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 The main objective of the present research is to examine trends change in climatic elements in 
the north of Iran. The daily data of minimum and maximum temperatures and precipitation of 6 
stations of the area under study are retrieved from Iranian meteorological organization and the 
are used to calculate  other parameters such as average and range of temperature in seasonal and 
annual scale. Then, Mann Kendal and T-test methods are used for cal-culating the change in 
aforementioned climatic parameters on seasonal and annual scale. The results of the research 
indicate a meaningful increasing trend in minimum, maximum and mean temperature and a 
meaningful decreasing trend in temperature range. Precipitation on seasonal and annual scale 
do not have significant trends. 
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1. Introduction 
 

Significant increase in world population and various human activities has led to an increase in carbon 
dioxide concentration and other green-house gases (Bonsal et al., 2001). There are many documents 
about processes and long term changes, which are associated with effects of products made by 
human. Nowadays considering the important sources related to changes in atmosphere such as 
greenhouse gases, human activities are effective in climate change and make greenhouse gases such 
as CO2, CH4, NO2 and etc. (Jiang et al., 2005).  

There are some evidences, which indicate that global warming has resulted from human activities in 
recent 50 years (Xu at al., 2003). Regional projections indicated that climate changes would intensify 
monsoon circulation, increase surface temperature, magnitude and frequency of extreme rainfall 
events (Fung et al., 2006). 
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Climate change is considered as one of the main environmental problems of the 21st century (Pytrik 
et al., 2010). According to IPCC reports, the average land and ocean temperatures have increased 
between 0.3 to 0.6 °C during 1900-1995 (IPCC 2001). Global warming and significant change in time 
series of temperature in different parts of the world could be considered as one of the most important 
signs of climate change in the 21st century (IPCC, 2007). Climate changes and global warming are 
effective on precipitation, hail, storm, flood and drought. They are very important in agricultural 
planning and policy, water management, environment, social and economical systems and human 
comfort (Domroes & El-Tantawim, 2005).  

Climate change has been investigated based on the analysis of different climatic variables. 
Temperature and rainfall time-series are much used in climatic variability analysis (Vicente, 2004). 
The analysis of long-term changes in climatic elements is a fundamental task in climate change 
studies (Huth & Pokorna, 2004).  

Due to the climate change importance, many countries analyze it in national and international levels. 
Identification and recognition of the climate change are the first steps of the analysis (Domroes & El-
Tantawim, 2005). Considering the impact of climate changes on the environment, its recognition is 
very necessary (Azizi, 2004). For this reason, much research has been performed around the world. In 
the following, some examples are cited. 

Ye et al. (1995) investigated climate change in the Arctic. Results indicated that a long-term warming 
was happening. Zheng and Basher (1999) used a statistical approach to identify time series models 
for annual mean temperature. Results showed that there was greater climate variation in the northern 
latitudes. Kaviani and Asakereh (2000) studied increasing precipitation trend of Isfahan’s station for a 
period of 103 years. Results show lack of a meaningful trend in precipitation. Khalili and Bazrafshan 
(2003) investigated monthly, seasonal and annual precipitation trend across Iran. Results showed that 
there was no significant trend in Iran during the last 116 years. Climate patterns and trends in North 
Carolina were evaluated by Ryan and Sethu (2003). Results showed that precipitation has decreased 
during the summer. Results also revealed that precipitation has increased during the fall and winter. 
Vicente (2004) assessed the time-series of eight climatic variables in northeast of Brazil. Results 
indicated increasing trends in most of these variables. Mosmann et al. (2004) showed that summer 
precipitation had a meaningful trend in wide areas of Mainland Spain. 

Sara et al. (2005) analyzed mean temperature and precipitation series over Castile and Leon in Spain 
in monthly, seasonal and annual time-scales. Results showed that there was a positive trend in the 
annual mean temperature for the whole period. Mohammed (2005) investigated global precipitation 
patterns. Results show that wet areas become wetter and dry areas become dryer.  

