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3 Canadaian Earth System Model

4 Representative Conentration Pathway

5 Statistical Down Scaling Model

¢ Coupled Model Intercomparison Project, Phase 5
7 Long Ashton Research Station Weather Generator



CoiSpe S 4 Js Cunl 039 VY Lo 3l an K] 51 (g0lawd Ll Gl (S5 4 p3Y 0 odlatnl pw s
DA 034 38] adllas 30 (SlealKiw! & old  SLblyas Cuxdae bl
B et
Slalo (5:S5ke (slad T 5l )3 45 0 apslona (1) dolas Bub Culy €6y gy bl o Jsiliy 3y s adllae ol 5
(Thornthwaite, 1948: 55) 54 .o dmwlxe (V) alasly 3udo a5 canl s @ g
10T -

PET =16 (") V db,

a=(675x10"7)1° = (7.71 X 1075)I? + (1.792 x 10"2) +0.492 Y ),
(¥) dolee (608, L Jlo olo VY )l s (a3l gaeome Dgu oo duwles (V) alaly 5l oolaznl b T &Yl 5)ly> s ls

=Y 1, ik,
1.51
tn = (5) ¥dal,
ol gy anb

0a3La R () abaly 53 .05 odlial (5) abaly 3o (5,led 5 (B) ahslas 3ib S0 (Boy 99 51 eealdl s aibs (5l
AT hlSan g (wgll) Mid yiashe come 2 Jrusliy 305505 5ke BTP g Yo (0 ggeone P Suis

(M

= ﬁpp 0 dk,
b gk ye jlu g gk ye B St 18 5l gy (Sutd (adls ulul p o] o (olBl (o) bl ) Jo> (illas
D)5 o g

(AQ YAy ‘d"“’?u’) gy S gad b wlwl g liSee o8l s ) Jous

8lg bl R<-,.s S 1,8
Ll bl o 0<R<y s
115 e . Y<R<. S dag
bwgie 5bly o<R<. a5 Cgb yo Ao S
oS oble - OF<R<-vo b e das
38 bl -vo<R b yo sl g gy

0o T g (MM) (S50 4Vl :554e P ol 55 45 355 00 355050 (F) dlae 3ib sl gty Al «5)logd (sbg) 3
St do (o)) S ol Lol (¥ g ) yisles ol onld] (sladis el (C° )ailig, Lawia (slo> &Yl



aib a5 sl e (YO ) yidw) wobye (s 5 (YO-YA) Ggbo e o VF-YA) Gobo yo dass (Y +=YY) slal e o(Ve-Y)
D98 el (B0 5 jd) © Csboye (Jid 5(Y0-01) Al gbpe (LS Y 93 4 265 3

a= T+P10 ;é‘"a-")
Oezed 5 lyl 53 w8l pl o5 Cawg 4 dagi b &S Wloads iy yai 03 31 jiaS” (e li b Sis bl opyled (gabadds o
o 4y 5 g0 odaliie il ] sy 5 blie (S3lsST g ols 0 ()T Cglds loyloin g Sle slas e
I}@yq@alwcﬁl)’l.wlw&ﬁ(@@9&bkm)m@|ﬁj9agwa&ips
(O e o )Ken ¢ (LIS) was S (0-)+) Sble S g (-0)Sis

(0 Y€ e (o),Kon g Jd) 9 ,lod (Suid (ad L wlw! y i coaldl s ¥ Joun

- s 1,3

Veod Sl s
1341 S do
YYA-Y-. sl wlysae
AR s po Ao
YFA-YA s

Yo Gk ye Hlws

o s 9 JINS— (90 Xig;y 905

o0l K &S wb ealiwl (Mann, 1945: 245 ; Kendall, 1975: 375) Jlus’ — e oyle] 5l 859, dg3g (o 1y
L9y 29y pae 5 lmodls (g (ol jhuo (53 SIS =30 cpgesl 3 sl pasuiiol i b sloosls (sl (5l
223l Jloj (6 pm 53 Ligy e (2 (st Bl (oo 01> (g 5 Nig 929 (o (58 3)) S B8 5 el el o
Theil, 1950: 1397 ;) 595 0 o3kl SEN'S i (6 y20l,L0 o) 51 el a3 lsl b s Jloy gl w95 &5
255 dxzlye () AVF) Siad 5 (6,51 & a5 K, dnulone b 5| 2 Sl o5l (Sen, 1968

axllas 390 ashaio

g Jlas 5 5] cslbogS) ol Lol (slaosS (stintan usl ogboye i b Sislb 5l it sanldl Ly (glyls ]
N logugldl 1 ol 693 5 (e epirand S 5 28 Glagbls b slpmen (g 5 f 0 08T laais,
Voo 5l gie B) )5 by (dole (295 > aVle (Sib oliee st sl olul cilise slawdBl Y5 (et
Sble (PP 9 )9S By g 5 (295 > AVl (D)l (35S 9 )9S (2 Jled g Jled (295 imen 9 (pp
(V¥ ohlen g olise ) wmd (o &) (pp Vo 5l S B) 535 5



