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1. Introduction important for the assessment of their impacts on

The subject of climate change is gainind"“man beings, agriculture and industries.
importance due to increasing frequency, duratich an IPCC (2007) described 0.74 °C rise in global
intensity of extreme climate events, such as drjughmean surface temperature from1906 to 2005. This
flood, heat wave and cold waves. Extreme heat svenicrease in temperature was more significant
includes record breaking summer heat waves of 2008Iring1910 to 1945 and 1970 to 2005. Other studies
and 2010 hampered various aspects of life due ftound consistent increase in temperature sincesl980
intensity, duration and frequency of high temperatu The analysis of temperature during last 50 years
in different parts of the world (Garcia-Herreraakt showed that the warming occurred at the rate of
2010; Barriopedro et al.,2011; 0.13°C per decade, which is almost double than the
Coumou and Rahmstorf, 2012). Numerous studigentennial average of warming at the rate of 0.07°C
using a long term dataset showed that global waymifper decade over the last 100 years. Moreover it was
as a result of greenhouse effect, has very likelgbserved that, between 1950s and 1990s northern
increased temperature variability in Europe, as kemisphere was warmer than any other 50-year
result more frequent and severe warm extremes weperiod in the last five centuries. It is reportbdtta
recorded while there was an attenuation of colteduction in consecutive dry days (CDD) and warm
events (Keggenhofét al., 2006; Fischer and Scharhights were observed. Asymmetric rise in tempeeatur
2010; Trenberth and Fasullo, 2012; Krueger et als the prominent feature, where minimum temperature
2015). The study of these events and their frequents increasing faster than the maximum temperature,
is very important in order to understand causestandresulting in the decreased diurnal temperatureeang
decipher certain signs or particular pattern ofirthe(DTR) at the rate of -0.07°C per decade since 1,950s
occurrence. Moreover, this kind of research i§Boccolari and Malmusi, 2012).
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Most of the studies had analyzed the long ternmerge to form a global map as they might have
climatology data with the focus on mean valuesnvestigated different indices (Bonsal et al., 208d
neglecting extreme climatic events. This was mainlgotentially using different range of thresholds.
due to unavailability of high quality meteorolodica However, anomalies and trends in climatic extremes
data which is usually prerequisite for monitoringand extreme events have shown more sensitivity to
detection and attribution of anomalies in climatelimate change as compared to the means values.
extreme (Zhang et al., 2005). Recently Rahimzade Ektreme events have more serious implications than
al., (2009) analyzed meteorological data of Irangis average trends therefore they have received more
27 different indices of temperature and precigitati attention from scientific community (You et al, 20,
as indicator of climatic anomalies to determinesréc 2010b). Throughout the Z0century anomalies in
climate change. They found fairly negative trermis f climatic extremes had been significant across the
low temperature or winter indices like cool daysl anglobe. Among these extremes rising temperature was
nights, frost and ice days, and DTR. Howevepronounced and precipitation indices showed a
positive trends were found for warm days, summeendency toward wetter conditions particularly e t
days, and tropical nights over most region of Iran. last few decades. (Frich et al., 2002; Alexandel.et

In addition, the analysis conducted by differen006; Coesar et al., 2006).
researchers in different countries may not penfectl
45°E 50°E 55°E 60°E
N
Caspian Sea N
¥
|
‘ Bandar anzali J
. Ransa ‘-: 73
waabolsar e ® &
E Shahirod abzevar Mashhad
< ghrabac =
0 de &
m ™
L
Birjand
z Z
- &
a7} (25]
® station
Dprovince
[ ]sea
0 125 250 375
z z
0" T T iz}
N 45° E 50°E N

Fig. 1. Spatial distribution of the synoptic statims in Islamic Republic of Iran map.
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Fig. 2. Five regions including: Azarbaijan (A), Zagos (B) and Alborz (C) mountain ranges, Caspian Seeost
(D) and central part (E) of Islamic Republic of Iran.

