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Why wind ?

• Routine meteorology, research, aviation, air quality, hazard …

• Vector, small scale (random, spatial & temporal) fluctuations superimposed on 
larger-scale organized flow

• Minimum i.e., routine information:       average horizontal components                    

(or speed & direction) 

variability („gustiness“)

• Research: turbulence characteristics (100 Hz)

(exchange processes)



Ground-Based Wind Measurements

Indicators

Rotating

Pressure

Hot wires

Sonics

[8]



• 10 m agl.  or   10 m above nearby obstacles 

• 10-min averages from 1-min samples, plus standard deviation

peak gust in the last full hour

(aviation, air quality:  3-sec peak gust) 

• Resolution ± 0.5 ms-1;  degrees to the nearest 10°

• “Calm” =: average wind speed < 1 kn (direction coded as 00). 

• Can be achieved using vane and cup/propeller anemometer 

WMO

[2]



WMO, EPA ….

[1], [2]



ZAMG (TAWES-UIBK)

1971-1986                                                                                   since 1986



Cup anemometers
• Principle

→ Robust, independent of direction, different signals to be recorded, WMO-conform

→ Need to (re-)calibrate, threshold velocity, icing, tilt effects (cosine), overspeeding
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Cup anemometers

„Tilt“ effects (static error)

real (depending on cup characteristics)

ideal   ( V cup = |Va| cos α )

→ Overestimation different for each sensor, align sensor horizontally;  slopes ?



Cup anemometers

„Overspeeding“ (dynamic error)

→ Overstimation depends on:   cup characteristics (mass, shape, dimensions) 

speed and gust characteristics

>30%, not corrected !
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→ Select according to needs (> , λ) ; tradeoffs (mass vs. robustnes)



10Field intercomparisons 
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→ response depends on:    mass (inertia)  

dimensions and geometry, statically balanced, friction

wind speed 

aerodynamic torque

Wind vanes

• Measurement principle:
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Response to step changes

Wind vanes
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→ select according to needs

→WMO:    ξ ~ 0.3 – 0.7 („damping ratio” =: actual damping vs. critical value)

time beyond step change

[2]



Propeller anomometer

• Combined sensor

• Measurement principle: =  −v u cot ( )

→ opt for harsh alpine/marine conditions (axis torque), 3-components 

→ higher threshold velocity, directional response, yaw & tilt effects (underestimates)
[6] [9]



Pitot (Prandtl)- probe
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• Robust, small, 1st-order principle i.e., reference

• Directional dependency, icing, less sensible at low velocites

• Applications:  aviation (v, p, z),  laboratory

p2

p1



Hot wire anemometers
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→ Robust, 1st order principle i.e., reference, no moving parts

→ Sensible at low velocites, directional sensitivity, not robust, dry

→ Applications: lab, engineering, turbulence



Sonic anemometers

Measurement principle:
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→ Fast response (100 Hz), low threshold, 2d or 3d components, no moving parts

→ Expensive (costs, maintenance, postprocessing)

→ Applications: lab, turbulence (w’, Tv’), replacing cups


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Sonic anemometers
Turbulence measurements, Eddy-Covariance Method to determine fluxes 

[3]



18Example cup anemometer

→ we use it for teaching purposes

[5]



19Example propeller anemometer

→ we use it on glaciers
6]



Example TAWES –UIBK  wind sensor

→ we use it for routine measurements

[7]



21Example 3d-sonic anemometer

→ we use it for turbulence and flux measurements
[4]



Strategie für Entwicklung guter Daten

select optimal instruments

select optimal site and installation   

control quality

measure

post-process          

data

Task and Framework

Applications

Methodical considerations 



Conclusions 

• Choose sensors according to investigation „problem“ (routine  vs. turbulence)

• Watch critical specs:  resolution, accuracy, power, signal, robustness

threshold,  response time, distance constant , damping ratio

• Observation site: constraints, representative (WMO vs. mast along building), footprint

• Installation: minimize disturbances

• Maintenance: trade-off  (manpower/power supply, heating, robustness)  

• Quality control: re-calibration, post-processing

• Metadata

• Sonics have certain advantages and may replace cups [10]

• Other types of sensors play more a role in research/engineering context
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Thank you !


