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Heatwaves are among the most critical climate-edldiazards, posing serious risks
to human societies and ecosystems. The accelergiicg of global warming
highlights the need for detailed investigationstluit phenomenon. In this study,
daily maximum and minimum temperature data for 8arg (1995-2024) were used
to identify local heatwave thresholds based onQ0#h percentile and probability
density functions. Five major heatwave characiessnumber of events, number of
heatwave days, magnitude, amplitude, and longesttidn wete &racted across
Iran. Their spatial distribution and hotspot e i e [dentified, and temporal
trends were assessed using the MannsK am's slope estimator. Results
show that, in additioO? to arid El@eastemoreg(e.g., Lut Desert, Central
5 Plateau, Southern chestan, Hamun basins), diiijhde areas of the Zagros
arly the Tashk—Bakhtegan basineaighly exposed in terms
ave“frequency and duration. In the lowlgtains of the southwest and
southeast (e.g., Khuzestan, Lut Desert, Hamun,dBaktan), heatwave intensity has
in some years exceeded 50 °C (maximum) and 40 ‘@irtmm). Trend analysis
revealed statistically significant increases intahtwave characteristics, especially
in the number of events and days, with averageeslap ~0.24 events and 1.2 days
per year across most regions. While northern antheon coastal areas (e.g., Persian
Gulf coast) have remained relatively unaffectedpeysistent daytime heatwaves,
nighttime events show a clear increasing trend. ddeer, the highest long-term
averages for all characteristics occurred during lést eight years of the study
period, particularly in 2024.
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EXTENDED ABSTRACT

INTRODUCTION

Heatwaves are among the most severe climate-rdfatzatds, with impacts increasingly amplified by

global warming. They are linked to excess mortalisessure on infrastructure and energy systems,
agricultural losses, and ecological disruptionn]raituated in an arid and semi-arid region of the
Middle East, is particularly vulnerable to the migifrequency and intensity of heatwaves. Previous
studies in Iran have mainly relied on station-bassdperature records, which offer limited spatial

coverage. This study addresses this gap by emgdyigh-resolution gridded temperature data and a
probabilistic approach to detect and analyze heagwaents across Iran during 1995-2024.

DATA AND METHODOLOGY

Daily maximum and minimum temperature data for X99®4 were obtained from the ERA5
reanalysis dataset at 0.25° spatial resolutiontwheae thresholds were defined using the Probability
Density Function (PDF) method, based on the 90thgmile of temperature distributions, with a 21-
day moving window applied to reduce temporal valitgb Heatwaves were identified separately for
maximum and minimum temperatures, with a minimumatian of three consecutive days.

Five key heatwave characteristics were extracteédoh grid cell (Table 1): (i) number of eventid, (
number of heatwave days, (iii) magnitude (averagenisity), (iv) amplitude (maximum daily value
within the event), and (v) longest continuous doratSpatial and temporal trends of these indicator
were analyzed using the non-parametric Mann-Kentdt and Sen’s slope estimator. Areas
exceeding the 95th percentile in each index wexssdied as critical zones.

“
Table 1. Definition of Identified Heatwave Characteistics
Featur: Definition (Unit) V-1

Number of Events Number of heatwave or warm spallimences during thestady period (events)

Number of Days Total number of days associated hétdiwaves or warm spells (days)
Heatwave Magnitude Average temperature acrosgatifave or hot period events (°C)
Heatwave amplitude Highest daily temperature,r rirg the hottest heatwave, selected baselikon t

) e> /) magnitude (°C)
Longest Heatwave Tr@ hg@a@é’with the longest consecutive duratinong all events (days)
D )

Duration \
(&7~
RESULTS AND DISCUSSION

Spatial distribution maps indicated that heatwaesnot confined to desert and lowland regions; the
Zagros highlands—particularly the Tashk—Bakhtegasirb—also exhibit high event frequencies. On
average, 2-5 heatwave events per year were recbeded on maximum temperature. In southeastern
Iran and the southwestern plains (e.g., Khuzestieme intensities were observed, with maximum
temperatures surpassing 50 °C in some years.

Heatwaves based on minimum temperature, reflectoogurnal heat stress, showed increasing trends,
especially along the southern and northern codsts. highest average magnitudes occurred in
southern and southeastern regions, where high hiymadd limited nighttime cooling amplified
nocturnal heat levels. The most extreme peak temyrexs were identified in Khuzestan, the Lut
Desert, and parts of Sistan and Baluchestan.

Temporal analysis revealed statistically significapward trends in most indicators—particularly in
the number of events and heatwave days. The stegmesases occurred in the Zagros foothills,
where annual rises exceeded 0.24 events and 1s2 Thag longest continuous heatwaves lasted 7-10
days in desert areas, with some extreme eventsdirtgup to 40 days.

The composite risk map identified the Tashk—Bakétebasin, southern coasts, the Khuzestan plain,
and southeastern Iran as multi-dimensional hotspgitaultaneously exhibiting high frequency,
magnitude, and amplitude. Annual records showed tt& warmest years—especially 2021 and
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2024—had the highest cumulative values acrossealivwave indicators. Notably, eight of the hottest
years fell within the final eight years of the stugeriod, reflecting an accelerated warming trend

(Figure 1)
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Figure 1: Figure 5. Top Five Highest Averages of Heatwavar@tteri
Years (1995-2024)

CONCLUSION _

This study demonstrates that the intensity, duna@nd frequency of heatwaves, in I%n have increase
significantly over the past three decades. Thesatsware no longer linfited c@&eﬁi nally hot een
mountainous and coastal areas are increasinglygtedfe particutaffy ghttime heatwaves. By
integrating high-resolution gridded data with a ili aﬁ ach, the study provided a more
accurate representation of spatial and t%,gnporaé red to station-based analyses.

The findings emphasize the urgent r ptation planning and early warning systems,

particularly in newly identifie® pots such & tZagros foothills and coastal regions. With
@’W

o

continued war ndi d risks related to &orhealth, agriculture, and energy demand are
likely to intens uture research should intégraeatwave characteristics with socio-economic
vulnerabilities and land use changes to supporipcehensive risk reduction strategies.

ETHICAL CONSIDERATIONS
Conflict of Interest Statement: The authors declare no conflict of interest.

Ethical Statement: This article does not contain any studies with annparticipants or animals
performed by any of the authors.

ACKNOWLEDGMENTS

This work is based upon research funded by the INational Science Foundation (INSF) under
project No. 4036035.

REFERENCES

References [in Persian]

Esmaeili, H., Roshani, A. and Parak, F. (2018) nd@iranalysis of climate compound extreme indicebRiN. Journal of
Meteorology and Atmospheric Scient€), 97-113[in Persian]

Esmaeil Negad, M., Khosravei, M., Aliganei, B. afldsaoodian, S. (2013). Identifying Heat Waves ahlGeography and
Developmentl1(33), 39-5[in Persian]

Alavinia, S. H. (2022). Analysis of Extreme Tempera Change Trend under Future Scenarios to As€&state
Fluctuations (Case Study: Sanandaj and Saghez Syr&tptions)Journal of Arid Regions Geographic Studie$(41), 1-
16. [in Persian]

bijandi, M., daryabari, S. J., Ranjbar, A. and Arb8abzevari, A. (2022). Extreme events of cold hedt waves in the
northeastern regions of Iran during the period 2B020.Journal of Climate Research401(50), 41-60]in Persian]



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

Dargahian, F., Heidarnejad, S. and Razavizadef2(®21). Investigating the trend of changes in thatlwave properties
related to climate change in arid regions (Casel\stWazd City).Iranian Journal of Range and Desert Resea3(3),
564-577. [in Persian]

Doostkamian, M., Haghighi, E. and Bourbouri, R.X2D Analyzing and Identifying Regional ChangesHut and Cold
Zones in Iran in indifferent Perioddournal of Geography and Environmental Haza®(®), 141-162. [in Persian]
jahanbakhsh asl, S., ghavidel, F. and ashjaei2®PlLg). Recognition, Classification and synopticablysis of Heat waves
decreasing human hazards in the North West of Eamironmental Management Hazay@¢4), 377-391. [in Persian]
Ghasemifar, E. and Naserpour, S. (2017). Synopiityais of heat and cold waves over the southeastcof the Caspian
Sea.Scientific- Research Quarterly of Geographical Dé&PEHR)26(103), 137-146. [in Persian]

Karampoor, M., Rafiee, J. and Jafari, A. (2017¢nkification and Analysis of Synoptic Heat Wavedhtest of Iran (Case
Study: llam, Khouzestan, Lorestan, Kermansh&hyironmental Management Hazard$3), 263-279. [in Persian]
Hamidianpour, M., Nazaripour, H., Khazaie Fizabad,Farzane, M. and Firoze, S. (2023). Determitirggchange point of
temperature thresholds of heat and cold wavesaimduring 1966-2018ournal of Natural Environmental Hazards2(37),
133-150. [in Persian]

Rezaei, F., Ahmadi, M. and Shakiba, A. (2019). Sation of temperature threshold heat waves duriagnwspells in Iran
based on scenarios RCP (2016-20&ssearch in Earth Sciencd€)(3), 231-247. [in Persian]

Zarrin, A. and Dadashi-Roudbari, A. (2021). Pragelcthanges in temperature over Iran by 2040 bas¢deoCMIP6 multi-
model ensembléPhysical Geography Resear@8(1), 75-90. [in Persian]

References [in English]

Abbasnia, M. (2019). Climatic characteristics olh&aves under climate change: a case study oflatitddes, Iran.
Environment, Development and Sustainahilt(2), 637-65&itps://doi.org/10.1007/s10668-017-0052-4

Abbasnia, M., Tavousi, A., & Khosravi, M. (20163ehntification and analysis of heat waves in Iramirdy 1981-2010:
Spatial and temporal variationkurnal of Spatial Analysis & Environmental Hazardl8, 11-23.

Ansari, A. , Mahmoudi, P. , & Nazaripour, H. (202@bserved changes in the characteristics of hasesvin hot and dry
regions of Iranldojaras —Quarterly Journal of the Hungarian Meteorologicar8ice 128(4), 473—-496.

Barton, L., & Greig, D. (2019). Using dynamic hé¢fatesholds to assess heatwave events in the caftektmate change.
Environmental Research Letters, 14(10), 10408s://doi.org/10.1088/1748-9326/ab3c74

Barreca, A., Deschénes, O., Greenstone, M., & 3bapi (2016).The effect of absolute versus relative temperature
health and the environment: Evidence from Italyg @015 Environmental Research Letters, 11(5), 054001.
Beyraghdar Kashkooli, O., Karimian, S., & ModarrBs,(2022). Spatiotemporal variability of the ParsiGulf and Oman
Sea marine heatwaves during 1982-20Rf@arine Pollution Bulletin 184, 114174ttps://doi.org/10.1016/j. marpolbul.
2022.114174 W &7y ¥~

Bonshoms, M., Ubeda, J., Liguori, G. et (@022) .Validation of ERA5-Land temperature anthtige humidity on four
Peruvian glaciers using on-glacier observatidn#t. Sci.19, 1849-1873. https://doi.org/10.1007/s11629-0228-4
Climate Central. (2024, August 7). Analysis: Climathange is increasing the danger of nighttime &atpres across the
globe. Climate Central. \ A WZ

De Polt, K., et al. (2023). Quantifying the impaftrelevant heatwave duratioriSnvironmental Research Letters3(10),
104005. /i N R T )

Fallah Ghalhari, G., Farhang Dehghan, S., Akhl&itposhteh, E., & Asghari, M. (2021). Trend anayand temporal and
spatial distribution of wet bulb globe temperatasea heat stress index in Iran during the sumnesoseover 30 years.
Journal of Environmental Health and Sustainable @epment6(4), 1476—1498ttps://doi.org/10.18502/jehsd. v6i4.8153
Fatahian, M., Hejazizadeh, Z., Karbalaee, A. RaHsfiinia, H., & Wang, J. (2025). Spatio Temporablysis of Changes in
the Iranian Summer Subtropical High Pressure Sysfesm a Climate Change PerspectivAtmospherg 16(3),
273https://doi.org/10.3390/atmos16030273

Gao, J., et al. (2015). Impact of extreme highgerature on mortality and regional level definitiohheat wave: a multi-
city study in ChinaScience of the Total Environmeb05, 535-544.

