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Dear Editor and Reviewers 

We are grateful to both reviewers for their constructive comments and suggestions for our 
paper. These have greatly improved the manuscript. We have endeavoured to address each 
comment in this reviewer response document. Below, we reproduce the reviewer comments 
(in black), then add our response to each comment (in red). Where a block of text has been 
added to the manuscript, we highlight this in this document (in red italics).  

Best wishes, 

Prof Colin Jones  

 

Reviewer 1 

Thank you for inviting me to review the paper: “The TIPMIP Earth system model experiment 
protocol: phase 1” by Jones et al. 
 
1. With climate science under intense scrutiny, papers like these are extremely important. 

Such a manuscript demonstrates that the research community is open and 
transparent. 
The role of description or methodological papers is just that, to set out proposed 
frameworks for simulations. And in that sense, the manuscript does well and fulfils the 
intended purpose. However, to provide some context and reasoning, it might be 
worthwhile to add a couple of sentences (at the beginning and in the discussion) 
explaining why there is such a rapidly growing interest in “overshoot” forcings. I would 
argue that there are four main reasons for modelling such scenarios. 
 

 Society is likely to find many aspects of substantial climate change difficult to manage, 
leading to an eventual strong push to lower global temperatures. 

 Society has set thresholds for global warming that it aims to stabilise at, notably around 
1.5 or 2.0 degrees above pre-industrial levels. Since we are close to these 
benchmarks, achieving them will most likely involve a period of “overshoot”. 

 Studying the cooling period really helps understand the amount of negative emissions 
needed, raising challenges for others to question their feasibility (e.g., levels of 
geoengineering). 

 If climate change triggers regional tipping points, then the second less-discussed issue 
is that of hysteresis. By definition, this might become an issue with “overshoot” 
scenarios, and so things are not reset for falling temperatures. The TIPMIP projections 



described might be useful to drive offline impact models believed to potentially exhibit 
hysteresis. 
 
Thanks for the suggestion. In the 2nd paragraph of the introduction, we have added the 
following text: 
 
There is increasing interest in global warming overshoot scenarios (i.e. temporary 
exceedance of a global warming target that is returned to at some later date; 
Schleussner et al., 2024, Reisinger et al., 2025) and in the long-term response of the 
Earth system to net zero CO2 emissions at temperatures warmer than today (Allen et 
al., 2022, Frankhauser et al., 2022). Key outstanding questions include, the likelihood, 
timing, and magnitude of overshoot, the consequences arising from such an overshoot, 
the feasibility of cooling the planet back from a peak warming to a (stabilized) target 
level, the risk of hysteresis once a stabilized climate is achieved, and the long-term 
response of the Earth system to net-zero emissions at temperatures warmer than 
today. 
 
Our protocol lends itself to addressing a number of these questions. Areas of particular 
interest include (i) the risks and consequences of triggering Earth system tipping points 
(Winkelmann et al., 2025), (ii) residual warming and global to regional Earth system 
changes under long-term zero emissions at different GWLs i.e. the zero emission 
commitment (ZEC) (Jones et al., 2019), (iii) the overall efficacy of negative CO2 
emissions in driving global cooling, including regional patterns of this cooling, and (iv) 
the reversibility of any induced changes following a negative CO2 emission pathway.  

 
 
2. Although the paper is generally clear throughout, my main concern is that the key 

assumptions underlying how the scenarios are constructed are spread over a very 
large number of paragraphs. Is there a way to present everything together in an easier 
form. Possibilities could include an extra “text box”, a schematic, or some other display 
item. It took me quite some time to fully grasp the assumptions, as I had to jump back 
and forth within the manuscript. Here are the points that should really stand out: 

 
 At the very top level, we set global warming rates we wish our ESMs to follow in 

the positive emission phase.We cannot invert ESMs, to get out precisely the 
emissions to track these profiles. Hence, we need to estimate the emissions that 
get as close as possible to temperature profiles. 

