Yol
SB g ol cblis glayiag s &yl
VAT gl o jlond o, le 9 Conmn Al
http://jwsc.gau.ac.ir

(g 9 & y9irs (S0 ol ! 250 590 axllian) 0T b yb (5 sl Curdad puts (w y 39

Yoo - V. .o Y . . A #
lals s 9 Gl (A posas o (sudd alds) C ala gy wla
‘wﬂls.ng ab/\.:.i‘é aé_}‘}),:éuj) CJA a); .L;leujks A;?.-‘}ATV,:‘QY ‘JAJJLS.L.J; aK,.iJ\é ‘6_)‘3):5;31) CJA ajjf JLléL"w-:“
w})&.&fa@\) ‘Juia);éfsééﬁa:db)&fr

AVYNA 2 oy G)\:e‘\i/h/w 13l s GJU

oS

Sl 5l K Olgee Camexr Ady 5 et @b Sa ) s O sl 558 ibas 5 aile
el glls OISl 5 O e (51 el e bl rlpbe ol ot s 55 el Oler 5SS M
o e e st 5 Ll 53 Bl sladie 0A 5383 it 3 5 ol bty ke Ll Lo
Sl e 53 adldl e Lliza (2S15 5 Ll Glacdles § 56 oS 3505 3 pmy Coabad e 1 il e
Gl iass 53 uliln szl (ilaand suelcadspe 5 8 ) hea ol pls ol Sbey 5 S S5
sl 2oL dlale (g3luat s @ a5 b el cnl 53 il (655,0 ushad pde Lot (O mle (6328
5 LARS-WG) Wi bdess Ja 53 5 s psee (535 oy olasl ol Jler oS5 5l Jol>
ST Gl Gl s Silwand ok ple g Ghdes 5 dgde Shdes oKl 52 5 (SDSM
A s el D 5 O SL By a5 L (YY) g STl s (Y=Yt Jsl

plnil gl Lo Jlaabl LB 5 oo Sl Gl &5 g 5 5y smm shden laolSanl tla S, 5 5l
VAAY 653 53 wilis, ol Slele 5 3L (Blas 5 Sla gles ol 5L 355 Sledbl s Clssl iass
Jbe s b Sl G clluans s 4 5538 wlidls Olosle Sl S e 5l edke YNV B
GFCM2 Jx AlB 4, L CNCM3 NCPCM ladae Bl B2 A2 AIB (la s sl L HadCM3
53 5 @bl G S ldssy Jbe 53 L A2 5 AIB lagslbe LCGCM3 Jus 5 A2 5 AIB (gla g sl L
ol s eslan stdjl AR T udjbwcﬁxla}c.m oon Sl e gyl ) fyors
phe S 5 s p S el D Okl Aol gl e s s Sy - WS Bas 53 e
5 el oy slagslaans Sy S Jlsses 3l eslazal b Jgl (alf 0 e 84 baggslaans Coakd
Blod el pits anals Olgea (Ao 3 VO) pa Sl 5 (Ao )s Y0) Uil Sobr 53 Ole dhools s G
A_Lpl_éLu_éal.\,a_?Lguesl.s.xﬁljsL.Ladjuam.zQL;:;..]a\%de\ﬁ%ﬁﬂ\aﬁuﬁ})l{@&fy.,gsﬁ

LSLA_S BEl LQJ.:A\)L_:. f_:LE.a )\ &:Mx]a_g (a.,\f« .,\.:L: &)M*S} &:Mx]a_g (a.,\f« J)}TJJ. BEl A wbm LSM)D q0 QLMAJG\

rouhani.hamed@gonbad.ac.ir :45s J s *

YAQ



ol amg by el S 1l b il asseme a6l Jde Sl ol 3 35,8 e (uls il ged b el
.Jbﬁ&wwwt&M\éuLﬁ)J}