Shirgholami and Ghahreman (2005) studied annual trend changes in 34 meteorological stations in 
Iran. Results showed that in 59% of the stations, temperature changes had a positive trend and in 41% 
of the stations, temperature changes had a negative trend. Dry spells trend of Isfahan province in Iran, 
was evaluated by Nasri and Modarres (2008). Results indicated that the number of dry spells in two 
stations has been increased. Results also showed that the number of dry spells in one station has been 
decreased. Montazeri and Ghayour (2009) used standard precipitation index and Mann Kendal test 
for trend analysis of drought in the Caspian Sea basin. Results indicated that precipitation has no 
meaningful trend on January, May and December. Sohrabi et al. (2009) investigated annual 
precipitation trend of Hamedan Province in Iran using Mann-Kendall method. Results show the 
spatial irregular rainfall variability in the area under the study. The results of researches done in 
Northern east of Iran (Esmaili et al., 2009) showed that the length of the growth period has increased 
and the length of the freezing period has decreased due to temperature change.  

Modarres (2009) analyzed rainfall trend in the last half of the twentieth century in Iran. Results 
revealed that the trends of annual rainfall began since 1970s for most of the stations.  
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Extreme seasonal precipitation events were used as indicator for climate change by Indrani and 
Abir (2009). Results showed that there are large differences between trends in different seasons. 

Yanxiang et al. (2010) simulated regional temperature and precipitation throughout the past 50 years 
and also the upcoming 30 years in China. Results showed that in upcoming 30 years, annual mean 
temperatures will increase across the Chinese Mainland. Liqiao et al. (2011) investigated 
precipitation variation in Northeastern China.  Results indicated that the monthly precipitation rate 
has varied. Li et al. (2011) used daily climate indices in southwestern China during 1961–2008. 
Results revealed that the temperature of the warmest and coldest nights has increased. Yazdani et al. 
(2011) analyzed rainfall and temperature trend in Zayandehrud basin, Iran. Results indicated that 
there are no linear and nonlinear meaningful trends in rainfall time series on both annual and seasonal 
scale. The main objective of this study is identifying trends of climatic elements based on statistical 
methods in Mazandaran, Golestan and Gilan Province located in northern parts of Iran during 1976-
2005. 

2. Data and methods 

2.1. Data 

Daily meteorological data including minimum and maximum temperature mean temperature, the 
difference between minimum and maximum temperature (temperature range) as well as precipitation 
for the period 1976-2005, were considered from 6 synoptic stations across northern parts of Iran. The 
data is taken from Iranian meteorological organization. Note that the selected stations had recorded 
the data for 30 years. Fig.1 shows studied area and the selected stations. Table 1 shows the 
descriptions of selected stations in the long term period. Annual and seasonal time series of the above 
mentioned climatic indicators are calculated for these stations. 

2.2. Method 

After collecting the data and filling the statistical data gaps, the climatic elements have been 
seasonally and annually calculated. The next step was the investigating of trend in climatic elements. 
To do so, Mann Kendal test and t-test method have been used. Helsel and Hirsch (1992) noted that 
the purpose of trend testing is to determine if the values of a random variable generally increase (or 
decrease) over some period of time in statistical terms (Onoz & Bayazit, 2003). Parametric or non-
parametric statistical tests can be used to decide whether there is a statistically significant trend. The 
null hypothesis H0 indicates that there is no trend to be tested against the alternative and hypothesis 
H1, indicates that there is a trend. The parametric test such as t-test has less power than the non-
parametric one such as Mann Kendal when the probability distribution is skewed (Onoz & Bayazit, 
2003). In the present paper, we have used Mann Kendal test as a non parametric method and t-test as 
a parametric method to trend detection of the data. Two methods are described briefly below. 

Table 1  

Weather stations and their related information in the long term period (1976-2005) 

stations 
Elevation 
from sea 
level (m) 

Mean Annual 
precipitation 

(mm) 

Minimum 
Annual 

temperature 
(°C) 

Maximum 
Annual 

temperature 
(°C) 

Temperature 
range (°C) 

Mean Annual 
temperature 

(°C) 
μ σ μ σ μ σ μ σ μ σ

Anzali  -20 1772 295 13.7 0.7 18.9 0.75 5.2 0.7 16.3 0.6 
Rasht  -20.9 1363 250 11.9 0.45 20.4 0.73 8.5 0.48 16.1 0.55 

