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Estimation of roughness length and zero plane displacement height of the surfaces in urban 

area by doppler lidar observation 
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Abstract 
    Using a small doppler lidar system (Windcube, EKO Instruments co., Ltd. / Leosphere), we observed 
the vertical profiles of horizontal wind speed in urban area (@EKO Institute of technology, Shibuya, Tokyo) , 
where is surrounded by many types and heights of buildings. We tried to estimate the roughness length and 
zero plane displacement height by least square fitting 10min. averaged observed profile to the theoretical 
log-law wind profile. About 900 profiles were obtained during 6 days observation period, and 132 profiles of 
them were adopted without divergence. As the results, the roughness length and the zero plane displacement 
height around the site was estimated to 0.60e0.88m and 14.8e8.8m(above the rooftop), respectively. The 
standard deviation of the roughness length was very large. We could, otherwise, obtain favorable information 
that the roughness length should be less than 2m from the fact that the 95% of the estimation of roughness 
length were less than 2m. 
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 Range  40m - 200m  Wavelength  1540 nm
 Accumulation Time  0.5s  Pulse Energy  10 uJ
 Data Output  1Hz  Eye safety  IEC 60825-1
 Probed length  20m  Temperature Range  -10 to +40 degC
 Scanning cone angle  ~ 30 deg  Rainge protection  Wiper, raind detector
 Speed Accuracy  0.2m/s
 Speed range  Up to 60m/s  W x D x H  900 x 550 x 550
 Direction Accuracy  2 deg  Weight  55kg
 Data Availability  Over 95% upto 150m

Table 1. Specification of WINDCUBE
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Figure 1. Overview of Windcube. 
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Figure 2.  The views of surroundings at the observation site. 
 West(left), north-west(center), north(right) views are shown. 
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Figure 3.  The time series of the horizontal wind velocities at 4 altitude. 
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Figure 4.  The histgrams of calculated roughness length and zero plane displacement height. 

 
5. ä¢3£¤ 
\ äåë×��>?�Ìtf[456789:2;<=*E�¼B$¥¦«§¤¢��®3@¨�

��[9:=k>3=�3©.@�«ªJ¤J,�=� H 3EVf[´µ��P« 10H 3DE*
ã,0123� �¬K��Ø¢�$v[#* H=100m ��¢8()0S9: 1km 3� �ªJ
,�«ã,�®3� �ª®�,*f[�«¯3°¬�M¢8��3tã,«[N±¼«¤¡â

3j%�¿"Âtf©²~tã,�ä¢[®3+Þ¼æç³i%Â¿sns7`´�ê��-�t

36F*Ø�,EV±²~%()«�É¢,� 
É�äå3>?tf[EV!?5«"Ötã,��ÞE�¼#?�Ê���,�¡<3EVf[

L"f©!?t�Ãf!?¼µ§â*�¼,�£3�h[äåê��æç3!"#$%$&'%n

ªèé¶*+,�3()�·+*[V°É�f£¢*¸�,VW�¹3±²#:¨³&k()¥ø

ù�¼¢8[!?5*º»����#:¨³&k¥ª®��b�¥�*¨6"è6s7�×Þ®�

t[+v_53{�012453>?«FGt�,� 

- 155 -


