DOI: 10.22059/jesphys.2017.234927.1006908

£V POV dondo AFAY Sliol oF o led (FF 095 Lid g ) 5

08 ]1799 Bt PP ISP P SN LAY RTESPPN TSI IEC R PO SR WY 5%
GF b s Jolom i,

PETRVFES:

Ol ety o IT oLy iz 09,5y bole]

QFINY oles by AFITIY il ,0)

oS>

Sz Sl (IRlSS gy 3,des (i)l g bod (lagy )b (ABEwe 5 (AELLISS (1)) dulis gkt 4
25 62 g Plow Sy oSl O (oldl (gjloans 3 (MOAEXDs) asblavy (plRimliz Jsile 5 (SSQ)
(VAV=YNY) bl 895 (o wligy ()l 5 Lod (slagyeyp (log s cotimgl ol sloodid simben <855 )13 (1903l 3590
sei)] s oS5 slayte 1Al a5 L 5 (Jue (oeulisl Cea Jlo YT g hjgel jglaion Sl ¥e &Sl
2 by cnl 3,80hes cmaldl 3 (aSLE YV (65, b b oslitl 018 iw b ol 5 (NCEP) (5485 (slaosls
(P el 893 3 Lo (glaodls @i (5 )b piseiil 3 ol (saieily 35 5 s elde S5 slas ol 4 Culus
S edie IS o)l st 8,5 )18 1903l 3150 g sy SsalsS g (gupy (Stuads (slaiyg0l 3l ealisel b s
3,559y 9 dopd YAIF o YA &Y ity ()8 b el SS Jb)5 5, 5,500, a5 ol (i guli .a eoliwl (oS 5 b,
093] 38 5 O Shaad § B ot SsalsS Slapygeil Sl ko p YYIY o SN FEIV 3 cudge L 55 (plKugliiz
5 i 1y Lo sl pasl iy 3yse slaisbgy ol &yl 1y o Ll s gl oSy sloodls bS5 eouS 5
Fe o> glagadls ()55 53 ofgt ¢ AELalbn (G155 () 3,8 ggerme ) 00,8 (1S )k slapadld

030y LS ) )3 (g ks 3,Skes 5 5 53 sy @l ) 93 2 (S b )3 09 (ABELISS L, ]

3)Slas duglio () 5 bod (slagnp o3 g Bl ylol 055, 15 S slao3ly

» S J cnjfsa dl>ee (oli;w_\&) bl ¢S
a3 i a) pe de Al (15 85
o U adlate s ol o sl Olesen 1355
Olssiee 580 5,505 plpls 0950 a5 i
4SS Cdls Laod S s iy Blod jlo e i 59
5 Lol s 55 Ut 0l il w0 gl ohss
Bln0p > ola By 3l esliul L Cals ke
SOl 3l Laoanl jyslie (6515 145 5033k 5 (6 5luaes
Gladis b5 o b 5 glaibiesi i S5 5 5,
) el p 0 Bl b 2RSS
U PN WU P ST PPN L LY
5 andllan 550 dilain SLaolans] dan Olejor 5,8 554,
Seres il e o sy Bl OIS 5
o sie (glaibaie Slallls j5 0,8 5 Al

Aadds LN
SRR g CE R T E c@\:;}:) @bl sl s
Cobl o Falu ( aind (b 5alS 3 121 OLSG
Slalllas 53 (g oo ,HlS b g Jis s
o tilons ealizul Solus gla Sy, 5l miw 0SS
Lo (Bolal 5 ol sixte gla Sy, 45 (s5—u
» ARl 5 A6 line slas S5
S les Syt g L el o Calibes Sl
ST U015 (gadate Sgd 5 Cans LLE La_bg, ol )
23S o e ol Bay s | WOT (6,5 e
e )Ly Ml o A1 ST s 855 sla
Sl it b it b5 b oGyl &S5 s o (5,8 0510
3L a0 53 a8 8 S g
50 ol 3o sb e 4 S L 55 atuiie 53 gdous
Sl i ARleSS s 8y slade s

0ji_r@yahoo.com

:]ail) o.x.'»)lii#



VYAV Sliali oY o)yleds FF 0590 Lad g o) s.Qj.} YaA

Lo it orand 58 ol 5 A 5 ) e S ol
SlaedsS i (6,5 S0 s (e o oadl
WL 5 oD Le) A 0313 anw 5 ¢ ol <55
il 533L S 15 5y g gy o) (Y004
sla JlesT zals saasoles EE.h, ) 4 Al
33 doyn ) Sl emliiln laol&wl el 3 5L ST
S35 5 ey s dilaie e 53 4o 34 s
1S 5 (0489),8 b g S el
S (63,50 Gl o i 5 455, (el Sla e
Il S ol o Sl 555 51555 e sl i
QLS 5,8 ) Calides Oliioes Lo gy g, cpl ol
(Y10 OILSKar 5 5 5m EIFAY (sl €Y A 5 Y0 NY
a8 50,5 bl 5y5e addil glacp 2 155 55 s
155 505 Sy g YY) 0Sen 5 8 ol
S5 5 Sl a5 A5 (LT
S8 bl el (ke 1 G 85 5T
5o 65 WIS O 85 (e S8 (S
s gateay 1) (eliga KD il oy (13 855
23058 G5, sl L8 gu olie (giluans
S e 180 S 13 ) Ja callles
sls polamstl 55 4 odiias § 5874 gladds o 53 1)
oK lr 53 e e K ) 5 S5l st 3
SLadis (6,55 Srasiy 3 LOT b 85135 e
Sl b @3l 5 AN (i e
aS U S esleul 3L O 8 (gu alae @\:;J'.:)
w8 LU G ST adsl ks 50k 5 sle
OLHLSan 5 s (YW O LSan 5 5 )
Sla i) s lin Ol pe Cosed i3y 53 (Y010)
SLagn 3 0AS sl 0 g LT G 55,
Dler Jols (155505 s seda ras St gl 5L
3 gl 3,05 e i Jule Gls B
4SS am a6 S dslie 5 gy |y 83 WSS
a0 oy 5 155 50 S 555 e sla s
8 S Lyl m 2T as e VY o odlil (glaibaie

