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26 May 2026 

  

Dear Editor 

We have submitted our revised manuscript with title “Temperature and radiative responses to anthropogenic 

aerosols over the Mediterranean Basin based on CMIP6 Earth system models” for potential publication in Atmospheric 

Chemistry and Physics. We considered all the comments of the reviewers and there is a detailed response to their 

comments point by point (see below). We believe that our study represents a significant contribution in our 

understanding of the temperature amplification over the Mediterranean induced by changes in global emissions of 

anthropogenic aerosols, and we hope that you will consider our manuscript for publication.   
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Reply to O. Haugvaldstad (Reviewer #2) 

We would like to thank O. Haugvaldstad for the constructive and helpful comments. The reviewer’s contribution is 

recognized in the acknowledgments of the revised manuscript. Below follows our response point by point. The 

reviewer’s comments are given in italic and our response is given in bold font. 

 

1) The Reviewer notes: “I do not find the way ARCsurf and ARCtoa are used and interpreted in the manuscript to be 

convincing. Quantifying the total radiative response to a change in forcing requires running the model into an 

equilibrated state. Reaching this adjusted state typically requires simulations on the order of 100 years. Therefore, if 

one wishes to obtain a representative estimate of the change in ARCsurf associated with an aerosol reduction, a similarly 

long integration is needed, see e.g. Zhang et al. (2021). In the current setup, however, only a 10-year mean is used. As 

a result, the diagnosed changes in ARC are not representative of the fully adjusted state, but rather reflect a mixture of 

fast and incomplete slow responses. In that sense, what is presented could be described as a kind of “quasi-ARC,” lying 

somewhere between ERF and the fully equilibrated ARC. This is not discussed in the manuscript; this also makes it 

difficult to interpret the physical significance of ARC as used in the manuscript.” 

The authors fully agree with the reviewer that the differences between the historical and hist-piAer simulations 

are not representative of the fully adjusted state, but rather reflect a mixture of fast and incomplete slow 

responses. To avoid confusion, we removed the term “total responses” and elaborated on the physical 

interpretation of the radiative changes calculated from the difference between the coupled experiments. We 

clarified this point in the revised manuscript as follows: 

“Supplementarily with ERF, we calculated the AA-induced change in net radiative fluxes at the top-of-

atmosphere and the surface (denoted as ∆𝐅𝐓𝐎𝐀
𝐜𝐨𝐮𝐩𝐥𝐞𝐝

 and ∆𝐅𝐒𝐔𝐑𝐅
𝐜𝐨𝐮𝐩𝐥𝐞𝐝

, respectively) using the same equations as above 

and by taking the difference between historical and hist-piAer this time. While ERF depicts the radiative 

perturbation caused by AAs after accounting for rapid adjustments and fast climate responses (since SSTs and 

sea ice are prescribed), the net radiative flux differences calculated from the coupled-ocean experiments 

(∆𝐅𝐓𝐎𝐀
𝐜𝐨𝐮𝐩𝐥𝐞𝐝

 and ∆𝐅𝐒𝐔𝐑𝐅
𝐜𝐨𝐮𝐩𝐥𝐞𝐝

) quantify a quasi–radiative forcing caused by AAs, accounting for a mixture of fast and 

incomplete slow responses (due to climate feedbacks and ocean heat uptake) under the evolving transient 

historical conditions. Hence, the temperature differences from the coupled-ocean experiments represent transient 

climate responses being far from an equilibrium state (in which the initial radiative aerosol perturbation will be 

fully absorbed by the climate system response), since the ocean does not have enough time to fully equilibrate to 

the evolving historical forcings.” 

In the revised manuscript, ARC is no longer used. We instead use the top-of-atmosphere and surface net radiative 

fluxes from the coupled runs to diagnose the transient climate responses (including fast and incomplete slow 

responses). We further elaborate on this in our response to Point 3. 

 

2) The Reviewer notes: “The attribution changes to AA reductions. If you read the Collins et al. (2017) it states that 

“The climate impacts of the anthropogenic emissions of NTCFs, aerosols and ozone depleting halocarbons can then be 

diagnosed by subtracting the perturbed runs from the historical climate and evaluated against internal variability 

diagnosed from piControl.” However, the differences between historical and hist-piAer have not been evaluated against 

the internal variability of piControl when testing for statistical significance of the presented results.” 

