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3- Lifetime
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4- Special Reports on Emission Scenario

52 (9o 905 opldl —pinss] sl Jue (2955 5l ooliial
woled Jols Lo Jas opl (MY 51+ & V) wib 0 (AOGCM')
0,5 Al J> (sl 45 0392 (05 05 08l oes o oS> Ll
slooygd sl (oeldl slijesio p3lde g 0ad (b Jober (e
DS )3 Silodd 3590 Jolo o )3 (63N VY -+ VAP
sladsbe (sigdsyias Sldlas ) Yo ons 45 cully d255 1L
Jo—bo) YI0°XY/Va° M) AOGCM Lo Jo o Slwlxe
Sllas adate Cog I 1255 ((ebdlie o X aldle
o wlate S 268 d b Gldllas 4565l 5o opl ply
(F) 23l e cpl (29

O Sy alisee 10, S wlide S o8 slacs i
g JS29S Elo plhis s GCM (plie S5 sla2g>
A sgda (F) (Seeld i) 5 6oLl (sl b, e smls g
Lie 45 (clie% 0091 00l jloany (Lol Johw 00ly 51 oozl yos,
L@l AOGCM  Juo plide S5 Jobo 4 baape (295
D99y oyl 308ed o 0dliiwl Jobo (pl eyd Sldllas (slaolKius!
bowgy 00 b (gjlwand Sloj (gym j padime odlaiwl pae JJuy
o L5 g 04 48,5 2000L a8l by Mas AOGCM . Juo
039 (V) 398 3yly Slswlons 3 (ouldl Gl juiite Lawgia ;>
30355 s 7SS sl Joor 41y oliin 55 o Salp
Jie slaodly RCM ) gladlaie o8l gl Joo 30,0 L
Yol aS coih asg aob w8 o whie K565 1) AOGCM
e Lol g 2l sed 35290 )5S (oolod sl RCM (sl Jue
e S8 g)lol & ygums 0,b9d 55 n e ol slaodly ol
Sas8 slagdyy cnpdens S s )lel bgy ool ol 2 (F) w9
Smmsod D0l b o] )3 a8 (156 39 00 Hlod 4 3,5 wlido
9 ( 1y ghaw bawgte )La5 Mis) adaie (plide S5 (slopite o
Jis wlaie S5 slodhy (a8l slali o cLaosl
20,5 o wlite So 8 2Kl clrodly 4 lautiwe AOGCM
(V0 Y 5 5 F)

b oo S & 02 ol K8 a8l slopeite B yus
il s oolaiiwl &8 ol (pl cubly do g Wb &S iSO W5 peesd
S2s5 Wby by 0dd (gilwdnd ol yiite Sloj (g S
03gd 0 1S3l Wl sad iy Gk 3o 50 ylel (25 lide
B sl p3¥ 10L(0Y) wsl adlaie by, o8l Gllwgs j> il yuss

1- Atmospheric-Ocean General Circulation Model
2- Regional Circulation Model
3- Mean Sea Level Pressure
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2- National Center for Environment Prediction
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1- Statistical Down Scaling Model
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2- Scatter Plot
3- Partial Correlation
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1- Weather Generator
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1- Non- linear loss module

2- Linear unit hydrograph module

3- Catchment drying time constant
4- Temperature modulation factor
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1- Coefficient of Determination



WAR Jlo 55— 3T dojlo YF alor (S g of 4y s 4YF

ol Gy gyw Voo dlale s jlyo bawgio il s ¥ SE

Aad o Hlis a0l (6093 do Cams |y (5T 0590 40 00 J
gl yobay Jlo Job 53 ()b Cusl (asdio JS5 1 &S jshailen
rodka ¥ 3 o blugi jlane Bl g wlor (I yredkes WY
2R3 Jgad o 3 1y Gl (it e Juad Bk