ARl e ls las o L amlie 3 (6 i
QLS 5 S 5 Y0 b o g 5 e sla) dsyls
WHLSan 5 8 o)) OLLSn 5 s Yo g
a8 ol LS 035 3 YAY (5l €YY
Lol S 55 sbain bl s 6,5 S s
AR 5 A ST s 5 slas S,
53 ST loyss 55 (il (gls e (g5luans 5 ghian
Dl Y ¥ TN OLSn 5 55 ol g e s
(n S0 09 5 Lo Y10 OILSen 5 g €AY
Jds ol 552 LYWV 0 5 JI Y V8
Lolyy s (Slalin pslie Gds o5 (S oy
Pz 13555 S0 5 s e o L8
30 YO OLKs 5 ) Sl s eslizul zeS
SLins) o sl st Slalllae 3 (Y O
¥ OLHL S 5 25 O LS 5 55
A1 5 S, AT OLSn 5 antar a3
45 5 LS Calise (sla by Sl eslizal b 15 S5,
A¥AF OLLSr 5 oLy Slalas js 5 dled s
QA0 (LS 5 0315 janer YFAF OSas 5 Sl
s F 15 b5l s, (1¥4F O Kes o315z
Sldllas s 15 555 Atz 5,855 45 S
QQ‘)&.@A}ab‘jGJ_é AYAY (o 5l) 5 4iS 53 (§35dne
Sysa S (IS S ebas Js el odd oxlizal (Y45

el 88 ) 3w g
38 55 Gl s 3 Shes G5l sl oy,
Lo ably (3 555 5 St oK
2 Al 5 Al s S5,
o3 Jol e ol 5 Las s polie (S0 55,
6L 0be) S o S i cil s Sy 351 0
4 5 5d dsel e Jlie (61 0) Sl ol il &S7 ol
530088V iy 5 sl VAOA ¢ 5 Sl
o3l OT Al anw 5 (slas g 5l Calides Slallas
38 55 ey das SKogsy om! 5 (SSS mal s

(5 3l 55 o) (o5 w5 b= o5 pb b (LT



raa e P 3 o3 Sl b Aam i 5 A&e S5 G158 5y B lie

o 3030 BB LS5 w03 55 s SS) s (S
aomilar 48 ol LS () ol gl Ainils 13
S glaabaie ST paas B0 ghieas LT G155 5,
b 3 Bl ek Sl G5 5 shoaebn Jod
la sy slesliwl el sl bia ey 50 T
RCSUW RN I B € P N PR (RPN IRt
L oS s ikl gy 4 5L S 3 S Jb o
PRl la ) b e ) sy o)
a5 S e Dladlles slad s opl b 04 Smulie

GolaT (15 8 55 sla iy 51 oy b3l 5 Solus]

el 0 J.;U

J—ad ol 350 Sy amar s Limls s
“‘—’UJ—<€° b a lab s Sl s g5
Sl il sl SIST s o glite 53l 5
Slaisy s @l ladds oo 5 255
L i Ut s ¥ Bl oS sl 0Lt o s § 5
ol oyleT 15,5 55 dawlgans s 51 s
Ll ke an sass ;3 (\AY) >l s d s
ARz 5 A1 ST Gla iy ool pe
Sl sy 5l ey Gl Ol ) Sl o b s
0531 5 s p 1y ARl 5 AR leS
Bkl a5 855 gl isy 45 5,

TN OIS 5 K5) bl i 3LslSaT 5 bt ldylS o8 3l 5 Lo odBl (st (sl ls N J g

el st ol ¢l it
S Grir s ek G0L) b e slasas 5o 9Vl L 6 sames b sl ok £Vl g e PRCPTOT
BT3} Jlo 5 i 5 e e Ve 0L shls slagy, sl R Sl slols e, sl R10
BT3} Jlo 5 2w 5 e e Yo 0L shls slagy, sl O et 5L sl slass, sl R20
Fe ke SV 3L g semes 5l o3 40 51 i ke S gl R95p
sk SV L g semes 5l o2 88 51 i b ol o sl R99p
SES) Sades YO 51 e 2L sl slags, ek YO 51 e b bls glasss sl R25
e e oo )3 &l AL Sl sy ool S RXl1day
Se ke oo 53 Jge 55,0 2ok Sl Sl 5350 ok Sl i Rx5day
Sad ek | s S ) GOk Sl sk e lasss et Wlale 5L 6 ses Gy Aok ol sl Lastls SDII
395 A s ek ) ok bl e glass, sl B SARTEIE CWD
330 Pk VRS ok Ll I slags) slass Sl S slass CDD
°oC Sl 5 Bl sl e GOt Blale .Sl sles duals DTR
BT o5 335 % B 51 5as A T s sl G sladss Loy Jead Jsb GSL
355 22 S 5l S Bl gl sl Jisze 55,7 Bla> Sy 0530 sk CSDI
BT A2l S Pl sles glls glass) sl Sl lags, FD
350 Al S Sl gl gils (slass, slias Glax) & 535 ID
% @23 Siko Sl S Pl gles gl slags, Lass S o TN10p
% P25 Sdo 5l Gl Bl los sl slags, Lo £S5 slcs TN9Op
oC Sy Bl sles Slabe lade Blas Bola sles Jolas TNn
e aligy Pl gl Slale Hlide Sl Jola= gles Sl TNx
BT 31,8 Sl a3 YO 51 Sl sles gl lass sliws Sl slasss, SU
BT 31,8 Sl e Yo 5l Sy Bl glos slls glas) sl Sl glacs TR
% 23 S Sl 5SS gles gl glajss Lass S s, TX10p
% 255 S 3l e Sl gles syls by Ao 05 sl TX90p
°C wlgy S gles dlale Hluis 3l Sl gl JBlas TXn
°oC Wlyss Sl gles Clabe ks iSlas Sl sles ST TXx
355 25 Sdo 5l e S1a glos slyls g 5558 Jla 05 652 dsk WSDI




VYAV Ol of oyled FF e)}écw‘pw}&ﬁé for

das o olaist| eses u.:;; Jde glas

- é - . r 5 s
e S5 olMae Gls S 55 Sl S ol el )
o el o X (oes Sl oK Sl X

1wl

Fs(Xs) = Fg(x;) )
bl il a8
xs = Fs ' (Fs(x6)) )

e s et G [0,1] IFSTT 48 gy 4
Glaosls gl oY abaly 6,8 S L.cul Fy Lo
e okael 855 Jre) e Sl )90 Bli g luans
Iy e ol 53 Slas (5 sl DGl (o T
3L SleMbl ¢ gy ol Il a as5)5T o2l
Ol a1 0i T (gl o5 lud e (laosls 45 gazes
375055 85 ol S ol ke (sl p 38T o
Sl Stz il b b bds gVl S35 5,
4S Olimman (Y008 OLIKer 5 JodSL) Sl o
Lo S tim oot a&nleST sla bs, ks S5
,u_;bjfﬁ)‘u.‘qu,_.\,:Guqu;\Mdﬁf,\f@
e (Dl o) (ora2w 55 w6 (s 7 el
G W R PP B ARJIUI  FO. P
C25 113 pliecS s 1 e s led liss m
e e 53 0T dslae Ooliss o 5 (0l SLSGe
555 e ke (ol g oy 3 0§ 5l e Sie)
Sl o 3l Joobs DLl (bl s &S5 3L L
bl plis 6255 o @l 3 1 dome pldn 4 liecS 5
e g3 o ¢ plka i?))_: olgd o ¢§.1 O3ls
(s 25 G198 s ets o) bl st
1Ay
N5 s 2y m e SN S S 85 b s )
L Sy cbl ey o ias ol 6l o8 2,8
sl S5 S, iy b e eslinal Wy U
P93 ) g 8 Sy el (S
S gy il oS 4S gl Sk sl

