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I:  Satellite-based Modeling of ET at Fine and Large Scales 
  1. How does the satellite work for ET estimate? 
 2. What is the Performance of this modeling at field 

scale?  

II:  Uncertainty in Eddy Covariance Measurements 
  1. Flux spatial context vs. Sensor Heights 
  2. High frequency flux loss vs. Sensor Heights 
  3. Low frequency flux loss vs. Sensor Heights 
        4. WPL corrections for CO2 and N2O Flux 
        5.  Trace gas analyzer's requirements for EC  

Outline 



Satellite’s Approach  

  

 1.  One-source model 

  a) Surface energy balance algorithm for land (SEBAL, Bastiaanssen, et al 1998).  

  b) Surface energy balance system (SESB, Su, 2003) 

  c) Mapping evapotranspiration with internalized calibration (METRIC, Allen, et 
        al., 2007). 

 2.  Two-source model 
 

  a) Two-source model (TSM, Norman et al., 1995). 

  b) Two-source time-integrated model (TSTIM, Andersen et al, 1997 & 2007). 

Satellite-Based Land Surface Energy Balance: 
 Thermal images approach TR  for a simple or complicated relation of  TR vs. TAC . 

 Visible and infrared images are responsible for the surface radiances, NDVI, 
   LAI, albedo, biomass, and other biophysical variables. 

 

Models for Large Scales:  



How does Satellite Information do for ET ? 
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Sensible Heat Flux: 

Aerodynamic and Radiometric Temperatures:  

Satellite-Based Land Surface Energy Balance: 
 

 --- Thermal images provide TR  Information.  

 

 --- Visible and infrared images are used for calculating:  

 Spectral radiances,  

 Spectral reflectance and transmittance,  

 NDVI,  LAI, albedo, biomass, and 

 Other biophysical variables. 
 



Inputs:  Landsat 5/7 and Weather Station/EC Tower   

 Air Temp, Air humidity 
 Solar radiation, Precip. 
 Wind speed and DIR 

 All TM bands 
 Calibrated pixel value [DN] 
 Resampled thermal band 

Spatial Resolution:   30x30m 

Temporal Resolution:  1 Hour 

Discontinuous 
Spatial Info  

       + 
Continuous  
Temporal Info 
 
  



Inputs:  Static Land Surface Data  

Estimate initial surface  
soil water balance  

adjust Zom – Very effective  

     1)   adjust  solar radiation 
     2)   adjust Zom  



Lλ = Grescale Qcal + Brescale  
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Basic Computations 

Spectral Radiances Sun, Satellite and  Earth 

Surface Scalar Quantities 

Surface  Available Energy 
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ET = (Rn - G) - H 

Key Computations in Modeling 
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Iterative Estimate of Sensible Heat 
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Study Area 

Path29 Row32 

No till corn field, Bowen ratio tower 
Lat. 40.5801o, Lon. -97.6552o, Ele: 573.6 m 

Disk till corn field, Bowen ratio tower 
Lat. 40.5729o, Lon. -97.6481o, Ele: 576.0 m 

Weather Station 
Lat. 40.570o, Lon. -98.13o, Ele: 552.0 m 

Landsat 5 Three Scenes: 

 July 01 2009, 17:01:11 (GMT) 
 July 17 2009, 17:01:27 
 Aug. 02 2009, 17:01:42 
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Close-up of Tower Locations 

Disk Till 



Scalar Outputs: LAI 

0717 2009 0701 2009 

0802 2009 



Scalar Flux Outputs 

July 1st 2009 



Validation:  Daily ET [300 x 300m] for No Till vs. Disk Till 

[0701 2009] 

Variations from the Field Mean ( mm d -1 ) 

Observed ET NO Till and ET Disk Till 



[0717 2009] 

Variations from the Field Mean ( mm d -1 ) 

Validation:  Daily ET [300 x 300m] for No Till vs. Disk Till 

Observed ET NO Till and ET Disk Till 



[0802 2009] 

Variations from the Field Mean ( mm d -1 ) 

Validation:  Daily ET [300 x 300m] for No Till vs. Disk Till 

Observed ET NO Till and ET Disk Till 



Comparison of Daily ET  

Measured Difference (top) and Modeled Difference (Bottom)  
between No Till (    )and Disk Till (    ) Field 



Modeling Performance and Monthly Spatial ET Estimate  



Summary:  ET Modeling  

A modified surface energy balance model was developed. Models were performed well 
under both large scale [100 x 100 Km] and field scale --- REX and LU data Introduced.  

 
Automated searching, locating, and estimating the endpoints of the hot and cold pixels 

made selection objective with less assumptions --- Automatic & Robust.  
 
The models used have been designed to be robust to expected errors  (around 12%) for 

daily ET validated by the point-measurements from Bowen ratio systems.  
 
The field scale ET variations presented here suggest that disk till corn field had 

significantly and consistently larger ET than the no till corn fields in July 2009.      



Thank You 

Mapping Tool:  only four inputs  

Input I 

Input II 

Input III 

Input IV 
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II:  Uncertainties in Eddy Covariance Flux Estimate 
 
    1. Spatial Context of Flux vs. Sensor Heights 
   2. High Frequency Loss vs. Sensor Heights 
   3. Low frequency Loss vs. Sensor Heights.  



Why EC Fluxes of Trace Gas are Important ?   