Jsl @l s HadCM3 5 CGCM3 Jue 55 L dlale slagiloans o ojson hden oKl 5o ibaabl
Sle s A gllid & esls Olgea s =Sl ped 3l eslizal b ST a3 33l s HadCM3 Jus 5 S
e Solwand 53 Gyl e OV 55 Agde hden NECH T w S b s J-,:JUT Shny Al e
Jbe 5 ol 5wl sl g5 ;3 CGCM3 Jus & by o &5 s sdaline JLizl glag b 5 GCM lads
03 b il sl L Gb O gl Gl ) dm ag Olenl fb 4 by e slaele > GFCM3
4 sazeo (Gl &?JJ}Q:xIa_B‘a.\.o Gl g ey b da e e s okl 33l 53 a3 5 ol&Kusl 53 e
e baole ST 3 Canlal e b 3L Culis Sl 3 iz iten olas] 3 S S el Laggslaand
Sl b o bsaol alale aob (gSluans o Sle slie anglis puoman .ol 381 5 Ce ST glaols o
dgte hitan oSl 53 bt ol b 53 4 Cod ST G355 L3 30 s anle 13 s EL Rl
53 2 534S g 533503 M psn aale RE 3 bagluand Guills Oliseds) dbiols (S Sl SVl Sl
0053 53 adide st Caalsd pde nl by 035 3L 3 sl Olirabl 0350w Ll s Sl o 52 ST 3
o 3L b ol (gl e

53 Bl ek it o 3 baualal pde Sl (gles 1S ik Olnl 53 S Slalllas St 55 g pS 4ot
35n FeS ol 2l bl e ey des Ll &S a0l 5l 5 Lol glaanl amss s L
ol al)l oy e cpl O Kiasn daiay .ol s diSel WS O e DLl (51 5 ol 01 S5y J 53
cﬁ*]a_“”a.,lpylfjlé_});r.xpjMJ&JJ%\)JJJS):NB\Mwaﬁujﬁﬁwu\uaj_}ésjbb

.:).Zﬁmml.“ebmsjcgl;ljlw)%bQ:\:L@{{’Sg,\j\jj&mﬁ\ﬁﬁawl}m);

C,.ﬁx]a_g C.Lo ‘me J:':*'? cg_)j:w‘ g ‘jg“‘-ij —U,MSL: uui)Lg ‘;J:del.baj/j

JY) J)\.S S99 C»:a.]a:ﬁ r-)& )l L;‘LL:%‘ C’Lﬂ" ’-r—.‘.l-;\ Aol

Sl 53 ol s Blize STy 5 Ll
Conld pde (VE) 55 oLl Gley 5 S Sy
2ol b Jue C,L; O sl C;‘j 5 adue s
Sl Sl el sdalie boediis 1Seslul
O lo bl 5 de g pdy i 5 DM 5 508
3o 50 Laesls js Uast 54 )f.i.s bl el
(EY) 558 0 adde 53 bl ple
pde 5 olrl Caabad e g5 s IS, 5ba
ol caalad phe 3 2ls sy Je oS

)\J'; 4.: 42-‘)3 L> k:»..w‘ eb\: )‘J‘E J.:SEM \) C\Y'
S0 U e sHlr Sl GBI s ol LAt
)Jﬁ)ﬂ%&é}gb)b&b%\bﬂ&bf&#
o i g b L(EY) A2l e M)&i@ug

s Slaeds 5 ole CE Ay 5 Bl sladis



OlySed g (Slag,y ol

L GCM ks e (V) i by e el s
S0l Sy e Soalad pde (V) (Joe 0503 ¢ 55
GCM Jusjl cilises Sy (F) gl 0553 L
3pdis bl Cankd pde a4 e ) 35
SLias & bl pde (1) 5 (e 759
e gla ) S S Ll el mlie s
J,\,:)L:}Lﬂgjaﬁfg,ﬁx]aj(a,\pﬂ&gﬁm
(YY) Lgs e

Gl (V) O 5 Jssy o cpl Lo
Bl slade sbagsloans Coalad pie alS
el L, CMIPS o6l Jue ¥4 e 51 s
SHuasy (b o3 03 SOk st 0 LB
Silwand Sl hmns 3 S8 L glads 5 As S
() e Gl ol s sl gla al