Cou g b 4l

S— 8 9 Lod ()l b g Mg

03,9) 5555 9 Lod (o)l (sl adlllae )50 (Slo@lSiun] ) Sy 2 s cand g Sl (5 hine (g5l B ¥ Sz
Ol 381 (ZV0,5)oKun] Y¥ 55 g Lod ial3al o] (ZAVVA) YO 3 5)b ials (4YY) kalu! V¥ ) cul ol
i o0liile S ylo S Ml ¢ L)l cdrog)l ogl A 3 dslllas )50 aKiusl o > Gl Hbolixe 5y s
o] Jom sl (3255 9 Lo Gl 3l ()l (ialS) Joline ++ 0 law )3 puike 4w o )3 Syl 5255 05 b
NogiS )5 > Bly hpllunl yide b jl Glis & load dly )9dS ©)8 ) 395 bl 4k (lo)S
A Jolime (awoyp 350 (sl yurie dw yb )d Sl &S At el b lew 5 Gl ol Sl Hisle,S
pp TV A g VIV L i a9 55 Sleallial o AVLo ()b (B8l cud o ik oo cnd ol
Ot 9 Jlo 2 ogmadis 42)0 < FYE 9 VYA L i 0 g e il o Lo LRl3EI il (Jlo
5 b, el ol Fy Jo ppep YOMY 9 YOMY b g a4 bl g jlenl cloalSius! jd 5ym s il
aw > Ol ] Jlo el ate (5,b 3590 1 5 Cutte bS] oled jd 5ym5 w55 g bod slaig) ol s (6,oline
0> Fy Ve Ne B YR Jlojojl 0 pusd goyi dad yloj oy 50 Gl 0350 VAAY U VAA Sloj 05l 50 398 yunio
oS glailon sl 0dd 035l digad lsie 4 ddio (S jlsn) GlealSigl o cud g e Jlo O US55l
cge bod (Rl g ()b plojen (AalS (el & Cunl (35505 e 4 by po Ol cand (g2 il 298 oo 0l
ol 01b 3 pite Sjguo r Lod b (5)b o b dunlie 5D (5585 s il 38l 0l j cud

1 8l pundd Jlw dlali g cpwr o 9 JINS (30 (9051 S ¥ Jgue

5 Jlo O d Soblie s ol pU
Ly pd AL G S Lo ok e A RE- T

2005 1996 2007 25.882 0.051 -0.331 0.05 0.05 - O];U
2009 2008 2008 0.777 0.016 -0.112 0.05 0.05 - sl
1990 1990 1985 0.067 0.025 -0.0003 0.05 0.05 0.05 sy
1998 2005 1985 1.904 0.283 -0.679 0.05 0.05 0.05 o)
1999 2008 1995 1.727 0.330 -0.086 0.05 0.05 - Ol
1998 1998 1985 25.883 0.605 -0.570 0.05 0.05 - Slgal
2000 2010 1995 3.596 0.099 -2.024 0.05 0.05 0.05 e
1989 1990 2005 2.12 0.035 -1.638 0.05 0.05 - sl
1992 1990 1985 1.013 0.284 -1.311 0.05 0.05 - yyses
1998 1998 1998 12.509 0.586 -0.160 0.05 0.05 - e
1990 1990 1989 1.441 0.332 -1.306 0.05 0.05 - Sl
2008 2008 2002 3.596 0.069 -0.077 0.05 - - ook
1995 1985 1995 10.907 0.429 -0.159 0.05 0.05 - 9.3
2005 2005 1990 0.297 0.605 -3.208 - - 0.05 Ly
1985 1985 1985 1.630 0.456 -1.256 0.05 0.05 0.05 %
2007 2010 2002 0.522 0.111 -0.413 0.05 0.05 - Qyhs Coy




1992 1989 2009 3.089 0.497 -0.390 0.05 005 - e
1990 1990 2002 5.945 0.038 -0.058 - 005 005 _lonss
2000 2010 1995 0.117 0.084 -2.054 - - 005 U s
1992 1992 1985 2.090 0.567 1.25 - 005 005 e
1992 1990 2000 1.862 0.407 -1.118 0.05 005 - o,
1992 1985 1990 1.988 0.136 -2.697 0.05 005 - vy
1996 1995 1996 7.158 0.368 -0.259 0.05 005 - i
1998 1990 1985 8.164 0.469 -0.269 - - - Sl
2000 2000 1985 0.680 0.330 -0.564 0.05 005 - s
1992 1990 2000 1.998 0.236 2,617 0.05 005 - e
1985 1982 1995 3.605 0.045 -0.083 0.05 005 - Jopen
2005 2003 1995 1.943 0.522 -2.441 0.05 005 005 s
2000 1992 1990 0.723 0.258 -0.348 0.05 - 005 i
1985 1985 1985 1.709 0511 -0.020 - - - s
1990 1989 1995 1.909 0411 -0.016 0.05 005 - 290l
1982 1982 1982 0.894 0.198 -1.669 0.05 005 005 55 d
1980 1989 2005 2.619 0.429 -0.239 0.05 005 - i
1983 1992 1982 3.342 0.603 -0.098 0.05 005 - b
1995 2000 1995 0.723 0.258 -0.348 0.05 005 - e
1999 1985 2000 0.845 0.153 -0.678 0.05 005 - v
1992 1989 2009 0.992 0.597 -0.390 - - - oS
1992 1995 1995 1.818 0.481 -0.694 0.05 005 005 oS
1997 1995 1995 1.941 0.554 -1.984 0.05 005 005 oLl s
1990 1995 1990 1.188 0.126 -3.697 0.05 005 - o555
1995 1992 1999 3.167 0.729 -0.132 0.05 005 - i
1985 1986 1985 1.635 0.453 -0.013 - - - .
1982 1982 1982 1.923 0.542 2.421 - - 005 zoul
2000 1995 2002 4380 0.626 -0.071 0.05 005 - o
2002 2000 1980 1141 0.173 -0.805 - 005 -




Sequential Mann-Kendall plot

Sequential Mann-Kendall plot

5
=
£

r

Utt) and U(t)