laia, 3, Shas GLSl ) slitens jole iy 5
OS5 6855) (a5 slaasLi () S
5y U5 15,8 5 eslinul 5550 (Y1)
ol e 855 sl Il sT 4 ey () )3 Je
L alin s ghils Sl g I 556 (O) s
lad sl 6,5 S0 b 5 4 Sldalie glaosls
(55 =09 8 35S 5 0 gy Stan (551500
3550 93 5 (S 5 0L 53 5 €88 15 i 5 ) 40
3 5 ) 35k e o3lial Jie S 0503T 612 G5
SYN0 O 035 5 YT 5 YT (O,

vy

Ged gy Y
P15 5 S s) 55 SN w L sl Jasy
ot o i LT G158y el Al
158 5 ey s Shm C S g, Olye
(3 gb e azSs LagT @J_.ZJ @ aelsl 53 oS asl Lo

s 5 el

Sz el 2K
(Single-site Quintile Mapping (SSQ)) (58 ! _»!)
S oSy L S s Skl s s,
Wl AR 1SS 15 85y ok it sl g,

NS5 gy -

e G e w5 wb a0l (e ol s Fy
53 Slalla b s o e Ol e oo b8l B0l
5o oIS 8555 (6l 35 pm ol g oK
IS (St e e 58 0 55 B
alf:_.,..:i 2363y laosls b o gas u:"; AN
Solmeslw H bt Sl wlin Glej )0 b Jais )
5 oS e 45 S e B8 e ()
L Les o 3 o) (spldn (ool e codi g s Ay
X 4505y o 2 Fo(X) 5 Fo(x) 5L ()L e
o X s edh osls Hluie U mln Uy maS Jles|

5 85 sbresls js i o L, F(x) = Pr(X < x)



£ e b 3 b3 sl b Atz 5 AKa ST 13,8 5 5 e

oSty Sialen 5 anslio shied ¢ bay ol ol
I3 53 1y skis jluas plidacS )5 5rolie L
o 2l Sl eslinal b g AiS s p g 4 Fu b

LYV O 035 B) 3513 5 o dliws 5l J>

bl g 15 8 5y ARk iy, Y-
Modular Expanded Downscaling ) (_wles wSG!)
((ModExDs)
LSS S0 (s SN adl b 13555 )
ol 1y (Home o f8l (L ite a8 ol iy
S e el Sy plie 5 gLa S
N P P P U N W AR CH W [P Ty o
B s Slllaa s OT 51T Ll (V985 (5 )
5 IS a5 e gl ) ol ok oslinal
AYAY (sl T 0L 5 S Y O
ity 5 sl e ran 2l (Y10 OKer 5 5 5
Y SlredisS ity o piaki s g 5
laodisd st 5 (S polie & pitedkiz slaDls)
5035 gl (a5 S5 )L Jin e (sl ki) X
o 5La ke s il S Sl b Al s
0313 Loy (S o Lo 1y (il g (slnol&s)
Pt

XDS = argglinlle =l

subject to Q'x'xQ =y'y ™)
ks 45 Q L jle aS Coulioe ol § g8 dkal
550 o i s BOT o 5l dS 0 aaS 1, XQ — y
(Q'X'xQ = y'y) &S o Lo |y Jos uil)l S oS
3357 e o) S eslial L aS ol ol 5 5 5
b 05 S5 ladios U acglie 3 s 5L
355 it Sl gl ol 35 tp g e
Gk 3l iy oml A8 s aael e (Y00 0) 0Kes
Gl o 2w > (https://gitlab.com/xds/xds) s ,sT

LJ,..;\:- u*"“'“ﬁ}%‘"-‘-‘”‘ﬁ‘ J_:u)\_:5|‘1:.:_‘>m):45

5339) Sl (63 ol v =) (=) ] .
S 05 5 laniiiens gy o (Y00 Y 01 LSCan
3315 e 5y palie (s S 5 a0 Sl s S
23 S e K palas (YW GO‘)l_ia.kﬁjj/ﬁ)
&G LB ey olsiss Gk Sl i e &S
5 SHalin slaosls 5 Joolm &S diam— S d 515 5ai
g o | Bl s 65 ¢SS s ek jluants
& 88l G135 505 (8 p i Sy o Sk SIS
b g ol ig luan i HIdis 0diS fu i &S (5
o&é@@%wi&:}ﬁ S u:::;d.\,a
Wl 0k 5 g e Ol sty 55 50 ol
lammdu ;b pyslie 1 glaals 635 o Sk <l
a5 g0 i Galie 5 e gee 255 Jike
Sl i3l 53 gdue 3l 7l ok 3 luad 5lukde
Sl osl (5 b o Sy s 03,8 LIS
OLLSKes 5 cden "Uds o™ 355 Sl esls | Sl
Lol pbosn el ad b a3 § g le o (Y01)
polie Plas 5 STl Sl O s o 6 1 eslinal
Sl 3 S oo plonil ¢ Glalin yslin 4 sdi g5l 4t
3,5 e S e (3l ah ik lde 4l s
Sl 56 5555 plie I 568 55 doys Ve ¢ gee
Vo aS (e 4 colt Coil oS Ul I (sl
il odi s pslie s edalie olie oy i Aoy
5 iy a1 Sl das Dl i 35,8 e oS
03} g el b gilwas glaosls U ool i Hlude
O i (N SSS s p 51 S sl ) shaten 35 o0
Ly L egnges 53,5 die (ST (sla gl dinile
ol polis digy il s S c3&S 1 S s
sl gy 33,8 oo Lo o dBig et e &
Nl (e slacS i sloml s o5 (S
P O S DRI - PR LRCH TN g PR N
ol sl s S 55 0t 55 50 Eow Piliws )
lanw 5 Sl 3 (S Olsea @318 s 0
JSn ) 2 DT3B (g 5 Caliee G b & e (!



