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SUFI2, SWAT CUP, It is necessary to make accurate predictions of climate change, especially the change in
Water Balance, Aras the hydrological behavior of rivers, to make policies and plans for water resources
River Basin. management, and to achieve adaptation and reduce the consequences of climate change.

Semi-arid mountainous regions have dense population centers that increasingly need
water resources and providing and stabilizing their employment and achieving
comprehensive development requires access to sufficient water resources and their
optimal allocation. In this research, the simulation of the water balance components of
the Aras River basin area and its changes under the conditions of climate change using
SWAT modeling have been done.

Methodology

In this research, in addition to the output data of the CNRM-CMBG6 climate model in the

historical period and under the SSP5-8.5 scenario, from the climate data of selected

stations including minimum and maximum temperature, precipitation, sunshine hours,

relative humidity and wind speed on a daily scale in a period of 37 years (1985-2014),

hydrometric data including flowout rate (m®s) and geographical data of Aras River

basin including DEM map, soil, basin slope and land use have been used. The SWAT

model was used to simulate the hydrological conditions of the Aras River basin in the

future period. Before starting the calibration of the SWAT model, preliminary settings

Received: 2024/09/29 were first made on the output of the initial implementation. In the next step, the accuracy

Accepted: 2024/1/25 of the SWAT model was evaluated in the simulation of the discharge of the Aras River

. basin. Among the 11 evaluator criteria, the Nash-Sutcliffe coefficient (NS) was

Published: 2025/04/19 considered asgthe target criterion for SWAT model calibration. The calibratgon 2)f the

model was done from 1987 to 2006 and its validation was done from 2007 to 2014 with
the SUFI2 algorithm.
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Results and Discussion

From the integration of slope, soil, and land use maps of the Aras River basin in the SWAT model, this basin was
divided into 68 sub-basins and 1264 hydrological response units and calculations were done on them. By running the
model in 350 simulation cycles, the order of 14 sensitive parameters of the model was determined. By running the
model in 350 rounds of simulation, the order of 14 sensitive parameters of the model was determined, from the wgn,
hru, bsn, and sol files, the parameters related to the monthly average maximum temperature, the maximum water
retention by the canopy of plants, the base temperature of the beginning of snow melting, the index Leaf surface (where
no evaporation occurs) and hydraulic conductivity of saturated soil were identified as among the most effective
parameters in the simulation of stream flow at the selected hydrometric station of Aras basin. The efficiency and
accuracy of the model in the calibration period (1987-2006) based on R?, NS, P-Factor, R-Factor, and evaluation criteria
were obtained as 0.67, 0.71, 0.77, and 0.27 respectively. Evaluation of SWAT model efficiency with different criteria
showed that the observed and simulated discharge values are highly consistent. Comparing the simulated hydrograph
with the observational hydrograph of the basin indicates the maximum concentration of the model error in the peak
discharges (May) when the peak of snow melting occurs and shows that the model performs poorly in simulating snow
melting.

Conclusions

Although in the future period the annual rainfall will be 79 mm more than the historical period, but a major part of it
will be spent on evapotranspiration in the months of May to July. This can have a negative effect on the quality of plant
growth and crop yield, water stress will increase the possibility of dust phenomenon and will lead to a decrease in the
water level behind the dams, which will have multifaceted consequences on hydropower production, agricultural
products and the economy. Therefore, it is necessary to take appropriate measures to store water or release surface
runoff in areas with suitable soil for deep penetration of water and away from pollution.
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Figure (2): Aras basin landuse map
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Figure (3): Aras basin soil map
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Figure (5): Outlet points and Aras subbasins
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Table (1): Summary of the results of the sensitivity analysis stage of the SWAT model parameters in the SUFI2 algorithm at the
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Figure (6): Simulated and observed hydrograph (selected station runoff) of Aras basin in the base period by SWAT model
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Figure (7): Annual average of water balance components of Aras basin in the historical period of CNRM-CM6 model
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Figure (8): Average monthly graph of water balance components of Aras basin in the future period
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Table (2): proportion of water balance components of the future period
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Figure (9): Monthly changes of water balance components in the future period compared to the historical period

