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Storm surge and Floods
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- Extremes Heat/Cold-Waves
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Stationary tests (p.values):
Wald-Wolfowitz: 0.274
Mann-Kendall: 0.040
F-test: 0.049

ACF(1) =0.157

Stationary Approach
Parameters

Mu: 37.713

Sigma: 11.379

Shape: -0.0054
Information Criterion:
AIC: 558.98

BIC: 565.68

Distribution:

GEV

Non-Stationary Approach
Parameters

Mu: 36.736 + 0.00207(t?)
Sigma: 11.06

Shape: -0.0144
Information Criterion:
AIC: 555.80

BIC: 563.71

Maximum Precipitation in Day (mm)
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. Flood Peak

Distribution:

GEV

Stationary tests (p.values):
Wald-Wolfowitz: 0.0509
Mann-Kendall: 0.179
F-test: 0.0043

ACF(1) =0.219

Stationary Approach
Parameters

Mu: 361.58

Sigma: 177.91

Shape: 0.251
Information Criterion:
AIC: 791.92

BIC: 798.05

Non-Stationary Approach
Parameters

Mu: 244.95- 0.1237(t?)+9.173(t)
Sigma: 118.817 + 2.031(t)
Shape: 0.1867

Information Criterion:

AIC: 789.60

BIC: 797.53
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Changes of extreme drought and flood events in Iran

CrossMark

Reza Modarres ®, Ali Sarhadi b", Donald H. Burn ®

“ Department of Narural Resources, kfahan University of Technology, [sfahan 8415683117, nan
* Department of Chvil and Environmental Engineering University of Waterloo, Waterloa, Ontario N2L-3G1, Canada

After 1985

ARTICLE INFO ABSTRACT

Article history: Located in an arid and semi-arid region of the world, Iran has experienced many extreme flood and drought
Received 22 March 2016 ) events in the last and current century. The present study aims to assess the changes in lran's flood magnitude
Received in revised form 17 July 2016 and drought severity for 1950-2010, with some time span variation in some stations. The Mann-Kendall test
:zﬁz‘;:iﬁﬂ;?jf}:w 2016 for monotonic trend was ﬁ_rsla.pplimi to assess changes in flood and drought severity data. In addition, to consider
the e fect of serial correlation, two Pre-Whitening Trend ( PWT) tests were also applied. It was observed that the
Keywards: number of stations with statistically significant trends has increased after applying PWT tests. Both increasing
Trend and decreasing trends were observed for drought severity and flood magnitude in different dimate regions
Mann-Kendall and major basins of Iran using these tests. The increase in flood magnitude and drought severity can beattributed
Serial comelation partly to land use changes, an annual ranfall negative trend, a maximum rainfal increasing trend, and inappro-
Climate change priate water resources management policies. The paper indicates a critical situation related to extreme dimate
Flood change in Iran and the increasing risk of environmental changes in the 21st century.
© 2016 Elsevier BV_All rights reserved.
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Spatiotemporal trend and abrupt change analysis of temperature in Iran

AUV N
e

Farshad Ahmadi* Mohammad Nazeri Tahroudi,* Rasoul Mirabbasi,”* Keivan Khalili and Deepak Jhajharia?
* Young Researchers and Elite Club, Urmia Branch, Islamic Azad University, Urmia, Iran
b Department of Water Engineering, Faculty of Agriculture, Shahrekord Universiry, Shahrekord, Iran
© Department of Water Engineering, Faculty of Agriculture, Urmia University, Urmia, Iran
4 Department of Soil and Water Engineering, College of Agricultural Engineering & Post Harvest Technology (C. A. U. Imphal), Gangtok, India
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ABSTRACT: The long-term trends in temperature over Iran were examined over 34 synoptic stations during a 50 year period
(1961-2010) on seasonal and annual time scales. Two methods, a modified version of the Mann—Kendall test by eliminating
the effect of all significant autocorrelation co-efficients and the regional Kendall test, were used in trend identification. The
results revealed that the temperature had experienced significant positive trends in autumn, spring and especially summer over
the study area. On an annual time scale and in the winter, the highest increasing trends were observed at stations located in N
the southern and southeastern parts of Iran. For regional analysis of trends, the stations were divided into five clusters based —— ,

