
Reviewer #2 
General comment:  
This manuscript analyzed G6sulfur using CNRM-ESM2-1 to estimate the impact of 
injected sulfate aerosol on two types of renewable energy: photovoltaic (PV) and 
concentrated solar power (CSP). It concluded that solar power production potential 
would decrease under G6sulfur relative to SSP8-8.5 and SSP2-4.5, with CSP 
efficiency experiencing a greater reduction than PV. This reduction is mainly 
attributed to the significant reduction in direct solar radiation, which strongly affect 
the efficiency of CSP, while the increase of diffuse radiation under G6sulfur slightly 
improves PV efficiency. For both CSP and PV, the cooling effect and reduced cloud 
coverage under G6sulfur have a positive influence on solar power production. This 
study is important to fill the gap in understanding how solar radiation modification 
impacts renewable energy and is a good fit for Earth System Dynamics.  
 
We appreciate the reviewer for taking the time to provide constructive feedback on 
our manuscript and for considering it suitable for ESD. 
 
However, there are a few issues that need to be addressed before publication.  

1. Please clarify whether you have repeated G6sulfur using CNRM-ESM2-1 with 
an updated aerosol-light interaction. If so, clearly indicate the difference 
between the previous G6sulfur simulation and the current one. It might be 
worth to compare the radiation changes in the two sets of G6sulfur. Also 
please make those output available.  
We have expanded the description of the G6sulfur experiments and the 
difference between existing CNRM-ESM2-1 G6sulfur simulations and the new 
ones we have run. Of course, the outputs will be made available after 
publication.  
“We calculate the potential for three different scenarios: SSP245, a scenario 
representing approximate current policy (O’Neill et al., 2016), SSP585, a very 
high-emission scenario (O’Neill et al., 2016), and G6sulfur, an SRM scenario 
that imitates stratospheric aerosol injections (SAI) (Kravitz et al., 2015) and 
will be referred to as SAI in this study. G6sulfur has the initial conditions and 
underlying emissions of SSP585 but uses SAI to match the global radiative 
balance of SSP245 until 2100. G6sulfur is part of the GeoMIP protocol 
(Kravitz et al., 2015), but here, the setup is enhanced with higher frequency 
output and additional variables related to radiation and wind. We run the 
scenarios using the Earth System Model CNRM-ESM2-1 with prescribed 
aerosol optical depth derived from the GeoMIP experiment G4SSA (Tilmes et 
al., 2015) to simulate the aerosol injections in G6sulfur/SAI. 3-member 
ensembles of G6sulfur/SAI, SSP245 and SSP585 from CNRM-ESM2-1 exist 
already, but are not used here. Instead, for this study, we repeated the 
simulations with an alternative version of CNRM-ESM2-1 (Séférian et al., 
2019) that accounts for the aerosol-light interaction. This additional feature of 
the model enables a change in the partition of direct and diffuse light due to a 
change in aerosol concentration in the whole atmospheric column. We run a 
6-member ensemble with initial condition perturbations as for the standard 
SSP-simulations for all three scenarios in concentration-driven mode. The 
simulations cover the 2015-2100 period and output data is saved at hourly 
frequency. The global mean aerosol optical depth required in the SAI 
simulation to get from SSP585 to SSP245 reaches 0.35 in the last decade.” 



 
2. Please explain how the individual forcing of cloudy sky and clear sky was 

calculated. As far as I know the model output of cloudy sky includes both the 
effect of aerosol and cloud. How did you separate the surface radiation effect 
from cloud and aerosol?  
We added these sentences for clarification to the Methods: 
“The calculation of the cloudy sky radiation involves the subtraction of clear 
sky downwelling shortwave radiation from the total downwelling shortwave 
radiation. The clear sky downwelling shortwave radiation is a variable that 
excludes the effect of clouds but includes aerosols, and is saved by the 
model.” 
 

3. Correct the supplement figure citations in the manuscript. The color bars in 
Figure 5 and Figure S11 need to be reversed.  
We purposefully reversed the color bars for the LEW figures since a reduction 
here is a “positive” result in terms of energy production. In the revised 
manuscript we will either explicitly note the inversion of the color bar or use 
different colors entirely.  
 

Specific comments:  
Line 15: “simulated 1-hour output...are used for the assessment” is not clear what 
SAI and reference future scenarios are used. It needs to be clarified that SAI is 
applied under SSP585 to reduce the radiative forcing from SSP585 to SSP245. This 
is GeoMIP G6sulfur experiment.  
We clarified that the SAI experiment involves cooling down from the ssp585 baseline 
to ssp245 in the abstract. To avoid complexity, however, we limit the use of 
abbreviations in the abstract and remark in the main text that SAI = G6sulfur.  
“The SRM scenario uses Stratospheric Aerosol Injections (SAI) to approximately 
lower global mean temperature from the unmitigated, high-emission scenario 
SSP585 baseline to a moderately mitigated scenario SSP245.” 
 
