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Objective 
 

To know Air-Surface Interaction 
To know Surface flux and ABL 

 

Backgrounds 
Requirements of Exact Knowledge about the Interaction: 
 Lower boundary for Meteorology 
 Upper boundary for Oceanography 
Developing of Instruments: 

Wind profiler radar, Eddy flux system, etc. 
 



 

 

Free Atmosphere (Troposphere): 
Temperature gradient is maintained by the 
balance of radiative cooling at upper part 
and thermal heating at bottom part 

ABL (Convective layer): 
Temperature is rather constant 
due to strong convection  

Inversion layer: 
Temperature gap is 
enhanced by Strong 
convection within ABL. 
Gap divides the layers. 

Surface sub-layer: 
Temperature gradient is maintained by the 
balance of surface heating and turbulent flux. 
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ABL and Surface flux 
(under learning) 
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Entrainment effect 
 
Inversion layer  
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(cf., Tennekes, 1973; Banta et al., 2002), 1992) (ε=0.20~0.25; cf., Betts, 1973; Garratt) 
 

Approximation agrees when 
( )

( )
S

E

ES

Q

Q
QQh

Γ
+

=

Γ
+

=

ε
ε

2
1

'2
2

2
2

0

 

 0

50

100

150

200

0 500 1000 1500 2000

Init. height (h0, m)

In
cr

em
en

t ( ∆
h,

 m
)

Approx. Eqn.
Solution



 

Residual layer

Kondo (1994) 
(Chapter 12 written by Kimura) 

Problems 
Approximation: ( ) ( ) ( ) SES QhQQhhh ε21222 2
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Is this true or not?  
The ε = 0.2~0.25 is correct? 

 
Initial condition Γ−+= )()( hzz Sθθ  is OK?  
 
 
 
 
 
 
 
 



ABL and Surface flux: Interactions, Relationships, and Complication 
 
Observation: θS, QS, and h 

If the initial θ(z) were known, the recurrent equation would be; 





>
≤

=
− )()(

)(
)(

1 nn

nnS
n hzz

hz
z

θ
θ

θ  

  Then, this (or QS,Obs) could be verified as follow; 
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Problem still remains on the initial θ(z). 



Introduction of ABL observation by WPR 
 
            3-D wind vector: 
            Doppler velocity of 

5beams 
 
 
 
UHF wave is reflected by Turbulence. 

2dsinθ=nλ (Bragg scattering, X-ray) 
  d=0.5nλ, when reflection (θ=90o) 
1.3GHz wave ~ λ=(3E+8)/(1.3E+9)=0.23m 
Detected turbulent scale, d ~> 0.1m 
 
Received signal by WPR ~ Cn

2/l2 

Cn
2: representing turbulent structure 

l: flight length (distance from WPR) 
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Data accessing 
 Spatial resolution depends on Pulse length. 
    ∆=Tp c/2=99.86m (Tp=666ns)  
  Height resolution: 
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 Time resolution: about 1 minute 
   Actually, it’s 59sec or 58sec. 
 It is inconvenient to treat. 
 
 
 
 
 

 a=0 a=15   a=0 a=15 

100 100 96  2100 2097 2025 

200 200 193  2200 2197 2121 

300 300 289  2300 2297 2218 

400 399 386  2400 2397 2314 

500 499 482  2500 2497 2411 

600 599 579  2600 2596 2507 

700 699 675  2700 2696 2604 

800 799 771  2800 2796 2700 

900 899 868  2900 2896 2796 

1000 999 964  3000 2996 2893 

1100 1098 1061  3100 3096 2989 

1200 1198 1157  3200 3196 3086 

1300 1298 1254  3300 3295 3182 

1400 1398 1350  3400 3395 3279 

1500 1498 1446  3500 3495 3375 

1600 1598 1543  3600 3595 3471 

1700 1698 1639  3700 3695 3568 

1800 1797 1736  3800 3795 3664 

1900 1897 1832  3900 3895 3761 

2000 1997 1929  4000 3994 3857 

20040531000054.dat 

20040531000153.dat 

20040531000252.dat 

20040531000351.dat 

20040531000450.dat 

20040531000548.dat 

20040531000647.dat 

20040531000746.dat 



The height difference is rather big problem to treat data, because the 
wind vector is computed by Combination from the 5 Doppler velocities. 
Not-constant time interval is also bit problem e.g. to draw Graphs. 

 
 









++








++= 2

3
2

2
2

1
2

3

3
2

2

2
2

1

1 111),(
RRRR

X
R
X

R
XhtX

 
For one of trials, 
Data is accessing under following; 

∆h=50m, ∆t=0.5minute 
Rmax2=1.5 [(100m)2+(minute)2] 
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Raw echo              Normalized echo by 
WPR signal ~ Cn

2/l2          flight length (ref.=1km)

2004/05/31Time (00:00~24:00)
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Doppler Spectra
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To be continued 
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