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3 - Statistical DownScaling Model
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Table 2- Defined scenarios in this study in WEAP model
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The increase in the cultivated area in the future (in terms of the direct effect of increasing the cultivated area to Sceﬁério 2
water Consumption).
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A similar scenario 2: Considering the increase in the industrial sector in the future. Scenario 3
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A similar scenario 2: Considering the population growth in the future. Scenario 4
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Table 3- Independent-Samples T Test of precipitation observational data and adjustment period of SDSM model in
Arie&Taghan station
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Table 4- Precipitation and temperature changes in the basin of Bar river in period of 2011- 2040
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Figure 2- Precipitation monthly average in periods of (1971- 2000) and (2011- 2040) in Arie station
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Figure 3- Precipitation monthly average in periods of (1971- 2000) and (2011- 2040) in Taghan station
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Table 5-Regression relationship between precipitation and runoff at base period in theArie&Taghan sub-basins

a4 o) ol ol
Erie Station Taghon Station
ole ) . copd RE S g . B b o
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Reg. Eugation of Rainfall- - Reg. Eugation of Rainfall- - e
Runoff Correlation of Runoff Correlation Coefficient of
coefficient Determinatio coefficient Determinatio
0.9 0.805 0.9 0.805
S):p Y=0.027x+0.219 Y=0.557exp”(0.0018x)
‘O’r‘:lt Y=0.05x+0.054 087 0.781 Y=0.001x"2-0.07x+2.388 087 0.781
N)s)lv Y=-0.001x"2+0.065x+0.385 0.84 0.719 Y=-0.07x"2-0.107x+0.715 0.84 0.719
0.82 0.673 0.82 0.673
Ddgc Y=-0.017x"2+0.031x+0.11 Y=0.042x"2-0.013x+0.177
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AF;:)] Y=0.009x+0.103 Y=0.057exp”(0.017x)
; 0.78 0.649 0.78 0.649
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5 0.82 0.673 0.82 0.673
Jﬁn Y=0.002x+0.14 Y=0.043exp”(0.023x)
jLT Y=0.104exp”(0.018x) 081 0675 Y=0.002x+0.017 081 0.657
0.75 0.626 0.75 0.626
":j"g“ Y=0.228exp”(0.014x) Y =0.07exp”(0.029x)
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Figure 4- Average flow discharge of Arie&Taghan rivers in periods of (1971- 2000) and (2011- 2040) under A2 scenario
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Figure 5- Comparison of Bar river monthly average flow dischargein the adjustment and evaluation period
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5
45 | |=O= s ol
4 F Water demand|
5 35 | for agricultur

(456 3 caSo )

Water demand (m3/s)
N

S %
Water demand

for refrence
condition

Sb Ay, 20 dbrle

Time (Month)

A2 591 Yl SO g2 30 5 (655915 b i 331 (glag: w3 Wbdle o b -8 JSL
Figure 8- Monthly water demand in increasing agricultural & reference area under A2 scenario
105

100

o

(o]
(&3]
T

O gl o (el Lo
Supplied demand of
refrencd

A e 03 il
Supplied demand of
Agriculture

2 T TR B I R
() s 7 ¥
Time (Month)

A2 g2 o S5 @2 50 9 (5539 WiS aww il 381 (slogy yliws 53 0D (el 3 o 43 -9 USS
Figure 9- Supplied requirement (%) in increasing agricultural & reference area under A2 scenario

@
(&3]
T

(WS P XWARWA Y

Supplied requirement (%)
[{e]
o

[0
o

%



1394 g0 ;37 5o las 29 ul> (S s T a5 1168

A2 osl81 (592 yliws CEOSWEAP o (592 )baw 13 (48l p2 caxlo yio) dilalo o il cumnilio =7 Jgo
Table 7-Comparison of monthly water demand (m%s) in the WEAP model scenario under A2climate scenario

92w . g e s e ol
Scenario 65}9“@"" &J”'?.‘}'e‘ (SR “"5)"%’ aRod &J‘"?.‘}'e‘ 2o
Incresingagricultural Industrial Incresing ’
obo . Reference
area development population
Month
e 1.1 2.37 0.82 0.82
Sep
oul 0.74 0.07 0.6 0.6
Oct
] 0.4 1.87 0.4 0.4
Nov
@ 0.42 1.97 0.42 0.42
Dec
e 0.42 1.97 0.42 0.42
Jan
Aol 0.42 1.97 0.42 0.4
Feb
295 2.25 3.52 2.83 1.97
Mar
Cuigyd)l 3.61 4.32 3.63 2.77
Apr
a5 4.46 4.82 4.13 3.27
May
v 4.43 4.8 4.8 3.26
Jun
sy 2.76 3.82 3.82 2.27
Jul
192 R 2.42 3.62 3.62 2.07
Aug

