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Context of the Work

• Wind Energy Strategic Network (WESNet)
– 16 universities, 39 researchers
– Industrial partners

• WESNet: Research Themes
– Wind resource assessment (including forecasting)
– Wind energy extraction– Wind energy extraction
– Wind power engineering
– Technico-economic aspects of wind energy

• WESNet: Funding
– Natural Sciences and Engineering Research Council 

(NSERC) of Canada: 5 M$ (3.5 MEuros) over 5 yrs
– Industry: 1.5 M$ (1 MEuros) over 5 years



WESNet – Wind Forecasting Program

• Main partners for the wind forecasting program
– École de technologie supérieure, Montreal (Qc), Canada
– Environment Canada, Montreal (Qc), Canada
– Hydro-Quebec
– New Brunswick System Operator (NBSO)– New Brunswick System Operator (NBSO)
– Université de Moncton, Moncton (NB), Canada
– Wind Energy Institute of Canada (WEICan)



Wind Energy Forecasting System
Système de prévision éolienne (SPÉO)

Mesoscale component
GEM-LAM 2.5 km (SPÉO configuration)
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• Schematic overview of the system
• Validation results based on GEM-LAM 2.5 km only
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• Inputs from the Canadian Meteorological Centre 
(CMC) operational regional forecasts at 15km 
resolution

• GEM-LAM 2.5 km is run for 48h-forecasts

• Outputs
– Wind speed

Model Chain & Experimental Forecasts

– Wind speed
– Wind direction
– Temperature
– Pressure
– Humidity
– Turbulence kinetic energy
– …



Validation Results–Gaspésie (Qc), Canada
• Project Env. Canada – Hydro-Quebec

• Annual error (May 2007 – April 2008)

• Forecasts started at 00Z (currently,
2 forecasts per day) 

• Wind power plant: Baie-des-Sables

• Mast observation: 80m AGL 
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Validation Results – Gaspésie (Qc), Canada (cont.)

Warm Season Cold Season



Validation – Prince Edward Island, Canada

• WESNet Project
• North Cape (PEI), Canada

– Exposed area
– Challenging interface land-

water

• Forecast: GEM-LAM 2.5 km• Forecast: GEM-LAM 2.5 km
• Measurements: WEICan

60m anemometer tower



Validation – Prince Edward Island, Canada (cont.)

• Challenges:
– How to assess the model errors?
– How to use NWP for complex 

sites?

• Objectives of the work:
– Develop a methodology and– Develop a methodology and

an analysis tool to assess the 
NWP uncertainties

– Develop a geo-statistical 
interpolation module for NWP



Validation – Prince Edward Island, Canada (cont.)

• Interpolation module:
– Wind direction
– Distance to measurement point
– Surface roughness
– Local topography
– Atmospheric stability

• Preliminary results:• Preliminary results:
• Significantly reduce the wind forecast errors:

� BIAS is reduced by more than 20%
� MAE and RMSE are reduced by 8%

• Improvements observed for all time series
• Forecast uncertainty reduced for most meteorological events
• Significantly reduce errors related to site complexity



High Impact Events: Mountain Waves

• Conditions (theoretical presentation 
on top right)
– Stable atmosphere
– Topographic barrier
– Strong winds perpendicular to the 

barrier

• Results from real-time forecasts http://www.meted.ucar.edu/mesoprim/mtnwave/• Results from real-time forecasts 
(below)
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High Impact Events: Mountain Waves (cont.)

• Application to WE Forecasting
• Meteorological conditions

– Stable atmosphere
– Topographic barrier: Gaspésie
– Strong SSW winds
– Wind farm: Anse-à-Valeau

• Impact on the electric system
– Rapid increase and decrease

of power generation

7 PM 9 AM

of power generation



High Impact Events: Turbulent Flow

• The event: Turbulent Flow
• Impact on the electric system

– Wind turbines stop due to 
• High speed, typically V > 25 m/s
• Turbulence induced vibrations

– Power production suddenly falls from 
100% to 0% 20%
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Typical Wind Turbine Power Curve

• Definition of the Turbulence Kinetic 
Energy (TKE)

• Parameterization in GEM-LAM model

0%

0 5 10 15 20 25 30

Wind Speed (m/s)

( )''''''
2
1 WWVVUUE ++=

( )z
E

Mz KCEBE ¶
¶

¶
¶+-= 2

3
2

1

dt
dE



High Impact Events: Turbulent Flow (cont.)
• Using TKE as an indicator for turbulence induced vibrations

• Relation between Turbulence Kinetic Energy (TKE) and 
turbine stoppage due to vibrations

• Example: Nov. 16, 2008
– 47 turbines stopped from

15:40 to 20:40 UTC

– High TKE was predicted
(>10 m2/s2)



High Impact Events: Turbulent Flow (cont.)
Using TKE as an Indicator

• Stoppages that would be predicted with a threshold of TKE >10 m2/s2

between Nov. 2008 and Jan. 2009 at one site
Beginning (UTC) End (UTC) Duration (h) no. of forecasts Min. V80m (m/s)

11/16/08 02:00:00 PM 11/16/08 09:00:00 PM 7 19 17.91

11/22/08 06:00:00 PM 11/22/08 09:00:00 PM 3 4 18.76

12/08/08 02:00:00 PM 12/08/08 10:00:00 PM 8 15 16.83

12/22/08 09:00:00 AM 12/22/08 12:00:00 PM 3 4 18.43

12/25/08 07:00:00 PM 12/26/08 12:00:00 AM 7 4 17.1412/25/08 07:00:00 PM 12/26/08 12:00:00 AM 7 4 17.14

01/14/09 09:00:00 PM 01/14/09 09:00:00 PM 0 2 16.98

Observed Not observed

Forecast 5 1

Not forecast 0 85

Scores for rare events

� Probability of Detection  = 1.000
� False Alarm Rate            = 0.012
� Critical Success Index    = 0.833
� Equitable Threat Score   = 0.824

• Contingency table based on these hindcasts



Summary

• SPÉO has improved the GEM-regional forecasts, 
particularly in winter

• The mountain waves are well predicted by SPÉO in most 
of the cases

• TKE is a good predictor for turbine stoppages due to • TKE is a good predictor for turbine stoppages due to 
turbulent flow

• SPÉO has been used by Hydro-Québec in their daily 
management of the electricity grid

• SPÉO is being tested at the Wind Energy Institute of 
Canada



Future Plan
• Develop a scoring system for wind energy application

– Forecast uncertainties for different meteorological situations

– Ramp-up/ramp-down (rapid change of wind speed and/or 
direction) 

– Phase errors and amplitude errors

• Continue to improve the SPÉO model• Continue to improve the SPÉO model
– Transfer function wind speed – wind energy production

– Large errors found after sunset � Improve the parameterizations 
in surface layer and boundary layer

– Coupling with higher resolution models (e.g. surface model)

– Statistical models to do corrections on the GEM-LAM forecasts