Retrograde
T T

T
1970 1980

1960 1970 1880 1890 2000

Year

Sequential Mann-Kendall plot

Uit} and Ut}

\

| — Prograde
i T T
1960

95% CI
T

2010

- Retrograde -
T T

1970 1980 1990 2000 2020

Year

#5 Ghorghan

om0

Sea's estimate T

U Ghorghan
o

Seats estmate PET

Sequential Mann-Kendall plot

Sequential Mann-Kendall plot

Uft) and U(1)

i) and U(t)

| — Prograde

T T T
1970 1980 2010

T
2020 1960 1870 1980

Sequential Mann-Kendall plot

Ut) and Ut}

| —— Prograde - Retrograde 5% CI
T T T T T T T
1980 2000 2010 2020

1960 1870 1980

Year

0 Ahyaz

xm

Sews estimate T

200

Sen's estimate PR

st Ahvag

—
S —

Sequential Mann-Kendall plot

Sequential Mann-Kendall plot

it) and Uit}

—— Prograde - Retrograde

85% CI

85% Cl

T T T T
1970 1980 1990 2000 2010

Year

T T T T
2020 1960 1970 1980 2010

2020

Sequential Mann-Kendall plot

Uit) and Uft)

85% CI
T T
2000 2010 2020

j —— Prograde - Retrograde -
T T T T

1960 1870 1980 1990

Year

0 Nfashhad

—r

srsosimter

S Mashhad

.
£ s
H
B

e

e

Mashhad

Se's estimate PET

i 5 iged ol ¥ 3 () Lod 5 (Mawrg) (o83 d(Comly) (3,525 pned (6152 (o sl 9 JINS— (30 o903 Y JS0

e 5 981 55 ol 4 Yl




ol b ool

g oh9;

“VNY) g3y g (VNN g Lo slroyed sl o gy 4 (souldl sy 4l I ol @l VS 5
cowgo9rl ¢y ILT) Sblom sl )b bl ¢ jguns o] ¥ gy Jloy 093 53 wCanl 0ib 03,91 olKtun] ¥B (gly (VAAY
w5 loal (ledal rade (el Hai 09,8lS (Glo)S el (lalj (b} (b olgies) St oKl VY 232
93 325 <05 02938 c0ldo « ST Gl0 3l elioms edize o e )i i i) (S s ol VY ((p ]
(I3 iy sy cpmasly il (5 S) gl ye oSl A g (o)) bl o3 0,8 b )5im) gl yo das oSyl ¥
T gnl) Sblom SEST 3 wuldl &gy oSl £ ] Loy 0y93 5 b (g (sliilo S criiiuoefins cdgasy]
ledol g 29,0l (wgegl Lol olunls (lo)S iy b lg3an) SiS olRin] VY (ol o2 e bl 232
P ShlS e gl (liows ¢jlind ey CoyF o ©)90m) Suld dogd ol VA (P (o 08 ¢l 00
oSl By (5)5) s ye dagd ol N 5205 o)l i (S5 g3 @S es s o)l e olitile S ol
A (Il g iy pusely bl i)l ) by

4500 H0F S50 60°00"'F,
s L s L

T
J0owenN

350N

T
300

T
FER

1961-1990 s db-“u-h Sl U'“QE‘ ‘5..\4441\& . 1993-2022 s Jw u-f-" Ol g;‘-‘ﬁ. | tﬁ-‘-‘f‘&-‘j"
5 SR % £ ]
* L “
s et
| @ e

T T T T
T T T T - U S5 .
- 00OE ST SOV 4SO SIPUE SSWOTE e

oy (13201 ) @ po Jlo i 8495 i gy s o gl 2 axlllns 3y90 (b 0lKkuny] soalil a1g5 ¥ JSUS
(YAQY-Y+ YY) 531 Jbo s 093

03y ;31 Jlo i g g2 po oy 0y99 10 g padld bl il ol il & 3l (cloalSiay] slas ¥ IS5 5
3945 SlealSiunl JS g yo 5 g yo das ] £l (SlealSiunl i gpaire > 45 183 o (i JSb el 003
ol b lealSis) o pitrod Cuwl a8l (ialS ao > Ve 4y 18] Jloy 090 a5 Cawl 0390 Mo yd ¥ x5 40 050 50
Oyles 4wl @Bl il ao D AFSF 4 13 and 0 &S Cuwl 0dgs Ao > £ Y g g0 090 (0 S T SUis doy
S8 b Ss da malll 4y Cglopo b glo po dad malll b (ol Sl aopd Ve S5 8] Jlo s 090 )3 505
@ Cob o 0Bl 1 aS Canl 00> ) dreg)l olSius] wal8l 1> usd oy yiage addllas 3)50 (LK) o ) ilodds Lol



50

’i * m 1993-2022
™
—, 30
;
9
4 20
S
10 I
0
~—‘3J=u-° Al SR 4y S kA | b

31 Jloys 2595 9 (YATI-1A44) 22 5o Jloyi 893 55 iliseo ol Algi b (S Kiun] (o y3) dlans ¥ U
gs el glao o (YYY-Y44Y)

O slegd R9;

o] g2 po Loy )99 50 ¥ S Billao .l 00 025l (5)lagd o) 41 sorldl ks il I ol @l Syl
(osS b iyt lgsies olug] VY SIS 18 s )3 ugon] (olis 1 ol o el 03 (ool oSl Y
(Olioww ¢jlped g pden o dgplio o Y (Ll St b )3 (i 0B STl Slsal aadsy 09,0l lasls < bl
)5 e (055 9 oSyl F (StS dag Sl 1> (g5 )l cdmgyl Gy (5 g ldon @Ml ol p 5
Al 5 Il s iy «puncly ol8tu] dus 5 oghoye s 5 publy o8] el &lyte o 3 S it ST py5
(b o VY &S Cnl (14505 4y 5908 SlealRinl (codlil (anadle p3T Jloyi 0y9 y3 WlaB)S 15 b pe (LS
S ol ol A «Sits 18 cllo )3 ol lsal (loduol 03y cuganl obe )1k colo)S o laely (il iz
)5 e 631y ¢ liows gpe 290 ¢ 5 ) o] Vo ¢ Slly o 3 Sl e (15 ey 9,0 (hanl ey
Sitd dg Sl 53 ol 0938 )] o (s dnng)l s coliilo S @atius (lian el 0Ll p 3 @S @l
Sy 8 b ye (et by I3l pan ccudy ey sl Vg b je <l 3 pudily ()l ol



