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Don’t we have enough flux towers
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ACT I: The Eddy Flux Story
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Thermistor, hygrometer,
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Full net surface-atmosphere exchange in a box

Eddy Covariance

w'T'(xg, Yo, h)

T (x0, Yo, (21 -+ Zn))
ot i

= S

modified after Finnigan (2004)

storage change hac [ +L +LOC ]
& g Jy ;92 [ — [ [, 5 dx dy|dz
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Time Line of Carbon, Water & Energy Flux Data

A Eddy Covariance Systems for X

C | ® www.licor.com
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By using our website, you agree to our use of web cookies. Privacy policy.

Results Analyzers Performance Customize Why LI-COR Resources & Training | Get a Quote |

A flux station for
every need

LI-COR eddy covariance systems are scalable— from
basic systems that measure carbon dioxide
exchange, evapotranspiration, and energy flux, to
advanced systems that measure methane flux and
additional biological and meteorological parameters.
Each flux station automatically calculates flux results
using EddyPro® Software on the SmartFlux® System.
With optional FluxSuite™ Software, your results can
be online—all the time.










Forests in Flux
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Earth system models see green slime

Desai et al., 2015, AFM




ACT |l: Enter Fluxnet
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(Data accessed in May, 2015)

(a) Registered Tower Sites it A

Total Registered Sites: 740 Eurmpe

Total Site-Year: 5663 Asia ‘

Active Sites in 2015: 316 South_America
Oceania

Africa

(b) Tower Sites in La Thuile Dataset

Total Sites: 252
Total Site-Year: 960

(c) Tower Sites in New Synthesis Dataset

Total Sites: 403
Total Site-Year: 2287
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 116, G00J07, doi:10.1029/2010JG001566, 2011

Global patterns of land-atmosphere fluxes of carbon dioxide,
latent heat, and sensible heat derived from eddy covariance,

GPP [gC/m2/yr] LE [MJ/m2/yr]
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Figure 3. Mean annual (1982-2008) (a) GPP, (b) LE, (c¢) TER, and (d) H derived from global empirical
upscaling of FLUXNET data.
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Figure 4. Network representativeness for all of the FLUXNET201S5 sites (164 sites).
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Complex Regions: 1+1#2

¢) MODIS-UMD and IGBP.

a) IKONOS.

b) WISCLAND.
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Too many towers!

Summer 2003 Observed Fluxes
NEP (=-NEE)
Stand age matters
Ecosystem type
matters
Upscaling
performed with

these data in Desai
et al, 2008

-100Hardwood | Red Pine |Jack Pine | Wetland Pine Barren
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What’s happening under the snow?
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Environ. Res. Lett. 11 (2016) 024013 doi:10.1088,/1748-9326/11/2/024013

Environmental Research Letters

LETTER

Montane ecosystem productivity responds more to global circulation
patterns than climatic trends

A R Desai"?, G Wohlfahrt™, M ] Zeeman®, G Katata>’, W Eugster®, L Montagnani”®, D Gianelle™'’,
M Mauder’ and H-P Schmid”
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JOURNAL OF APPLIED METEOROLOGY AND CLIMATOLOGY VOLUME 53

The Fohn

Automatic and Probabilistic Foehn Diagnosis with a Statistical Mixture Model

e E it f ; f ; n O W | DAVID PLAVCAN AND GEORG J. MAYR
[ ] Institute of Meteorology and Geophysics, University of Innsbruck, Innsbruck, Austria

ACHIM ZEILEIS

Department of Statistics, Faculty of Economics and Statistics, University of Innsbruck, Innsbruck, Austria
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MODIS Spring onset . Central Alps
slope (2001-2009)

‘ Northern Alps

Fohn drives produt|V|ty
feedback to S|

| MODIS Uptake period Central Alps | gl T _:;; | ”- "
r; slope (2001-2009) . P hy -"|.1l- \-'@S g i qﬂu ;:i"
> g i+ - 4