Both temperature and precipitation extremes hawoppen climate classification, most parts of Iraa a
teleconnections with each other’s (Krishnamurtalet categorized under arid (BW) and semi-arid (BS)
2015). Pakistan flood and Russian heatwave of 20timates. Alborz and Zagros are the important
are recent example of teleconnection betweenountains of Iran, which play an important role in
hydrometeorological extremes (Lau and Kim, 2012)on- uniform spatiotemporal distribution of
Studies have shown a significant widespread changesnperature and precipitation in Iran (Dinpashoh,
in temperature extremes are associated with glok2006).
warming. Changes in precipitation extremes exhibit
much less spatial coherence than those of temperat

extremes, making it different to detect regionahtis High quality records of climatic variables. In the
(Haylock’et al 2006: Klein Tank et al 2006_present study, dataset of daily maximum, minimum

'and mean air temperatures and precipitation (P) for
Trenberth and Fasullo, 2012). the period 1961—20p10 from 30 synri)pticpstations( onm
This study was aimed to provide a bettedifferent geographic locations of Iran (Fig.1) were
understanding of the anomalies and changing trendgllected from the Islamic Republic of Iran
in duration, frequency and intensity of climaticMeteorological Organization (IRIMO) and were
extremes by examining temperature and precipitati@nalyzed. Homogeneity of the dataset was assessed
indices over Iran during 1961-2010. and approved by IRIMO previously. Most of the
. regions were covered by the corresponding data and
22' llvlljztti”al and Methods the geographical location of the stations.

The study area i.e., Iran, lies approximately?'z' Regional categorizatio_n . L
between 28N and 40°N in latitude and between 10 Provide an overall picture of climate variation
44°E and 6£E in longitude (Fig.1). Based on thein the Iran, we also computed regional averages for

o every index. We divided total area of Iran intoefiv

3
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climatic regions based on the climatic variatiom an2.3. Data analysis techniques

geographic locations i.e., distance from sea, In the study a linear trend was computed from the
mountains and central land. These regions includexices series using a least squares fitting. Tham4
mountain ranges Azerbaijan (A), Zagros (B) andendall statistic tests were applied to detect and
Alborz (C), coastal areas of Caspian Sea (D) amtkscribe significant trends in the climatic varesblin
central part of country (E) (Fig. 2). The regionabkddition, the magnitude of the decadal trends was