4500 E suwuTE SSE 0T
1 1 1 1

o

30PN

00N
i

250N
A

ATE SPOWE S00UE GADTE
I L I 1

1961-1990 1 Juui (b O ) ool (58 4Bk

T
e
s,

19932022 st S o1 ) el (sl Aok

.
7
I

T
20N

A0S
L

Pt el g2yl
@ s

@ s

T
VYN
30N
L

T
aewny

T
ELE

T
300N

T
280N

T T—— T T
48300"F 000 EZE, GE00CE

c(\Qi‘—\q~“ )&).o Jlo).; 8,99 1> .03)103 ua&l.m LS"“'?"’ > axdle 3,90 leh bm‘ u.og‘.ls' ‘_?'54 £ Js.w
(YARY-Y+ YY) pdl Jlo s 0,90 el
23 by g zaye Jloy 0y9d j3 pyled asli Lwlel p calisee el Glads 4 glaie loalSiw] sl & S5
(Sl S5] 5 ooy 35 5 514100 o8] S (£la St s Epmir 3 o8 a3 o (L5 JSCb ol 0 3]
e eed Cuol a8l il WY & sl oy 6yg0 50 aSUl 10 sl 0390 Mo > YWAL 2540 09 43 jeuiS
Lo )d MA@ 31 Lo 5 090 )0 &S Cuwl 0393 duo)d YENR 23 10 090 10 Sl b U s dos pull b oo Kis]
2oV Sislyd halliw! slass @ Bl IS 4 clalinse oldl b chalKiuw! uls sllao (ol aBl iol38l

ol 04 63433

40

L').I)Las.) c‘_')1).‘>-1 &1 d.éjﬂ.;.a

®1961-1990
m1993-2022
0 JI ll I

Coshe LS shape sk pa dagico) ) e S Al SIS (S8 )

231 by 0,93 9 (Y47Y-144+) 2o Jboyboy9d Slises ol Ay b sk Ky (M)a) SMaxi 0 JSS
o o3 sl glise 4 (Y+YY-144Y)

%)
<o

(=]
<o

(/) b o] Sloss

—
o




ool s 43 031 &y Ol puis

Sy 5 VNN zm o Jloy 0y93 b VART=Y oYY 3] Jloyi 0193 13 youS _canldl (sl duaslis 5| Juols gl
(6] VYY) dio 0 YA o8l (g gy Billae ol o 00> (Lis & JSS p0 y5)led 5 gy (o5 93 Bubo 00D &)
4 409l ooyl @i wltile)S bl p 3 claen (g ojlsal 0,5 0 blj iy )5 (55 ol Ll
U o3 TV oles sl 03,5 i L] ol ol 0 laalSiug) sl cul aly i 5SS aslil ails
Ol 1) s wilil ggw 4 (abmlr By, G LS olladl lalRin] (polo 3wl addllae 3)90 loalKin]
S9g S ouldl e bl ol 4oy Jloisd ST (slaams )3 ()b (2l b Lo Gl pglts g0 5 45 s oo
15 e 45 ol Bl o 5SS byl 4y (] VE) LK) 51 2,3 TY,) mald] 5 ,lod sl ol s Lol 3l
ol . olitile )3 5 bl p 3 ¢yl ¢jlgl 0,8 0 b el el S iy e <55 caryd> Ca @i 3l
wlos 1> Jlo ol b sl anlllan 3,90 (sloalSin] IS duoys Joles 8148l yes oylod sl bl gl ouldl a5 ol

D9 o0 043 PSS wll (s9w 4 (5059 oxlexdly (SlealK]

AR S0 SR SO0E e T EUE PO
1990-196T & 558 A Cianad 20221993 252 100l (ool (Fhlia )3 22l 0Lk s 1990-1961 a0 #39 4 s 2022-1993 053 100t gl ghlia 53 00k s28ldia poid
z i — &
£ ] R P T L
4 -4 4 F §
5 & 3 =
z z r 4
= - L2
¢ £ £ £
£ ez B
H ER 2
l . .
! [ R NS : 2 o~

. . : R SOV DIy TP \\_l ({ ‘,} gt il /‘/ ;: '*"\..—\r:;\_f:i j - %
B e 211 o L fa A e Le

e W - snE

—VATY) 25 50 0590 4 Camnand (YAAY-Y YY) 31 Jlo 5 0595 45 (2] (ool (Blgi 13 2315 &y Ol punis T Y
O o> (P9, i 9 g g, el (144
053 5 olKiw] B 4 x> yo Jloy 050 ;3 oKius! A 5l oo yo muldl b Lol dlass &S ol L o (bl gl

F31 bl o8] b (clelSian) 5 Y & ¥ 5l St 5 S5 g lelStn iy lin 55 el ialS 31 oy
My s oplegd adli bt .l asl yials Y 4 ¥l b e ded wull b (sloalSiun] a5 wiladl ol 5 o
sl Jloy0ysd ;0 Fr 0 VA =VAEY ma0 Jloyi 090 ;0 YV 1 Sid] 8 U Sis dowd oulBl b loa St dlass &S
oidlS o] & 4 Ve 5l il nse U gl pe b w8l b (sloalSius] dluws lde )3 g cawl adly il58 (VAAY=Y YY)
YO 53 i)k pials (YY) o] VF 3 a8 wdly (Lis gl cpw e g JINS= 0 oy905] ol opl 2 ogdle ilassly

el Joline 00 o p3 §ym s a8l (AVO,05) oSl YF 13 g Lod iul53l oS! (ZVY,YA)