QY Ol o¥ o5l oFF 0,55 cliad 5 ooy Sy b oy

(S5 e p Sl S e Km0 go5T 5 ek
sl A4 5 LS 0 T (5Ll 5l 5 J5
s ) Slalie glaosls Kan 5 S oL
O (8 5 SO Y 5 i 5T sl 5
Oy 5 33V JleS b slal se 3T ogy ol
S0 534S (Yo e A (85 6 oV LS 5 &8055)
(3 Sl ot a3l (228 s 0 g05T o255
Blbail (gla gy 1l ¢ 2a a5 ol 55 b eslizal (VFAY
Lo ize 3l oslizal U 4l law 13 S 505 5 (Sker
e ST STy Glaesls 50T s bS5
OLLSes 5 () (G O a5 iy
Sl S 9 4 )5 Y/0%Y/D T3 L (Vaaf

g Jwe W-JL:‘;‘ A esls L,:')‘,AT 4.“.«& uJ‘JALL.A

el Al sy (55U 33 & (12 el

s 5

Losa 53 (YOI (S ulga oSSl g5le Sl ealizal

el ou\.aT)J ‘J"‘ LY )T )‘Jﬁ‘c‘}:

3 3y 00 Cledbl g arlllas 5y g0 ddlaie ¥

ol bes g 3lie Ol i dalllas 4 Sl Ry
S aS 58 de ddate 5315 5 SLs o s
5055 Sl g oS s s dles O, b
53 Bdas () JK8) ol ol ablol 50y STt
G Juine At 587 el Calises glagianl
ety (51 0ty Ky g o 3 55 0 0kal
S Sl S 0351 L (Y Jpua) 08 S 5 by
ol 1 sshan T sl 5 (Y F2N49Y) 03 0 )
sl palp s

ol Sy sleslarwl L s s ade glaesls g5l

el (VoA g 5 S K Jlsin  Solon o 50055

sl 3 pe Gl ) S

RSP PCCH A P PR TS

(mm)osyt | (2C)l> | (m)elis)l () il Jsbo ()bl Loy oSzl pb
AAFYY By Rl fa.58 LA i
ARY,) A - ave Y5 VY Sl
OAY,Y WA W oFyY Y5 AD Ry
WYL0 A8y -y b %5 ¥EA oty
WF ) A8y YRV 450 VY )




foy Gl 3 W3 slagy b etz 5 2l G 13 8 ) s

Wl m) 53 3L sla e le g oo jluants
slaosls jl ol la o slbay 6 b Cals
Syl Slialie

0331 5l g g8 0S¥ b a5 L
S ol e li slaw & (g 4l 035 Siner
O 3T 51 iy il (g jluvon S sn b OT w5 5
s an by o sla ot ls o .C_,_ALS:_W,..A
lacd Olsy lajgy o oles dals gla s ls
35 8 53 Jili> sles Jolus (,_? Lo o
OE F oGl 51 o catlata pled 03 o2 205 S
Gileand 53 S Iy les ST 4l s 5 Shes
231 sallan b s, Shes ¢ 2L sla e L S
ol gl o s Ld o5 bl 4 les S 4l ailate
S ol 035 S5 slaol&ang) 31 s (I3
o 5 JB b 08T Bl Gl s ol &
RCI PSS CEY I W |

SSQ

cdd
csdi
cwd
dtr

fd

gsl

id
preptot
r01mm
r10mm
r20mm
r95ptot
r99ptot
rx1day
mx5day
sdii

su
tn10p
tn90p
tnn

tnx

tr
tx10p
tx90p
txn

box
wsdi

Cov g @\:; f
5 Les o b sl el Soees I ol s o)
ol la ol b o ylzel 5555 Slalie 3L
S das oo Ol (YJQ) S5 slaosls L_;?l:)fj'g_) 3
Sl e ls lwand )5 () 3500 Sha) 93 2
s3lae 4S5 (g 5ba Loy S Jes S5 ge s 4y by
o (b b Jgb Oldisy slajgy sla e ls
9 &loyls ‘_;l_hg_,_.ir ‘(’deu“).j) ur‘)fg;\.ﬂsg_,.& €3y
i ailate oLs 53 Ly ST sl il
(ol s b e gla e ls oy 55 Lledd (g5luans
e 5550 ol S e lude sii JIs S 55 polis
338 ey S A 50k sl sl ol
3lie b lobies  Soen 136 ailie JS 55 L5 ¢ 3,
sla el oLas =322 BLlod 4y sy Slualis
S 5 glize s ¢ I 51 o) o ol 3
JUF) P o [P TGO T J_ila ‘_;uali:_w”\

ModExDs

Anzali
Babolsar
Gorgan
Ramsar

Rasht —

Anzali —
Babolsar
Gorgan
Ramsar
Rasht

ozl 8553 b MOdEXDS 5 SSQ 25, 55 3l eslizul b eddgiloans 5 Slaalie 25b 5 L op b slaatle Siras fglin g5 AR

(Y44 =Y\ Y)



QY Ol ¥ o5l oFF 0,55 cliad 5 o Ky b fof

§5Q

ModExDs

cdd
esdi
cwd

ditr

fd

gsl

d
preptot
01mm
ri0mm
r20mm
r95ptot
r99ptot
miday
m5day
sdii

su
in10p
tn%0p
tnn

tnx

tr
tx10p
tx90p
txn

x
wsdi

Gorgan

Anzali
Babolsar
Ramsar

Rasht

Anzali
Babolsar
Gorgan
Ramsar
Rasht

nslie) 535 b MOAEXDS 5 SSQ 255 55 5l salitel b sdd(s3lomed 5 SMalia Sk 5 s b slapasl mis deglis 0503l ¥ K3

(144 =Y \Y)

ModExDs

ssQ
cdd
csdi
cwd
dtr
fd
gsl

d
preptot
r0imm
ri0mm
r20mm
r95ptot
r99ptot
rxiday
rxSday
sdii

su
tn10p
tn%0p
tnn

tnx

tr
x10p
80p
txn

box
wsdi

! —

Anzali
Babolsar
Gorgan
Ramsar

Rasht —

Anzali o
Babolsar
Gorgan
Ramsar
Rasht

Q8O- aslasl 5553 b ok 5 b o b sbapasli Lulul s MOdEXDS 5 SSQ b sy o)l oS5 05051 F K2

a;,_fuu@:g}m“,iw waﬁ.la..wdh&.mﬂ‘&
(5‘)-’ au\_ﬁTC_,_..ﬂJ‘b. c‘bﬂ k.'a'iw G)}: LBJ fb C_«m‘
el K5 o) 1 g O T oKt

J‘:H‘J}_:N‘rﬂﬂu\ﬁuﬁb‘}g_»:)ﬁdow

Sl OT 51 (S (F JSK8) (oS 5 0asT s
SLajsy 5 ddy Juab e li) b e ls 5l SLl sl
dﬁ"’"‘"““‘a‘]“‘ﬁ‘ﬂﬁdz‘)))°ﬂh—‘“}5((}f