Hanna, E. G. , Kjellstrom, T. , Bennett, C. , & DeK. (2010). Climate Change and Rising Heat: Pafpoh Health
Implications for Working People in AustraliaAsia Pacific Journal of Public Health23(2_suppl), 14S-26S.
https://doi.org/10.1177/1010539510391457

Hirsch, A. L., et al. (2022). Changes in land—atpiese coupling increase compound drought and heatwigk. Nature
Communicationsl3, Article 238https://doi.org/10.1038/s41467-022-00325-8

Intergovernmental Panel on Climate Change (20123nading the Risks of Extreme Events and DisasterAdvance
Climate Change Adaptation. A Special Report of ViligkGroups | and Il of the Intergovernmental Paoel Climate
Change, edited by C. B. Field et al., 52 @ambridge Univ. Press, Cambriddgg.K., and New York.

Jangi, M. R., Zarrin, A., Mofidi, A., & Dadashi-Rdbari, A. (2024). Intensifying heatwave trends mnl based on
observational data using the excess heat factoFB¥htural Hazards12Q(2), 2073-2090.

Joyce, P.W.S., Tong, C.B., Yip, Y.kt al. Marine heatwaves as drivers of biological and egichl change: implications of
current research patterns and future opportunitMes.Biol 171, 20 (2024). https://doi.org/10.1007/s00227-02340-y
Kamangar, M., Ahmadi, M., Rabiei-Dastjerdi, H., &atbavi, Z. (2025). Ensemble modeling of extremesceal
temperature trends in Iran under see@nomic scenariodlatural Hazards 121, 1265-1288.

Kodra, E., & Ganguly, A. (2014). Asymmetry of prdied increases in extreme temperature distributi®oentific Reports
4, 5884https://doi.org/10.1038/srep05884




A (] diS B0 gl )l (gl Ll all oo 26 ol 5l SS9 Cgo asud o
el 0ylods g 1,6 9w

Meehl, G. A., Tebaldi, C., Tilmes, S. , Lamarqde;F. , Bates, S. , Pendergrass, A. , & Lombaiddx (2018). Future
heat waves and surface ozoBavironmental Research Letted3(6), 6400ttps://doi.org/10.1088/1748-9326/aabcdc
Mojarrad, F., Masoompour, J., & Rostami, T. (201Spatistical-Synoptic Analysis of Heat Waves ab40&C in the West
of Iran. Geography and Environmental Hazards, 11-23.

Mufioz Sabater, J. , Dutra, E. , Agusti Panareda, Mbergel, C. , Arduini, G. , Balsamo, G. , ... Tadét, J. N. (2021).
ERAS Land: a state-of-the-art global reanalysisset for land applicationEarth System Science Date8(9), 4349-4383.
Mdller, V., et al. (2024). Evening humid heat maaimear the southern Persian/Arabian Gulf. Commtioits Earth &
Environment.

National Oceanic and Atmospheric Administration (N¥). (2023). Thermal Properties of Water and CdaS&anperature
Moderation. NOAA JetStream.

Nuttall, J. G. , O'Leary, G. J., Khimashia, N. ss&ng, S. , Fitzgerald, G. , & Norton, R. (201B)aying-off’ in wheat is
predicted to increase under a future climate ints@astern AustraliaCrop and Pasture Sciencé3(7), 593-605.

Oke, T. R. (1987). Boundary Layer Climates (ChapteCoastal Climates). Routledge.

Orlov, A., Sillmann, J. , Aaheim, A. , Aunan, K&,de Bruin, K. (2019). Economic Losses of Heattlodd Reductions in
Outdoor Worker Productivity: a Case Study of Eurdpmnomics of Disasters and Climate Charig@), 191-211.

Perera, A. T. D., Nik, V. M., Chen, D., Scartezzihi-L., & Hong, T. (2020). Quantifying the impadif climate change and
extreme climate events on energy systédagure Energy5(2), 150-15%ttps://doi.org/10.1038/s41560-020-0558-0
Perkins, S. E. (2015). A review on the scientificlerstanding of heatwaves—Their measurement, driviachanisms, and
changes at the global scafémospheric Researchf4—-165, 242—-26ttps://doi.org/10.1016/j. atmosres. 2015.05.014
Perkins, S. E., & Alexander, L. V. (2013). On theddurement of Heat Wavekaurnal of Climate26(13), 4500-4517.
Poulos, G., & Zhong, S. (2008). An Observationastbliy of Small-Scale Katabatic Winds in Mid-Latiasd Geography
Compass2, 1798-182hitps://doi.org/10.1111/j. 1749-8198.2008.00166. x

Raei, E. , Nikoo, M. , AghaKouchak, A. , & GHWRO®8). GHWR, a multi-method global heatwave and wapll record
and toolboxScientific Data5, 180206https://doi.org/10.1038/sdata. 2018.206 v\

Ren, Y., Liu, J., Zhang, T., Shalamzari, M. Arshad, A., Liu, T. , Willems, P. , Gao, H. , Tab , & Wang, T. (2023).
Identification and Analysis of Heatwave Events Gdesng Temporal Continuity and Spatial DynamiBemote Sensing
15(5), 136https://doi.org/10.3390/rs15051369 N Y

Seneviratne, S. I. , Donat, M. G. , & Chéruy, F0OX2). A review of the global impacts of extreme thegents and the
implications for climate change adaptatidtature Climate Change3(8), 559-563ttps://doi.org/10.1038/nclimate1857
Sharifi, M. , & Ehteram, N. (2016). Spatial-templosaalysis of heat waves in Iran over the lastaldecades (1981-2010).
Natural Environment Chang&(1), 29-38., \_&="~

Smith, J., & Zhang, L. (2018). Analysis of temperatextremes using the probability density funct{BiDF) approach in
climate studiesJournal of Climate ReseargB4(2), 101-11&ttps://doi.org/10.1002/jcr. 2345

Stefanon, M., D’Andrea, F., & Drobinski, P. (201Yeatwave classification over Europe and the Megitean region.
Environmental Research Lettei®1), 01402ttps://doi.org/10.1088/1748-9326/7/1/014023

Sutanto, S.J., Zarzoza Mora, S.B., Supiétlal. Compound and cascading droughts and heatwavesadecmaize yields by
nearly half in Sinaloa, Mexicmpj Nat. Hazardd, 26 (2024). https://doi.org/10.1038/s44304-0202B-7

Velikou, K., Lazoglou, G., Tolika, K., & Anagnostoplou, C. (2022). Reliability of the ERA5 in Remliing Mean and
Extreme Temperatures across Eurdfater, 14(4), 54ttps://doi.org/10.3390/w14040543

Vogel, M. M., Zscheischler, J. , Fischer, E. M. Seneviratne, S. . (2020). Development of Futdeatwaves for Different
Hazard Thresholds. Journal of Geophysical ReseaAtamspheresl25(9),
€2019JD032078ttps://doi.org/10.1029/2019JD032070

Wang, Y., & Liu, J. (2024). Impacts of Massive Tgpaphies on Heat Waves in Global Drylan@&ophysical Research
Letters 51(8), €2024GL109979.

Wu, S., Luo, M., Zhao, R., et al. (2023). Local mmegisms for global daytime, nighttime, and compotedtwaves. npj
Clim Atmos Sg¢i6, 36https://doi.org/10.1038/s41612-023-00365-8

Yousefi-Kebriya, A., Nadi, M., Afaridegan, E., ekt 2025). Wetland shrinking and dust pollution Kihuzestan, Iran:
insights from Sentinel-5 and MODIS satellit&gsientific Reportsl5, 13626ttps://doi.org/10.1038/s41598-025-96935-2
Zhai, J. , Xue, X., Li, W. , et al. (2024). Heatvgamagnitude quantization and impact factors amalyger the Tibetan
Plateaunpj Climate and Atmospheric Scien@e Article 85.

Zhao, M., Lee, J. K. W., Kjellstrom, T., & Cai, W2021). Assessment of the economic impact of helated labor
productivity loss: a systematic revie@limatic Change167(1), 22. https://doi.org/10.1007/s10584-02161B7.




A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

B - [ 50 o e e gy ol el

AW sl 2ol 4l 9 ol b5 Elgel S T 39 Juld g Lol
"y90 L8 Al st 7 (6,8 yao UL L (55l il 105 [ 5 LSl Lo e
(Jgmnn 08 99) GIS g 90 51 romiw Dlalllae 55 po o i S olSils jLeiils
ORCID: https://orcid.org/0000000321380973  /a-shakiba@sbu.ac.ir :_juwes!
GIS 5 155 51 oo Slillan 35 50 o iy g olKtdls (6 5ol gy, ¥
GIS 5 j50 5l Lromiw Oladllas 55 10 ¢ i S oKl [Loliwl ¥
GIS 5 j50 5 Gromiw Sladllas 55 o ¢ Stdupuongd ofails o, ulids )l .F

oS> Ao OleMb|
ez ln gur ey wilgi oo & Wy Jlad 4 lspsl e Db I (S LS sl lio g g5
ol &3 omin pei (Slr sles sosilp Wy, aidly adls oljes 4 et 5 Sl g3 Al

—1220) dlo Ve gleools 5l oolatwl b rogh cpl jo sl aizle bl w5 i 1) eauy =
SRS Bu by el Sao al p LS e (o slaalinl wljy; aneS 5 auie slos (V- VT \QMXZQ’:L.’.F e
@y by, ol o slasi Jold Lo)F oo (She g o S e JW\ (o]
&5 omp )5 gl Glnl oS o atugn 0)50 i SYsb J«“}s‘ ST S )
Ohy 5 JNS= 00 el b Glej slaaig 5 wiad olid gl o m@@ L e e —lle- s G U
Fpl sloass>) Brb gl g 5055 slaeyinS o I QBT s wb b)) e
OB Sab ass> )5 059 5 )*"@ gsi (o9ele g9 (Lezrsl (535 50 gl nsS
Q S35y ;5 CEse o) Sl g las) sl il 5

VECFLENY sl f,b

Gy lociis jo a5yl

LS gye oad (Qlazsl ogala (gl 550l adgm linjs Sl2) Griosiz 5 02 ooz solS sWaojly
sloaiy, Jelos ol 035 (F+ °C) 0+ “Cif s ol (o531 53 (450) aiir 5Loo 23] ol | 6 s esf rge slo i
by, olasi g lasla; slass o3ag 4 Lo )5 gloal sla Sy plod )0 Jloline al) 5l S S L iloj Wi, e Jlazs]
g izren g (A9 it 50 (Jlo 3 59, 1V g ol - TF sgus bawgte o) bo)S e | wanas g ant les ol
slaws Lel osgr el 13 59, 50 LeyS o 6ylml Rl 5l (3900 b )92 ((w )6 ) cgizr 9 Jlod Ol

15 BoeSile WL ol Lt baazily gl s odle sl 4zl a3l s, ailds slagge Sl
ol 009 Y-vf 03{3 LY ‘stL'JUo.c c)L ):>T JL..: i -layfo u.\«c‘.\.o.l; B g;)"j B

— (=) — ‘L;"“"é .é...?u ‘_:/).2[20 Lalie ul}..c (\Fe) I°L' ‘L;alsilﬁ fl;' 9 EfU ‘;olyb PU fflﬁ ‘L;‘hls"" fl.'\ :dlciw!