averaged indices are computed as the mean of therived from the Durbin—Watson test.
indices at individual stations relative to their
climatology.
Tablel. List of 29 ETCCDMI Core Indices for the andysis of extreme precipitation and temperature.
ID Indicator Name Definitions Unit
TXMean Annual maximum temperature  Annual mean of daily immaxn temperature °C
TNMean Annual minimum temperature  Annual mean of daily imiam temperature °C
FDO frost days Frost days: Annual count when TN (dailpimum) < 6C Day
SuU25 summer days Summer days: Annual count when TXydadximum) >25C Day
IDO ice days Ice days: Annual count when TX (daily maxin) <GC Day
TR20 tropical nights Tropical nights: Annual count wHEN (daily minimum) >26C Day
GSL growing season length Growing season length: An(ludan—31 Dec in Northern Hemisphere)  Day
count between first span of at least 6 days wiily dlaean temperature
T>5°C.
TXX max Tmax Max Tmax: Monthly maximum value of dailgrimum temperature ‘Cc
TXn min Tmax Min Tmax: Monthly minimum value of dailyarimum temperature ‘Cc
TNx max Tmin Max Tmin: Monthly maximum value of dailyimmum temperature C
TNn min Tmin Min Tmin: Monthly minimum value of daily mimum temperature ‘Cc
TN10p cool nights Cool nights: Percentage of days when<TI0th percentile Days
TX10p cool days Cool days: Percentage of days when TRtk fiercentile Days
TN9O0p warm nights Warm nights: Percentage of days wherr®0th percentile Days
TX90p warm days Warm days: Percentage of days when T8tk [Sercentile Days
WSDI warm spell duration indicator Warm spell duratiodicator: Annual count of days with at least 6 Days
consecutive days when TX > 90th percentile
CSDI cold spell duration indicator Cold spell duratiowlicator: Annual count of days with at least 6 Days
consecutive days when TN < 10th percentile X
DTR diurnal temperature range Diurnal temperature rakigaithly mean difference between TXand TN C
CDD consecutive dry days Consecutive dry days: Maximumber of consecutive days with Days
precipitation < 1mm
CwD consecutive wet days Consecutive wet days: Maximumber of consecutive days with Days
precipitation>1mm
PRCPTOT  annual total wet day Wet days precipitation: Annual total precipitationwet days with Mm
precipitation precipitation>1mm
R10mm number of heavy Heavy precipitation days: Number of days with ppéeition>10 mm Days
precipitation days
R20mm number of heavy precipitation Very heavy precipitation days: number of days withcipitation>20 mm Days
days
R25mm number of heavy precipitation Very heavy precipitation days: Number of days vgtkcipitation>25 mm Days
days
Rx1DAY number of heavy precipitation Max 1-day precipitation: Monthly maximum 1 day ppatation Mm
days
Rx5DAY max 5 days precipitation Max 5-day precipitation: Monthly maximum consecetlvdays precipitation ~ Mm
amount
SDII simple daily intensity index Simple daily intensitydex: Annual total precipitation on wet days died mm/
by number of these days with precipitatieimm day
R95p very wet days Very wet days: Fraction of annualltptecipitation exceeding the 1961—- %
1990; 95th percentile
R99p extremely wet days Extremely wet days: Fractioarriual total precipitation exceeding the %

1961-1990; 99th percentile
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The brief descriptions of the used statistical mdth 2.3.2. Durbin—-Watson test
are as follows: This test is based on the first order autoregressiv
231 Mann- Kendall test error mod(_el &= og-1tu Where ¢ is the
) . autocorrelation parameter and thay, are
The Mann— Kendall test is one of the widely useg},jenendently normally distributed with zero mean
non- parametric tests to detect significant tremds , .4 yariance?. When one is concerned with positive

hydrological and meteorological time series datgiocorrelation the alternatives are given as faito
(Modarres and da Silva, 2007; Partal and Kahya, Hy:@o <0 Hyzp> 0
o-¥ = 1=

2006).The test compares the relative magnitudes \gg
sample data rather than the data values themsel eg

. o ) Here Hoimplies that error terms are uncorrelated
(Gilbert, 1987). Mann (1945) originally used théstt

or negatively correlated, whildiimplies that they are

and Kendall (1975) subsequently derived the tehgitively auto-correlated. This test is based lom t
statistic distribution. The test is suitable fotal¢hat difference between adjacent residuaise_iand is

do not follow a normal distribution, and supportsgiVen by
multiple observations per time series (Kampatd.gt a

4
2008). The Mann— Kendall test is given as: d = ¥iale: —e. )
I;!=:I_ Etz
n-1 =n (6)
5= z Z sign [.'Ij — xk] Whereeg is the regression residual for peripénd
k=1 j=kt1 (1)n is the number of time periods used in fitting the

regression model (Kanji, 2006).

2.3.3. Selected indices
+1 if (xj. —x,) >0 The ETCCDMI recommended a total of 29 core
ign(x; —x,) =10 if (x; —x) =0 indices with primary focuses on extremes to be
SYTAX; — Xy 4 K derived from station daily data (Table 1). We
—1if (x—x) <0 compute these indices using RClimDex, an R-based
(2) software package developed at the Climate Research
Branch of Meteorological Service of Canada on
behalf of the ETCCDMIL.
Var(8)= né — 1X2n +5)1 1&';11::(1:: 1)t +5) 3. Results and Discussion
(3) 8 3.1. Extreme Temperature
The results highlighted that the annual means of
Where n is the number of data points, t is theally ~maximum —temperature (TX), minimum
number of ties for i value and m is the numberied t t€mperature (TN), summer days (SU25), tropical

