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Water Cycle Water Cycle PredictionPrediction -- Our planOur plan
An integrated system that uses existing gauge networks, An integrated system that uses existing gauge networks, hydrometerologicalhydrometerological

information, NWP technology (including land data assimilation) ainformation, NWP technology (including land data assimilation) and hydrological nd hydrological 
models to attempt at closing the water balancemodels to attempt at closing the water balance

Largely influenced by 10 years of MAGS researchLargely influenced by 10 years of MAGS research
?? NWRI  will provide process and hydrological scienceNWRI  will provide process and hydrological science
?? RPN will provide and support a community environmental RPN will provide and support a community environmental modellingmodelling system:system:

?? MECMEC--ModModéélisationlisation EnvironnementaleEnvironnementale CommunautaireCommunautaire
?? NWP expertise (land data assimilation)NWP expertise (land data assimilation)

?? HAL will provide and support a community hydrologic prediction sHAL will provide and support a community hydrologic prediction system within MEC:ystem within MEC:
?? MESH: MEC MESH: MEC –– Surface and HydrologySurface and Hydrology

?? CRB will provide and support a community landCRB will provide and support a community land--surface modelsurface model
?? CLASS CLASS 

?? WSC/MSC data and applications expertiseWSC/MSC data and applications expertise
?? Closing the water balance in Canada Closing the water balance in Canada 

Close collaborations with University and Private sector and Close collaborations with University and Private sector and OGDOGD’’ss



MEC: MEC: makemake the surface the surface schemescheme an an 
independentindependent componentcomponent
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?? BuiltBuilt fromfrom the GEM the GEM atmosphericatmospheric model drivermodel driver
?? BenefitsBenefits fromfrom all of the I/O all of the I/O prepre-- and postand post--processingprocessing software, software, includingincluding a a 

powerfulpowerful GUI for GUI for visualizingvisualizing model outputsmodel outputs



MEC: a MEC: a hydrometeorologichydrometeorologic
model drivermodel driver

?? ModelsModels availableavailable withinwithin MEC:MEC:
?? AtmosphereAtmosphere: GEM: GEM
?? Surface: forceSurface: force--restore, ISBA, restore, ISBA, 

CLASS, CLASS, WATFLOOD,HydrotelWATFLOOD,Hydrotel, , 
HBV(?)HBV(?)……..

?? HydrologyHydrology: GRU : GRU approachapproach basedbased
on WATFLOODon WATFLOOD

?? Uses MPI for Uses MPI for parrallelparrallel processingprocessing
?? It It isis quitequite simple to simple to makemake

surface/surface/hydrologicalhydrological simulations simulations 
offline offline atat highhigh resolutionresolution and over and over 
a large a large domaindomain
?? e.g. e.g. withwith reanalysesreanalyses or or archivedarchived

forecastsforecasts
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MEC/MESH modeMEC/MESH mode
?? The surface model The surface model isis lessless

costlycostly to to runrun thanthan the the 
atmosphericatmospheric model, and model, and 
cancan benefitbenefit fromfrom a a higherhigher
resolutionresolution
?? It It cancan bebe runrun atat the the 

resolutionresolution of the of the hydrologichydrologic
modelmodel

?? The LSS and the The LSS and the 
hydrologichydrologic model model cancan thenthen
bebe closelyclosely linkedlinked to to betterbetter
parameterizeparameterize subgridsubgrid--scalescale
processesprocesses

?? The The atmosphericatmospheric and and 
hydrologicalhydrological modelsmodels stillstill
shareshare the LSSthe LSS

Atmospheric
model (3D)

Surface 

“On-line”
mode

“Off-line”
mode

Atmospheric

scheme (1D)

“On-line”
mode

“Off-line”
mode

Hydrological
model (2D)MESH:

MEC Surface/Hydrology



MESH: A MEC surface/MESH: A MEC surface/hydrologyhydrology
configuration configuration designeddesigned for for regionalregional

hydrologicalhydrological modelingmodeling

?? DesignedDesigned for a for a 
regularregular gridgrid atat a 1a 1--
15 km 15 km resolutionresolution

?? EachEach gridgrid divideddivided
intointo groupedgrouped
responseresponse unitsunits
(GRU or (GRU or tilestiles) to ) to 
deal deal withwith subgridsubgrid
hetereogeneityhetereogeneity
?? basedbased on on 
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?? The The tiletile connectorconnector
(1D, (1D, scalablescalable) ) 
redistributesredistributes mass and mass and 
energyenergy betweenbetween tilestiles in in 
a a gridgrid cellcell
?? e.g. e.g. snowsnow driftdrift