5 H : L?My /"M}i ©
Sz sl g ol oKidls 1 puib O —@ 012)
- - DOI: 000000000000000000000000000 —




ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

doddo

dalol 039 )00z Gloj (sloejlyo g 05hie olisgS g0t oS Cunl Wil olse 5 Ol slaslag, 5l (o ol S sl
5 b bl 5L e 5 (S Lo slagge ] slaams o (VY uilsUl g 58 ol
LS & oy ol (VoY) Len 5 gil5) wgd e aislis " gl BB lgieay 5 wload oS 3blie
ol 5 s B elaiz Syl S e olmyl il olb, 5 S0) agar Cedhs (gl sl ssags
Sl 05 @b b G slaased Jb (l Bl dagliw los 5 sl slaaxly  jLad dac ey 4 uils,
SlapiasS 5 55,0l slagisn jo 1) Ghbbue izes WIS (o b & l) 2loe 5 by JEy Jo
oS olol 2 398 Sl oy (ul plp 5o adlhaie jo 6 5le Jomiliy I it o 0iS oo lml (anb
QLS obml iz sl isn p 1y s 5l Sglate £o5 Wilg oo 489 Lo g polai (Slgl B ol alle gousie
S en B LS gae oad 3l Cod i ol nagS e Glise Jliaplsiea (YN0 (o Ken 5 55 )
8 sn I3 S gee sanoley il o it (65,0la8 Glaptenn A5 Jys (V) (o en 5 "Uls)
5 omt97) 95 g1 558 Sl @ e wlgie FVsb olo)T glaal (Y (o len 5 " JB50)
Sox Sr90 42 3 3,15 o b6 by sy sl gyl @ldd oS Jlo e o (‘; AR
5 g sl glyel S5 (1A (5an 57 olygl) ams o Lials b slid 4o o515 X"}”“* s
el 238 3l ol slge wdgs Bules 5 GlalS (T SLs 38l s ke ' @_ﬁ%ﬂsl;@ S
hSes 5 giligm) w3 50 1) ey 6 lS (slagSl “"9‘@9 55 S Dyge a4 oo ol S
5| it ool o 4y SYsb Soe gly 5% u@@ LBl sl Som 5l i o (Y- YE
JB obds mizeen (YT ‘Q‘)&*“’le D oes Gl G alad sl axe ;s g ool Bl ggrlae 4t
ol el (e Ol oS b g il ansls 28 S laggamtsl wals b go,d )0 (s

VA Sen 5" e) s lm s
Jloizlay 5 bap] Sl 5 e wisd 1S5 Lasai Loy glgel dlos (oS (2l3381L e )5 (Sle 5o 99,000 L
el Bblie Comaz o ) (ot ;e s (VY T Glsn 5 O i (50 G ctd) il 2l ol
2 o5t Sz pli )3 @olsz Gl ) oot laglle Lo S glsal il pl oS st s axlse (1L 23y
oy ol sl ols J1E ails gl ddlaie (o oS 30 olpl oS e o] Siddes § S glapgol L abls

Sl 5o el piiaa b Sidans § Sis slaie) 5l ormy 0,08 b 558 ol i Cones Lt

ks 355 ol pen 4y g3l Shlus 5 aiies i b s Saday LT glgel a8 obsTjl oS wais |, ss>se

! Perkins & Alexander

2 Zhao

3 Hanna

4 Nuttall

5 Joyce

5 Orlov

7 Sutanto

8 perera

9 Meehl

19 |ntergovernmental Panel on Climate ChatlfcC)



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

4 315 Coenl 3o 6,85l iaeln 4 5hs einlpln D se a5 iy cend 6,5 5ke poe b Ylexsl Loy
e 5o Ll sl Shis ool olyen 4 oo glyel Sloj - aldd jsi 3l 59y 4 5 JelS 5,0 ik (ol

Sl Glpl yo @19:? 6)9‘&)5' oili8l g easay ol sl b lpble o pae Cg S 3 @.Las
Sy90 dilaie a5 by e a5 Sladllae 5l aws o] 0 1o 0925 Lo )5 zlsel 0550 0 Sglite slaslEass b g0l ilalllas
g 3% ool iaidl oo Dlision (pl Jold siian 5) iy 9090 4 SS005 9 Olnl (G Ghagh asllls
e cloolSingl gl by osy 4 g Lo yiSTas 5l eslial b 1) ol mbe,S glsel (1FAY) o Kon
Gt Shis, Sae Ysb zlyel & ond olisS ole)T lagse ol olis bap] @ls wis,s ololis et
Ohler 5 OlalSinwgs waitwn olilp oleS slagge b Gutudt lajgy 5 Gl (bl g Cunl azls
Sl T s 5 0zl s T Slis 4y 5 00,8 slolis iz slooyse b 1y olpl o5 sloasgs (V¥A0)
o ol slagsse S (SB (S0508 poodle 13T looyed Coons 4 ol S sladigy &5 09
5 S5 criasls Lolol 1y casll lasy 3 g pmdymet (TAY) LKen o Lislonsl .ol ond 00pS
ol LalS sazaslis Shmed ol s isls,ld axdllaes ge 558 30 claadg> 0,2nS 45 lo)S glsal
OLSes 5 B oo SiS 5 05 slagy, APl 5o Jblae Sl g SS9 6'-‘25) oals s
0)35 b pleS ol aFle flgea sl Ol gles Slej -G ms 9 s, J—A& 4 (V-V)
el 03,8 JLis |, gogmo iy, oyl Shddas 3blie ;5 ot Lasls gw&@ ST, s
Slass 53,87 (o) 2 Olpl (B Jled d-’al*‘ # L ebs gyl 15 > OF1) Glles 5 oo
@ OFT) ohlkes 5 55 o Sul 00 fﬁ %9 w‘ﬁ{mm‘ & S el e
5 Loy zlyel ariny slos slaools | o@? waf ),Jl sz ey o glo S Zlel o bl Lo
0392 Y SkaolisS| My’ Sslp a ol olad aghy @l wis S lubis |y ol sla Shs >
el 5l ool b @wa Sosls i s |y lo,F glsel sats Ws, (VYY) oSan 5 Kim .o
2 p5 Elael S s oo Slold g slawi 4 gl sl (Shas 5l g eols 8 aalllas 3550 (lal o oS 25
bl 5 1 Ul 2,5 0,58 b Loy zlssl slos aliwl (VFAA) o San 5 ols, sl s onldl ilizes >gi
G Oy Glizee sla S 5 ol jo Lo)S zge obes slaaibin] [iogh cpl (olsl 50,8 (gilwas
5 03I, myytyse Ly ol 5o alesS glsel ales clbailin] i i (VoY) o Kan 5 5 e
5 1% G Jleye ol a4 g ol Al gl alndS ans wix b ol S zlsel oles ailis] wsls las
g, ialidl 4 yamie 5 0030,5 ancig slales welus iul5al el allics ol Cal 039y wgudlis a3 +/+ OY
el i 8l o |y LS sl mnlBl sla g (V1) L ubie b aalss o p slaced aalS 5 08
had claSile 35,00 LUl a5 ol lis @l ol 3 adllaes,ge ol She bdliz sy wly
san] sloans o lag liw den (9,5 4 axgi b LS zlgel gl Lad slass 5 2ol38l LS zlgel as
Faw g g hdes laolliwl 6ln 1) b lagn B Slts g, (WTAY) GhlSea 5 LS sole il 2alS
sl X9, easms i o] s .asols,l,8 asdllaes jge coddBl Bllugs b)) Hskateds oo T slag L s
Ol sles (g 50 OYR3) (55039, 9 0n)y) o ean] Jlo (o (b Bllas ateS (slos g oo iy sloo
Sl (1Sl ols lis byl bl aBls p b5 Goe Job asli jloslatul b ol )5 sla i g3l ,a1 4



ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

o Fhs Sleais Wiy, F-+) o Kan 5 ol il aplys Lialidl Lugeades 42,0 VTE b 0i8 SVL
e Gl sannoLas bl gl wisloyl 8 (cwyp3y5e |y o5 Gl jged 50 @l i b b e (ole)S sl
5 Lituiler ool adonnlin wa Gad 5 pohts aile o Sy plo 3 S, ol 5 009 Lo, glaal g3 o
ol ot Jlas o Sl o5 ol g 55 oS 2ol saried alows 5 st ¢ lulis & (VFAF) S
(T90) )50 ol 5 5 comls 50,8 lolid |, olosF zlyel £535 pliim 4 sariod i slogSll axisls,
Zlsel (WYWAF) e g j90 p,5 Llools bl (Shginw Judow (35 sbyo ooz Jolow 0 1) 05 sl
4 ke (Sehgien Ll (VY) e 5 aijls 5 w5 (Seiyginn o g ololid 1) olpl o) ole S
wlosls H13 (o) 2390 Gl o o1 05 sleo o

et ol b g oadBl s 51 B g o lej — Sl 8 B o 1) oo S sl 5928 J3ls Slalllne
o)s Slalllae plo b S yiie g oo glyel ol Blod 4 ol guios 42,51 alosls 1,5 axllas o0
ol slo Juloigts 125 o oliize il sams o i |, yolo anlllne Connl 5 L35, o slacslis > el b
ol Az ST el oals az g GlaSil sloools 4y yiaS g wilos S ol cwlidlges  aKiwsl glaosls 51 )5
i) ) o ol ity sloolSim) 138 2555 s o s Ll sl Lozl B gl b o 5,505,
pladl il ogdle it 525 )0 (ales slaedy b Isps] glgil ann 5l (RBs oanlei Ly apgd N"L""* slas
Zleol Goazs ol jo V) cl onsyy ol G 5 Sl slal slulis M}L,JQQ&LQO Clgl@%y 5o &85l
lmosts 51 oo ¥ lsal olulis 13 45 Sl ol b eogice oy D b2l T ol rad 0 ol ol
S g, 3l coomizad ol oLl slaazey (dheo j@é@faﬁ% 39 gn oolizul YU o by (glaSid
3 2 e iyt 3 o AT 5 i o S b il I
oSl 5 g o &@Wulﬂp ob & a5 4aS slas ululy oo, glael g e eslitl
S S FEe S Sy (3 (nl (aledys WS oo ol 3 S By 3 Al Gla i lp | alie
Jsb @oe 2lod gol wlaz; (55 9, olaai wolaz) Slglp Jalds a5 aas oo 515 o 3550 1) Slalllae pla o
ol 35 0 sl

ooty
b bl e YU gloy 5 G cdo b o8l Gledlol ol imghy ol )0 eolawl 5,50 (slaosls
a4 Jl Jaad plod 6l Y-VF L1290 5l alles Ve oeacls o5b ;0 g diljg, & jgods ded diiion g dieS Julds
wwlbeolsn Downle cmiion 35 e e Jed Judoizl ool oL 5l laosls ol ailoas 2l Sl ole SCS
Sy sl wbio o 1y addl Sledbl ools oL cpl wiloads S8l ,0 owsd 4z 100,V (glasis cds b \L”)l
d o) Sloj calisee polaw jo sele sloosls pazs wlul p o] 4iljs, slaosls ams oo a8l 4iljg, § el
sl a5 5 sbay el ot wwl (Modlom Sldllas jo o Cds g Wlowd Wlowd yiiie § dns (aicle i
WMO sla 45155 50 o0l oSGL cpl (VoYY o) Kan ¢ 95J9) 89, 508 ,il,8 /Y °C 5 YW ol alale sleo

! European Centre for Medium-Range Weather Forecasts



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

033 ol (VoYY (LSen 5 " 5ige) Conl 438,55 ooliiul 3,90 ju5 GCOS conlil sloasls algs o IPCC
Joe o et g Wileads o liel il sla sy sile SliwasS 3bliv ,o dex 5wl 3bls ,o o
@ladoy Slaye (5:S5ke gllas g /A Sl YL (Siaad o p0 L lsp (6500 90 slod adgisl 0 ERAS-Land
Lyll o g iaxgi BB cds onino)lis bl cpl o)l o9 b o Sles ailale wlids ;o £+/Y °C 5l oS
e plyieds Groj gl 55k 90 Sled Gz (nl po VATY a5 jalidy) alies oz S ny
459z Bulpd o8 F I 0 b e gl 5 e gl 0250l G 2hogsd Gk Sl & ek Sl el
O gdis a2 50 43 YYY VO oue OS5 S Lol al)l pelS s aS oL cpl slaools sl ol s
ol conload el o el £ gl 3 L alygy ancinn g aieS sled (puizmen 0l 48,5 IS 4 9 bowS
VA g NARNY AV—F e f— o) Cel VT Job jo atelu il o3l Jloz (oSl Sjgo 4 Lo ol a5 Jxs
B o s gl 4 lad e sla o g s olulid oyl j5iS sagame ;0 Lo zlgel (el 00l acwle (YF

O JSo) ab @)l 9iS 5 0l slaase>

40°N
T

35°N
T

4 o e

30°N
T

Laly
Cese= 5

0 75150 300 450 600
[ = = — 1.0
L

pre= 50°E pre= e
OBty o ¥ ay0 33 9l A g of yob s axdllan 5 yge ddlaio 1) S

L)
oy 5 o by Sl O g0ty aiils e 4 358 0 oolitl sles sbaailin] 5l Ysens Lo S zge olulis (slp
byl 4 axgo Jdo o bl wiie awslie b6 g oole s, Frosl YL glos aiile culi slaaibin] aigd
0303 bl omwd glrailinl ( Blie ,o (Y Yr ool Kan o' JSg) W)l IS s wilisee sl o5 ool
shies (VY (Len 5 o i) Wigd oo pelas ddlate 1o 0aldl b ol 5 (ool Comaily gkl sl
il LS slazge e glolid 4 08 Coul San culi slaaslin] a5 dos ial3dl g wuldl s Layl,o o
Jodo & cnlpl (Y18 85 5 05,L) Wigd plKen was oles Lasl s b aals jsbay 2,06 ond slaaslin]