values. Then equations (1) and (3) were used fights (TR20), highest daily minimum temperature
compute the test statistc Z from the following{TNX), highest daily maximum temperature (TXx),

equation: lowest daily maximum temperature (TXn), lowest
c_ daily minimum temperature (TNn), warm days, warm
———if5>0 nights, duration of warm spell and growing season
v VARC) length showed increasing trend in most parts of the
Lyx =10 ifs=0 country (Fig.4 and Fig.6).
L ifS<o0 The positive trend of annual means of TX and TN
JVAR(G) (4) especially since 1970s is an important indicator of

A positive value of Z indicates an increasing trend¥@'ming trend in the country (Fig. 4). These firgtin
and a negative value indicates a decreasing tigred, '€ in good agreement with the results obtaineah fro
null hypothesis I that there were no trends in thePther studies in the Iran (Tabari et al., 2011).
records is either accepted or rejected dependitigif ~ S'gnificant positive trends of TR20 and summer

computed Z statistics is less than or more than tif@YS (SU25) for mountainous and arid and semi-arid
critical value of Z-statistics obtained from thermal ~ Climatic regions were recognized. The largest pasit

distribution table at the 5% significance levefr€nds of summer days (SU25) about 1.6 and 1.5 day
(Kampata et al., 2008). per decade occurred in Babolsar (Fig.3A) and

Sabzevar stations. But the largest negative trend f
5
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this index of -2.09 and -1.01 days per decaddecade) (Fig.3B) and Ghazvin (-1.3 days per decade)
occurred in Anzali and Saghez stations. showed higher anomalies.

These findings support results of Zhang et allhe rate of the positive trends in TXx (Fig. 4) and
(2005). 21 stations in the southern and centrabnsg TNx (Fig.6) were obtained in this study was weaker
have experienced positive trends for tropical righthan that reported by Zhang and et al (2005). Mbst
(TR20), especially after 1980s. Ahvaz (+1.5 days pethe studied stations i.e., 18 of 30 stations, 18®f
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Fig. 3. Time series of temperature extreme of fivdifferent stations as representatives of differengeographic
locations.

stations, showed a positive trends of TNx. Thedstrg 2.1 and 1.8C per decade, respectively. The significant
positive trend of 1.6C per decade was observed imegative slopes of linear trends for this indexenet.5
Anzali followed by Shahrood, The statistical testsC per decade in Bandar Abbas and -2.8er decade in
detected a warming trend in the TXx at more statiorBirjand. In regions such as the Zagros Mountaim, th
such as in southern region. But negative trends wenegative trends obtained are not so strong.

overall occurred in Zagros Mountain. Generally Iran Any substantial differences were not found between
experienced a positive trend for TXn (Fig.4) andnTNthe TN90p and TX90p indices and many stations show
(Fig.6). Especially, most of the stations show fp@si significant positive trends (fig.5). These resalts more
trends for TN, which lies approximately betweefi\29 consistent with the findings of Zhang et al. (2088}
and 33°N and over 36'N in latitude. The strongest there is a strong evidence for globally increasing
positive trends for these daily temperature exteeméendency of warm nights both in terms of their namb
have been found in Ahvaz and Babolsar with trerids and intensity (Christidis et al., 2005).
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Saghez (D).