Line 18-20: clarify this sentence.  
“We find that by the end of the century, most regions experience an increased 
number of low PV and CSP energy weeks per year under SAI compared to SSP245. 
Compared to SSP585, while the increase in low energy weeks under SAI is still 
dominant on a global scale, certain areas may benefit from SAI and see fewer low 
PV or CSP energy weeks. A substantial part of the decrease in potential with SAI 
compared to the SSP-scenarios is compensated by optically thinner upper 
tropospheric clouds under SAI which allow more radiation to penetrate towards the 
surface.” 
 
Line 25-27: citation of (de Coninck et al., 2018) right after ‘solar geoengineering’ 
confuses readers that this citation is for solar geoengineering, but instead, this is for 
1.5 oC temperature target.  
We have clarified the citation situation: 
“With a rapidly dwindling remaining carbon budget for the Paris 1.5 °C temperature 
goal, a growing set of literature has been investigating the potential of temporarily 
reducing climate change impacts with Solar Radiation Modification (SRM), also 
known as solar geoengineering (UNEP, 2023).” 
 



Line 51-63: what is the global warming scenario used in this paragraph. I would 
guess different SSPs have different changes.  
Yes, you are right. Although currently the uncertainties are quite large and 
agreement on the sign of change regardless of the magnitude of the climate forcing 
is already a success. We have removed any ranges of change and now refer only to 
increases and decreases, which slightly vary depending on study, model and 
underlying forcing magnitude.  
 
Line 86: there are only three different scenarios, not four. SSP2-4.5, SSP5-8.5, 
G6sulfur  
Yes, we corrected it. 
 
Line 92: “accounts for the aerosol-light interaction”. Does this mean diffuse radiation 
increases after SAI? How about aerosol-light interaction in the troposphere? The 
G6sulfur output on Earth System Grid from CNRM-ESM2-1 are showing there is less 
diffuse radiation in G6sulfur than SSP5-8.5. And the reason is that CNRM-ESM2-1 
does not count for the aerosol scattering effect. Since G6sulfur has less cloud 
coverage than SSP5-8.5, there is less diffuse radiation in G6sulfur. But if the 
scattering effect is considered, there should be more diffuse radiation in G6sulfur 
than in SSP5-8.5 (as other models show in G6sulfur). If the authors have re-run G6 
simulations, it would be valuable to upload those output on ESG labeled with G6.  
Yes, in these new simulations the model does account for the aerosol scattering 
effect in the stratosphere and troposphere and there is more diffuse radiation under 
G6sulfur than ssp585. We are still looking into finding a solution to publicly provide 
the raw data. Due to the hourly output we need a public repository where ~1.5TB can 
be stored. 1.5TB would mean 1 member, only the 6 variables of interest for this 
study and only the last decade of the century. If the reviewer has any suggestions on 
where this data can be stored without high fees we would much appreciate any 
advice. Otherwise, we would upload 10-year means instead of hourly output on 
zenodo with a DOI. 
 
Line 106: what is STC?  
Standard Test Conditions. It is explained further below, we corrected it, thanks for 
pointing it out. 
 
Equation 1: just to confirm that PV-TP takes direct and diffuse radiation with the 
same efficiency, since RSDS is used. Does PV panel need to adjust certain setting 
for better performance under cloudy days?  
Equation 3: should c3 be different for direct and diffuse radiation?  
Yes, PV-TP takes direct and diffuse radiation with the same efficiency. On cloudy 
days panels would likely adjust the tilt of the panel. 
We have added another mode of PV-TP calculation (PV-TPfixed) to the study that 
takes direct and diffuse radiation into account separately by considering solar 
geometry and a tilt of the panel. The main conclusion of the paper does not change 
with this updated version of the PV potential calculation but it shows even larger 
relative and absolute reductions in the high latitudes than for horizontally aligned 
panels (Figure 1). This is because the tilt of the panel increases the amount of direct 
radiation that can be harvested. However, SAI modifies the fraction of direct and 
diffuse radiation to entail a larger diffuse fraction and therefore the advantage of the 
tilt is reduced under SAI versus the SSP scenarios. Hence, relative reductions in 



high latitudes under SAI that already exist for horizontally aligned panels are further 
increased for tilted panels. 

 
Figure 1: Difference in 2090-2099 PV potential with fixed tilted panels between the 
ensemble means of SAI and a) SSP245, b) SSP585 and c) absolute difference 
between latitudinal zonal sums between SAI and SSP245 and SSP585 in PWh/year. 
White areas have a SNR of < 1. x -> y denotes (y – x)/x. 
We added a figure to the Supplementary Information to illustrate the effect of the tilt 
and solar geometry on the direct and diffuse radiation that reaches the panels 
surface (Figure 2). 
 