! Global Climate Observing System
2 Mufioz

3 Vogel

4 Seneviratne

5 Barton& Greig



ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

oSas b oSl aile o lel polie b oaiscnd glales aulio b a8 wilos sl 92y 4 alisee sla_asls
Ghlio b Si5 5 05 sl ) ool (sloo,iF aslil g5 Sl olal 4 gl S o S o
o nils cebie 5iS Gl blie sl ol Son Bl sloailin] 5l sslinul 5 (Sym SliwnsS
ouds oolitul LS slagse lulid gl (PDF) Jlozal JSz wb 2 (e (35, 5 (oo sloailin] I gy
5 ebdlp> ahds o 0 Saeaids ghlel mjei wlel gl Lo (ol Jlade G 4 ST Gl 4 0,505, (pl ool
Slaslive Golol 2 Led laosls 5l (n3e8 Joo S (o098 59, 12 Sl o@Bly )3 08 (o0 2l Lo 59, 2 Sl
5 o) 058 so Ll wlin] lsie 4 (PR Sao wile) mjs ol @Y S as 5 oad 4l ok
Sy conlpln Wb oo )5l e conlil Ll oi b laasliol a5 o)l 1) Cose ool (g, iz (V2 VA LSS5
Sitrebin Sl £330 ol & WS e Jas s ool sty Lol 53 Y Jlon slabes 58y Jlatol &S Ll
el pee )l S e

Dgd oo i ) abal) O jg0n Jlixl JBs &6

f(T) = (L1 V(2n))) x exp( - (T )2/ (2?)) M)

Lol Los jlas Bl il 65 i 0550 (Sloj o3l 0 Les (slaosls (. Slee P conl Los jlade sasmo gl T ol e as

a9 m oolital ¥ abal, 51 e oz s ol 5190 5 VOA-ADA- e @QV dg@@l b 51,
P(T) =u+ 2 xo . M
Zoo = Sie Jloy i85 0 P S 4 b e Z-Sg0rE, cz)na}%%pz_fw 3 eles bl P(TP) o] yo a5
i Lo uow u@uw,bojuwlz%_lmsglzsz

595 o Bkl ol S ) (At g, Sy g Bpo S el sl 4 daailinl Gl aculoe
2 a0l 5ham g U8 5s) wiz ples slaosls (55510 555 ailiwl (i sl o Jle plyieds 090 oolitnl
3,90 (S o ailiw] § alxe Lo (5] &9 03k cpl 50 S92 g0 sools I eolainl b e (gl o 485 LS
o8l Ol 4 Lo 5 baailin] a5 58 oo el ig, cnl AV NY L Ken 5 pliial) Se s gzl yteial L
Dgh AT LA s 5 ad SoeelisS Sllug il asl wiil eles o

32 (VA e o Sy lawgs oals ools anwg sloaS 5l ol )5 zZlsel anlne jshato 4 imghy cpl o
5 5e, Ve eld) 035, YV sl oy (bl ailin] lgie 4 Les plle Sas g 0l soliul | cdie aosce
039y dw Bl (g o e lel sylaly SRl sl el ogdle a0 S arlne (LS 3590 5, 3l o 59, ) -
Sy 8l N5 3T mls » Wigioe Sloy oym Job a5 bl 5l ad a5 s 5 LoS zge cn o3 (sl
ool as Jl> )0 w0l oo dlas, (i slass glulid @ e ooy Job ioli8l as sl las adsl colus
@ azg Lol 5o e @lulid S laslaz) 5 00 sl s pal S cs Laulph oy Jsb
O Srdydealie Sl g Slwle 85 b jlgs Sl Gl s (VVA) Gl 5 1) g slaadly
g i oo sl Ao O jgods LS sl ol Ol Gl 435 Glgieas 039, VY 0,y walizes 3bls

L Smith
2 Stefanon
3 MATLAB



ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

Jed=s g zlmel (V Jgaz) soulS sla Sy 5l Glasgeme wlas; o gl g wload Jdow 5 ololid aeS
JRER%S
P LS ze s She )l S e Sowaidy (1S5he ol 9iS mhaw o LS Zleel S oI o jglateas
WP 0 Sy e Sl polie (o slaaiin olulil 6lp s a8 50 0l ailbe ol (oLSl s> sy,
g Gleieay winils 5 R0 S s bl Lk 5l a8 bl 5 w8 zlsed (@Yl ale ¥ ok
Lo,S sbozge plp jo o,blrey >yl glaiai ( Shy 2 slp Slhen b pl oS 5 aias (adin Sl
ols &l
aloo 0, 45 0l 4y O SL sla logas VL slaosls 5l asli o s Lol by Shus 5l e S50 sl
L Jlo gt wsbliey lal lolid sl puizmed oS (oo (o p (Sloj 0y90 Jsb 50 1) resls (SuusTy
Al ools Gioled sresd Sgiw loged Ojge 4 g odld (gaiuald, g;)iﬁ o 6lp AVl Sl o 5V
Ll gy caolol ;5 5 2 plomil " JlasS—pe 60l ,b0 (39031 51 oolial b o S 51 Sy o Slo wig, ol
T s o 39, ) S0 b gy ot (P < 0.0900,0 A0 laebl o s g bl lsline g, (sl
Oygo coldl g Gloy (e Sl yo LS laal 5l s paalr oy p B o] M‘;—i :g ol g
055 ol ool sosroy A AT S0 bl b 5 05

oo Lulid (1lo )5 lgol su‘g@@# N Jou

\ A U7 (a>1g) iy o5 39

\ ) j O3 ) o5 0,95 | zge slas, sluss slas olaws
QW G2 p55 0095 lzge L ol yom sl slass 595 Sl

(Oogemd) 2300 i 1) 5 093 [zge slaslaz ) plad (slod Lawgio T S

(ogmabas) 39 oo DLl g0 (S 55 olal 5 aS 0,5 0590 b zge cnyip S 50 diljg) sles (p 3L )
() el azls o yg0 pl plee jo 1y Gloj (o o i oS (Gloygo b o5 g0 T 080 (A SYsb

Cxy g i

b gl s S5 Sl

olus oluss

Ao co olid |y S ¢ aniin sleo 31 L3U sl )T zlgel Slas ) slaws I5e ¥V K0y © g &l sloaiss
Sl o Saeaidy salbnl 5l 5 S jebas ailyg, sles aS AS oo i |y diblie oagay pl S &6
LS zge olas, DU Y o (ole jabas (58S mhaw 1o a5 ol plis aicin los (ululy Sy (nl (o)

ol (St FB (e fagkS YO (0,8 Sl L) (o8l oSl o sl g Jlo 2 0

! Box-Plot
2 Mann-Kendall
3 Sens’slope



A (| A 280 glaryl gl Ll bl o0 (2l Sl 51 B 9 Cge asd ()

ol o)lods g 70,6 (g

- — — kM

£ z
g N ?
z z
z P
s B
]|
e
Ll e,
|| ot i Y | R
g sy aSilen g s Silen
Ya-r¥
EYE-rA Y-
AT [ LA A
T -FA WY -FF
z 39> z
z &
«| 0 150 300 450 600 ~

40°N

35°N

30°N

25°N

sl

® 9 o i
39 s Silea
va-r
DY -0
-5
[ LEERI N
[ LF e
2 53>
0 150 300 450 600
- — — km

AL
- °
A
——YaY
74
o —— a5
4 88
B
\& YAY

(A;.,_.:._a_‘sL.o)ol.\_f»)a|.\_ﬁ| (aeS’ gled) Slas ) Slawi |

g

v 9
——TAY
—— by
va
a 1wy
wZ L
AM

- fFAY YA i

(@i sled) 39 Sloxi | (a=aS slod) 39, Slani |

iy (lod bl 3105y Slawi bwgio (1. T My (WSl 410 g0d of yod 4 59, Slues g Sludy dlaxi bawgie b S 1Y S

(0 .ainoS Glod (wlwly 39, Sloxs tawgio (8 . dimlion sbod wlwl p 39y dlowi lawgino (7 .adweS Glod wlulp Slus ) dloss buwgin (&
W2 0 LG 1) Sl 2930 9 Aileo 0 910 . 595 Sl WMy WL 1505 (9.0105 ) Slaxi WMy WSL Hloges

5 Jlod )3 51e 9 99355 (Sl slaade g )9iS CRos 5 orx ol (Sl pa S L
solas ) slaws lawgio « blie o aiwe YU U lawgio glaslas; oslass ljls j9u8 2lg san (5,0 Jleds
Ol (S )l (g 50g00me SlSe S g 00g S jeiS wlhide [0 waiweS sleo wlel LS zee
ol 35 0 085 (Pl 5 (@ Sl ade ez ) ,5iS )8 (5550 Bl 4y brje ey ol o olas,
J g il gblie cpl o Al sles gylal b aneS slos wig;y jo ood Ol 3l 30 cenl (Sas alews ol
goaltinl 5 Jlsie )50 4 aneS slos VL Cusby Jdoas 085 08 e 5 Jlods 5l plo o 5 i

Sl aBls polad 55, ¥ Do 4 Jlas Les 0] LLs 5 50 aS (6 ebas ol a8, 5YL o



ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

Ol ol | K— Sl ).').'T sleasg> o ‘5>‘54 oty las alls ¥ o5 5 ool Cawds @‘Jpo Ll vy
oo ;o 1) LS Zlgal o Glug ad (o ydey bl (b .als J18 oy peS 5 Slais g (pgela— o
el ol (5,158 Jle 5o )LV U eolas ) olaws 2l o agads (0 aS glaigSay sailos S ay i sVl

2P ez g 558 (Sphogir (g o ) olad ) olasd o i a4l 9o e 0 (ST o8l (S sk 4
3 oo (LIS (aregyl Slibl g o)l adg 058 Jold) @2 Jled (5550 Bblie 5l (3900 i3

39) oy

oo 4 by o ais Lol ccawlaslas ) slaws ailie g0l 0> U 56 b )T zge slojg, olows 50k j2iST, (563l
sl goase 5o (a3l nl bl 3 (0 @ ¥ USK5) aeo e Lt @jsi 5o i (S (S ,lSs iy
2 el oad cof Jlo po LS zge 55, VA BT (o 2S0hee j5boas (Sl 4zl )0 5 05S0low 265 «535 10 255
285 350 S5 o 285 B0 SNy slrogS ol po 985 5 i0gr U oy le aler ) slos S Sy

yis0 59y TH B VA @ (nS0hee cnl o Qlazsh 5 St (gala 9]
cod iblie gles 5o B (Jlo )3 53,18 959> B LS 2o slajg, (fils s a8 slig (a5la (o1
—Sib ol adge b Base 55 a3ls cnl e S jtie Sl bl il 1) 5 ')@ol )i 45 o

ande Glod olol 12 LS e slags, Slad il o 3 Sl )\“)k;ﬂvﬁ%‘)ﬂ} i slegisn 5 QS
s VY ladle (b g gl azlyd opp el wi‘é?fwﬁ}@w S Sl odgmy Jlo )3 59, A0 4
oy, olows g laolas ) slass 4 by & I3l LS8 o) sy Egere j0 el ools &, VA VF
5 397 5L st s Lo e 2 8 L L L il oo b ol o5 sm e (L5 LT
alats glaailin] 4 Cond oond Olpass (oo glos Sllug mb pis Shg ol ool

YV e o Loy alos U ailys, slae gloo 6,0

b ol Sloy sl

) sl i oy ool Blolia 55 Ll eenl 35,1 215 5 syl 5 LesT 3 sl Slasd YL il
Bl I3l 55 59, ¥ e B 6085 ol (g VS e Bl | i) S5t 4 55 o ST,
YL (SasSTy sasmolas (0las, Y B V) 55, YA U O oo aiciin sloo olul (50 ¥ ISE) aosls assls .ol
ol g ol 00 855 Coons a1 1) 2 Silie a5 YU &y bl 3925k wcenl 4925 10 Lo zge (Sla5) 9, Slaws
o, B0 aS el ol Xk baools ailee s aljs, slo,S slazge 530 Jlgin jsb a4 gblie > aiS o
S slos slaosls .los )5 ay i |y 0,5 g (las,Y) 59, VY 5l paS 0 Sles jsb 4y (JLo VO Jolxo) Laosls
Sl S A Cad (6500 T muje ool oYL as ain sles wile 5 ails I, glate [CO &9
L wlgs oo dllice ol aiylo 50 6 VL ooz, Jlgi Jiol b )5 e olas ) astins 2 lgi o oo plis a5 acils

DSl ALl (6 yiion 950 maldl s S o)

! Barreca



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

Slas) (S

Sype dgeS 5 Ander lod (APl 90 o el eI Elsel aldS Gla SR 5l s (S olpea S5
Dl s lis g 3)ls o) Lal LS e slas; Job o ples aels 4 Sy cnl (VUSE) <85 )13 (om)
ool Toe £989 0,90 (b alaeas ()l

z z
g }N\ g N
z z
8 8
-} b
Laty Laaly
o FopoVeota o on oVl e
2| | CCrsks, 8,5 afiten 2| (O s, 5 ofitee
g NA-Tes 3 TA-1A
BT - YEY AR
B YEY - YAA -8 AN
- AA-TYY -0 Ty
-V - TAY -y
z 039> i z i
&[0 150 300 450 600 b«' 150 300 450 600

o
- — — kM - — — km
45°E 50°E 55°E 60°E 45°E 50°E 55°E 60°E

£ g
b N 2 N
g g
o

3 c E1 NN

sl Lal,y

o CCrus vt o (Crs vy
2| e it 2| | WA i
g 1$A-TFD 3 AN-OFA

E IYES -YAN BN FA - AY

B YA -YYS DAY - YY.