3
aS" wiad o ol (Ashraf et al, 2014: 35) « (Rahimi et al., 2013: 409) (VY :\¥+)) olblb 5 woo, o (VY
> 008wl e g8 (b 53 Lo g ()L ale SIS 80 sl jaate )3 03l & lpes Sl s 4 ] (ol (S5

Sl ialesS Ly 53 ) ol 45 m3 0 o 5 39 (5 Ll b o gy 1) ol s Mo i
ol s lads 4,38 b o Ce gy

&8 5 4o

Osmen 9 (5)logd 9 SO ) 93 sl 2 )9S (cwlidlon (Sleallunl (ol WL )3 03l &y Sl (Aagk cnl )
93 3 adlae ol €6)5 158 0 3590 olSs] YO (sl 93T s ()8 o ) Gy g Lod )l slopize
ol s Sl (sl (wlidlon Slea Glojlo (s 5l 0l e @2 ye Jloyi 0y93 Jold lbgran e Jloji 0)93
28,5 bl (VAY-Y YY) 151 oy 5)95 5 (VA5)-1A44)

(Sl dou o] VY cgb po dos 0l8un] ¥ egh o muldl (gl)ld olSisl Az o Jlo i 093 53 gy 2l bl p
4oz ool N eogbyo walBl 3 ol B p3 T Jlo s 0)95 )3 aSJl 3 )l )8 Shly o] ¥ g St oS NY
23 oo Ll )80 93 dunlde L) HI,E Sbly kylyd (0 oSiusl £ g Sl olSg] VY« Sid dos oK) VA gl yo
YY) alSi] e 5 S1aly oSS tn (ol bl 4(g0l5m] ] 210y YA Jolas) olS5s] VY o1 o5
2 ) ) s il il 4 ilote bl cenldl les Lol lonts Lle payte edldl il 4 42 81 (10
Wbl Sis o] VY «Sis 13 el byl 0 o] V oS 0l lis x>y Jloyi 090 50 (5 legd a3l
o )53 13 sl 48,5 15 oo yo L olStug] ds 5 oo o 0l tug) Ky e gleil Tyt olang] & o StS dangs 0lSn]
Y g ogb e o] ¥ e Sis dou olSlian] Ve ¢ Sbly Siis oSl A oSS 18 Ll b )5 oo VY a8 0l lis 8
L a8l byl 4 (1oyd YY) olSiun] VF a8 dad o LS 090 93 Clyuks wyy )b 18 Cob e LS oK)
oblixe 903l Zuls 5y 8 3 Sid  oulsl Lyl s 4 )5 (103 £ olee) LealKin] iile g Sl s 5 Sis
Pl dw Jl G )3 453 (LS 3y g bod ik sl addllae 350 SlealRinn] S Sy o (e Gl 5 Sy
OEl e (i (pomen Casl Jhline (1)l (R alRial pgw Sy 3945 )3 5 e 5 Ld Gl kel
2 ogmdes a3 )0 < WY L dpuiie o] p0 Loy iol38l cund o s ¢ opup =YY lade & 18,8 o] o iVl i)l
ol Jl st o VDAL Sl lSm) 53 5y il s 5 Mo

Pt o8l il &y e Jo 3 iy &y e il s > (il ol o5 10 o (5 g o] ol
4 a8l 0,8 Gl gl )3 (Bge SN S plsis 4 lgipei S0 1) (JLuSiis alSanl 5l (par sy S8 Sl )3 g col
51 ol b oa] Slalllas 3945 o Sl 09> ol ) Slallae 3900 ¢l o o sl walsl oS> g Jloy s
cilisee gla gy (605,50 L o(. .. s CRU ERAS-land 3 5) (clasius sbaodls aile i 16 o515 L (slaosl
b ypS Ciliseo 3blio soly5 meldl )3 02l & (gla 355 5 aalllan (yrizmon 5 rusilly 5oy g (Suts (aSls 2]
g pbol olie cusel (iolj8l s



b o
ol @3l Jlo ol 3yl

AR5 5D B Mg e
il il wre il Pl slaisy 5 Jole plad 53 Bty

X8l sl
255 Alie ) Uil b g Sis b alayl, 5 _adlio Sy guad 45 S o oMol Bty

PG gy
a J10y08 yiS wlidlen (slealliw] o)l g Lo dlale (slaosly ol I8 JLisl 5 (gl jouiS wlidlgn lojlw |

&l

—er slapasls b blojl o olygeile youl asse JLslis W) Juloo g gjloylSST (VY ) cand <l 6551
DOI: 10.30488/CCR.2022.359615.1091 .\5-\ ((MW¥ ¢ alsn 5 ol lyasis slo gl 4yt - swsild

o oIl (ooel8l a2 ol jis SIS L1V VY) Jislowl gl 5 (e doo < 515 by )2 (63 psrd]
Sz (Al) (Sid (adls Sl (g g Comlus Jelod (Wee) ooy )l 5 LunSS csgiaen Sl e )i
DOI: 20.1001.1.17352347.1400.17.1.1.2 38\ ( MWW « s/ o solio clising o)) sasli] iges

Uiy opyled (ganddb )0 ) eul8l sladid audad )y (VoVY) dome i Jael o g olgnelidl)d ¢ e L
DOI:10.22125/AGMJ.2022.156309

DOI: 10.30488/CCR.2022.327870.1070 Y¥-\Y (YA o /st g o i (clo g o Y-\

5 R 318 B oll 555 o ol (sl gy (5555 (VTN 55 5 0506 s 5 gl
DOI:10.22034/JDMAL.2019.36538 .\ \Y=\Y¥i( \Y) Ve bl o pruto . S sl

G Jlod g st 2lem g Ol olb digg > G (SiS (adld 9 (Sl Sl gy () (WYAY) (B gl
DOI: 10.22131/5epehr.2018.31475.85-A0 (V- DNV € g iy Sle M/ itng i ale dolilas . )

