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Supplementary Figure S1. Major river basins draining into the Caspian Sea and their annual discharge (km³ yr⁻¹), based on Roshydromet data23.












	



Supplementary Figure S2. Flowchart of the Research Workflow
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Supplementary Figure S3. Estimated correlation coefficients between climate models and observations for precipitation, evaporation, and temperature
	



Supplementary Figure S4. Schematic Diagram of Delft3D Model Inputs and Applied Coefficients
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Supplementary Figure S5. Calibration & Validation of Caspian Sea Water Level Variations (Monthly Mean Sea Level Changes vs. Satellite Altimetry Data from 1992 to 2022, provided by https://cds.climate.copernicus.eu/dataset/satellite-lake-water-level)
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Supplementary Figure S6. Surface salinity calibration. The simulated salinity distribution was compared with WOA1980 and reproduced using Delft3D2024, showing lowest salinity in the north, moderate in the center, and highest in the south.


Supplementary Figure S8. Monthly Mean River Discharge to the Caspian Sea

Supplementary Figure S9. Seasonal Mean River Discharge to the Caspian Sea


Supplementary Tabel S1. List of CMIP6 models used in this study, along with horizontal resolution and country of origin
	Models
	Institution
	Resolution

	ACCESS-CM229
ACCESS-ESM1-529
	Commonwealth Scientific and Industrial Research Organization, Australia
	1.25° ×1.875°

	BCC-CSM2-MR30
BCC-ESM131
	Beijing Climate Center, China Meteorological Administration, China
	1.125° ×1.125°

	CanESM532
	Canadian Centre for Climate Modelling and Analysis, Canada
	2.8° ×2.8°

	GFDL-CM433
GFDL-ESM433
	NOAA Geophysical Fluid Dynamics Laboratory, USA
	1° ×1.25°

	HadGEM3-GC31-LL34
HadGEM3-GC31-MM34
	Met Office Hadley Centre, UK
	1.25° ×1.875°

	IPSL-CM6A-LR35
IPSL-CM5A235
	Institute Pierre-Simon Laplace (IPSL), France
	1.26° ×2.5°

	MIROC636
	University of Tokyo and the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan
	1.4° ×1.4°

	MIROC-ES2L37
	National Institute for Environmental Studies and RIKEN Center for Computational Science, Japan
	2.8° ×2.8°

	[bookmark: _Hlk187350700]MPI-ESM-1-2-HR38
MPI-ESM-1-2-LR38
	Max Planck Institute for Meteorology, Germany
	0.9375° ×0.9375°

	
	
	1.875° ×1.875°

	MRI-ESM2-039
	Meteorological Research Institute, Japan
	1.125° ×1.125°

	NorESM2-LM40
NorESM2-MM40
	Norwegian Climate Prediction Model (NorCPM), Norway
	1.875° ×2.5°
0.9375° ×1.25°



	[bookmark: _Hlk190532508]Supplementary Table S2. Description of Observational Data: Monthly Water Volume (km³)

	Hazar
	Chaloos
	Polrud
	sefidrud
	Sulak
	Terek
	Kura
	Ural
	Volga
	Rivers

	36°17'N 52°22'E
	36°31'N 51°20'E
	36°60'N
50°18'E
	37°17'N 49°56'E
	-
	-
	-
	47°41'N
51°35'E
	46°45'N
47°48'E
	Coordinate

	Kore Sang
	Pole Zoghal
	Toolkit
	Pole Astane
	-
	-
	-
	Makhambet village
	V. Lebyazhe
	Post

	1960
	1960
	1960
	1960
	1980
	1980
	1950
	1938
	1938
	Launch date



Monthly Avarage Rivers Discharge

Volga (1938-2100)	
123.41291122032219	133.73838377485012	143.70953778116487	186.50331471452762	448.89068426515809	376.45197343559977	194.25246182776237	148.73228357798359	139.2981818738769	143.3329738056639	140.49763736859353	127.47511879527522	Total (1960-2020)	
Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	178.91713604666498	185.99385969200713	200.51373317011399	246.63113416326951	555.0970397869105	384.22535052707786	212.2364706798615	187.68529492372247	178.16010148781717	175.06103902812208	178.06601477750382	191.42293594833984	Total (2021-2060)	
91.919777685825537	104.50592590668035	110.0137323384054	156.14132290322738	400.95325431218703	389.44277445949211	196.09625773467707	134.26926439032565	131.10330631830774	150.60977322118887	125.56605935243969	89.73656162191422	Total (2061-2100)	
94.097122111869368	98.067174706144229	107.09744269599344	129.84739963734063	282.47197970215899	204.57386320176954	112.17452020961339	99.606056519376452	92.916006388732626	91.906287903443257	94.363595864529557	100.12761573103985	
Discharge (km3/yr)




Seasonal Average Rivers Discharge

Volg(1938-2100)	
133.62027759211242	337.28199080509523	160.76097575987421	137.10190998984419	Total (1960-2020)	
Winter	Spring	Summer	Autumn	188.47490963626191	395.3178414924194	192.69395569713362	181.51666325132183	Total (2021-2060)	
102.14647864363708	315.51245055830202	153.82294281443694	121.97079806518097	Total (2061-2100)	
99.753913171335711	205.63108084708969	101.56552770590751	95.465833166337518	
Discharge (km3/yr)
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In creating the Caspian Sea grid with the Delft3D model, a 3 km by 3 km square grid  146 ×394 was chosen to solve the problem of numerical precision and computing power These grid sizes, measured (m), are essential for setting model. These parameters serve to enhance the stability of the model, as well as provide sufficient detail to the hydrodynamic processes.
We sourced the bathymetric data of the Caspian Sea from the GEBCO database. The flow depth is measured in (m).
Historical weather data comes from ECMWF and the ERA5 dataset, and future climate forecasts are modeled with CMIP6. The ERA5 and CMIP6 datasets are processed to be in a uniform lat-long grid and globally cover the area with a horizontal resolution of 0.1° × 0.1°. The native altitude resolution of ERA5 is 9 km, and CMIP6 is model-dependent. Wind data are calculated in (m/s), temperature in (°C), and precipitation and evaporation in (mm).
For the river data, both measured data and GLOFAS data were used. The samples were harmonized and calibrated with observational data. Rivers Discharges are calculated in (mᶟ /s)



Three points were considered as observational output locations for the northern, central, and southern parts of the Caspian Sea.
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In creating the Caspian Sea grid with the Delft3D model, a 3 km by 3 km square grid  146 ×394 was chosen to solve the problem of numerical precision and computing power These grid sizes, measured (m), are essential for setting model. These parameters serve to enhance the stability of the model, as well as provide sufficient detail to the hydrodynamic processes.
We sourced the bathymetric data of the Caspian Sea from the GEBCO database. The flow depth is measured in (m).
Historical weather data comes from ECMWF and the ERA5 dataset, and future climate forecasts are modeled with CMIP6. The ERA5 and CMIP6 datasets are processed to be in a uniform lat-long grid and globally cover the area with a horizontal resolution of 0.1° × 0.1°. The native altitude resolution of ERA5 is 9 km, and CMIP6 is model-dependent. Wind data are calculated in (m/s), temperature in (°C), and precipitation and evaporation in (mm).
For the river data, both measured data and GLOFAS data were used. The samples were harmonized and calibrated with observational data. Rivers Discharges are calculated in (mᶟ /s)
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