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Why is wind important for the aviation?
How can we measure wind -- A look behind the scenes

Field campaign around the Zurich airport (DD4ZRH)



Why is wind information important?

e Phenomena

Head and tail winds
Cross winds

Wind shear

Source: https://community.wmo.int/en/activity-areas/aviation/hazards/turbulence
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Why is wind information important?

Nordanflugkonzept Ostanflugkonzept Siidanflugkonzept
e Phenomena
— Head and tail winds
— Cross winds
— Wind shear
 Airport management
— Flight concepts
— Safety
— Load optimization
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https://www.flughafen-zuerich.ch/de/unternehmen/medien-politik-und-investoren/politik-und-wirtschaft/betriebskonzepte

How can we

Surface stations

e.g. SwissMetNet Stations
Local point measurements
- Ultrasonic Anemometer

& - Cup Anemometer with wind direction vane
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measure wind?

Remote sensing

e.g. EMER-Met stations & Weather Radar
Network

Profile measurements

Wind Lidar

Radar Wind Profiler
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Surface station: SMART wind shear

Wind shear based on surface station Network 10

Challenges:

Layer thickness, Distance to Airport, Terrain influence 9
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Remote sensing of wind

Weather Radar (Radio detection and ranging system)

Frequency: 2-10GHz (A = 3-10cm)

Sensitiv to: Precipitation (and non-meteorological scatterers)

Methods: Dual Doppler Analysis (DDA) & Velocity Azimuth Display (VAD)
Results: 3-dimensional wind field (RHI/PPI) & vertical profiles

Data gaps: In dry atmosphere (no precipiation)

Radar wind profiler

Frequency: 50MHz-1GHz (A = 20-600cm)
Sensitivto:  Fluctuations of refractive index (turbulences)
Methods:  Velocity Azimuth Display (VAD) / Doppler Beam Swinging (DBS)
Results: Vertical profiles
Data gaps: In adry and calm atmosphere
Doppler wind Lidar (Light detection and ranging system)
Frequency: Infrered Laser (A =1.54um)
Sensitiv to:  Aerosols Lidar
. Methods:  Velocity Azimuth Display (VAD) / Doppler Beam Swinging (DBS) ap . <k -
_ Results: 3-dimensional wind field (RHI/PPI) & vertical profiles o it ) b . -
Data gaps: In aerosol-free layers, inside and above clouds (attenuation) P P P R YT - ; P .
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Remote sensing of wind

RAdio Detection And Ranging system






Remote sensing principles: Doppler effect

The Doppler Effect for a Moving Sounul Source

Lowr Frequency High Frequency

Radial wind component only
i.e. towards or away from instrument

=>» 4D (x,y,z,t) wind field needs combination of
multiple angles




From radial to horizontal winds

3 dimensional wind field: Wind profile:
Methods: - Dual Doppler Analysis (DDA) Methods : - Doppler Beam Swinging (DBS)

Instruments: Weather Radar and Wind Lidar - Velocity Azimuth Display (VAD)

Instruments: Wind Lidar, Radar Wind Profiler,

Weather radars
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Dual Doppler for Zurich (DD4ZRH)

June — October 2023

Mobile X-Band Weather Radar (50DX)

Wind Lidar (WindCube)



Dual Doppler for Zurich (DD4ZRH)

June — October 2023

Mobile X-Band Weather Radar (50DX)

Wind Lidar (WindCube)



Dual Doppler for Zurich (DD4ZRH)
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Data availability

S9|1J0Id#

September

July August

June
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Example: 26th August 2023

Wind direction and speed (wind barbs) and reflectivity (colour)

1000 m a.s.l. 2000 m a.s.l. 3000 m a.s.l.
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Example: 26th August 2023

Wind shear

= = SMART
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Wind shear during wet conditions : June - September

SMART Weather Radar Weather Radar
@station heights DDA @ SMART levels DDA @ 200m resolution

Altitude [ft amsl]
SMART station altitude [ft
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Wind shear during dry conditions : June - September

SMART Wind Lidar Wind Lidar
@ station heights @ SMART levels @ 100m resolution

p—
=
©
&,
Q
©
>
=
=
<
EEF' &? CL,/B [DJ {'F, I:Dj
e T i ot eh TP
n Eﬂj E‘r::l E‘r::l n fl—j n g J' C_lF E‘r::l ﬂ E:_::I rn E:—’EI
[“] v noon o N s dh L L ob ok T @ o o b
& P ¢
& 5@ Wlnd shear[kt] Wind sh r[k] . [kt]
ST L5 Metee. W L ds €a t ST Wlnd shear kt o
a7 ar ahity 9 ar HHHH 9 5P 7 &R P ar o araf AP P ot o° AP a7 g7
db dh dhdh dhdh dhdhdh dhdh Jh b db dh dbh &b dh dh b dh b i b HH dh EE dh b dh d

]
ShLEEEE Cbbdh  dbdbdbdh dbebh dbdbdh dbdh  dhdbdh dbeh @b dbdh &b &b dhdbdhdh dheh dbdbdbdh b % dhdbds b b S ¢ ap

SMART station altitude [ft
amsl]



summary

Preliminary analysis
. Wind shear

Exploitation
. Wind speed and direction
. Model verification, Nowcasting

. Data source fiir different existing projects (SMART, LORD, AMAROC)

Future possibilities

. Combine NWP data and observations

Timeliness & availability

. Robustness of estimates

Methodology developments for DDA

. Assess topographical effect in SMART wind shear product
. Weather radar applications

Attenuation

Convection, hail, heavy precipitation, lightning
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