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RESEARCH NOTES 
 

Investigation of Annual Rainfall Trends in Iran 

B. Ghahraman1* and S. Taghvaeian1  

ABSTRACT 

This paper presents an analysis of annual precipitation trends in Iran. Mean annual 
rainfalls were collected from 30 synoptic stations with a reasonable geographic distribu-
tion and with data equal to or less than 50 years. Trend analysis was investigated using a 
"regression line slope" method (annual rainfall as a dependent variable and year as an 
independent variable). The results showed that for the entire period, and at a 95% level of 
significance, seven stations showed a negative trend, while a positive trend was found at 
six stations. The same data over the period of last 40 years demonstrated that four and 8 
stations had negative and positive trends, respectively. Decreasing the record length, up to 
the last 30 years, resulted in fewer stations with any significant trend. The results identi-
fied that, in any case, the trend did not depend on the mean annual rainfall but rather re-
cord length could have some effects on it.  
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INTRODUCTION 

Information pertaining to a decrease or in-
crease in the amount of rainfall have signifi-
cant effects on agricultural and municipal 
water management, especially in arid and 
semi-arid countries like Iran. Although some 
climatic parameters have been shown to 
have a distinct trend globally (a positive 
trend for temperature, for example), rainfall 
behavior varies depending on the location. 
Forland et al. [2] showed a positive precipi-
tation trend for Northern Europe. Both Hess 
et al. [5] for the North East arid zone of Ni-
geria (over the period 1961-1990) and Man-
ton et al. [7] for South East Asia and the 
South Pacific (over the period 1961-1998) 
identified a decrease in annual rainfall. 
Schonwiese and Rapp [8] found a positive 
trend in the North and a negative trend in the 
South of Europe. Herath and Ratnayake [4] 

reported a decrease in the annual rainfall in 
the Sri Lanka for 1964 to 1993. One third of 
stations considered by Ceballos et al. [1] in 
Spain, possessed negative trend. Khalili and 
Bazrafshan [6] observed no trends in annual 
rainfall of 4 major stations of Iran for a 108 
year period. In this research we examined 
the rainfall trend in stations with equal or 
less than 50 years of collected data. These 
stations were located throughout Iran fol-
lowing no particular pattern. 

 
MATERIALS AND METHODS  

Thirty synoptic stations were chosen with 
equal or less than 50 years of collected data 
(up to 2000), but the length of period was 
not equal for all stations. Then the stations 
were ranked on the basis of mean annual 
rainfall in increasing order (Table 1). Cebal-
los et al. [1] also used stations with different 
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record lengths and categorized them on the 
basis of mean annual rainfall. We used a 
regression line slope method for trend analy-
sis. With the exception of one station, the 
others were normally distributed, based on 
the “Test for normality for a sample size of 
less than 150”. Trend studies were con-
ducted for the entire record length, the last 
40 years (1961-2000), and the last 30 years 
(1971-2000).  

RESULTS AND DISCUSSION 

 Results of Trend Analysis 

Analyzing all Recorded Data:  

At a 99% level of significance, the results 
showed that two stations possessed a signifi-
cant trend (both of the stations had a nega-
tive trend). On the other hand, at a 95% level 
of significance, 13 stations followed a sig-
nificant trend (7 and six stations had nega-
tive and positive trends, respectively). Ban-
dar Anzali (station number 30) showed the 
highest significant trend (-10.1 mm yr-1). 
Greenland and Kittel [3], after analyzing 18 
stations in USA over the period of 1957-
1990, reported values of -4.2 mm yr-1 and 
+17.1 mm yr-1 for the highest negative and 
positive trends, respectively. The average 
negative and positive trends were -2.9 mm 
yr-1 and +1.7 mm yr-1, respectively. Khalili 
and Bazrafshan [6] investigated the annual 
rainfall trends of 4 Iranian stations (Esfahan, 
Tehran, Mashhad, and Bushehr station num-
ber 4, 11, 12 and 13) and observed no trend 
over a 108 year period. 

Analyzing the Last 40 Years of Collected 
Data 

At a 99% level of significance, four sta-
tions had a significant trend (two stations 
were positive, while the other two were 
negative in their trend). At a 95% level of 

significance, 12 stations demonstrated a sig-
nificant trend (8 and four stations followed a 
positive and negative trend, respectively). 
Gorgan (station number 26) showed the 
highest significant trend with the rate of -4.0 
mm yr-1. Values of -3.1 mm yr-1 and +2.6 
mm yr-1 were attributed to the average of 
decreasing and increasing trends, respec-
tively.  

