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Fig 1. Distribution of geographical locations of CCSM4
Model points on Iran map
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Table 1. Characteristics of the CMIP5 Models
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Table 2. Listing of Temperature extreme indicators recommended by the expert group CCL/CLIVAR
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Fig 2. The trend of cold extreme indicators (FD, ID, TXn, TNn, TX10P, CSDI) based on the outputs of the CCSM4 model

under scenario 4.5 during the base period of 1986-2005 and future periods of 2006-2050 and 2026-2050.
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Fig 3. The trend of cold extreme indicators (FD, ID, TXn, TNn, TX10P, CSDI) based on the outputs of the CCSM4 model

under scenario 8.5 during the base period of 1986-2005 and future periods of 2006-2050 and 2026-2050.

e 5 DLk 5L 5 555 0 Ol slans = b o blas 55 sl 8 VETAVEE s b (P SE) el
.l 8 ol 6L3‘)Jjw)uc:l})4?ﬂj)‘ =l 4o Cote sladtisy o9 cpl 53wl sdalie LB ID axls W,
08 5 O,% S ad s (SS 2 Olpl b (B0 a3 Ll rlod 4l 5 S G0 Gl s S e Sas e sl w
Cind gy oS o Wl il e TXn 2l Ly, 08 Sls Sl S el Ly s (&b S e aas)l
TXn jaxlis JS Ky, dil o Hblae glabds TR 0 5o WWALNVEY o055 b A0 5ol cow (TXN) 4l Sl
ol s Ol gy 53 ke gy LSl VEESVEA 6555 b B ol ol il 0Ll ol sl slaessm 5ot @l

VE Y (sl —0Y & )loud — o3 L5 Sl YA Sl o3l owiiae 9 oole



s A1 sles Glabe iy LatlE L s p gl L
3 als ol IS W, S WASVPAY 4l o555 b (TXX)
Sy, sdas S sba towl L1 ghd ol b pls
Ol Glaass s 5l glacaand 55 s Jlsbe (g el ks 5l e
O L palis Oles los 5 ol =l 5 B8 S50 SS
Ao ,3 40 540 Ck_ﬂ)ﬁ Ly golsbias LS aS el V0
st Glae 5 g VERYSIYAL 095 cas ol STey95 5ol
Ml{&glﬁszl{yrﬁj‘}?k;ﬁTXXu&ux})@lﬁi/o
Slaas o> 5l glacand js 2ol58l Wy a5 Sl i L
ol e Olas SLos 5 ol st 5 B (55,0 (S 2 0L
O5LS TXX asls il Sy VEvE-VETA )55 s .l
s 6 Fkd D LS o5 4 el Ll 3l 05l
Bl slos dilale winy 25t ls Ky, (8) S8 w4 5 Lol
UNYAY b 0,55 b cosmd Jus 5 Jols TNX 4l
TP U WS U >V g RGOV | PP -U] KT R VR WSRO |
Ol gl 0Lk by slaas s> 5l slacwnd ;3 o180 Wy,
Lyl i ul .l osls S Oles bys 5 )0 CA} 58S
sobew bl SAYALNEY o 95 3 ol 5,5l 0 saesls (gl
TNX jaxls Ly, ol sdaline LB 5 0w cul b 50 80
alS Wy LS VEVE-VEYA o)05 55 £/0 5ot 5l fol>
daa 3 ahd Lo a4 Sgosba Ll i8S Ll of
e dsb Laxls Wiyl e JIUS e olel s O )
il S (s L YFUEPAY b oyss b (WSDD) L S
5O Go sad ok Olpl BB LBl s ST s
Syh e )btmg_ibucjh.ﬂ 2 S e Z e (555 0 Ol
£/0 s bew Gl 5 g VEYAYAL 6,95 oay Jsl 1oy 50
o v a3k e aleyn b osliwsdi Lesls Wy, Ll i
Slrasdier oS aliess 4 and LI, ol baas >
arls s, /0 b elad 5 VEYA BVEvE Sl ey
0095 ol Sl e sladiy,) Sl ol asl 53l Oloees wsdi
Slopatls Ly ousp Sl SR G5 0 DRl b o
©l o)s3 (b (TN9Op) ¢ S slacs 5 (TX90p) ¢ 5 slass,
535S LS 5 me 55 Lasli s ol 4 sl OLE ISV FAY
PPN [t ST [ AR cp PPN [ PP
ol e ol W, el pf slass, 3l 5 pff sl
saboyas Laliat/o oolin bl JAVAE-VEY STo,4s 50
S L, VEEVEYA ST osss sl cute LB 5 5 4l 5
O5LS tX90p astls Ly, S I s ool e tn90p sl
P ORI T P S Y A
z polie 5iS bl Koo 3 ol 2alS Cans Ly, glils

