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In this study, the spatial and temporal patterns of changes in the indices of 
precipitation extremes, on the basis of daily data and its association with 
climate change at twenty meteorological stations in northwest Iran over the 
period 1988–2012 were analyzed. Ten indices of extreme precipitation, 
which have been quality controlled, tested for homogeneity and missing 
data, were examined. Spatial distribution maps were drawn considering the 
sign of the changes and magnitude of each index at individual weather sites. 
Generally, the precipitation indices showed a decreasing trend in the 
amount, frequency and intensity of precipitation in most stations of 
northwest Iran. The results show that the summer average of precipitation 
across the region has increased by 1.55 mm, while the corresponding values 
for winter and annual precipitation indicate a decrease of 4.10 mm and 4.64 
mm, respectively. About 90% of the heavy precipitation days (R10mm), and 
85% of the very heavy precipitation days (R20mm) in the stations showed a 
decreasing trend. The trends of extremely wet days (R99p) for the stations 
in the mountainous areas were increasing, which means that precipitation 
intensity over these regions of the study area has increased, while 
precipitation frequency has decreased. About 10 out of 20 sites (50%) of the 
simple daily intensity index (SDII) had increasing trends with the 
magnitudes ranging from 0.05 mm/day to 0.103 mm/day. 75% of the sites 
(15 out of 20) showed decreasing trends in the numbers of consecutive wet 
days (CWD), which are consistent with those of consecutive dry days (CDD). 
In addition, the frequency of change magnitudes of R10mm, R99p, CDD, SDII, 
RX1day and PRCPTOT precipitation extremes over the region indicated a 
decreasing trend for the entire area, but it was statistically significant at 
some sites.  
 
Key words: extreme precipitation, anomaly, climate variability, frequency, 
magnitude, RClimdex, northwest Iran 

 
 
 
INTRODUCTION 
 
Changes in extreme weather and climate events have 
significant impact and pose serious challenges to societies 
(CCSP, 2008). Such extremes have profound impacts on 
human societies (Zhang et al., 2005) and lead to hundreds 
of injuries and fatalities, and billions of dollars of economic 
losses. Understanding the mechanisms associated with 

extreme events at the regional scale could provide useful 
insights for resource planners, system managers and policy 
makers to help mitigate losses. Recent studies have shown 
changes in the frequency and intensity of weather extremes 
over the past century (Alexander et al., 2006; Dos Santos et 
al., 2010;   Frei  and  Schar 2001; Frich et al., 2002; Kiktev et  
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al., 2003; Moberg et al., 2005; Sen Roy and Balling 2004; 
Wong et al., 2010). The concern is so great that, the Expert 
Team on Climate Change Detection, Monitoring and Indices 
(ETCCDMI) jointly sponsored by the CCI/CLIVAR project of 
the World Climate Research Programme (WCRP) is now 
coordinating a series of regional workshops, where local 
scientists are supported to analyze and quality control daily 
temperature and precipitation data (Aguilar et al., 2005; 
Easterling et al., 2003; Haylock et al., 2006; Manton et al., 
2001; New et al., 2006; Peterson et al., 2002; Peterson, 
2005; Vincent et al., 2005; Zhang et al., 2005). Increases in 
extreme climatic events, prolonged periods of hot days and 
heavy rainfall days, not only can result in climate shift, but 
also have significant impacts on human societies and 
natural environments. Zong and Chen (2000) illustrated 
how devastating a single extreme precipitation event can be 
for human societies. There have been many studies in 
recent decades that have examined changes in monthly, 
seasonal, and annual climate means for the purpose of 
capturing the fingerprints of climate change due to 
anthropogenic modification of atmospheric composition 
worldwide (Alexander et al., 2006; Frei and Schar, 2001; 
Karl and Knight 1998; Osborn et al., 2000; Sen Roy and 
Balling 2004; Frich et al., 2002; Groisman et al., 1999; Karl 
et al,. 1995; Kiktev et al., 2003; Moberg et al., 
2005).Correspondingly, there are numerous regional 
studies of recent trends and variability in the monthly 
climate over Iran (Kavyani and Asakereh 1999; Hedayat 
Dezfuly 2001; Sabziparvar et al., 2011). However, limited 
work on precipitation extreme has been conducted in Iran. 
Alijani (2007) analyzed a time series of daily rainfall 
variability and extreme events at Tehran station from 1961 
to 2004. His findings suggested that the daily rainfall trends 
indicated a decreasing trend, meanwhile the frequency of 
the extreme precipitation events were increased at the 
station.  Sohrabi et al., (2009) detected noticeable changes 
in temperature and precipitation extremes that can lead to 
warmer and dryer climate in Semnan province. Sohrabi et 
al., (2013b) reported trends that are consistent with 
warming along with significant decrease in precipitation in 
mountainous regions of Iran. Taghavi (2010) investigated 
the linkage between climate change and extreme events in 
Iran. The results of this study showed that the number of 
very warm days (T40) has increased while the number of 
very cool days (ID) has decreased, as well as changes in 
total and extreme precipitation indices vary, depending 
upon geographic location. Climate trends in indices for 
temperature and precipitation across New York State 
during 1948–2008 was investigated by Insaf et al., (2012). 
Their results showed that the most substantial change per 
decade were frost days (−0.97 days per decade) and diurnal 
temperature (−0.11°C). For precipitation indicators, the 
number of heavy precipitation days (+0.99 days), 
consecutive wet days (+ 0.42 days), the total wet day 
precipitation   (+30.19 mm),   and    the   simple   daily       in 

