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Is regional spatial variation in fluxes 
captured in satellite remote sensing?
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Spatial variability was name of the 
game in CHEESEHEAD19

Brian Butterworth, James Mineau

• 20 flux 
towers in 
one 10x10 
km area
• Centered 

at WLEF / 
US-Pfa tall 
flux tower 
/ GHG 
profile / 
TCCON 
site



Three intensives with airborne 
sampling of surface fluxes
• 84 hours of 

UWyoming King Air 
eddy covariance 
flights at 100 m and 
400 m AGL over 
three time periods 
(Jul, Aug, Sep)
• Compact Raman 

LiDAR for water 
vapor and 
temperature 
profiles

Z. Wang
UWKA



Serious PBL atmospheric profiling 
by NCAR, NOAA, SSEC, KIT

B. Brown (NCAR)
T. Wagner / E. Olson (UW SSEC)
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Hannes Vogelmann (KIT)



Surface characterization by 
aircraft and ground (HySpex)
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Drones, too!
C. Andresen (UW)



So, what have we learned so far 
about spatial variability?

Daily NEE

Cumulative NEE





Spatial coherence can now be done with flux 
tower clusters to improve top-down inversions

Poe, Reed, et al., in prep
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Adding PBL depth information to TCCON 
or XCO2 can help differentiate surface 
and advected influence on concentrations



A. Desai (UW), C. Roehl, P. Wennberg (CalTech)



Moving to satellite GHG remote sensing

Aronne Merrelli (UW SSEC) / Annmarie Eldering and Rob Nelson (NASA JPL)



Small-scale spatial gradients link to 
transport and spatial flux variation

Aronne Merrelli (UW SSEC) / Annmarie Eldering and Rob Nelson (NASA JPL)



SIF is intriguing…

Aronne Merrelli (UW SSEC) / Peter Somkuti (CIRA) / 
Annmarie Eldering and Rob Nelson (NASA JPL)



ECOSTRESS, too…

J. Fisher / F. Galvan (JPL)



Next generation surface and atmospheric 
GHG remote sensing has potential to 
retrieve fine-scale details

OCO-3 SIF ECOSTRESS ET



Final thoughts

• Satellite remote sensing has revolutionized how we 
understand global variation and drivers of GHG fluxes 
and emissions

• However, less confidence in how well they capture 
regional scale GHG sources and sinks, especially in 
heterogenous regions 

• CHEESEHEAD19 and similar experiments provide 
surface and atmosphere benchmarks and critical PBL 
profile and flux data to improve on this

• Next-generate satellites (OCO-3, ECOSTRESS, Hyspiri) 
provide significant potential to retrieve regional fluxes



Thank you!
Ankur Desai
desai@aos.wisc.edu
https://flux.aos.wisc.edu
@profdesai
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