Jle & awglie 55 (Y18) OLKen 5 Ssa
SLGCM Ll oS Koy 4= ol 4 GCM
o,\;{fﬂfﬁﬁ;,ﬁxlajcx&uﬁélﬁwu
Oan 5 Lpbe (YY) sls dalys fals |,
Slos sdul Sl is Caabad pde Jdo s (Y1)
RS oS kb S wmis Ol 55, 2 a3y, Sl
ad Sap p elenkd pde 508 L L 15
Lol Rl St S Olnl e
Pl ded Sa) p s Dealad pde il 5
53 (T18) oL 5 gobeel (V) cel )
dhbe 53 b il plidesny Canbd pde
Ol oyl &g Loy 4 SDSM  LARS-WG
LARS-WG Jus L jls S pulissy, 45 il
ailais 3 (5508 gl (sLls SDSM Jos &
53 (T018) O,en 5 5,51 (V8) 55 anllles 5 50
dle L 3l eslial 4 A S a5 axllas
CE xS Rl Eel g peses 025
S e Sl el b aglie 5o ol la s A

)

2 S () Corer ond Ll (0Bl folye
sade 4,5 a5 (FA) Gl Ll el o
o ASh Lanl gla g b Jleel b CLel Jule ol
She b cul (San & 353 0 s3lwans IPCC
s s ST elel 5 sladl anny sy 5o
ozl s bl 3,8 5 55 55 1) ol Slaenas
53 T8 ) Kk Sl Jolse cpl oS
Foe 0 db Ll el pde 55
s 5 b gy o Slaaiar 5l (ol edmy slade
LS et ((TA) Lisd b S ks el
S o a4 (olrle glacals pis) Jb
5 (Gl sbgsloand & by e o 5a5a) oS
03 ey 4 &S Lgd e b e alial dLAJ;;jJ_é
Ja{\f: dadde o (YY) Lsd o o i Jde
LSS il Ll e 2y 5 (BS55
A3 kS do da ol L 4SS Sl
3 ol il glacsl ) 1l (08) WS
e (M) sz posas 3,5 e slads
oo NVl 5 B sl laanl s gileesls
2050 03 A DLd B 4z sl 5 ]
Gladie ol o osdle (EF) 355 o el glasn] b
sl L) b bl Sl S el
b Bl s (BT 2S5 alS
g legites S ()5 5 O Ol coolal aile)
LS e s 1y (e $5e JLSlas slus
Sl opsn 03 g Belge ) 035 WS &S
Jhtle 4 g L ioen V) el leds
O el G S i, sl ol
Sl sl am s eld (gileas laesls
Sl e jsba (YA £) 3,05 55 g o goms
e S, el 8 bapes
e pih il e 205 sladds



Jo gy LSl sl Sler oS 5 51 ol o]
Glorbior,y Jle 53 5 o ppes B35
Shden Kl 55 43 (SDSM 5 LARS-WG)
Conkd pde (VW) sy g Ghiden 5 dgle
sl Gl euss 53 (2l Sy G 3loand
5L (e Y V) oos SToyps 5 (T0)N-Y060)

A el g s I S S

9, 9 S0
U laesls G andlan 3, 90 athie J me
e 1 eaols ok Comal 81 ons Sldlas s
Olaedl B Wl g o S b slaesls 51 Gl
o) 53 ol (P das el 1, il
DLl Ghls & dgle diden 5 3ypem Shder
ok elml Gl Lo Sleebl LB il
sl 5 5 S0 laelKin| Slasiin .4 ol
slos Joli 5L 5550 Sledbl sl s 03551 (1)
5wl ol ol 5 b (Plas 5 sl
Olojle Sl S e 51 ol YoN) B VAAY o)5s
b oKl 53 a5 S A eSS alilsa
S e ST o slasle Sl e
0535 Josl 5 role 5 wssh 5 wsll glaole s
Slod ol amdo a5 b e Sl b e
Bl s i S el shuail 5 o5 ]