2 ol yeiS o8l sanddl (6,550 .(VWAR) LSy dezee (63518 (5, Ve 5 SolSs (g (g puol anled ¢ &5 ¢ wolb
DOI: 10.22034/JDMAL.20210243138 A\V-YS(VEWA «5bly G prten sonldl (oo pize

o Gl Juad Jobo g wbial i g gy (WWAY) oo (Jgl (bl g oo o Som b folen] (s otes
DOL: MVE=WAX (PIVY o gi)5lisS molio 5 pale) SB g O (Gl Hlwl) lpl (s Jlosd calisie gla 5
10.22067/3SW.V010.20946


https://doi.org/10.22067/jsw.v0i0.20946

ok LYY ) oglem ¢ 598 5 21j8 ool iy Bl (LEBLA, €0l e (giome by elad gy p3ME
355 odos (2l )> CORDEX o9y, o oyl maldl youis g lab ldl Laslys )3 g2yo olS Juuilty (305— 55
DOI:  ¥OAY-YOAY  (Ve)oe ol SE 5 o e, kel e OV gae
10.22059/1JSWR.2019.285043.668255

N9y el (V) pleal (bl g 0)lpd qwarde foy0 gyl LBl «(gje M foy9mte (25 bl (ouls
DOI: ¥A-YF (V+VIFY o laci Mo VoAV U VAAA 0y9d (dlp olpl 0 aVle )b 9 by ke
10.30467/NIVAR.2019.184059.1128

SRl oelll gty ddl Jlojm (lad Jlos (VYY) sipn 03l SagS g (s piio 03]} @b fopmal Jud) 45 (o8

DOI: NOY=\YV((V+ Ve oo pole dolilas \WAA G AYVY g)lol 0)90 ;5 JIuS=y0 (90l 9 o5 )logs B9y bl »
10.52547/envs.2021.1105.
Abbasi, F., Kohi, M., Flamarzi, Y., Javanshiri, Z., Malboosi, Sh., & Babaian, Iman. (2019). Analysis
of the trend of average temperature and annual precipitation in Iran for the period from 1988 to 2017.
Newar, 43(107), 36-49. DOI: 10.30467/NIVAR.2019.184059.1128. [In Persian].
Abolverdi, J., Ferdosifar, G., Khalili, D., Kamgar-Haghighi, A. A., & Abdolahipour Haghighi, M.
(2014). Recent trends in regional air temperature and precipitation and links to global climate change
in the Maharlo watershed, Southwestern Iran. Meteorology and Atmospheric Physics, 126, 177-192.
DOI: 10.1007/s00703-014-0341-5.
Akbari Azirani, T., Yahyavi Dizaj, A., & Keykhosravi, G. (2023). The trend analysis of dust
phenomenon changes in the western region of Iran during 1979-2018. Journal of Climate
Research, 1402(53), 147-162. [In Persian].
Allah Virdipour, P., Ghorbani, M. A. & Asadi, I. (2023). Investigating the effects of climate change
on the climatic classification of Iran. Modeling and management of water and soil.

Alizadeh, A. (2014). Principles of applied hydrology. Mashhad: Quds Razavi Province. [In Persian].

Bakhtiari, B; Mahdavi, N., & Sayari, N. (1400). Analysis of sensitivity and changes of aridity index
(Al) in some climatic samples of lIran. Iran Water Resources Research, 17(1), 1-15. DoI:
20.1001.1.17352347.1400.17.1.1.2.

Alizadeh-Choobari, O., & Najafi, M. S. (2018). Extreme weather events in Iran under a changing
climate. Climate Dynamics, 50(1-2), 249-260. DOI: 10.1007/s00382-017-3602-4.

Ashraf, B., Yazdani, R., Mousavi-Baygi, M., & Bannayan, M. (2014). Investigation of temporal and
spatial climate variability and aridity of Iran. Theoretical and Applied Climatology, 118, 35-46. DOI :
10.1007/s00704-013-1040-8.

Aydin, M. (1995, December). Water key ingredient in Turkish farming. In Forum for Applied
Research and Public Policy (Vol. 10, No. 4).

Bannayan, M., Sanjani, S., Alizadeh, A., Lotfabadi, S. S., & Mohamadian, A. (2010). Association
between climate indices, aridity index, and rainfed crop yield in northeast of Iran. Field crops
research, 118(2), 105-114. DOI: 10.1016/j.fcr.2010.04.011. [In Persian].

Bannayan, M., & Sanjani, S. (2011). Weather conditions associated with irrigated crops in an arid
and semi arid environment. Agricultural and forest meteorology, 151(12), 1589-1598. DoI:
10.1016/j.agrformet.2011.06.015.

Bakhtiari, B., Mahdavi, N., & Sayari, N. (2021). Variations and sensitivity analysis on Aridity Index
(Al) in some climate samples in Iran. Iran-Water Resources Research, 17(1), 1-15. Do
20.1001.1.17352347.1400.17.1.1.2. [In Persian].

Dastorani, M. T., & Poormohammadi, S. (2016). Mapping of climatic parameters under climate

change impacts in Iran. Hydrological Sciences Journal, 61(14), 2552-2566. DOI:
10.1080/02626667.2015.1131898.



https://doi.org/10.1016/j.fcr.2010.04.011
https://doi.org/10.1016/j.agrformet.2011.06.015
https://dorl.net/dor/20.1001.1.17352347.1400.17.1.1.2
https://doi.org/10.1080/02626667.2015.1131898

Ebi, K. L., Vanos, J., Baldwin, J. W., Bell, J. E., Hondula, D. M., Errett, N. A,, ... & Berry, P. (2021).
Extreme weather and climate change: population health and health system implications. Annual
review of public health, 42(1), 293-315. DOI: 10.1146/annurev-publhealth-012420-105026.