 
 
 
 
tensity index (+0.18 mm/day) showed the most change per 
decade. Kioutsioukis et al., (2010) assessed statistical 
changes in climate extremes over Greece and found that a 
half of the examined climatic indices exhibited significant 
regional trends. Choi et al., (2009) evaluated the changes in 
means and extreme events of temperature and 
precipitation in the Asia-Pacific Network (APN) region 
during 1955–2007. Their results indicated that there have 
been seasonal and diurnal asymmetric changes in extreme 
temperature events relative to recent increases in 
temperature means in the APN region. The discovered 
statistical significant trends in extreme precipitation events 
were observed at fewer than 30% of all weather stations, 
with no spatially coherent pattern of change, and statistical 
significant changes in extreme temperature events 
occurred at more than 70% of all weather stations, forming 
strongly coherent spatial patterns.  

The main objective of this study was to provide a 
comprehensive analysis of significant changes in 
precipitation extremes as a surrogate for climate shift over 
the northwestern Iran from 1988 to 2012, from daily to 
seasonal time-scale resolutions to address future climate 
change impacts on regional hydrology, water resources and 
climate. Due to recent water issues in northwest Iran, such 
as shrinking of lakes and changing of large rivers to 
seasonal rivers, investigation of spatial and temporal 
changes in precipitation extremes can provide useful 
information for policy and decision makers to take 
measurements to reduce losses.  
 
 
METHODOLOGY 
 
Study area and data 
 
In this study, 20 weather sites in 12 provinces of the 
northwest of Iran were examined (Table 1). The 
topography of the region ranges from -26 to 4000 meters 
(Figure 1). Daily precipitation data observed at 20 sites 
collected by Islamic Republic of Iran Meteorological 
Organization (IRIMO) were used to construct seasonal and 
annual time series of 10 extreme precipitation indices in 
the analysis during a 25-year (1988–2012) period (Table I). 
Data quality checks were carried out using the tools in the 
RClimdex software (Zhang and Yang, 2004), which identifies 
potentially unrealistic climatic records, including outliers 
and negative values of daily precipitation.  
 