Ramsar  -21 1216 303 12.8 0.8 19.3 0.66 6.5 0.6 16 0.66 
Noshahr  13.3 1250 291 12.3 2.37 18.9 3.62 6.6 1.3 15.6 3 
Babolsar  36.7 943 165 13.5 0.73 21 0.64 7.5 0.56 17.3 0.62 
Gorgan -26.2 568.2 91 12.8 0.72 22.8 0.72 10 0.56 17.8 0.66 
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Fig. 1. Area under study and selected stations 

2.3. Mann Kendall Test 

The Mann–Kendall method has been suggested by the World Meteorological Organization to 
investigate the trend in environmental data time-series (Yu et al., 2002). Recent studies indicate that 
the most widely used method to detect the trend is the non-parametric Mann-Kendall trend test 
(Guhathakurta et al., 2010). This test consists of comparing each value of the time-series with the 
other remaining values, always in sequential order. The number of times indicates that the remaining 
terms are greater than those counted under analysis (Onoz & Bayazit, 2003). The statistic S is the sum 
of all the counts, given as follows: 
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where n is the length of the times-series, pt  is the number of ties for the pth value and q is the number 
of tied values (i.e. equals values). The second term represents an adjustment for tied or censored data. 
The standardized test statistic Z is given by (Hirsch et al., 1982): 
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The presence of a statistically significant trend is evaluated using the Z value. This statistic is used to 
test the null hypothesis such that no trend exists. A positive Z indicates an increasing trend in the 
time-series, while a negative Z indicates a decreasing trend. To test either increasing or decreasing 
monotonic trend at p significance level, the null hypothesis is rejected if the absolute value of Z is 
greater than 2/1 PZ − ; where 2/1 PZ −  is obtained from standard normal cumulative distribution tables. In 
the present paper, the significance levels of 01.0=P and 05.0=P  was applied, and the significant 
level (p-value) was obtained for each analyzed time series (Vicente, 2004).  

2.4. T-test 

The parametric t-test method considers the linear regression of the random variable Y versus time X. 
The regression coefficient 1b  (or the Pearson correlation coefficient r) is computed from the data.  
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follows student's t distribution with degrees of freedom 2n − , where n is the sample size, s is the 
standard deviation of residuals, and xSS  is the sum of squares of the independent variables (time in 
trend analysis). The hypothesis )0(or   0: 10 == βρH  is tested against the hypothesis 

)0(or   0: 11 ≠≠ βρH at a chosen level of significance α   where ρ  and 1β  are the population values 
of the correlation and regression coefficients, respectively. The hypothesis 0H  that indicates there is 
no trend rejected when the t value computed by Eq. (6) is greater than the critical value / 2tα  in an 
absolute value (Haan, 1977; Onoz & Bayazit, 2003). 

3. Results and discussion 

3.1 Seasonal survey 
 

As mentioned earlier, seasonal and annual time series of climatic elements were analyzed. For 
example, Fig. 2 and Fig. 3 show seasonal and annual time series of mean temperature and 
precipitation versus time in the selected stations in the period 1976-2005. 
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Fig. 2. Annual and seasonal time series of mean temperature versus time in the selected stations in the 
long term period (1976-2005) 
 

Results of seasonal trend analysis are shown in Tables 2-6. Results of minimum temperature using 
both methods (Table 2) indicate that Anzali, Ramsar, Babolsar and Noshahr stations experienced a 
significant increasing trend. Using t-test method; Anzali, Ramsar and Babolsar stations show a 
significant positive trend in spring. The same situation is observed in Ramsar and Babolsar using 
Mann Kendal method. All stations indicate increasing trend in both methods in summer except 
Gorgan station. In autumn only Anzali, Ramsar and Babolsar experienced the significant increasing 
trend using both methods. 

The analysis of maximum temperature trend (Table 3) in winter shows that using both methods, all 
stations show positive increasing trends, except Anzali station which has not experienced a 
significant trend. Only Anzali, Rasht and Ramsar stations have negative trend in spring using Man 
Kendal method but not significant. The same situation is observed in Anzali and Rasht stations using 
t-test method. In summer, just Anzali station has a negative significant trend. In autumn, no 
significant trend is observed. 

