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GPP = Gross Primary Productivity = photosynthesis

01/01/2000

A p R by Plants

>

o 1 2 3 45670
millions of grams per square kilometer per day




Outgoing

TOA imbalance 0.610.4
239.7+3.3 longwave
radiation

Clear-sky
emission

Reflected solar 100.042

Incoming
solar 340.210.
' |
Shortwave | | All-sky 266.4+33
cloud effect f | atmospheric
[ window
204
Longwave All-sky longwave
cloud effect absorption
-187.9412.5

Latent
heating

| Se"nsible

Atmospheric |
absorption 7510 —_ " h'eatmg
QY a7
oY |'
Clear-sky 27.2:4.6 ,' ]I" Clear-sky emission
. | 1

refection  g,face shortwave 1656 ‘\2‘3}_?1_ ._ 39845 | to surface

absorption __\. -l 345,629 /Al|-sky emission

== —urface Surface - y
~reflection emission 5 MATace
‘ i p——
P /
> P

o
3
.

.'./f v
| Surface imbalance 0.6117




Forests in Flux
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https://www.nytimes.com/2020/01/10/world/australia/australia-wildfires-photos.html
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he true journey of gliscoveryhis not in s_eeing
‘new landscapes but in developing new eyes
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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) ’l “?“
1970s CO, fluxes (Desjardins, Leuning) LE'§’ '

1980s Infrared gas analyzers (Verma, Anderson, Valentini) —”“

1990s First long-term regional CO, flux networks (Wofsy, . .
Baldocchi, Goulden, Law, Aubinet, Torn) “@-

2000s Global syntheses (FLUXNET, Falge, Papale, Reichstein, 'g\;:'
Moffat, Novick)

2010s Model-data integration, development of operational &
measurements (NEON, ICOS, you?)
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September 2008 EDDY FLUX MEASUREMENTS

Ecological Applications, 18(6), 2008, pp. 1351-1367
© 2008 by the Ecological Society of America

THE ENERGY BALANCE CLOSURE PROBLEM: AN OVERVIEW

TuomAas FokEen!




US-Syv (Sylvania)
Desai et al., 2005, Ag For Met
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Energy Imbalance is Common But Variable in Space and Time
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Fig. 7. Variation over an average year in FLUXNET2015 site energy closure, based on regression slope. Site separated by northern hemisphere (black, n=132) and southern hemisphere
(grey, n=27). Bold lines shows monthly average regression energy closure at northern (bold black) and southern (bold grey) hemisphere sites,

Reed et al., 2018, Ag For Met
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Energy imbalance worsens with increased
regional spatial heterogeneit
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Greenness spatial variance




Landscape variance potentially drives
stationary eddies
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Fig. 1 Schematic showing how quasi-stationary eddies cause an underestimation of the total sensible heat
flux H when using the temporal EC method to calculate H;. The single-point sonic measurement in the centre
is not able to resolve quasi-stationary eddies

Mauder et al., 2008, BLM; Kroniger et al., 2018, BLM




With 14 towers, we can recover highly heterogeneous
fluxes in LES with ERF

(a) Surface sensible heat flux in LES ERF-projected H with 14 virtual towers [W m ]
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So how does that lead to this?
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Experiment ran from July to October 2019, to take advantage of

the natural changes in vegetation that occur over the season
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| CHEESEHEAD 2019
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https://www.eol.ucar.edu/field_projects/cheesehead
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Three intensives with airborne

sampling of surface fluxes
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C. Andreson, M. Buban, T. Lee, E. Dumas
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Energy Budgets on August 22, 2019
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CHEESEHEAD 2019
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What about the carbon cycle?
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High rates of primary production in structurally Complex forests
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Wetlands are another part of it
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What does it all mean?

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

* Itis 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

e 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)
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