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5. Water Supply Stress Index (WaSSI)
6. Statistical Weather Generator (SWG)

7. Multiple Linear Regression (MLR)
8. National Center for Environmental Prediction
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Fig 1. Location of the Gorganrud River Basin in the North of Iran and in Golestan, North Khorasan and Semnan
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3. The U.S. Army Corps of Engineers
4. Hydrologic Engineering Center (HEC)
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4180000
1

927 11.9 11.79

240000 280000 320000 360000 400000 440000

ol gLolKayl ;3 RCP8.S g RCP2.6 okl (sla g sl i 0T 03595 5 asly 0,95 55 (o 8 silu 4 53) Jilas (slos pKile —¢ S
Fig 4. Mean of minimum temperature {C) for the baseline and future under RCP2.6 and RCP8.5 scenarios in meteorological

stations

VEo¥ Gl —FY 0 lond — ez Jlw 1o Oyl 841305l wige 5 pole



320000

4180000

4150000

22.87 22.53,22.48

<+
23.25 23.46 23.39
>

2377

50 Kilometers

|

AT Js

2479 2504 2497

e

2451 2455

25.43 2554 2543

05 23.9

#05 23
e
3 22.80

4180000

P 63 19.85 19.78

4150000

4120000

320000

ookl (sLaelKiunsl 53 RCPB.5 s RCP2.6 ool (5o g3 sl s 0kisl 0555 5 4y 0595 55 (515 s am3) &l 5, jiSTaom (glos il —0 IS5
Fig 5. Mean of maximum temperature {C) for the baseline and future under RCP2.6 and RCP8.5 scenarios in meteorological stations

50 Kilometers

g . | ol 25 23

30 Kilom eters

350000

400000 450000

didi slaisly
e Cﬁ
st 2
e

sl [

35,58 5 Glssgy ad g (Yrhe 5 Yo¥) add om i 5 (YOIV) wly Lol 0,18 a2k -1 I3
Fig 6.Baseline (2017) and Projected (2030 and 2040) land use map for the Gorganrud River Basin

VF oY ol —FY 8 )lows — e Jlw

"

Ol 812505l (waige 5 ool



‘ﬁ;«ﬂ“’ 4.\?,6 BL) 3‘5};@; du;u 4..&? PL) d‘,gjj.l.:h ‘SJLA‘A:?\:I J:HEC-HMS SMA Jua Lﬁb\s ‘;;5 Lﬁ"?-})‘_\ dj-»"
Table 1. Quantitative evaluation of HEC-HMS SMA model efficiency in hydrograph simulation in Gorganrud River Basin in

the calibration stage
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Table 2. Quantitative evaluation of the HEC-HMS SMA model efficiency in the Gorganrud River Basin in the validation stage
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Table 3. The median of water supply in the Gorgan-rud River Basin in change conditions under RCP2.6 and RCP8.5 scenarios
in 2020-2040 (MCM/year)
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Table 5. The median of Water Supply Stress Index in the

Yoo 09

Gorgan-rud River Basin in change condition under RCP2.6
and RCP8.5 scenarios in 2020-2040
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Table 4. The median of water demand in the Gorgan-rud River Basin in change conditions under RCP2.6 and RCP8.5 scenarios
in 2020-2040 (MCM/year)
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VEY Gl =2V 0 lows oo Jlw Ol 8510 5u50] (owiigen 5 @ole



Conladode 5 id Lol b 55 el s T mlie Sy e shanens
o}vJ “ o9 dﬁ‘)‘ L;f)ls Q‘J.‘::*j odalin Opomad LS LS
)sglyduﬁ@“ﬂsjgymy\,lcb&lyl

G108 9 KIS

s Lol 31 udls (a)"ﬁl s p i cpl OB
ple 5 LS el s WY fsan o Kes
Lsl des wly Sl s Sa JS 08 S b

Qb N o9 28l Sl
05 ble slas &jf@.ae\s.u)l:@ C‘)’Lol e ool 08 s 5

Bodld 4 w giwd
Lol G,k 31 Jassy cpl 5 ol esland @l s el
&.Iﬁjf M‘)}.)‘J:QJL;}.‘)A J}:M.A GM)J