Results of mean temperature seasonal trend (Table 4) using Mann Kendal method indicate that the 
mean temperature in Anzali station has an increasing trend in winter, summer and autumn. The same 
results are obtained using t-test method. In Rasht station, a decreasing trend is observed in spring. All 
stations (except Gorgan) have experienced a significant increasing trend using both methods in the 
winter. Trend was statistically significant using Mann Kendall and t-test method in all stations. Using 
Mann Kendal method in summer, the following stations experienced significant increasing trend: 
Ramsar, Noshahr, Babolsar and Gorgan. Anzali, Ramsar and Babolsar have increasing trend in 
autumn, while using t-test method, just Ramsar and Babolsar signify a meaningful trend.  

The analysis of seasonal temperature range trend of the area under study (Table 5) signifies the 
negative trend in most stations. Using both methods, Babolsar and Gorgan stations have experienced 
a significant trend in winter; the former experiences a negative trend while the latter experiences a 
positive one. Anzali, Ramsar and Babolsar show significant decreasing trend using both methods in 
spring, summer and autumn. 

The study of seasonal precipitation trend (Table 6) indicates that no station experienced either 
significant increasing or decreasing trend. As it is observed, the precipitation trends in winter go 
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through a negative trend using both methods, except in Ramsar station. Using Mann Kendal method, 
trends of precipitation changes in Anzali, Rasht and Ramsar stations, are negative in autumn. The 
same outcomes are reported by t-test method except in Ramsar station which contains a positive 
trend. Also in summer, the following stations show negative trends using t-test method: Ramsar, 
Babolsar, Noshahr and Gorgan. 
 

 

Fig. 3. Annual and seasonal time series of precipitation versus time in the selected stations in the long 
term period (1976-2005) 

 

Table 2  
The study of the seasonal minimum temperature trend in stations under study using Mann Kendal test and t-test method. 
Trend is significant If |Z| or |t| > 1.96. Z and t values for significant trends are in bold 

Mann Kendal test  t-test  

Station 
Winter  Spring  Summer  Autumn  Winter  Spring  Summer  Autumn  

p-value z p-value z p-value z p-value z p-value t p-value t  p-value t p-value t  
0.002  2.8  0.09  1.78  0.0004  3.3  0.002  2.8  0.004  3.13  0.049  1.98  00001  5.5  0.009  2.8  Anzali  
0.14  1.07  0.42  -0.17  0.001  2.9  0.13  1.1  0.27  1.12  0.95  0.06  0.002  3.32  0.13  1.53  Rasht  

0.0004  3.3  0.01  2.2  0.00002  4.5  0.00001  4.1  0.0004  4.2  0.01  2.63  00001  5.41  0.00001  5.3  Ramsar  
0.009  2.3  0.11  1.18  0.007  2.4  0.07  1.4  0.004  3.9  0.33  0.99  0.02  2.44  0.24  1.2  Noshahr  
0.0002  4.1  0.0008  3.1  0.0002  3.4  0.00002  4.06  0.00001  5.13  0.003  3.23  00001  4.85  0.00001  4.94  Babolsar  
0.21  0.78  0.4  -0.21  0.1  1.2  0.12  1.1  0.62  0.49  0.71  -0.37  0.16  1.44  0.83  0.2  Gorgan  

 

Table 3  
The study of the seasonal maximum temperature trend in stations under study using Mann Kendal test and t-test method 

Mann Kendal test  t-test  

Station 
Winter  Spring  Summer  Autumn  Winter  Spring  Summer  Autumn  

p-val. z p-val. z p-val. z p-val. z  p-val. t p-val. t p-val. t p-val. t  
                 

0.071  1.67  0.06  -1.74  0.06  -1.53  0.09  1.32  0.08  1.75  0.07  -1.86  0.0535  -2.02  0.4  0.84  Anzali  
0.007  2.42  0.32  -0.46  0.15  0.99  0.08  1.39  0.009  2.78  0.51  -0.66  0.56  0.59  0.27  1.1  Rasht  
0.01  2.2  0.37  -0.32  0.09  1.7  0.11  1.1  0.01  2.52  0.88  0.14  0.07  1.86  0.26  1.14  Ramsar  

