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shows clear evidence from observations and large uncertainty

in models



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

This manuscript is very interesfing and useful. It uses compares the results of four Earth System Models 

(ESMs) with two long-term datasets of aerosol and cloud-relevant properfies from two monitoring 

stafions, one in the boreal and the second in a tropical forest as well as MODIS Aqua satellite 

observafions, to invesfigate the efficacy of the ESMs in represenfing the aerosol-cloud-climate feedback 

over forests, involving biogenic volafile organics (BVOC) and secondary organic aerosol (SOA) formafion 

during their oxidafion.

The authors make the point that natural aerosols will be important drivers of aerosol climate impact in 

the future since anthropogenic emissions of aerosols and their precursors decrease due to regulafions 

for air quality improvement. From their analysis, they find out significant errors in represenfing the 

feedback between BVOC/SOA/clouds and climate in the models that are limifing the accuracy of future 

climate predicfions. This results points processes that need to be improved for climate predicfion to be 

reliable.

The manuscript is well wriften, and the illustrafions and discussion are appropriate and support the 

conclusions. I have a few comments to be addressed before the manuscript is accepted for publicafion.

1- The authors focus on the PM1 fracfion of the organic aerosol since as they explain it is in the fine 

aerosol fracfion that organics are expected to have the largest impact on clouds. They thus make a 

rigorous comparison between the model and observafions based on PM1 (submicron) analysis. However, 

SOA mass can also be formed by condensafion on larger parficles or dissolufion in cloud droplets, and 

this will modify the potenfial relafionship between cloud number concentrafion and organic aerosol 

mass as a whole. While this is not an issue for the observafions, the models are sharing the organic 

aerosol mass between the different aerosol sizes and considerafion or not of the formafion of SOA on 

coarse aerosol will affect the submicron SOA and the here shown results. I would like to have a comment 

on this issue and how far the model results presented here are affected by the size-resolved 

representafion of SOA.

2- Please make clear the link between equafion (1) for the feedback (dF/dT) and the equafion given in Fig 

5 capfion (dReff/dT) also used to discuss the feedback. In Fig. 5, the reader was expecfing to see the 

dF/dT instead of the change in the effecfive radius. In addifion, the discussion that follows Fig 5 is 

focusing on the forcing but shows the change in the effecfive radius.

3- Line 36, please rephrase since the sentence might be misunderstood that the aerosols will warm the 

atmosphere in the future.

4- Discussion on Fig 2 for ATTO (lines 80-92). Since the models (other than ECHAM-SALSA and UKESM) 

similar to the observafions do not have results for the high-temperature range, it is difficult to discuss 



how they will behave in high temperatures.

5- Line 86 : models

6- Line 114: To what could you aftribute the buffering in the impact of N50 and N100 for high OA ?

7- Lines 139-141: A reference for the updraft-limited and CCN-limited cases would be useful here. I could 

suggest the model intercomparison paper by Fanourgakis et al ACP hftps://doi.org/10.5194/acp-19-

8591-2019 but more can be found in the literature.

8- Figure 4: It is correct that EC-Earth and UKESM do not figure in the top panels? Are there data missing 

? Please menfion that in the capfion.

9- Line 161: relafionship

10- Line 181-182: please explain befter.

11- Line 267: remove ‘the n’

Reviewer #2 (Remarks to the Author):

This manuscript breaks down the BVOC-aerosol-cloud climate feedback loop in observafions and models 

to underlying observable process level dependences that could potenfially inform model understanding 

and development. Namely the authors use ground-based measurements from the SMEAR (boreal) and 

ATTO (tropical) sites to determine the dependence of organic aerosol (during periods when biogenics 

dominate OA mass) on temperature and then how the aerosol number size distribufion and subsequent 

satellite-derived cloud properfies vary with OA concentrafion. They highlight large inconsistencies in the 

magnitude of the BVOC-aerosol-cloud feedbacks between models analysed in this study and 

observafions. While certain models represent various aspects of the feedback loop well parficularly in 

the boreal regions, there clearly exists large and varied structural errors in the models that prohibit a 

correct simulafion of BVOC effects on climate and how these might change in a future warmer climate.