] L VR I g P

ol Ble b sla b 5 e bl (g 3lup sede ) azes Lo

Lffjb 9 u‘:"i\)‘iﬁ ‘é)bfjw 9 &M\) ZJ;.aoJ@_g L..aj.“.,\.&
Jlis

e sl 5 SRl oosbine (S3lupsaie (oS g5

9 U’:'i‘fiﬁ w)}uw Ld)Ldrj.é—U L;M.ALAQLMLN J)MJM.L.O
dlas ool

dlde 2ol 5 Gl epslin (Silup see 1S5S (5

&Uo

1. Abbas Novinpour, E. Kaki, M. and Sadeghi Aghdam, F.
2020. The Effect of Climate Change on Surface and Groundwater
Resources in Rozeh Tea Plain. Journal of New Findings in Applied
Geology 15(29), 15-27.(In Persian)

2. Ahmadi, M. Motamedvaziri, B. Ahmadi, H. Moeini, A. and
Zehtabian, Gh. 2019. Evaluating the impact of climate change
on extreme flows in Kan watershed. Journal of Water and Soil
Resources Conservation 9(2), 101-121.(In Persian)

3. Akbari, A. Sadoddin, A. and Asgari, H. 2024. A framework for

modeling an agronomic system’s vulnerability to climate change

VF oY ol —FY 8 )lows — e Jlw

9

QSLJ)Q@\)JJ&AJEw|@ucw.;)\;¢éb
Gl [0] osle Olabes 5 el s b S o)) elan
w5 ool oyss 5 LBl g8 Ol s R ]
vS‘J;A Jﬁ.\;- 2l cb—»l SalS Gy w558 S Ly,
Ll o Comarr Gl Bl 4 ol S 5Se Sl mlaw (1531
S 2 o il b Sl ol s IS 5t ele
Ul ol e 53 5 ON il bl o ge (b 5i sble)
PR o SR o e el S G b s
Sl ple s Sl amd 5o 5 (e sl 4 0L Sl 358
F05 AL v Al A dal s Ul Gl e 23
o 53 L e Bl 52 G Seme Gl anu s 1b @
Comerr poid AL atdls o )5 andlae 550 adlate )5 Ll08 ol
2 S Jole Ulse 4 Llg o GsSe Gble anws LS o
2B LS sy K el opss s Ol slols !
5 oolsdl sl 5 [0Y] 0L 5 Ky b5 ol s @
Slols 5 s o cbaad jo alse )l Calles [YY] OLKen
33,58 5 wlsy; a3 Ol el i el e 5 o
adlas 53 als Ol 1 S0 Lasls o Sl ) i Lt
5 ab e el i oS A jasie 3 [80] OLSs 5 0L
asdlas 53 cproman ol IS 5L (ladlane o s OF Lol
andllas 5 5 Stk 53 Ol 5peS LIBIYY] 0L 5 oS
Sl pde 5 35S OIS LA [1] O 5 (6 S
dlos A (6 St Comer SRl 5 Bl s L ol
SMie &S s aseie w308 oy gl O el S el
VXY L IYE0NYAS les oys gl VT 5l asls ol
okl 0355 53 e 5 ol 4Bl (2050 VFEO-NYAY 6y 5s gl
RCP8.5 (s 5,k 513l a5 5 V1) RCP2.6 (5 55,k 513l & 5
3,50 aike 53 Ol sl il oy S a5 el V/EO
e opde Jlasl psil ol ol A e o DL andlas
.MJGAQW‘)bjj.;g;dlﬁ-b))w)})ng@tw
S o @Bl is B ) p b Ry nl 3 (IS sk
235588 wlng; ab e Of mle o Comer i 5 (S
0 el glas 8L patde O el 5 el
w88 Llssy, as - o ol 0,33 53 u"T Col coslaal
adlaie ool 5> O wlio LU 535 el = oo (il G Ol ge
cﬁj.molf\a\‘«stg\jl.w\@wL;SJL:JqﬁJw.\;a;Lg
ol glols o sl ol C}\J Ols sy S Ol as e
Ol a8 55 Sl ISl Jlos 4 b sl en 53 353 S S
55 ol Glols cu pde glaay 8 sl zin LOT 0us ol >
RS (IS eyl ek (S (S ek ile (55 55LES
o 1 St w51 s Sl 5 g5sliS Sl Slls
el s O Glold Gy e w5 b sl Kal
Sl e Ol ke 5 DS S sl & il 5 o s 0l 51 ol

Ol S 13l (owsiaes 9 @ole



change in Brunei Darussalam using statistical downscaling model.
Theoretical and Applied Climatology. 133 (1-2): 343-360.