0.009  2.3  0.19  0.84  0.1  1.27  0.14  1.06  0.01  2.51  0.45  0.75  0.32  1  0.23  1.22  Noshahr  
0.01  2.06  0.4  0.24  0.37  -0.3  0.44  -0.1  0.04  2.08  0.63  0.49  0.25  1.17  0.35  0.93  Babolsar  
0.01  2.1  0.1  1.2  0.0903  1.6  0.0503  1.6  0.03  2.2  0.18  1.37  0.11  1.64  0.22  1.25  Gorgan  
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Table 4  
The study of the seasonal maximum temperature trend in stations under study using Mann Kendal test and t-test method 

Mann Kendal test  t-test  

Station 
Winter  Spring  Summer  Autumn  Winter  Spring  Summer  Autumn  

p-val. z p-val. z p-val. z p-val. z  p-val. t p-val. t p-val. t p-val. t  
0.006  2.4  0.33  -0.4  0.2  0.82  0.01  2.1  0.1  2.57  0.88  -0.27  0.31  1.03  0.09  1.76  Anzali  
0.01  2.2  0.4  0.24  0.5035  1.6  0.08  1.39  0.03  2.25  0.7  -0.37  0.1  1.68  0.18  1.37  Rasht  

0.0009  3.1  0.17  0.92  0.0006  3.8  0.002  2.8  0.001  3.59  0.23  1.21  0.00001  4.59  0.008  2.84  Ramsar  
0.004  2.6  0.18  0.88  0.04  2.04  0.1  1.25  0.01  2.73  0.32  1  0.09  1.75  0.21  1.28  Noshahr  
0.0005  3.2  0.06  1.5  0.003  2.7  0.001  2.9  0.001  3.56  0.08  1.76  0.006  2.96  0.01  2.76  Babolsar  
0.0541  1.6  0.29  0.53  0.02  2.4  0.0903  1.5  0.14  1.5  0.45  0.75  0.07  1.82  0.44  0.78  Gorgan  

 
Table 5  
The study of the seasonal temperature range trend in stations under study using Mann Kendal test and t-test method 

Mann Kendal test  t-test  

Station 
Winter  Spring  Summer  Autumn  Winter  Spring  Summer  Autumn  

p-val. z p-val. z p-val. z p-val. z  p-val. t p-val. t p-val. t p-val.  t  
0.17  -0.9  0.0005  -3.8  0.0005  -3.8  0.01  -2.1  0.22  -1.25  0.00001  -5.97  0.00001  -6.84  0.02  -2.42  Anzali  
0.06  1.49  0.15  -1.03  0.56  -1.53  0.33  0.42  0.09  1.71  0.27  -1.11  0.14  -1.51  0.89  0.14  Rasht  
0.11  -1.1  0.001  -2.9  0.00006  -3.8  0.0008  -3.1  0.14  -1.51  0.04  -2.1  0.0007  -3.8  0.0014  -3.55  Ramsar  
0.23  0.73  0.33  0.43  0.09  -1.3  0.19  0.84  0.38  0.88  0.8  0.25  0.19  -1.33  0.72  0.36  Noshahr  
0.01  -2.06  0.0001  -3.5  0.001  -2.9  0.008  -4.4  0.02  -2.43  0.0003  -4.16  0.003  -2.95  0.0001  -5.46  Babolsar  

0.002  2.8  0.0503  1.6  0.26  0.64  0.15  0.99  0.004  3.13  0.06  1.89  0.79  0.26  0.22  1.24  Gorgan  

 
Table 6  
The study of the seasonal temperature range trend in stations under study using Mann Kendal test and t-test method 

Mann Kendal test  t-test  

Station 
Winter  Spring  Summer  Autumn  Winter  Spring  Summer  Autumn  

p-val. z p-val. z p-val. z p-val. z  p-val. t p-val. t p-val. t p-val.  t  
0.06  -1.49  0.45  -0.1  0.07  1.42  0.07  -1.46  0.11  -1.61  0.96  -0.05  0.15  1.48  0.1  -1.69  Anzali  
0.44  -0.14  0.16  0.96  0.4  0.24  0.08  -1.3  0.99  -0.01  0.19  1.34  0.94  0.07  0.2  -1.3  Rasht  
0.11  1.17  0.16  0.93  0.45  -0.1  0.3  -0.49  0.63  0.48  0.14  1.5  0.79  -0.29  0.97  0.04  Ramsar  
0.4  -0.18  0.42  0.16  0.49  0.01  0.1  1.25  0.76  -0.3  0.85  0.19  0.79  -0.26  0.19  1.32  Noshahr  
0.11  -1.2  0.18  0.89  0.4  0.24  0.3  0.42  0.22  -1.25  0.22  1.25  0.94  -0.07  0.43  0.8  Babolsar  

