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Thonicke et al. (2020) Earth‘s Future 

In	
  a	
  future	
  world	
  	
  
ecosystems	
  will	
  likely	
  face	
  an	
  increase	
  in	
  the	
  frequency	
  and	
  severity	
  
of	
  climate	
  extremes,	
  interac9ng	
  with	
  other	
  global	
  changes	
  incl.	
  a.o.	
  
climate	
  warming,	
  elevated	
  CO2	
  and	
  land-­‐use	
  changes	
  



Ingrisch et al. (2018) Ecosystems 

managed	
  

-­‐-­‐-­‐	
  	
  abandoned	
  



Abandoned	
  grassland	
  more	
  resistant	
  and	
  managed	
  grassland	
  more	
  resilient	
  
because	
  of	
  plant	
  soil-­‐interac4ons	
  ...	
  

	
  

Karlowsky et al. (2018) Journal of Ecology 



Ingrisch et al. (2020)  Global Change Biology 

...	
  shiBs	
  in	
  the	
  plant	
  resource	
  economics	
  spectrum	
  and	
  related	
  
belowground	
  carbon	
  par44oning	
  to	
  storage	
  versus	
  metabolic	
  use	
  ...	
  

	
  



...	
  and	
  biodiversity	
  effects	
  on	
  stability	
  

Craven et al. (2018) Nature Ecology & Evolution 



Effects	
  of	
  climate	
  extremes	
  
in	
  warmer	
  future	
  under	
  elevated	
  CO2	
  

Roy et al. (2016) PNAS 
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Elevated	
  CO2:	
  faster	
  recovery	
  of	
  CO2-­‐uptake	
  aBer	
  drought	
  	
  

Roy et al. (2016) PNAS 



Reinthaler et al., in prep. 

! !

Antagonis4c	
  effects	
  of	
  warming	
  and	
  eCO2	
  on	
  soil	
  moisture	
  and	
  	
  
soil	
  CO2	
  fluxes	
  -­‐	
  and	
  extended	
  drought	
  legacies	
  

ClimGrass	
  



Ingrisch & Bahn (2018) , Bahn & Ingrisch (2018) Trends in Ecology and Evolution 
           

Bivariate	
  framework	
  for	
  a	
  comparable	
  quan4fica4on	
  of	
  resilience	
  
across	
  ecosystems	
  and	
  disturbances	
  



Estiarte et al. (2016)  Global Change Biology Hirota et al. (2011) Science, Berdugo et al.(2020) Science 

Gradients	
   Experiments	
  

How	
  well	
  do	
  we	
  understand	
  4pping	
  points	
  	
  
and	
  the	
  underlying	
  mechanisms?	
  



How	
  can	
  we	
  project	
  the	
  future	
  based	
  on	
  observa4ons	
  from	
  the	
  
past,	
  and	
  models	
  based	
  on	
  such	
  observa4ons?	
  

Schwalm et al. (2017) Nature 



Paschalis et al. (2020) Rainfall manipulation experiments as simulated by terrestrial biosphere models: Where do we stand? Global Change Biology 

54%	
  (drought)	
  and	
  48%	
  (irriga4on)	
  of	
  models	
  	
  
not	
  sta4s4cally	
  different	
  from	
  experimental	
  observa4ons	
  	
  

How	
  can	
  we	
  project	
  the	
  future	
  based	
  on	
  observa4ons	
  from	
  the	
  
past,	
  and	
  models	
  based	
  on	
  such	
  observa4ons?	
  



Kreyling et al. (2018)  Ecology Letters Song et al. (2019) Nature Ecology & Evolution 

Meta-­‐analyses	
  Experiments	
  

Experiments	
  and	
  meta-­‐analyses	
  need	
  to	
  move	
  towards	
  
regression-­‐based	
  approaches	
  to	
  capture	
  nonlinear	
  effects	
  



Conclusions	
  

To	
  understand	
  and	
  project	
  the	
  consequences	
  of	
  climate	
  extremes	
  in	
  a	
  future	
  
world	
  (increased	
  frequency	
  and	
  severity	
  of	
  extreme	
  events,	
  compound	
  
events,	
  interac6ons	
  with	
  other	
  global	
  change	
  factors)	
  we	
  need	
  to	
  	
  

Ø  Establish	
  a	
  new	
  genera4on	
  of	
  (co-­‐ordinated)	
  experiments	
  and	
  meta-­‐
analysis	
  pursuing	
  regression-­‐based	
  approaches	
  

Ø  Test	
  for	
  interac4ve	
  effects	
  of	
  mul4ple	
  drivers	
  on	
  threshold	
  responses	
  

Ø  Account	
  for	
  implica4ons	
  of	
  human	
  interven4on	
  and	
  advance	
  the	
  
understanding	
  of	
  the	
  adap4ve	
  capacity	
  of	
  social-­‐ecological	
  systems	
  to	
  
absorb	
  climate	
  extremes	
  


