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Overarching question

- How do we gain understanding about forest
ecosystem functioning?

* Interaction of data and models?
 What data are available?

« How do models relate to them?
* Where are we going?
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Outline

- Data and modelling paradigms in forest science

* Where are we now?

» Current and recent trends in models and data

* Conclusions
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Forestry data

* Why collected?
* Predict growth potential

* Recommendations for management
* Monitor growing stocks

* What time scale?
 Lifetime =2 50 — 200 yrs
+ Standard time step <5 yrs

 Data sources?

* Permanent sample plots > 20 yrs
* National forest inventories > 50 yrs
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Forestry data:
Empirical model paradigm

Long Long

Inputs

Model validation -
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Eco-physiological forest data

* Why collected?
* Derive growth from physiology
* Understand responses to environment
* Understand tree as a system

* What time scale?
* Weeks to yrs
- Standard time step < 1 day

» Data sources?
» Ecological research sites
* Climate impact research
+ Experimental and monitoring
» Harvard forest, SWECON, SMEAR,...
» Often in connection with eddy tower
« >3yrs
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Eco-physiological forest data:
Process model paradigm
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Process model paradigm
- model projections

Short
Long Long

Data on
mechanisms

Parameters

- Jutputs
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Process model paradigm
- model testing and theory development

]

_ _ Short
Soil properties maps Long Long
e.g. FAO Data on / NFI

mechanisms
Gridded climate data __—> -
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Vegetation maps

e.g. JPI, RS
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Where are we now?
Challenge of changing climate persists
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How to make our predictions more
plausible?

« Environmental change
=> acclimation

Short
Short

Data on
mechanisms

=> shift in balance between parallel
processes

=> gradual shift in process model
parameter values

Parameters

Outputs

« Eco-evolutionary models to
account for the parameter shift "‘

* Longer term and larger scale
response data

» Better data-model assimilation
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Eco-evolutionary models

Optimal co-allocation of N and C
at different sites under
climate change

Process-based models with evolutionary optimisation

Optimise processes with trade-offs in new
environments
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Longer term and larger scale response data

Ecosystem experiments

Ecosystem monitoring
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Longer term and larger scale response data:
Ecosystem experiments

Whole tree chambers & optimal FACE experiment, Duke, USA

nutrition Flakaliden, Sweden
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Longer term and larger scale response data:
Ecosystem experiments

Findings from FACE experiments Increase in NPP due to

corrobora!te gradual acclimation elevated CO,, %
hypothesis a5
* Increased photosynthetic 20 =
capacity
- Increased water use efficiency % 8 8.
- More growth directed 20 /B g
belowground s :,.-". M
 Shorter lifetime of foliage and fine .- = x‘%.
roots 10 Hy
* If nutrients are sufficient, growth 5
may increase 0 0
- Growing stock may not increase 19085 2000 y 2005 2010
ear

Norby et al. 2011, Ann. Rev. Ecol. Evol. Syst. Redrawn from
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Longer term and larger scale response data:
Ecosystem monitoring networks
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* ICP Forest J -

- Effects of transboundary air
pollution on forests

* Since 1985
* Forest health indicators incl. Soil
* Europe
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Longer term and larger scale response data:
Ecosystem monitoring networks

* Remote sensing

* Increasing nr of satellites for different
purposes

« Land cover type

+ NDVI, greening

* NPP products (MODIS)

* Forest fires and disturbance

Satellite
Ground Track

Equator
Earth's Rotation

Satellite Direction

* Eddy flux network (ICOS) [Tl
« Carbon and water exchange !
* Eco-physiology at ecosystem scale
+ Since 1995 >
« Often host ecophysiological research

+ Shared protocols for combined
research
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Longer term and larger scale response data:
Ecosystem monitoring networks

* Detecting trends
* Primary purpose of monitoring

« =>inform policy decisions y=60-0.18x R =0035

P <0.005

« Example

» Spring phenology change based
on datasets > 10 yrs

(days decade™!)

« 3 days per decade in the northern
hemisphere

Change in spring phenology

* Parmesan et al. 2007 30 35 40 45 50 55 60 65 70 75

Latitude (north)

* But mechanisms remain obscure
« => prediction difficult

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI www.helsinki.fi/yliopisto



Longer term and larger scale response data:
Ecosystem monitoring networks

- Testing hypotheses

* Long term data on relevant
processes and driving variables
may allow testing of crucial
hypotheses

« Example

- Carbon and water exchange from
EC flux sites > 20 yrs

« Water use efficiency increased as
a response to CO, concentration

« Quantification of acclimation
hypothesis!
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Change in W, (g C per kg H,0 hPa)

Long-term change in forest
water-use efficiency.
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Mean slope = 0.96 (+0.17) g C per kg H,O hPa yr’

1995 2000 2005 2010
Year

TF Keenan et al. Nature 2013
doi:10.1038/nature12291
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Longer term and larger scale response data:
Ecosystem monitoring networks

- Testing hypotheses .t } i
« Combined with ecophysiological E 9 -O'.'\ --.-"-».;-‘4-.\ - f\/\. B
research data may become more . v ¥ 4 Y &
informative
« Example

(mm)

- Carbon and water exchange from
SMEAR 2 EC flux site > 15 yrs

« Combined with tree growth data
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+ Testing a model with hypotheses

Annual ring width Height increment  Needle lengl

on carbon sink-source interactions "od ML aC
* Year-to-year variations E - | g '
= ' - @ Predicted
Q < Constant L
T~ ¢ Measured
HEL SINGFORS UNIVER Schiestl-Aalto et al. 2015 NP
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Longer term and larger scale response data:
Ecosystem monitoring networks

* Model parametrisation GPP
- Long-term high quality data from & Re slope
. M-S0.85 0.96
one site may be more poweful for S-S 0.96 1.01 ®
parameterising dynamic & 0
processes than shorter data from -
variable sites E‘E 2%
5
E
« Example ? *
_ g A B
* 10 boreal flux sites multisite  ©  CAge 12yr
. — site-specific v CAge 75yr
’ Dally GPP :. gggtaiifylé :- EIZ&Q;(I)‘?M
I
- Long-term data from Hyytiala | R e e Notasen
provided better predictions for : o0 1000 s
other sites than prior data from the observed
site itself

Minunno et al. 2015 EcolMod
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Data — model assimilation

ICP, RS

Met NFI
€ Short/ Long
Shart / Long Long
Vegetation Data on
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Conclusions

- Understanding and quantifying climate change impacts on forests has
turned out to be more difficult than expected 20 — 30 years ago

+ Acclimations and other slow processes shift the balance between
functions => eco-evolutionary modelling?

« Longer-term high quality data informing mechanistic forest ecosystem
models is in high demand

* The best results could be obtained by continuing to host a broad scale
of eco-physiological research at ICOS sites

- Better use can be made of all existing forest ecosystem data by
improved methods of data-model assimilation
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Thank you for your attention!