. g B3 . & . -
rb;}'i) S5 5) ‘C‘}M B Aled b 6)\-..»14:._.»



fea Gl 3 W3 slagy b etz 5 2l G 13 8 ) s

s sl 80 dlons S ol 5 5 5 oa)
das e Ol o(F ) ok s iy 5 Slalis s olis
U aibaie Lol 5 Calbus sla g,y s
ssbieas HLaT 53 e ls ol .Sl ke (63 A
s oo 03Ul s g ke 93 o gl (6,8 03I
ol ol 4 g o (s 85, sLa by sl
3y Jde i Hlzel Suasolis (il S e ls
Sl S cles ool e Ole g s 4l puy
5345 Ol ol L3 1 220 B 5k 6l 5557
ol 8l OT Slde o s (ol O 557 IS
LSSl iy g sl o 5 o o)
e sl o Kile 033 0mly ez onl 53 4 5 e
Sla et Ls 53 0T s o cl 08 8 oKl 2L
Gt 93 el it g s ol B0L 2 3
She s S (gl S de Jlae slis les lay
S S ol Jll 4 dis ol aS7 Sl 0T Jilas
tCmnl s gladln b STus gles i Ol i
S 3 i ol 5L B (6 s S OGS
o) B o S by s Sl I 0 ba gl )l
@@‘%J})J&d“}&&W}W}}

@li:_.ﬁl&_?UL)JJ'|J;€J.‘LA:‘~>_}‘;J?J'.1J):¢J‘.:}4{

el e sl o bl Soan SuST,
dors e DL (i lael 850 (b ol i iluand
3L A U cadate 53 (15 85, 5 ol s &S
L = /P o (S 3l (5 ke dials 503 Gilate o
S STy 5k o otalive 457 Olimman .S e 1)1
dg_.qt)lg_.,;w_.q,_b\@”;){t;w»u
Ols s p s 5 Jsl w5 52) 35 (Smen &L 5 S
(25 ml suad  Blas 0L (o 5 4y 45 el
SN I [ EPIE o SN PRI B
kS:_m?.uﬁ:l_fu PN P HPU. Y Sy S, Cbl_E:.a
S 5 Al o R 5 e g e blie
o3t F30 33 a am S1aS S Oly5 e e
ol bz S Sl i L 5 5 )
@;}:unggbfk}j”‘uuifﬁu
sl bl w35l bt b awslie y3 1y (g Sl

sl
Sl palie o (7 JS0) (Sorer o (02
aS das e Olid ot yliel 5595 53 s ddg5luad
A 55 Laolal ples 53 Loz slags b (sl o 2 2!
Soan 45 o3 Ll (1 4 653 5) O gllas

L&}.«.?u BE] el /0 S gd>= 4> \Ao\i‘.’.w.:‘ u:‘JL t—r:u

.\:a-n-ﬁ"ﬁ)):‘ oMLiwaJu:.w‘J)}_aksL&j))O:_fd.i:-léQ)Lﬁ
2 - m ssa = /
O ModExDs ~Z
L] ".
g 7 ,//
e
7
) w |
§ (=] . L™ /
*g e
$ 31 "
8
= o~
— /
| S
3 /
o e
s - o
Py
Py
oot
- L ]
e T T T T T T T
-0.2 0.0 02 04 0.6 0.8 1.0

Observed cross—correlations

O8V-Y ) bzl 5555 b MOdEXDSs 5 SSQ Sl eslizal b st g3loans 5 Slhalie sl cbu;ﬁ W PN .OJSJ



Comelation coe®oent

08

08

04

02

00

VAV Sl oY o led FF U}Jel«éﬁ}&ﬁj&}:ﬁ f.5

| 550
0O MoedExDs
|
222225855450 855 %
33 3 IR ' BEEEE
SEEREEREREEREE
§3-— 235 38*

5,95 A.‘h s 90 ‘5\#:&4‘ 3.\.:1‘5}\.-14.:.:.: K ‘;'\"-\Au..a ﬁéuﬁ (C«wb)

ShHalin clmesls Ol iy dals 1,513 olaesls
J>a.s\.é:_..~\:)_,_A‘_;LAJJJL;KJKQJ:»’-JfI.M
59, 00958l 5 ola3s, s SLos ) s cpl
g esly Jibg dad cpl o SKae d B odd 5 (.
S on patia oL an b e Sl e (o 2 b
A (6 b 300 ¢ oL polie (gluand 5o alis oyl &S
A sl (585,48 Gomin 3,8 005
el 3855 o lolb ok 3y goa 51 SIS a5
SLaelSiy S u =S i (gLl god Ao 5,
b4 S 33w e ST (e
PRURT- -V PR P S I PP
Olg o ol ol 6l OLE S 0T Sl a1 ne
Ssb e dilaie 53 S A Gl by & 25 Ol
Syl eSas Akt b amlin )3 1y 5 jas > Shas

...«U‘eé‘}w'

MAE (deg. C / mm)

| 550

O ModExDs

_in
_n

[

Glhe glas o Kls 5 (G3) Oy Soad Jlasad £ JKS
RCRLYE DAL S IPEp s

anzak_p
babgisar_p
Gorganp |
ramsar_p
anzak_tn
Gorgan_tn
ramsar
rasht_tn
anzali_tx
babolsar_tx
Gorgan_tx
ramsar_tx
msht_tx

babolsar

Shalie Glads o dulis 4 (V JS2) Q-Q s sei
ssee )3) ol i (SacS A 5 (B ) e )3)
LLE 055 o 5505 5 o0 i yliel 5595 53 (63 50s
el Bl w55 Jsane D) gty 00l 45T dias e 0L
s g 5l (S el sas sl 53 53 baosls o Salols
sl 5540 ijl.:\m:b Bl phe o polis
P Dl 0 0 28y g0 4y 5V S > 8 Olan
e 2 Shas dles glags 3 G158 50 00 s 5
Glos L sl &als (pl 55 b blaaldE tule
o5 s S sl (YL il
ps DL ST dis ol ks Golate o ldior 5
Sl 555 ol Glos ol (g5luans 55 Conbes
8 sy (S hsw e s bl S sl
G3le (639> b s o cLSJLaTd'LstJ'“ sl Sy

