
 

ABSTRACT 
The wind profiles and its random error from the Dop-
pler lidar measurements in the planetary boundary 
layer (PBL) are simulated numerically. The wind veloc-
ity retrievals are performed by minimizing the least-
squares fit cost function, which is the difference be-
tween the modeled and observed radial wind velocity. 
The random error in wind profiles is studied using 
analysis of the Doppler shift of a non-Gaussian ran-
dom signal. Numerical simulation is based on “e-l” 
model of atmospheric turbulence and one-dimensional 
model of the homogeneous PBL, which take into ac-
count diurnal variations of meteorological parameters 
and the turbulent structure of the PBL.  In the paper 
the results of the numerical simulation of profiles of the 
wind components, its random errors are presented for 
the case when the atmospheric stratification varies 
significantly during daytime. 

1. DOPPLER LIDAR MEASUREMENT OF WIND 
PROFILE  

For determination of the components of wind vector as 
a function of height, the least square fit cost function is 
used [1, 2] 
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where ( )θφ,,Rur  is observed LOS velocity [1], R  is 

distance,φ  is azimuth angle, θ  is elevation angle, Û  

and V̂  are estimates of wind vector components. 

The equations for estimates of wind vector compo-
nents can be written in the forms [2] 
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where 0φ  is the first azimuth angle of the VAD sector 
scan.  

We simulate the observed LOS velocity based on eq-
uation of the average radial velocity [2] 
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where ( )θφ,,Rur  is the radial velocity of a single la-
ser pulse. 

2. RADIAL VELOCITY OF A SINGLE LASER 
PULSE 

In our study we use model the radial velocity of a sin-
gle laser pulse, which meets the requirement of the 
uniform approximation and allows the obtained results 
to be interpreted correctly [3].  The radial velocity can 
be written as a sum of a regular part and two fluctua-
tion parts [3, 4] 
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where 

( ) θφθφθφ coscoscossin,, VURur +=  (10) 

is the regular part of the radial velocity, 
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is the non-Gaussian part of fluctuations, 
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is the Gaussian part of fluctuations,  U and V  are 
components of wind vector, ( )tp  is temporal profile of 

laser pulse sM  and sT  are number and time of sam-

ples, ( )ωŜ∆  is spectrum fluctuations of the Doppler 
lidar signal, 0S  is normalized coefficient, ngΩ  is the 

non-Gaussian part of the Doppler shift. 

3. RADIAL VELOCITY OF A SINGLE LASER 
PULSE  

It follows from Eqs. (3) – (9) that UU =ˆ  and 

VV =ˆ  if the change in azimuth angle isn’t large, i.e. 

0≈∆φ .  Therefore the expressions for estimation of 
wind vector components have the form 

''ˆ
gng UUUU ++=   (13) 
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''ˆ
gng VVVV ++=   (14) 

where '
ngU  and '

ngV are the non-Gaussian fluctua-

tions of estimation of wind vector components, '
gU  

and '
gV are the Gaussian fluctuations of estimation of 

wind vector components. 

It is seen that the estimates of Û  and V̂  coincide with 
wind vector components if the Gaussian and non-
Gaussian of fluctuations are zero, i.e. UU =ˆ  and 

VV =ˆ  if 0'''' ==== gnggng VVUU . This means that 

the lidar data may be interpreted as measurements of 
wind vector components and the variances of 

( )2''2
gngU UU +=σ , and ( )2''2

gngV VV +=σ  are 

the measurements errors. 

4. MEASUREMENT ERROR OF COMPONENTS 
WIND VECTOR 

Calculations of the variances of measurement error of 
wind vector components result in the following expres-
sion 
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where S/N  is signal-to-noise ratio.  It follows from 
Eqs. (15) and (18) that the Doppler random error in 
wind profiles depends on the state of the PBL.  For 
simulation of the Doppler random error and wind pro-
files we use the 1D model of homogeneous PBL and 
“e-l” – turbulence model [4, 5]. 

5. MODEL OF PLANETARY BOUNDARY LAYER 
For 1D model of homogeneous PBL the equations for 
average horizontal wind velocity components ( )ztU ,  

and ( )ztV , , average potential temperature ( )zt,Θ  

and average humidity ( )ztQ ,  have a form [4, 5] 
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 is the compo-

nents of the geostrophic wind, t  is time, z  is the ver-
tical coordinate, ρ  is the density, p  is the pressure, 

ψsin2Ω=f  is the Coriolis parameter, ψ  - is the 
geographic latitude, Ω  is the angular velocity of the 
Earth revolution.  For describing the turbulence that 
essentially influences the structure of PBL, we use  
“e-l” – the atmospheric turbulence model [4, 5]. 

6. MODEL OF ATMOSPHERIC TURBULENCE 
The equation for “e-l” – turbulence model can be writ-
ten in the form [4, 5] 
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where 





 ++= 222 '''
2
1 wvue  is the kinetic en-

ergy of turbulence; l  is the scale of turbulence, 2θ  

is the turbulent temperature pulsations, ε - is the en-
ergy dissipation rate, 54.0=eσ , 12.01 −=LC , 

2.02 =LC , 19.0=DC , 4.0=κ , mF  and hF  are the 
function of local turbulent characteristics [4, 5]. 

7. RESULTS OF NUMERICAL SIMULATION 
Figures 1 and 2 present the results of numerical simu-
lation of profiles for components of wind vector.  The 
initial meteorological data, required for short-
prediction, were taken from archive of website of the 
University of Wyoming (www.weather.uwyo.edu).  
Measurement data on geostrophic wind, temperature, 
humidity, and other atmospheric parameters were 
obtained from weather stations CNK, CNU, SLN, 
 

___________________________________________ 

TOP (abbreviated).  The basic station was TOP.  The 
results of numerical simulation are obtained for the 
CASES-99 field site near Leon, Kansas and for Octo-
ber 6, 1999. 

It follows from numerical simulation that the compo-
nents of wind vector and also turbulent kinetic energy 
and length scale strongly change during the day.  For 
example, it is clear from figures 1 and 2 that the strong 
wind is observed. Where turbulence changes sharply 
( ( )zt =4 h, ( )zt =15 h, and ( )zt =20 h) the shear in the 
wind appears at the atmosphere. 

Figure 3 shows the results of numerical simulation of 
the variances of measurement error of wind vector 
components in the case of 10=sM , 10=φN , 

100=N , and 1S/N =  for 100=z  m.   
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The variances of measurement error of wind vector 
components depend on state of atmospheric turbu-
lence and lidar parameters.  It follows from figure 3 
that the measurement error increases with increase of 
the energy of turbulence.  In our case the measure-

ment error is defined by the Gaussian fluctuations of 
the Doppler shift for weak turbulence.  The measure-
ment error depends on the non-Gaussian fluctuations 
of the Doppler shift for strong turbulence. 
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Figure 1. Profiles of ( )zU  component of wind vector during the day, Oct. 06, 1999. 
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Figure 2. Profiles of ( )zV  component of wind vector during the day, Oct. 06, 1999. 
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Figure 3. Profile of measurement error during the day, Oct. 06, 1999. 
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