2 Opicmed il Al e ¥ ke GBlzul L) giendis VF
Sl (oo Jg) Su 5> AL I ojle wle )L slaole
g | ol s il 02y by o 8} it
ool Conds yiowho VY Jlaio b sl g 08 (claole 1 3 couldl

S Gl 1 Clysdl (Sl bawgs (VAVN=Y e v ) &l 090 4
5 USCS cal odds ody il Vg £ ol IS5y @l sy Bl 4
sled loj gy Vv alale cus 1 lawgio il s Hlade
Olis 4l (g0)93 Ay Camas (Sl 0y )3 1) 03 wlidle So68
595 50 VY °C bwgio jolay adlaie (slod JS& oyl gubo > o
adasMo a S jolailon aul o iuljdl +/F °C Hlae Byl b
o adlaie s jln sled o8l Gllwg Cualad pae 3o 0
L1y e Bl i 415 5 au5y csloolo oS psba 0k oo
[¥ °Casg5 olo yd Glpuss (pyieS &S Jbs j3 wyls 59, ;9 ) °C
Lol bos bawgio (al38l ooyt jly b 5 Jgad (o )3 -l

oW i +AC Uy ) me il ol oy iy yliae b 5 VY °C
R
W _lalis
_ ) Iz W el
AT S ‘.~|..~'n] yad IREVARALY YA ey 8483 =
\ b e ol e JwHadCm3 ARVARRR VI B EERPE SN jauncep
30 30
25 o J 25 o JR L
20 o L R 20 o ]
3
%15 e S L 15 e L ]
10 i R W 10 ........................................................................
5 d RN -R-B R R 5 f RN -RR
0] 0]
I F M A M I 1 A S O N D I F M A M I I A S O N D
Jue (Ul g (Toawlgnyed 13 Oyl dn 1 (il aildlo e 31,5 Jawgie —(£) JSS
sl W alts
| ARVASA R e \_-,-.’.lﬂl.\)] 2 52 JM} ladCM3 | VAR LV ._J-""“ u-""“'""’]? o390 Jesncep
130 140
160
120
140
120 o 100 gt
:100 I - 80 4t A
% 80 ol
“ 60 SN NN I S S
60 B BB g R
40 Il T H T . = 40 SN NN NI R S S
20 -0-0 -0 0K R yaml B NN N O EE— N
0]
0]

I F M
Jde U5yl g (Bowly 890 13 (wi,b dilale G 140 Lawgio —0 S

A M 1T 1 A S O N D



dasls aspe

— ke Bl Gl

JrRes - Ji= e il

Wl (60,90 & Comnd Yo £o-Y T 5,90 0 bod Sloj g pw Vo ¢ aibdlo o 31,5 bawgio Ol pdd =1 S0

100

80

MAR  APR

FEB

-40

— e Sile B+ e ool

- ﬁ.\.‘r- \ 4 'J.!.:J..o ._%1.:1..!

Wl (60,53 Cond Voo —Y+TA 0,90 13 Wi b Floj gpw Vo v aildle Lo 100 Ol puds - UG

A Gla o it 55508 (2Ll Jae A S5 b
s gla 0 4 Cand 1y (08 o 23 Jdo &S gyokay 3yl
Lol 03)8 (gilwanns Slaline

IHACRES Juo 53 00 (Seiuwly (b piol )by pa3lie —€ Jous
f z, al b? a’ b C
A7AZNNE IR . VA SR VA B & A A FVA N R

0 Jods » SIMHYD oo odis oriwly sla ol )l polis

a0 o b ddlaio Oblgy (g5lwdud 4

by oyl il
¥ Joi> ;0 IHACRES Jus oss (ol slayiolyl y30lds
I, IHACRES Jao s Slas cundg & Jodo g A IS5 .l ool
@l (bl s o LS (i Como g (eiwly 0)93 93 5
0393 3 *IAY Cysd oy L ITHACRES Jis codal ey
SN il diuly sty (i Como 050 )3 +IFY 5 (xiwly
500 By b 1S gilwands |y addllas 590 dilaie Sbly,y il s
il 0350 30 Jio ol slagilwan b )b oS sllas 3454
RMSE) xicw cowo 5 (456 1 coSo yo +/YA ), RMSE)
Slagiloand ) Jo U1y 5 5 (458 5 oo 2o +/0F pl
ool p a8 il da g L o)l guweyd Ases 3 diljsy polde