Capturing such natural aerosol ES feedback processes as this is a very important role for ESMs and 

inclusion of such levels of complexity is key for effecfive quanfificafion of the magnitude of aerosol-cloud 

climate feedbacks and their response to climate change in parficular with projected decreasing 

anthropogenic aerosol contribufions. As such this study offers some key interesfing results which 

highlights (a) the importance and magnitude of the feedback in the observafions and relevance for 

climate and (b) limits in current ESMs ability to capture such feedbacks. I like the approach taken in 

terms of evaluafing along the process chain using 2 unique datasets represenfing tropical and boreal 

regions. As such this has the potenfial to be an impacfful and highly useful paper but I do have a number 

of concerns and quesfions around the methodology and conclusions which I go into more detail on 

below. I recommend these are addressed prior to being acceptable for publicafion in Nature 

Communicafions.



While there is clearly a very strong correlafion between OA and Nx at SMEAR stafion, this is clearly not 

the case at ATTO, indeed the observafions show a negafive correlafion in many cases while the models 

show a strong posifive correlafion (Table S2). I don't see any discussion of what drives the different 

relafionship at the two sites (boreal vs tropical). Clearly background climate, vegetafion types, 

temperature and cloud regimes is key. I think it would really strengthen such a paper to back up the 

regional analysis at the two sites with a broader discussion around what drives the differences.

Also, what drives the diversity in responses across models? Why does UKESM have a flat temperature 

dependence at ATTO (Fig 2) while at the same fime dreff/d[OA] is negafive (Fig 5)? What role do the 

cloud microphysics and convecfion schemes and uncertainfies therein play in cloud responses? In my 

view you should link the findings from the model process evaluafion to some targeted model 

improvements. This would enable the significance of the method to inform model improvements to be 

established. For me it is not useful/impacfful just to conclude the models have large structural 

uncertainfies without pinpoinfing specific areas that require improvement. In some parts there is a small 

aftempt at this for instance highlighfing hygroscopicity issues in UKESM and in the Supplement when the 

yield is scaled in NorESM – it would be good to explore this type of applicafion more, perhaps even in 

one model to demonstrate effecfiveness of method/applicability of these observafions for model 

constraint. Pulling this type of assessment together in the Discussion would be highly valuable.

I remain unconvinced based on the analysis presented here that aerosols are driving a significant, 

detectable response in the satellite derived cloud properfies. While I am not an expert in satellite 

retrievals of cloud properfies I understand there are considerable uncertainfies in such retrievals 

parficularly in tropical regions. I recognise the data has been filtered to restrict analysis to liquid cloud 

only I believe such uncertainfies in the underlying retrieval products themselves should be clearly 

outlined. Looking at the distribufions of cloud properfies in Figures S18-20, it is difficult to determine 

even in the observafions a meaningful difference between high and low OA cases. What is the stafisfical 

significance of the difference presented in Figure 4? I would argue that in parficular for the COD 

differences in Figure 4 the uncertainfies span 0 on the y-axis. Also what role do the systemafic biases in 

the models wrt these properfies, parficularly at ATTO, play? In the modelling space the convecfion 

schemes will likely be a key determinant of the COD in these regions and many of these ESM sfill don’t 

have a link between the aerosol and deep convecfion. Can the authors comment on the relafive 

importance of such interacfions for the tropical BVOC feedback?

Why are different regression funcfions used for SMEAR and ATTO (log funcfion for the former and a 

linear funcfion for the lafter) – this further highlights the need for a befter discussion on drivers of the 

regional differences in the process chain relafionships in my view.

You present results for Feb-Apr for ATTO but your analysis in the Supplement shows there is liftle change 

in the Jan-May period, so why not use the full period? You state you want to have a period when there is 

“not strong seasonal change in cloud properfies” (L60 Supplement) but there is clearly an increase in reff 

over the Feb-April period for instance. Can you clarify how you define “not strong seasonal change”

Overall the manuscript is generally well wriften and good use of appropriate reference but I find the 

Discussion and Conclusions secfion a bit weak. It doesn’t fie the different threads of the analysis 

coherently enough together in my view nor link directly back to Figure 1. This thus weakens the potenfial 



impact and significance of the results. So the messaging needs a lot of fidying and clarificafion. The 

Methods secfion is not wriften in as clear a way as it could be and the Supplement while extensive again 

could be improved in terms of wrifing, with more aftenfion to detail required (in accurate figure capfions 

etc) – see Minor Comments.

