
Simulation of Hydrological Sensitivity to Climate Change in 
Global High Mountain Basins using Spatially Distributed, 

Physically Based, Cold Regions Hydrological Models
John Pomeroy, Xing Fang, Caroline Aubry-Wake, Zelalem Tesemma, Okan Aygün, Chiranjib Chaudhuri, 

Alain Pietroniro, Martyn Clark, Saman Razavi, Bruce Davison

Centre for Hydrology, University of Saskatchewan, Canmore & Saskatoon; 
SchulicSchool of Engineering, University of Calgary; Environment and Climate Change Canada



D²CΩǎ ŎƻǳǇƭŜŘ ǿŀǘŜǊ ƻōǎŜǊǾŀǘƛƻƴΣ Řŀǘŀ ƳŀƴŀƎŜƳŜƴǘΣ 
water prediction, and knowledge mobilization strategy

5 Million km2

60 water observatories7 major river basins



GWF Planetary Water Prediction Initiative

See https://gwf.usask.ca/projects-facilities/global-

programs.php

https://gwf.usask.ca/projects-facilities/global-programs.php


GWF Multi-modelling Strategy

Cold Regions Hydrological Modelling Platform 
(CRHM)
-modular, flexible, object-oriented process 
modelling
-users select modules to create a custom model
-spatial discretization based on hydrological 
response units
-catchment applications

*Pomeroy et al., 1998; 2007, 2016
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Modélisation Environmentale
Communautaire (MEC) ςSurface and 
Hydrology(MESH)-Coupled land surface 
hydrological model 
-Feedback with atmospheric and 
groundwater models
-Water management
-Cold regions
-Flexible
-Large river basins

Canadian Hydrological Model (CHM)
Multi-scale, multi-physics, variable complexity 
and domain model
-Efficient TINS
-Assessment of model structural uncertainty

Pietroniro et al., 2007

Marsh et al., 2018, 2020



Upper Bow River Basin, Alberta, Canada



Bow River Headwaters: Bow Glacier and the Wapta Icefield
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Cold Regions Hydrological Modelling Platform 

Created 1998.  Pomeroy et al., 2007; 2013; 2016     http://www.usask.ca/hydrology

Blowing snow

http://www.usask.ca/hydrology/CRHM.php


CRHM Model of the Bow and Elbow River Basins



Weather Research and Forecasting (WRF) Model domain over Western Canada

Study domain



WRF-CRHM Model tests

Model evaluations for snow 
accumulation and streamflow in 
Upper Bow River sub-basins

Evaluation indexes:

NashςSutcliffe efficiency (NSE)

Root mean square difference 
(RMSD)

Normalised RMSD (NRMSD)

Model bias (MB)

No model parameter calibration

Fang and Pomeroy (in preparation)



2. Subtractcurrentfrom future to get monthlyclimateperturbations

3. Add time-interpolated perturbation to current reanalysis(ERA-Interim, 6-
hourly)to givenewWRFmodelinitial andlateralboundaryconditions

CMIP5 
models

ACCESS1-3

CanESM2

CCSM4

CESM1-CAM5

CMCC-CM

CNRM-CM5

CSIRO-Mk3-6-0

GFDL-CM3

GFDL-ESM2M

GISS-E2-H

HadGEM2-CC

HadGEM2-ES

Inmcm4

IPSL-CM5A-MR

MIROC5

MIROC-ESM

MPI-ESM-LR

MPI-ESM-MR

MRI-CGCM3

Multi-model mean
Historical
Average 1976-2005

Multi-model mean
RCP85
Average 2070-2099

Global warming 
increments
(monthly means)

1. Calculate30-yearmonthly meanvaluesof U, V,T,Qv,PSFC,Tsoiland
SSTof current and future climate periods from multi CMIP5
modelensemble(1976-2005historicaland2070-2099, RCP8.5)