WAL Jlo g0 — 3T Bojlos FF ulr (S gl agpis AYA

500
400
=
Lt
E 300
=
Z 200
Z | L i
100 N Lk
A b TR
o | hee BTG, e N |
1985 1985 1986 1986 1987 1987 1988 1988
—— Observed flow Modelled flow

=3
200
150 |
-
'; 100 |- 1
H 1
= | "i i
E 50 f+f--fy 1 J""\ i
J 3\ N : '
2 o I
- g L R \-u..-"m“\..-H
1980 1980 1981 1981 1982 1982 1983 1983
—— Observed flow Modelled flow

Lo Couo g (Sowily 8,90 13 THACRES lawgi sul Jue 9 Flaalice Slilgy S & —AJSUS

SIMHYD Jus ;5 00 (umwly (b yiolyb palio -0 Jous

i Gb b cupe dlicaps  (aw ol cupd 8L @8 Cedb it cupe SB Cugb,opdd cudsb
AR o[oY¥ yas of ey ) YIAOY
T —ouo '..57_;:.....»13
500.0 2000
ﬁ 400.0 = 1500 I
E Lt
g 3000 = ' I
% oo é 100.0 |
E : }{
1000 ; "' rL\ lAL‘ 2 soo \ f ..... | j ................ I ;l‘ [ — .
0.0 "—"W‘\\h _#“'-T i L x__‘u \ - 0.0 '\-\.J —d" - \u-.n‘ ] '
1984 1984 1985 1986 1986 1987 1987 1988 1988 1979 1979 1980 1581 1981 1982 1982 1983 1983
—— Observed flow Modelled flow —— Observedflow Modelled flow

S e g Swly 093 33 SIMHY D auds Jie g (Slaalive Slilg, (Sloj (g pw A JS

ey JouB T BB Ty Jioled o 5 Slas lg5 oo

&5lw dami0yg3 93 ;3 SIMHYD

Bias RMSE R’ J%
-/ / | THACRES =
/ / | SIMHYD )aA--)aAr
/ / | IHACRES o cow
/ / / SIMHYD  YaAd-)aAA

by o8 ol piads
jload polide a8 )b g lod Sloj gy Voo (Byme b

el Ly Jao o SIMHYD Jaa > Shae ol & 425
Coro g (iwly sleoygd Gl i 4 TPV g VA (s
e o9 |y adg Qlly) Sl (oS Cul wilys (i
iy 4y [0V o +/YY Ll RMSE jolae (yuizmen S (g5ko
Silbwdnd > Jio (2Ulg ((oriw Cono g (il sboygd sl
Jae ol &S ciily as g b a0 i |y ad s alje, (sla 2o
b 65lsdnd 3 g p0S Ulg THACRES Jue aiilon
Silwdnd s ol Gl |y eS polie g ails aljy) Sl
Cawlod,S
5V g A sla ISh gawnlie wluwl j 4 S cusly as g5 b
3, Slae IHACRES Jus sy & Jodo ;0 5,8dee slalino
Lol cdad o olis 393 I SIMHYD Jas 4 Cows |y (o0
5 LBl (gl ime gl dl Jae g3 3 Slas ol pd o AN



avq ollgy o oolBl Oblugs gyt 3G

g led slys as ) ¥ dgus a ddlaio pl 0 o)L g Lod sloyuxio
&g = Sl sl cnl & sy oo )b (sl plorkee Yo 390
LU (v g oM (535 bo)S ¢ JluSis ile) adlaie ,5 s>
SIS oy JB