' U

o4

1

Lagend

on the K-means clustering method and the silhouette index. Subsequently, the regional trend of temperature was analysed on
seasonal and annual time scales using the regional Kendall test. The results of the regional Kendall test also indicated the rising
trends in temperature during the last 50 years throughout the country on both seasonal and annual time scales. After verifying
the presence of an increasing trend in the temperature time series, the non-parametric Pettitt test was used to detect the change
points in the annual and seasonal time scales. The results showed that the change point of average temperature began from
the summer of 1972 (Sabzevar station) and continued until the summer of 1998 (Zahedan station). The most frequent change A ;
point occurrence was between the years 1986 and 1994. (L__../
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KEY WorRDS ~ change point; Mann—Kendall test: Pettitt test: regional Kendall: temperature L S

Fpere 3. Spatal vanution of the medifed Masze - Konchdl 7 stetatic for lerparature scrom lom 0 two asreal sad scooend tine scade (1961 - 20100

Received 19 December 2016; Revised 19 June 2017; Accepted 20 July 2017
: . ' : (a) snmsal (b} winkey, (c) xpring, () susmerer and (o) sutamn [Coloar :A_n.ncx‘m\m:‘nn}:wnlmh‘rn::c]




8).\nlmll

Atmospheric Research 113 (2012) 1-12

Contents lists available at SciVerse ScienceDirect npi‘u:
o 0 Sen |
Atmospheric Research g

journal homepage: www.elsevier.com/locate/atmos

Spatiotemporal trends and change point of precipitation in Iran

B. Shifteh Some'e **, Azadeh Ezani ®, Hossein Tabari ” b) speiig

* Deparrmenr of Warer Engineering, Ardabil Branch, Islamic Aznd University, Ardabil, fran
" Department of Water Engineering Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran
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ARTICLE INFO ABSTRACT "‘ [ Caspian ( X } Caspinr

Sea

Article history: The analyses of the spatial and temporal trends of precipitation are pertinent for the future 1 o
Received 29 September 2011 development and sustainable management of water resources of a given region. Annual and :
Received in revised form 17 April 2012 seasonal precipitation data from 28 synoptic stations of Iran (1967-2006) were analyzed to
Accepted 26 April 2012 determine the spatial and temporal trends and approximate year of the beginning of the
Awaiable online 2 May 2012 significant trends by using the Mann-Kendall and Mann-Kendall rank statistic tests, respec-
tively. The trend free pre-whitening (TFPW) method was applied to eliminate the influence of
Keywords serial correlation on the Mann-Kendall test, and the magnitude of the precipitation trends was
Pre;ip@!aﬁon\vanahi]iqv obtained from the Theil-Sen's slope estimator. Over the 40-year period, negative trend in
2;‘:3::‘;18\:; annual precipitation occurred at 22 sites (79%), while just three sites had statistically significant
Change pD”'“ (o= 005) qegaqve trend in pr eupl‘uuun. The magrmzu‘de of the significant negative trends of
Trend magnitude annual precipitation at the 95% confidence level varied from (—)2.53 +0.69 mm/year at Tabriz
station to (—)3.43+0.81 mm/year at Khoy station. The change points of the annual precipi-

tation at Khoy, Oroomieh and Tabriz stations were 1982, 1994 and 1981, respectively. In the

seasonal series, the negative trends in spring and winter pred pitation were larger compared with

those in the other seasonal series, so that, five significant negative trends were detected in the

winter time series. A noticeable decrease in the winter predipitation series was observed mostly in

northern Iran, as well as along the coasts of the Caspian Sea. In summer precipitation, two

significant positive trends were found at Mashhad and Torbateheydarieh stations, whereas no

significant positive or negative trends were detected by the trend tests in autumn predpitation.

© 2012 Elsevier B.V. All rights reserved.
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Fig. 3. Inerpolated of annual and sasonal pecipiation trends {Thal-Sen's essmaor) duning 1967 atthe 95X confidence level, the anmul and sezsonal
trends are in mmyyear and mmyseson, mepecavely.