 
METHODS 
 
A total of 10 extreme precipitation indices developed by the 
Expert Team on Climate Change Detection, Monitoring and 
Indices (ETCCDMI) were verified (Easterling et al., 2003) as 
in Table 2. Some indices  are  based on fixed thresholds that  
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Table 1. Geographical location and elevation of the selected weather sites in individual provinces across northwest Iran 
during the period 1988-2012 

 

Provinces WMO Number Station Name Latitude  (N) Longitude  (E) Elevation  (m) 
Western 
Azerbaijan 

40703 Khoy 38˚33΄ 44˚58΄ 1103 
40712 Oroomieh 37˚32΄ 45˚05΄ 

46˚17΄ 
1315.9 
1361 Eastern 

Azerbaijan 
40706 Tabriz 38˚05΄ 
40704 Ahar 38˚26΄ 47˚04΄ 

48˚17΄ 
1390.5 

Ardebil 40708 Ardebil 38˚15΄ 1332 
1373.4 

Kurdistan 
40747 Sanandaj 35˚20΄ 47˚00΄ 
40727 Saghez 36˚15΄ 46˚16΄ 1522.8 

Zanjan 40729 Zanjan 36˚41΄ 48˚29΄ 1663 

Gilan 
40719 Rasht 37˚12΄ 49˚39΄ 3607 
40718 Anzali 36˚15΄ 50˚03΄ 1279.2 

Qazvin 40731 Qazvin 34˚21΄ 47˚09΄ 1318.6 

Kermanshah 
40766 Kermanshah 35˚12΄ 48˚43΄ 1679.7 
40765 Sarpolzahab 34˚27΄ 45˚52΄ 545 

Hamedan 
40768 Hamedan Noujeh 34˚06΄ 49˚46΄ 1708 
40769 Hamedan Forodgah 34˚52΄ 48˚32΄ 1741.5 

Markazi 40769 Arak 34˚06΄ 49˚46΄ 1708 

Ilam 
40780 Ilam 33˚38΄ 46˚26΄ 1337 
40796 Dehloran 32˚41΄ 47˚16΄ 232 

Lorestan 
40782 Khoramabad 33˚26΄ 48˚17΄ 1147.8 
40783 Aligodarz 34˚24΄ 49˚42΄ 2022 

 
 

 
 

Figure 1: Topography map of northwest Iran. Geographical locations of 20 weather sites examined in this 
research are identified by numbers overlaid on the topography map, which the name of each individual site listed 
on the left. 

 
 
 
are of relevance to particular applications. In these cases, 
thresholds are the same for all stations.  

Other indices are based on thresholds that vary from 
location to location, which thresholds are typically defined 

as a percentile of the relevant data series. The details of the 
indices are presented in Tables 2. To construct time series 
of the indices, and to extract their linear trends for each 
individual weather site, RClimdex software was used, which  
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Table 2. Acronym, name, definition and units of the ten extreme precipitation indices used in this study (Karl et al., 1999; Peterson 2005) 
 

Index Descriptive name Definition         Units 

CDD Consecutive dry days Maximum number of consecutive dry days Days 
CWD Consecutive wet days Count the largest number of consecutive days where RRij ≥ 1 mm, 

where RRij is the daily precipitation amount on day i in period j 
Days 

PRCPTOT Wet day precipitation Annual total precipitation from wet days mm 
R10mm Heavy precipitation days Annual count of days when RR ≥ 10 mm Days 
R20mm Very heavy precipitation days Annual count of days when RR ≥ 20 mm Days 
R25mm Number of days have precipitation above 25 mm Annual count of days when RR ≥ 25 mm Days 
R99p Extremely wet days Count the largest number of consecutive wet days when the 

amount of rainfall falling above the 99th percentiles during 1988-
2012 

mm 

RX1day Max 1-day precipitation amount The maximum 1-day precipitation each month mm 
RX5day Max 5-day precipitation amount The maximum 5-day precipitation each month mm 
SDII Simple daily intensity index Average precipitation on wet days mm/day 

 
 

 
 

Figure 2: Changes in mean total precipitation (mm) over northwest Iran, for annual, winter 
and summer periods during 1988-2012. The extreme points (lowest and highest values over 
25-year period) for individual periods are illustrated with up and down arrows on the chart. 