b adleie (gl calisee QUlgy iyl Jae 40 cdaldl )
2 Caualad pae Dy ng pfyule 4 S 0b LS oS WA iwls
s o ol g e ccilise Ulg, =ik elo Jaa jkL
Lagl | cidisee lacsloanss ly g 0,8 (oxwly ailaia n
Slos gy Voo) oad W (ggo )l Voo Bymo b 3)S solatul
Jie 93 Gl 4 Ve¥ VPR 0)50 ) adlaie (5L 5 Lod (4l
pis (8,5 4185 0 Ly (Sl 090 53 ade> Ul olls, — i)k
= o0l e Jase jldle coahd pae g o8l Gllwg Coyzlad
Sy =iy Jde 90 a8 o ol zobs .00,5 (g5lwand U,
loole (poles 3 (ST 093 3 adlate QUly, (sl |y Sglite s
Dl oolia cp BMET iy o 5 s 55,5 5 ltend Jlos
J=B 2o P Gl g 4y5 ole p3 Jhe 93 (g 0 (gjldnds
bt pac asgy 0B U 5 flis ol o) sl oo ol
Sl adlate oad (giluwand Cllgy » Sllgy = ()l sloJae
coodBl Sllisgs Cialad pac a S aad o i @l SKod B)b
e Blyol & (g 13l oo g0 QUlg) Sl 3 ailate
gliwl JoB ole 81 (gl Jlade duoyd VY g0 Cbly,y il
ook Jde 93 yp aS Canl (pl Jogad pl 3 dag LB A il
2 adlaie o8l Sblog Cuslad pas 5l LSS jolar LUlg5m
o sl 45 Sm e L el ol a5 led 8 oLl | @l
A Comd Sy ooy 0ad a5 LSy Clgy= )l Jae 90
bt duslio b boles o o gusly ddlais  odBhllog il s
90 bawg oad (gjlwand Gllyy eddis) &5 cél o g o
3 B 0 (s 3bdens SUl5, GBI G DUl — sk Jae
Al oo Olwlre p dalais (el Cllugs Cuslad pas (6518

0255 blod o amdiee (Ui Balios ol slaaidly (S sk
S bl waldl o il Sl > Ciliss slacysbi pas
Slgi e SUlgy = )k Jhe S g gyl G L @ ST g adlate
pie blod o pioen 0L aib o o) 020 e wlo
dy bgoye Cabad pie ) (il 4oy Canly oo sl
SO ool Gblwg Cuslad pas dy s Gllgy = (5L (sla Jas
pis 48 Cowl el ()l 4SS ) S5 sl Bglase dilais
pie AOGCM (sl Jio ;o Cozlad pie ¢ydai (6,500 slacalad
2 Cpabad pas (gl clajls il (slag )l 5> cupalad
Syl 3 Cplad pae il ulide Sa slahs)
9 (Primwly slmoygd )3 Calad pae 5 Uy, = (AL lae
S bl 2 oeld] s b Slallls @l 1 oo bt

ys—toy SIMHYD 5 IHACRES Jas 53 4, HadCM3 Ja_s
0)9 )3 gy B ddg alie) CUly) (Slej gy Ve allar
Gllgy ailale cone iy clyow Ve IS5 00,8 A5 V¥V
(80393 4t Capm (51 (50,99 )3 1) Jdo 93 Loy 00 (gl
s 5 10> s Bl ol e iln Jhns Sl b Shanlie
e Laols don )0 25 o dlanMo oS jolailen 2> o LS
Jie j) iy THACRES Jus jl ol CUly, ilssl
Sl 1l &S amd o Ui gl 5 B )b jl .l SIMHYD
s9ka2) 0392 o5 adg QUly) p ailate (codldl Sllogs Sl Jol>
Ol jodar Jie 93 0 by Slyes (5 (10910 Lawgia
Jie 5l ool sline Bliadl bawgio 456 jshay sl 005 (5jlodend
2 ol 2o VOSIMHYD: Juo (¢ly 5 20,0 VAIHACRES
L1y oUlyy ol i8hylade iy i Hloo Juad IHACRES Juo
il i el ole el )3 4 il salss 1, LUy,
Jieecily asales 1) (WeZ) Gl oo pide 4o olo g (<V+7)
S ol L 5, IHACRES Jus alie (335, SIMHYD
IHACRES Jus jl ;508 a0 o YO Laiwgio joloy laole don