.J})\JJ\}@M‘—@QQ{MJJJJJ.N)&;}

5ol s hasn A ssde das
Oy ey &S dzils Ol (YY) OLKs
ECHAM4 ; HadCM2 Jue 53 L sl s 350
Sl Ssba sl )l 1 SLS Fely Ol o
Lo s VAA 5 Jals L )5 Y70 s jay aglin o) 90
OLKan 5 aador e 8 (V) Lol Olis 1y il
F s g oD Loplad pde gz 3 (V410)
Aol s, L HadCM3 Jus Jls S olde s o
Spd> & Loy 4t pl 4 O gl Op Oliedl
& b 0T 53 s aale Jsay 2L Ol
OA) ol 5 Sl e
23 S S35 amd Olg e 4o b
Gladis s L3 sl (Bl i Gl s
gladte 5 olasl glagbe o ases B35
spss el pde Loojlsen SIS i,
3 bl s Ll Caabd pde w35 6l 5 LSL s
Gl YalS palas pls Lo a S 3 e
ALl Iy ol pdlotarl s
(Y0) sl JalS 1 O Olg o 5t Jalse o S
S s fm 5> Cpalal phe 35 s Msay a5 ol
sbdde 53 golrle glacls 51 S0 Ll
g e b Cenbd pde i aa s Sl el
WJde 055 bl boadsl Ll o s ol s
Lauww 53 b Xy Jde a5l esland
03 by fFA P XY Y AT A) 558 0 o sl

b dble ileand S @ g L ki

Laxllan Sy 90 ‘5‘.&5‘.{7«1| Slasedn -\ J}J}

Table 1. Characteristics of the investigated gauge stations.

(mm) sVl 250 Lo g2 (L3 o 51 0) glis )| bl o e bl b Chden o&Kal
(Average annual precipitation mm) (Elevation meter a.s.l) (Latitude) (Longitude) (Synoptic gauge station)
263 1019 37°28' 57°19' o
(Bojnourd)
251 997 37° 16' 59° 38"
(Mashhad)
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Figure 1. Box-Whisker plot.
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Figure 2. Rainfall projections based on GCMs, emission scenarios and two downscaling methods in epoch
2020 and 2050 are presented as box and whisker plots. The top of the box represents the 75™ percentile, the
middle line represents the median (50" percentile) and the bottom of the box represents the 25™ percentile.
The whiskers correspond to the 5™ and 95™ percentiles.

Wik e oSl sladie 3 ol gla i i o
o3 edal st il ppamen (Y1 OY W)
syl (il Coaahid pde 4 Sl 0L ey,
Dl s Ol o b Gl e Sl e
(V) 0L 5 o Spsba cul 50
i mls o (YY) OLKes 5 Sdas (izmen

(W ¢\~),U,L,~)

yay

Golwand adllas 5 (Y01 8) O 5 s

Szl a5 Lo wadls Ol L)l 5o syl 54
Glas sazms ol ol ol 2oL Ol s s il
sdle 5 bl plaplden, S, L
R = T
ooy e b gl eslaad s b3l L(Y9)



60 1 3 PRy XA LN
- Bojoourd synoptic gauge station
E
> § 207 Te¥e @ 1 Yeme o
3= -
2"3. i: 2020 epoch 2050 epoch
5 20 - 4
-4
o r ' ' r v '
E E-] = - c = e a ' 1] b 3: a © e c = = & i > o
i P 3 2 §F 32 7 58 3435 % 3 % F 232 ZoR 858
] e Sekas ol
100 4 1 : :
P Mashhad synoptic gange station
E 80 4 1
= E
3 = &0 4 4 ;
"13 = Ye¥e g Ved- il
—
E 401 2020 epoch 1 2050 epoch
= 0 4 /- ’//
£ 4 5 E 3 ¥ o ¥ 2 ®E &8 & & E 3 ¥ & o5 z ¥
5 2 3 % § 332 7 8 8 333 8 3 3 % 332 3 %k8 3 &