 
 
 
was developed by Zhang and Yang (2004) and it has been 
widely used in many previous applications (e.g. Sohrabi et 
al., 2013a; Sohrabi et al., 2013b; Marofi et al., 2010; 
Alexander et al., 2006; Dos Santos et al., 2010; Haylock et 
al., 2006; Zhang et al., 2005; Easterling et al., 2003; Choi et 
al., 2009). The averages at individual weather sites for 
study period (1988–2012) are used as values for the 
extraction of precipitation anomaly time series. Monthly 
extreme precipitation indices, as summarized in Table 2, 
based on relative thresholds. First (R99p) percentile values 
were used to calculate the accumulation of extremely wet 
day precipitation. Single day precipitation totals were 
considered (RX1day), and cumulative values for 
consecutive days at individual weather sites were used to 
define monthly maximum five-day precipitation (RX5day). 
To examine durational characteristics of extreme 

precipitation events, consecutive dry (CDD) and wet (CWD) 
days were used. Annual average characteristics of 
precipitation events are represented in annual total wet-
day precipitation (PRCPTOT) and simple daily intensity 
index (SDII). Extreme precipitation events exceeding 
absolute thresholds of precipitation are characterized by 
the number of days with precipitation exceeding 10 mm 
(R10mm), 20 mm (R20mm), or 25 mm (R25mm). Spatial 
maps of the extreme trends at individual sites were 
provided in the analysis. In addition to these extreme index 
data sets, anomaly time series of seasonal and annual 
average precipitations were calculated at individual 
weather sites. Spatial distribution maps are drawn 
considering the sign of the changes and magnitude of each 
index at individual sites using the Geographic Information 
System (ArcGIS 10).  
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Table 3. Linear trends (mm) of annual, summer and winter total precipitation in provinces of 
northwest Iran during 1988–2012 

 

Northwest provinces  Trends of total precipitation(mm)  

 Winter Summer Annual 

Western Azerbaijan -2.01 1.03 -4.75 
Eastern Azerbaijan -0.02 -0.07 -1.54 
Ardebil -1.98 -0.21 -3.44 
Kurdistan -4.07 2.35 -6.47 
Zanjan -1.84 1.80 -0.31 
Gilan -11.58 6.32 -6.48 
Qazvin -2.50 2.56 -1.63 
Kermanshah -6.54 2.87 -7.66 
Hamedan -4.45 2.03 -3.37 
Markazi -3.31 1.47 -2.38 
Ilam -2.93 -3.47 -10.09 
Lorestan -8.01 1.97 -7.57 

 
 
 
RESULTS 
 
Annual and seasonal changes in precipitation totals 
and extremes 
 
Regional changes in the annual averages of precipitation, 
winter and summer periods during 1988-2012 over the 
northwest regions of Iran are shown in figure 2. The 
seasonal and annual precipitations indicate considerable, 
spatially coherent trends (a positive trend for summer 
rainfall, and negative trends for winter and annual rainfalls) 
over northwest Iran. The summer average of precipitation 
across the region increased at 1.55 mm, while the 
corresponding values for winter and annual precipitation 
indicated decrease of -4.10 mm and -4.64 mm, respectively. 
The extreme values (driest and wettest) in the time series 
of seasonal and annual total of precipitations averaged 
across the region, indicate that over the examined period, 
the driest year was in the year 2010 with an anomaly of -
188.8 mm, and also the driest summer and winter were 
recorded in 1994 (-35.5 mm) and 2010 (-89.6 mm).  

In contrast, the wettest year occurred in 1993 (187.1 
mm) and for summer and winter occurred in 2012 (111.5 
mm) and 1996 (90.7 mm) respectively (Figure 2). The 
largest decrease rate in annual trend of total precipitation 
was detected in Ilam province by -10.09 mm. Meanwhile, 
Zanjan indicates the lowest negative annual trend at the 
rate of 0.31 mm among other provinces (Table 3). Similarly, 
winter total precipitations also showed decreasing trends 
for all the region, the significant decreasing rate was in 
Gilan at a rate of -11.58 mm. The most insignificant 
negative winter trend (-0.02 mm) occurred in eastern 
Azerbaijan. Opposed to the annual and winter trends over 
the study area, the total summertime precipitation showed 
increasing trends except for eastern Azerbaijan, Ardebil 
and Ilam provinces, which have an insignificant decreasing 
trend at a rate of -0.07 mm, -0.21 mm and -3.47 mm, 

respectively. Similar to the winter linear trend, the largest 
increase rate in summer trend of total precipitation was 
found in Gilan at 6.32 mm. In general, most linear trends of 
annual and seasonal total precipitation in the region were 
not statistically significant (Table 3). 
 