The patterns for both daily temperature extremek37 days per decade (Fig.3D). The rate of the
i.e., TN and TX at 90 percentile (TN9Op and TX90p)positive trend in WSDI obtained for this study &y
indices are quite similar and positive trends asthad smaller than that (9 day per decade) reported by
the weather stations are statistically significanRRahimzade et al (2009). Negative but weak and non-
Trends in the TN90p and TX90p were larger tharignificant trends of WSDI were observed for Anzali
those in the TN10p and TX10p. This Similar trendand Shahrekord stations. The trends of growing
of these indices were also reported for the Middlseason length (GSL) were not meaningful for the
East regions (Zhangt al., 2005). A similar pattern weather stations located at the southern parthef t
for TR20 was also found over the country (fig.3).  country. However negative trend of GSL was

. significant for Zanjan (Fig. 5A) and Saghez.
The highest numbers of TX90p and TN90p have
also occurred after 1980s, coinciding very wellhwit . hOn tgel dotger hacr:ldl, d Fros;rl ((jjays,. Ice dg\ys,_ COI?
the result of Zhang et al. (2005). We cannot foun jghts, Co ays, Cold spell duration and Diurna

significant negative trends for TN90p over the vehol emperature range decreasing in mosf[ parts of_the
%ountry. Excluding of the southern region, negative

country. More than 22 stations hfave EXPENeNnceinds in FD according to global decrease trend
positive t_rends, the strongest being in Bam wigB0. Zhang et al. 2005; Frich et al. 2002) were obsgrve
percent in decade (Fig.3C). The result shows t rom 1980s for other areas of the country. In some

decreasing and increasing trends of warm dayséor t egions such as Southern Zagros (west) and Central
Esfahan and Shahrekord stations, respectively. The? 9 .
nd Eastern Alborz (north), negative trends were

number of warm days at the Shahrekord station ha Significant for the number of FD. Large significant
decrease over the study period of approximateB3-1. g ' ge sig

percent per decade while the Esfahan station had %?patlve trerl;ds in this dln(Z:]ICﬁS wdere fqund Im Yaéd:
increase of 1.01 percent per decade. erman, Sabzevar and Shahroud stations located in

the arid regions of the country imply that frostys

The positive trends for the warm spell duratiomhave decreased by about respectively 1.5, 1.5rid2
index (WSDI) were found in most parts of thel.l days decade
country however this was prominent for Yazd with
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The rate of the negative trend in FD obtained iKermanshah station. On the contrary, the magnitude
this study for Sabzevar station (-1.2 day per decadof the positive trend found in this study for
is very smaller than that (- 9.9 day per decad§hahrekord station (0.93 percent de¢ddend
reported by Rahimzade et al. (2009). On the contrarSaghez station (0.8 percent dec§de
the magnitude of the positive trend in FDO found in In case of cold spell duration indicator (CSDI)
this study only for Shahrekord station is 1.2 day p most of the stations showed negative trends for and
decade. The mountainous region of the country momore of them are statistically significant (Fig.6).
experienced a maximum temperature below 0°C. IBaghez showed a negative trend for WSDI and
the mountainous region in the west and north i.esjgnificant positive trend for CSDI about 1.4 dapgs
Zagros and Alborz, contrasting trends for the numbelecade (Fig.5D). Although the slope of CSDI trehd a
of FDO were observed, positive for Zargos, whil&sharekord is about 1.13 days per decade (Fig.5C),
negative for Alborz (Fig.4). while this station showed a negative trend for Warm

Countrywide significant negative trends forspell duration indicator (WSDI). Most of the staiso
TN210p and TX10p indices were observed. This resuhow negative trends for diurnal temperature range
is more consistent with the studies by Zham@l. (DTR) due to decrease for monthly mean difference
(2005) and Rahimzade et al. (2009). Negative trermbtween daily temperature extremes i.e., TX and TN.
rates in cooling night lay in the range of -1.98ceat The largest negative trend of -1.1, -1.03 and €95
decadé (Ahvaz station) to -1.4 percent decade per decade occurred in Ramsar, Shiraz and Bam
(Bushehr station), while decreasing trend in caplin(Fig.7), however some of the stations show non-
day was in the range of 1.28 percent dedade significant positive trends for this index.