4 g ‘a Aa_‘i 093 L}JUALZG u.’é)b JM.« Y o..\.'e_] 090 AJJ‘_;}L.‘% u.’é)b J_sélla [)LL:«.H PIWA T EW_ P 40 4...4_‘5.0 -y JS.&

aallas 5 40 6ha&q|)>g’a;¢a| g &j)‘df}f-&;fﬁhj€” dslws

Figure 3. Computed 95% confidence interval on the rainfall projected in the future with bootstrap method

compared with the historical rainfall data.
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Abstract

Background and Objectives: The scarcity of water resources caused by environmental
pollution and population growth has become an issue of vital importance around the world.
Assessing the water resources for the future is of great significance for water resources
management and policy maker. Despite recent progress in developing reliable climate models,
the different uncertainties inherent in climate change projections. Therefore, a successful
application of a climate parameters simulation in applied water research strongly depends on
uncertainty analysis of model output. Here we present a detailed and quantitative uncertainty
assessment of rainfall for first future epoch (2011-2040) and second future epoch (2040-2070),
based on the projections of wide range of rainfall projections resulting from the factorial
combination of four emission scenarios, five GCMs and two downscaling methods (LARS-WG
and SDSM) in Bojnourd and Mashhad synoptic stations. This enabled us to decompose the
uncertainty in the ensemble of projections using Box-whisker plot and Bootstrapping method.
Materials and Methods: Bojnourd and Mashhad synoptic stations based on the reliability
of their data and long date series were chosen for this study. A 30- year base weather data
(1982-2011) including daily precipitation, maximum and minimum temperature, solar radiations
were obtained from Iranian meteorological organization. The uncertainty in precipitation change
in response to the general circulation model (GCM) from HadCM3, NCPCM, CNCM3,
GFCM2, CGCM3, SRES emission scenarios (A1B, A2, Bl and B2) and two downscaling
method (SDSM and LARS-WG) was investigated in two future epochs. In this study, we
evaluate the impact of uncertainty in climate change projections on the future precipitation by
Box-whisker plots and Bootstrap technique. In the first step, the outliers were excluded by
box-and-whisker plots. In the next step the precipitation projected which is reported by ten
different scenarios, is then a vector of about 6000 bootstrap replications (500 per model), from
which we take the 2.5™ and 97.5™ percentiles to calculate the range containing 95% of projected
estimates. The fundamental idea of the model-based sampling theory approach to statistical
inference is that the data arise as a sample from some conceptual probability distribution.
Results: The GCM models show wide variation in their results, particularly for Bojnourd
precipitation forecasting. According to Box-whisker graph in Bojnourd synoptic station (BSS),
the projected precipitations by CGCM3 and HadCM3 in first and second epoch fall under the
2.5" and 97.5™ percentiles. In Mashhad synoptic station (MSS) some scenarios projected
precipitation significantly different from other scenarios which were belonging to CGCM3 in
January and March and GFCM3 in summer months. On the basis of these results, it is clear that
both stations will experience an increase in precipitation for epochl and epoch2, with the largest
increase found for epoch2. In the next step confidence interval estimation by the bootstrap
method is investigated for the uncertainty quantification of precipitation projections using the
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random sampling method. In BSS the confidence interval band is large in all month except in
August and October. It is interesting that for MSS, the range in GCM predictions is relatively
small for all seasons except in spring. This means that the uncertainty in climate predictions is
considerably smaller for these months. Results also illustrate that the confidence interval band in
Bojnourd station is wider than Mashhad station and suggest that precipitation projections is
highly uncertain than in Mashhad Station. On the other hand in both stations climate predictions
for the far future are more uncertain than climate predictions for the near future.

Conclusion: All GCM and downscaling outputs are inherently uncertain because no model can
ever fully describe physical systems. Most studies in the literature on the climate change
projection do not capture the full range of plausible future climate variation, making their
findings seem more precise than they actually are and as a result making them less credible
among climate scientists and potentially misleading for policymakers. We feel that the
methodological approach presented here addresses a fundamental shortcoming in the past
research. We show that failing to account for climate uncertainty lead to a false sense of
confidence about the likely future impacts of climate change, when in fact impacts are actually
far less certain.

Keywords: Box-whisker, Bootstrap, Climate change, Rainfall, Uncertainty
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