& 35 Al
oals slas,0 Ve b (g olSiiis]) ()l ddgx it (6 ying, 0w o] jo b > (20 cadcud slrosls wlul n SWAT Jos
(S lwdnds 190 YO+ 10 SWAT CUP Jow slyzl Lot omw,Lael (Yo VF-Ye 0 V) ad a0 Vo Ly oxiwly (VAAY-Y - F)
zb by ol clngS jiSlas o S las wlale Lawgie 4 bgs e sl eyl aS Wo F asine Jow wles yel)b VY Cla
sl S Sg 0un Colan g om0 ) S adud g ] 40 a5 S mhaw asls (B wed kel sliw sles (ol iig
o)l Adgm e (g yeg e oSl Gl (20 ilwand jo b el)l ()55 alex iSOl g bsn hru awvgn gl LG S
R- 4 P-Factor (NS R? byl slaloe bl 5 (Yo 2 2VAAY) oxiwly 0590 10 Jaw 8o 5 ol)5 iomen iall olulil
& polae ol ylis alisee slo,bxe L SWAT Jow oIS Sbs,1 1A ol acsloes /YY g <YV oYY [PV 3 54 Factor
OSan 57 VIV 9D 2 g (i 9T @l b e oS )0 (Vb Slyten 5 llae cadigiloand 5 Slanlis
Bl g 0 awlio .cwl (WYF) LKen o (LS 5 (VYAY) Lo 5 Jol B)le «(Y+10) ), Sen 9  SedlS (Y 4 Q)
S osd Sey a5 Sl (0 0le) gl slagas )3 Joe sllas i 5 503 5l (S adg> Slaalie SIS 000 b oadgjluarns

y Wilby &Haris v Kalcic
v Alansi

y1v



VPP g FY oladi )Y o 65598 5a 885900

ook 5l 6ol e 49> ET 0l Lis CNRM-CM6E o B8l Jowe gles wlidosn, b )l ddg>  SS5eds 000 Consg g5l o
5 gl p aS bl by 5 3985 e g ools olaisl 0g 4y l) asg> saT 0,98 (5 e oo YOV 5 (Su b 0,90 (550 oo YVY
Sl p3¥ g o co HLS T ET 1als 10 65,5 ol coanl a5 ol diloes lavgin yidigy zU b o5 adlie 605 0 ase> ET
Ol 3 lS o2 B03)5 Joduo Slog 4295 6 )15 £98 0l (A5 5 (005 a8l &Blg )3 9 Cusl 9 Lado  la g jasliy o
00,8 Cash (heajpy 2l S g 05h SWS adg sj ) b 40k G ET
5 el sloels ;o (o)l (liae S ET pliee (58,5 (o 5 (S 5 00l 0,50 50 adg> O (Do alale 95 510505 23]
A5 Sl lag oS 05 aalys e b Sy ol 15 alS 4 ET i o9 Yl oo (b 5l ams il 1, ]
o S ads> sl alin a5 Al cpl 85 L 0w axg LI el valss o 0 slaldl 5 (65,5laS Y game ol 5,
o Ollg, ilola, b g Ol 0,33 g catio Sloladl 5 Slowawad ET iol38l cods ol o3 51 i ol p3Y g9 dalgs
Slals 090 YU 00,5 3| a5 sloe i 4 Ol Colaa jglaieds ln Sogll 5l 590 9 Ol (es 3985 canlia S gl)lo g5 o
5,5 saudy g8y Jloixl g oads i S &l s Jlassl § o 25 il 4 (ol jidg 3 S cugb, ielS es o
£3589 D30 50 (nl yodle Wlo T3l Bras ax iz 4 g 0dgel Gl 1) ol Sl I iy S9d liee o5 o8 4 azg by
ET 05 Vb g 050 aales (559,00 5,85 g s LiblS jelateas OF Jsl sla JUS ¢ s el slaasis ol anlllass jge (592 bns
b sload Y game g e plob «yd casy Jie ailianl slaciaS o 1) jLad cov (6)lol pieas 4 dx g5 o] liaol Juat
ouigl 093 ;0 Ll ;5 )l g8y Jloim 85k 51 aiS oo laizgd g e ST bl Lanlsl 51 o T (6 25 055 45T (stm s
Jetend S5 lgil Jro usboy @ bgrye ST (308 5 50 sl |y an lgi oo a5 05 (e S ()l 090 5l ey
ook ol )90 50 ax ST ols ylis lbail uizmed om0 palS 5o 1) o] CueS (e cuaSh (20,05 ialS fes g oS
son] 5, g c2alS Bro aas oo las SlSS ol o walys sasS 51,55 5 5l el cnl 5l e Slotal g 355 mies
239 3 O Olie 5 G5k 009 SRl b (222l 5| mten a8l 955 s0d Dgmme (2015 Il ol i 5 0058 0T IS alis
50 5 Sl S¥pame 5 aLS 55 5 5 chlizhe sla i ol b o Sleals 5 Jlo Jsbo 8 5 s 092 coas]
il oo 00S s 5L og
oo o o O 3585 aul38l 5,05 gy 2alS @ oy g5 aiejls )l 4o 10 Ol molie Cu pae 45wl o yLid dalllas oy
walys ol gaazr sl oanl jo i)k mis 097 5 el Sl rizren ool il Gl 51 5 el
el Wl Sl Sleladl g (63,40l diejls aS 5 S