] Co

Y€+ lsli -0V o lows — o2 5L Jlw

4

AL e Dl gl Dl I sl glakg, sdes S
VOEYAYAL 6,53 b A0 sl elulp TND Lasls X,
SS o Ol laas s slacand 31 & 5 5 ol 58l
S8 Lres i 51 VL Z Dl Oles s 5 Gl il
05 Sl ol lsliee Z lade (3 gde blE s baid d (Y
St Sop S5 Olpl wdsm oy laiand Gl Jlis
ool sy e Latli ol L, Oles lys ol
VEYASVEE oy55 b A0 glw 53 TN Laxli S @,
oolel Jlide 528 LIS S1 s 5 ol £/0 4k b Gdate 50
Setas Ly bl cad gt ol s bl ol cuie JIAS e
o Sl Aol éj\sl:mckwj)fis sble Sl s 50l
S VWAL= ERY 55 b (CSDD) b s Jsb sl L,
o LB el ol IS Ky, o sl QLS A0 sl Salid
vb.x\&;yrﬁqw,duﬁ”@)\sbw;l,\..sjc,M\
Gl e JS e 3 Lala pl s, 5 VEYASYEE o5
S sl Ll by, Coud 8 eyss 4 Cans Js
Ao 3 A e 3 IS g e S s (555 50 Ol pl 4y bE
LSl e lobas
05 A sl
b Olpl e S op b sla e Slsl 5 oslas, Ky, (1) IS
Ve VETATAL ST glaegn 5 MTUESIYAT Wb o)
£/0 Gla g sl o CCSM4 Jua sla s olul s VETA
2 (SU25) sy lass, slaws astls Wy, das e OLES |
g 53 WWUHSYAY 4l o) 55 CCSME Jue 5 & sl
3340 gl G el cpl sy ol 215l e O )
Lile b 553 b ses 5 iate SIS \WAETHE ST o
S1osss gl b oy 53 SU2S Laxls Ly, S L
53 SU25 axle JS Xy, (SU25 & JKa)owd Gslo Jyl
U oo 53 B a8 sl Ol (VErE-VEYA) pso S oy
Lor ol g Z (el Ol el HenS de s A sl
23 Py bleden (g oblims mhaw 4y e sladiy, Gble ST s
Sladisy do)s A mhw 53 (655 0 Ol ab = bLE Gl &
slacs sluas el W) o) @L.. Ll 3 pae e
IS L, WEYAT @l oy55 b oS sl 0L (TR20) gl -
e Sesba Cal a5l e Ol ag 5y jesls
AV O o s S Ol alsm 02 O 55 s
esls gl plass Lol o ol sl Cule JIAS 0 Z 6 ol a5
gy el 33l £/0 (g )l VENFATAL 0,55 55 ol 5,51
L;M,ﬁoﬁm(\zm—wz)r,%jwélﬂ oetls gl
O gy 028 w5 Do oa oS Sl ol b ol o253 Ul
O el 53 hads &S sba ol asl ilsle, s nl 5o
ool oty s TR20 il gy <o 5 oS, alai 55

Ol S 135l (omwsias 9 @ole



TR20
1986_2005

TXx
1986_2005

TNx
1986_2005

WSDI
1986_2005
o\ e ®
9 e9g o0 0 b0
2000000
®oNeooo0o0o0oe °
P © ¢ 00000 o0
. oo o000
©0c 000000
o e{e0o0ovooe
° oo o0 0
[ e [ I
o0 0 LI
)
TR

