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GWF Multimodelling Strategy

Cold Regions Hydrological Modelling Platform
(CRHM)

-modular, flexible, objecbriented process
modelling

-users select modules to create a custom model
-spatial discretization based on hydrological
response units

-catchment applications
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Global Environmental Multiscale Model (GEM):

Atmospheric sw / lw radiation interactions, surface temperature, M Od él isa‘ti 0 n E nvi ro n m e ntal e

Model boundary layer turbulence, various convection
o schemes, / prec il of

g ~ Communautaire (MEQ) Surface and

- Hydrology(MESH)Coupled land surface
oo | [ = | hydrological model
== | = | -Feedback with atmospheric and
s groundwater models

-Water management

-Cold regions
-Flexible

-Large river basins

Supported options
for provenance of
atmospheric forcings
/ coupling with
atmospheric model

Land-Surface
Scheme (LSS)

Model

MEC-MESH MESH Standalone

Pietroniro et al., 2007

Canadian Hydrological Model (CHM) .
Multi-scale, multiphysics, variable complexity “
and domain model

-Efficient TINS

-Assessment of model structural uncertainty



Upper Bow River Basin, Alberta, Canada




Bow River Headwaters: Bow Glacier and the Wapta Icefielc




Cold Regions Hydrological Modelling Platform
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CRHM Model of the Bow and Elbow River Basins
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Weather Research and Forecasting (WRF) Model domain over Western Canada

WRF Model
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WRFCRHM Model tests
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WRF Pseud&lobalwWarming 20762099

S 1. Calculate30-yearmonthly meanvaluesof U, V, T, Qv, PSFCTsoiland
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CRHM Snowpack change to RCP8.5 climate
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CRHM Streamflow changes to RCP8.5 climate and RCP8.5 glac

Cumulative Daily Streamflow
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Modélisation EnvironmentaleCommunautaire- Surface & Hydrology
The MESH Model

A
A
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Hydrological land surface scheme

New processes from CRHM:
Glaciers, blowing snow, frozen soil
Infiltration, slope/aspect,
elevational gradients of T and P,
physically based phase change

Better discretization for mountain
headwater basin using higher
resolution, slope, aspect, elevational
bands for GRU

Restricted parameter calibration
Suitable for large river basins

Includes water management processes
to simulate the natural river and
reservoir- managed river hydrographs
In the basin

Atmospheric
Model

Supported options
for provenance of
atmospheric forcings
/ coupling with
atmospheric model

Land-Surface
Scheme (LSS)

Hydrological
Model

boundary layer turbulence, various convection

gravity waves

Global Environmental Multiscale Model (GEM):
sw / lw radiation interactions, surface temperature,

schemes, condensation / precipitation, influence of

‘offline’
(unidirectional
stored coupling with
atmospheric atmospheric model)
forcings
(modelled or
observed) ‘online’
(fully coupled with
atmospheric model)

Canadian Land Surface Scheme (CLaSS):
simulates energy and water balances of vegetation,

snow and soil from atmospheric forcings:
interception, infiltration, snowmeit

WATDRAIN:

interflow, overiand flow
WATROUTE:

flow routing

stored

atmospheric
forcings

(modelled or
observed)

e’

MEC-MESH

MESH Standalone

Pietroniro et al., 2007




Grouped Hydrological Response Unit (GRU) Creation
I Bow and Elbow River Basins at Calgary
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4 km grid resolution to match WRF forcing



MESH calibration and validation with historical WRF - 4km data

05BB001-Bow River @ Banff, Alberta
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MESH with Reservoirs, calibration and validation with historical WRF -
4km

05BH004-Bow River @ Calgary, Alberta
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WRFMESH Future Runoff for Streamflow, including deglaciation

Historical (Oct, 2001 - Sep, 2015) Historical (Oct, 2001 - Sep, 2015)
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Future Streamflow
Regimes
WRFMESH

05BB001-Bow River @ Banff, Alberta

Banff
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05BH004-Bow River @ Calgary, Alberta
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AlaArchaRiver Basin, Kyrgyzstan
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MESH Forcing, Structure and Parameterisation

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

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

A Land cover: MODIBICD12Q1 V006

A Glacier boundariefRRandolph Glacier Inventory
6.0

A Reanalysis data: EFS0.25) (Hersbach, H., et
al. 2020and EMEarth (0.2) (Tang, G. et al.
2021)

A River discharge data: provided by Zhihua He

A Temperature and precipitation measurements
at Alplager Station: provided by Zhihua He

A Snow depth measurements at Golubin Glacier
Station: provided by Zhihua He

A 57 grids at 0.025~2.8 km) resolution
A 8 GRUSs based on sloepspect and land cover