14. Farokhzadeh, B. Choobeh, S. and Nouri, H. 2018. Impacts
of climate and land use change on runoff (Case Study: Balighloo
Chai Basin, Iran). International Journal of Environmental Science
and Development. 9(3).

15. Feldman, A. D. 2000. Hydrologic modeling system HEC-
HMS: technical reference manual. US Army Corps of Engineers,
Hydrologic Engineering Center.

16. Gagnon, S. Singh, B. Rousselle, J. and Roy, L. 2005. An
application of the Statistical Downscaling Model (SDSM) to
simulate climate data for streamflow modelling in Quebec.
Canadian Water Resources Journal. 30(4): 297-314.

17. Gebremedhin, M. A. Abraha, A. Z. and Fenta, A. A. 2018.
Changes in future climate indices using Statistical Downscaling
Model in the upper Baro basin of Ethiopia. Theoretical and applied
climatology. 133 (1-2): 39-46.

18. Gholamian, H. and Ildoromi, A. 2020. The effects of land
use changes on the maximum flood discharge in the Songhor
Watershed. Journal of Geography and Environmental Planning
31(3), 1-29 (In Persian)

19. Ghonchepour, D. Sadoddin, A. Salmanmahiny, A.
Bahremand, A. Jakeman, A. and Croke, B. 2023. Detection and
prediction of land use changes and population dynamics in the
Gorganrud River basin, Iran. Land Degradation & Development.
34 (10): 2990-3002.

20. Kassaye, S. M. Tadesse, T. Tegegne, G. Hordofa, A. T. and
Malede, D. A. 2024. Relative and combined impacts of climate and
land use/cover change for the streamflow variability in the Baro
River Basin (BRB) Earth. 5(2): 149-168

21. Khoshravesh, M. and Norooz Valashedi, R. 2020.
Investigating the effect of climate change scenarios on the monthly
flow discharge at the outlet of Gelevard Dam. Journal of Water and
Soil Resources Conservation 27 (4), 23-43. (In Persian)

22. Kim, S., Kim, B.S., Jun, H., Kim, H.S. 2014. Assessment
of future water resources and water scarcity considering the
factors of climate change and social-environmental change in Han
River Basin, Korea. Stochastic Environmental Research and Risk
Assessment. 28(8): 1999-2014.

23. Kiprotich, P., Wei, X., Zhang, Z., Ngigi, T., Qiu, F., and
Wang, L. 2021. Assessing the Impact of Land Use and Climate
Change on Surface Runoff Response Using Gridded Observations
and SWAT. Hydrology. 8(1): 48

24. Lewakabessy, G. and Nara, O. D. 2024. Analysis of mainstay

VF oY ol —FY 8 )lows — e Jlw

with reflections from the Caspian coastal agro-ecological zone of
Iran. Environmental Monitoring and Assessment. 196(2): 210.

4. Al-Bakri, J. T. Salahat, M. Suleiman, A. Suifan, M. Hamdan,
M. R. Khresat, S. Kandakji, T. 2013. Impact of climate and land
use changes on water and food security in Jordan: Implications for
transcending “the tragedy of the commons”. Sustainability. 5(2):
724-748.

5. Asadollahi, Z. and Salmanmahini, A. 2016. Investigating
the effect of land use change on the supply of ecosystem services
(carbon storage and sequestration). Journal of Environmental
Researches 8(1), 203-214. (In Persian)

6. Ashraf, S. Ali, M. Shrestha, S. Hafeez, M.A. Moiz, A. Sheikh,
Z.A.2022. Impacts of climate and land-use change on groundwater
recharge in the semi-arid lower Ravi River basin, Pakistan.
Groundwater for Sustainable Development. 17.

7. Azari, M. Saghafian, B. Moradi, H. R. and Faramarzi, M.
2017. Effectiveness of soil and water conservation practices under
climate change in the Gorganroud Basin, Iran. CLEAN-Soil, Air,
Water. 45(8): 1700288.

8. Bachri, S. Shrestha, R. P. Irawan, L. Y. Masruroh, H. Prastiwi,
M. R. H. Billah, E. N. Putri, N.R.C. Hakiki, A.R.R. and Hidiyah, T.
M. 2024. Land use change simulation model using a land change
modeler in anticipation of the impact of the Semeru volcano
Eruption disaster in Indonesia. Environmental Challenges, 100862.

