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problems…
“Why’d you have to go and 

make everything so complicated?”
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Moral of this journey

• We should disabuse ourselves of the notion 
that “homogeneity” is common across 
landscapes and in flux tower footprints

• Consider space and time variation jointly

• Scale with what makes a place “complex”

• Confront models with this complexity, 
expressed as uncertainty and bias

How did we get here?
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The  Original “ChEAS”-heads

Chequamegon Ecosystem-Atmosphere Study
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Berger et al., 2001; Davis et al., 2003; Desai, 2014
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We can make nightly flux site forecasts!

Katie Zarada, PEcAn project



But struggle modeling over longer 
time and space scales…
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Forest management is 
part of it
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Wetlands are another part of it

Turner et al., in review
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Lakes too!

Tower: P. Stoy, B. Butterworth, J. Thom, N. Lottig, P. Schramm

US-PFa
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US-PnP

US-Men

Reed et al., 2018; A. Baldocchi et al., in prep



Agriculture needs 
food for thought

US-CS3 (irrigated potato)

US-CS2 (pine plantation)

US-CS1 (irrigated potato)

US-DFC (integrated dairy)
US-DFK (Kernza perennial wheat)

Wiesner  et al., in prep; Talib et al., in prep

Pine->

Potato----->

WI Irrigation Scheduler ET estimate->

Stay tuned for
Ammara’s talk
for more



Desai et al., 2007, 2008; Xu et al., 2017, 2018; Sühring et al., 2019



19 towers allowed us to have 
replicates across all major vegetation 
types in one 10x10 km area!

https://www.eol.ucar.edu/field_projects/cheesehead

+ -41 NPP/veg plots
-Monthly hyperspectral  flights
-Drone canopy LiDAR
-Daily radiosondes
-Car and boat micromet
-Water vapor, wind, 
temperature profiles by LiDAR, 
RaDaR and SODAR
-and much more
(see Brian’s poster!)

(wetland)

https://www.eol.ucar.edu/field_projects/cheesehead


Low-altitude  (100m) airborne fluxes and PBL 
by U Wyoming King Air connects the dots

Sensible Heat flux

Latent Heat flux

July 9, 2019
15 Z (10 CDT)

Map: J. Mineau
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Figure: D. Durden + A. Desai Photo: B. Butterworth
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LES models and advanced scaling 
methods (ERF) tell us how to 
maximize information from towers 
and aircraft for scaling and modeling

S. Metzger, S. Paleri, K. XuMetzger et al., 2013; Xu et al., 2017, 2018;



A small note on data processing
• Automation is key
• Cellular 4G raw data transfer every 

hour
• Grafana for real-time quicklook

dashboard
• Loggernet server for remote access
• Bi-weekly site visits by local partners
• Nightly processing to Ameriflux

format by custom scripts, Linux 
version of EddyPro (future:  Eddy4R, 
OneFlux)

• Nightly upload of raw data to LBL + 
status email to me + all data  and 
code real-time open, on web:
• http://flux.aos.wisc.edu/fluxdata

• Support from Ameriflux Data/Tech 
team and QA/QC!

• PEcAn for fusing models and data
• Cyverse for bringing code to models 

and data
• Hire great staff, pay them well, lots 

of $$ on fleet + supplies!

Metzger et al., 2017
Xu et  al., 2019
Andrews et al., 2014
Desai et al., 2008b



Journey recap

• We should disabuse ourselves of the notion that 
“homogeneity” is common across landscapes and 
in flux tower footprints
• Consider space and time variation jointly
• Scale with what makes a place “complex”
• Confront models with this complexity, expressed as 

uncertainty and bias



Thank you!
Ankur Desai
desai@aos.wisc.edu
https://flux.aos.wisc.edu
@profdesai
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Comm Board, WI Dept of Natural Resources, DFG, NASA, NCAR
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