ol 03,5 359155

& 5 4
95 5 soaldl Cllug )3 39390 Cupalad pic 13T & dlis oyl j
2193 aldl eSS0t g0 )3 adg> CUlyy 2 (Golgyen Jra
alayly olol b Lwly opl 50 Conl odds 4315y (3o V¥ -V
el 5 g Led slajesie b (olide S (ol (slapiite (s
Jie olide S sl pusie Sl ool g (Slaalive 0)93 13 (e
Sl Voo Ao & pladl ¥+ ¥e=Y .5 5,55 ;5 HadCM3-A2
Jie &80 oLy ige ol @ls - 03)S G55k sanplis Vee g Lo
Los slaoaly (13,5 wlie Soo8" 0 Jod b8 ,Ulgs 1 SDSM
Jda ;K0 By b oyl adlaie o HadCM3 Jas iyl s
lse S (slapmito st i j) 5,1 it 5,8
e Ay Cand (6 ey ()3 b pesie ul il olide SaeS
slajad s s 15wl & Yeomo yol oyl W P ol yo Lod
3 9o e lod &) Cumd 11k il plile SargS 3 Sl
ol Sllog 2055 LB b @ Gl it o) 503 b
o=l 4l 5, S o)lil 1 slaoygd p ddlaie )b g bod il
230,55l da gy +/F dg0 (g le Byl syl el llwg
2 yeskee Vo dga s (g5lme By 53l g Jlw slaole ST glod
Colad pas 156 oS cutly argi b )l 23,5 oo 1k slaols
(4oS yusite g iy yuiite Cpli5) Jlime Slol 1 (ol llurgs



WAL Jlo g0 — 53T Bojloss TF wler S g T 4y pis AT

10-

11-
12-

13-

14-

15-

A ] $9) = 3=izs s > dlie pl udioee oS il o Poe dalais

300
250 +

200 -

150 - |

100 - ;

50 i

AN
Fee ¥

DEC HLB~

MAR ST
APr ST -

> = = C] o D
<L pu
-100
[ | U!SJ{:-D | +l.l:.u .JLJU‘ ¥ ‘:SL\:- - JE.\.*- * 'l.].:.u J;J\J

Jso 95 Lasgi HAACMB-A2 Jio (9,5 o 5.5 (550w duned by, (5165 (g Vo0 (5sRlio ol pandT o3 duamglio —Y o S5
k) (90593 4 Comaai Yo £0-Y+ 4 0,93 3 (cuwl,) SIMHYD g () IHACRES GUly, - b

&be

Chiew F. H. S., Peel M. C. and Western A.W. 2002 Application and testing of the simple rainfall-runoff model
SIMHYD. In: Mathematical Models of Watershed Hydrology, Water Resources Publication, Littleton. Colorado,
USA, pp. 335-367.

Fowler H. J, Blenkinsopa S. and Tebaldib C. 2007. Review Linking climate change modelling to impacts studies:
recent advances in downscaling techniques for hydrological modelling. Int. J. Climatol. 27: 1547-1578

Hay L., Wilby R. L. and Leavesley G. H. 2000.“A comparison of delta change and downscaled GCM scenarios for
three mountainous basins in the United States’, J. Am. Water Res. Assoc. 362, 387-397.