S5k Sl (wy 0 oz SDSM ()bl les bie ) Jo
oalatl ol Jb ailddg) ddgs j0A2  aulil g4 ks cov lod g
Candg ol )3 9 b &g, 0,50 Sl ol S e 05
Jae 5l onlial b oy g o (659l Lisu aw p ol wlie
Mo 2040 2011 (co)95 ;> wudl y i L], 5 SWEAP
g oo iulislonimd Lo gl Jol Lion )3 1ad wyy g odlitul
g bl )l Glag) sl Sl cales 3 5 (Sl ptels
o b ddes o eness gilednd W0))8 By, (oo el
5 (Sheime Sy «(6j)giS a ol (slagy i (585
2ol ol gl aS wd plbsMWVEAP Jao )3 Cures yiuljil
il L adllas 390 ad > ol g Canio (5p0liS Sl
kedso cpl 51 S g0 O 5l el 10 e algs aslge o 5L
Al dnlge 4LBIE (g0y9d A Carnss (ST (6090 y> o 39008 L
O (8 )ysllS sy 33 Ol 0gueS Mo pd oy i 4S5 jelay (A

Ao oyl i ) Caled 3 g Cao S

Coolimw 40 CowiA2 ggr,liw p3 Ol 34008 doyd Sl s
9eS Mo y> okimd (LS Jgdo ol bloss 45,18 Jou )3 o pe
Cabio g b (559l L )3 A2 ol (5025l 93 )
g (e Coydey g (5))gliS haw Gl Slag )l (ell
e ol s o 20402011 355 )5 Conas sl
A8l e

59y s (I3 (g9l 3 Ol 39008 Moy oS ol
OIB LS o 515 48 (50 U (25958) Jlo ) almole o
Jbo jlole Jlez 5> (ixio Syt 53 (pizren Cul yiday Ml oo
L Cunon (il (co )l cou .0l o il Of dueS a0 yd b
olo S )3 e i ol o Sl al3il g Wlsag) 20l 4 a2y
A5l aslge O LialS L Lo

Sy g (§ g5 Al

9 (HAdCMB) g ogas (53,5 a0 sl §) Gedos ol



1169

o lianl b ygrlis b ail0g) O ity pamass lag Jhow (o)

A2 g92,bw COSWEAP Jao (5gs b 9 & ailaloans opeli jbs auo 3-8 Jgas
Table8- Supplied water requirement (%) and WEAP model scenario under A2scenario

92yl
Scenario
&
A2
ol Refrence
Month e o
Demand Demand
&39S Calo e &ir9liS o e
Agriculture  Industry  Drinking Water ~ Agriculture  Industry  Drinking Water

5 100 91.24 100 100 100 100
Sep

ot 100 97.36 100 100 100 100
Oct

# 100 100 100 100 100 100
Nov

< 100 100 100 100 100 100
Dec

o 100 100 100 100 100 100
Jan

— 100 100 100 100 100 100
Feb

O2292% 97.99 98.49 98.46 98.49 100 100
Mar
o) 99.96 100 100 100 100 100
Apr

b 100 100 100 100 100 100
May

Jﬁn 86.28 100 100 100 100 100
jL’I" 95.63 100 100 100 100 100
220 84.25 98.13 100 100 100 100
Aug

L (ool 5Y98) Camtuo 50 )3 Cpimed iy oo J5 4 (690
ol Sl dgmaS o (I3l l Sl s Gl 4 g
P ol Gpas sl cas oyte lpl g Lol ) eslil ¢ oo

&)l o

ldbio OF Glojl Slidow gk 5l ead glsed dlio ol
sl ol 6 olSetsls e pgrl g b 590y lolys ol
a8y b olidnagieS pyime yud Slasjl dlwg (pao
LS s g (5)laaB denl 185 Gl (g0, Gl (ladlaie
lie Joxt S5 g il (e posie