Changes in extreme precipitation indices 
 
Spatial distribution maps of trends in the extreme indices at 
the individual sites are shown in Figure 3, which indicate 
the magnitude of change in extreme precipitation events 
across the northwest of Iran. Generally, decreasing trends 
in the amount, frequency and intensity of precipitation in 
most sites of the study area were observed (Figure 3-6). 
More than 90% of the sites showed a decreasing trend in 
heavy precipitation days (R10mm), of which 6 had 
statistically significant decreasing trends (i.e. between -
0.200mm and -0.353mm), and geographically are mostly 
located in the south and western regions (Figure 3a), in the 
weather sites of Oroomieh, Sanandaj, Sarpolzahab, 
Kermanshah, Ilam and Khoramabad (Figure 4a).  
Meanwhile, only 3 sites (Anzali, Zanjan and Hamedan-
Forodgah) showed increasing trend in R10mm, with the 
magnitudes of 0.145mm, 0.100mm and 0.50mm, 
respectively (Figures 3a and 4a). Similar to R10mm, about 
850% of the very heavy precipitation days (R20mm) 
showed decreasing trends, but was statistically 
insignificant negative trends. Rasht, Sarpolzahab and Ilam 
sites showed statistically significant magnitudes ranging 
from -0.120mm to -0.158mm (Figures 3b and 4a). On the 
contrary, 5 out of 20 sites in R20mm index had increasing 
trends with the magnitude ranging from 0.030mm to 
0.094mm, which Anzali site showed a statistically 
significant positive trend (Figure 4a).  

Similarly, the numbers of days have precipitation above 
25mm (R25mm) indicated similar results like R20mm. 
Approximate  25%  of   the   sites   showed  positive   trends,  
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Figure 3: Spatial distributions of extreme precipitation events at 20 individual weather stations across northwest Iran during 1988-
2012: (a) heavy precipitation days (R10mm), (b) very heavy precipitation days (R20mm), (c) number of days have precipitation above 
25mm (R25mm), (d) extremely wet days (R99p), (e) consecutive dry days (CDD), and (f) simple daily intensity index (SDII). The 
direction of triangles indicates the signs of the changes, and the size of symbols represents the magnitude of the changes.  

 
 

 
which was mainly observed over the mountainous areas. 
But no significant trend was detected except for Anzali site, 
which is statistically significant increasing with the 
magnitude of 0.191mm. In contrast, 14 out of 20 sites in 
R25mm index showed decreasing trend, which Rasht, 
Saghez, Khoramabad and Dehloran sites had a statistically 
significant decreasing with the magnitude ranging from -
0.080mm to -0.105mm in the region (Figures. 3c and 4a). 
On the whole, in terms of R10mm, R20mm and R25mm 

indices, the southwestern sites of the study area indicated a 
statistically significant decreasing trend. Interestingly, 
these indices for Anzali and Rasht sites, which are not that 
far from each other, were opposite, i.e. an increasing trend 
in Anzali site, but a few kilometers to the east in Rasht these 
indices showed a decreasing trend (Figure. 3a, 3b and 3c). 
The trend of extremely wet days (R99p) for sites in the 
mountainous regions i.e. Khoramabad (0.087mm), 
Aligodarz     (0.286mm),      Hamedan-Noujeh     (0.400mm),  
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Figure 4: Linear trends of precipitation extrems for individual sites across 
northwest Iran during 1988-2012: (a) for R10mm, R20mm and R25mm; (b) for 
R99p, SDII, and CDD. 