?? The The gridgrid connectorconnector (2D) (2D) 
isis responsibleresponsible for for routingrouting
runoffrunoff
?? cancan stillstill bebe parallelizedparallelized by by 

groupinggrouping gridgrid cellscells by by 
subwatershedsubwatershed

Tile
connector

Grid
connector

MESH: A MEC surface/MESH: A MEC surface/hydrologyhydrology
configuration configuration 

designeddesigned for for regionalregional hydrologicalhydrological modelingmodeling



CommunityCommunity ModelModel

?? MEC MEC isis availableavailable for for downloaddownload::
?? As the As the currentcurrent version of version of 

MEC MEC isis a a subsetsubset of the GEM of the GEM 
atmosphericatmospheric model driver, model driver, 
go to: go to: 
http://collaboration.cmc.ec.gc.ca/science/rpnhttp://collaboration.cmc.ec.gc.ca/science/rpn
.com/.com/

?? ThenThen Click on Click on «« GEMGEM »»
?? Complete documentation for Complete documentation for 

installinginstalling and running MEC and running MEC 
availableavailable onlineonline



? Biases in energy and water stores can develop in 
coupled modeling systems due to forcing errors, and 
errors in model physics and parameters, and continue to 
grow in such self contained systems

? Uncoupled Land Data Assimilation Systems (LDAS) 
driven by observations and constrained by data 
assimilation have potential to more accurately depict 
land surface conditions

? Output benefits flood prediction, determination of 
observation needs and error criteria, improvement of 
land data assimilation and land surface models

? Numerical weather prediction (NWP) models should 
benefit from initialization with LDAS land surface states

Canadian Land Surface Data Assimilation Canadian Land Surface Data Assimilation 
System (System (CaLDASCaLDAS))



Ancillary data
– Vegetation types (USGS, 

ECOCLIMAP I (II), 
GLC2000)

– Soil texture (STATSGO, 
FAO)

– Water bodies
– Cities (NLCD, CMC)

ANCILLARY DATA

OFF-LINE SURFACE MODELING SYSTEM

Land schemes ISBA, CLASS, MICA
Regional - North America (1-2 km)
Global (5-10 km)
Integrated on CMC's supercomputer

Meteorological Analyses
- low-level winds, temps,

and humidity

Precipitation analyses
- meteorological forecasts
- precipitation from 4DVAR

assimilation cycles or key
analysis runs

- precipitation analyses from
radar mosaics (at least US)
and surface gauges

Radiation analyses
From 4DVAR assimilation 

analyses AND/OR
– Cloud analyses from satellite 

observations and met assimilation 
cycles

– 1D stand-alone radiation 
package to estimate downward 
solar and IR at the surface

ATMOSPHERIC 
FORCING

Soil Moisture
- low-level air characteristics
-IR heating rates
-C-band radiances
-L-band Tb and ? o (Hydros)

OBSERVATIONS

Vegetation 
From remote sensing:
MODIS, AVHRR (NDVI)

Snow 
(on land, sea-ice, and glaciers)
From remote-sensing:
SSM/I, MODIS (visible, MW)

Freeze/thaw
From remote-sensing:
QuikScat (Ku-band)
Hydros (L-band)
SSM/I  (Microwave)

Transfer models (emission, backscatter, surface layer…)

Surface temperature 
From remote sensing:
GOES, … (IR)

Canadian Land Surface Data Assimilation Canadian Land Surface Data Assimilation 
System (System (CaLDASCaLDAS))

Downscaling



The HEPEX Canada EPSThe HEPEX Canada EPS

SinceSince JuneJune 2001:2001:
?? 10 day runs once a 10 day runs once a 

dayday
?? 8 8 perturbedperturbed runsruns fromfrom

eacheach modelmodel
?? Surface Surface schemescheme::

?? forceforce--restorerestore

StartingStarting JanuaryJanuary 2006:2006:
?? 15 15 dayday runsruns twicetwice per per 

dayday
?? 10 10 perturbedperturbed runsruns

fromfrom eacheach modelmodel
?? Surface Surface schemescheme::

?? 10 10 membersmembers withwith FF--RR
?? 10 10 membersmembers withwith ISBAISBA

MultiMulti--model ensemble (SEF + GEM)model ensemble (SEF + GEM)
?? T149 for SEF, 1.2T149 for SEF, 1.2ºº for GEMfor GEM
?? A A differentdifferent parameterizationparameterization isis usedused for for eacheach membermember
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DRI STRATEGYDRI STRATEGY
PhysicalPhysical--Dynamic ApproachDynamic Approach

?? Improve understanding and model representation of processes Improve understanding and model representation of processes 

?? Improve understanding and simulation of the whole system Improve understanding and simulation of the whole system 

?? Contribute to better predictionContribute to better prediction



Southern Manitoba Southern Manitoba 
(truly (truly orographicallyorographically challenged region) challenged region) 

clay soilclay soil

nugget ~ 15.6
sill ~ 31.6
range = 13.7 m
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Now what ?Now what ?