References

Abbaspour, K. C. (2007). User manual for SWAT-CUP, SWAT calibration and uncertainty analysis
programs. Eawag: Swiss Fed. Inst. of Aquat. Sci. and Technol. Du"bendorf, Switzerland.

113



VEOF Sl FY O Loy93 655 58550 5559 )0

oSy pbb &og> gT O s slwanss

Abbaspour, K. C., Rouholahnejad, E., Vaghefi, S., Srinivasan, R., Yang, H., & Klove, B. (2015). A
continentalscale hydrology and water quality model for Europe: Calibration and uncertainty of a high-
resolution large-scale SWAT model. Journal of Hydrology, 524, 733-752.
https://doi.org/10.1016/j.jhydrol.2015.03.027

Alansi, A. W., Amin, M. S. M., Abdul Halim, G., Shafri, H. Z. M., & Aimrun, W., (2009). Validation of
SWAT model for stream flow simulation and forecasting in Upper Bernam humid tropical river basin,
Malaysia. Hydrology and Earth System Sciences, 6: 7581-7609. https://doi.org/10.5194/hessd-6-7581-2009

Ansari, S., Massah Bavani, A., & Roozbahani, A., (2016). Effects of Climate Change on Groundwater
Recharge (Case Study: Sefid Dasht Plain). Water and Soil, 30(2), 416-431. (In Persion).
https://doi.org/10.22067/jsw.v30i2.39574

Arefi Asl, A., Najafinejad, A., Kiani, F., & Salmanmahiny, A., (2013). Simulating discharge and sediment
production using SWAT in Chehelchai Watershed of Golestan Province. Journal of Range and Watershed
Managment, 66(3), 433-446. https://doi.org/10.22059/jrwm.2013.36518

Azari, M., Moradi, H. R., Saghafian, B., & Faramarzi, M., (2013). Assessment of hydrological effects of
climate change in Gourganroud river basin. Water and Soil, 27(3), 537-547. (In Persion).
https://doi.org/10.22067/jsw.v0i0.26051

Bussi, G., Francés, F., Horel, E., LOpez-Tarazén, J. A., & Batalla, R. J. (2014). Modelling the impact of
climate change on sediment yield in a highly erodible Mediterranean catchment, J. Soils Sediments, 14(12),
1921-1937. http://dx.doi.org/10.1007/s11368-014-0956-7