 
 
 
Hamedan-Forodgah (0.375mm), Zanjan (1.100mm), Tabriz 
(0.75mm) and Khoy (0.900mm) is increasing (Figures. 3dc 
and 4b), which means that precipitation intensity over 
these regions of the study area has increased, while 
precipitation frequency has decreased. But Anzali site had a 
statistically increasing trend with the magnitude of 
1.606mm. Meanwhile, 12 out of 20 sites showed decreasing 
trend with the magnitude ranging from -0.20mm to -
2.500mm, and statistically significant decreasing trend in 
Saghez and Ilam sites with the negative magnitudes of -
2.289mm and -3.124mm, respectively. In general, around 
60% of sites were decreasing while 40% of the sites had an 
increasing trend over the northwest of Iran (Figure. 3d).  

According to northwest Iran’s water issue in the last 
decades, considerable number of increasing trends in the 
number of consecutive dry days (CDD) was expected (12 
out of 20 sites), which in 6 of them i.e. Khoy, Oroomieh, 
Tabriz, Sanandaj, Zanjan and Hamedan-Noujeh sites had a 
statistically significant positive trend with the magnitude 
ranging from 0.800 to 1.518 (Figures. 3e and 4b).  

Interestingly, the south and southwestern regions of the 
study area showed a negative trend in the number of 
consecutive dry days, which Dehloran site with the 
magnitude of -1.250 indicated a statistically significant 
decreasing trend (Figure. 3e). 50% of the sites had 
increasing trends in the simple daily intensity index (SDII) 
with the magnitudes ranging from 0.05mm/day to 
0.103mm/day, which Anzali site showed a statistically 

significant trend. In general, the northern and western 
regions indicated a decreasing and statistically negative 
trend in the simple daily intensity index over northwest of 
Iran (Figurs. 3f and 4b). Interestingly, Anzali and Rasht 
sites, which located in the southwestern coasts of Caspian 
Sea, had a statistically significant increasing trend (Figure 
3f). On the whole, according to the statements discussed 
above, Figure.3 showed clearly the spatial differences of 
extreme precipitations for aforesaid indices in terms of 
geographical locations across the northwest Iran, while 
Figure 4 illustrate the linear trends of those extremes, 
indicating a better comparison between these precipitation 
extremes and their magnitudes for individual sites in the 
region under study. This made it easy to detect the 
magnitude of changes among the 20 weather sites.  

Large numbers (65%) of max 1day precipitation amounts 
(Rx1day) showed decreasing trends at 65 % of the sites, 
which it was statistically significant in Saghez, Kermanshah 
and Ilam sites with the magnitudes ranging from -0.500mm 
to -0.814mm over the northwest of Iran (Figures. 5a and 
6a). Meanwhile, 35% in Rx1-day had increasing trends with 
the magnitudes ranging from 0.057mm to 0.595mm but 
statistically insignificant (Figure. 6a). The max 5day 
precipitation amounts (Rx5day), considerable amounts of 
sites (75%) showed negative and decreasing trends, which 
46.67 % had a statistically significant decreasing trend with 
the magnitudes ranging from -0.200mm to -1.250mm 
(Figures. 5b and 6a). Sarpolzahab, Khoy,  Tabriz,  Rasht  and  
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Figure 5: Same as Fig. 3, but for: (a) max 1-day precipitation amount (RX1day), (b) max 5-day precipitation amount 
(RX5day), (c) consecutive wet days (CWD), and (d) wet day precipitation heavy precipitation days (PRCPTOT). 

 
 
 
Anzali had an increasing trend with the magnitudes of 
0.480mm, 0.220mm, 0.89mm, 0.100mm and 0.772mm, 
respectively in the region (Figure. 6a). In the Caspian region 
both two sites indicated positive trends. More than 75% of 
the sites showed decreasing trends in the numbers of 
consecutive wet days (CWD), which are consistent with 
those of CDD (Figure. 5c). Khoy, Rasht, Qazvin, Arak and 
Khoramabad weather sites had increasing trends, but 
statistically significant only in Khoy site with the magnitude 
of 0.083mm/days (Figuress. 5c and 6b). About 99% of the 
wet day precipitation heavy precipitation days (PRCPTOT) 
showed decreasing trends at 96% of the stations, while it is 
statistically significant in Ilam and Khoramabad sites with 
the magnitudes ranging from -7.000mm/days to -
10.188mm/days (Figures. 5d and 6b).  