 
Figure 2: Difference in the direct and diffuse components of the PV potential 
calculation when solar geometry and panel tilt are accounted for (RSDSpanel) 
versus when radiation on a horizontally aligned panel is considered (RSDS). a-c) 
display the difference in diffuse radiation that is used in RSDSpanel versus in RSDS. 
d-f) same as a-c but for direct radiation. g-i) same as g-i but for total radiation.  
 
Figure S4 and S5 are confusing. Captions of Fig. S4 and S5 are the same. Shouldn’t 
the two panels of figures together be Figure S4? What is the difference between 
Figure 2 and Figure S4, S5? They seem like to plot the same variables, but the 
values are different. Which ones are correct?  



As suggested, we have turned the two figures into one with two panels. We have 
also modified the caption to be clearer on what is the difference between the two.  
The difference is the land use suitability and population density assumptions. Figure 
2 uses the same assumptions for all 3 scenarios. Figure S4 a-c uses land use 
suitability assumptions that are scenario-specific and S4 d-f uses land use suitability 
and population density assumptions that are scenario-specific.  
 
Figure 2: PV and CSP are using different scales in the color bars. Please use the 
same scale for better comparison. The subtitle cannot describe how the values are 
calculated. It might be better to use ‘(SAI minus ssp245)/ssp245’? This also applies 
to other maps later.  
We have adjusted the scales to be the same for PV and CSP and included a clearer 
description of the calculation as you have laid out in the captions of the relevant 
figures to keep readability of the plots. 
 
Line 205-214: Please be consistent with the format when referring to different panels 
in one figure. This paragraph used ‘Fig. 3a-c’, ‘Fig.3 d-f’, ‘Fig. g-I’.  
Done. 
 
Figure 3: still the subtitle cannot reflect how the values are calculated.  
Line 209: please clarify ‘cloudy sky’ only consider cloud effect on radiation. Also, how 
was this calculated? The model also output radiation without aerosol effect under 
SAI?  
Regarding cloudy and clear sky we have added this to the Methods: 
“The calculation of the cloudy sky radiation involves the subtraction of clear sky 
downwelling shortwave radiation from the total downwelling shortwave radiation. The 
clear sky downwelling shortwave radiation is a variable that excludes the effect of 
clouds but includes aerosols, and is saved by the model.” 
And this to the caption of Figure 3: 
“a-c) was calculated by keeping all variables except temperature fixed, d-f) by 
keeping all variables except radiation fixed, g-i) by using the model output clear sky 
radiation instead of total radiation (see Methods) and j-l) by subtracting clear sky 
radiation from total radiation.” 
 
Line 220: it should be Figure 4a instead of 3a.  
Yes, thank you. 
 
Figure 4: How well does CNRM-ESM2-1 simulate dust? Over Sahara region, dust 
emission and concentration may play an important role.  
CNRM-ESM2-1 simulates dust well, especially over the Sahara and the Middle East. 
However, the total optical thickness of dust is slightly underestimated compared with 
satellite estimates. For detailed dust assessments there’s Checa-Garcia et al., 2021 
(https://doi.org/10.5194/acp-21-10295-2021) (the 3DU version) and Michou et al., 
2019 (https://doi.org/10.1029/2019MS001816). The effect of dust on PV and CSP 
potential should therefore be fairly well represented in our analysis. It could explain 
why deserted areas see a comparably high LEW number, although that remains 
speculative at this point.  
 
Figure 4: it seems that PV reduction in winter (DJF in northern hemisphere, JJA in 
southern hemisphere) is stronger than in summer. What is the reason?  

https://doi.org/10.5194/acp-21-10295-2021
https://doi.org/10.1029/2019MS001816


The reduction in absolute potential is higher in summer, of course. Our hypothesis is 
that the relative reduction is larger in winter because the sun is at a higher zenith 
angle and therefore has to pass through a greater layer of aerosol optical depth. 
 
Figure 5: In previous figures, purple was used for negative changes, and green was 
used for positive. But here the color code is opposite. Please keep it consistent.  
Re response to 3. above. 
 
Line 322-327: it is important to mention the SAI strategy and climate model used 
when comparing this study with others.  
We enhanced the sentences with the following simulation and model information: 
“Visioni et al. (2021) illustrate the global pattern of total cloud cover differences 
between a SAI simulation that compensates for the temperature increase above 
present values under RCP8.5 conditions and the control run close to the present 
period. The simulations were performed with the CESM-WACCM model. Not only did 
they find…” 
 
Line 364: This conclusion cannot draw from Fig. S4, S5, and S13.  
We are convinced that we can. Especially looking at the absolute changes (Fig 
S4c,f) (former Figs S4 and S5) and regional relative changes S12 (former Fig S13).  
 
Conclusion: It is not necessary to redefine SRM, SAI, PV and CSP.  
Ok, we removed the redefinitions. 
 
Code and data availability statement: 
The new climate model simulation should be available to public.  
See response above. If a large enough repository cannot be found we will upload the 
10-year means on zenodo.  