Maximum rainfall Frequency of extreme rainfall

INTERNATIONAL JOURNAL
Int. J. Climatol. (2015)
Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/joc.4465

OF CLIMATOLOGY

Royal Meteorological Society

Trends in total precipitation and magnitude—-frequency of
extreme precipitation in Iran, 1969-2009

b

Mohammad Reza Najafi** and Saber Moazami
Pacific Climate Impacts Consortium, University of Victoria, Canada
® Department of Civil Engineering, Faculty of Engineering, Islamshahr Branch, Islamic Azad University, Iran

ABSTRACT: Spatiotemporal changes in total precipitation as well as the magnitude and frequency of extreme precipitation
events in Iran are assessed using 187 gauging stations with at least 41 years of records until 2009. The spatial distribution
of extreme precipitation is evaluated based on the generalized extreme value (GEV) distribution fitted to the annual/seasonal
maximum daily series at each location. Temporal trends of the magnitude of extreme precipitation events are also analysed
using the annual/seasonal maximum daily series, while temporal trends of the frequency of extremes are assessed based on
records exceeding the 99th percentile threshold. Results show an overall declining trend of the annual precipitation in particular
in regions located on the north, west and northwest of Iran. Seasonal analysis shows the largest contribution of winter to this
declining trend. In addition, precipitation has significantly decreased in the northwest during spring. Although the changes
in the magnitudes of extreme precipitation events are insignificant, with increasing trends in 50% of the stations, the overall
frequencies show significant declines in particular during winter. The magnitude and frequency of extreme precipitation have
also significantly declined in the northwest region during spring.

¥ Negative (significant) A Positive (significant)
v Negative (insignificant) 2 Positive (insignificant)

KEY WORDS  spatiotemporal trend; extreme precipitation; magnitude; frequency: generalized extreme value distribution;
Poisson distribution: return level: Iran

Figure 7. The trends of the magnitudes (left) and frequencies (right) of the annual extreme rainfall events obtained using the annual maximum daily
rainfall events and the number of exceedances over the 99th percentile threshold, respectively.

Received 24 March 2015; Revised 29 June 2015; Accepted 7 July 2015
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Future heat stress arising from climate change on Iran’s
population health

Reza Modarres ' (%) - Mohammad Ghadami' - Sohrab Naderi' - Mohammad Naderi'

Received: 22 April 2017 /Revised: 28 February 2018 / Accepted: 18 March 2018
€158 2018

Abstract

Climate change-induced extreme heat events are becoming a major issue in different parts of the world, especially in developing
countries. The assessment of regional and temporal past and future change in heat waves is a crucial task for public health
strategies and managements. The historical and future heat index (HI) time series are investigated for temporal cha
to study the impact of global warming on public health. The heat index is calculated, and the nonparametric trend assessment is
carnied out for historical time series (1981-2010). The future change in heat index is also projected for 2020-2049 and 2070

across Iran

& rodas. rise in the nistorical heat iIndex and extreme caution con ons for summer and spning seasons for major pa s of
2099 ds. A the historical heat index and ext t ditions f i g fi yjor parts of

Iran are notable for historical (1981-2010) series in this study. Using different climate change scenarios shows that heatindex will
exceed the critical threshold for human adaptability in the future in the country. The impactof climate change on heat index risk in
Iran is significant in the future. To cope with this crucial situation, developing early warning systems and health care strategies to

deal with population growth and remarkable socio-economic features in future is essential.

Keywords Climate change - Heat stress - Health nsk - Climate extremes - Biometeorology - Iran

“ll""'”

'l

1WA

Il'l
|

I oy




Oleo! (Firiuo sBLils — (rb (SLD g Sy ) oy code Cdad guac g (rmd 2ilio 0usTiils U oLl
V-FFUTBAY il
AN-FYAUTAF. ;WS

https://rezamodarres.iut.ac.ir
Email: reza.modarres@iut.ac.ir

Twitter: @RezaModarres?2

o b9

Oleuo!  Sixiuo oIS ( srumb aalio 0uSLNS (g 318 jus] Wl )l oawlicds ;15" a5 gl islo
Email: p.mohit@alumni.iut.ac.ir