In contrast other stations, Anzali site had a statistically 
significant increasing trend with the magnitude of 
10.329mm/days (Figures. 5d). On the whole, the changes 
are spatially coherent for the consecutive wet days and the 
wet day precipitation heavy precipitation days indices in 
such a   way   that  the results  are very similar to each other 

(Figures. 5c, 5d). 
 
Changes in frequency of the magnitudes of extreme 
precipitations 
 
Figure 7 indicates the frequency of change magnitudes of 
R10mm, R99p, CDD, SDII, RX1day and PRCPTOT 
precipitation extremes at 20 sites over the northwest of 
Iran. In general, most precipitation indices had decreasing 
trends for the whole region, but it is statistically significant 
at less than 20% of the sites. Large number (85%) of heavy 
precipitation days (R10mm) were negative and more than 
35% out of 85% of frequency of R10mm had a statistically 
significant trend and possessed the largest magnitudes in 
the sites of the region, meanwhile only 15% of R10mm 
showed a positive trend, but statistically insignificant. most 
of frequency of R10mm (both negative and positive trends) 
was insignificant in the study area (Figure. 7a). About 60% 
of the extremely wet days (R99p) were decreasing and 16% 
out of 60% was statistically significant. Meanwhile, 40% of 
sites had a positive trend with 25% out  of  40% statistically  



 
 

Molanejad et al.          342 
 
 
 

 
 

Figure 6 :Same as Figure 4, but for: (a) RX1-day and RX5-day; (b) CWD and PRCPTOT  

 
 
 
significant. Most frequencies of R99p were statistically 
insignificant (Figure 7b). In addition, about 60% of sites 
(50% statistically significant) for consecutive dry days 
(CDD) had increasing trends with the regional trends of 
1.250 days/ decade. 35% of sites showed decreasing trend 
(about 12.5% statistically significant), while 35% indicated 
a positive/increasing trend (50% statistically significant) in 
the consecutive dry days in the whole region (Figure. 7c). 
50% of the simple daily intensity index (SDII) was 
decreasing with 80% out of 50% (8 out of 10) statistically 
significant.  

Meanwhile, 30% out of 50% of positive trends were 
statistically significant. Generally, 40% of the frequency of 
negative trends was statistically significant, while it was 
only 15% for the positive trends (Figure. 7d). 
Approximately 65% of sites had decreasing trend of max 1-
day precipitation amount (Rx1day) in which 23% was 
statistically significant. But, 35% of the sites possessed a 
positive trend with no statistically significant change in the 
frequency Rx1day index in northwest Iran (Figure. 7e). 
Finally, 99% of the annual total of wet-day precipitation 
heavy precipitation days (PRCPTOT) showed deceasing 
trend (about 10% statistically significant), and only 1% of 
that was positive, which is statistically significant. On the 
other hand, more than 88% of frequency of PRCPTOT was 
statistically insignificant in the region (Figure 7f).These 
results suggested that although the precipitation extremes 
have increased (both negative and positive trends) for the 

northwest of Iran over the past 25-years (1988-2012), 
these changes seemed to be mostly insignificant in the 
region. 
 
 
DISCUSSION AND CONCLUSION 
 

Research on extreme climate characteristics made it 
possible to reveal regional and seasonal features in the 
change of extremeness of precipitation condition over 
northwest Iran. In this study, ten climate extremes indices 
and their trends were calculated, which provides useful 
information about changes in extreme precipitation events 
across northwest Iran since the mid-1980s. In general, the 
precipitation indices showed a decreasing trend in the 
amount, frequency and intensity of precipitation in most 
stations of northwest Iran. Our findings suggested that the 
summer average of precipitation across the region had 
increased by 1.55 mm, while the corresponding values for 
winter and annual precipitation indicate a decrease of 4.10 
mm and 4.64 mm, respectively. The driest summer and 
winter were recorded in 1994 (-35.5 mm) and 2010 (-89.6 
mm), while the wettest year occurred was 1993 (187.1 
mm) and for summer and winter occurred in 2012 (111.5 
mm) and 1996 (90.7 mm), respectively. The largest 
decrease rate in annual trend of total precipitation was 
detected in Ilam province by -10.09 mm. Zanjan indicated 
the  lowest   negative   annual trend  at  the rate of -0.31 mm  
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Figure 7: Frequency of trend magnitude per decade for the indices of R10mm, R99p, CDD, SDII, RX1-day and PRCPTOT 
precipitation extremes across northwest Iran during 1988-2012 

