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3- Representative Concentration Pathway

YA

Aodo

a3 Bl Sl Sl BT

ol ol edd Ol g3 Sl gl
Sl ey ol Sl s Js e s 1S
Ble oo 5 St xS i
S das e Ol (g8 el (A) il O
5 Dbl od o S Gl
(Yo Y0) 558 o edilyun oS Wy,
eSS S ,as SR Jdse ol
Oy 53§ St b Yozl Siler (2L S
05 55 e Olgeas (0 Y)) il dalgs 5L
a3 A0 w4 Sl Oyl 4y Sl xS
b omlale ) cl wsl Rl e geden
wals 5 S 3 5 oas 53 IS fele S Olsen
dal gt Jlisa | gl Cdlge (S
G el gl s (o Sle s s (V) il
LoVl ulias 5o 2oL 5 by slaadie o s
b SiPades e 0 L b L8
S Sl parls S Olsea Ysana 5 3 5a
ol ALS e el sy (Bl
Cos Dol a5 b gblaes oL
A Gosre @il e glag sl
Sl pae 5l U badie S Ay
ol blazal O8W S vl LAl 5 0351 15,55

bl Gl slaaas 5 (YY) Wl e Cskw Iy



‘j)&o&: 9 )Lwﬁ‘dlbﬁi Cyamms ).g,o‘

Kilg e O sladde Ssbe du) 6 B
S sl e,y 3 gble ol 5l ze Sos
ol s sl Sl ety sladis 4 o
Oliomliyy 5 Olpde Sl (ler 5 psm A1)
SIS Sua g3 ke (Y9) e ald Of sl
o2l dl B 5,8 e S5 ey 5y 0e e ol o
sy b AVl Wy, s s s el
AB gledae Jalge 0oy 2B 25 L ol >
Al 3 Bl 8 s AS Al
Sl sladae aluly wgycaiS ol s
St Cod 5 ol is Jollen Sla ooy
Sl 053l iy 3 esliad b Lisl s
Sl o i Wlis ) 3 il e IS -
Sl (Yo=Y ry) ool Sl o3l aw o
Loawolie 5o (YaVa=YYee) 45 5 (Y2YV=Y:V+)
£33 s S dy Sysee (VAAY=Y 00 0) a4l )90
o S Gladde s alis g hasn ol
53 5 b Ol 53 Sk e 5 UG L
03l e 4 el ST oslaeyss s ol
a2l il e 4 ool BB el s £Vl elis
5 e Db DB (asn ) Sl el
Ol pl s e Olnde Slasl 55 15 (950,08
ol oS e S ST Glagael g
22 0L sl Gl s Ml Caeal b Com

g, 9 dlge
ol asm s ol s Sllas aila
5 Olpl Bradled S5y js oS AEL e 35,0088
ER BT RA NG IR W CE‘) Sy Ol Old s
len b Okl sl ad S5 Ol
Gy, & Mile mpeseskS VW

yy4

O A el a8y plol el s Jslepy
o 53 O K3 5 ke Lt oS Jl s ()
son ey 2ol GolS S esliad b Ol
o olish wds Glag sl o B Ol
ola (0 0E) Wl cile bl
ml}\ 03 Slos puS Sl s v‘_ﬁl JUVEL I PRUI e
A) ol 03500 ity L Wlessls S8 el e
3 5 SYL Lol a3 ol 4z Sl
S lp Gl ars B IS L e G0
G0 bl nl s Of mlae s ey
(Yo oV) Bl o5 sl Sl ((YF) 55 dal g
ailie 53 e pas BB T mle &S sl Ol
Candy 53 ool Dlis I Cow dlaysls
S adkzs 53 Ol (A) Wby S8 sledias jlaia
S,k Ljﬁmj@l sl wly Sizans
la ool sl ol atla VL o)l > s S
22 e M8 Ol o ol s ol s o
S o 2l H3IS m e a5 $5LS Lo
G A RS S o A
sl s Loolpl 8 aas e Ol (saladl
P J s s BB T b s (gles 28
S e el 4l oJ.:.J BERNS TRV
S0 2 ol Ok oy by o Sl
s o2 O b s Ol ] slaes -
03 gble cpl g AL 5 Ol 4 glaad e
Sl sdas bl o ST s s glae s
Sd s S el @y el asler 1S
S Ll Glag b Sy ol 6 L SSE
Llas o oslinal my Gb3Sl US4 s
et Olallles oS RIS SR el ol (Y 4 YY)
Gldis bwg Olpl gl slaas s oSl
S sbadie Lo g ok 0 s W s b el

