm month−1) for the period of 2014–2054. 

The seasonal (winter, spring, summer and autumn) rainfall spatial pattern interpolated 

by the suitable methods (SK and GPI) were employed to predict the spatial variability 

of rainfall during the 2014–2054 in the Atrak river basin. Figs. 29-33 shows that the 

seasonal observed (A1) and predicted (A2) rainfall variability would be increasing 

gradually from southwestern to northwestern (for the winter, spring and autumn) 

Atrak river basin. The amount of rainfall variability would be from 66 to 128.9 mm 

season−1. Thus, the southwestern parts of the Atrak river basin would receive the 

minimum monthly rainfall (about 66 mm season−1), whereas the northwestern parts 

of the Atrak would receive the maximum one (nearly 128.9 mm season−1) for the 

period of 2014–2054. In addition, Fig. 31 shows that the summer observed (A1) and 

predicted (A2) rainfall variability would be increasing gradually from southeastern to 

the northwestern Atrak river basin. The amount of rainfall variability would be from 

5.5 (in the southeastern) to 35 (in the northwestern) mm season−1. The annual rainfall 

spatial pattern interpolated by the suitable methods (SK) was used to predict the 
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spatial variability of rainfall during the 2014–2054 in the Atrak river basin. Fig. 33 

shows that the annual observed (A1) and predicted (A2) rainfall variability would be 

increasing gradually from southwestern to the northwestern Atrak river basin. The 

amount of rainfall variability would be from 366.3 to 439.9 mm year−1. Therefore, 

the southwestern parts of the Atrak river basin would receive the minimum monthly 

rainfall (about 366.3 mm year−1), whereas the northwestern parts of the Atrak would 

receive the maximum one (nearly 439.9 mm year−1) for the period of 2014–2054. 

However, amounts of the rainfall spatial variability in the Atrak river basin (Figs.17 -

33), there would be lowest rainfall in western south parts of the Atrak river basin 

,which are then in need of a water regions in the eastern north of Iran . As central and 

eastern parts of the Atrak river basin, the rainfall would be modest and the rainfall 

would be highest in parts of the western south of the Atrak river basin.  
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Fig.15: spatial distribution rainfall in Iran: January (A) to Annual (Q) 

 

Fig.16 : Three scenarios of monthly rainfall in Iran 

 

 

Fig.17. January observed (A1)  and predicated(A2) rainfall series in Iran 
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Fig.18. February observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.19. March observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.20. April observed (A1)  and predicated(A2) rainfall series in Iran 
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Fig.21. May observed (A1) and predicated(A2) rainfall series in Iran 

 

 

Fig.22. June observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.23. July observed (A1)  and predicated(A2) rainfall series in Iran 
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Fig.24. August observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.25. September observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.26. October observed (A1)  and predicated(A2) rainfall series in Iran 
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Fig.27. November observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.28. December observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.29. Winter observed (A1)  and predicated(A2) rainfall series in Iran 
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Fig.30. Spring observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.31. Summer observed (A1)  and predicated(A2) rainfall series in Iran 

 

 

Fig.32. Autumn observed (A1)  and predicated(A2) rainfall series in Iran 
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Fig.33. Annual observed (A1)  and predicated(A2) rainfall series in Iran 

 

CONCLUSIONS  

This study showed a trend analysis and its spatial variability of rainfall series in the 

Atrak river basin. This trend analysis and its spatial variability occur at various 

patterns and levels of distribution. Among the rainfall series’ patterns studied, winter 

and autumn rainfall series showed spatial variability indicating the regularity of 

factors monitoring the trended rainfall spatial variability. Spatial patterns of rainfall 

series show an overall decreasing trend from the north and northwest to the south and 

southeast. The rainfall variability is larger in the various regions; the monthly, 

seasonal and annual rainfall have different spatial-temporal patterns. This indicates 

that with the expansion of rainfall variability, it is more sensitive to temporal-spatial 

patterns variability in the Atrak river basin. Moreover, in the winter, the trend 

patterns shows a significant temporal pattern in the western regions which rapidly 

decreases toward its eastern areas. In addition, in spring, the trend patterns show an 

important temporal pattern in the western north regions which rapidly decreases 

toward its eastern south areas, in summer, the trend patterns show a notable temporal 

pattern in the western north and north regions which rapidly decreases toward its 

south areas and; in autumn, the trend patterns show a significant temporal pattern in 

the Caspian Sea beach which gradually decreases toward its south areas. This study 

will benefit us better to recognize the temporal-spatial variability of rainfall and 

provide a research source for a suitable prediction on the climatic analysis and 

classifications. Nonetheless, the results of the present study can facilitate the 

management of water source on a national scale and reduce the damage to planners 

and managers.  
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