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ACT	I:	The	Eddy	Flux	Story



Stephens	et	al.,	2012,	Nature	Geosci
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Full net surface-atmosphere exchange in a box
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3	Assumptions!

Assumption	1:

Assumption	2:

Assumption	3:

Eddy	Covariance

Coutesy S.	Metzger,	NEON



Time	Line	of	Carbon,	Water	&	Energy	Flux	Data

Courtesy	of	D.	Baldocchi







Bonan 2008



Martha	Anderson,	Hydrology	and	Earth	System	Sciences,	2011



Earth	system	models	see	green	slime

Desai	et	al.,	2015,	AFM



ACT	II:	Enter	Fluxnet



Ameriflux:	The	Coalition	of	the	Willing
Novick et	al	(in	prep)



D.	Baldocchi





spring summer

autumn winter

Xiao	et	al.,	2008









Heinsch et	al.,	2006



Complex	Regions:	1+1≠2





Too	many	towers!
• NEP	(=-NEE)	
• Stand	age	matters
• Ecosystem	type	

matters
• Upscaling	

performed	with	
these	data	in	Desai	
et	al,	2008



What’s	happening	under	the	snow?



Lots	of	snow	moisture	dependent	ecosystem	productivity!



The	Föhn
eats	snow!





Föhn drives	produtivity in	the	Alps,	by	snowmelt	
feedback	to	spring	phenology

GPP	=	Gross	Primary	Productivity

Eddy	covariance	flux	towers



Park Falls/Chequamegon National Forest region, WI
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Tall Ameriflux Park Falls
WLEF tower; Measurement 
in 2011 Aug at 30, 122 m.

Credit:	Matt	Rydzik (U	Wisconsin)
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Adopted	from	a	version	by	HaPE Schmid (KIT)

Flux	towers	see	the	trees	for	the	forest…



• How	homogenous	is	homogenous	enough?
– How	well	does	a	single	eddy	flux	tower	represent	a	
typical	earth	system	model	domain	(10x10	km)	mean	
surface	energy	fluxes	and	how	does	mean	flux	and	
energy	balance	closure	vary	with	surface	flux	
heterogeneity?

• How	many	flux	towers	are	towers	enough?
– If	you	had	multiple	towers,	how	many	would	you	need	
before	sufficiently	sampling	domain	mean	flux?	Are	
there	smarter	ways	to	compute	the	mean	flux	when	
you	have	multiple	towers?

Some	questions	to	ponder:





The	Environmental	Response	Function	method	(Metzger	et	al	2013,	Xu	et	al.,	2017)
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ρCpdT / dt

[W /m3]

Xu	et	al.,	in	press



Does rectified surface atmosphere exchange help ?

volume-rectified

tower-observed
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Volume:	2.4	W/m2 Volume:	24.1	W/m2Tower:	-0.3	W/m2 Tower:	19.4	W/m2
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Volume:	25.8	W/m2Tower:	18.5	W/m2
Solves	that	day-night	bias	in	
footprint,	but…
volume-rectified	energy	flux	
is	+ 7.3 W/m2

Why?





Heterogeneous	sites	have	worse	
energy	balance	closure	(EBC)

Stoy et	al.,	2013,	AFM

EBC=
H+Le
-------
Rnet-G

Greenness	spatial	variance



Landscape	variance	potentially	drives	stationary	eddies

Mauder et	al.,	2008,	BLM



AERI	(Atmospheric	Emitted	Radiance	Interferometer)
at	the	US-PFa WLEF	tall	tower	in	Sept	2016



Let’s	test	it:	sample	Large	Eddy	Simulation	(LES)	like	a	flux	tower	
in	both	homogenous	and	heterogeneous	domains,	and	

see	if	accounting	for	mesoscale	“flux”	helps



In	both	cases,	a	single	random	tower	could	vary	by	~60%	of	mean	domain	
flux,	and	heterogeneous	simulation	more	consistently	low	biased

Interestingly,	
convergence	on	
domain	mean	flux	
(<10%	error)	with	
multiple	towers	in	LES	
happens	around	~10	
towers,	about	sample	
as	number	of	towers	
needed	to	sample	
land	cover	variance	in	
actual	domain

SENSIBLE	HEAT	(H) LATENT	HEAT	(LE)





Spatial	covariance	approaches	do	improve	the	flux	
relative	to	domain	mean,	but	in	different	ways

Median	bias	(N=250)

MAUDER=	
Only	one	flux	tower

ENGELMANN
STEINFELD

JUST	AVERAGING
TOWERS

Energy	balance	may	
be	addressed	with	
density	of	
~10-20	towers	per	
100	square	
kilometers

So	globally,	we	
only	need	70	
million	
towers?



Don’t	we	have	enough	flux	towers	already?

• NO
• There	are	critical	regions	that	are	
undersampled

• Satellites	and	models	miss	a	lot	of	details
• But	we	can	probably	use	the	towers	we	have	
better,	and	resolve	critical	biases	that	limit	flux	
tower	usability	such	as	energy	balance	closure

• A	variety	of	research	efforts	are	underway	to	
do	just	that



ACT	III:	A	New	Era,	with	Neon Glow
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eddy-covariance	data	products:	sites	and	schedule

• initially:	2	sites

• +6	months:	25	sites

• +12	months:	all	47	sites

• provisional	data	until	first	versioning	(mid-2019)





Globally,	lakes	are	warming	faster
than	the	atmosphere

Schneider	and	Hook,	2010	GRL GLEON



Golub	et	al.,	in	prep



Chequamegon Heterogeneous	Ecosystem	
Energy-balance	Study	Enabled	by	a	High-density	
Extensive	Array	of	Detectors (CHEESEHEAD)	

NSF:	U	Wisc Madison-U	Wisc Milwaukee-NASA	GSFC-NCAR-U	Wyoming-KIT	IFU-Montana	State

Lead	PI:	Desai





Ankur	Desai,	desai@aos.wisc.edu,	608-520-0305,	http://flux.aos.wisc.edu
THANKS!!!