@< -2.57 ©®-2.57--1.95 ©-1.94 - -1.65 ©-1.64 -0.00 ©0.0 -1.64 ©1.65-1.94 ®1.95 - 2.57 @>2.57

£/0 55 ,bw Co CCSM4 Jus b =9 & wlul» (FD, ID, TXn, TNn ,TX10P, CSDI) pf S sl as e Ky, -t S
i 7 als g ks mlan elul 5 Ky a4 b alie NECEVEYA S AYALSVEY ST glanygs 5 VTNESIYAY b eyss b
Fig 4. The trend of warm extreme indicators (FD, ID, TXn, TNn, TX10P, CSDI) based on the outputs of the CCSM4 model

under scenario 4.5 during the base period of 1986-2005 and future periods of 2006-2050 and 2026-2050.

VE Y (sl —0Y & )loud — o3 L5 Sl Y+ Sl o3l owiiae 9 oole



CMIP6 ¢ladus 5 IPCC it SoolS slaesls leslazal L Y0]
wlie Clid=s s .ol Ol Sl asmjs ol 53l sdasglis
55 058 3 ol 53 CMIPS (slaosls 51 sslitl | o ol
(] 0L 5 s bl G, 03 M LG 5 pal5 Lo
AR VR PN U NS e e 5 P R PACH SOV Jp gy
Loy Sl Wl ool 5 s sdul laslaygy b bLs,l s
g aoama 53 el ol Ol gﬂu.buuugwﬁéu&;u
558 ey il Sl (b S 5t cou oS oS Ol e
53 ol Sl s 5 cabaml e (il sl S gla asls Wy,

Sy St k]

&b

1. Alexandera, L.V. and Arblaster, J.M. 2017. Historical and
projected trends in temperature and precipitation extremes in Australia
in observations and CMIP5. Weather and Climate Extremes.15: 34—
56.

2. Alijani, B. and Farajzadeh, H. 2015. Trend Analysis of Extreme
Temperature Indices in the North West of Iran. Journal of Geography
and planning.19 (52): 229-256. (In Persian)

3. Alijani, B. Roshani, A. Parak, F. and Heydari, R. 2013. Trends
in extreme daily temperature using climate change indices in Iran.
Journal of Geography and Environmental Hazards. 2(2): 17-28. (In
Persian)

4. Asgari, A. Rahimzadeh, F. Mohammadian, N. and Fattahi, E.
2008. Trend Analysis of Extreme Precipitation Indices over Iran.
Iran-Water Resources Research. 3 (3): 42-55. (In Persian)

5. Borna, R. and Hasanzadeh Shahrezaei, E. 2016. Extreme
Climate Events Analysis and Assessment of Khuzestan Province
by Mann Kendall Method. Quarterly of geography (Regional on
planning). 6(23): 7-18. (In Persian)

6. Brunetti, M. Buffoni, L. Maugeri, M. and Nanni, T. 2000.
Trends of minimum and maximum Daily Temperatures in Italy from
1865 to 1996. Theoretical and Applied Climatology. 66: 49-60.

7. Darand, M. 2020. Future changes in temperature extremes in
climate variability over Iran. Meteorological Applications. 27(6), doi.
org/10.1002/met.1968.

8. Darand, M. 2014. Analysis of variations in extreme temperature
and precipitation in Oromieh indices as the signs of climate change.
Journal of Water and Soil Conservation. 21(2):12-19. (In Persian)

9. Easterling, D.R. Meehl, G.A. Parmesan, C. Changnon, S.
Karl, T.R. and Mearns, L.O. 2000. Climate extremes. Observations,
modeling, and impacts, Atmospheric sciences. E289 (487): 2068-
2074.