Chilkoti, V., Bolisetti, T., & Balachandar, R., (2017). Climate change impact assessment on hydropower
generation  using  multi-model  climate  ensemble.  Renewable  Energy, 109, 510-
517. http://dx.doi.org/10.1016/j.renene.2017.02.041

Chung, S. O., & Nkomozepi, T., (2012). Uncertainty of paddy irrigation requirement estimated from climate
change projections in the Geumho river basin, Korea. Paddy and Water Environment; Dordrecht, 10(3), 175-
185. DOI:10.1007/s10333-011-0305-z.

Cochand, F., Brunner, P., Hunkeler, D., Réssler, O., & Holzkamper, D., (2021). Cross-sphere modelling to
evaluate impacts of climate and land management changes on groundwater resources. Science of the Total
Environment, 798: 1-16. https://doi.org/10.1016/].scitotenv.2021.148759

Dolatabadi, S., & Zamardian, M. A., (2012). Hydrological simulation of Firoozabad basin by SWAT.
Irrigation and Water Engineering, 4(2), 38-48. (In Persion).

Fahiminezhad, E., Baaghide, M. O., Babaeian, I., & Entezari, A., (2019). Simulation of the effect of global
warming on the mean and extreme events of some hydrochemical variables in Shandiz catchment basin Case
study: The Case of the general circulation model CanESM2. Journal of Spatial Analysis Environmental
Hazards, 6(3), 27-48. (In Persion).

Fallah Kalaki, M., Shokri Kuchak, V., & Ramezani Etedali, H., (2021). Simulating the effects of climate
change on runoff using the CMIP5 and CMIP6 climate models by SWAT hydrological model (case study:
Tashk-Bakhtegan basin). Iran-Water Resources Research, 17(3), 345-359. (In Persion).

Gebremeskel, G., & Kebedeb, A., (2018). Estimating the effect of climate change on water resources:
Integrated use of climate and hydrological models in the Werii watershed of the Tekeze river basin, Northern
Ethiopia. Agriculture and Natural Resources, 52(2), 195-207. https://doi.org/10.1016/j.anres.2018.06.010

Ghazavi, R., Nadimi, M., Omidvar, E., & Imani, R., (2018). The study of the effects of the future climate
change on discharge variation of the Herochay river using SWAT and LARS-WG. Hydrogeomorphology,
5(15), 54-79. (In Persion).

\14


https://doi.org/10.1016/j.jhydrol.2015.03.027
https://doi.org/10.5194/hessd-6-7581-2009
https://doi.org/10.22067/jsw.v30i2.39574
https://doi.org/10.22059/jrwm.2013.36518
https://doi.org/10.22067/jsw.v0i0.26051
http://dx.doi.org/10.1007/s11368-014-0956-7
http://dx.doi.org/10.1016/j.renene.2017.02.041
https://doi.org/10.1016/j.scitotenv.2021.148759
https://doi.org/10.1016/j.anres.2018.06.010

VE P g oFY oladi VY o0 s 55198 50 9455000
Gholami, A., Habibnejad Roshan, M., Shahedi, K., Vafakhah, M., & Solaymani, K., (2018). Future impacts
of climate change on actual evapotranspiration and soil water in the Talar watershed in Mazandran province.
Physical Geography Research, 50(3), 511-529.(In Persion).
https://doi.org/10.22059/jphgr.2018.202185.1006831

Gudarzi, M., & Fatehifar, A., (2022). Evaluation of the effect of climate change on meteorological variables
and maximum rainfall under new scenarios of RCP release in Azarshahr Chai watershed, Human and
Environment Quarterly, 16, 111-127. (In Persion).

Hafezparast, M., & Sharifazari, S., (2016). Impact of climate change on the Inflow of the Aras, Ghorichai and
Sattarkhan Dams. Journal of Multidisciplinary Engineering Science Studies (JMESS), 2 (8), 782-797.