MINOR COMMENTS:

L45-46: please ensure you include the correct sign of the feedback when referencing values from the 

literature. You currently quote posifive BVOC-climate feedbacks in all cases in your manuscript but this is 

not the case. Thornhill et al. for instance (your ref [15]) reports a negafive feedback of -0.09 W m-2 K-1 

which doesn’t agree with your reported value of 0.001 Wm-2 K-2.

L54 “the its aerosol parficle size distribufion dynamics” – should this be “and”

Line 66 +1 (for some reason there’s a gap in line numbering here): “long term in-situ data sets” – not 

sure 4 and 6 years of data can be classified as long term.

Eqn 1: but this is not how you actually calculate the feedback in Fig 5 you jump straight from d[OA]dT to 

d[cloud prop]/d[OA] plus you don’t actually calculate the full feedback, dF/dT in this analysis so I would 

reword this to say “ We analyse the components of the feedback which can be approximated as …”

Figure 2/Secfion 1 of Results. The observed temperature range at ATTO is quite narrow (~5-6 degrees) 

compared to SMEARII where is spans at least 25degrees. How might this narrower range impact the 

observed regression?

The OA-temperature dependence in UKESM looks very odd, why is this?

L86: movels --> models

L110 “on SOA formafion”  to SOA formafion”

L117 these models aren’t just “converfing” mass to number, many aerosol processes influence the mass 

but not the number and vice versa. This phrase presents the issue as overly simplisfic in my view.

L133 “it turns out not to be due” --> This is not due to ..

L153 “is detectable”  “is detectable in observafions” . Although see my major comment around the 

weak observed relafionship.

Figure 4: While you compute regressions for OA vs T and Nx vs OA , when presenfing the change in cloud 

properfies you bin according to the cloud liquid water path, why? Surely if aerosol is a key driver changes 

in these cloud properfies you would see a clear relafionship between reff vs OA and CoT vs OA?

L157 you should connect your pts 1-4 here directly back to your Figure 1 and components of the 

feedback loop. Also why no COT data for EC-Earth and UKESM

L182 I don’t agree with your conclusion that you cannot rule out the strongest esfimates (of feedback), is 

it not evident from Fig 5 that the NorESM feedback is too strong?

Table 1: UKESM: note iBVOC model is used for both IP and MT, this is correctly states in the model 

descripfion in Secfion S9.

Methods general: a number of abbreviafions aren’t explained (ELVOC, LVOC, VBS etc)

L227 incomplete reacfion / missing reacfion

L230 Do you nudge only the winds or winds and temperature?

Remarks on Supplement:

Figs S1 and S2, capfions incorrect SMEAR is not represented here.

Table S1, N100 v OA , linear regression for NorESM model repeated twice, I think this should be the log 

regression? Also why do you just apply a linear regression for N200 in contrast to the log regressions 



used for N50 and N100?

L110 amazone --> Amazon

S6.2/ L114 is there a secfion missing here?

Fig S22 and S31 please state the fime resolufion of the data points in these fimeseries plots

Fig S37 how is the weighfing applied?

L145-149 This paragraph is not clearly wriften overall. For example, “the vegetafion will respond in terms 

of density to meteorological condifions” makes absolutely no sense to me.

L151: EC-Eearth --> EC-Earth

L206 poorly worded sentence

L209/219/220 standard pressure was done assuming standard pressure ???

L211 what do you mean by cloud top cloud fime?

Reviewer #3 (Remarks to the Author):

Overall, I think the paper is of interest and importance and can potenfially e published, but requires 

revision of the presentafion of the analysis and of how the conclusions are presented. I will give my 

reasoning below.

**Noteworthiness of the results:

The manuscript explores a proposed feedback between the biosphere and climate. The proposed 

feedback is based on an increase in the emissions of organic aerosol precursors, which in turn leads to an 

increase in the organic aerosol mass, and also possible the number of aerosol parficles of a sufficient size 

to change the properfies of clouds once they are formed. Several studies have been performed to study 

the magnitude of this effect, with varying results (as the authors note). Here, a comparison of several 

models is performed and the results are then compared with experimental data from two sites.