s r B e by, nl a8 | ey 0 B w



Predicted quanties

Predicted quaniies

Predicted quanties

00

300

100

fev

e b gLy slagy B ‘_ga@.....l\.&e 3 ‘_gn@;..;l& J")f}i) iy e

QQ-plot 1991-2013 (NCEF1 ) anzali_p babolsar_p Gorgan_p ramsar_p rasht_p
g1 g4 £
-
&1 8 g1 g4
A A . . .
i H H H
& 5 B4 § 8 84 ] ERER .
A S . S 2 84 3 -
L 3, b 3 3
I g S ] = I g
i i ol i
2 & q R
p y
: ° o ° °
T T T T T T T T T T T T T T T T T T T T T T m— T
o 100 200 300 400 0 0 100 150 200 230 0 20 @ 100 ] 100 20 300 ] 50 100 150 200 230
Observed quantiles Observed quantiles Observed quantiles Observed quantiles Observed quantiles
anzali_tn babolsar_tn Gorgan_tn ramsar_tn rasht_tn
3 8
8
. 81 , B . o
2 2 2 2
] ] & g2
4 L] ) 2
3 24 3 3 3
I I I 3 e
E |3 ) i, z
- : / ° .
” " 1 T el
) F -
: H s «
& T 2 & .
T T T T T T T T T T T T T T T T T T T T T
-0 0 10 2 E ] o 10 20 kg 10 o 10 k] 10 L] 10 2 -0 o 10 20
Observed quanties Observed quantiles Observed quanties Observed quanties Observed quanties
anzali_tx babolsar_tx Gorgan_tx ramsar_tx rasht_tx
4 §{magm
9 O sds
L ' i '
: : : :
3@ 38 ' 3 8
I I 3 r I
i i i, i,
°
= o
. 4 o
T T T T T T T T T T T T T T T T T T T T T T
0 10 2 0 20 o 10 2 3 40 ] 10 20 o 0 2 Ed ] 10 2 0 20
Otserven quanties Onserven quanties Onserved quaniies Obsenveq quanties (Observed quanties

ey go dibate oLzl 5555 550 5 Les glacn b (6513t a3l 53 AKiecliir 5 AT gla sy Shim-Sdior s sal .VJS.::

gujjjcvjfdu@¢;ﬂ6uch)M
(_);'f‘u\_v- 6LAJ JB“'\—"}LS‘°)‘—> 6l_hg_,_& crjj
@)ad%@uu;)péuu»upwwy
.si.\_ﬁ}gb_:n)'”a JZ)L;{LA;-)‘J_&A)JJJ_&J
Cdh o el (S (A 25l sl las,
s Les glacy ;b 15 855 55 oy p 5550 Gl is)
kfh*“)l'":';\ 3)}) B bj‘u\.vt’.w‘ LSLAU‘"L‘;' J"L"‘"j U':‘)L'
cua%_&fx)-dgl\dg):wyﬁ-))bggkﬁa;n

el

& S dons D
ey i 92 45 T a5 L e 5o
Sl A Ly i ol s el )
R NEI PRT P PRL (PR GUNPRE 0 S
OHLSan 5 g AFAY o gl Y VY (O LS
135 5 Sy 3 —Slas 4 S 5ls OL_55 (Y10
e D e (K 2ol 53 o A
ARl ) 5 o aolan) o o) 2358
Gl asle S5 555 02, e Hlinl 4 Olovas ol
Jsb Olude slajsy sla el i) Les gds



VYAV Ol of oyled FF e)}:d‘?é}sz.gg}} feA

100
90
80
70
60

Oyl )3 Cud g0 sy

am

50
40
30
20
10 I
0
R @i TR Che @is s

XDS

B WL, S W, W,

.w)ﬂ:)}aéualf;.ﬂl&:i{u'du.‘ﬁ)}wsdjjéuc}aﬂétgﬂgﬁﬂéuu&u"gbjf}:)):kmuij)cﬁ:ﬁ}»u): ./\JSJ

5l a5 b s o)lal s S5 5 Canbad pde e
4w;s;q_b$u§buﬁl§l@Tg|xu&fdiﬁ
o3lizl 350 s Caliben Bl 3 (o)L suaze sla_s,
ol 93 S GG Ll Sl S sike glyls s 4t S 15
Conbad oo s 1 AT (Cml Cenl Sl e
e S e 53 S s g, pl (s A 00 3 s
7 Sl s G 65 2 B 555 e alad

el bl

&l

SLm b Caalsh s o OFAY (ol
R3lie G5 8505 55 Al 5 2Bl
(6,53 Dy Ol Sl o sk 5 s s
e Sy ol

USRI T P W R P e
SLARS-WG (5T slad ole 3y sy 93
adllas) ol sla il )l Ol ks 5557 5 55 SDSM
C bl la jiagiy adoes (doo oS358 )50
FYYF 8t F ol V¥ o555 Sl 5 OT

5z (sylbe g ed 3o ez Sy Slins
Jie goail g sl il YR (5 ool 3l e
(s g Los )L pled wlde 55,5 SDSM
o033 5 S s o8] 153 ) 50 aalllas

38 50 o) gz 53 355 gn odalie o Olizean
s A G S b S e
R PP S I NE S PR EOPS
Wilods ailate 53 oS 5 05057 3l deo 3 YEY 01,08
S 53 ol il a3 ol 3 Jod 3500 s
o 5 adlate (laolSinyl (51 o Ty gyl o7 o
bl Ca g 48T (S0 4 el e 6oL
LT SPEIE G g C M PN RUSE S
23 9y 90 o bl o aS sty oo Aoy
RO INE N ST PN UEPIIC I
135 0 5 (B Ll e T el e
s S50 s gl ol Lyt e Ao 5 0 390
355 48 Calen Gla gyl ol aiaie (31 51 ST
OT 4 e i 53 4 ol (6 05 Coalad pte Lo
ol e 3 S 1z 65,8 515 b e s dal g aitls
Al o glo g b (3L o b s o ooy g0
s 4z S culS dal s Sl el 515 40
b Saoas s el 5 LT G5 555 sy &
E}GM)@#Q%.‘];@&J}»‘ICL;‘)‘{}L‘J
I P WP P S W IO L YRS
Sde 5 S 3 | e (ST Bl i O 56
o g S0, e ailate y3 Loy b

3485 (63,4 (aL».? S5 OLL ) et el ol



£4 e b 3 b3 sl b Atz 5 AKa ST 13,8 5 5 e

3 eslizal U el pliss ol )LaT Jobe 2 &

O 16350 andlles) G5L 5 s gl sla e ls

O oplad FY o5 ldd 5 e S5 50 (010 Sl
YA-Vay

pea—tan SLs; 'C‘ujﬁ—"‘) G habi 50 3

OYAY (o g sy 55 (Sl e

rleie ) SB3 (ol gy an Jalge Sl (o)

a5 sele 4 (SDSM Jae s £

¥ ejlemd ot dl (b Sy pide 5 (ki
NPF-100

) C‘d‘:_"“’ Jﬁ}c.rcél_"&)_w}ec.rcuﬁ)_{
wLL’S"J.’.) L\Y'Q\ c.0 ‘U’JU}J 6)[..9- 9 C u\}u;l.:
sl sy (ST sl gl byl 5 gl olas
leiagsy 4 5 gy S 4 53 Ok s
M"—Y’b 6\* G)LQ.:;' ‘C}w JL.» ‘wL.& r:l;‘

Biirger, G., 1996, Expanded downscaling for
generating local weather scenarios. Clim.
Res., 7, 111-128.