Hashemi Ana, S. K., (2023). Evaluating the impact of climate change on the planning of optimal allocation
of water resources in Kohgiluyeh and Boyer-Ahmad. Journal of Natural Environmental Hazards, 12(35),
157-172. (In Persion). https://doi.org/10.22111/jneh.2022.41593.1876

Houshmand Kouchi, D., Esmaili, K., Faridhosseini, A., Sanaei Nejad, S. H., & khalili, D., (2019). Simulation
of climate change impacts using fifth assessment report models under RCP scenarios on water resources in
the upper Basin of Salman Farsi Dam. Iranian Journal of Irrigation & Drainage, 13(2), 243-258. (In Persion)

IPCC. (2007). Summary for policymakers in climate change, the physical science basis, Contribution of
working group i to the fourth assessment report of the intergovernmental panel on climate change, Cambridge
University Press, Cambridge, 1-18.

Jones, P. D., Mann, M. E. 2004. Climate over past millennia. Reviews of Geophysics, 42(2):RG2002
http://dx.doi.org/10.1029/2003RG000143

Kalcic, M., Chaubey, I., & Frankenberger, J., (2015). Defining Soil and Water Assessment Tool (SWAT)
hydrologic response units (HRUs) by field boundaries. Agricultural and Biological Engineering, 8(3), 69 -
80. http://dx.doi.org/10.3965/].ijabe.20150803.951

Kanwar, P., & Sungh, K. P., (2022). chapter 4: Impact of climate change. Current Directions in Water Scarcity
Research, 5, 45-57. https://doi.org/10.1016/B978-0-323-85378-1.00004-0

Kavian, A., Namdar, M., Golshan, M., & Bahri, M., (2017). Hydrological modeling of climate changes impact
on flow discharge in Haraz river basin. Journal of Natural Environmental Hazards, 6(12), 89-104. (In
Persion). doi:10.22111/jneh.2017.3119

Khosravi, M., Climate change and its effect on water resources in the Middle East, the fourth international
congress of geographers of the Islamic world, Zahedan, 13-15 April 2019. (In Persion).

Lane, M. E., Kirshen, P. H., & Vogel, R. M., (1999). Indicators of impact of global climate change on U.S
water resources. ASCE, journal of Water Resources Planning and Management., 125(4), 194-204.
https://doi.org/10.1061/(ASCE)0733-9496(1999)125:4(194)

Li, F., Xu, Z., Liu, W., & Zhang, Y., (2014). The impact of climate change on runoff in the
Yarlung Tsangpo River basin in the Tibetan Plateau, Stochastic Environmental
Research and Risk Assessment, 28, 517-526. http://dx.doi.org/10.1007/s00477-013-0769-z

Lin, B., Chen, X., Yao, H., Chen, Y., Liu, M., Gao, L., & James, A., (2015). Analyses of landuse change
impacts on catchment runoff using different time indicators based on SWAT model, Ecological Indicators,
58, 55-63. https://doi.org/10.1016/j.ecolind.2015.05.031

Mojiri, H., & Halabian, A., (2019). Evaluation of the Effects of Temporal variables of Temperature,
Precipitation and Water Harvesting on Groundwater Resources in Mehrgerd basin of Semirom. Jwmr, 10(20),
238-249. (In Persion). http://dx.doi.org/10.29252/jwmr.10.20.238

y15


https://doi.org/10.22059/jphgr.2018.202185.1006831
https://doi.org/10.22111/jneh.2022.41593.1876
http://dx.doi.org/10.1029/2003RG000143
http://dx.doi.org/10.3965/j.ijabe.20150803.951
https://doi.org/10.1016/B978-0-323-85378-1.00004-0
https://doi.org/10.1061/(ASCE)0733-9496(1999)125:4(194)
http://dx.doi.org/10.1007/s00477-013-0769-z
https://doi.org/10.1016/j.ecolind.2015.05.031
http://dx.doi.org/10.29252/jwmr.10.20.238

VEOF Sl FY O Loy93 655 58550 5559 )0

oSy pbb &og> gT O s slwanss

Motamed Waziri, B., Kiadliri, H., Ishaghi, A., & Eskandari, A., (2021). Evaluation of the effects of climate
change on groundwater recharge in the Karaj watershed, Journal of Renewable Resources Research, 1(35),
55-72. (In Persion).