Eshe Rezaei, E., Yazdani Beyuki, R., & Banayan Aval, M. (2012). Investigating and determining the
threshold and length of the rainy season for different regions of northeastern Iran (Khorasan
province). Water and Soil (Agricultural Sciences and Industries), 27(6), 1176-1189. DoI:
10.22067/JSW.V010.20946. [In Persian].

Fathi Tapeh Rasht, A., Shafizadeh Moghadam, H., & Kochakzadeh, M. (2022). Spatial-temporal
analysis of Iran's climate classification based on the DuMartin method and the Mann-Kendall test in
the statistical period from 1374 to 1398. Environmental Sciences Quarterly, 3(20), 137-154. bol:
10.52547/envs.2021.1105. [In Persian].

Ghiami-Shamami, F., Sabziparvar, A. A., & Shinoda, S. (2019). Long-term comparison of the climate
extremes variability in different climate types located in coastal and inland regions of
Iran. Theoretical and Applied Climatology, 136, 875-897. DOI: 10.1007/s00704-018-2523-4.

Gholampour Shamami, Y., Majnoon Hosseini, N., Bazrafshan, J., Sharifzadeh, F., & Kanoni, H.
(2020). Evaluation of the potential of precipitation and evaporation and transpiration of the reference
plant in the current climate conditions and future climate changes under the CORDEX project in the
main areas of rainfed production in Kurdistan province. Water and soil of Iran, 50(10), 2583-2594.
DOI: 10.22059/1JSWR.2019.285043.668255. [In Persian].

Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., ... & van Ypserle, J.
P. (2014). Climate change 2014: synthesis report. Contribution of Working Groups I, Il and 111 to the

fifth assessment report of the Intergovernmental Panel on Climate Change (p. 151). Ipcc. DOI:
10013/epic.45156.d001.

Kendall, M.G., 1970, Rank Correlation Methods, 2nd Ed., New York: Hafner. occurrence in west of
Iran. Environmental Science, No. 2, pp. 375-388.

Khalili, A., Bazarafshan, J., & Chiragalizadeh, M. (2022). A comparative study of Iran's climate maps
in Demartin's developed classification and the application of the method for world climate zoning.
Agricultural Meteorology, 10(1), 3-16. DOI:10.22125/AGMJ.2022.156309. [In Persian].

Mann, H. B. (1945). Nonparametric tests against trend. Econometrica: Journal of the econometric
society, 245-259. DOI:10.2307/1907187.

Mansouri Daneshvar, M. R., Ebrahimi, M., & Nejadsoleymani, H. (2019). An overview of climate

change in Iran: facts and statistics. Environmental Systems Research, 8(1), 1-10. DOI:10.1186/s40068-
019-0135-3.

Mohamadyariyan, M., Tavousi, T., & Hamidiyanpour, M. (2019). Zoning of iranian heavy
precipitation regime. Geographical Researches, 34(2), 183-192. DOI: 10.29252/geores.34.2.183. [In
Persian].

Nazemosadat, M. J., & Cordery, 1. (2000). On the relationships between ENSO and autumn rainfall
in Iran. International Journal of Climatology: A Journal of the Royal Meteorological Society, 20(1),
47-61. DOI:10.1002/(SIC1)1097-0088(200001)20:1<47::AID-JOC461>3.0.CO;2-P.

Nazemosadat, M. J., & Cordery, I. (2000). The impact of ENSO on winter rainfall in Iran. In Hydro
2000: Interactive Hydrology; Proceedings (pp. 538-543). Barton, ACT: Institution of Engineers,
Australia. DOI:10.3316/informit.295644650377746.

Rahimi, J., Ebrahimpour, M., & Khalili, A. (2013). Spatial changes of extended De Martonne climatic

zones affected by climate change in Iran. Theoretical and applied climatology, 112, 409-418.
DOI:10.1007/s00704-012-0741-8.

Rahimi, J., Laux, P., & Khalili, A. (2020). Assessment of climate change over Iran: CMIP5 results
and their presentation in terms of Koppen—Geiger climate zones. Theoretical and Applied
Climatology, 141, 183-199. DOI:10.1007/s00704-020-03190-8.


https://doi.org/10.1146/annurev-publhealth-012420-105026
http://hdl.handle.net/10013/epic.45156.d001
http://dx.doi.org/10.29252/geores.34.2.183
https://doi.org/10.1002/(SICI)1097-0088(200001)20:1%3C47::AID-JOC461%3E3.0.CO;2-P

Rahimi, J., Malekian, A. & Khalili, A. 2019. Climate change impacts in Iran: assessing our current
knowledge. Theor Appl Climatol 135, 545-564. DOI:10.1007/s00704-018-2395.

Ranjber, F., & Tabatabai, H. (2022). Investigating the trend of drought index in the stations of the
northern strip of Iran during the period of 1361 to 1398. Climate Change Research, 9(3), 12-24. DOI:
10.30488/CCR.2022.327870.1070. [In Persian].

Raziei, T. (2017). Koppen-Geiger climate classification of Iran and investigation of its changes
During 20th Century.

Sen, P. K. (1968). Asymptotically efficient tests by the method of n rankings. J. Roy. Statist. Soc.
Ser. B. 30.

Tavosi, T., Khajeh Amiri Khalidi, Ch., & Salari Fanodi, M. (2021). Revision of the climatic
classification of Iran based on climatic variables. Desert Management, 8(16), 17-36. DOI:
10.22034/JDMAL.20210243138. [In Persian].

Tavousi, T. Mahmoudi, P. and Sargolzai Moghaddam, F. (2010). Study of Spatial Spreading Trend
of Arid and Semi-Arid Climates in Iran, Range and Desert Research, 17 (1), 94-105. [In Persian].

Tavousi, T., Shoja, F. & Asgari, E. (2019). Amendment of Climate Zones of the Northeastern Iran
Based On a Combination of Changes in Aridity Index, Desert Management, 7 (13), 117-134. [In
Persian].