9. Barati, A. A. Pour, M. D. and Sardooei, M. A. 2023. Water
crisis in Iran: A system dynamics approach on water, energy,
food, land and climate (WEFLC) nexus. Science of the Total
Environment. 882, 163549.

10. Bashar, K. E. and Zaki, A. F. 2005. SMA Based Continuous
Hydrologic Simulation Of The Blue Nile. In a paper published
in the International Conference of UNESCO Flanders FUST
FRIEND/NILE Project" Towards a Better Cooperation”. Sharm El-
Sheikh, Egypt.

11. Benkhelif, A. Setti, M. H. Sehl, B. Djeddaoui, F. and
Nazrul, I. 2024. Predicting urban growth and its impact on fragile
environment using Land Change Modeler (LCM): a case study of
Djelfa City, Algeria. Geo Journal. 89(2): 72.

12. Bennett, T. H., and Peters, J. C. 2000. Continuous soil moisture
accounting in the hydrologic Engineering Center Hydrologic
Modeling System (HEC-HMS). In Building partnerships. Joint
Conference on Water Resource Engineering and Water Resources
Planning and Management 2000.

13. Binti Pg, D. S. N. A. Hasan, A. Ratnayake, U. Shams, S.
Nayan, Z. B. H. and Rahman, E. K. A. 2018. Prediction of climate

Ol S 13l (owsiaes 9 @ole



approaches for strategic basin planning. Asian Development Bank,
GIWP, UNESCO, and WWF-UK.

36. Pulido-Velazquez, D. Garcia-Ardstegui, J.L. Molina, J.L.
Pulido-Velazquez, M. 2015. Assessment of future groundwater
recharge in semi-arid regions under climate change scenarios
(Serral-Salinas aquifer, se Spain). Could Increased Rainfall
Variability Increase the Recharge Rate? Hydrological Processes.
29: 828-844.

37. Shafie, B. Javid, A. Irani Behbahani, H. Darabi, H. and
Hosseinzadeh Lotfi, F. 2024. Analysis of the Current and Future
Prediction of Land Use/Land Cover Change Using (LCM) in Latian
Dam Watershed. Environmental Researches. 14(28): 55-74.

38. Shirmohammadi, B. Malekian, A. Salajegheh, A. Taheri, B.
Azarnivand, H. Malek, Z. Verburg, P.H. 2020. Scenario analysis
for integrated water resources management under future land
use change in the Urmia Lake region, Iran. Land Use Policy. 90:
104299.

39. Shooshtarian, M. R. Dehghani, M. Margherita, F. Gea, O.
C. and Mortezazadeh, S. 2018. Land use change and conversion
effects on ground water quality trends: An integration of land
change modeler in GIS and a new Ground Water Quality Index
developed by fuzzy multi-criteria group decision-making models.
Food and Chemical Toxicology. 114: 204-214.

40. Sun, G. McNulty, S.G. Myers, J.M. Cohen, E.C. 2008.
Impacts of climate change, population growth, land use change and
groundwater availability on water supply and demand across the
conterminous US. Watershed Update. 6(2): 1-30.

41. Van Ty, T. Sunada, K. Ichikawa, Y. and Oishi, S. 2012.
Scenario-based impact assessment of land use/cover and climate
changes on water resources and demand: a case study in the Srepok
River Basin, Vietham—Cambodia. Water Resources Management.
26(5): 1387-1407

42. Varis, O. Kuikka, S. 1999. Learning Bayesian decision
analysis by doing: lessons from environmental and natural resources
management. Ecological Modelling.119 (2-3): 177-195.

43. Wang, X.J. Zhang, J.Y. Shahid, S. Xie, W. Du, C.Y. Shang,
X.C. Zhang, X. 2017. Modeling domestic water demand in
Huaihe River Basin of China under climate change and population
dynamics. Environment, Development and Sustainability. 20(2):
1-14.

44. Wilby, R. L. Dawson, C. W. and Barrow, E. M. 2002.
SDSM—a decision support tool for the assessment of regional
climate change impacts. Environmental Modelling & Software.

17(2): 145-157

VF oY ol —FY 8 )lows — e Jlw

V)

discharge in the Way Batumerah Watershed for annual water
allocation plans. International Journal of Advanced Engineering
Research and Science. 11 (03).

25. Mahdaoui, K. Chafig, T. Asmlal, L. and Tahiri, M. 2024.
Assessing hydrological response to future climate change in the
Bouregreg watershed, Morocco. Scientific African. 23, €02046.