B TYS - TEY Y- YOA

- Y5 - FYY - YOA-TVS
z 09> 5 z 239> 3
R0 150 300 450 600 &[0 150 300 450 600

- — - — — km

45°E 50°E 55°E 60°E 45°E 50°E S5°E 60°E
¥o
L ° \ rax 9
Yr¥

Yo

o
5“ v %r-.\ 3‘ ¥ ™
’ YAY
sy I~
Yo Y84
- ry Yof = o,
Y. . Yo = (]
A S
5] | » 5 Wy

Ve d —L a4y

64

—_—rF

(i (§Lm0d) (5 35t I (dsaS 5ld) 5 | (@i sLed) 9! I (aues sled) Zo! l

Slod (bl dlady (5531 wwgo (A1 o] @l (WS logas ol e 4y olas ) Zgl 3 3lasy (5351 bawwgie Sl g ¥ S
Sl goluly olas ) Zgl buwgio (0 .aiplin Slod (bl T g0 Zgl bawgio (7 .aheS Glod olwly olasy (5 bawgie (@ ahden
sy zgl M (wSL Hlogei (9 3lus ) (53 M (WS 510605 (0 aieS
polie JBlas (o (ANY JS) o)l [ 0ss 4 ol calid (glos ol 90 ;2 10« Shg nl S5 X
5 £330 ool ey slies el o sanbi 15 ol SlinsS e ol 5o Brns s,
4 ke & wdl @bl ool )0 wld Sie Gtaleyw g (e (2lsa lagl > 0o S alS g 3529



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

o 45 el 0313y ateaS glod by (6 00,5nF jsb 4 (285 ol 5 e LeyS zas sled eSiles LialS

(Yoo A LS5 g oaleily) censls Lo po SLILLL sl a1, o olss

AVVE T 5 Solg) conlags lgoals 59| 5 (aldlpizr Conbge 5 (i (g cnl Sl (23515 (S joboas
Sriosz 5 oo Gble (B slacis Jols el)leS 5 Cony (2155 50 LS moe (S oyt (Jlie 5
(bl (nl ol oads ssaline (los sbyo 5 )8 meds oo Jl9) Olnl (o Jolsw ohaga 5 5508
Ol el phles ax LSS Sl 5 00 ,uS Ogody oS Slod wlul i oohigas by Il asels g YU sles
3 @le g osd ey il Gl (o33l alS el 4 amo e ) (2l ol Vb gl o & Bose onay
oS 325 ) o rbi Lt ailis, (5o, (S3le S sionimad 3o b Dol 5o Los 3o St
sholgs 5 5l ol G 4y (S0 e i e sla 305 Bayk 5l 0l SB35 (L) e Slas,
SosSI 4o Ll ol (VoYY IS5 0] 92 5 sl o lejlo) 050 o 5 Vi (glosS (s luly 4o o e
(il Habay ojle cdVs Saeasds sbooil ;o oK pl sedlBl 5 IL g 0ud oS jediee Hgbody 3o AV
g 4233 VA g s slod (bl p ugradis 4250 T @ Gblie (ol o Al Yo o5l o Lo S 290 (5 )52
Sl Loy @ge slaTiy nlo b ol Slogran (g cul S 5l Gl (P19 o0 e slod ol
SFT 4S5 dw 5 Dyl S ade> stz g 635 e sl (upl 4oe ez bl o }PX&# Jold
g A BBy (L (L]
5 035 w2 Gelie a2 )0 VA dga sles o ails 5 (eSiles olag \gff PGl (o F S8 AVl @95 Sl
1o &g, slogpse Db o iKan o Tyl p{g@st 2 i a0 YO B TY osl 4o laosls 35,3
42 )3 V7,0 sgu> w—i'w\bas L BT Sho () 4 Lo aeS gles om0 LS ) 598
Sl b ool d.‘c@ >3 Ables >0 Ve Jg> aiaS bla (4,0 V.YV LAY Q) 048 0 00u0 bosls o

03,51 osls il 5l 5oyl 1) (Kl (589050 5wl sles b bl ol ot bo)S zg0 Gloj 4o o> 4l
a0 YYY B VD o 00,88 gleo atels [0 baools 51 e 55 505 dao co Lis Wosls ailes Jl> o) Ll
5O s lools g455 oaumslias ain sbeo 4 Cond A sloo (S 0 i SaSTy ol alils I3
53 z5 b zsl S lp Syde b 4 Caxsg ol el Al Gles sl pooas gLl sleslas
WS (oo §e T S

okt

ol o)l oylal slaz, Jobo jo eadicnd slos (n ition 4 a5 Sl LS zge ol zol sy 990 K0 (Shg
Blsl s 95 53 30,95 S gl laple; Sl Ysoss 5 0piion pFojlail Los wsly 4 4255 L o S
g5 (Slo b o) plonl Condy ity il Sl b o8 s by e gl ool eblun
2 (Vo TF G)fSen 5 T99) 0l 5 e b (Sojed Shoogas plo 5 (LS b Gl (b sy
@y Sop il nlpls g 0sdi o0 p )5 S lgp (g plaS )0 AT W o li daine (ol Ko O le

! Poulos & Zhong
2\Wang & Liu
3 National Oceanic and Atmospheric AdministratiorO@A)
4
Wu



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

6ol g ycpme 3LV VY ), 4 \Q)) QS oo Cond g lgenl g Juad ( oLl a> ConBge sl aan 5l i
5 e o5 gl L 5 Cany 3blie yo lizmen 5 o (2l sl Zae (F)n 6N L bt jlws )T SIS
Sgax diion slos amls gl i Bblie jo Lo JiSlas (o ¥ US0) allu Y sloools o Sle ol 5
U"‘ s).:..bu»)la f:)f 9 S L;’>‘9A 5o | 05gy L)"?"‘”“'L‘“ 4z, VO Sgi> 4.&.&.05 Lng) 6‘;3 9 L)“’?T."W‘L" 4,0 Yo
Obls ailodus y aeS (glod (gl wgmudis a0 YT g aiiin sled glp wgmdos a0 FY @ Ci i 4 polie
pazye Fooganiiy o lol pas 0 00 oYL @ Lo gyl bla S slp bl S 0 a5 cl 59
IS sbas 1928 sles (Siles a5 wien o Lo 4 bgy je Boee 350 ] el 0 5 dinaS slos ulus]
P pliieS g 9 (Hle el eiS Cobye g a8 Gblie ) ohgh Caxdy (nl esl 03 Jloy 5l YL
BB jebay il Jad o 50 aniin sles g Wb oo (ialS j5, 5 ool (slos BT YL cosb, Lo o oyl
g g0 0dlive iy (Vo V0 « oL 1S chwg) ol ol o ol 38l b o

b Loy g sl slos Vb gl b GliwnsS (5 (S po o5 cel 0T (S 0l s 55 4298 B &S5
(So599sST aie 5l Lol il ljogm! canl S Slas! cdls o8y 5l ax )31 alee on) ?.w‘ 03 b
sl el g BB Copoenl wilg o oLS ibgs 6,5]@ 5 5 ol ol

b Gulato a5 Casl a0 YE,Y Lrools (sailin .l oy s o&y ﬁp}i b gble & p 0 ol a0 VY

9 . [

s oo lid osls (YL g by d> g4\ cpl b - L@@j Sl Les mu 398 5l ColSs 5 009y osls .0l
YT sg0m) 35 e b ples ol S s baosls jri iy
13 a0 VY 0500 nKilo b (pauw U Jol Syl3l) axy0 Y B IAY Sl aeS sloo

polas a5 Jb o .\Jlu{ ,8

Sl san o W,
Cewl a8l galS 15 a0 VYW u5 4wl gleo J8las g oanw; a0 YA 5 is 4 aieS sles lawgie
ol SIS (i m3e 5,8 Al sles das so lis aleS sles jo (Sl 1 YL ails yioren

Ty A Yk

Sl g oyls oylal Sl Ll i polas @y a5 sl Sl )8 zae 3l (6,500 pie dastin L)S zoe oYk
Sl S et G Shag ol (ToYY o Sen 5 Il (63) o1 olisS slogse A i (5 i sxen
Voogas aeS g ani los (a3l 93 58 (sl )92 0 LS Eae Slad) S SYsb cbaeaily (Sl L]
0 g% i8S $055 9 65 e (>l Baee Wolas, on 5 SVob a5 ols s asls ool olad Llow
22 5 ol 0 o oSl ullesls & of Loy i SCil 0gdlay ()l w58 ol uzilys o pl sloase>
alox 5l ol Cons oldlm> 5 o8l Jolge 3l Glacgamo 4 lgi o 1) ol 1l ol csalice aYle jiSTas olis
5 PLS Libe Grd (gand s ol Ll o8 slalidy sleaible polas laisl ( JLly g Sas o3l

! Ren
2 De Polt



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

2 LS zge ooz loj Soe Lol g Y sles Lad> o (Sed sgazme olsa slagl > g jgame (S5 06

alasls w8 e ol
# o) LS (GYsh (slaeys0 455 5 areg)l 4zl o o)l 5o pl slodds> (ezen (50 (P 3 j5dS )8 50
Jba b Gﬂ bl laidd g wlianl [Lad  sleoSl 4 g oo Carsg ol (Lol J¥o 5lailos,S el 1) (Gg, Y b
S 59 L oolyen (idgeS § Sis sla e Lol b s S ol gladses o (uizmen 3,5 o)Ll Les cuisS

g g
g < N
z z
in in
3 . 3
o] -~
ity ety
o W)y SYsb o NSy Vs
2| G938 5 e Z| Gk ey s
g ry-a) S AEEA A Y
[ARY-¥4 TA-FY
| Y ESAl BN YY -FA
- 5N _—TA-AF
Y- A RS}
= S z 59 i
&[0 150 300 450 600 &[0 150 300 450 600
- — — km - — — km

45°E 50°E 55°E 60°E 45°E 50°E 55°E 60°E

. d -
)
A
a YA
=
7¥7
1= Y34

T rar
—i——Y.0A

[P R - ) l (Uaa §a) 093 35 Y3 I

(@ i slod (bl 0393 (3 35 SV gb (W1 .03 B L 10905 ol o 43 31uS 5 038 (0§ SV gb bawgio (Srg :F S
LoyS Zan 0590 (i SYgb Wy WS Hloged (7 . aieeS slod wluwly Zg0 0599 (0 5 Y sb

bod zsl 9 (Sop polie YL Cud 0929 L cenl liwer aSl> j0 cudbind 6ol 0 dx gl Ll aSS
Gl 59, OB Y ) 00g 500 bl 5l (gl 51 5olisS Lo)S zge slas; (5 SYsb wadlaie (pl 1o Lo)S zge
ooz &ygo a4y axl (ol jo ‘S’.L‘o)f Clj.d aS 2 oo olis 8l pl (aeS sloo (sl 59, T U Y 5 aniy sloo
el asbew! YL chw 4 e oS ashis o8l 5 5 Coale gl o ol (5T plgs L Ll 6,8 L»o...; sl