Sos o Sl Jlisl Lt gla g sls o 5 0y



1190 (1) )l dFF) dls S 5 f clis gla g}y s puls

oVl Blas 5 Slas Ol > s (Sl
2 58 ol Ak VN 5 T C S e
b slasy s s adee pul s m.ul Sl s (S35
wlyl glos glasil 53 55 5 ol J 5 S
5 Slas dible Coadge AEL e Coeal Gl
shHalie glaesly  Jold bz Sl
s Sl g Ol am s L alls)
JKa 55 (V84T 0 0) ol glojoyes sl Bl

el e eals OLES )

el R Sk

59°0'0"E (Langitude)

22 25iS (ol a Cambse Bl Gl sl s
5TV L a3 Y0 5 axn Yo Ll s 50
b aigs 10 5 erys OA Llilis Jgb 4 aids V
55 ad gl odd s 4B Y 5 s )
oS VL Gl il b Sttt 5 5 il (gl s
b oo il el sl e VU Gy S
Ans e s syl B o3 lasle 53w
YENT Sy LB e e L Sl
Geoed Al a5 BB Slls by e s

60°0'0"E 61°0'0"E

3790'0"N

bl 22
(Latitude)

360'0"N

S s, s
(Digital Elevation Model)

Low:305

A ) s sl Sl ) N E
Temperature Stations

A s ey A
Precipitation Stations

—_— sy,

Slalie gaolan) 5 55,chiS Houl ad s Condge —) S

Figure 1. Location of Kashafrood watershed basin and observed stations.
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Table 1. Models and preparation Fifth Report Project Institute.

ladde oS o g li o st Sl o Jde
(Institute Preparation of Models) (Model)
MOHC, Met Office Hadley Center, UK HadGEM2-ES
GFDL-CM3
NOAA, Geophysical Fluid Dynamics Laboratory, USA GFDL-ESM2M
GFDL-ESM2G
MIROCS5
MIROC, Center for Climate System Research, Japan MIROC-ESM
MIROC-ESM-CHEM
IPSL-CM5A-LR
IPSL, Institute Pierre Simon Laplace, France
IPSL-CM5A-MR
NCC, Norwegian Climate Center, Norway NorESM1-M
BCC, Beijing Climate Center, China BCC-CSM1.1
CSIRO, Commonwealth Scientific and Industrial Research Organization, Australia CSIRO-MKk3.6.0
NCAR, National Center for Atmospheric Research, USA CCSM4
NSF-DOE-NCAR, Community Earth System Model Contributors CESM1(CAMS)
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Table 2. Four Emission Scenario: Representative Concentration Pathway in various Greenhouse Gases (24).

)
CO, Forcing Radiative (Scenario)
2
(ppm) (W/m’)
L A e s VY0 e L I L3 £4 ppm R S SCHTA g [ K AR e RCP2.6
(490 ppm before 2100 and then decline) (Peak at 3 W/m” and then decline)
(650 ppm and stabilization after 2100) 4.5 W/m? and stabilization after 2100) '
(850 ppm and stabilization after 2100) 6.5 W/m? and stabilization after 2100) '
YVeo JLo BTV ppm \‘\HJL»);C_‘ffuﬁ;;l}/\/o)'!;u:ﬁ RCPS.S
(1370 ppm by 2100) (Rising up to 8.5 W/m” by 2100) '
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2 (xobs,t ~Ymodel,t )
2

NS =1- m
ZzT=l(xobs,l —xobs)

ZtT:I (xobs,t ~ Ymodel,t ) .