 For the upward trajectory, we use the TCRE of each model. 
 For the stable part, we assume no net emissions (i.e. net-zero) into the 

atmosphere (ZEC). And maybe mention this clearly, because for most models, 
CO2 drawdown balances additional warming towards equilibrium. Hence, why 
temperatures are stable. ZEC is an emergent property. 

 The ramp down assumes a negative value of emissions (i.e. “-X”) that were used 
in the ramp up. Whether GMSAT is reversible on the same timescales as the ramp-
up will be an emergent signal. 

 
Good suggestion. Thanks. We have added a Box 1 just before the Fig 1 that reads: 
 



Box 1: Key assumptions and aims of the TIPMIP ESM protocol 
 We aim for a common global mean surface warming rate of 2°C per century across 

all models in the ramp-up 
 This is achieved by using each model’s TCRE to provide the required CO2 

emission rate in GtC per year. 
 We approximate warming stabilization by branching runs using net zero CO2 

emissions off the ramp-up runs. The degree of warming stabilization (ZEC) will be 
an emergent property of each model, likely sensitive to the GWL. 

 We branch negative CO2 emission runs 50-years into each zero-emission run, with 
negative emissions equal and opposite to the ramp-up. Whether the induced 
cooling mirrors the (ramp-up) warming will also be an emergent property of each 
model. 

 We branch a second net zero-emission run off the 4°C ramp-down run at 
GWL=2°C to investigate potential hysteresis compared to the zero-emission runs 
branched directly off the ramp-up at GWL=2°C 

 
 
3. I realise that the manuscript is mainly a presentation of protocol, but it might be worth 

adding a little more in the Discussion that [A] the analysis reconfirms with these ESMs 
that the ZEC is appropriate for Net Zero aims – getting net emissions down to zero 
does stabilise the climate. 

  
Generally, at GWL=2C this is true (in an ensemble mean sense). It is less true at higher 
GWLs (e.g. 4C). We have a paper in review on the sensitivity of ZEC to GWL (based 
on 1 model only) and the underlying causes of this sensitivity. So, we agree with the 
reviewer, up to a point, and look forward to carrying out a multi-model / multi-GWL 
analysis of ZEC to confirm (or not) this point. We have added some text where we 
discuss figure 2, to point this out and highlight the potential sensitivity of ZEC to GWL. 
This reads as follows: 
 
The ensemble mean ZEC at 2 °C is very close to zero, indicating for GWL=2°C that 
achieving net zero CO2 emissions may allow global warming to stabilize. This spread 
in the ZEC response increases at GWL = 4 °C, with an increased tendency for positive 
ZEC, with a few models suggesting the ZEC response becomes more positive with 
time through this zero-emission run. 

 
4. And [B], in the Allen et al. (2009) paper on TCRE, I think there was always an 

assumption that this was well-defined for positive emissions, specifically increasing 
temperatures. It is of much interest that the reversal also seems to give a good near-
linear correspondence between  -X and d_Temp / d_time, and of a similar ratio. 

 
In the paper we only show ramp-down results from 1 ESM (GFDL_ESM2). This model 
does look to be relatively equivalent in ramp-up/ramp-down warming/cooling rates, for 
mirror image (positive/negative) CO2 emissions. We have only looked at 1 more model 
in detail with respect to the ramp-down cooling rate (UKESM1.2) and it also looks to 
show a similar equivalent warming/cooling rate for the same positive/negative emission 
rate. We are not in a position to generalize this finding yet. We think the degree of 



linearity (warming to cooling) may depend on the ZEC response of each model and 
thus may also be a function of the GWL level a ramp-down starts from. This will be 
determined through subsequent analysis of the multi-model results. We have added 
some text in the paper explaining this.  
 