AL bolas, uloyge Job jrals cle wilg co (2o (pl 10 bl (s92 oligs (mizred g 098 o0 Sl
ol las 1) 2 g BB slacgle 5o jaiS osix g Jlod Jolaw 10 dieS 5 aion los ol 90 annlis
T3 Yok polie (pyieS )l 5 555 Gl jslme (Hlg i slos el p (o g AIFUSE)
O Jlie jo Ll ain gles Lo ) gblee ol o LS{LA; slozge Golubl Kly a5 wo s el |
Oty e oo |y glas ol les,S Az 1y (g, £ LB O k) 6 5YL polie aleS sles oS 5l e
alig, Olwg aels 2als b o)l zds 5 555 byo @S Shso cpl 4ol cans T ol sl saS o



ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

P 6yl ae) @bt slos ol 5l 6T sl b (lojen Lol aialSiws 59, 50 Lo S zge plyd 5 ol jliles
Pl axeeS slod e 51 Le)S zae «3blie Cal )0 o5y cul 5l S (oo ol 8 aneS sles Jlaie I, LS e
s gleo B ojls 6 iy

dngliio ;5 Olas; G 5 FYsb polie b 09 355 5 guo B (Sl Glaads> ol 505 Fya el (g o
G b 4 a1y (2l Gl el 039y oS ity slos a3l el o9 (I3 Bblie plo b
Jsb o logas YU sl (Kiwgm mle a5 ols Cans Jods LU slaalel 285 5 535 6l,d puiins pé
(VY0 ey Lld) $gd o0 9,

Sllug it slod (als )0 LS goe dngn slooygs (5 SYsb (g ¥ JS2) DL SL jloges ulul 5
ol oS as 5 18wl 5l 5L (Sl bosls ke (asls pl o ailalils aieS sloo 4 Cond (5 i
399> (sl (92 U5 5eSile) Lo S goo (3 SYsb wCanlmoy90 5l (ot 50 0515 (VL polie 929 (soaims
S les bl o (o VO Jolzo) o ool ws )0 B0 dgu 6lp g acion slod wlal 5 bools ws o F7
a5 wes o olas anin sl als o O sbeesls ol 938 el sl Jebb 4y 59, O 31 s
b abadls Sy ailgi oo 3)lge cnl 050 3529 5 iier b o) V0 0ye0 Jsb L LS slagas g3y Jloio
55 L Jpls el Ly
')l.Q;ég sl g
. QQ) ) oS lgel )bl sla S

sk 4 adlae 550 Sl o3l 3] Juw ( D) sy bl She ¥oale Yo Sl ms8
06 S loes 4 ) LV amls o S o el S5 511, e, o VL s
Jbe Y5l wialmgy b At 5 4eS Glo (S £90) s V0 U Y o Jlo o 5 (Wl
odalie 095 4 LS zao gla Shs Slpmsd o 1) Jolite iole)S g, Gl oo (ulply sl 00,57 o ools
ol 5o wlansls ol mee plEin 4 ]y ol Luld o ieads ToYF 5 YoT) sl Jlo a5 gy 4 0
Vo oSl (VL &5 ala Shg olass 0)55, g widls | (Sl (VL b o as) Sy F Y ol
el 00 S (¥ 5 ) (sloas ) wilazals |, allus

sladlo 4 plgee wsls [ (S a8) oSl V¥l (Shy 90 JI S 0 &S ol ple G o
Eyaze 3o |y ot o S5 olasd 55 Vo Ve 9 12AA elaJlo (b oy 5o 0,5 0,5 Yo 1) 5 195X - )
5b &g gds @ SRy Eaeme )3 LSl (oYL W) Bl (0 U Sy o) LSSl 00 YL
el 0092 (BBl (5 Ko

9 ol Wy Jaw PO gy Lg)L.\f).,‘ as ML: L;,Lo)f )J..MM Lngbo..b..b

=



A (| A 280 glaryl gl Ll bl o0 (2l Sl 51 B 9 Cge asd ()

&S 9 oy

e

[ Jres

ree Y-

s

[l

ol o)lods g 70,6 (g

—“=
o

H
>
pre
>

o=
IO% |

bR

:
>4

(R80T Y Fladdllas 3590 sl Jlos oo 53 ady obusl otlo S sl (59 SeSeo (o TV 1 3390 & (b yme 8 JSCi

=19 e yblroy (oLl

w0 (2l 79l g o (SH gy Sl wlas ) slaxd aile) LS zge slo Sy 5 Sy Slw bl oS 5
S 90 Blas Slow bl a5 dble & S8 50 05 o KT 1) oasay nl YU s pdyo,blbe b (>lg

ol 00 00ls )Lt 0, blks g5 b ol o eilonds Lol o ble y bl olgie a4y Wi g

4
o

o
<

35°N

30°N

25°N

Joks 1, Lo S zoe

Loaal,y

X olaS, o (SYeb

SR oAV oK
CC)tos ¢ 5¥t
595 Slax oy yidens

W Olas ) ol oy yidben

o\

[Jose> 50
0 100200 400 600 800 \
Km
1 1 1 1
45°E 50°E 55°E 60°E

oS 9ol ST g i S 3l blbkay Bblia # S

€p )5 zao j5, dlawd g «olas ) slawid laie 5l aie 9 S5 9,5 Kis—Sib sloasg> ol lis s Jdo

ol 5o lgdly (o ST (B g slaaisls 5 laogS iy 50 baae (g cnl sijls 18 oy jlas (pme 40
Sbl 5 ples (Sl slml 5 2lea Glagh o 55 p0 GlwasS (SIS gs (oidu sl Jdoe (sbls
wog> N0 g el oad LS zae Jlsie slajg; 9 YU slas) slasd cf crge (oo (oKl 4 S
A5 5l e alis oy 5 S el Doyl 8 (> a8l Jald) lisjer bl 4 by 5l sl

oo

)‘i"’l‘ oty (gl i )lo 1 BVL s mlaw 0 €l S Zoe (5,00 9 €Eee gyl b (olod slaai iy



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

My st slcSlon; (S 5l (AU S e IB) ol e 69 2 Vbl e leo
s, slaws g laslas ) slaws Has 5l laass> (pl eonl 9925 b aijls glotrg el ol polie o pae 5 (55,5lS
i B ol s oS s bailin (a0 4 o] e il bl plo 5l Soml ylaie LS zae
Olo 4 QIS o jgee oddiiy m sailiw] S g canl SSTWl e 1Kk Hlade 4 Cas gles Dbl
Oyl 0b5 s Les 2STas polie ax 31 5 wils oo (BL YU o0l &jsoas LT bl pl jo s
0 5 Ty Fip IS e & el Geal o Ssp) ol @l led Jele sas
wled 5 usb, Lulys Gloen J3las ()] Lol cde sl 05,5 il lojen jebods 1y €olas, slows oy pLi
5 ol oinl il nsS slaades o8 o b Wolas, Slold b g (Aeinn) Sod 5 ob a5 ol
Sy bl s, 50 gy lasi (i 9 €S a0 (ails )90 (P SV Bl 4 55 (b yeeslemgele
s e 5510 5 (g (SE5 5 adyn s G o) Y e Lt ool 5 s 13
e 5 ' i) el oad ol S slaolas, SVsb s b a4 e (o] b 5 2L wy 59005
(Y-YY

G B Jolsw bzl oo (Bl o) oL )9‘) «Aﬂ?@’ &M »
olas, slass ‘uocsl)u;cyub;ugygm)odl):ub oSl § 5,5 09,8
&= Ohogeslrmogele @95)‘4 Gi 5ol me °“>)° oJfW L gble g5 (g0 S5 9
Gl ellae oles Sl s osdle ijwdwwa ol el 00t ssmlive 55 Sy Lz 5 eSS
5 )55k duw,& S s s o8l (i blie o sl Lo )T slaslas, el
sl adls Gl o 1) (G a9 5 0,90 Job (bS8 «mad) slal () (sden Wb Sy Sy e

oS glgol s i Sloj Wigy Juloi

i )3 S miF Dyge g dlne (LSlar 4SS 0 Gl 05 Eae Sla SRy SISt e Slej Wy, ot
O305) Loleol a8 Wloas ools i bl L acds (pl 5o sl ool ools isles (1 5 Vb) sla JSis sla
il g (G905, (GlA0gS @ blis onl s ailesgs (P < 0.05) 55le] (s)logime (sTlo g, Sl 5l SIS e
Do wald (Fhg o sl a9 aeS Slod ululp lass ) s dulie (Gl a5 Ceul oad (g

Mg 2 a) yeiS plasl idu )0 aie Gles wlul a5 ol (Las 2l S el la Sy Slej W, Sl
LS zoe slajg) olawi 5 LS zoe slaslas; slasd Xy, (292 9 (28 Sloade> 5l plaidu 5 5ei8 Jlod
Dde m2 9 Dyl zge 58y Dlads slawi wa (bl el o s Ojleds (z (Y USS) cnl 00gr Lol
ol (tal38l 5 (oges Giale)S 4 lgion 1y 58 Gl el (2al3El o 5 950 4 Jlo o 50 o] (orez e
s S S e e o5 Slgp (Bl sl Ty Laylyds a5 ol o ol 5o ailial glaylis
Sedasg> a0 o lails Shg g0 opl ol olas ) (Sl YL & conl (Hly p Gudaie Lol
09 Jlw ;3 59, 90 B G o g 0las < FY mSTas ot gl S a5l (655 et jeb 4y S5y ~ Sl

! Hirsch



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

1S il o 3 il 5 5 (ol 255 5 LV 9 Sy eh ol s oYl 3olin (ol

el 0alds lolas ) ol iolidl 4y i a5 W5ylo 18 Leo ol ¢ ailiasls sla 3L
Sl g )b bl glase 51 oy (o JS8) ol onss iogliin 568l aneS sl s
Pl 5l (U Wlgioe &5 S9doe omd (2l (Sl Wy, wlas) slax Sl 08 (5 adse 5 (e
3 rsiS sz g Jled dolo slaylei ¢ blie o 0l il glales Jaxi jo S5 Cogh ) il 5 3,05y
Sade iSlas ax ST oailacsls lolas ) olass o ()b cxe oinlibl Wy, (S sloo) alis sbo )5 zse Haie
shes Uiz polie 51 5ol o8 (o 3 53y ) 5 Jlo 3 Sl - TV 3515) S (slos 5o s ine
Jol GLla 5 Sy (2o b Gebaie o5 plulF ol (Sradled (g e Sl ool Ll el ai
5 @5 Olzoh Gleasss) joiS LW paser 0 Geies 9 (Bl IS8 5 Oy (550 255

el 00 saline (gmaw— ol o

395 ai
B[] o rne blis oz
XY -5y
LY AP & i XY sy
CAY 1) 2 X & _ P Ap
Y- 3 “AY - 1)
Z -y
o

C 0 150 300 450
239> 5 - — km

0 150 300 450
039> 50 - km

S e (2 5 1 Lo gl i 10 10 145 la i s o9 48 el o 39 5l gy o ¥ S5
oS glod (bl gy o (5 9 @ iy Slod bl
I ‘S.M.a:lf SNy, ole (S5 sass 5l olayisw o iy gles wlal poolas ;) (55 bl 4
8y ol (@A U8 b el Sl eea o9 Glezoh )0 5 Ese sl lp (A JSE) ad ssalis
i 49 ol sy LS I35 VL she, (S s slaslab 5B) (> e b oo
Shelse 08l s ye Ssmisa (sloe,g0 18 sy Sl I3 (S oo By 133 59,505 511y 555 5
oS 5 Lo antle jocals L ys wb gy Gl b Wt se e iy ST sles (aBagace 4 Ygene a5



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

b iend (20l5 ol iy 1S Gin |y Loo gl Slilogi wlgigo = YO ° bl o b= St (sla ok

Dy g0 ypnds bl
O oz 43S W SHn oe)l5 (B Sk JeldjeiS (08 Glaade> 5l spe0 S (e lieys
Sosb a4 Canl 039y (a3l ol Wig) ()1 il (8 Lol Jlg g eyl 4zl )3 jolaien (S5 09 p0nd
Sblie (med )3 Too gyl (Shy lp wgy ol el adls (YL 4 ) awgie Gl zee slod Lawgie &5
o onl o bzl s b VB ad Ses el a2l 3,90 0 S50 5 o)l 429> @iz odln