 
 
 
among other provinces. More than 90% of the sites showed 
a decreasing trend in heavy precipitation days (R10mm), of 
which 6 had statistically significant decreasing trends (i.e. 
between -0.200mm and -0.353mm), and mostly 
geographically located in the south and western regions. 
Similar to R10mm, about 850% of the very heavy 
precipitation days (R20mm) showed decreasing trends, but 
mostly statistically insignificant negative trends. 

 The numbers of days had precipitation above 25mm 
(R25mm) indicated similar results like R20mm. 
Approximately 25% of the sites showed positive trends, 

which mainly observed over the mountainous areas. The 
trend of extremely wet days (R99p) for sites in the 
mountainous was increasing, which means that 
precipitation intensity over these regions of the study area 
has increased, while precipitation frequency has decreased. 
In general, around 60% of sites were decreasing while 40% 
of the sites had an increasing trend over the northwest of 
Iran. According to northwest Iran’s water issue in the last 
decades, considerable number of increasing trends in the 
number of consecutive dry days (CDD) was expected (12 
out   of   20   sites), which  6    of   them    had   a   statistically  



 
 

 
 
 
 
 
significant positive trend with the magnitude ranging from 
0.800 to 1.518. About 10 out of 20 sites (50%) of the simple 
daily intensity index (SDII) had increasing trends with the 
magnitudes ranging from 0.05mm/day to 0.103mm/day. 
Large numbers (65%) of max 1day precipitation amounts 
(Rx1day) showed decreasing trends at most of the sites (13 
out of 20).  

Meanwhile, 7 out of 20 of sites in Rx1-day had increasing 
trends with the magnitudes ranging from 0.057mm to 
0.595mm, which no one was statistically significant. 
Similarly to Rx1day, the max 5day precipitation amounts 
(Rx5day), considerable amounts of sites (15 out of 20 
or75%) showed negative and decreasing trends, which 7 
out of 15 sites had a statistically significant decreasing 
trend with the magnitudes ranging from -0.200mm to -
1.250mm. More than 75% of the sites (15 out of 20) 
showed decreasing trends in the numbers of consecutive 
wet days (CWD), which are consistent with those of CDD. 
Around 99% of the wet day precipitation heavy 
precipitation days (PRCPTOT) showed decreasing trends at 
many sites, while it is statistically significant in Ilam and 
Khoramabad sites with the magnitudes ranging from -
7.000mm/days to -10.188mm/days. The frequency of 
change magnitudes of R10mm, R99p, CDD, SDII, RX1day 
and PRCPTOT precipitation extremes over the northwest of 
Iran indicated decreasing trends for the whole region, but it 
is statistically significant at some sites. Large number 
(85%) of heavy precipitation days (R10mm) were negative, 
meanwhile only 15% of R10mm showed a positive trend, 
but statistically insignificant. About 60% of the extremely 
wet days (R99p) were decreasing and around 16% out of 
60% was statistically significant. Furthermore, 50% of the 
simple daily intensity index (SDII) was decreasing with 
80% out of 50% (8 out of 10) statistically significant. 
Finally, 99% of the annual total of wet-day precipitation 
heavy precipitation days (PRCPTOT) showed deceasing 
trend (about 10% statistically significant), and only 1% of 
that was positive, which is statistically significant. These 
results suggested that although the precipitation extremes 
have increased (both negative and positive trends) for the 
northwest of Iran over the past 25-years (1988-2012), 
these changes are seemed to be mostly insignificant in the 
region. 
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