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Background Research question/gap Method Results and discussion



‘Tipping’ refers to the significant reorganization of a system’s structure and functions

Rainforest tipping refers to changes in the dense-canopy structure of forests to 
one that mimics an open-canopy structure similar to savanna
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‘Tipping’ refers to the significant reorganization of a system’s structure and functions

Rainforest tipping refers to changes in the dense-canopy structure of forests to 
one that mimics an open-canopy structure similar to savanna

How resilient are forest ecosystems to future climate change?
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Complex ecohydrological dynamics remain challenging to incorporate in the Earth 
System Models (ESMs) due to our limited understanding of Earth System processes

This limits ESM's capacity to simulate tipping points as an emergent property of the system
(i.e., properties that emerge due to multiple interactions between several system components, and 

is not the property of an individual component)

We have depended on empirical evidence to simulate rainforest tipping
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Previous studies have projected tipping using

thresholds based on empirically 
constructed stability landscape derived 
from the mean annual precipitation and 

tree cover data

the magnitude and duration of water-deficit 
experienced by the vegetation also affect them 

at the local scale is not accounted by mean 
annual precipitation

from Staal et al. 2020 (Nat. Comm.)

Rainforest 
tipping will 

occur 
beyond this 

threshold
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Root zone storage capacity (Sr)

adapted from Wang-Erlandsson et al. 2016 (HESS)

Sr represents the maximum volume of water 
per unit area within reach of plant roots for 
transpiration (this is water that ecosystem store 
from periods when water is surplus in its 
unsaturated zone of the soil, which we refer to 
root zone)

Assumption: Ecosystem do not invest more 
than necessary to bridge the water-deficit 
experienced by the vegetation
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South America Africa

Variables AIC BIC AIC BIC

+ Sr 501772.33 501806.75 249156.25 249191.01

Sr 582170.43 582193.38 257513.09 257536.26

638263.45 638286.40 454887.59 454910.76P

P
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as lowly, moderately and 
highly water-stressed forests

as lowly, moderately, highly 
water-stressed forests and 

savanna
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Assumption: Vegetation is in 
equilibrium with its climate



Transition 
to a 

‘more’ 
water-

stressed 
state

Forest-
savanna
transition

Transition to 
a ‘less’  
water-

stressed state
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For Amazon, these risks increase 1.5-6 times relative 
to its immediate lower warming scenario, whereas, 
for Congo, the risk growth is 0.7-1.65 times
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Mamalakis et al., 2021 (Nat. Clim. Change)

Intertropical convergence zone (ITCZ)
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Take home message:
Forest-to-savanna transition risks 
increase non-linearly with each degree 
of warming

Although some transitions are locked-in, 
vast majority of potential transition 
can still be influenced by steering 
across different climate change 
scenarios.

Restricting temperature change below 
1.5-2⁰C warming, we minimize tipping 
risk and maximize ecosystem recovery
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