Bl Wy Rl ol s (Sae p Fge Jelge Il oo areg )l e

£
g
g
3
<
sty
Ny o
Z|| N e bl
LI R —s
Y& ef
eb- 0¥
P
[ RIS
| _-.-ro--v¥o
-] 0 150 300 450
hlaled - — ki
45°E 50°E 55°E 60°E
z
's A
& o
Lal,
L3 VL
0 gre Bl ens
Z (| e bl z| -.--r-n
3 RS AR 4 3 Y R
SR ) I RY
ey -t
PRI s
[ BB - - FY
Z| - - FA Z| m_.err-evy
o 0 150 300 450 o 0 150 300 450
il - — km 039> 5 - — km
45°E 50°E 55°E 60°E 45°E 50°E 55°E 60°E

gy e (7 9 Ao S zlgol Gl ol g olus ) (5 W S i ln weyd W Glueb! g 53 (Sloj Wigy s :A JSi
S (glod (bl pr Wig) caid (0 9 @ danlin Lo (]

285 ppl ase (L ppl laasy> o w815 ok 4 ety (il Ojganl 4 G laogls ple
(g A g2y wlasls Jls (gme (c2al38) W9, oo slos sl Sl 5l Sl azly o 5 Slss jliSai (sele 5 635 5
o2l 2 opdle enls (elis| 51 jne 51 o Sibliol Js3) '8 S S5 5l o8 lgiise |y (o2l s, ol
oS o ol e Bl 4215 Lod oo )3 (67568 (RS (3,05 B 45 S o0 Sl (o Susb) 990eS
slozse zol Hh 5l VL Sl (o yme ;0 1985 sla iy plo & Comd w15 Sbcuiy 5 ()8 &l e (g &S
losig) cnl s (5 5 o A JSB) Gls ciulidl W) cand (603 e >lgi aneS (slas S 51 ipeS 8 LS
Ol oad Sl psS ek g 635 0 255 npl sloadg jo g silesls &, 1048 58 Jled g G0 (2l 50

lasls zos zgl 5 (SHn 0 S5 9 Wy,

! Foehn effect



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

£ Z
g g
z z
o o
B B
i} -~
sl Lty
Z| My p Ve Z| S, SV
] [ B[] 5 e b s

R e —eaFY

LAF - A BRI
.- PRI
[ BRI LIPS A
Z E.-v-eTA Z| -y
o 0 150 300 450 o 0 150
haied - — km 259> 5y - —
45°E 50°E 55°E 60°E 45°E 50°E 55°E 60°E

it glod bl Wiy e (W1 Lo 5 90 0593 (2 F SV sb (S29 1z w00 A8 Ll Tl 50 (Sloj Wigy o A S5
S Glod (wluly wigy b (@
Ghlie oo 5 el Ll o rne i, slls 5 (slaTins b plfen 55 lagse i ssb W) wolis 52
oo ol g, ol (o A JSE) wlools lis 1) iaad Liws o a5 Ceul oo al> 5 aie aiile (58S gt
Casky Gl b by Oyp0 4) bl BunS hass 45 5 plee sbyo 5wl mdd @ (Suop gl cos iy
290 0295 orAeh S 3 Sl o oge il 45,8 UK wlt slales <éﬁb§@ S5 5 g
wlasls gyls gme ciali8l gy (6095 rasg> slas oI oyl (o (Al W SED & @w Glos & b o
Sajls gy 5l B Wlgioe Wgy ol Sl 0390 VL & @5 Dl psS slaasss 5 b e
e GialeS e Gl 5 7S AT WS ) IS LS sl ol ol 3 el piSes
SaS i slod oinfiiltin Al By (b IS8T Sk Ol e o Wl ol el ol e
)Q“GTWLSL"QJQ. ‘ysgg:,w‘ts]’@f»wl.a;jwwbuo).&o).)‘))ujﬂpsjbds‘)}‘ms‘o
o8l Jolge 1 U3l pdey oadoanline lais, a5 cul o] Sily ggazme y0 @ls ol ol 1) 5 slajs,
s Lo b oylszman 5 gl b L pe e il 5 oS Cusb, s 3ok 55 i ccslailare iale,S wiile Lisy
Sl @b gyl Sy g Sab o pedtee jsbar 5 009 iyt Gl )35 o else (i aes S

Y PURAN g

g B o ) obeS el o Shy sl slagge;l 5 izl S8 @b 5l s pSope b addlas (nl
Ve sools 3l sl oslaiwll (zae iy SYsb 5 2lbos z3l moe ) s, dlaws wlas ) slaw) o S sl
Siale,S BT a8 ols las bt 5,8 wyp ol 5o (Vo YF1390 sl Jlo) a5 acin slos ailss, alla
CaieS B (Do g olaws) o ) sl axiliS L350 LS glsel sloac sloi 1 zaosar ol pl meldl (x y05
B0 Crx 9 B SaS 5 spsS SheleS @bl s 4 g andly oYL (FoS ol o LS zse oy
R o lige Bl 58 08 Crr g 8 (Pls ke ik (Opelom i (liezsl «Dg) 25S)



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

P oSy esS e, (Brbogiz atds sl o (RS Sab pipl adg Gl cal o wlazs S 8
oo bl 5585 ol (rizma ilodgy 0,5 zae bolyen slajgy 5 Sl sl Hlai 51 LeyS zge I (6 e
8 05 bane (s )0 (zsn g5l 5 o) LS slagge o in S o 1) VL olus ) (slajs, slass aiaS
(a8 lod Slate jlohg 4 (pgizr Jolgm joliw 5 Qliwos A s 205 (> 195 ,0) W8 7S les (lug
Aok Sl odns; 4250 B0 @ iy Slos bl oe los ol lalo (B 50 45 ek 4 g e
Voalaglo (S 50 nS @ble 3559, )0 5l G bawgite b) Wosgaze (ol 0 Lo ) zge atwssy slaoygs
Jlod Jolsm 5o (pgasar (apeS Glod) 6lid Lo )5 slagge olad; JIgs (Sloj s, Blad 4y 95,5 <l (59,
S slp G Gras RIE) 655 g el slroje jo slapl WlE o &S Sl LS g, iog
il Jlat ol gblie i 40 dinin sled obuly zoo S5 az 81 08 wads o8 b o |, (g3l
S il 5 odle sl 005 90 055 3l 565 sblie s s (6,05 Joline o el 00,8 a2 |, S
5 Hlie glaaigy ;0 zse slojg, 9 Wolad; shaw alBlle 5 Jad ol 5 SYsb eaiasplis Lo S oo Sloj
S Sl (S35 0055 sty Oz olisaszr 5ol il slaads>) Gl bl o ald s tals
SESE (g (rl A SIS SG (VN L 5 LS ele) 3l Slstran olll s Sl g, b
o3t onl 93 LT T50 (0335 e FVsh) el 5 Gsy 5 ) sass dbos g5l 5 (S0 b olojes
5 eS ol g LS gl w4z 51 (S Sab slsl) 515 é‘gkﬁﬁx@@ﬁé@ oL (oS 5
Sl bl plu 3l g lolae byl o sglae slajg, 5 Laolas, elm\“»ﬁ\{ ; ol (250> Sy gD
@ azg bl LS zoe plp yo o)bliey (Ao gl ladyed t;%»yé?&ﬂ‘ L& Glou bl geea plonl
SrIeET s @8 Pl o5 ol gl Dl oS S pllis plier (s ez 5 4w 55
SalasS ol SAGETEET55 0 Dol 9) 5055 35 ot (Ohss ol5eme olizs)
oiale,S (ed g, ol D js0 y0 5 W T gl (SIS (n e (S )l e RS Sab) ST

g wilss el L (Sl
@ (2 & 2l ohgt Olnl o LS Elesl Jlobiae g 55k (Ll B sladdy, ogaz)s gk (nl mls
(FNF) plyinl 5 iy dY-10) o Sad 5 0,0 (gloazély b olas) olaws Llod @y (3, sloaiels 1o ois
5 SP 2 295) SnsS bl 3(gee Sop s sl TR LS glyel Dol Gl (izen o)l (SlyFen
(Vo¥0) o )Sad 5SS cypizman 5 (V- V) o5ad o)l (V- VF) oan 5 o0l b b () Jlos
Lol ads 5 olee slys Jolam o LS @ae 0)50 (3 SYob DoldS Gizmen fol> lagh o)l cilhs
T o Sy Gl g oad IS (VTY) e 5 jladp asllhae 5 oS A5 les S (oo b
i) o gl o il ecpl g opdle 5yl lyten (T-TF) olKan 5 (615 gl b 5 £lis) & Lo
ol 2 o5 e STy Jelod b g ouds gikae (V-YF) ol Sler (B35 50 o4 (e laailen] 4

A awl ol dsllas o aieS sleo
(F15) Lan 5 Liebe b b LS ool lab b S a5 amo o ol oy Slalllae b 5 5250 4y
5 Kz I D J gl bl Sltea o515 SlessS 2y )5 Glaoygs Job lBN
28508 BIF adipe (g g Braled il 3 1) LS zoe gl g (Son ST a5 (V- TY) ol e



ddind (pl oS EBs glo ! gl il . ubb o oS Sl 5l B 9 S8 g0 asus
el 0ylods g 1,6 9o

wo s Sl iy 5 S sl sl 4 3 Sy (ol polie oVl ol adllas
o msls 5 bosls olSe s §l 5b Wlge Dol ol b sonlie ezl 5 e bl s

Elael S g il ST slagSll (205 Sale)S azg8 BB 3l sasaslis aslllae (ol gl egemme o
b ST slagiagh 95 o0 st 1S go et 1) (6598 Al atojls (oS sblie g ol olpl 50 LS
LS z9e ool » lacans &l 5 (alS iday 23l e) by 42 5 ololsnle slaosls 31 (650 20
Ao drws So5elsST (65l 5 cwdls GlaS ;) ialS glp FEES dmpie Gladae 5 0S pwyp )
slolbs se25 Jloiol 5 Slej omy Jsb 4 izl JBa &b by, Comles ol aslllae slacasgass

Lol S o o Lo Sid Sl Jdo a4 (Jolo (g b ooz (S5 e 95 bl jo Judo;l

JLCWITYRY-D

oyleds b 5l oals 48 5 (INSF) jgu5 1)l o ol Kiagh 5l Coles Gaaio (gobe Colox cow il oyl
aisled el Faaio cpl 511 095 JSis (il ailo o p3Y 093 5 B ain gl el ool il FeYELYO

3 s o2\

2 b zlaal 5 oS 5 sl asls Lulwl p canld] 6%3; 6,,.\:,%@92 ))le_é S g ol Sy eCym o sheelol
https://www.ims-jmas.net/article_105242. —‘\@ G pole g owlidlen a4 a5 5088 5 ol slaasg> o s

apis olpl @b sl w&v@ gl ar (bogann 5 (Joke e slbrde Sgamme «5gpmS (o pe ol rrom!
o OFT (VN dnwgs g Ll o

&bw

Sblags )l pskazedr o] (slogs i 5l o s (slinc b Slymis Wig; 538l OV F21) (50 es2 )5 5 o Ll

https:/fjargs. V7=V «(FIN) (Sas Gble oldlse Oldlas jiw 5 zaiiw s ol 69,50 gaslllae (ol
hsu.ac.ir/article_161521. html

@S 5 @loys glsel nyp gloolas, (VF0)) ool glgrn bl 5 (ol 2, all Jlozrars 55kl )0 cizme sz

P OONF el glaiiagy Yo YY) ey b ol By Jld able
https://clima.irimo.ir/article_156650. html

el o5 b e e le)S glael sla STy Slss Wy () O T 1) dilons wosli690; 5 o 0l el (Lal )

https://doi.or/10.22092/ijrdr. 202125020 0VV—08F ((IVA <3l bl 5 a5 yo ligdiod 031 (sbims s 1059 30 dnlllas

b Olrl @led 3 5m 5 05 slaargy SIS Dlpis Qlalid 5 315 (VTAP) Lo i5)059 5 eeeloml (i g cOlealSings

https://doi.org/10.22067/geo. V6i2.596AF Y-\ F\ «(Y)F « darms ol bl 5 Ldl i cilizes (sloo g

ool jhiear olo)S gloal Guses Jlod 5 gonail (ololid (V010) ezme (ool 5 cabld (Juusd wnn (i3l

hitps://doi.org/10.22059/jhsci. 2015582851 ~¥YY (F)Y « lawe &l blis o yie ol o Jlad 5o il &l blso

moole aslidad 2 by (e J2lae 50 Lo 5 LS glael (Setgi Julow (VYAP) e s p0b 5 pled] oenl

hitps://doi.org/10.22131/sepehr. 2017.2889F—\YY () - V)Y « s bl iz ledbol gy

e @) Olpl o2 b)S Eloel (Seigien koS g ol (YY) ionl (s iha 5 Ganr (ad) (shhas GpesS

hitps://doi.org/10.22059/jhsci. 2018.246557. Z0BA-YFY (¥)F . asme &l blis i pie (oliile S i)