Contributing areaContributing area

Basin with 100% contributing area Basin with 0% contributing area

Outlet

• The portion of a drainage basin which might be expected
to entirely contribute runoff to the outlet.

• Varies in relation to the size of the runoff event.

Outlet4.2

7.8

0.8

7.8



NonNon--contributing areascontributing areas
-- mean annual runoff mean annual runoff --

Alberta

Manitoba

Ontario

Montana

Saskatchewan

Idaho

British Columbia

Minnesota

North Dakota

Oregon

Washington

Wisconsin

South Dakota
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Michigan

Saskatchewan River
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Peace River

Red River

Lake Winnipeg
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Source:Non-contributing area - Agriculture and Agri-Food Canada, P.F.R.A.
Elevation data - Environmental Systems Research Institute



HAL/RPN lab InvolvementHAL/RPN lab Involvement
(what we want to achieve)(what we want to achieve)

?? HydrometHydromet AspectsAspects
?? Taylor, Davison, Goodson, Spence, Taylor, Davison, Goodson, Spence, Belair,FortinBelair,Fortin, , 

Pellerin, Pellerin, VerseghyVerseghy
•• Establish GEMEstablish GEM--LAM domainLAM domain
•• Field verification for Field verification for CaLDASCaLDAS and NWPand NWP

?? Latent and sensible heat fluxLatent and sensible heat flux
?? Soil moistureSoil moisture
?? SWESWE

?? CLASS model CLASS model parametrizationparametrization for prairie environmentfor prairie environment
?? phenologyphenology
?? Improved NWP forecastImproved NWP forecast

?? Product development under Product development under CalDASCalDAS/NWP and /NWP and 
MESH for use by operational agenciesMESH for use by operational agencies



HAL/RPN lab InvolvementHAL/RPN lab Involvement
(what we want to achieve)(what we want to achieve)

?? Hydrological AspectsHydrological Aspects
?? Davison, Goodson, Davison, Goodson, Spence,FortinSpence,Fortin, Pellerin, , Pellerin, VerseghyVerseghy

•• MESH domain (same as GEMMESH domain (same as GEM--LAM)LAM)

?? MESH/CLASS model MESH/CLASS model parametrizationparametrization for prairie for prairie 
environmentenvironment

?? Improved hydrological prediction and representationImproved hydrological prediction and representation
?? Scaling of nonScaling of non--contributing areascontributing areas
?? Groundwater (coupling)Groundwater (coupling)

?? Product development under Product development under CalDASCalDAS, NWP and , NWP and 
MESH for use by operational agenciesMESH for use by operational agencies



HAL/RPN lab InvolvementHAL/RPN lab Involvement
(what we want to do)(what we want to do)

?? HydrometHydromet Aspects (with partners)Aspects (with partners)
?? Establish additional field site for validation of NWP Establish additional field site for validation of NWP 

(soil moisture and ET)(soil moisture and ET)
?? PhenologyPhenology into CLASS into CLASS 
?? Off line testing of MESH in prairie domainOff line testing of MESH in prairie domain

•• LandLand--surface variables.surface variables.

?? Hydrological Aspects (with partners)Hydrological Aspects (with partners)
?? Parameterize MESH for prairie runoffParameterize MESH for prairie runoff
?? Incorporate dynamics of non contributing areas.Incorporate dynamics of non contributing areas.
?? scalingscaling



HAL/RPN lab InvolvementHAL/RPN lab Involvement
(How it will fit)(How it will fit)

?? How will it fitHow will it fit
?? Community based models for MESH can be used by all DRI Community based models for MESH can be used by all DRI 

partnerspartners
?? Saskatoon Cluster can be made available to individual PI for Saskatoon Cluster can be made available to individual PI for 

testing GEMtesting GEM--LAM runsLAM runs
?? We expect that findings in DRI will be vetted through EC and We expect that findings in DRI will be vetted through EC and 

operationalizedoperationalized..
?? ISO9001 standardization for MESH ISO9001 standardization for MESH 
?? Access to selected and archived data.Access to selected and archived data.
?? Training for DRI partners in running GEMTraining for DRI partners in running GEM--LAM and MESH.LAM and MESH.
?? Benefits to the HAL Benefits to the HAL AgrometAgromet product development.product development.