Y€+ lsli -0V o lows — o2 5L Jlw

Y

S5 o 9 S

b les gl gl e ls slie pwy El sk ol o
&S sls QLGS VEYE-VETYA S VALV EY AVUENYAY o505 4w
)'l:ﬂéuu,aé-tiju.:ﬁ\p\x})jt;uﬁ}uggoﬂ:u}a
Soloms 53 (LS 5 ol Bl g, 5 At Jla 5 0 Lals Ly,
s lslias Ao)3 40 5 0 = glan s Ol sl 558 Gble S|
L;Laﬁk;ﬁwblﬂédb-ﬁﬁmwmﬁ
Sl e el 8115, CCSMA Je A0 5 8/0 (sl 4 sl
sl laes s mhaw 53 0 8 Sl sl 5 L2alS s
Sl aen 3 SOT Sos asS ol il Ol ) Lol
B OVEYITAE oy £/0 4yl Loy b oal oy Ly, sl
Ol 3 g o ool daloes sl bl (o315 A
dalt Jals oo gl el 5 A slus ) el s oS sl
IS e a0 g5 Sl ealizal b syl ol gy gl .3l
OLS 1) skl 53 5 0 o 3 Gla oLl slus ) falS o5 4 5
5TX10P TN10P D FD (sla ol &5, 455 shas Aas e
odal Cewsas alS g olw 93 a5 Sleje, s 4w a 3CSDI
Sde Jyb L CSDI 5 FD L Ol slass, satls « ool
MO 5 bw a5 s (S S AS 2al8 Wy, 51870 5 bew j3 b
Cid8 L TXI0 TINIOP (sla a=ls ialS WLy, Ll
s Slesss 53 OT gy o | o dalst S0dd Obej
oela s ol Wy A0 sles iy e 3 S S
STXN (slaastls ds, das e 0L £/0 5l 31 Sl |,
ool ozt iulshl 5o CCSM4 glaosls 5,5 ¢l ,TNN
Slooss 55 5 il e Ldd o TXN gl Sl i ol
ey o 355 e S s A0 gl S g

3 eslaal L rjf S slajexle Ly, s p @L:J
033 53 ol S Gl axls W, oS sl Olis IS e (glady g
Gl VEVE=VETA 0,55 5 WWAE-VET oy53 OTUEIYAY w4l
5 Wesss o > el oyl Bas A0 5 £/0 55 ks 55 1o
sl & by S lagatls digs od St bl
S yerls aen j3 sSysba ol VEVESVEYA o) AO
(WSDI; TXX (TNX (TN9OP TX90P TR20 SU25) ¢ J§
MO g sl s Glaze JILS e olel Wl 5 S5 28 5 i
/0 slaslow i 5l S0 55 Al e 0 uﬂ 0,95 b
LaQ\ﬁ.Jd})Q\JQJQJJhLé}:ﬁﬁL:L;,k;./a;}wv.a/\/o}
Ly o Shds J_{Lajf sla el e o 5l Osline
53 23303 sdalie TNOOP  TXIOP L2xLi 55 Ol 5 po |y ol
oslial b Olal eyl glos Ll b b Jas s o plonl Dliios
e s e IVILls s CMIPS (gladde slaesls |
S G, sl Al 5 Y] O 5 (g e [TA]
@ L oS Cl od uSU VL bales 5 05 slassy LRl
0L 5 5 Sladlas El pearer 2ok Calas i gl

Ol S 135l (omwsias 9 @ole



Analysis and Forecasting of Extreme Temperature Parameters
in southern part of the Caspian Sea. Researches in Geographical
Sciences. 18 (48): 79-93. (In Persian)

22. Katiraie-Boroujerdy, P.S. Akbari Asanjan, A. Chavoshian, A.
Hsu, K.L. and Sorooshian, S. 2019. Assessment of seven CMIP5
model precipitation extremes over Iran based on a satellite-based
climate data set. International Journal of Climatology. 39(8):3505—
3522.

