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CSQ-31 Summary 

Ques�on Knowledge Advancement 
Objec�ves 

Geophysical Observables Measurement 
Requirements 

Tools & Models Policies / Benefits 

What are the 
physical / 
mathema�cal 
mechanisms 
that generate 
the behaviour 
of �pping 
points in 
climate 
models?  Can 
models be 
improved 
using more 
precise 
observa�ons? 

A) More detailed modeliza�on 
of the physical / 
mathema�cal mechanisms 
leading to �pping point 
behaviour 

• Long �me series of several 
(preferably uncorrelated) 
geophysical observables, 
depending on the �pping points 
being studied, but including at 
least the following �pping 
elements: 
Cryosphere: 
 Greenland ice sheet 
 Arc�c winter sea ice 
 West Antarc�c ice sheet 
 East Antarc�c ice sheet  and 

subglacial basins 
 Mountain glaciers 
 Boreal permafrost 
 Barents Sea ice 
Ocean-Atmosphere circula�on: 
 Atlan�c Meridional 

Overturning Circula�on 
 North Atlan�c subpolar gyre / 

Labrador-Irminger Sea 
Convec�on collapse 

Biosphere: 
 Low-la�tude Coral Reefs 
 Sahel & the West African 

Monsoon 

• Surface 
temperature (land 
and ocean) 

• Ice sheet extend 
• Forest vegeta�on 

cover extension 
and inter-annual 
variability 

• Temporal and 
spa�al variability in 
ocean currents 

• Ocean salinity 
• Extension and 

dynamics of 
mountain glaciers 

Exis�ng climate 
models can take into 
account �pping point 
behaviour, at least for 
some �pping 
elements. 

Beter predictability 
in climate models 
would allow more 
precise and effec�ve 
mi�ga�on or 
adapta�ons 
approaches. 
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 Boreal forest (southern 
dieback and northern 
expansion) 

 Amazon rainforest 
B) Sensi�vity analysis of model 

input variables to predict 
�pping point behaviour 

• Specific studies are needed to test 
model sensi�vity in par�cular to 
input variables associated to 
�pping points, using key 
geophysical variables with well-
known uncertainty and properly 
validated (Essen�al Climate 
Variables), par�cularly in the form 
of �me series. 

• Focus on key 
Essen�al Climate 
variables with well-
characterised 
uncertain�es 

Filter models by using 
the adequacy to 
describe �pping point 
behaviour, as a 
par�cular feature of 
the different available 
models used for 
sensi�vity studies 

C) Iden�fica�on of variables 
used by models not yet 
provided in spa�al maps but 
only from punctual ground 
measurements 

• Geophysical variables currently 
provided only by punctual field 
measurements but that can be 
poten�ally derived as spa�al maps 
from EO data or using EO data to 
refine spa�al gridding 

• Direct observables from EO data 
are already provided in the form 
of spa�al maps and can replace 
(some�mes as proxys) data from 
ground networks 

• Focus on defined Essen�al Climate 
Variables, but also addressing new 
type of informa�on when �me 
series are already available 

• Focus on data from 
surface networks 
with well-
characterised 
uncertain�es 

Data exist, but 
reanalysis needed to 
use such �me series in 
�pping points research 

D) Iden�fica�on of specific 
aspects in the climate 
models that can be 
improved by using more 

• Running models under different 
scenarios to iden�fy the cri�cal 
elements in the models where 
observa�ons (par�cularly in the 

• Model inter-
comparison 
exercises 

Filter models by using 
the adequacy to 
describe �pping point 
behaviour, as a 
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precise, focused or 
dedicated observa�ons 

form of spa�al maps) would be 
more beneficial. 

par�cularly 
welcome 

par�cular feature of 
the different available 
models 
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CSQ-31 Narra�ve 

The iden�fica�ons of �pping elements and the corresponding �pping points are completely 
determined by the climate models used to forecast future trends and to iden�fy future turning points 
in the climate system, by exploi�ng the predic�ve capabili�es of the models. 

 

Fig. 4-1:  Three main physical / mathema�cal mechanisms that generate the behaviour of �pping 
points in climate models 

As illustrated in Fig. 4-1, three main different mechanisms are suggested to characterize the dynamics 
of �pping points: 

(a) Noise-induced �pping is the transi�on from one state to another due to random fluctua�ons 
or internal variability of the climate system, the most common one.  Noise-induced transi�ons 
are unpredictable, because the underlying poten�al does not change and there are no early 
warning signals. 

(b) Bifurca�on-induced �pping happens when a par�cular parameter in the climate system passes 
a cri�cal level, where a bifurca�on takes place, passing from one stable condi�ons to another 
stable condi�on, but quite different.  This is the most typical case of �pping point behaviour. 

(c) Rate-induced �pping occurs when a change in the environment is faster than the force that 
restores the system to its stable state.  The states themselves do not change, is a change in the 
background poten�al what induces the �pping behaviour. 

The reliability and accuracy of the predic�ons about climate �pping points depend very much on the 
physical understanding of the underlying processes and in the ability to represent such processes by 
means of mathema�cal models, to be more confident in the predic�ons. 

Deficiencies in the models that describe such type of behaviours have been iden�fied.  Whether such 
poten�al deficiencies in the models can invalidate the predic�ve alerts for �pping points in the climate 
system is unlikely, but the actual magnitude of the effects may have a large uncertainty. 

Can those models be improved or be beter validated, by using more precise observa�ons?  Global 
satellite observa�ons can help not only to iden�fy �pping elements but also the geographical spa�al 
extend of the iden�fied �pping elements, and also the corresponding spa�al variability (geophysical 
spa�al paterns and associated spa�al and temporal variances).  The simple example shown in Fig. 4-
2 is illustra�ve.  It is based on one of the used models for forest dieback. 

 

 

Fig. 4-2:  Simple forest dieback model (Ritchie P. D. L., et al., 2021) 
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The model assumes a single type of vegeta�on layer, and the governing equa�on for the driving 
parameter, the vegeta�on frac�on v, accounts for a growth term, g, which is assumed to be parabolic 
in the local temperature, Tl, and a disturbance rate, .  There is an op�mal temperature for which 
growth is maximal and β determines the dependence with temperature vegeta�on growth.  Nega�ve 
growth rate implies tree mortality.  There is an addi�onal feedback on the local temperature, Tl: a 
decline in vegeta�on results in an increase in temperature.  The temperature Tf is used as the forcing 
parameter, and is modulated by the vegeta�on cover and the temperature difference between total 
forest cover and bare soil, given by . 

This elementary example illustrate two things: one is that models are many �mes too simple and very 
empirical, easy to improve, but also that global Earth Observa�on data can definitely help to derive 
much beter models, par�cularly for the example here presented of forest dieback, because most of 
the key variables in the model can be effec�vely measured by satellites, and many of such data are 
even already available. 

Global models necessarily must assume some simplifica�ons when running over long �me scales, but 
valida�on of the pieces of the global models by means of regional models, which can be more detailed 
in the representa�on of processes and can also be beter constrained by available observa�ons, is 
definitely a way to improve the global models in the way of describing the different processes. 
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