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What is CHAMP? 

• WMO R&D project focused on demonstrating that major 

improvements to atmospheric, hydrological and 

hydrodynamic forecasts can be obtained by: 

– improved communication between the atmospheric, 

hydrological and hydrodynamic scientific communities 

– improved coupling environmental models of the atmosphere, 

land-surface, rivers and lakes 

– sharing expertise, models and products between countries 

– using the Great-Lakes and St. Lawrence watershed as a 

testbed 

• Builds on existing binational collaborative research 

initiative between ECCC and NOAA/GLERL 
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The Great Lakes and St. Lawrence River Watershed: 

~1.5M km² at Quebec City, average discharge of ~10 000 cms 
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Kaniatarowanenneh: the Great Waterway 



Page 5 – January-11-18 

Nantes, FR Budapest, HU 

Barcelona, ES 

Geneva, CH 

Kaniatarowanenneh: the Great Waterway 



Page 6 – 11 janvier 2018 

CHAMP implementation plan 

• In both U.S. and Canada, implement an operational 

(24/7) chain of coupled numerical models that issues 

real-time forecasts of the physical state of the 

hydrosphere (different models in each country) 

• Work on the comparison and evaluation of these systems 

for different purposes, identify weaknesses 

• Identify and support targeted monitoring activities aimed 

at improving the models 

• Share data and models with scientists and stakeholders 

• Develop and issue joint products and services 
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Implementation of numerical 

models: status update 

 

• First version of the Water Cycle Prediction System for the 

Great Lakes and St. Lawrence (WCPS-GLS), based on 

GEM, NEMO and WATROUTE implemented by Canada 

in 2016 

– More on this system later 

 

• Implementation of WRF-Hydro and FVCOM by NOAA on 

the whole watershed is ongoing 

– FVCOM operational on Lake Erie since 2016 

– WRF-Hydro operational on the US portion of the 

lakes since 2016 
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24-h precipitation total valid 2017-08-18 12 

Canadian Precipitation Analysis 

   Gauges and radar network             CaPA @ 2.5-km 
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Precipitation 

• Bi-national precipitation tool combining best real-time 

estimates of precipitation from NOAA and ECCC 

– Website maintained by the Midwestern Regional Climate Center 

http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
http://mrcc.isws.illinois.edu/gismaps/naprecip.htm
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Evaporation 

• Monitoring network to evaluate and improve models 

Lake Superior Superior Michigan Huron Erie 

Location 
Stannard 

Rock 

Granite 

Island 

White 

Shoal 

Spectacle 

Reef 
Long Point 

Years 

Available 
2008-2014 2010-2014 2012-2014 2009-2014 2012-2014 

P.I. C. Spence J. Lenters P. Blanken P. Blanken C. Spence 

http://limnotechdata.com/GLEN/
http://limnotechdata.com/GLEN/
http://limnotechdata.com/GLEN/
http://limnotechdata.com/GLEN/
http://limnotechdata.com/GLEN/
http://limnotechdata.com/GLEN/
http://limnotechdata.com/GLEN/
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Runoff 

• Great Lakes Intercomparison Projects (GRIP) 

– GRIP-M: Lake Michigan study led by NOAA/GLERL 

▪ Comparison of existing runoff prediction systems as a whole 

▪ Includes systems designed for either analysis or prediction of runoff 

▪ Fry et al. (2014). The Great Lakes Runoff Intercomparison Project 

Phase 1: Lake Michigan (GRIP-M). J. Hydrology. 

▪ Conclusion: systems relying on data assimilation of streamflow 

observations performed significantly better 

– GRIP-O: Lake Ontario study led by ECCC/MRD 

▪ Understanding the source of differences between systems: 

precipitation inputs, model calibration, model structure 

▪ Gaborit et al. (2017). Great Lakes Runoff Inter-comparison Project, 

Phase 2: Lake Ontario (GRIP-O). J. Great Lakes Research. 

