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Abstract

The surface is the interface through which the bedrock interacts with the boundary-layer. Here, living organisms of various

shapes, sizes, and function intermingle with the mineral soil, organic residue, and canopy air space that reside there. Together,

they breath, absorb momentum, exchange water and gases, and bask in the heat from the sun and clouds above and thermal

reservoirs below. While many of these functions are well understood, we knew less about how those functions operate and

behave at different spatial and time scales. More intriguing, surface variance with scale influences scales of motion in the

atmosphere. Here, I present a generalized look at how land and atmosphere scales interact, focusing on the lens of the surface

energy budget. These processes are investigated through intensive measurements and high-resolution models conducted at the

CHEESEHEAD19 field experiment in Wisconsin. A combination of airborne and tower eddy covariance networks, drone and

airborne canopy imaging, and turbulence resolving simulations reveal persistent mesoscale contributions in the atmosphere

enabled by surface heterogeneity.
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What is scale?

https://www.amazon.com/Thin
ner-Extra-Large-Analog-
Precision-
Bathroom/dp/B000OCK9KU

https://www.adeedo.com/how-to-prevent-
scale-buildup-in-household-pipes/

https://www.financedigest.com/
how-to-climb-the-data-maturity-
scale.html





2019





When does scale matter?



A good place as any to test

Butterworth et al., 2021, Bulletin of the American Meteorological Society

Chequamegon Heterogenous Ecosystem Energy-balance Study Enabled by a High Density 
Extensive Array of Detectors 2019 (CHEESEHEAD19) (NSF 1822420)





Scales of land surface temperature

C. Andresen UW-Madison





• Drone reveals 
fine structure 
of LST over 
one tower 
footprint
• A linear model 

captures 
basically all the 
main features 
with scale

Drone LST (1 m) Drone LST (10 m)

ECOSTRESS+GOES LST (50 m) +Hyspex LST (10 m)



But we can still reveal features of spatial variance 
relevant for land-atmosphere interactions



s Scales of carbon fluxes



Source

Sink ???

Can we explain regional annual carbon uptake?

Through random sampling of landscape C uptake?



J. Mineau / B. Butterworth
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Ag For Met, 2008



Wetlands: Scale matters

Turner et al., 2019, Frontiers in Envi Sci

Sheltered
sedge
fen

Open 
shrub
fen

Jun-Aug
2015-2017

Photo: J. Thom



Hyperspectral imaging of leaf traits also 
reveals spatial scale dependency

Phil Townsend and Ting Zheng, UW-Madison

Leaf
Nitrogen



Scales of land-atmosphere energy budget



Chris Gough and Peter Curtis



Energy imbalance worsens with 
increased regional spatial heterogeneity

Stoy et al., 2013, AFM

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

Rnet-G

Greenness spatial variance



C. Andresen, M. Farina, T. Zheng

Is it related to canopy structure?



Canopy complexity varies with scale of 
sampling, but relative differences stay the same

B. Murphy et al., in prep
Spatial Scale (m)



B. Butterworth



The missing energy is in the 
“mesoscale” according to flux aircraft

S. Paleri, in prep

July Aug Sept



Vertical wind

L. Wanner, H. Vogelmann,
E. Eloranta, T. Wagner, E. Olson, B. Butterworth

Aerosol backscatter

Energy balance



Process and pattern scale 
matters sometimes

• Sometimes it is just linear (land surface 
temperature) – can randomly sample and average
• Sometimes it is conditioned on a variable (stand 

age on carbon fluxes) – conditionally sample
• Sometimes it is highly non-linear (mesoscale eddies 

from canopy variation) – requires new ways to 
sample or conceptualize system



AGU cross-journal special 
collection https://bit.ly/2TIYtEh

Deadline
Extended 
to end of 
May 2022!

Open in JGR-Atmos, JGR-Biogeo, Earth/Space 
Sci, and J Advances Modeling in Earth Sys

https://bit.ly/2TIYtEh


More at AGU:
• B11C-04 - Diagnosing the Effects of Surface Heterogeneity Induced 

Secondary Circulations from Large Eddy Simulations of Diurnal 
Cycles During the CHEESEHEAD19 Field Campaign (Paleri et al) 
MON 8:30 am

• B14D-08 - Exploring Natural Climate Solutions: Could flux towers 
be useful at industrial scales?  (Metzger) MON 3:15 pm

• B15G-1515 - Modeling the Energy Balance Gap Based on 
Atmospheric Stability and Surface Heterogeneity (Wanner) MON 
posters

• H22B-01 - Partitioning evaporation and transpiration from 17 eddy 
covariance towers in a diverse forest landscape (Stoy) TUE 9:45 am

• B25I-1603 - Unravelling Forest Complexity: Resource Use Efficiency, 
Disturbance, and the Elusive Structure-Function Relationship 
(Murphy) TUE posters

• GC41D-10 - Merging eddy covariance and remote sensing models to 
facilitate high resolution spatiotemporal monitoring of agricultural 
greenhouse gas budgets (Wiesner) THU 8:45 am

• B55D-1234 - The Influence of Interannual Carbon Variability on 
Long-Term Carbon Sequestration in Proximate Northern Forests 
and Wetlands (Abyazani) FRI posters



Thank you!
Ankur Desai
desai@aos.wisc.edu
https://flux.aos.wisc.edu
@profdesai
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• Contributions from:
• Stefan Metzger, Bailey Murphy, Sreenath Paleri, Luise

Wanner, Jonathan Thom, Jess Turner, Ting Zheng, 
CHEESEHEAD19 participants, ChEAS Ameriflux and 
LTER participants

• Support:
• DOE Ameriflux Network Management Project contract 

to ChEAS core site cluster, NSF AGS 1822420 
(CHEESEHEAD), NSF DEB 1440297 (NTL LTER), 
NOAA ESRL + ATDD, USFS, USGS, WI Educational 
Comm Board, WI Dept of Natural Resources, DFG, 
NASA, NCAR