PBIAS = 100

T
Zf:l Xobs,t

1- Bias Correction Spatial Disaggregation
2- Bias Corrected Constructed Analogs
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Table 3. Criteria Evaluation and performance ratings range (17).

sl el 2
(Evaluation Criteria) )
S REER I O ) o Sl - 56 (Evaluation)
(RSR) (R?) (PBIAS) (NS)
0<RSR<0.5 0.866<R’<1 PBIAS<%10 0.75<NS<I =S
(Very Good)
0.5<RSR<0.6 0.733<R%*<0.866 +10<PBIAS<*15 0.65<NS<0.75 =
(Good)
2 Jss 0
0.6<RSR<0.7 0.6<R*<0.733 +15<PBIAS<+25 0.5<NS=<0.65
(Satisfactory)
RSR>0.7 R?<0.6 PBIAS>+25 NS<0.5 I3 e
(Unsatisfactory)
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Table 4. Reported performance rating of evaluation criteria for 14 models of Fifth Report in Precipitation.

bl Dlre bl Dlre
. . Jte . . Jte
(Evaluation Criteria) (Evaluation Criteria)

2 (Model) 2 (Model)
RSR R PBIAS NS RSR R PBIAS NS
064 0.79 -10.4 0.66 GFDL-ESM2M 073 069 -17.15 0.57 HadGEM2-ES
037 094 -2.93 0.92 GFDL-ESM2G 0.61 081 -15.65 0.71 IPSL-CM5A-LR
0.68 0.63 -2636 0.55 CESMI(CAMS) 051 092 -4.74 0.88 NorESM1-M
074 054 -26.03 048 GFDL-CM3 0.67 074 -11.01 0.62 BCC-CSM1.1
0.66 0.71 -5.25 0.78 MIROC-ESM-CHEM  0.79 052  -28.15 0.43 CCSM4
046 0.85 -4.96 0.85 IPSL-CM5A-MR 033 097 -2.88 0.95 MIROC-ESM
0.68 071 -25.75 0.60 MIROCS5 071 060 -27.44 0.51 CSIRO-MK3.6
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Figure 2. Adaption between four CMIPS models and observed data for precipitation component.
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Figure 3. Adaption between four CMIPS models and observed data for mean temperature component.
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Figure 4. Annual Trend of Precipitation in four CMIPS models under different times and RCPs.
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Figure 5. Annual Trend of Mean Temperature in four CMIPS models under different times and RCPs.
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Figure 7. Annual Mean Temperature in four CMIPS models under different RCPs.
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Abstract

Background and Objectives: Hydrology cycle of river basins and water resources availability
in arid and semi-arid regions are highly affected with climate changes. So that in the recent
years, increase of temperature due to increase of greenhouse gases have led to anomaly in the
Earth’ climate system. At present, General Circulation Models (GCMs) are the most frequently
used models for projection of different climatic change scenarios. Up to now IPCC has released
4 different versions of GCM models including: First Assessment Report models (FAR), Second
Assessment Report models (SAR), Third Assessment Report models (TAR) and Fourth
Assessment Report models (AR4). The purpose of this study is to survey the annual trend of the
future climate components in Kashafrood watershed basin (located in the northeastern part of
Iran and in the khorsan razavi province) by using fifth report of Intergovernmental panel on
climate change (IPCC) under new emission scenarios.

Materials and Methods: In this research, keeping in view the importance of precipitation and
temperature parameters, fourteen models obtained from the General Circulation Models
(GCMs) of the newest generation in the Coupled Model Intercomparison Project Phase 5
(CMIP5) were used to forecast the future climate changes in the study area. In historical time
(1992-2005), simulated data of these models were compared with observed data using four
evaluation criteria for goodness-of-fit including Nash-Sutcliffe (NS), Percent of Bias (PBIAS),
coefficient of determination (R®) and the ratio of the root mean square error to the standard
deviation of measured data (RSR).

Results: According to performance criteria, among 14 models used in this research, four was
chosen as the best namely GFDL-ESM2G, IPSL-CM5A-MR, MIROC-ESM and NorESM1-M
which indicated more agreement with observed data. Furthermore, four Representative
Concentration Pathways (RCPs) of new emission scenario, namely RCP2.6, RCP4.5, RCP6.0
and RCP8.5 under three future periods: near-century (2006-2037), mid-century (2037-2070) and
late-century (2070-2100) were investigated and compered.

Conclusion: The results of Mann-Kendall (MK) test which was applied to examine annual
trend, revealed that the precipitation have a variable positive and negative trends which
were statistically significant. Also mean, maximum and minimum temperature have a
significant positive trend with 90, 99 and 99.9% confidence level. On the other hand, in all parts
of the Kashafrood Watershed Basin (KWB), average temperature of watershed increased up to
0.56-3.3 °C and precipitation decreased up to 10.7% until the end of the 21* century in relation
with the historical baseline.

Keywords: Annual trend analysis, Climate change, Precipitation and Temperature, CMIP5, RCP
scenario
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