@ 0  JIPAE 9
- . ... R
| “n.". T A - -—
. L P . v e
.
L] L ]
." L}
- o - - R --‘l
TNx i o TX10p v .
A v
i . . .
L - " L
A L] "] v
. .
© - ¥ o P 2
. = = A - e
" % " - ; el . P . -
. a @
-
& _—_ '. R e
TNn " ) 2 TNSOp . 2
L] = ]
i . -
L] " . L] "
L] ® [}
" ] "\ "
L ] L]



Parak et al., 2015. 2:11. Journal of Environmentaand Agricultural Sciences (ISSN: 2313-8629)

-

A Ja—
‘—
'ty e
= . .] — - ——
— L] L]
— L1
—
Ly
-
| -
i ==
TX90p Uke -
. L]
TR "
.""" -
w81 u = A —
Aok 803 .H— L .I' L]

A tipbuas pmieine
W ptes agaas et

.

N
© - 9
.:-m iy e _-‘* i .ud.- ” -

CSDI 5 = -

oipet
-
or-m . ]
L
ari-a
- ——
008 . 0t4 '
o800 . a—
y e B - ]
03008 ¥ ]
Do 0N
[ R ] enpe— ————

W i g i
praes
™

S
%
=gz

-
T o
| -
Rl e
- N L
P pan = —
L] ¥ "
e '
Bt
-

——
X -
- L}
T L]
e ——
&9. a8 . v
(] = ¥
Sui- a3 L ¥
oM -&n
[ T - ———

' g P

b
-
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Figure 7. Time series of negative trends for fourdmperature extremes in different stations

The increasing trends in temperature extremes i.&he largest significant positive trends occurred in
Tmax and Tmin were found in this study are irEsfahan (1.7 percent dec#jleand Tehran (2.57
accordance with the results of Tabari et al. (2011percent decadg respectively (Fig.9 A, B). The
But trends were overall stronger in the minimunwestern regions of the country experienced a pesiti
temperature. Also, Marked significant trends fotrend for extremely wet days (R99p), but significan
indices like Warm spell duration (WSDI), Cold spelltrend only occurred in Abadan. Also, negative teend
duration (CSDI) and Growing season length (GSLn R99P were found at the majority of the stations
were found over most regions of Iran are inhe western, eastern and arid and semi-arid regions
accordance with the results of Zhang et al. (2005) The strongest negative trends were also found in Ba
3.2. Extreme precipitations and Tabriz. The amounts of annual total precipitati

Positive trends were found for wet-daysand annual total precipitation from wet days
precipitation (PRCPTOT), extremely wet daygPRCPTOT) are very similar and substantial change
(R99p), very wet days (R95p) and simple dailpfsuch wet days occurred in 1970.

intensity index (SDII), and over most regions oéth  The significant negative trends for this index were
country. Among the studied 30 stations majority ofound in the northwest and southeast regions of the
stations showed positive trends and the 10 statioeguntry and southeast of the Caspian Sea, and
showed significant trends for SDII. The resultsgnificant positive trends in the north and soestv
highlighted that annually occurrence of very weysla regions. In addition, the strongest positive treirds
(R95p) during the studied period in stations loda&e Bapolsar and Abadan with trends of 2.2 and 2.1 mm
the Caspian Sea shore. per decade. On the contrary, the largest negatvel t
Positive trends in R95p at stations from arid anfbund in this study for Tabriz station (1.85 mm per
semi-arid climate regions of Iran, in addition ¥eri decade).
the presence of the more extreme precipitationteven
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Figure 9. Time series of positive (negative) trendsf four precipitation extremes in different stations with
different climates.

In many regions of the country, including regionsgConsecutive Dry Days (CDD) index. In other words,
in the northwest and west of the country, we werthere are not any significant trend and regular
found negative trends in the consecutive wet daylispersal of CDD in these areas. The analysis
(CWD) index. The strongest significant negativendicated that the more stations in the south and
trends were found in the stations of Gorgan (Caspigouthwest of the country experienced days with yeav
Sea) and Bam (arid and semiarid regions). In otherecipitation in each year and positive trends for
regions, time series of the index show very weakeavy precipitation were observed in these regions.
positive trends were statistically non- significantThere are a negative trend of heavy precipitataysd
Almost every station in the west, north and midafle (R10mm) in the Northwestern, north and southeastern
the country, especially in the west of Zagrosegions of the country. Furthermore, the highest
Mountain and both side of Alborz Mountain,number of heavy precipitation (R10mm) was totally
experienced very weak positive trends in théund at Tehran station in 1982.
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Figure 10. Time series of positive (negative) trersdof four precipitation extremes in different statbns with
different climates.