23. Kouzegaran, S. and Mousavi Baygi, M. 2015. Investigation of
Meteorological Extreme Events in the North-East of Iran. Water and
Soil. 3(29): 750-764. (In Persian)

24. Manton, M.J. Della-Marta, PM. Haylock, M.R. Henness,
K.J. Nicholls, N. Chambers, L.E. Collins, D.A. Daw, G. Finet, A.
Gunawan, D. Inape, K.H. Isobe, T.S. Kestin, P. Lefale, C.H. Leyu,
T. Lwin, L. Maitrepierre, N. Ouprasitwong, C.M., Page, J. Pahalad,
N. Plummer, M.J. Salinger, R. Suppiah, V.L. Tran, B. Trewin Tibig,
I. and Yee, D. 2001. Trends in extreme daily rainfall andtemperature
in Southeast Asia and the South Pacific: 1916-199. International
Journal of Climatology. 21: 269-284.

25. Miri, M. And Rahimi, M. 2016. Global warming and the trend
of temperature changes in Iran. Young Researchers club - Islamshahr
branch. (In Persian)

26. Miri, M. Masoompour Samakosh, J. Raziei, T. Jalilian, A. and
Mahmodi, M. 2021. Spatial and Temporal Variability of Temperature
in Iran for the Twenty-First Century Foreseen by the CMIP5 GCM
Models. Pure and Applied Geophysics. 178: 169—184.

27. Mohammadi, H. and Taghavi, F. 2007. The trend of temperature
and precipitation extreme indicators in Tehran. Geographical
Research Quarterly. 38(1): 169-179. (In Persian)

28. Rahimi, J. Laux, P. and Khalili, A. 2020. Assessment of climate
change over Iran: CMIPS5 results and their presentation in terms of
K&ppen—Geiger climate zones. Theoretical and Applied Climatology,
141:183-199.

29. Rahimzadeh, F. 2008. Investigation of changes in Extreme
Precipitation Indices of Iran. Nivar. 30(59): 7-20. (In Persian)

30. Rusticucci, M. and Renom, M. 2008. Variability and trends i
Investigation of changes in Extreme Precipitation Indices of Iran n
indices of quality-controlled daily temperature extremes in Uruguay.
International Journal of Climatology. 28: 1083-1095.

31. Seo, YW. Kim, H. Yun, K.S. and Lee, J.Y. 2014. Future
change of extreme temperature climate indices over East Asia with
uncertainties estimation in the CMIPS. Journal of the Atmospheric
Sciences. 50: 57-72.

32. Tan, M.I. Samat, N. Chan, N.W. Lee, A.J. and Li, C. 2019.

Y€+ lsli -0V o lows — o2 5L Jlw

Yy

10. Erfanian, M. Ansari, H. Alizadeh, A. and Banayan A.M. 2017.
Estimation of Relationship between Frequency-Duration and Return
Period of Extreme Climatic Events in Khorasan Razavi Province.
Geographical Research. 32 (1):37-50. (In Persian)

11. Gebrechorkos, S.h. Hiilsmann, S. and Bernhofer, C. 2018.
Changes in temperature and precipitation extremes in Ethiopia,
Kenya, and Tanzania. International Journal of Climatology. 39(1):18—
30. doi: 10.1002/joc.5777.

12. Handmer, J. Honda, Y. Kundzewicz, Z.W. and Mechler, R.
2012. Changes in impacts of climate extremes: Human systems and
ecosystems, A Special Report of Working Groups I and II of the
Intergovernmental Panel on Climate Change (IPCC). Cambridge
University Press, Cambridge, UK, and New York, NY, USA, 231-
290.

13.Hanson, C.E. Palutikof, J.P. Dlugolecki, A. and Giannakopoulos,
C. 20006. Bridging the gap between science and the stakeholder. The
case of climate change research. Climate Research. 31: 121-133.

14. Hong, Y. and Ying, S. 2018. Characteristics of extreme
temperature and precipitation in China in 2017 based on ETCCDI
indices. Advances in Climate Change Research. 9: 218-226.

15. Hu, Y. Maskey, S. and Uhlenbrook, S. 2012. Trends in
temperature and rainfall extremes in the Yellow River source region,
China. Climatic Change. 110: 403-429.

16. Hundecha, Y. and Rdossy, A. 2005. Trends in daily precipitation
and temperature extremes across western Germany in the second half
of the 20th century. International journal of climatology, 25: 1189—
1202.

