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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. 
 

1. vwx( 
+,-./0123$"45vWy0'&z{4
5|}~�<�����*������$�%��
�*�Wy����0+,-./0123$"45
v�������%���y�(��� ¡¢0£
¤¥¦%)§¨©� ª«*�¢ ¬0¨©­kv
®�0¨©(¯¬ <���°±0+,-./01
23$"45|¨©�*²�v³´��*�!"#
$%$&'%vµ¶·¸¹º¬�o» km ¼�0½
0¨©�¾¿��§<���°±0+,-./01
23$"45�À©¾¿��*�ÁÂ¬ *� 

1 Ã0!"#$%$&'%()*+,-./01
23$"45067­kvÄ( 2 Å�*�1 Åv
Eberhard et al. (1989)[1]�Æ�¡ PPIÇPlan Position 
IndicatorÈ5ÉÊ¥|Ë§Ì�¨©()§Í¬ ¡
�%�|ÎÏ�*­k��*�ÐÑ 1Åv Gal-Chen 
et al. (1992)[2] �Æ�¡ RHIÇRange Height IndicatorÈ
5ÉÊ¥|Ë§Ì�¨©()§Í¬ ¡�%�|Î
Ï�*­k��*� 
Òbc�v 2007Ó 6Ô 18Õ(ÖÃo×(Ø«ª

!"#$%$&'%�¨©� ¡�%�(Gal-Chen 
et al. (1992)0­k|ÙÏ�ª+,-./0123$
"45067|ÚÛ¡� 
 
2. ¨©Ü�Ø)Ý~Þßk 

2007Ó 6Ô 18Õº¬ 19Õ(ÖÃo×(Ø«ª^
_`abcdeÇNICTÈ�iDjkbclÇENRIÈ
0 2Ã0!"#$%$&'%�mnjobcpqd
eÇJAXAÈàáâ#�%()*ã½0¨©�äå
� ¡�Fig.1a(æ$&'%0��ç�|Æ��NICT
$&'%[3]vèé 2.0125!m 0ê%ëì|Ï«<Ë
§Ì�íè» 100Hz<ê¥îï~¿ð 90m<ñW¨
©òóvð 10km��*�50��5ïôõ�ª<ö

÷­øùú� SN û|Àõ�¡�ö÷­øùú0ü
ýþÿv 0.1-0.2m/s ��*[4]�JAXA àáâ#�%
v 3!"#$è½ùÀ<%úÀ<&®À<y'À�
�|()�ªØ§[5,6]<o×í*0½ø½ù<y%<
y'|À©�¡�6Ô 18Õ 13+º¬ 14+,¼�<
2Ã0$&'%()§12-·�.ÿ�* RHI5É
Ê¥|Ë§Ì�¨©|äå�<NICT $&'%v­
ç/ 95úÇÄ½­øÈ�0/ 0úº¬ 60ú¼�0
RHI5ÉÊ¥|ð 1ï1�(ÚÛ¡� 
2 Òbc�v<Gal-Chen et al. (1992)�Æ� ª«*
RHI 5ÉÊ¥�%�º¬,3½ù£Ø)Ý+,-.
/0123$"45|67�*­k| NICT $&'
%0¨©�%�(ÙÏ�¡�²²�<RHI5ÉÊ¥
0­ç/0­ø| x<12­ø| z�74�*ÇFig. 
1bÈ�̈ ©� ¡ö÷­ø½ù!Ç$&'%º¬56
º*­ø|7<$&'%(¸8¹­ø|9��*È
v(u,w)Ø)Ý0/"º¬<:;0<�¶� *� 

""! sincos wu #$              (1) 
=ú iz (=50,150,…,1950m ; 19,...,1,0$i )0�; 50m
0=ú>?@0(ui,wi)v+,AB��*�C7�*
�<¢0=ú>?(D¼ * Nj ®0ö÷­ø½ù

ij! ( iNj ,...,2,1$ )v:;0<�¶� *� 
jijiij wu ""! sincos #$            (2) 

<(2)0ñA2EFG|~«ª( iu , iw )Hx*�¡I�<
$&'%º¬0òó�ó ¡µ®�v SN û0J;
()§K$%�%��LM�*¡x<$&'%º¬
0+,òó� 2.7km :@0ö÷­ø½ù

ij! 0N|
ÎÏ�*� 

u<w<! 0æO»|,3P�Q.Rï(ïó�*
�:;0<�¶� *� 

!!! %#$%#$%#$   ;  ; wwwuuu        (3) 
=ú iz �0+,-./0123$"45 iwu %% Ø)Ý
(u,w)0ïS 2

iu% , 2
iw% v+,AB��*�C7�*�<

ö÷­ø½ù0ïS 2!% v:;0<�¶� *� 

PG- 38

- 156 -



jijijiij uwswu """! 22222 cossin2in)( %#%#%%$%   (4) 
Òbc�v 30ï0+T,3Ç27¤"U0 RHI5É
Ê¥È|Ú«<< (4)0ñA 2 EFG|~«ª

iwu %% , 2
iw% , 2

iu% |Hx*�¡I�< iwu %% Ø)Ý 2
iw% v¢

 V 
j"sin2/1 Ø)Ý

j"
2sin/1 0WXY��*¡x<

J0/0ö÷­ø½ù
ij! |Ï«¡ iwu %% Ø)Ý 2

iw% 0
67PvZ[�«�¢0¡x<0/ 30úº¬ 60ú
0ö÷­ø½ù

ij! 0N|ÎÏ�*� 
 

0

0.5

1.0

1.5

2.0

0

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

38.13

38.14

38.15

140.90 140.91 140.92 140.93 140.94
Longitude (  E)

La
tit

ud
e 

(  
N

)

NICT lidar

Pacific
Ocean

Distance from NICT lidar (km)

D
is

ta
nc

e 
fr

om
 N

IC
T 

lid
ar

 (k
m

)

o

o

ENRI lidar

Sendai Airport
azimuth : 95o

Distance from NICT lidar (km)

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m
)

} zi=550m

Observations

(a)

(b)

A
B

A B
0 1 2 3 4

 
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. 
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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. 

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0
H

ei
gh

t a
bo

ve
 N

IC
T 

lid
ar

 (k
m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0
H

ei
gh

t a
bo

ve
 N

IC
T 

lid
ar

 (k
m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Distance from NICT lidar (km)

0.0

0.5

1.0

1.5

2.0

H
ei

gh
t a

bo
ve

 N
IC

T 
lid

ar
 (k

m)

(a) 13:00 - 13:30 JST

(b) 13:30 - 14:00 JST

(c) 14:00 - 14:30 JST

-10 -5 0 5 10
# (m/s)

0 2
#’  (m  /s  )2 2 2

- 159 -


