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OBLEX-F1. Offshore boundary layer experiment 
at FINO1.



3D scanning lidar

OBLEX-F1. Offshore boundary layer experiment 
at FINO1.



Instrumentation: Windcube 100S
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Instrumentation: Windcube 100S

• Simultaneous radial measurements
• Radial velocity measured in a volume
• Range used: from 50 m to 2 km
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RHI Scan
Fixed azimuth angle
Multiple elevation angles
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RHI Scan
Fixed azimuth angle
Multiple elevation angles

Approximation for small elevation angles:

𝑉𝑉𝑟𝑟 = 𝑈𝑈 cos 𝛼𝛼 + 𝑊𝑊 sin 𝛼𝛼 ≈U

�𝑉𝑉𝑟𝑟 ≈ �𝑈𝑈
(err <1 % with 𝛼𝛼 = 4°)

𝐼𝐼𝑣𝑣𝑟𝑟 ≈ 𝐼𝐼𝑢𝑢
(err ≈ 4 % with 𝐼𝐼𝑤𝑤 = 0.6𝐼𝐼𝑢𝑢 𝑎𝑎𝑎𝑎𝑎𝑎 𝛼𝛼 = 4°)
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RHI Scan with small 
elevation angles z

yx

• fs = 0.19 Hz
• Averaged over 84 «snapshots»
• CNR > -23 dB



PPI Scan
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Fixed elevation angle
Multiple azimuths
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PPI Scan
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Fixed elevation angle
Multiple azimuths

Approximation for small elevation angles:

𝑉𝑉𝑟𝑟 = 𝑈𝑈 cos 𝛽𝛽 − 𝑉𝑉 sin 𝛽𝛽 ≈U

�𝑉𝑉𝑟𝑟 ≈ �𝑈𝑈
(err <1 % with 𝛽𝛽 = 3°)

𝐼𝐼𝑣𝑣𝑟𝑟 ≈ 𝐼𝐼𝑢𝑢
(err ≈ 5 % with 𝐼𝐼𝑣𝑣 = 0.9𝐼𝐼𝑢𝑢 𝑎𝑎𝑎𝑎𝑎𝑎 𝛽𝛽= 3°)
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𝛽𝛽 << 1 rad

𝛽𝛽 = Φ− 𝐷𝐷𝐷𝐷𝐷𝐷



PPI Scan with 
small azimuth 
angles
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• fs = 0.13 Hz
• Averaged over 74 

«snapshots»
• CNR > -23 dB
• −3° < 𝛽𝛽 < +3 °
• Dir = 211 °



Wind stationarity

PPI ( r = 1.5 km) RHI ( r = 1.5 km)



Cross-wind turbulence length scales

PPI scan RHI scan



IEC reference root-coherence model

𝛾𝛾𝑣𝑣𝑟𝑟 = exp −12
𝑓𝑓 � 𝑎𝑎
�𝑈𝑈

2

+ 0.12
𝑎𝑎
𝐿𝐿𝑐𝑐

2

𝐿𝐿𝑐𝑐 = 8.1 Λ 1

Λ 1 = �0.7 𝑧𝑧 (𝑧𝑧 < 60 m)
42 m (𝑧𝑧 ≥ 60 m)

Mean wind velocity
Lateral or vertical separation

Coherence scale parameter

Frequency

Here z = 90 m



Root-coherence for IEC model at 
hub height (z = 90 m)

k = 
2 𝜋𝜋 𝑓𝑓
�𝑈𝑈



Lateral and vertical root-coherence



Lateral and vertical root-coherence



Conclusions

• This requires a particular configuration (small angles relative to mean wind direction)

• The measured coherence showed a rather good agreement with the IEC model

• A single pulsed Doppler wind lidar is used to record wind time histories (PPI & RHI scan)

Summary: 

• Multiple samples should be used for coherence estimation.

Challenges and prospects:

• The alignment of the lidar beam with the mean wind direction is done manually. 
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