
Climate Modeling
Climate Sensitivity



Climate Sensitivity 
(for modelers) is the globally averaged temperature change in 
response to changes in radiative forcing due to a doubling of pre-
industrial CO2 levels (in °C units) 

CO2 has increased from its pre-industrial level of 280 parts per 
million (ppm) to around 408 ppm today. Without actions to reduce 
emissions concentrations are likely to reach 560 ppm – double pre-
industrial levels – around the year 2060.



There are three main measures of climate sensitivity

• Equilibrium Climate Sensitivity (ECS)
The Earth’s climate takes time to adjust to changes in CO2
concentration. For example, the extra heat trapped by a doubling of 
CO2 will take decades to disperse down through the deep ocean. 
ECS is the amount of warming that will occur once all these processes 
have reached equilibrium. Unlike the simpler models, they provide a 
timetable for the changes that explicitly takes into account the role of 
the ocean in buffering both the chemical and the thermal response to 
the burning of fossil fuels. (“Effective” when not in equilibrium)



There are three main measures of climate sensitivity

• Transient Climate Response (TCR)
This is the amount of warming that might occur at the time when CO2
doubles, having increased gradually by 1% each year, calculated over a 
20y-period centered at the doubling time. 
TCR more closely matches the way the CO2 concentration has changed 
in the past. It differs from ECS because the distribution of heat between 
the atmosphere and oceans will not yet have reached equilibrium. 
• Earth system sensitivity (ESS) 
This includes very long-term Earth system feedbacks, such as changes 
in ice sheets or changes in the distribution of vegetative cover.







ØClimate sensitivity is typically estimated in 2 (4) different ways:
ØFrom data, by (1) using observations taken during the industrial age 

or (2) by using temperature and other data from the Earth's past
Ø By modelling the climate system in computers, either with (3) simple 

EBMs or (4) more complex coupled atmosphere-ocean global climate 
models

Ø For coupled atmosphere-ocean global climate models the climate 
sensitivity is an emergent property; rather than being a model 
parameter it is a result of a combination of model physics and 
parameters. By contrast, simpler energy-balance models may have 
climate sensitivity as an explicit parameter.







Climate “Tipping Points”
Ø In climate studies the idea of a ‘tipping point’ is widely understood 

and employed to explain the observation that, under some 
circumstances, ’little things can make a big difference’. Thus, common 
usage is that a small change can have large, long-term consequences 
for a system, sometimes. In 2007 the IPCC introduced a famous, 
diagram to illustrate the thresholds beyond which climate cannot be 
pushed without consequences

ØFor the concept of tipping points to be useful in climate modelling, it 
is important to be clear about what qualifies as a tipping point, and 
about the aspects of the climate system (or its subsystems) that can 
undergo changes resulting from ‘tipping’ over a threshold





Climate “Tipping Points”
Ø It was not until the late 2000s that more formal definitions began to 

be used in climate, and climate model, analysis
Ø ‘tipping elements’ = largescale subsystems (or components) of the 

Climate system that might be switched (under particular 
circumstances) into a qualitatively different state by small 
perturbations. 

Ø‘tipping point’ = a point in a system’s behavior where a small 
perturbation forces the system to a new state (or puts it on a path to 
such a state) from where return to the original state cannot be 
achieved by a small reverse perturbation. For a system to possess a 
tipping point, there must be strong positive feedback in its internal 
dynamics



Climate “Tipping Points”
There are different tipping points in climate systems theory: 
ØTime-independent (equilibrium) solutions of a system state such that 

a single state moves into another single state and, once the threshold 
is passed, no  return is possible

ØTime-independent (equilibrium) bifurcation solution of a system state 
such that, once passed, one of two alternative states is entered and, 
again, no return is possible

ØNoise-induced transition in which no external change has occurred 
but only an internal ‘noise’ disturbance, which has pushed the system 
into a different state.





Climate “Tipping Points”

ØRecent climate analysis has established that there can also be ‘rate-
dependent tipping’. In this situation, the system undergoes a large 
and rapid change, but only when the rate at which it is forced exceeds 
a critical value.

Ø We can se tipping points in simple numerical EBMs with (ice-albedo) 
feedback!




