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Figure S1.  Spatial distribution of monthly precipitation for June, July and August over the study area [66-71E, 24-30 N]. (a) Monthly climatology for June, July and August estimated based on 2001-2021 daily GPM precipitation data, b) Standardized anomaly estimated at each grid point for each month for the year 2022 based on the 2001-2021 climatology.
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Figure S2. Ensemble streamflow simulations from four hydrological models (VIC, CLM, Noah-MP, and H08) at seven different locations along the Indus basin, which includes one station each at the (a) downstream (Kotri) and (b) upstream point of the flood affected region (Figure 1) and (c-f) four stations on either side of the Indus river. Bar plots in Figure S3a-g show the daily maximum flow from 2001 to 2021 (During; July-August). The red line shows the daily maximum streamflow values for 2022 (July-August). The shaded region and error bars depict the standard deviations among hydrological models.
[image: ]
 Figure S3. Evaluation of the four hydrological models at Panjnad, upstream station. Nash Sutcliffe efficiency (NSE) and Correlation coefficient (R) are the matrices used for the evaluation of monthly streamflow. The values of NSE and R are specified in each figure.

Table S1. List of global circulation models (GCMs) used for future simulations.
	Sl. No.
	Global circulation Models
	Reference

	1
	ACCESS-CM2
	Dix et al., 2019

	2
	ACCESS-ESM1-5
	Ziehn et al., 2020

	3
	CMCC-CM2-SR5
	Lovato & Peano, 2020

	4
	CMCC-ESM2
	Cherchi, A. et al., 2019; Vichi et al., 2011

	5
	IPSL-CM6A-LR
	Boucher et al., 2020

	6
	MIROC6
	Tatebe et al., 2019

	7
	MPI-ESM1-2-LR
	Mauritsen & Roeckner, 2020

	8
	NorESM2-LM
	Seland et al., 2020

	9
	NorESM2-MM
	Seland et al., 2020



Table S2.Data used for flood extent mapping.

	Data
	Time of Acquisition
	Spatial Resolution
	Provider /Source of data

	Sentinel-1 SAR GRD
After flood
Before flood
	
28/08/2022 to 30/8/2022
02/05/2022 to 09/05/2022
	
10 m
	
Copernicus Sentinel data [2022](https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S1_GRD)

	Sentinel-2
	31/08/2022
	10 m
	Copernicus Sentinel data [2022] (https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S2_SR)

	MODIS Terra
MOD09GQ.061
	
29/08/2022 to 30/08/2022
	
250 m
	
NASA MOD09GQ Version 6.1 (https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MOD09GQ)

	Population
GPW v4
	
2020
	
1 km
	
SEDAC (https://sedac.ciesin.columbia.edu/data/collection/gpw-v4)

	LULC
	2021
	10 m
	ESRI (https://livingatlas.arcgis.com/landcover/)



Table S3. Summary of data used as input in hydrological models and their sources.

	Model Name
	Elevation Data
	Input Forcing Variables
	LULC data
	Soil data

	VIC
	SRTM 
(Jarvis et al., 2008)
	Precipitation, maximum and minimum temperature and wind speed
	AVHRR (Sheffield and Wood, 2007).
		 HWSD (Gao et al., 2010)

	CLM
	SRTM 
(Jarvis et al., 2008)
	Precipitation, air temperature,
shortwave and longwave
radiation, wind speed, surface pressure, and specific humidity.
	Land Cover Data Set (Oleson and Bonan, 2000; Bonan et al., 2002a,b; Loveland et al., 2000; and Cogley’s, 1991).
	Food and Agriculture Organization (FAO) soil data, Soil colours (Zeng et al., 2002 and Dickinson et al., 1993)

	Noah-MP
	SRTM 
(Jarvis et al., 2008)
	Precipitation, air temperature, wind speed, humidity,
shortwave and longwave radiation, pressure, and wind direction. 
	International Geosphere-Biosphere Programme (IGBP) scheme (Loveland et al., 1997; Sulla et al., 2018).

	STATSGO/Food and Agriculture Organization (https://ldas.gsfc.nasa.gov/gldas/soils)


	H08
	SRTM 
(Jarvis et al., 2008)
	Rainfall, Snowfall, air temperature,
shortwave and longwave
radiation, wind speed, surface pressure and 
specific humidity.
	Cropland area (Ramankutty and Foley, 1998),  Irrigated area (Döll and Siebert, 2002; Siebert et al., 2005, 2010), Crop type (Monfreda et al., 2008).
	Harmonized World Soil Database 1.2 (HWSD) (FAO et al., 2012)




Table S4. Physical Processes and methods used in hydrologic models to compute different water budget variables and routing methods.
	Processes 
	VIC
	CLM
	Noah-MP
	H08

	Evapotranspiration
	Penman-Monteith equation (Liang et al., 1996a)
	Boreal ecosystem productivity simulator (Chen et al., 2013; Liu et al., 2003)
	Boreal ecosystem productivity simulator (Chen et al., 2013; Liu et al., 2003)
	Bulk-Transfer Approach (Dalton, 1802)

	Soil moisture
	Richard equation (Liang et al., 1994)
	Richards’s equation  (Yang Z. L, 1998; Oleson et al., 2004)
	Richard equation (Yang et al., 2011; Poltoradnev et al., 2018)
	Soil water balance (Hanasaki et al., 2008)

	Baseflow
	Arno model conceptualization (Todini, 1996)
	TOPMODEL (Beven and Krikby, 1979)
	SIMTOP and Schaake96 schemes (Niu et al., 2005; Schaake et al., 1996)
	Leaky bucket model concept (Hanasaki et al. 2008)

	Runoff
	Xinanjiang model (Zhao Ren-Jun et al., 1980)
	TOPMODEL (Beven and Krikby, 1979)
	SIMTOP and Schaake96 schemes (Niu et al., 2005; Schaake et al., 1996)
	Saturation excess, non-linear (Hanasaki et al., 2008)

	River routing
	Routing model (Lohmann et al., 1996)
	Routing model (Lohmann et al., 1996)
	Routing model (Lohmann et al., 1996)
	Routing model (Lohmann et al., 1996)


      
Table S5. List of model specific calibration parameters used to calibrate the five hydrologic models.
	Model name
	Calibration Parameters
	Source

	VIC
	Soil layer depths, binf, Ws, Ds, and Dsmax.
	Gao et al., 2010; Shah and Mishra, 2016; Kushwaha et al., 2021.


	CLM
	Soil layer depths
	Mishra et al., 2018.

	Noah-MP
	Soil layer depths, Zilintikevich coefficient
	Cai et al., 2014; Mishra et al., 2018; Niu et al., 2011.

	H08
	Soil layer depths, CD, runoff parameters
	Hanasaki et al., 2008.


Table S6. The table shows the ensemble mean percentage departure of annual maximum precipitation in 2022 with reference to 2001-2021 annual maximum precipitation time-series at the six stations. The standard deviation of departure for the four hydrological models are also shown in the table.
	 Station
	Percentage Departure
	Standard deviation

	Kotri (downstream station)
	47.893
	12.168

	Panjanad (upstream station)
	7.9136
	7.5964

	STN 1
	532.15
	194.94

	STN 2
	537.01
	239.67

	STN 3
	344.21
	129.93

	STN 4
	405.85
	142.98
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