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Abstract: The vertical flux of horizontal momentum is one of the key parameters to understand and model the 
dynamics of the atmosphere. Measurement of the vertical flux of horizontal momentum in the atmospheric boundary 
layer (ABL) has largely implemented with in situ turbulence instruments mounted on towers or on the tethering cable of 
a balloon. Such instruments are limited to point measurement and it is difficult to measure the vertical flux of horizontal 
momentum in the whole ABL by using such instruments. Since Doppler lidars can observe the wind fields from the 
surface to several kilometers above the surface, Doppler lidars are useful for measurement of the vertical flux of 
horizontal momentum over extended areas in the ABL. The NICT and ENRI lidars and the JAXA helicopter were used 
to investigate the three-dimensional structures of the sea breeze around Sendai Airport from 18 to 19 June 2007. The 
NICT lidar performed repeating Range Height Indicator (RHI) scans from 0° up to 60° at an azimuth of 95°, which was 
parallel to the sea-breeze flow. In presentation, we will discuss the algorithm that is used to retrieve the vertical flux of 
horizontal momentum from the NICT lidar data. The presentation will focus on the result of the comparison of the 
vertical flux of horizontal momentum derived from the NICT lidar data and from the JAXA helicopter data. 
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Figure 1. (a) Plan-view of the Doppler lidar observational areas. 
The dashed line shows the azimuth direction of RHI scan of 
NICT lidar. The solid line shows the borders of Sendai Airport. 
(b) The partitioning of the NICT lidar data points into height 
bins. 
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Figure 2. Results of the measurements of the JAXA heliborne 
sensors on 18 June 2007. (a) Flight track. (b) Flight height. (c) 
Vertical profile of the potential temperature. (d) Vertical 
profiles of u and v components. 
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Figure 3. Vertical profiles of u  and wu %%  (a) from 13:00 
JST to 13:30 JST, (b) from 13:30 JST to 14:00 JST, and 
(c) from 14:00 JST to 14:30 JST. 

2 13+º¬ 13+ 30ï�v=ú 850mº¬ 1350m(<
13+ 30ïº¬ 14+�v=ú 750mº¬ 950m(W
��90 wu %% �67� ª«*�Gal-Chen et al. 
(1992)�v®��)§�o�W��90 wu %% �67
� <®���0¯���o0w7��0�°è�
�±²Ï�¡\]��*�6©�ª«*�Òbc�
67� ¡W��90 wu %% 0�³(Å«ªv<� 
´µ��¶|ÚÑ� 
 
4. ¼�x 

2007 Ó 6 Ô 18 Õ(ÖÃo×(Ø«ª NICT $&
'%�¨©� ¡RHI5ÉÊ¥�%�(Gal-Chen et 
al. (1992)0k|ÙÏ�ª+,-./0123$"
45067|ÚÛ¡�67(Ï«*ö÷ø½ù�
%�|�0|ú�+T�oT,3�*·�º<<(4)
0ñA 2EFG0~k<K$%0¸¹��<���
·�¡Gv�«� 

JAXAàáâ#�%v Fig. 2b(Æ�)Ñ(<ÖÃ
o×�o|»ïT<A7=ú�jÚ�ª 3!"½ù
£|¨©�¡�� <JAXA àáâ#�%�¨©�
 ¡½0�%�º¬+,-./0123$"450
67|Ú«<!"#$%$&'%�%�º¬067
P�0û�|ÚÑº7��*� 
 

»¼ 
Òbcv½hbc¾¿ÀÁªÂbcÇAÈÇ¡GÃ
Ä 19204046<Å¶Æ8[]UÈ0ÀR()§äå�
 ¡�¼¡<µ�y_�%�|ÇÈ�ª«¡I«¡
ÖÃjo©^l0ÉB<NICT $&'%0-Ï(1
Ê°«¡I«¡tuWh0WhËÌ0ÉB(Í»«
¡�¼�� 
 
ÎÁÏÐ 
[1] Eberhard, W. L., Cupp, R. E. and Healy, K. R., 1989: 
Doppler lidar measurement of profies of turblence and 
momentum flux. J. Atmos. Oceanic Technol., 6, 
809–819. 
[2] Gal-Chen, T., Xu, M. and Eberhard, W. L., 1992: 
Estimations of atmospheric boundary layer fluxes and 
other turbulence parameters from Doppler lidar data. J. 
Geophys. Res., 97, 18409–18423. 
[3] Ishii, S., K. Sasaki, K. Mizutani, T. Aoki, T. Itabe, H. 
Kannno, D. Matsushima, W. Sha, A. Noda, M. Sawada, 
M. Ujiie, Y. Matsuura, and T. Iwasaki, 2007: Temporal 
evolution and spatial structure of the local easterly wind 
"Kiyokawa-dashi" in Japan PART I: coherent Doppler 
lidar observations, J. Meteor. Soc. Jpn., 85, pp. 797–813. 
[4] Ishii, S., K. Mizutani, T. Aoki, M. Sasano, Y. 
Murayama, T. Itabe, and K. Asai, 2005: Wind profiling 
with an eye-safe coherent Doppler lidar system: 
comparison with radiosondes and VHF radar, J. Meteor. 
Soc. Jpn., 83, pp. 1041–1056.  
[5] Okuno, Y., N. Matayoshi, Y. Terui, K. Wakairo, K. 
Hozumi, H. Inokuchi, and K. Funabiki, 2002: 
Development of a Research Helicopter MuPAL-", 
TECHNICAL MEMORANDUM OF NATIONAL 
AEROSPACE LABORATORY, TM-764, in Japanese. 
[6] Matayoshi, N., H. Inokuchi, K. Yazawa, and Y. 
Okuno, 2005: Development of airborne ultrasonic 

- 158 -



velocimeter and its application to helicopters, paper 
presented at AIAA Atmospheric Flight Mechanics 
Conference and Exhibit, San Francisco, U.S.A., AIAA 
2005-6118, 15–18 August. 

 
 
 
 

Figure 4. RHI displays of !  and 2!%  (a) from 13:00 JST to 13:30 JST, (b) from 13:30 JST to 14:00 JST, and (c) from 
14:00 JST to 14:30 JST. 
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