17.1Im, E.S. Jung, .W. and Bae, D.H. 2011. structures of recent and
future trends in extreme indices over Korea from a regional climate
projection. International Journal of Climatology. 31(1): 72—86.

18. IPCC. 2007. In: Solomon, S. Qin, D. Manning, M. Chen, Z.
Marquis, M. Averyt, K.B. Tignor, M. Miller, H.L. and Eds. Climate
Change 2007. The Physical Science Basis. Contribution of Working
Group I to The Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press, Cambridge,
United Kingdom/ New York, USA.

19. Jahanbakhsh Asl, S. Khorshiddoust, A.L. Dinpashosh, Y.
Sarafrouzeh, F. 2015. Trend Analysis and Estimating Return Periods
of Extreme Temperature and Precipitation in Tabriz. Journal of
Geography and Planning. 18 (50); 107-133. (In Persian)

20. Jiang, D. Wang, K. Li, Z. and Wang, Q. 2011. Variability of
extreme summer precipitation over Circum-Bohai-Sea region during
1961-2008. Theoretical and Applied Climatology. 104(3):501-509.

21. Karimi, M. Sotoudeh, F. and Rafati, S. 2018. The Trend

Olnl ool (pwiigs 9 pgle



35. Zarrin, A. and Dadashi-Roudbari, A.A. 2021. Projected
changes in temperature over Iran by 2040 based on CMIP6 multi-
model ensemble. Physical Geography Research Quarterly. 53(1): 75-
90.

36.  Zhao, C. Wang, W. And Xing, W. 2012. Regional Analysis
of Extreme Temperature Indices for the Haihe River Basin from 1960
to 2009. International Conference on Modern Hydraulic Engineering.

28: 604-607.

Y€+ lsli -0V o lows — o2 5L Jlw

Yy

Analysis of Precipitation and Temperature Extremes over the Muda
River Basin, Malaysia. Water. 11(2): 283. https://doi.org/10.3390/
w11020283.

33. Varshavian, V. Khalili, A. Ghahreman, N. and Hajjam,
S. 2011. Trend analysis of minimum, maximum, and mean daily
temperature extremes in several climatic regions of Iran. Journal of
Earth and Space Physics. 37(1): 169-179. (In Persian)

34. Yao, Y. Yong, L. and Bin, H.J. 2012. Evaluation and
Projection of Temperature Extremes over China Based on CMIP5

Model. Advances in Climate Change Research. 3(4): 179-185.

Olnl ool (pwiigs 9 pgle



wole 4 pls

Ol S 13l (omwsian 9 @ole
Iran-Watershed Management
Science & Engineering

o

‘}f»/ o
O

Vol. 16, No. 57, Summer 2022 YEo) olusli -0V o lowd — o203l Jlw

Investigating the Trend of Changing Future Extreme Temperature of Iran by
Using CMIPS Data

A.Tajik!, A. Arbabi Sabzevari* and R. Borna®
Received: 16-03-2021  Accepted: 29-12-2021

Abstract

The aim of this study is to investigate the trend of spatial and temporal changes in the future extreme
temperature of Iran. The data used include daily data of minimum temperature and maximum temperature
of CCSM4 model during the basic period of 1986-2005 and the future period of 2006-2050 under scenarios
of 4.5 and 8.5 in Iran. The results of studying the trend of warm and cold extreme during the basic period
showed that in general, warm extreme has a positive and increasing trend and cold extremes has a negative
and decreasing trend in Iran. The results of investigate the trend of future extreme temperature in Iran during
the two periods of 2006-2025 and 2026-2050 showed that in the first period and based on scenario 4.5, the
trend of cold and warm indicators in most parts of iran have the same conditions as the base period. In the
second period, these conditions can be seen with limited changes in the spatial distribution of decreasing
trends as in the first period. Investigation of the trend of temperature indicators based on scenario 8.5,
showed that the trend of cold indicators is negative and warm indicators are positive, except that compared
to scenario 4.5 the increasing trend of warm indicators is more severe, especially in the period 2026-2050.
These results indicate an increase in temperature changes and consequently an increase in extreme events,

especially extreme events in different parts of Iran.
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