ORIl e 3 55k Wag) 25l 5 (Sl JtalS 4 ds L

9 Caio (65y9LiS sla yiso 1 Ol 3gaeS doyd i3l g T LS
ol @lie 4L o pae slou) 2040 -2011 (coy93 p> ey
g Jley) cidize odil clacunsy ly pavass (598
O @l izren 29y 00 D]y Slsg) asge 3 (Jlusiss
S s sl yigg Ol @l pdlie yanass flue jdamd o
ol Sl dilate 5 oali] s Laylpd o yamass aslie
250 ol B35 5l bl 5l o e (ol 4Bl anass cob
390 3 e ied B (ol lio g ailie Cundy 4 425 b ol
D903 (& S el yitg Lo bl IS pa 4 janass i
bgye adp (nl 3 (65098 waewr yder &Sl & 425 L (ppionen
sl ojgmal > okl (g slads) jl eslitel adlipe il &



1394 g0 ;375 e 29 wl> oS s ST 4 1170

10

11

12

13

&l

AB POUI Consulting Engineers. 2010. The second phaseof planning report of Bar Dam irrigation network.
Khorasan razavi, iran. (in Persian)

David Y., David P., Jack S., Annette H-L., Hector G., and Jordan W. 2009. Climate Driven Water Resources
Model of the Sacramento Basin, California. JOURNAL OF WATER RESOURCES PLANNING AND
MANAGEMENT® ASCE/SEPTEMBER/OCTOBER.10.1061/ ASCE_07339496_2009_135:5 303.

David G.G., David Y., and Claudia T. 2008. Developing and applying uncertain global climate change projections
for regional water management planning. WATER RESOURCES RESEARCH, VOL. 44, W12413,
doi:10.1029/2008WR006964, 2008.

DehghaniPour A.M., HasanZadeh M.J., Atarodi J., and Araghi Nejhad Sh. 2012. Evaluation of potential SDSM
model to downscaling of rain and temperature and evaporation. Case Study: Tabriz station. Eleventh Conference
on Irrigation and reduce evaporation. Shahidbahonar university of kerman. (in Persian)

Jusoh M.B.A. 2007. Impacts of climate change on water resources availibility in the Komati River Basin using
WEAP21 model: MSc Thesies WM 0.7.19- UNESCO - IHE - Inestitute for water education.

Lalla B., Gh M. M., and Mohamed Y. 2011. Integrated Approaches to the Assessment of the of Climate and
Socio-economic Change on Groundwater Resources in the Tensift Basin, Morocco. International Journal of Water
Resources and Arid Environments, 1(3): 219- 225, 2011.

RostamAfshar N. 2008. Principles of Water Resources Planning. First Edition, Tehran. Publications of
shahidAbbaspourUniversity.PP 129. (in Persian)

Sieber J., and Purkey D. 2007. WEAP21 User Guide. Available athttp://seius.org/Publications_PDF/SEI-
WEAP21User Guide-07.

Veijalainen N., Dubrovin T., Marttunen M., and Vehvileinen B. 2010.Climate Change Impacts on Water
Resources and Lake Regulation in the Vuoksi Watershed in Finland. Water Resour Manage. 24:3437 3459.

Wilby R. L., and Dawson C. W. 2007. SDSM4.2_A decision support tool for the assessment of regional climate
change impacts.

Yates D., Sieber J., Purkey D., and Huber-Lee A. 2005. WEAP21 ADemand-, Priority, and Preference-Driven
Water Planning Model (Part 1).International Water Resources Association,Water International. 30(4): 487 500.
Awvailable athttp://www.weap21.org.

YazdanPanah T., Davar K., Khodashenas S.R., Ghahraman. 2009. Water resource management on watershed with
WEAP. Case study: Azghand watershed. Journal of water and soil. Ferdovsi university of mashhad. No:21. 213-
223. (in Persian with English abstract).

ZaerZadhe M. 2011. Water Allocation in the Qezelozan- Sefidrood Basin under Climate Change, using
Bankruptcy Approach for Conflict Resolution. Thesis of Master of Science (M.Sc.) in Water Resources
Engineering. Tarbiatmodares university of tehran. (in Persian with English abstract).

14- Zahraei B., JafariBibalan B., Sotani J. 2012. Modelling climate change impacts on water resources Sistan. second

Applied Research of Water Resources Conference of Zanjan. Iran.(in Persian).



