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Error Sources of Flux Data

 Unrepresentative (designable)
 Measurement uncertainties  (uncorrectable)
 Measurement biases (correctable )



• Tilt of vertical axis in the sonic anemometer coordinate system away from its counterpart in the 
natural wind coordinate system. 

     Coordinate rotation correction 
• Frequency loss due to the gradual response and line/volume averaging to measured variables.
 Frequency correction 
• Air density fluctuations due to heat and water transfer into/out the measured air flows 
 WPL correction (Density effect corrections)   
            Webb, Pearman, and Leuning (1980)
• Use of sonic temperature for sensible heat flux  
 SND correction (Moisture correction of sonic temperature flux for sensible heat flux)  
            Schotanus, Nieuwstadt, Debruin (1983)

Major measurement biases
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Wind velocities measured at 20 Hz 
in a coordinate system of 3D sonic anemometer
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Installation tilt 
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Coordinate rotation corrections
Express the measured fluxes including 3D wind velocities in a sonic 
anemometer coordinate system into the natural wind coordinate system.  
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Sonic to natural wind coordinate system
(Tanner and Thurtell, 1969) 

1 mz z=

 

1

my
y

 1 mx x

3 2x x=

 2

3

y
y

3

2

z
z

 2

1

z
z

 2

1

x
x

 2 1y y=

Tanner, CB, GW Thurtell. 1969. Anemoclinometer measurements of Reynolds stress and heat transport 
in  the atmospheric surface layer, US Army Electronics Command, Atmospheric 
Sciences Laboratory, TR ECOM 66-G22-F, R1-R10. 



1st Rotation around zm-axis aligns to the mainstream wind 
direction at a temporal scale of averaging data.  
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2nd Rotation around new y1-axis nullifies 
mean vertical wind
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3rd Rotation

Rotation around x2-axis. 
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The assumption to derive β is invalid. The 3rd rotation is not recommended any more (Finnigan, 2004)

around new x2-axis to IDEALLY express the measured 3D 
wind means to the natural wind coordinate system.  
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Double rotations 
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Double coordinate rotations
for mean wind speeds  
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Double coordinate rotations
for fluctuations in wind speeds  
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Double coordinate rotations
for momentum covariance terms  
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Double coordinate rotations
for covariance of CO2 density with momentum variables

Applicable for CO2 mixing ratio (χCO2
) with momentum variables by replacing with ρCO2

 with χCO2
 . 

Presenter Notes
Presentation Notes
Applicable to other gas species. Too. 



2 2

2
' '

2

2

m

H O H O m

m

u u
v v
w w

ρ ρ
′ ′   

   ′ ′=   
′ ′      

2R

( )

( )

2 2 22 2

2 2 2 2

2 2 2 2 2

' ' ' ' ' '' ' ' '
2

' ' ' ' ' ' ' '
2

' ' ' ' ' ' ' ' ' '
2

cos cos sin sin

sin cos

sin cos sin cos

H O m H O m H O mH O H O m

H O H O m H O m H O m

H O H O m H O m H O m H O m

u v wu u

v v u v

w w u v w

α ρ γ ρ γ ρ αρ ρ

ρ ρ ρ γ ρ γ

ρ ρ α ρ γ ρ γ ρ α

 + −   
    
    = = − +    
     + +      

2R

Double coordinate rotations
for covariance of H2O density with momentum variables

Applicable for H2O mixing ratio (χH2O) with momentum variables by replacing with ρCO2
 with χCO2
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Planner fit rotations
(Wilczak et al., 2001) 
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Wilczak, JM, SP Oncley, SA Stage. 2001. Sonic Anemometer tilt correction algorithm.
      Boundary-Layer Meteorol. 99: 127–150.  

Planner fit rotations
(Wilczak et al., 2001) 

1st rotation 2nd rotation 3rd rotation 
(Unnecessary if only for flux)



Rotation angle computations

Coordinate system rotated about this plane 

• Computation of rotation angles (α, β, 
and γ) need two- to three- week data 

• Algorithms to compute the rotation 
angles are long, which are ignored here.  



1st Rotation around ym-axis
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2nd Rotation around new x1-axis. 
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Planar fit matrixes 
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Planar fit coordinate rotations
for momentum covariance terms  
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Planar fit coordinate rotations
for covariance of CO2 density with momentum variables

Applicable for CO2 mixing ratio (χCO2
) with momentum variables by replacing with ρCO2

 with χCO2
 . 
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Planar fit coordinate rotations
for covariance of H2O density with momentum variables

Applicable for H2O mixing ratio (χH2O) with momentum variables by replacing with ρCO2
 with χCO2
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Questions ?
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