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i=1
3 five orders of magnitude, from one hour to >10 yr

4 quantify, interpret, and model
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Variability across time scales - climacogram: log,,(t) vs. log,,(0)
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European Fluxes Database:  http://www.europe-fluxdata.eu/

Carbo-Extreme: http://www.carbo-extreme.eu/
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Dee, D. P. et al. The ERA-Interim reanalysis: Configuration and performance of the data assimilation system. Q. J. R. Meteorol.
Soc. 137, 553-597 (2011).
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Temporal variability: convergence in drivers...
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Temporal variability: convergence in drivers... divergence in response
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Patterns of variability in NEE 7
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Patterns of variability in NEE: beyond the annual time scale
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Patterns of variability in NEE: beyond the annual time scale
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Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (a) ecosystem functioning

DE-Tha ecosystem functioning

0o
10 C Data source
C . Eddy covariance:NEE
o L
c
§e) -
p—
O
o
©10" +—
o C
m -
o) -
c
m -
el
) L
S | - | -
B o > >
& > o o
— — i LN
-2 ——
10 -IIIII 1 | IlIIIII [ ] (1 IIIIIIl 1 | | IIIIIII
L || |
10° 10* 10° 10°

Time scale [h]

New Insights on the Variability of Ecosystem Functioning Across Time Scales B31E-06: Pappas et al.



Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (a) ecosystem functioning
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Combining different datasets: (b) environmental drivers | P, T, R, VPD
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Combining different datasets: (b) environmental drivers | P, T, R, VPD
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Combining different datasets: (b) environmental drivers | P, T, R, VPD
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Resources envelope of variability
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Resources envelope of variability
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Resources envelope of variability

EC: NEE [1h ~ Tmon]; GIMMS: LAl [Tmon~1yr]; TRWs [1yr~10* yr]
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The variability of ecosystem functioning is confined within the range of variability of the

available resources (water and energy) from hourly to >decadal time scales.
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Modeling the variability of ecosystem functioning across time scales

sub-daily daily — seasonal seasonal — inter-annual

DE-Tha ecosystem functioning
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Modeling the variability of ecosystem functioning across time scales

sub-daily daily — seasonal seasonal — inter-annual

DE-Tha ecosystem functioning
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Modeling: (a) deterministic harmonics
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Milankovitch Cycles with Hurst-Kolmogorov Dynamics. Surv. Geophys. (2012). doi:10.1007/s10712-012-9208-9
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Modeling: (a) deterministic harmonics
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Modeling: (a) deterministic harmonics
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Modeling: (b) simple stochastic processes 17

0
10 .'*. HK (p=0.9)
‘b
Q‘.
"-.. . HK: o =k" g =k o
10" e, Kle=og)
Rl -
. L
5 pEIN ) (1—pk)
= ‘e (1—,0 )—2,0
© ~ (k) O
~ : K
= . AR ()0 =155 T
T 10 el W) P
O .' 'b*-:-o
E Yo -9)
o
§ WN: " :k%
0107
k :time scale
Py H : Hurst coefficient
10 p :lag-1 autocorrelation coefficient

10° 10’ 102 10° 10* 10° 10°
Time scale [h]

Koutsoyiannis, D. HESS Opinions ‘A random walk on water’. Hydrol. Earth Syst. Sci. 14, 585-601 (2010).

Dimitriadis, P. & Koutsoyiannis, D. Climacogram versus autocovariance and power spectrum in stochastic modelling for
Markovian and Hurst—Kolmogorov processes. Stoch. Environ. Res. Risk Assess. (2015). doi:10.1007/s00477-015-1023-7

-
New Insights on the Variability of Ecosystem Functioning Across Time Scales B31E-06: Pappas et al.



Modeling the variability of ecosystem functioning across time scales

sub-daily daily — seasonal seasonal — inter-annual

DE-Tha ecosystem functioning
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Modeling the variability of ecosystem functioning across time scales

sub-daily daily — seasonal seasonal — inter-annual

DE-Tha ecosystem functioning
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Conclusions

\‘§L The variability of ecosystem functioning across time scales is confined
—  within the range of variability of the environmental drivers.
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=Ty, An overview of the variability of ecosystem functioning across time
scales spanning five orders of magnitude is presented combining

P W= multivariate datasets.
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\‘§L The variability of ecosystem functioning across time scales is confined
—  within the range of variability of the environmental drivers.

=T, An overview of the variability of ecosystem functioning across time
scales spanning five orders of magnitude is presented combining

P W= multivariate datasets.

The variability of ecosystem functioning across time scales can be
adequately represented with surprisingly simple models.
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Conclusions

\gk The variability of ecosystem functioning across time scales is confined
—  within the range of variability of the environmental drivers.

=00, An overview of the variability of ecosystem functioning across time
scales spanning five orders of magnitude is presented combining
multivariate datasets.

‘r

'.i
The variability of ecosystem functioning across time scales can be
adequately represented with surprisingly simple models.

Implications:

- Long-term terrestrial carbon source-sink dynamics and the related CO, variability

- Benchmarking of process-based terrestrial ecosystem models

-
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