Mourot, F. M., Westerhoff, R. S., White, P. A., & Gameron, S. G., (2023). Climate change and New Zealand’s
groundwater resources: A methodology to support adaptation. Journal of Hydrology: Regional Studies 40, 1-
25. https://doi.org/10.1016/j.ejrh.2022.101053

Naderi, M. (2020). The impact of climate change on dorudzan dam inflow and reservoir volume, northern
Fars province. Scientific Quarterly Journal of Geosciences, 29(115), 259-268. (In Persion).
https://doi.org/10.22071/gsj.2019.146503.1527

Naserabadi, F., Qadawi, R., & Zakarinia, M., (2019). Hydrological modeling of the Talwar river watershed
under the influence of climate change, Iran Water Research, 14(2), 37-49. (In Persion).

Neitsch, S., Arnold, L., Kiniry, G., & Williams, J., (2002). Soil and water assessment tool, user’s manual,
Version 2000.

Neitsch, S.L., Arnold, J. G., Kiniry, J. R., & Williams, J. R., (2005). Soil and water assessment tool theoretical
documentation: Version 2005.

Nouri, Z., Talebi, A., & Ebrahimi, B., (2020). Analysis of effect of the climate parameters change on runoff
and evapotranspiration of Mehrgerd watershed. Water and Soil, 34(1), 225-239. (In Persion).
https://doi.org/10.22067/jsw.v34i1.82329

Parajuli, P. B., Jayakody, P., Sassenrath, G. F., & Ouyang, Y., (2016). Assessing the impacts of climate change
and tillage practices on stream flow, crop and sediment yields from the Mississippi River Basin. Agricultural
Water Management, 168, 112-124. http://dx.doi.org/10.1016/].agwat.2016.02.005

Parandeh Khozani, A., (2017). Investigating the trend of spatial and temporal changes in the snow cover of
the Zagros mountainous region and its relationship with atmospheric circulation patterns and climate changes,
doctoral dissertation in the field of water and meteorology, climate change trend, Faculty of Planning and
Environmental Sciences, Tabriz University. (In Persion).

Parhizkari, A., Mahmoodi, A., & Shokat Fadaee, M., (2017). Economic analysis of the effects of climate
change on available water resources and agricultural products in the watersheds of Shahrood. Agricultural
Economics Research, 9(33), 23-50. (In Persion).

Pourmohammadi, S., Dastorani, M., & Massah Bovani, A., (2017). Effects of climate change on river runoff
and provide solutions to adapt toits effects (Case Study: Basin Tuyserkan, Hamedan). Jwmseir, 11 (37), 1-12.
(In Persion).

Rahwareh, M., Motamed Waziri, B., Moghadamnia, A., & Maridi, A., (2019). Forecasting changes in the
runoff of Zarinerood watershed under climate change conditions through hydrological simulation, Renewable
Resources Research, 2, 129-143. (In Persion).

Rezaei Moghaddam, M. H., Mokhtari, D., & skandarialni, M. (2024). Comparative evaluation of a semi-
distributed hydrological model with an integrated model to simulate the runoff of Gomanab Chai basin.
Hydrogeomorphology, 11(40), 39-22. (In Persian). https://doi.org/10.22034/hyd.2024.59474.1715

Rezayi Zaman, M., Morid, S., & Delawar, M., (2013). Evaluation of the effects of climate change on the
hydroclimatological variables of Siminerud Basin, Water and Soil Journal (Agricultural Sciences and
Industries), 27(6), 1247-1259. (In Persion).