A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

sloailin] o aai s ((VF-Y) oo 05958 5 ¢ Lago caily,d S bl as el waes ans (e g yboues

NO-=VYY s(Y’V)\Y su,.u.o.‘o ja.cz.c ul).lo‘.?m Y VAVags ‘_g)Ln" 0,99 b.'o um) ul){l o gle“)"*‘ 9 gle")f C‘}cl @Lcsb
https://doi.org/10.22111/jneh. 2023464.1940

bl 2 olnl 50 Jlo 0,5 0590 (b L)S zge oles ailiw] (g5lwancs (VYAA) Lo e LoSs § gammo (ol i b o ols,
https://doi.org/10.52547/esrj. 10.3.23K VYY) «(¥))+ (e Liils o jimgh (Y- FO-Y V%) Sloj oL ;0 RCP slags i

oler 0,59, wlal 5 (Y-YVV-F0) Soop ous| 3 olpl Gbe 6,8 (VFe ) L aslie (g bog, cSlols g ‘)$—| )
https://doi.org/10.22059/jphgr. 2021.308361.100735LY0 ((V)OY « crub Ll ix sloings CMIPE Jasais

Abbasnia, M. (2019). Climatic characteristics olh&aves under climate change: a case study oflatitddes, Iran.
Environment, Development and Sustainahilty(2), 637-65@ittps://doi.org/10.1007/s10668-017-0052-4

Abbasnia, M., Tavousi, A., & Khosravi, M. (2016ehtification and analysis of heat waves in Iramirdy1981-2010:
Spatial and temporal variationkournal of Spatial Analysis & Environmental Hazard8, 11-23.

Ansari, A. , Mahmoudi, P. , & Nazaripour, H. (202@bserved changes in the characteristics of hasesvin hot and dry
regions of Iranldojaras —Quarterly Journal of the Hungarian Meteorologicar8ice 128(4), 473-496.

Barton, L., & Greig, D. (2019). Using dynamic hé¢fatesholds to assess heatwave events in the caftektmate change.
Environmental Research Letters, 14(10), 10468s://doi.org/10.1088/1748-9326/ab3c74

Barreca, A., Deschénes, O., Greenstone, M., & $bapi (2016).The effect of absolute versus relative temperature
health and the environment: Evidence from ItayQ2&@015 Environmental Research Letters, 11(5), 054001.
Beyraghdar Kashkooli, O., Karimian, S., & ModarrBs,(2022). Spatiotemporal variability of the ParsiGulf and Oman
Sea marine heatwaves during 1982-20Rf@arine Pollution Bulletin 184, 114174ttps://doi.org/10.1016/j. marpolbul.
2022.114174

Bonshoms, M., Ubeda, J., Liguori, G. et (@022) .Validation of ERA5-Land temperature anthtige humidity on four
Peruvian glaciers using on-glacier observatidn$it. Sci.19, 1849-1873. https://doi.org/10.1007/s11629-0288-4
Climate Central. (2024, August 7). Analysis: Climahange is increasing the danger of nighttime &aipres across the
globe. Climate Central. o\ AL =

De Polt, K., et al. (2023). Quantifying the impaftrelevant heatwave duratiorEnv@nmental Research Letters3(10),
104005. R

Fallah Ghalhari, G., Farhang Dehghan, S., Akhl&itposhteh, E., & Asghari, M. (2021). Trend anayand temporal and
spatial distribution of wet bulb globe temperatasea heat stress index in Iran during the sumnesoseover 30 years.
Journal of Environmental Health and Sustainable &epment6(4), 1476—1498ttps://doi.org/10.18502/jehsd. v6i4.8153
Fatahian, M., Hejazizadeh, Z., Karbalaee, A. RaHsfiinia, H., & Wang, J. (2025). Spatio Temporablysis of Changes in
the Iranian Summer Subtropical High Pressure Sysfesm a Climate Change PerspectivAtmospherg 16(3),
273https://doi.org/10.3390/atmos16030273

Gao, J. , et al. (2015). Impact of extreme highpgerature on mortality and regional level definitiohheat wave: a multi-
city study in ChinaScience of the Total Environmgeb05, 535-544.

Hanna, E. G. , Kjellstrom, T. , Bennett, C. , & DeK. (2010). Climate Change and Rising Heat: Pafpoh Health
Implications for Working People in AustraliaAsia Pacific Journal of Public Health23(2_suppl), 14S-26S.
https://doi.org/10.1177/1010539510391457

Hirsch, A. L., et al. (2022). Changes in land—atpiese coupling increase compound drought and heatwisk. Nature
Communicationsl3, Article 238(https://doi.org/10.1038/s41467-022-00325-8

Intergovernmental Panel on Climate Change (2012naging the Risks of Extreme Events and Disaster8dvance
Climate Change Adaptation. A Special Report of ViligkGroups | and Il of the Intergovernmental Paoel Climate
Change, edited by C. B. Field et al., 52 @ambridge Univ. Press, Cambridgd.K., and New York.

Jangi, M. R., Zarrin, A., Mofidi, A., & Dadashi-Rdbari, A. (2024). Intensifying heatwave trends mnl based on
observational data using the excess heat factoFB¥htural Hazards12Q(2), 2073-2090.

Joyce, P.W.S., Tong, C.B., Yip, Y.kt al. Marine heatwaves as drivers of biological and egichl change: implications of
current research patterns and future opportunitles.Biol 171, 20 (2024). https://doi.org/10.1007/s00227-02340-y
Kamangar, M., Ahmadi, M., Rabiei-Dastjerdi, H., &atbavi, Z. (2025). Ensemble modeling of extremesceal
temperature trends in Iran under see@nomic scenariodlatural Hazards 121, 1265-1288.

Kodra, E., & Ganguly, A. (2014). Asymmetry of prdied increases in extreme temperature distributi®oentific Reports
4, 5884https://doi.org/10.1038/srep05884

Meehl, G. A., Tebaldi, C. , Tilmes, S. , Lamarqde;F. , Bates, S. , Pendergrass, A. , & Lombanddz (2018). Future
heat waves and surface ozoBavironmental Research Letted3(6), 64004ttps://doi.org/10.1088/1748-9326/aabcdc
Mojarrad, F., Masoompour, J., & Rostami, T. (201Sptistical-Synoptic Analysis of Heat Waves ab40&C in the West
of Iran. Geography and Environmental Hazards, 11-23.

Mufioz Sabater, J. , Dutra, E. , Agusti Panareda, Mbergel, C. , Arduini, G. , Balsamo, G. , ... Haét, J. N. (2021).
ERAS Land: a state-of-the-art global reanalysisset for land applicationEarth System Science Date8(9), 4349-4383.
Mller, V., et al. (2024). Evening humid heat maaimear the southern Persian/Arabian Gulf. Commtioits Earth &
Environment.

National Oceanic and Atmospheric Administration (N). (2023). Thermal Properties of Water and CdaS&anperature
Moderation. NOAA JetStream.




A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

Nuttall, J. G. , O'Leary, G. J., Khimashia, N. ss&ng, S. , Fitzgerald, G. , & Norton, R. (201B)aying-off’ in wheat is
predicted to increase under a future climate intseastern AustraliaCrop and Pasture Sciencé3(7), 593-605.

Oke, T. R. (1987). Boundary Layer Climates (ChapteCoastal Climates). Routledge.

Orlov, A., Sillmann, J. , Aaheim, A. , Aunan, K&,de Bruin, K. (2019). Economic Losses of Heattlodd Reductions in
Outdoor Worker Productivity: a Case Study of Eurdpanomics of Disasters and Climate Chari¢(@), 191-211.

Perera, A. T. D., Nik, V. M., Chen, D., Scartezzihi-L., & Hong, T. (2020). Quantifying the impadif climate change and
extreme climate events on energy systédagure Energy5(2), 150-15%ttps://doi.org/10.1038/s41560-020-0558-0
Perkins, S. E. (2015). A review on the scientificlerstanding of heatwaves—Their measurement, driviachanisms, and
changes at the global scafémospheric Researchf4—-165, 242—-26Mttps://doi.org/10.1016/j. atmosres. 2015.05.014
Perkins, S. E., & Alexander, L. V. (2013). On theddurement of Heat Waveurnal of Climate26(13), 4500-4517.
Poulos, G., & Zhong, S. (2008). An Observationastblly of Small-Scale Katabatic Winds in Mid-Latiesd Geography
Compass2, 1798-182https://doi.org/10.1111/j. 1749-8198.2008.00166. x

Raei, E. , Nikoo, M. , AghaKouchak, A. , & GHWR.O®8). GHWR, a multi-method global heatwave and wapll record
and toolboxScientific Data5, 180206https://doi.org/10.1038/sdata. 2018.206

Ren, Y., Liu, J., Zhang, T., Shalamzari, M. Arshad, A., Liu, T. , Willems, P. , Gao, H. , Tat. , & Wang, T. (2023).
Identification and Analysis of Heatwave Events Gdesng Temporal Continuity and Spatial DynamiBemote Sensing
15(5), 136%ttps://doi.org/10.3390/rs15051369

Seneviratne, S. I. , Donat, M. G. , & Chéruy, F0OX2). A review of the global impacts of extreme thegents and the
implications for climate change adaptatidltature Climate Change3(8), 559-563ttps://doi.org/10.1038/nclimate1857
Sharifi, M. , & Ehteram, N. (2016). Spatial-temploaaalysis of heat waves in Iran over the lastehldecades (1981-2010).
Natural Environment Chang@(1), 29-38.

Smith, J., & Zhang, L. (2018). Analysis of temperatextremes using the probability density funciBiDF) approach in
climate studiesJournal of Climate ResearcB4(2), 101-113ittps://doi.org/10.1002/jcr. 2345

Stefanon, M., D’Andrea, F., & Drobinski, P. (201}eatwave classification over Europe and the Megitean region.
Environmental Research Lettei®1), 01402ttps://doi.org/10.1088/1748-9326/7/1/014023 =

Sutanto, S.J., Zarzoza Mora, S.B., Supiétlal. Compound and cascading droughts and heatwavesadecmaize yields by
nearly half in Sinaloa, Mexicmpj Nat. Hazardd, 26 (2024). https://doi.org/10.1038/s44304-02025-72 \

Velikou, K., Lazoglou, G., Tolika, K., & Anagnostoplou, C. (2022). Reliability of the ERA5 in Remliing Mean and
Extreme Temperatures across Eurapater, 14(4), 543ttps://doi.org/10.3390/w140405473'

Vogel, M. M., Zscheischler, J. , Fischer, E. M. Seneviratne, S. I. (2020) Development of Futdeatwaves for Different
Hazard Thresholds Journal of Geophysmal Reseatamospheresl25(9), / ./
€2019JD032078ttps://doi.org/10.1029/2019JD032070, | )./

Wang, Y., & Liu, J. (2024). Impacts of Massive Tgpaphies on Heat Waves in Global Drylan@&ophysical Research
Letters 51(8) e2024GL109979.. A )

Wu, S., Luo, M., Zhao, R., et al. (2023). LocaI mexcisms for global daytime, nighttime, and compotedtwaves. npj
Clim Atmos Sc|6 36https: //d0| 0rg/10.1038/s41612-023-00365-8

Yousefi-Kebriya, A., Nadi, M., Afaridegan, E., ekt §2025). Wetland shrinking and dust pollution Kihuzestan, Iran:
insights from Sentinel-5 and MODIS satellit&€sientific Reportsl5, 13626ttps://doi.org/10.1038/s41598-025-96935-2
Zhai, J. , Xue, X. , Li, W. , et al. (2024). Heatvgamagnitude quantization and impact factors amalyger the Tibetan
Plateaunpj Climate and Atmospheric Scien@e Article 85.

Zhao, M., Lee, J. K. W., Kjellstrom, T., & Cai, W2021). Assessment of the economic impact of helated labor
productivity loss: a systematic revie@limatic Change167(1), 22. https://doi.org/10.1007/s10584-02161B7.