Hewitson B. C. and Crane R. G. 1996.“Climate downscaling: Techniques and application’, Clim. Res. 7, 85-95.
IPCC. 2007. Summary for Policymarkers, in: Climate Change 2007. Solomon, S., D. Qin, M. Manning, Z. Chen,
M. Marquis, K.B. Averyt, M.Tignor and H.L. Miller (eds.) (2007) Climate Change 2007: The Physical Science
Basis, Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental

IPCC. 2001. In: Watson, R.T., Zinyowera, M.C., Moss, R.H., Dokken, D.J. (Eds.), Special Report on The Regional
Impacts of Climate Change, An Assessment of Vulnerability. Cambridge University Press, UK.

IPCC. 1995. In: Watson, R.T., Zinyowera, M.C., Moss, R.H. (Eds.), Impacts, Adaptations and Mitigation of
Climate Change: Scientific-Technical Analyses. Cambridge University Press, UK p. 878.

Jakeman.A. J. , Hornberger.G. M, 1993. How Much Complexity Is Warranted in a Rainfall-Runoff Model? Water
resources research., 29(8): 2637-2649.

Lane, M. E., Kirshen;:P. H. and Vogel, R. M, 1999. Indicators of impact of global climate change on U.S. water
resources. ASCE, Journal of Water Resource Planning and Management. 125(4): 194-204.

Mitchell T. D. 2003. Pattern Scaling: An Examination of Accuracy of the Technique for Describing Future
Climates. Climatic Change 60: 217-242.

Weichert, A. and B urger, G. 1998. ‘Linear versus nonlinear techniques in downscaling’, Clim. Res. 10, 83-93.
Wilby R. L. and Harris, I, 2006. A frame work for assessing uncertainties in climate change impacts: low flow
scenarios for the River Thames, UK. Water Resources Research , 42, W02419, doi:10.1029/2005SWR004065.
Wilby R. L., Wigley T. M. L., Conway D., Jones, P. D., Hewitson B. C., Main J. and Wilks D. S. 1998. ‘Statistical
downscaling of General Circulation Model output: A comparison of methods’,Water Resources Res. 34, 2995—
3008.

Yonas B. Dibike, and Coulibaly P. 2004. Hydrologic impact of climate change in the Saguenay watershed:
comparison of downscaling methods and hydrologic models. Journal of Hydrology 307 (2005) 145-163 .

Zorita E. and Von Storch, H. 1999. ‘The analog method as a simple statistical downscaling technique: Comparison
with more complicated methods’, J. Clim. 12, 2474-2489.



Journal of Water and Soil SB g ol @ s
Vol. 24, No. 5, Nov-Des 2010, p. 920-931 W (T AYe-q¥Y .o ATFAR (65 — ;3T o las FF uls

Climate Change and Variability Impact in Basin’s Runoff with Interference of
Tow Hydrology Models Uncertainty

A.R. Kamal " - A.R. Massah Bavani 2

Received:
Accepted:

Abstarct

Development of greenhouse gases in future periods not only causes change in average amounts of climate
variables but also makes variables of this variability affected. Then for sure concerning alternations followed
with climate variables’ fluctuations and its average amounts in effecting on runoff would make more reliable
results. In this inquiry initially fluctuations and average amounts of climate variables of Gharesuo basin were
simulated by HadCM3-A2 model and Statistical Downscaling method in 2040-2069 periods. Although to
mention climate fluctuation’s uncertainty in calculations, they acted to simulate 100 time series of temperature
and precipitation variables for future period. Results showed that-uncertainty confine of region’s climate
fluctuations has increased 0.5 to 2C° in temperature and 10 to'20mm changing in precipitation in different
months of year. After that and to mention Hydrology model’s uncettainty, two rainfall-runoff models of
SIMHYD and IHACRES are used. These two models calibration for base period and introducing 100 time series
of climate variables produced in last level into both models. specified the basin runoff’s changing confine for
2040-2069 period. Results declare the coordination of two.models in region’s runoff changes. As both models
estimate runoff abatement for fall season and enlargement for other seasons. Finally the results of this inquiry
estate the effect of hydrology model’s uncertainty and less effect of climate variability in estimating a basin’s
runoff under impact of climate change.
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