26. Malmir, M. mohammadrezapour, O. Sharif Azari, S. 2016.
Evaluation of climate change impacts on agricultural water
allocation in Qara Su watershed, using WEA . Journal of Irrigation
and Water Engineering 6(23), 143-155. (In Persian)

27. Maneshdavi, A. Nikbakht Shahbai, A. and Fathian H. 2018.
Rainfall-Runoff continuous simulation in Abolabbas watershed
using SMA by HEC-HMS. Journal of Soil and Water Research
49(2), 317-327. (In Persian)

28. Mango, L.M. Melesse, A.M. McClain, M.E. Gann, D.
Setegn, S.G. 2011. Land use and climate change impacts on the
hydrology of the Upper Mara River Basin, Kenya: Results of a
modeling study to support better resource management. Hydrology
and Earth System Sciences. 15(7): 2245.

29. Mehmood, K. Tischbein, B. Mahmood, R. Borgemeister,
C. Florke, M. and Akhtar, F. 2024. Analyzing and evaluating
environmental flows through hydrological methods in the regulated
Indus River Basin. Ecohydrology. €2624.

30. Mohammadi, M. Amiri, M. Dastourani, J. 2015. Modeling

land use changes in Ramian city in Golestan province. The Journal
of Spatial Planning 19(4), 141-158. (In Persian)
31. Mohammadi, P. Ebrahimi, K. Barafshan, J. 2023.
Investigation of land use changes in Gorganrood catchment using
Google Earth Engine Platform. Iran-Watershed Management
Science & Engineering. 17 (60): 11-20.

32. Nugroho, A. R. 2024. The challenges in implementing
the environmental flow concept in Indonesia. In E3S Web of
Conferences (Vol. 485, p. 03016). EDP Sciences.

33. Ojeda Olivares, E.A. Sandoval Torres, S. Belmonte Jiménez,
S.I. Campos Enriquez, J.O. Zignol, F. Reygadas, Y. Tiefenbacher,
J.P. 2019. Climate change, land use/land cover change, and
population growth as drivers of groundwater depletion in the
Central Valleys, Oaxaca, Mexico. Remote Sensing. 11 (11): 1290.

34. Okello, C. Tomasello, B. Greggio, N. Wambiji, N.
Antonellini, M. 2015. Impact of population growth and climate
change on the freshwater resources of Lamu Island, Kenya. Water.
7(3): 1264-1290.

35. Pegram, G. Yuanyuan, L. Le Quesne, T. Speed, R. Jiangiang,

L. Fuxin, S. 2013. River basin planning principles: procedures and

Ol S 13l (owsiaes 9 @ole



47. Yousefi Mobarhan, E. Abghari, H. Erfanian, M. 2014.
Calibration and evaluation of the HMS SMA model in Zolachai
Watershed, Iran. Journal of Watershed Management Research

(101), 79-87. (In Persian)

VF oY ol —FY 8 )lows — e Jlw

\Al

45. Wiwoho, B. S. Mclntyre, N. and Phinn, S. 2024. Assessing
Future Land-Uses under Planning Scenarios: A Case Study of
the Brantas River Basin, Indonesia. Environmental Challenges.
100873.

46. Xiau-jun, W. Jian-yun, Z. Shamsuddin, S. Rui-min, H. Xing-
hui, X. Xin-li, M. 2015. Potential impact of climate change on
future water demand in Yulin city, Northwest China. Mitigation and

Adaptation Strategies for Global Change. 20(1): 1-19

Ol S 13l (owsiaes 9 @ole



wole g pls

Ol S 13l (omwsian 9 @ole
Iran-Watershed Management
Science & Engineering

Vol. 18, No. 67, Winter 2025 VF ¥ ol —FY 8 )lows —p2asmd Jlw

Predicting the Water Supply Stress Index (WaSSI) under the Combined Scenarios
of Climate Change, Land Use Change and Population Growth for the Gorgan-Roud
River Basin, Golestan Province- Iran

Diba Ghonchepour!, Amir Sadoddin®*, Abdolreza Bahremand®, Anthony Jakeman*, Abdolrassoul
Salmanmahiny®, Barry Croke®
Received: 12-03-2024  Accepted: 02-09-2024

