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GLOBAL IMPACTS OF HYDROLOGICAL AND CLIMATIC EXTREMES ON VEGETATION

m OBJECTIVES TEAM CODE & DATA HIGHLIGHTS VACANCIES

Climate models predict an aggravation of droughts, extreme precipitation events and heatwaves as
we progress into the future.

However, the recent Intergovernmental Panel of Climate Change (IPCC) ARS-report remains inconclusive
on this matter, revealing large discrepancies in the model projections of these extremes. These
uncertainties obstruct the adequate long-term management and societal adaptation. /

Objectives

@ To provide new evidence of how hydro-climatic extremes
have changed over the satellite era

@ To provide new insights into past changes in vegetation and
their sensitivity to climatic extremes

@ To show the extent to which ESMs reproduce these
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Land and near-surface air temperature (7 datasets)
Incoming short/long radiation (2 datasets)
Precipitation (8 datasets)

Snow water equivalent (1 dataset)

Surface and root-zone soil moisture (3 datasets)

90N-90S

input

® Construction of 'higher-level features".
- De-trended seasonal anomalies
Lagged variables

e Past cumulative variables
3,884 climatic variables Extreme indices, etc.

(monthly, 1°x1°)

D SR

De-trended seasonal anomalies of vegetation

target

‘observations”: NDVI, VOD, EVI, LA, SIF. ..
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input

’19\\ SAAT-—EX @ Mostly satellite-based:
qa%!/ — Land and near-surface air temperature (7 datasets)
i & ISOEﬂSOW Incoming short/long radiation (2 datasets)
B St Precipitation (8 datasets)

Snow water equivalent (1 dataset)
Surface and root-zone soil moisture (3 datasets)

90N-90S
<

@ Construction of 'higher-level features"
— De-trended seasonal anomalies
- Lagged variables

e - Past cumulative variables
3.884 climatic variables - Extreme indices, etc.

(monthly, 1°x1°)

Nonlinear Granger-causality framework
- Baseline prediction model based on past vegetation
- Full random forest model based on past vegetation O N G N
plus the whole input data-cube |
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target

De-trended seasonal anomalies of vegetation

‘observations”: NDVI, VOD, EVI, LA, SIF. ..
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Land and near- surface air temperature (7 datasets)
Incoming short/long radiation (2 datasets)
Precipitation (8 datasets)

Snow water equivalent (1 dataset)

90N-90S

Surface and root-zone soil moisture (3 datasets)

@ Construction of 'higher-level features".
- De-trended seasonal anomalies

Lagged variables

e Past cumulative variables
3.884 climatic variables Extreme indices, etc.

(monthly, 1°x1°)

Geosci. Model Dev., 10, 1945-1960, 2017

www.geosci-model-dev.net/10/1945/2017/ |
doi:10.5194/gmd-10-1945-2017

@© Author(s) 2017. CC Attribution 3.0 License ’ o ag

A non-linear Granger-causality framework to investigate A

climate-vegetation dynamics o do dod¥ o do &% &

Christina Papagiannopoulou’, Diego G. Miralles>>, Stijn Decubber', Matthias Demuzere?, Niko E. C. Verhoest?,
Wouter A. Dorigo®, and Willem Waegeman'
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target

De-trended seasonal anomalies of vegetation

EREadviiasm taam caais s inat mec v e sl ‘0bservations': NDVI, VOD, EVI, LA, SIF. .
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Potential to isolate the effect of ...
@ Pparticular climatic variables

@ Past time lags & cumulative periods
@ Hydro-climatic extremes

Main controls over vegetation
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Radiation "
Temperature -
Water

B None

ajmeladma;

Environmental Research Letters ~ 1@PSCIEnce

Vegetation anomalies caused by antecedent
precipitation in most of the world

Christina Papagiannopoulou?l, Diego G. Miralles?, Wouter Dorigo®,
Niko Verhoest?, Mathieu Depoorter®, Willem Waegeman®
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>60% of world's vegetated land primarily

limited by water
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4 Radiation

Radiation * -:
Temperature .~ 2 Temperature -
o _ Water

Water
IE None

None
NH deciduous and mixed forests temperature-limited But limited by antecedent precipitation during the
senescence period

during growing season

Their effects dissipate shortly, contrary to water

Radiation and temperature yield immediate anomalies
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BN Tropical

" Transitional water-driven
W Transitional energy-driven
Il Subtropical energy-driven

I Evergreen needl|. forests BN Mixed forests
Bl Evergreen broadl. forests e Barren

B Deciduous need!. forests = Open shrublands
0 Deciduous broadl. forests Woody savannas

Papagiannopoulou ef al. (201‘8)

0 Subtropical water-driven I Boreal water-driven

Bl Mid-latitude water-driven Il Boreal water/temperature-driven
B Mid-latitude temperature-driven Il Boreal energy-driven

i Boreal temperature-driven

. Kdppen-Gelger
W Savannas N Tropical I Temperate - dry winter B Cold - dry winter

B Grasslands (0 Arid - desert B Temperate - without dry season Il Cold - without dry season
B Crop./nat. veget. mosaics| Jl Arid - steppe B Cold - dry summer Polar

m Croplands (0 Temperate - dry summer
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Papagiannopoulou ef al. (2017)
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Observed biosphere drivers
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Claessen ef al. (2019)
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Spectral Causality Framework

(D Different continuous frequencies
@ Changes in sensitivity in time
® Bi-directional interactions

Decadal
Inter-annual

0.25 0.5 1 2.5 5 10
Scales |year]
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Claessen ef al. (2019)

Forests and Climate Change: Forcings

Feedbacks, and the Climate
Benefits of Forests

RAVAAAS

Strong
Strong evaporative
carbon cooling (=)

Moderate

storage () albedo
decrease (+)

- Weak
* evaporative Strong
cooling (-)

Moderate
carbon ‘
storage (-)

albedo
decrease (+)

Science

Satellites reveal contrasting
responses of regional climate to the
widespread greening of Earth
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Observed biosphere drivers Observed biosphere feedbacks
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TRENDY Modelled blosphere drivers
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Modelled blosphere feedbacks
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Vegetation autocorrelation Climate impact on vegetation

observations - models observations - models

LAI

GPP
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~Data-guided appraisal of biosphere-climate interactions
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GLOBAL IMPACTS OF HYDROLOGICAL AND CLIMATIC EXTREMES ON VEGETATION

OBJECTIVES TEAM CODE & DATA HIGHLIGHTS VACANCIES

Multi-d....ensional datacube to stud, the biosp..ere-climate interplay
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EdMs overesuumate interannual water availability dependence.