Biirger, G. and Chen, Y., 2005, Regression-based
downscaling of spatial variability for
hydrologic applications, J. Hydrol., 311, 299—
317, DOI: 10.1016/j.jhydrol.2005.01.025.

Biirger, G., Murdock, T. Q., Werner, A. T., Sobie,
S. R. and Cannon, A. J., 2012, Downscaling
Extremes—An Intercomparison of Multiple
Statistical Methods for Present Climate, J.
Clim., 25, 43664388, DOI: 10.1175/JCLI-D-
11-00408.1.

Biirger, G., Reusser, D. and Kneis, D., 2009,
Early flood warnings from empirical
(expanded) downscaling of the full ECMWF
Ensemble Prediction System, Water Resour.
Res., 45, W10443, DOI: 10. 1029/ 2009 WR
007779.

Biirger, G., Sobie, S. R., Cannon, A. J., Werner,
A. T. and Murdock, T. Q., 2013, Downscaling
Extremes: An Intercomparison of Multiple
Methods for Future Climate, J. Clim., 26,
3429-3449, DOI:10.1175/ JCLI-D- 12-00249.
I.

Cannon, A. J., 2013, ModExDs, Pacific Climate
Impact Consortium.

Chen, J., Chen, H. and Guo, S., 2017, Multi-site
precipitation downscaling using a stochastic
weather generator, Clim Dyn, DOI: 10.1007/
s00382-017-3731-9.

Dobler, C., Biirger, G. and Stétter, J., 2012,
Assessment of climate change impacts on

Ola S ydes 2alS 5 6L (6l o Hlces
(b g oKl

3¢ QKT e et cp o Slag p ( SLS,

s $h leds) amlie WA e SLs,

Go St 05,87 wldayy 53 SDSM 5 oo e

$asdllzs) HadCM3 L o (g 5luans gaNle 550

gl e e (0l 5 0l OLe ST 065, 5
¥-Y0 W ¥ o)L@fl: A 092 cuT
&‘)L{ AVAF Gl olstt £ Lf)\..;\ o LG\’U_«#
LARS- 5 SDSM (s LT sla wbide s 5 sl Sl
Lo 55 olidlga ol s g lwas ;s WG

(b Ll a Slgtagy vl Ay 5 T

M‘P—f‘\‘\ W Lf o)L«.ﬁ: uf\/ aJ)}

uj‘ﬁcl_wa 9.8 40_9.:>)d~\.1}§ ) cu:.-)\ e cab‘jc_}é
PRIV G Sy P TP IR SR T W

flood hazard potential in the Alpine Lech
watershed, J. Hydrol., 460461, 29-39,
DOI:10.1016/j.jhydrol.2012.06.027.

Farajzadeh, M., Oji, R., Cannon, A. J., Ghavidel
Y. and Massah Bavani, A., 2015, An
evaluation of single-site statistical
downscaling techniques in terms of indices of
climate extremes for the Midwest of Iran,
Theoretical and Applied Climatology 120,
377-390, DOI: 10.1007/s00704-014-1157-4.

https://rcmes.jpl.nasa.gov/content/statistical-
downscaling#quantile.

Haddad, Z. S. and Rosenfeld, D., 1997,
Optimality of Z-R Relationships, Q. J. R.
Meteorol Soc., 123, 1283-1293.

Hamlet, A. F., Salathe, E. P. and Carrasco, P.,
2010, Statistical downscaling techniques for
global climate model simulations of
temperature and precipitation with application
to water resources planning studies.
http://www.hydro.washington.edu/2860/report.

Harpham, C. and Wilby, R. L., 2005, Multi-site
downscaling of heavy daily precipitation
occurrence and amounts. J. Hydrol 312:235—
255.

Haylock, M. R., Cawley, G. C., Harpham, C.,
Wilby, R. L. and Goodess, C. M., 2006,
Downscaling heavy precipitation over the UK:
a comparison of dynamical and statistical
methods and their future scenarios.
International Journal of Climatology, 26,
1397-1415.

Kalnay, E, Kanamitsu, M., Kistler, R., Collins,



VYAV Ol of oyled FF e)}écw‘p;ﬂa}&ﬁé £y

W., Deaven, D., Gandin, L., Iredell, M., Saha,
S., White, G., Woollen, J., Zhu, Y., Leetmaa,
A., Reynolds, R., Chelliah, M., Ebisuzaki, W.,
Higgins, W., Janowiak, D., Mo, K. C,
Ropelewski, C., Wang, J., Jenne, R. and
Joseph, D., 1996, The NCEP/NCAR 40 year
Reanalysis project, Bulletin of the American
Meteorological Society 77, 437-471.

Khalili, M., Brissette, F. and Leconte, R., 2011,
Effectiveness of Multi-site Weather Generator
for Hydrological Modeling, American Water
Resources Association, Journal of the
American Water Resources Association,
47(2), 303-314.

Khalili, M. and Nguyen, V. T. V., 2016, An
efficient statistical approach to multi-site
downscaling of daily precipitation series in the
context of climate change, Climate Dynamics,
DOI: 10.1007/s00382-016-3443-6.

Khalili, M., Nguyen, V. T. V. and Gachon, P.,
2013, A statistical approach to multi-site
multivariate downscaling of daily extreme
temperature series, International Journal of
Climatology 33(1): 15-32, DOI: 10.1002/ joc.
3402.

Kim, K. Y. and Yi, G. S., 2008, Sequential KNN
imputation method. R package version 1.0.1.
CSBio lab., Information and Communications
University, http://csbio.icu.ac.kr.

Maraun, D., 2013, Bias Correction, Quantile
Mapping, and Downscaling: Revisiting the
Inflation Issue, Journal of Climate, DOI:
10.1175/JCLI-D-12-00821.1.

Michelangeli, P. A, Vrac, M. and Loukos, H.,
2009, Probabilistic downscaling approaches:
application to wind cumulative distribution
functions. Geophys Res Lett 36:L11708. doi:
10.1029/2009GL038401.

Panofsky, H. A. and Brier, G. W., 1958, Some
Applica-tions of statistics to meteorology,
Philadelphia:  the  Pennsylvania  State
University.

