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What iIs 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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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



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



Great Lakes Water Supplies
(Factors Affecting Water Levels)
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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
W ebsite maintained by the Midwestern Regional Climate Center
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Evaporation

* Monitoring network to evaluate and improve models
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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 etal. (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-0O: Lake Ontario study led by ECCC/MRD

Understanding the source of differences between systems:
precipitation inputs, model calibration, model structure

Gaboritet al. (2017). Great Lakes Runoff Inter-comparison Project,
Phase 2: Lake Ontario (GRIP-0O). 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
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Dissemination: collaboration with
ECMWEF to use the GIoFAS viewer

| @ globalfloods,jre.eceuropa.eu/glofas-forecasting/
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Related publications

2017

* Resolving hydrometeorological monitoring and modeling inconsistencies across a large binational lake-
dominated river basin, BAMS.

* Towards an operational water cycle prediction system for the Great Lakes and St. Lawrence River,
BAMS.

* Great Lakes Runoff Inter-comparison Project, Phase 2: Lake Ontario (GRIP-O), J. Great Lakes Res..

* A Hvdrological Prediction System Based on the SVS Land-Surface Scheme: Implementation and
Evaluation of the GEM-Hydro platform on the watershed of Lake Ontario. HESS.

2016

* Hydrological drivers of record-setting water level rise on Earth’s largest lake system. WRR.

* The Great Lakes Runoff Intercomparison Project Phase 1: Lake Michigan (GRIP-M). J. Hydrol.
2014

e Calibrating Environment Canada's MESH Modelling System over the Great Lakes Basin. Atmosphere-
Ocean

* Identifying gage networks for maximizing the effectiveness of large scale water balance modeling. WRR.
2013

* Coasts, water levels, and climate change: A Great Lakes perspective. Climatic Change.

* Predicting the Net Basin Supply of the Great Lakes with a Hydrometeorological Model. J. Hydrometeor.
2012

* Assessment of a NEMO-based hydrodynamic modelling system for the Great Lakes. Wat. Qual. Res. J.
* Advancing Great Lakes hydrological science through targeted binational collaborative research. BAMS.
2011

* Evaporation from Lake Superior: 2. Spatial distribution and variability. J. Great Lakes Res.
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A WATER CYCLE PREDICTION SYSTEM
FOR THE GREAT LAKES AND ST. LAWRENCE RIVER

D. Durnford*:>", V. Fortin®?, G. C. Smith®?, B. Archambault!, D. Deacu, F. Dupont’, S.

Dyck?, Y. Martinez', E. Klyszejko3, M. Mackay?, L. Liu3, P. Pellerin?, A. Pietroniro3, F.
Roy?, V. Vu', B. Winter', W. Yu', C. Spence?, J. Bruxer', and J. Dickhout'

'Meteorological Service of Canada, Environment and Climate Change Canada
* Science and Technology Branch, Environment and Climate Change Canada
3 Water Survey of Canada, Environment and Climate Change Canada

Link to BAMS paper
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Water Cycle Prediction System for
the Great Lakes
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Streamflow analysis cycle
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Experimental Water Level and Waves Forecasts
for Lake Ontari . -
or Lake Ontario 'F

Forecast issued: 2017-08-04 07 UTC
Numerical guidance issued: 2017-08-04 00 UTC

Hypotheses on connecting channel flow:

Mean inflow from Erie: 7589 m%'s or 34 mm/day
Mean outflow at Comwall: 10377 m3/s or 47 mm/day
Mean difference in flows: 2788 m®s or 12 mm/day

Expected changes in mean water level:

The following figure illustrates how over-lake precipitation (P), over-lake evaporation
{(-E), runoff from the lake’s own watershed (R) and differences between inflows
from lake Erie and outflows into the 5t. Lawrence River (I-0) are expected to
change the water level of Lake Ontario (dH) over a three day period. All quantities
except dH reflect the impact of the process over a 12-h period ending at the time
indicated on the x axis. Note that the sign for evaporation is reversed, since
evaporation lowers the lake level. The change in water level (dH) is accumulated
from the start of the forecast.
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Performance Analysis of Analysis Cycle Data
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Performance Analysis of Analysis Cycle '

Data(Threshold exceedance) &
Hqggyet
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P || 0bs |

True Positive Rate (TPR) = TP T FN - Ex. N-Ex.
False Positive Rate (FPR) = i S = R
alse Positive Rate = FP X TN ST N-Ex. END TN

* 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.
PR defines how many incorrect exc. results occur among all
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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
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Total Hudson
Bay Inflow

Changes in average
salinity (PSU)

total inflow (m3/s)
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