We agree with the reviewer that evaluation of the internal variability of each individual model using piControl 

experiments is an important topic but the quantification of individual model uncertainty in the context of internal 

model variability was beyond the scope of this work. The accurate assessment of individual model uncertainty 

related to model internal variability would require initial condition large ensemble members from single models.  

In our multi-model study, we focused on inter-model variability using a comprehensive method commonly 

applied in the literature (Liu et al., 2018; Myhre et al., 2017; Samset et al., 2018; Szopa et al., 2021). Calculating 

the multi-model ensemble mean reduces internal model variability, as the averaging suppresses the 

random/internal component of each individual model (since internal variability is largely uncorrelated across the 
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different models) and enhances the common forced signal. This is further elaborated in a new paragraph we 

added to Section 2.2: 

“Here, we give emphasis on inter-model variability, and the robustness of the multi-model ensemble results was 

estimated using a comprehensive method based on statistical significance and the agreement between ESMs on 

the sign of change. This is a common approach of quantifying uncertainty, and particularly inter-model 

uncertainty (e.g., Liu et al., 2018; Myhre et al., 2017b; Samset et al., 2018; Szopa et al., 2021). Calculating the 

multi-model ensemble mean reduces internal model variability, as the averaging suppresses the random/internal 

component of each individual model (since internal variability is largely uncorrelated across the different models) 

and enhances the common forced signal. It should be stressed that, although the multi-model mean dampens 

internal variability, there is still need of further analysis using long-term ensemble of piControl experiments (or 

ensemble spread) for each model to evaluate whether the remaining signal is statistically distinguishable from 

noise (Collins et al., 2017). The accurate assessment of individual model uncertainty related to model internal 

variability would require initial condition large ensemble members from single models (Jones et al., 2024; 

Parsons et al., 2020).” 

 

3) The Reviewer notes: “I am not convinced by the current description of atmospheric radiative cooling (ARC). In 

particular, the statement “ARC could also be implemented to quantify the fast radiative responses, but ERF was used 

for this purpose.” seems to conflate two quantities that, in my view, serve different purposes. ARC and ERF are not 

interchangeable diagnostics. As we agree, ARC relates to the absorption of radiation within the atmosphere. The key 

distinction between ARC and ERF becomes especially important for absorbing aerosols (see, for example, Carslaw be 

identical). For instance, consider a reduction in sulfate, which is a purely scattering aerosol. In that case, there would 

be no change in ARC: the reduced outgoing TOA SW flux would be balanced by an increased SW flux at the surface. 

However, this is not the case for changes in absorbing aerosols. In that case, changes in atmospheric absorption modify 

ARC directly. In an fSST simulation, any change in ARC must be balanced primarily by changes in the surface turbulent 

fluxes (sensible and latent heat), with the latent heat flux usually dominating. For this reason, changes in ARC are a 

useful diagnostic for quantifying fast precipitation responses to aerosol perturbations. These are precipitation processes 

that are relatively well represented in ESMs, since they do not depend directly on cloud microphysical parameterizations. 

I discuss this point in more detail in my 2025 paper.” 

The authors agree with the reviewer that ARC and ERF are not interchangeable diagnostics. We realized that 

the whole misunderstanding is due to the decomposition of ARC using definitions of ARCSURF and ARCTOA for 

the SW and LW (in Eq. 4–7), which are simply the net (SW and LW) radiative fluxes at the top-of-atmosphere 

and at the surface (based on the coupled historical and hist-piAer simulations). To eliminate the misconceptions, 

we removed the ARC analysis and instead focused on aerosol-induced changes in the net radiative fluxes at the 

top-of-atmosphere and the surface. Without altering the initial scope of our work, we compared ERF with 

ΔFcoupled, which represents the change in downward radiative flux calculated from the difference between the 

historical and hist-piAer simulations. In Section 2.2, we explain in detail the rationale behind the use of both ERF 

and ΔFcoupled, and we clarify the definitions and limitations of the two diagnostics (in conjunction with our 

response to Point 1). While ERF calculated from the histSST and histSST-piAer experiments depicts the radiative 

perturbation caused by AAs after accounting for rapid adjustments and fast climate responses (since SSTs and 

sea ice are prescribed), the net radiative flux differences calculated from the historical and hist-piAer coupled-

ocean experiments quantify a quasi–radiative forcing caused by AAs, accounting for a mixture of fast and 

incomplete slow responses (due to climate feedbacks and ocean heat uptake) under the evolving transient 

historical conditions. Finally, we pointed out the limitations of our work in the Conclusions. 
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