Theil, H. (1950). A rank-invariant method of linear and polynomial regression analysis. Indagationes
mathematicae, 12(85), 173.

Thornthwaite, C. W. (1948). An Approach toward a Rational Classification of Climate. Geographical
Review, 38(1), 55-94. Taylor & Francis, Ltd.

Observed changes in the climate zones of Iran from mid 20th century onwards

(1961-2022)
Marjan Shahsavan Gharehghouni, M. A. student of Climate Change, Department of Geography, Faculty of
Literature and Humanities, Ferdowsi University of Mashhad, Iran
marjan.shahsavanghareghoni@mail.um.ac.ir

#Reza Doostan, Associate Professor, Department of Geography, Faculty of Literature and Humanities,

Ferdowsi University of Mashhad, Iran
doostan@um.ac.ir

Iman Babaeian, Associate Professor, Climate Modeling and Eraly Warning research group, Climate Research
Institute, Research Center for Meteorology and Atmospheric Science, Mashhad, Iran
i.babaeian@gmail.com

Revived Accept

Extended abstract
Introduction
Climate change is one of the most significant challenges that affect various aspects of human life and
the environment. It directly or indirectly impacts human activities and alters the composition of the
atmosphere. Consequently, natural and recurring phenomena such as drought occur within specific
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time periods. Arid and semi-arid regions cover approximately 40% of the world, primarily situated
in developing countries. Iran's climate exhibits significant variability in both time and location, with
its annual rainfall coefficient experiencing more than a 70% change. Despite previous research on
Iran's climate classification, few studies have comprehensively identified the shifts in Iran's climate
zones. This research evaluates the influence of climate change on precipitation, temperature, and
evapotranspiration. It also examines Iran's climatic classification based on the UNEP and Demartin
climate classification systems. Furthermore, it investigates the changes in Iran's climatic zones during
the recent normal period (1993-2022) compared to the standard reference period detemined by the
World Meteorological Organization (1961-1990).

Materials and methods

The research focuses on Iran, a region with diverse climatic conditions ranging from very dry to very
humid. Temperature and precipitation data from 45 stations with various climates were collected on
a monthly basis starting around 1961. The main aim of study is estimation of climatic zones for the
periods of 1961-1990 (considered as the normal reference standard period by the World
Meteorological Organization for Climate Change Studies) and the recent normal period of 1993-2022
using UNEP and Demartonne climate classification indices. Mann-Kendall's and Sen's slope tests
were employed to assess the trend of changes and their slopes. Additionally, potential
evapotranspiration was calculated based on the Torrent-White method.

Results and discussion

This research investigates the changes in precipitation, temperature, evapotranspiration, and shifts in
the climatic classification of meteorological stations across the country since the mid-20th century
using two classification methods of UNEP and Demartonne. The study covers 45 synoptic stations
and examines different normal periods, including the reference normal period of 1961-1990
recognized by the World Meteorological Organization for climate change studies and the recent
normal period of 1993-2022. Results from the UNEP climate classification for 1961-1990 estimate 9
stations with humid climate, 4 semi-humid stations, 12 semi-arid stations, 13 dry stations, and 4 desert
stations. In contrast, for 1993-2022, there are 5 humid climate class stations, 1 semi-humid station,
19 semi-arid stations, 14 dry stations, and 6 desert stations. Comparing the two periods reveals
approximately 13 stations have shifted to drier conditions and around 29 stations experiencing
increased aridity. Demartonne's climate classification results for 1961-1990 show 7 hyper-arid
stations, 12 dry desert stations, 13 semi-arid stations, and 6 Mediterranean climate stations.
Additionally, one station is classified as humid and three as very humid. For the period of 1993-2022,
there are 12 hyper-arid stations, 8 dry desert stations, 20 semi-arid stations, 2 humid stations, and 3
dry climate stations. Analysis of these periods indicates about 14 stations with tendency of its climate
towards drier climates and 28 transitioning to increased aridity. Significance tests on changes and
Sen's slope analysis for precipitation, temperature, and evapotranspiration reveal temperature and
evapotranspiration increases in over 75% of the stations under study. Approximately one third of the
stations has experienced a significant decrease in precipitation. The highest annual precipitation
decrease is estimated for Gorgan station and Mashhad station shows the highest temperature increase,
while Ahvaz station exhibits the highest evapotranspiration increase. The research findings suggest
that Iran's climate is rapidly shifting towards drier conditions due to global warming.

Conclusion

The research findings indicate significant changes in climatic classification of Iran based on the
UNEP and Demartonne indices. According to the UNEP index, the number of stations with a humid
climate decreased from 9 to 5 from the reference normal period of 1961-1990 to the most recent
normal period of 1993-2022. Conversely, the number of semi-arid and dry stations increased from 25



to 33, and desert stations increased from 4 to 6, while the number of semi-humid stations decreased
from 4 to 1. Regarding the Demartonne index, the number of stations with a semi-arid to hyper-arid
climate increased from 32 to 40 during the reference normal period (1961-1990) up to the most recent
normal period (1993-2022). Additionally, the number of stations with semi and very humid climates
decreased from 10 to 5, and stations with a Mediterranean climate reduced. The Mann-Kendall
statistics and Sens slope analysis revealed that precipitation decreased in 14 stations (31%), while
temperature and evapotranspiration increased at a significant level of 0.05 in 35 stations (77.78%)
and 34 stations (75.56%), respectively. These results align with previous studies by Rahimi et al.
(2013), Ashraf et al. (2014), Tawusi et al. (2019), Tawusi et al. (2021), Fathi Tepe Rasht et al. (2022),
and Ranjber and Tabatabai (2022), indicating a rapid shift towards drier climates in Iran due to global
warming.
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