@ Northern Alps @ southern Alps [
P - L W Ty T X py

1
& :
= o
O [
=2 -
o
o g
(&>] :
— [
< -
— C
s
<
—

-0.05 0.00 0.05
FOhn frequency relative anomaly

Days per % Fohn change




Agricultural and Forest Meteorology xxx (XXXxX) XXX—XXX

Contents lists available at ScienceDirect

Agricultural and Forest Meteorology

journal homepage: www.elsevier.com/locate/agrformet

Surface-atmosphere exchange in a box: Space-time resolved storage and net

vertical ﬂuxes from tower- based eddy covariance
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Agricultural and Forest Meteorology 232 (2017) 10-22
Contents lists available at ScienceDirect

Agricultural and Forest Meteorology

journal homepage: www.elsevier.com/locate/agrformet

Upscaling tower-observed turbulent exchange at fine spatio-temporal
resolution using environmental response functions

Ke Xu?-*, Stefan Metzger ¢, Ankur R. Desai?

S T I Y T |

|:| Developed \:’ Open Water - Evergreen Forest I:] Woody Wetlands
Crop, Grassland, Shrub I:] Deciduous Forest D Mixed Forest




Tower measurements:
Flux response, H and LE;
Meteo drivers, e.g. T, q

C

LC Remote sensing grids, > UcC

e.g. LST, soil moisture map
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Flux towers see the trees for the forest...

Adopted from a version by HaPE Schmid (KIT)




Some questions to ponder:

* 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?
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The Environmental Response Function method (Metzger et al 2013, Xu et al., 2017)
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Distance from tower [km]

Distance from tower [km]
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| = Tower measured
ERF projected
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Does rectified surface atmosphere exchange help ?

Tower: -0.3 W/m? Volume: 2.4 W/m? Tower: 19.4 W/m? Volume: 24.1 W/m
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Tower: 18.5 W/m? Volume: 25.8 W/m?

Solves that day-night bias in
footprint, but...
volume-rectified energy flux
is+ 7.3 W/m?

Why?
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Heterogeneous sites have worse
energy balance closure (EBC)

1.05
® Crop
¢ Shrub
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1
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Stoy et al., 2013, AFM




Landscape variance potentially drives stationary eddies

(‘u‘ >('));md('l‘ ;>|'/']]

b
u=0 u>0 u<0
.

W Y NN

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




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

Temperature on 9/24

— e
| bosay b ! | L coonsti—
6 8 10 12 14 16 18 20 22
Time (UT)
Potential Temperature on 9/24

T ————

6 8 10 12 14 16 18 20
Time (UT)
Water Vapor Mixing Ratio on 9/24

il “‘l

8 10 12
Time (UT)

N
o

—
o

Potential Temperature (K) Temperature (C)

Water Vapor Mixing Ratio (g/kg)




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

1000
Seconds

1000
Seconds

Seconds




HW m?

HW m?

In both cases, a single random tower could vary by ~“60% of mean domain
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Boundary-Layer Meteorol (2008) 128:151-172
DOI 10.1007/s10546-008-9279-9
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on Spatial Averaging of Continuous Ground-Based
Observations
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R. van Haarlem

Boundary-Layer Meteorol
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RESEARCH ARTICLE
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Exploring Eddy-Covariance Measurements
Using a Spatial Approach: The Eddy Matrix

Christian Engelmann!-2 . Christian Bernhofer!
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Spatial representativeness of single tower measurements
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Spatial covariance approaches do improve the flux
relative to domain mean, but in different ways

ENGELMANN

® e ,
® 9o 00000 00®

e 3 o 2 3 ro/‘ * e s

- = 5
e o ® 0 o®®® 8

2 SSap-ae 20 STEINFELD

.7‘ -
.,

T T j

Median bias (N=250)

o ©® o ©®
o ® @ ® ST AVERAGING
N S .. TOWERS |

MAUDER=
one flux tower

_\.».\.

Energy balance may
be addressed with
density of
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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 Ill: A New Era, with Glow
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boots on the ground: flux tower sites
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Geosci. Model Dev., 10, 1-18, 2017
https://doi.org/10.5194/gmd-10-1-2017

© Author(s) 2017. This work is distributed under
the Creative Commons Attribution 3.0 License.

Sensor data
collected

Field sampling
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Globally, lakes are warming faster
than the atmosphere

JAS Lake trends 1985-2009
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JAS trend (p < 0.05)
JAS trend (p > 0.05)
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JFM trend (p > 0.05)

Schneider and Hook, 2010 GRL
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