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Approaches to estimate wind gusts

Statistical:

•Distribution at 
the location

Dynamical:

•Using model forecasts calculate 
constant gust factor

•Stability dependent gust factor

•Turbulence estimation

•Reflection from upper layers

•…..

Dynamic-statistical:

•Predictors of 
extreme events+ accurate

+ can be used for 
constractions 
loads calculations

- need of long 
term observations

- limited usage for 
forecast

+ can be used for 
forecasts

- need of long term 
observations

- predictors≠events

+ can be used for forecasts and 
uses model products

+ physicaly based

- not always good accuracy



Methods for wind gust estimations
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Gust factor Gust = wind +dispersion
Uwge

k depends on surface roughness
3

q represent maximum wind deviation



Observation data
• Synoptic stations reports
• Ultrasonic thermoanemometers

USA-1, placed in Lomonosov Moscow 
State University, Moscow, Russia, with 
measurement frequancy: 50 Hz

• Microwave temperature profiler MTP-5



Forecast model

WRF-ARW

•Horizontal resolution:
18-6-2 km

•Vertical resolution:        
41 vertical levels

•Input data:
GFS 0.5 deg input 
forecasts

•Parametrization:
RRTM radiation,
MYNN boundary layer,
Noah sflay,
varying convection 



Gust occurrence over 
European part of Russia

N gusts ≥ 12

N gusts ≥ 24

N gusts ≥ 18

N gusts ≥ 15



Wind gusts using different methods
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Accuracy of wind gust estimations using 
high-frequency observations
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Dependence on stability
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Comparison with thunderstorm forecasts
Probability of detection
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Hybrid method
• Summer—better results Brasseur method (convection)
• Autumn—better results TKE method (mechanical 

turbulence)
We propose a hybrid method. Gust calculation method 

depends on stability type of atmosphere:
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Different methods scores
Probability of detection
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Influence of convection parametrization
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Influence of model resolution

Murmansk region, gust>15m/s, 2016

False alarm ratio
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Storm 29 May 2017 in Moscow



Conclusions

• Different gust estimation methods were applied to 
WRF-ARW forecasts and evaluated showing none of 
them is “good”

• Methods used for thunderstorm prediction (deep 
convection diagnostics) doesn’t suit for gust prediction

• New hybrid method was proposed that gives POD 
around 0.5 throughout a year

• Increasing model resolution results more gusts and more 
false alarms

• Gusts forecasts skills are more sensitive to model 
configuration (parametrization) then wind speed solely
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