
Frequency Corrections
                    in Flux Computations 

Xinhua Zhou, Ph.D.,  Senior Scientist 
Copyright 2023, All Rights Reserved.
This presentation is the property of Campbell Scientific. Do not distribute.



Eddy sizes, speed, and frequency
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Measuring CO2 for the same air flow by two gas analyzers with different path lengths
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a Air density is assumed to be a constant. 





Kaimal, J.C. 1968. The effect of vertical line averaging on the spectra of temperature and heat-flux, Qaurt. J. Roy. Meteor. Soc. 94: 149-155.    
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γ       Shape factor
D     Dimension 
ρa     Material density of sensor sensing component
C   Specific heat of materials for sensor sensing
ka     Thermal conductivity of air
Nu   Nusselt number 

Implication of time constant (τ)
in physics

Moore, C.J., 1986. Frequency response corrections for eddy correlation systems, Boundary-Layer Meteorol. 37: 17-35.   

Moore (1986) 



Response of temperature sensor 
as described in terms of time constant  

t           Time
𝑻𝑻 𝒕𝒕  Tempearture of media at 𝑡𝑡 
𝑻𝑻𝒎𝒎 𝒕𝒕  Temperature measured at 𝑡𝑡
𝝉𝝉         Time constant 
                                                   Burt and Podesta (2020)
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Burt, S., M.d. Podesta. 2020. Response times of meteorological air temperature sensors, Q J R Meteorol Soc, 146: 2789-2800.   



Response time of sensors 
Campbell Scientific sonic anemometer thermometry
(CSAT, Campbell Scientific Inc., UT,  USA) 

Infrared CO2-H2O analyzer 
(EC150, Campbell Scientific Inc., UT,  USA) 
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a Electronic response is assumed to be instantaneous.  



Frequency loss due to 
sensor separation
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Low frequency loss due to block averaging 
in flux computations 

CO2        𝐹𝐹𝐶𝐶𝑂𝑂2
= 𝜌𝜌𝑑𝑑𝑤𝑤𝑤χ′𝑐𝑐𝑐𝑐2           (e.g.,               )
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Summary for frequency losses

High frequency 

    a. Line averaging.  

    b. Delay in response to measured variables. 

    c. Spatial separation between sensors

 Low frequency 

    a. Block averaging. 



Any variable measured in an eddy-covariance system is a time series (i.e., a function of time). 

For frequency corrections, this time series in a time domain needs to be transformed into a frequency domain.    



Kaimal, JC, JJ Finnigan. 1994. 
Atmospheric Boundary Layer 
Flows: Their Structure and 
Measurement. Oxford University 
Press, Oxford, 289 p. 



Vertical wind (w) measured in a time domain to a frequency domain 
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Presenter Notes
Presentation Notes
The advantage of thinking about this signal variation as a function of frequency is that we can consider instrument imperfections for simple sinusoids rather than complex signals.  Granted, we have to consider a large number of sinusoids, but only one at a time.



Smoothed power spectrum of vertical wind speed 
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Kaimal, JC, JJ Finnigan. 1994. Atmospheric Boundary Layer 
Flows: Their Structure and Measurement, Oxford University 
Press, New York, 289 p. 
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α  represents u, v, T, Ts, ρCO2
, χCO2

, ρH2O, χH2O, 

OR other gas species amount.    

Relationship of cospectrum to a flux

Pages 57 to 61 in Kaimal & Finnigan (1994) 
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Moore CJ. 1986.
Frequency response corrections 
for eddy correlation systems. 
Bound-Layer Meteorol 37: 17-35.
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Vertical with horizontal wind

Vertical wind with air temperature 
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Cospectrum from an ideal vs. non-idea measurement 
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‘true’ 
cospectrum

( )
( )

' '

0

' '

0
)

( )

(w m
m

wT T
w d

w S

f

df

f

f

S

α

α
α

α

∞

∞= ∫
∫

Measured 
covariance 

‘true’ 
covariance

Measured 
cospectum 

Relate “true” flux to measured flux,  measured 
spectrum, and “true” spectrum   
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Definition of  Transfer Function 
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An example for the derivation of  transfer function 

Apply Fourier Transform to 
both sides of this equation 
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Transfer function
                              based on spectrum of T 

based on power spectrum of T 
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Line averaging 
Transfer function for scalars 

Moore, CJ. 1986. Frequency response corrections for eddy correlation systems, 
Boundary-Layer Meteorol, 37: 17–35,
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Line averaging 
Transfer function for vertical wind 

Moore, CJ. 1986. Frequency response corrections for eddy correlation systems, Boundary-Layer Meteorol, 37: 17–35,
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Line averaging
Transfer function for CSAT sonic temperature flux

van Dijk.(2002)
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Separation between sensors 
Transfer functions for vertical wind with scalar 

Alternatively, lag maximization 

(Stable condition,  Z/L=1 and wind=0.5 m)
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Response delay 
Transfer functions for closed-path sampling cell   
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Burden and Faires (1993)
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Correction factors in Flux_notes 

file for different covariance 

(i.e., flux) 
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