The mega cities of the study area such as Tehrtlre Bushehr station. This result suggests a more
are different in many ways from other cities. Thectivity of rainfall systems such as Sudani cyatoni
largest positive trends in R20mm have been found 8ystems over these regions in recent years (Fig.8).
Tehran station (2.44 days decapePossible reasons It is important that the arid and semi-arid regions
for having such patterns might be due to urbaromati have experienced positive trends for maximum 1-day
and/or increase of aerosols. In addition factochss precipitation (Rx1DAY) and this pattern might besdu
the local and regional air pollution and differento drought several times especially in recent years
urbanization characteristics may influence the meatu Positive trends for the Rx1DAY index were
and magnitude of the climatic trends in differenbbserved in a vast area located in the north ared we
ways.lIt is noteworthy that we observed significantf the country (Fig.10). The highest positive and
positive trends in R10mm, R20mm and R25mm, isignificant trend was recorded in Esfahan (1.88 mm
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per decade) located in the semi-arid region. ThHdountain range (1.7 percent per decade), centrid pa
positive trends for maximum 5-day precipitatiorand southern regions. The positive trends for TNx
(Rx5DAY) were found in Caspian Sea region anttave been found in Zagros and Alborz mountain
southern parts of the Alborz Mountain and southwesanges and central parts with trend of 1.9 °C per
of the country. We found the steepest positivedsen decade.

in Babolsar and Bushehr with slopes of 2.3 and 1.7 .
mm per decade, respectively. On the other hand There were some areas in Zagros, Alborz e_md
negative trends for this index were found in thé:éntral part of the country that showed negative

northwest and southeast regions of the country. trends for dlurnal_ temperature - range (DTR).
Maximum decrease in DTR was found in Zagros at

3.3. Regional Extremes the rate of 2.07 °C per decade. This decrease R DT
The regional averaged indices were computed @8, pe attributed to asymmetric rise in daily

the mean of the indices at individual stationstieta temperature extremes, i.e., TN is rising fasten tie

to their climatology. The significant trends in 187y "pecreasing DTR found in Iran is consistent with

indices found in central part of the country (Eioey ¢ rend observed in different countries and alba

are in accordance with the results of Evans et alcgie (Karl et al., 1991. Decreasing DTR s reldted
(2010) and the highest Variability of extremeg in crop yield and therefore have severe

temperature and precipitation was also found i8 thjyjications for food production and food security

region. In the next stage, the largest variabilityih 4t regional and global scale (Peng et al.4200
occurred in Alborz and Zagros Mountain ranges an‘geng et al., 2013; Rehmani et al., 2014).

Azarbaijan respectively. Marked positive trends for

indices like Warm nights (TN90p), tropical nights We observed a negative trend in CSDI over the
(TR20) and Warm Spell Duration Index (WSDI) wereAlborz mountain ranges and central parts, and
found over most regions of Iran. The largest negati negative trend in CWD over the Azarbaijan and
trend of Warm nights (TN9Op) of 1 percent peMWestern regions of the country, although a clear
decade occurred in most regions of the country. megative trend was observed for IDO and TX10P over
some regions like Azarbaijan and central part ef thcentral parts of the country. A positive trend was
country time series of this index show the strongesbserved for the Alborz mountain ranges and central
positive trends. Generally, in parallel with Zhastgl. parts of the country for summer days (SU25) and a
(2005) findings, on average, the Tropical nightsiegative trend was observed for PRCPTOT over
(TR20) increased by 1 day per decade for the whoRzarbaijan regions. We found positive trends in
country. The strongest positive trends for thisebnd TXmean for the central parts of the country. The
have been found in central part of country and @agr results showed that most of the trends in the other
with trends of 1.82 and 0.85 day per decaddndices were not significant over the whole country
respectively. The whole country, on average
experienced an increasing trend of 1 day per decade
for the Warm spell duration indicator (WSDI).