WRF Pseudo-Global-Warming 2070-2099



CRHM Snowpack change to RCP8.5 climate

Comparison of mean daily snow 
accumulation (SWE) for the Upper Bow 
River sub-basins between:

Reference: current climate 

Climate: RCP8.5 climate

tŜŀƪ {²9 ŎƘŀƴƎŜ όɲ Ґ /ƭƛƳŀǘŜ ς
Reference) is bold when statistically 
ǎƛƎƴƛŦƛŎŀƴǘ όǇ Җ лΦлрύΦ ¢ƘŜ ƭƛƴŜ ǊŜǇǊŜǎŜƴǘǎ 
the mean and the shadow represents the 
standard deviation of the 15 water year 
SWE.

Fang and Pomeroy (in preparation)



CRHM Streamflow changes to RCP8.5 climate and RCP8.5 glacier

Streamflow comparison for the 
Upper Bow River sub-basins 
among:

Reference: current climate and 
current glacier cover

Climate: RCP8.5 climate and 
current glacier cover 

No glacier (CTL): RCP8.5 glacier 
projection with current climate

No glacier (PGW): RCP8.5 
glacier projection with RCP8.5 
climate

Fang and Pomeroy (in preparation)



ÅHydrological land surface scheme

ÅNew processes from CRHM: 

Glaciers, blowing snow, frozen soil

infiltration, slope/aspect, 

elevational gradients of T and P, 

physically based phase change

ÅBetter discretization for mountain 

headwater basin using higher 

resolution, slope, aspect, elevational 

bands for GRU

ÅRestricted parameter calibration

ÅSuitable for large river basins

ÅIncludes water management processes 

to simulate the natural river and 

reservoir- managed river hydrographs 

in the basin

Pietroniro et al., 2007

Modélisation EnvironmentaleCommunautaire - Surface & Hydrology, 
The MESH Model



Grouped Hydrological Response Unit (GRU) Creation 
ïBow and Elbow River Basins at Calgary

4 km grid resolution to match WRF forcing
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MESH calibration and validation with historical WRF - 4km data
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MESH with Reservoirs, calibration and validation with historical WRF -
4km 



WRF-MESH Future Runoff for Streamflow, including deglaciation

Basin

Glaciers Contribution (%)

2001 -

2015 

With 

Glacier

2086 - 2100

With Glacier 

2086 - 2100

Without 

Glacier 

Bow River 

at Banff

2.4 9.3 0

Bow River 

at Calgary

1.8 6.3 0



Future Streamflow 
Regimes
WRF-MESH

Banff

Calgary



GWF Planetary 
Water 
Prediction 
Initiative: 
High Mountain 
Central Asia

Tien Shan Mountains 
(Credits: Rupert Pupkin -
https://en.wikipedia.org/wiki/Tian_Shan)



Ala-ArchaRiver Basin, Kyrgyzstan

ÅLocated at the northern edge of 
the Tien Shan mountains

ÅDrainage area = 236 ËÍ(~15% 
glaciers)

ÅThe major water source for the 
irrigation and water supply for 
the country



ÅDEM data: MERIT Hydro (Yamazaki, D. et al. 
2019)

ÅSoil data:A Global Soil Data Set for Earth 
System Modeling (Shangguan, W. et al. 2014)

ÅLand cover: MODIS-MCD12Q1 V006 

ÅGlacier boundaries:Randolph Glacier Inventory 
6.0

ÅReanalysis data: ERA-5 (0.25°) (Hersbach, H., et 
al. 2020)and EM-Earth (0.1°) (Tang, G. et al. 
2021)

ÅRiver discharge data: provided by Zhihua He

ÅTemperature and precipitation measurements 
at Alplager Station: provided by Zhihua He

ÅSnow depth measurements at Golubin Glacier 
Station: provided by Zhihua He

MESH Forcing, Structure and Parameterisation

Å57 grids at 0.025° (~2.8 km) resolution
Å8 GRUs based on slope-aspect and land cover 