0.047  -1.98  0.45  -0.1  0.15  -1  0.36  0.35  0.07  -1.82  0.52  -0.6  0.29  -1.07  0.97  0.03  Gorgan  

 

3.2 Annual survey 

Tables 7 and 8 illustrate the annual trend of climatic elements using Mann Kendal and t-test methods.  

Table 7  
The study of the annual climatic elements trend in stations under study using Mann Kendal test  

 
Table 8  
The study of the annual climatic elements trend in stations under study using t-test method 

Minimum temperature (°C)  Maximum temperature (°C)  Mean temperature (°C)  Temperature range (°C)  Precipitation (mm)  
station  p-value t p-value t p-value t p-value t p-value t 

0.00001  5.2  .87  -0.16  0.04  2.15  0.00001  -5.86  0.2  -1.29  Anzali  
0.01  2.69  0.06  1.91  0.02  2.32  0.82  0.23  0.68  -0.41  Rasht  

0.000001  6.25  0.009  2.77  0.0001  4.91  0.0001  -4.42  0.83  0.21  Ramsar  
0.006  2.97  0.03  2.22  0.01  2.77  0.74  0.33  0.42  0.81  Noshahr  
0.04  2.14  0.0504  1.94  0.0001  4.5  0.000001  -6.84  0.55  0.6  Babolsar  
0.53  0.62  0.01  2.67  0.08  1.78  0.011  2.72  0.17  -1.38  Gorgan  

As we see using both methods, the minimum temperature experienced a significant increasing trend 
in most stations (except Gorgan) where the trend is statistically significant at 1% level. The maximum 
temperature trend using both methods is different such that, using Mann Kendal method; all stations 
show increasing trend except Anzali station. However, when t-test method is used, only Noshahr, 
Ramsar and Gorgan experience a significant trend. The mean temperature in all stations has 
increasing trend. But when Mann Kendal method is used, only Babolsar station does not show any 
significant trend. In t-test method, Gorgan station does not show any significant trend. Only in 
Anzali, Ramsar and Babolsar stations, the temperature range using both methods indicates a 

Minimum temperature 
(°C)  

Maximum temperature 
(°C)  Mean temperature (°C)  Temperature range (°C)  Precipitation (mm)  

station  p-value z p-value z p-value z p-value z p-value z 
0.0003  3.3  0.42  0.17  0.01  2.1  0.0001  -3.67  0.81  -0.89  Anzali  
0.003  2.74  0.02  2.3  0.008  2.39  0.34  0.39  0.63  -0.35  Rasht  
0.00001  5.1  0.005  2.5  0.00002  4.1  0.0002  -3.5  0.4  0.24  Ramsar  
0.002  2.8  0.01  2.2  0.003  2.7  0.28  0.58  0.33  0.43  Noshahr  
0.01  2.1  0.02  2.3  0.17  0.94  0.00001  -4.8  0.33  0.42  Babolsar  
0.09  1.32  0.007  2.42  0.01  2.06  0.001  2.9  0.13  -1.1  Gorgan  
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significant decreasing trend and in others, the trend is increasing but not significant. Precipitation 
trend in annual survey in Anzali, Rasht, and Gorgan stations is negative and in Noshahr, Babolsar, 
and Ramsar stations, it is increasing; but none are significant at 5% level. 

4. Conclusion 

In seasonal scale (tables 2-6); the mean, minimum and maximum temperature experienced an 
increasing trend in most seasons; however, the temperature range is in the opposite manner. 
Precipitation is a negative trend in winter; of course, this trend is just significant in Gorgan station. 
The annual study (tables 7-8) shows a positive trend in all vriables other than the temperature range 
which shows a meaningful negative trend (no meaningful trend was identified in precipitation).  
Considering the results of the present research, it will be possible to identify the consequences of 
climate change in Northern Iran, and taking appropriate measures; the extent of possible damages 
caused by change in climatic elements, can be minimized. 
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