Analyzing the Last 30 Years of Collected 
Data 

At a 99% level of significance, two sta-
tions showed a negative trend. At a 95% 
level of significance, three stations demon-
strated a negative trend with an average rate 
of -4.5 mm yr-1. Table 1 shows the line slope 
values for all stations.  

Dependence of Trend to Mean Annual 
Rainfall 

It may be interesting to note whether hu-
mid and dry stations exhibit different behav-
ior, as far as trend analysis is concerned. 
Figure 1 shows such a relationship between 
the trend rate in mm yr-1 (as a dependent 
variable) and station number, since they are 
sorted from low to high rainfall amounts (as 
an independent variable). In all of the three 
stages of analysis (all available data, the last 
40 years, and the last 30 years) a significant 
relationship is hardly envisaged. Greenland 
and Kittel [3] confirmed that no specific re-
lationship between these two variables can 
be defined.  

Dependence of Trend to Data Record 
Length 

We investigated the probable effects of re-
cord length on rainfall trends in Iran. Data 
length may have an influence on trend be-
havior from two different view points: 
number of stations demonstrating the trend 
and the trend value. Results of this research 
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the trend value. Results of this research 
showed that both of these effects are prob-
able. For example, in the Tabriz (station 
number 15)  station, changing the length of 
recorded data from the entire period to the 
last 40 and then to the last 30 years resulted 
in a 108% and 84% decrease in the trend 
rate, respectively. And at the Zanjan (station 
number 17) station, the trend was significant 
when analyzing the entire period, but no 

trend was observed when analyzing the last 
40 and 30 years. Khalili and Bazrafshan [6] 
investigated the annual rainfall trends of 
four Iranian stations (Esfahan, Tehran, 
Mashhad, and Bushehr station number 4, 11, 
12 and 13) and observed no trends for a 108 
year period, but we found significant trends 
for Esfahan and Bushehr in analyzing the 
last 40 years’ data. Greenland and Kittel [3] 
showed that change in record length may 
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Figure 1. Significant trend rates for Iranian stations, using the entire record length (a), the 

last 40 years (b), and the last 30 years (c). For station number, see Table 1. 
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change the trend behavior. One of the rea-
sons for this behavior could be the presence 
of extreme events over different data period 
lengths. 

CONCLUSION 

Since rainfall is the most important source 
of water for all agricultural requirements, 
information about rainfall trends is valuable 
to policy makers. Trend analysis for 30 Ira-
nian synoptic stations with equal or less than 
50 years of recorded data was conducted. 
The results showed that an overall signifi-
cant trend (based on a regression line slope) 

was derived only for a few stations. Seven 
and 6 stations showed negative and positive 
significant trends, respectively, for the entire 
record length of the stations. Changing the 
record length to the last 40 years, modified 
these numbers to four and 8, respectively. 
Over a 30 year period, we found only three 
stations that showed negative trends. By the 
results, the trend was insensitive to mean 
annual rainfall, but its behavior was anoma-
lous for different record lengths.  
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 بررسي روند بارندگي ساالنه در ايران

  

   تقوائيان. ص و قهرمان.ب

  چكيده

آمـار بارنـدگي    . ، وجود روند در بارندگي ساالنه ايران مـورد بررسـي قـرار گرفتـه اسـت                در اين تحقيق  
 50 در ايران با طـول دوره آمـاري برابـر يـا كمتـر از                 _ با پراكنش مناسب     _ ايستگاه سينوپتيك    30ساالنه  

جمع آوري شده و روند بارندگي ساالنه آنها با استفاده از آزمون شـيب خـط                ) 2000توم به سال    مخ(سال  
. مـورد بررسـي قـرار گرفـت       ) غير مـستقل  باران ساالنه به عنوان متغير وابسته و زمان به عنوان مت          (رگرسيون  

 شـش   منفـي و  هفـت ايـستگاه رونـد       % 95نتايج نشان داد با در نظر گرفتن كل طول دورة آماري در سطح              
هـشت ايـستگاه   % 95، در سـطح   سـال 40 طول دورة آماري به آخـرين    با تغيير . ايستگاه روند مثبت داشتند   

يستگاه ، در ا سال30 طول دورة آماري به آخرين      با كاهش . و چهار ايستگاه روند منفي داشتند     روند مثبت   
د به ميزان بارندگي ساالنه بـستگي       ، رون نتايج نشان داد كه در تمام حاالت      . هاي كمتري روند مشاهده شد    

  .  روند رفتار متفاوتي را نشان داد،دارد اما در مورد طول دورة آمارين
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