Journal of Water and Soil (329Las @lio 5 psle) S5 9 O 4 i
Vol. 29, No. 5, Nov.-Des. 2015, p. 1158-1172 i 1158-1172 . p 1394 oo T 5 olais 29 al>

Title:Evaluation of Optimal Water Allocation Scenarios for Bar River of
NeishabourUsing WEAP Model Under A2 Climatic Changes Scenario

Gh. Ghandhari® — J. Soltani?~ M. Hamidian Pour®

Received:25-02-2013
Accepted:07-06-2015

Introduction: The rapid population growth in Iran and the corresponding increases in water demands,
including drinking water, industry, agriculture and urban development and existing constraints necessitate
optimal scheduling necessity in use of this crucial source. Furthermore, the phenomenon of climate change as a
major challenge for humanity can be considered in future periods. Climate change is caused by human activity
have also been identified as significant causes of recent climate change, referred to as "global warming". Climate
change indicates an unusual change in the Earth's atmosphere and climate consequences of the different parts of
planet Earth. Climate change may refer to a change in average weather conditions, or in the time variation of
weather around longer-term average conditions. A Warmer climate exacerbates the hydrologic cycle, altering
precipitation, magnitude and timing of runoff. The purpose of this study was to evaluate the effect of climate
change on water consumption and demand in Bar river basin of Neighbor. Climate change affects precipitation
and temperature patterns and hence, may alter on water requirements and demand at three sectors; agriculture,
industry and urban water.

Materials and Methods: At present, Global coupled atmosphere-ocean general circulation models
(AOGCMs) are the most frequently used models for projection of different climatic change scenarios. AOGCMs
models represent the pinnacle of complexity in climate models and internalize as many processes as possible.
These models are based on physical laws that are provided by mathematical relations. AOGCMs models used for
climate studies and climate forecast are run at coarse spatial resolution and are unable to resolve important sub-
grid scale features such as clouds and topography. As a result AOGCMs output cannot be used for local impact
studies. Therefore, downscaling methods were developed to obtain local-scale weather and climate, particularly
at the surface level, from regional-scale atmospheric variables that are provided by AOGCMs. Four different
downscaling methods exist: regression methods, weather pattern-based approaches, stochastic weather
generators, which are all statistical downscaling methods, and limited-area modeling. For this research, HadCM3
and statistical downscaling model (SDSM), precipitation and temperature variations were simulated under A2
scenario. Then the impacts of these variations on Bar River discharge were analyzed, i.e. water resources at three
sectors of agriculture, industrial and potable water under climate change during 2011-2040 using WEAP. Results
at first part of simulation showed that temperature is increasing and precipitation is decreasing resulted in
decreasing of Bar discharge. According to the decreasing on Bar discharge, water allocation was simulated under
these conditions of agricultural and industrial development and increasing of population with WEAP. Simulation
showed that watershed will face increasing of water demand for all three sectors; agriculture, industry and
drinking water, so the highest water shortage would be in agricultural demand and then industry and drinking
water respectively. IWRM is the basic managerial need to rest the demands especially for drought periods.
Current allocation process is based on steady state conditions while allocation pattern would be done under
climate change conditions so we need to be reinvestigat the last allocations for all three sectors. Another
challenge for this watershed refers to the gardens and steel factory of Khorasan that they need to use new
technologies for reduction of their water needs.

Results Discussion: In this study, the outputs of General Circulation Models (HadCM3) and statistical
downscaling model (SDSM) have been used to investigate the changes of rainfall and temperature under A2
scenario in Bar river basin of Neishaboor and assess the impacts of this changes on the Bar river’s discharge.
Finally, using WEAP model under climate change conditions for the period of 2011-2040, the status of basin
water resources was evaluated for the three sectors (agricultural, domestic and industrial). The results indicated
increased temperature in the Arie station amounting to 16 percent and rainfall reduction in the Arie and Taghan
stations amounting to 3.9 and 8.75 percent respectively. Under these conditions, according to the increasing

1- MSc Graduated, Department of Water Engineering, College Soil and Water, University of Zabol

2- Assistant Professor, Department of Water Engineering, University College of Abureyhan, University of Tehran
(*-Corresponding Author Email: jsoltani@ut.ac.ir)

3-Assistant Professor, Faculty of Geography and Enviromental Planning, University of Sistan and Baluchestan,
Zahedan, IRAN



1394 oo ;37 5o las 29 wl> (S g ST a i 1172

water demands of agricultural and industrial sectors in the future, there will be a shortage of water supply
resources in the region. So the agricultural sector with 12 percent will have the highest percentage of water
shortage and water scarcity and of the industrial sector will be 2%. However, the drinking water or domestic
demand will not face a shortage of supplies.

Conclusion: Therefore given that the most part of agriculture sector’s share of basin is allocated to orchards
and on the other hand the most shortages are related to agriculture, then while creating an integrated
management of water resources, development and use of modern methods of irrigation during the period of 2011
- 2040 would seem to be necessary.

Keywords: Climate Change, Downscaling, General Circulation Model (GCM), Population Growth, water
shortage