Sunyer, M. A., Hundecha, Y., Lawrence, D.,
Madsen, H., Willems, P., Martinkova, M.,
Vormoor, K., Birger, G., Hanel, M.,

Kriaucitiniené, J., Loukas, A., Osuch, M. and
Yiicel, ., 2015, Inter-comparison of statistical
downscaling methods for projection of
extreme precipitation in Europe, Hydrol. Earth
Syst. Sci., 19, 1827-1847, DOI: 10.5194/hess-
19-1827-2015.

Vandal, T., Kodra, E. and Ganguly, A. R., 2017,
Intercomparison of Machine Learning
Methods for Statistical Downscaling: The
Case of Daily and Extreme Precipitation,
arXiv:1702.04018.

Wang, X. L., 2008, Penalized maximal F-test for
detecting undocumented mean-shifts without
trend-change. J Atmos Oceanic Tech 25:368—
384. DOI: 10.1175/2007/JTECHA982.1.

Wang, X. L., Chen, H., Wu, Y., Feng, Y. and Pu,
Q., 2010, New techniques for the detection
and adjustment of shifts in daily precipitation
data series. J] App Meteorol Climatol 49:2416—
2436. DOI: http:// dx.doi. org/ 10.1175
/2010JAMC2376.1

Wang, X. L. and Feng, Y., 2010, RHtestsV3 user
manual. Climate Research Division, Science
and Technology Branch, Environment
Canada, Toronto, ON, Canada.
http://cccma.seos.uvic.ca/ETCCDMI/RHtest/
RHtestsV3 UserManual.doc.

Wang, X. L., Wen, Q. H. and Wu, Y., 2007,
Penalized maximal t test for detecting
undocumented mean change in climate data
series. J App Meteorol Climatol 46:916-931.
DOI: 10.1175/JAM2504.1.

Wood, A., Maurer, E., Kumar, A. and
Lettenmaier, D. P., 2002, Long-range
experimental hydrologic forecasting for the
eastern United States. J Geophys Res
107:4429, doi:10.1029/2001JD000659.

Zhang, X., Alexander, L., Hegerl, G. C., Jones,
P., Klein Tank, A., Peterson, T. C., Trewin,
B., Zwiers, F. W. 2011, Indices for
monitoring changes in extremes based on
daily temperature and precipitation data.
WIREs  Climate  Change  2:851-870.
doi:10.1002/wcc.147.



Journal of the Earth and Space Physics, Vol. 44, No. 2, Summer 2018, P. 10

Comparison of Multi-site and Single-site Daily Precipitation and Temperature
Extremes Downscaling (Case Study: Southern Coast of the Caspian Sea)

Oji, R
Assistant Professor, Department of Geography, University of Guilan, Rasht, Iran

(Received: 20 Jun 2017, Accepted: 24 Oct 2017)

Summary

To characterize the linkage between large-scale climate conditions and local climate variability,
statistical downscaling techniques have been frequently used in climate-related studies. Different single-
site and multi-site approaches to downscaling methods are applied in this regard. Most of the studies,
however, have been mainly dealing with downscaling of climatic processes for a specific site or
watershed average, but few studies are concerned with the multi-sites downscaling techniques because
of the complexity in accurately describing both observed at-site temporal persistence and spatial
dependence between different variables and locations (Khalili et a. 2013; Chen et a., 2017).

In this study, in order to comparison of multi-site and single-site daily precipitation and temperature
extremes downscaling, two methods of Single-site Quintile Mapping (SSQ) and multi-site Modular
Expanded Downscaling (ModExDs) (Cannon, 2013) were applied to a set of 5 synoptic stations located
within Southern Coast of the Caspian Sea, Iran. The SSQ downscaling technique is based on application
of the quantile mapping bias correction step from the Bias Correction Spatial Disaggregation (BCSD;
Wood et al. 2002) downscaling algorithm directly to daily GCM data, i.e., without spatial and temporal
disaggregation (Burger et al. 2013). In this study, quantile mapping algorithm with delta method
extrapolation for nonlinear bias correction is applied. Expanded Downscaling (XDS) is a perfect
prognosis technique which maps large-scale atmospheric fields to local station data. The XDS method is
based on defining a multivariate linear regression between predictors and predictands, extended by the
side condition that the loca co-variability between the variables and stations is preserved (Sunyer et
a.). The ModExDs, as a modular of XDS which isimplemented in R by Cannon (2013), is performed
here.

The predictands include daily time series of precipitation and temperature extremes for the 1961-2013
period that leads to create a training set consisting of the first 30 years data, and a test set consisting of
the remaining observations. Same variables of the NCEP/NCAR (National Centers for Environmental
Prediction/National Centre for Atmospheric Research) reanalysis dataset were considered as climate
predictors. Missing values of observed data are filled in by using the sequentia k-nearest neighbor
imputation method (Kim and Yi 2008) and homogeneity tests, of the R packages RHtestsV 3 (Wang and
Feng 2010) and RHtests dlyPrcp (Wang et a. 2010), based on penalized maximal t and F tests (Wang
et a. 2007; Wang 2008b), are applied both before and after infilling to assess infilling performance.

The methods sensitivity to large-scale anomalies and their skill in replication of the observation data
distribution during the validation period (1991-2013) are tested, according to the 27 Climate Extremes
Indices (CLIMDEX), using Pearson correlation and Kolmogorov—Smirnov (KS) tests, respectively.
Combined tests are used to assess overall model performances.

The results showed that the multi-site method of ModExDs was able to pass 66.7, 48.9 and 33.3 percent
and the single-site method of SSQ, passed 63, 48 and 29.6 percent of the Kolmogorov—Smirnov (KS),
the Pearson correlation and the combined tests respectively. Therefore, both methods performed well in
terms of temperature and precipitation downscaling. However, multi-site method performed better than
single-site overlay.

Correlation tests were passed less frequently than KS tests. Both methods downscaled temperature
indices better than precipitation indices. According to the Tables 3, 4 and 5, some indices, notably FD,
GSL, TN10p, TN9Op, TR and DTR, were passed correlation test successfully. Most of the indices
related to the precipitation, especialy, Rx5day and R10 were not successfully simulated by any of the
methods in the region. Model performance varied widely across the study region. Methods performance,
however, were better in the Anzali station regarding to the test 1 (corr). More indices were able to pass
the test 2 (KS) throughout the region. However, indices such as DTR, FD, TN10p, TN90p, TNN, were
not successfully downscaled or appeared to be fairly weak in all stations except for Gorgan in this
regard. The indices of GSL and TX90p could pass the combined test throughout the study area. As
mentioned before, methods performance varied across the region. So that the methods performed well in
Gorgan station, while both performed worse in Rasht station.

Keywords: Statistical Downscaling, comparison, extreme temperature and precipitation, the south coast
of the Caspian.
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