Extended Abstract

Introduction

Climate change creates changes in precipitation amount and pattern, temperature and evapotranspiration, which influences
water resources availability, increases floods and droughts frequency and intensity, leads to degradation of the environment,
which serves the water quality and leads to the dynamic change of runoff. On the other hand, land cover change and population
increase impact on hydrological system too. Understanding the hydrological response of watersheds to physical change (land
use) and climate change (precipitation and temperature) and quantifying the water balance change due to environmental change
are very important for water resources sustainable development and an important component in water resources management
and planning. This research aims to manage water supply and demand in the future under change conditions at a river basin-
scale. In line with this goal, the situation of water supply and demand in the Gorganrud River basin was evaluated under the
conditions of climate change, land use change and population change. The Gorganrud river basin is located in the northeast of
Iran in the three provinces of Golestan, North Khorasan and Semnan, with an area of about 11,220 square kilometers. The studied
area is an important source of water supply for the domestic, agricultural, industrial and environmental sectors in Golestan

province, so it is important to investigate the water resources condition in this area in the future period.

Materials and methods
To project the climatic condition in future the data related to the CanESM?2 large-scale global climate model under two
scenarios of RCP2.6 and RCP8.5 were prepared. Then, these data were downscaled using Statistical Down Scaling Model
(SDSM4.2) for local climatic gauging stations. Twelve climatic stations were considered for precipitation and nine for minimum

and maximum temperatures. Land use maps for 1999, 2009 and 2017 were prepared using Landsat satellite images and IDRISI
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software. Then, land use changes were predicted using the Land Change Modeler (LCM) tool in the TerrSet software. The
population size and water demand for domestic, industrial, agricultural, and environmental sectors were predicted for the future
period. Then, HEC-HMS SMA was calibrated and validated using rainfall and runoff data of 2007-2009 and January 2013-
March 2014, respectively.

The calibrated and validated hydrological model was used to simulate the hydrological components (runoff, groundwater
recharge, and volumes of inflow, outflow, and storage in dam reservoirs) under climate and land use changes. Finally, the value
of the Water Supply Stress Index (WaSSI) was calculated under two climate change scenarios, RCP2.6 and RCP8.5.

Results and Discussion

Investigations show that the weighted average of the Water Supply Stress Index has increased from 1.003 for the period 1966-
2006 to 1.033 for the period 1966-2011. The study of climate change shows changes in precipitation, minimum and maximum
temperature in different climate stations under both RCP2.6 and RCP8.5 scenarios. It should be noted that the impact of climate
change scenarios is not the same in all climate stations. The prediction of land use change indicates the reduction of agricultural
lands and their conversion into residential areas. In addition, the conversion of dense forests to semi-dense forests and rangelands
is significant. The forecast of population changes and water demand indicates the increase of these variables. The comparison of
the average annual rainfall in the past (2006-2017) and the future (2020-2040) at the Aqqla hydrometric station shows that this
variable will have values of 207.038 and 210.8 million cubic meters under RCP2.6 and RCP8.5 scenarios, respectively which
is significantly more than its amount in the last period with the amount of 179.64 million cubic meters. The total water supply
components for the RCP2.6 scenario is equal to 930.49 and for the RCP8.5 scenario is equal to 935.85 million cubic meters.
The sum of water demand components according to RCP2.6 scenario is equal to 1495.04 and according to RCP8.5 scenario it is
equal to 1379.2 million cubic meters. The median value of WaSSI in the future under two climate change scenarios RCP2.6 and
RCP8.5 was predicted to be 1.61 and 1.45, respectively.

Conclusion

In this research, the impact of climate change, land use change and population change on the water resources of the Gorganrud
River Basin was investigated. By calculating the Water Supply Stress Index, it was found that based on the used index, the lack
of water security in the Gorganrud River Basin will be a challenge in the future. In the management of water resources, it is
necessary to focus on both sides of water supply and demand but, since it is possible to manage water supply less, it is necessary
to focus more on water demand management. In this regard, we should look for solutions that are more likely to be implemented.
Water demand management measures in the agricultural sector such as changing the cropping pattern, changing the cropping
date, reducing agricultural sector waste and reducing evaporation from the soil surface are among the appropriate solutions in
the field of water demand management. In addition, the observation of land use changes and especially the increase in the area
of residential areas and the decrease in the area of dense forests in this research is a warning for policy makers, decision makers,
managers and executive departments in order to further protect natural resources and manage the development of residential
areas. The methodology and outputs of this research can be useful for decision makers and managers of water resources in the

conditions of change and uncertainties related to it, in the Gorganrud River Basin and similar conditions.
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