Conclusions
This study investigated long-term trends in the
time series of the temperature and precipitation
We also found positive trends of GSL for theextreme indices at 30 synoptic stations in Irarthen
majority of the country, with the strongest in Zagr daily timescales for the period 1961-2006. In this
and Alborz Mountains and arid regions, showing apaper, the Mann-Kendall and the Durbin Watson tests
increase of 1.5 days per decade. The whole countwere used to investigate the spatiotemporal trends.
except some small areas in the Azarbaijan regiomhe findings of this study confirmed the results of
experienced a positive trend for Simple daily isign previous investigation and present the new resoitts
index (SDII) and showed a trend of 2 mm per decadxtreme temperature and precipitation in Iran. The
and is in accordance with the results of Shifteh&®m positive trends in the temperature series is more
et al., (2012).We found positive trends of 1.1 dags consistent with the global warming events and teave
decade for TMIN mean over the whole countrignificant effect on trends of extreme temperature
except in Azarbaijan. In addition, the significantvents in recent years. The distribution of thedse
decrease of cool nights (TN10P) was obtained ovésr minimum temperature trends indicated that the
central parts and Alborz and southern regiongegative trends mainly occurred in the most pafts o
respectively, at the rate of 1.2 percent per dec@de Iran except in northwest part. On the contrary,
the contrary, the magnitude of the positive trend ipositive trends were detected in more stationsiand
warm days (TX90P) found in this study for Zagrosome areas, for example, from the central regiéns o
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the country. No substantial differences were foumd Caesar, J. and L. Alexander. 2006. Large-scalegean
case of annual total precipitation and annual total in observed daily maximum and minimum
precipitation from wet days (PRCPTOT), however temperatures: Creation and analysis of a new
substantial anomaly of such wet days occurred in gridded data set. J. Geophys. Res. 111:D05101.
1970. There are a large number and significandgen Christidis, N., P.A. Stott, S. Brown, G.C. HegenblaJ.

of heavy precipitation days in the south and Caesar. 2005_. Detection of changes in temperature
southwest of the Iran. This result suggests a more EX;L%TeSS dRue:IsngLéTf ggcol_gg?hfg of the 20th century
increase of rainfall storms over south, southwest a ys. ' - 92 '

central regions of the country. However, moreCO”mour’] D. and S. RNahmstor(f:.I_ 201&']'6‘ dec;dzglof
statistically significant cases were found only at \A/fvggt er extremes. Nature Clim. ange. <. B
cen‘FraI pa_rt of.the_ _country and the highest nunt_#ﬁer Dinpashoh, Y. 2006. Study of reference crop
sta‘glons with significant tr_end_s was also fo_gndlhls_ evapotranspiration in I. R. of Iran. Agric. Water
region. Almost every station in tht_a Azarbaijan cegi Manag. 84:123-129.

expgnenc_ed less variability at regional scalesthﬁu Dole, R.,M. Hoerling, J. Perlwitz, J. Eischeid, P.
studies aimed to compare the trends found in our pegion, T. Zhang, X.-W. Quan, T. Xu, and D.
study at different spatiotemporal scales will be of  myrray. 2011. Was there a basis for anticipatire th
great scientific interest. The results also suggest 2010 Russian heat wave? Geophys. Res.
need for further investigation on local anthropagen Lett. 38:L06702.

intervention in the environment, which could be oneEvans, J.P. 2010. Global warming impact on the

of the major causes of climate change. dominant precipitation processes in the Middle East
Theor. Appl. Climatol. 99:389-402.
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