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MODIS GPP (NASA)

GPP = Gross Primary Productivity = photosynthesis



Stephens et al., 2012, Nature Geosci
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Cernusak et al., 2019
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https://www.nytimes.com/2020/01/10/world/australia/australia-wildfires-photos.html

https://www.nytimes.com/2020/01/10/world/australia/australia-wildfires-photos.html
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The true journey of discovery is not in seeing 
new landscapes but in developing new eyes

-Marcel Proust





D. Baldocchi



History

• 1880-1920s Turublence theory (Reynolds, Prandtl, 
Richardson, Taylor)

• 1940s-1950s Surface-layer theory (Monin-Obhukov, 
Kolmogorov), development of fast sensors for anemometry

• 1960s early measurements (Inoue, Wyngaard, Kaimal)

• 1970s forest fluxes (Raupach, Lenschow, Denmead)

• 1970s CO2 fluxes (Desjardins, Leuning)

• 1980s Infrared gas analyzers (Verma, Anderson, Valentini)

• 1990s First long-term regional CO2 flux networks (Wofsy,      
Baldocchi, Goulden, Law, Aubinet, Torn)

• 2000s Global syntheses (FLUXNET, Falge, Papale, Reichstein, 
Moffat, Novick)

• 2010s Model-data integration, development of operational 
measurements (NEON, ICOS, you?)



Huge Ecology!
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ChEAS core site cluster









US-Syv (Sylvania)
Desai et al., 2005, Ag For Met
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Net Radiation

Ground heat flux + storage



Net Radiation

Ground heat flux + storage
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Net Radiation – Ground Heat Flux

Turbulent Fluxes + Storage

Rn-G = H + LE ?









Energy Imbalance is Common But Variable in Space and Time

Reed et al., 2018, Ag For Met



Net turbulent flux
H + LE

Water and heat storage

Biomass heat storage (1-2%)
Photosynthesis (2-3%)
Soil moisture phase change (<1%)



Energy imbalance worsens with increased 
regional spatial heterogeneity

Stoy et al., 2013, AFM

EBC=
H+Le
-------

Rnet-G

Greenness spatial variance



Landscape variance potentially drives 
stationary eddies

Mauder et al., 2008, BLM; Kröniger et al., 2018, BLM
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With 14 towers, we can recover highly heterogeneous 
fluxes in LES with ERF

Original RetrievedXu et al, 2020, BLM



So how does that lead to this?







Experiment ran from July to October 2019, to take advantage of 
the natural changes in vegetation that occur over the season











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

(wetland)

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

Z. Wang, D. Plummer, A. Rodi (UWyo)
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Comprehensive surface sampling

C. Andreson, M. Buban, T. Lee, E. Dumas



B. Butterworth



Desai et al., 2007, 2008; Xu et al., 2017, 2018; Sühring et al., 2019
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NW2

C. Andreson, M. Farina, T. Zheng
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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
Photo: B. Butterworth
Figure: D. Durden + A. Desai Photo: B. Butterworth
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Photo: A. DesaiTower: P. Stoy, B. Butterworth, J. Thom, N. Lottig, P. Schramm
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What about the carbon cycle?



Chris Gough and Peter Curtis





Forest management 
plays a role

Photo: J Thom
Figure: 
J McCarty
A Desai



Wetlands are another part of it

Turner et al., 2019
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What does it all mean?

• Energy balance closure is a symptom of eddy covariance 
assumptions and methods
• It is ubiquitous

• However, it should be seen not just as a problem that needs 
correction, but as an opportunity to understand ecosystem 
and atmospheric responses
• Wavelet based approached and scaling can account for mesoscale 

dispersive fluxes and estimate true energy balance
• Canopy complexity worsens energy balance, drives atmospheric 

circulations and also influences net carbon uptake, but perhaps 
counter to theory

• We are now using large eddy simulations and environmental 
response function scaling methods to develop rectified 
surface energy and carbon fluxes using CHEESEHEAD19 as a 
testbed (S. Paleri, M. Mauder, L. Wanner, S. Metzger)



Metzger et al., 2019, Bulletin AMS; Hinckley et al., 2016, Ecosphere; neonscience.org



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