Rouholahnejad, E., Abbaspour, K. C., Vejdani, M., Srinivasan, R., Schulin, R., & Lehmann, A., (2012).
Parallelization framework for calibration of hydrological models. Environ. Modell. Software 31, 28-36.
https://doi.org/10.1016/j.envsoft.2011.12.001

116


https://doi.org/10.1016/j.ejrh.2022.101053
https://doi.org/10.22071/gsj.2019.146503.1527
https://doi.org/10.22067/jsw.v34i1.82329
http://dx.doi.org/10.1016/j.agwat.2016.02.005
https://doi.org/10.22034/hyd.2024.59474.1715
https://doi.org/10.1016/j.envsoft.2011.12.001

VELF g o FY olad VY o c5slsdsasifonm

Sanikhani, H., Theologian, Y., Poriusov, S., Zamanjad Goidel, S., & Solati, B., (2013). Study of the effects
of climate change on watershed runoff (case study: Ajichai watershed in East Azerbaijan Province). Water
and Soil Journal (Agricultural Sciences and Industries), 27(6), 1225-1234. (In Persion).

Sari sarraf, B., & Jalali Ansaroodi, T. (2019). The Investigation of the Impact of Climate Change on Water
Balance Caused by Precipitation in Tasuj Aquifer for the Period of 2017-2030. Hydrogeomorphology, 6(19),
163-185. (In Persian).

Shakiba, A., & Cheshmi, A. (2011). The impact of climate change on groundwater resources using neural
network NARX in Ramhormoz. Researches in Earth Sciences, 2(4), 46-57. (In Persion).

Shi, H. Y., Wang, G. Q., (2015). Impacts of climate change and hydraulic structures on runoff and sediment
discharge in the middle Yellow River, Hydrological Processes, 29(14), 3236-3247.
http://dx.doi.org/10.1155/2015/481713

Wang, J., Hu, L., Li, D., & Ren, M., (2020). Potential impacts of projected climate change under CMIP5 RCP
scenarios on streamflow in the Wabash River Basin. Advances in Meteorology, 2020: 9698423.

https://doi.org/10.1155/2020/9698423

Wang, W., Sun, Z., Wu, Q., Fang, J., & Jia, W., (2023). Spatio-temporal variability of terrestrial water storage
in the Yangtze River Basin: Response to climate changes. Geodesy and Geodynamics, 14, 201-211.
https://doi.org/10.1016/j.0e0q.2022.11.006

Wilby, R., & Haris, 1., (2006). A frame work for assessing uncertainties in climate change impacts: low flow
scenarios for the River Thames. U. K. water resources research. 42, WO02419, 1-10.
http://dx.doi.org/10.1029/2005WR004065

Yang, S., Zhao, B., Yang, D., Wang, T., Yang Y., Ma, T., & Santisirisomboon, J., (2023). Future changes in
water resources, floods and droughts under the joint impact of climate and land-use changes in the Chao
Phraya basin, Thailand. Journal of Hydrology. 620, Part A 129454,
https://doi.org/10.1016/j.jhydrol.2023.129454

Zahrai, B., Naseri, M., & Rozbahani, A., Modeling the effects of climate change on the water resources of
Sistan and Baluchistan province, 4th regional climate change conference, Tehran, December 29 to January
1, 2019. (In Persion).

Zhang, X., Tian, Y., Dong, N., Wu, H., & Li, S., (2023). The projected futures of water resources vulnerability
under climate and socioeconomic change in the Yangtze River Basin, China. Ecological Indicators,
147(12):109933, 1-13. https://doi.org/10.1016/j.ecolind.2023.109933

\17


http://dx.doi.org/10.1155/2015/481713
https://doi.org/10.1155/2020/9698423
https://doi.org/10.1016/j.geog.2022.11.006
http://dx.doi.org/10.1029/2005WR004065
https://doi.org/10.1016/j.jhydrol.2023.129454
https://doi.org/10.1016/j.ecolind.2023.109933