Eddy Covariance: From Measurements to Fluxes    

''  TwcH p

'' qwLE 

''cwFc 

• u v w, and Tsonic 

• H2O and CO2 (IRGA) 

• Pressure 

• Mean Ta and RHa 

• Diagnostic Status 

 

• Fc (carbon flux) 

• LE (water flux) 

• Hs (sensible heat flux) 

 

10Hz 0.000556 Hz (30 mins) 

Data Processing 

Eddy Size  ( Limited Bandwidth ) 



What is the Eddy Covariance in a simple way?   

W’ 

CO2 

H2O 

]c'E[w')]c)(cwE[(wc)Cov(w, 

Var. of CO2 Var. of w 

Var. of H2O 

CO2 Flux 

H2O Flux 

CO2 Flux = -0.8467 m s-1 mg m-3  
                = -0.8467 mg m-2 s-1 

H2O Flux  = 0.0742 m s-1 g m-3  
                  = 0.0742 g m-2 s-1 

                  = 176.4 W m-2 

So, we have 

10 mins data (6000 obs) at 9:00 to 9:10, Grassland  



The Juice  of the Eddy Covariance  
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Start from mass conservation equation (CO2, or H2O) or Navier-Stokes equation, 
then, apply Reynolds decomposition and averaging, along with the turbulent 
continuity equation in the x-z planes,   it will lead to:  



 An Example of Scalar Footprint Analysis        
Footprint Context  
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Spectral Attenuation of Scalar Flux 
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Spectral correction:  

I:   a single-pole, low-pass RC filter for all path average, displacement, and other high-freq. 
II:  block average considered as a high-pass filter if assume the τb = TB / 2.8 (Kaimal, 1989).   

I                                 II 



Cospectra Models for EC Flux Corrections 
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Low Freq. Flux Loss: 
 
Block Average 
30 mins vs. Heights ? 

High Freq. Flux Loss: 
 
•  Path average? 
•  Time Response? 
•  Tube attenuation (if CP)? 
 
•  Sensor Displacement?  
  



A Key in Spectral Models: Maxima (fm or nm) of Cospectra 



Sensor Displacement:  High Freq. Flux Loss Vs. Heights 
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Block Average:  Low Freq. Flux Loss vs. Heights   
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Visualization of Low Freq. Flux Loss  

15mins 

30mins 

60 mins 

120 mins 

120 mins 
=1.39x10-4 Hz 

fNyquist = 5Hz 



EC Software for Ecosystem Flux Computation, Analysis, and Visualization  



WPL for CO2 Flux  



III:  Some Experiences 
 
  1. Instruments Developed and Studied  
  in Micrometeorology and Plant Sciences. 
  2. Software Packages and Models Developed.  

WPL for N2O Flux  



III:  Some Experiences 
 
  1. Instruments Developed and Studied  
  in Micrometeorology and Plant Sciences. 
  2. Software Packages and Models Developed.  

Analyzer’s Requirement for CO2 Flux   



III:  Some Experiences 
 
  1. Instruments Developed and Studied  
  in Micrometeorology and Plant Sciences. 
  2. Software Packages and Models Developed.  

Analyzer’s Requirement for N2O Flux   



CO2/H2O Analyzer 

Recent Experiments from 2011 to 2013     



III:  Some Experiences 
 
  1. Instruments Developed and Studied  
  in Micrometeorology and Plant Sciences. 
  2. Software Packages and Models Developed.  



III:  Some Experiences 
 
  1. Instruments Developed and Studied  
  in Micrometeorology and Plant Sciences. 
  2. Software Packages and Models Developed.  

The End 



I:  Satellite-based Modeling of ET at Fine and Large Scales 
 
   1. How does the satellite work for ET estimate? 
  2. What is the Performance of this modeling at field scale?  
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Models Implemented and Improved: EC Corrections and Visualizations  



How does Satellite Information do for ET ? 
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Sensible Heat Flux: 

Aerodynamic and Radiometric Temperatures:  

Satellite-Based Land Surface Energy Balance: 
 

 --- Thermal images provide TR  Information.  

 

 --- Visible and infrared images are used for calculating:  

 Spectral radiances,  

 Spectral reflectance and transmittance,  

 NDVI,  LAI, albedo, biomass, and 

 Other biophysical variables. 
 



Fraction of Reference ET (ETrF)  

0717 2009 0701 2009 

0802 2009 

ETr

ET
 ETrF INST



>>> 

>>> >>> 

>>> 

Hourly ET 

[08 02 2009] 

Observed ETr , ETNO Till, ETDISK Till  

>>> 

>>> >>> 

>>> 

Modeled ET at Corn Fields 



Key Parameterization 
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For major crop lands: 

For non crop lands: 

]b NDVI exp[aZ 11OM 

φ = 0 for Landsat TM sensors 
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Hourly ET 

[07 01 2009] 

Observed ETr , ETNO Till, ETDISK Till  

>>> 

>>> >>> 

>>> 

Modeled ET at Corn Fields 



Scalar Outputs:  TR 

0802 2009 

0717 2009 0701 2009 



July 01 2009 July 17 2009 

Aug. 02 2009 

Midday Instantaneous ET as an Average of Daily ET  



>>> 

>>> >>> 

>>> 

Hourly ET 

[07 17 2009] 

Observed ETr , ETNO Till, ETDISK Till  

>>> 

>>> >>> 

>>> 

Modeled ET at Corn Fields 



Uncertainty in EC Fluxes 

raw: after despike (outlier removed). 
dr:    Double rotations (v_bar and w_bar = 0). 
pf:    Planar-fit method for rotation ( 5d ). 
  

spectral: low and high freq. loss. 
wpl:    Web correction ( H and LE ) 
Hle :     Corrected H only by the LE.  

Aug. 1-5, 2006. Grassland 