▪ Conclusion: good performance of the CaPA precipitation analysis 

despite the low-resolution of the gauge network available in real-time 

– GRIP-E: Lake Erie study led by Pr. Tolson, U. Waterloo 

▪ Study still at the planning stage 

https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jhydrol.2014.07.021
https://doi.org/10.1016/j.jglr.2016.10.004
https://doi.org/10.1016/j.jglr.2016.10.004
https://doi.org/10.1016/j.jglr.2016.10.004
https://doi.org/10.1016/j.jglr.2016.10.004
https://doi.org/10.1016/j.jglr.2016.10.004
https://doi.org/10.1016/j.jglr.2016.10.004
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Dissemination: collaboration with 

ECMWF to use the GloFAS viewer 

http://globalfloods.jrc.ec.europa.eu/glofas-forecasting/
http://globalfloods.jrc.ec.europa.eu/glofas-forecasting/
http://globalfloods.jrc.ec.europa.eu/glofas-forecasting/
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WATROUTE 
routing model (1km) 

GEM LAM (10 km) 
atmospheric model 

(ISBA land-surface scheme) 

NEMO+CICE (2 km) 
ocean-ice model 

GEM RDPS (10 km) 
atmospheric model 

NEMO+CICE (2 km) 
ocean-ice model 

over the Great Lakes 
 

Water Cycle Prediction System for 

the Great Lakes 

In production since 

June 2016: 

• 2 runs per day 

• 3.5 day forecasts 

 

Durnford et al. (2017) 

submitted to BAMS 
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Streamflow analysis cycle 
2017-06-22 06Z - 2017-06-24 06Z 
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Streamflow analysis cycle 
2017-06-22 06Z - 2017-06-26 06Z 
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The Great Lakes and St. Lawrence River Watershed: 

Control structures and power plants 

Sault Ste-Marie: 

Outlet of Lake Superior 

Niagara Falls: 

Outlet of Lake Erie 

Cornwall: 

Outlet of Lake Ontario 

Lake 

St. Clair 
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10 km from the office... 
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Kingston 

Cobourg 

Flood stage 1 

Flood stage 2 

Flood stage 1 

Flood stage 2 



Black: observed inflows at most downstream Canadian gauge 

Red: simulated flow at the same gauges 
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Evaluation of streamflow forecasts created by the 
Water Cycle Prediction System for the Great Lakes 

and St. Lawrence. (WCPS-GLS) 



Performance Analysis of Analysis Cycle Data 

26/14 

• Output of analysis cycle was evaluated in 252 watersheds  

• 33% Nash>.5       34% 0<Nash<.5     33% Nash<0 

• Larger watersheds have proportionally better Nash values 



    Obs. 

    Ex. N-Ex. 

Sim. 
Ex. TP FP 

N-Ex. FN TN 

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑅𝑎𝑡𝑒 𝑇𝑃𝑅 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑅𝑎𝑡𝑒 𝐹𝑃𝑅 =
𝐹𝑃

𝐹𝑃 + 𝑇𝑁
 

Performance Analysis of Analysis Cycle 
Data(Threshold exceedance)  

• Receiver Operating Characteristic (ROC) space was used to evaluate 

the Analysis Cycle data in terms of threshold exc.  

• TPR defines how many correct exc. are detected among all exc.  

•  FPR defines how many incorrect exc. results occur among all N-exc. 

8/14 



9/14 
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Next steps 

• Deterministic system 

– increase resolution of atmospheric model component 

from 10-km to 2.5-km 

– upgrade land-surface model (SVS) and land-data assimilation 

system (CaLDAS) 

– improved data assimilation of streamflow observations and lake 

levels (method TBD) 

• Ensemble prediction system 

– increase lead time from 3.5 days to 30 days! 

• Develop a similar system for the Arctic basin 

– 10-day forecasting system for the Hudson Bay currently running 

in experimental mode 



1/12° N. Atlantic and Arctic 

Hudson Bay watershed 

Contribution to the 

Year of Polar Prediction 

Coupled Atmosphere- 

Ocean Prediction System 



2010 

Total Hudson 
Bay Inflow 

Changes in average 
salinity (PSU) 