The two negative emission runs branched from the zero-emission runs at GWL=2 and 
4°C both have a near symmetrical global cooling compared to warming in the ramp-
up, suggesting, for this model, that TCRE is reversible across equivalent positive and 
negative emission pathways. The degree to which this finding holds for other models 
will be assessed once the multi-model ensemble is complete. 

 
5. Small things 

The paper can appear overly heavy on abbreviations (for instance, the left-hand 
column of Table 1). It may be worth reiterating at a few key points in the manuscript 
that these names are actually those associated with the metadata of the simulations 
themselves. Hence, their importance. One possibility is to put them in quotes, maybe? 
 
We agree the paper is a bit heavy of abbreviations, though we think you are mainly 
referring to tables 2 and 3. We have tried to address this, to some extent this is 
unavoidable given the nature of this paper. Where possible we have tried to reduce 
this. 

 
6. Please reiterate towards the end that the analysis is highly idealised. That is fine, and 

avoids more convoluted emissions scenarios (e.g. to match some sort of upturned 
parabola in global temperature). However, in reality, unless there is a massive global 
economic collapse, an instantaneous switch from business-as-usual to ZEC is unlikely. 
 
Agreed and we have reiterated the idealized nature of the protocol and the second 
paragraph of section 6 now reads: 
 
While this experiment protocol is highly idealized (e.g. using only CO2 emissions as a 
surrogate for all anthropogenic forcing and assuming instantaneous onset and 
cessation of these emissions), the resulting ensemble can be used to investigate (i) 
the risks, consequences, and drivers of abrupt/rapid Earth system change (tipping 
points) under net zero CO2 emission, initiated at different global warming levels, (ii) the 
long-term response of the Earth system to net zero CO2-emissions, (iii) the behaviour 
of the Earth system under prescribed net negative CO2-emissions following a specified 
(magnitude and duration) of global warming overshoot, (iv) the efficacy of net negative 
CO2 emissions in driving global cooling, and (v) the reversibility of Earth system change 
under a pathway of positive (warming), zero (near stabilization), and negative (cooling) 
CO2 emissions. The primary advantage of the protocol is that we can control the rate 
of global warming and (potentially) cooling across models, using a TCRE-based CO2 
emission rate specific to each model. This enables a multi-model intercomparison of 
the above topics in a near common global warming/cooling space. 

 
7. Given the interest in Net Zero, then perhaps mention more strongly that this is often 

regarded as corresponding to the ZEC runs. Having these key buzzwords of phrases 



will enable more people to find this manuscript, and so appreciate that ESMs are now 
being configured for Overshoot and/or periods of Net Zero. 
 
We have added some text into the second paragraph of the introduction to highlight 
how global warming overshoot and net-zero emission questions can be addressed with 
these experiments. This reads: 
 
There is increasing interest in global warming overshoot scenarios (i.e. temporary 
exceedance of a global warming target that is returned to at some later date; 
Schleussner et al., 2024, Reisinger et al., 2025) and in the long-term response of the 
Earth system to net zero CO2 emissions at temperatures warmer than today (Allen et 
al., 2022, Frankhauser et al., 2022). Key outstanding questions include, the likelihood, 
timing, and magnitude of overshoot, the consequences arising from such an overshoot, 
the feasibility of cooling the planet back from a peak warming to a (stabilized) target 
level, the risk of hysteresis once a stabilized climate is achieved, and the long-term 
response of the Earth system to net-zero emissions at temperatures warmer than 
today. 
 
Our protocol lends itself to addressing a number of these questions. Areas of particular 
interest include (i) the risks and consequences of triggering Earth system tipping points 
(Winkelmann et al., 2025), (ii) residual warming and global to regional Earth system 
change under long-term zero emissions at different GWLs i.e. the zero emission 
commitment (ZEC) (Jones et al., 2019), (iii) the overall efficacy of negative CO2 
emissions in driving global cooling, including regional patterns of this cooling, and (iv) 
the reversibility of any induced changes following a negative CO2 emission pathway.  
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