The work is of significance to the field and also original. The step-by-step explorafion of the skill of the 

model in predicfing the feedback process could be an important step forward if properly described. The 

results and findings, if properly jusfified, are certainly interesfing and useful to the field, and the result is 

in my opinion noteworthy for at least two reasons:

(1) the analysis shows that the proposed feedback is of a magnitude that should be explored when 

climate projecfions are made

(2) the paper provides informafion for researchers, especially modellers, of specific areas that need 

updafing

**Support of the conclusions and claims by the presented work, and possible flaws in the analysis:

The approach to the analysis is fundamentally sound, and to me the technical details were of suffcient 

level. However, I think that the structure of the descripfion of the analysis is not ideal, and should be 

improved. The changes that are required are to structure of the presentafion of the analysis, and might 



also need some adjustment to the figures. I think the extent of the revision is significant, but new major 

analysis is not necessarily needed.

I think the main flaw in the data analysis is that the logic is somewhat confusing and difficult to follow. I 

will try to a) elaborate on how I understood it b) what I think is the problem, and c) suggest some 

improvements.

a) The biogenic emission - aerosol - cloud - temperature feedback is here analyzed by looking at different 

sub-processes of the loop. This is done by considering it as a chain of processes affecfing radiafive forcing 

F, for which the differenfial as a funcfion of temperature reasonably close to the current state can be 

approximated with Eq. 1. The different terms of Eq. are analyzed, both from observafional data, and data 

provided from ESM:s, and the responses of the models for each term are compared to responses from 

observafional data. Based on this, the authors then make statements of the model's skill at each step of 

the feedback loop, and also conclude that the models showing a minimal feedback do not demonstrate 

sufficient agreement with observafion to be considered reliable for this purpose.

b) The analysis then starts following Equafion 1 piecewise by looking at each term. For the first two 

terms, the analysis is fairly straighfforward - the dependence of OA on T is seen and can be clearly 

understood, and the basis for the dependence of CCN (in different cut-off size classes) on the OA mass is 

also described (with some minor quesfions sfill remaining).

When the analysis then reaches the third term (d cloud prop. / d CCN, according to both Fig 1 and Eq 1), 

the analysis then suddenly seems to change from this straigfforward path. The cloud properfies are not 

evaluated along the changes in CCN but rather OA. There is some discussion on CCN influence on cloud 

regimes, but the discussion focuses mostly on cloud water path (CWP), droplet effecfive radius (r_eff), 

and cloud opfical thickness (COT). For the reader it does not become fully clear which of these is the 

dependent and which the independent variable that is being analyzed. For example, if the same 

approach than in parts (1) and (2) is followed, CWP would be the independent variable, and COP and 

r_eff the properfies analyzed. How CWP is related to CCN is not really convincingly elaborated.

Instead, the analysis looks at d(cloud prop)/dOA, and then arrives at quanfificafion of d(cloud prop)/dT. 

This is then used as the basis for the conclusions of the paper, along with some of the intermediate 

results.

A major point requiring clarificafion is why the last term - the radiafive forcing - is left out of the analysis.

Thus, the problem as I see it is that the readers are proposed an analysis following Eq (1) and Fig (1), but 

they are then led along a more confusing route, and the deviafions are not really explained. While I think 

that the analysis supports the results, the text does not really help in understanding this.

c) Here are my suggesfions that the author might consider for the analysis:

Equafion (1) makes sense, and it is understandable as an applicafion of the chain rule, but it should be 



jusfified a liftle befter as it is the basis of the whole analysis. The different parts of Fig. (1) seem to 

connect with Eq (1) but there is not a full correspondence.

How I see this, is that actually the analysis aims to look at the process chain from T->cloud prop, and also 

analyses some of the intermediate steps (T->OA, OA->CCN), but does not focus on the steps CCN->cloud 

prop. The forcing part (dF/d(cloud prop)) of Eq. 1 is completely ignored.

The authors would need to make a decision if they want to follow Eq(1) or not, and also structure the 

analysis along it. The deviafions from equafion (1) and fig(1) in the equafions should be explained, and 

possibly also the connecfion between the equafion and the figure could be enhanced by adding the 

terms to the figure.

It is also possible to not follow the equafion to the detail, but to say that Eq 1 is the basic equafion that 

underpins the idea of the analysis, but that then different sub-parts are analyzed in detail from the data 

(e.g. dCOT/dOA) to give insight on the process. It should, however, be made clear that the individual 

sensifivifies are not analyzed in detail.

Once this decision is made, the descripfion of the analysis could the follow this plan, with each of the 

analyzed responses explained in the framework. It would be good if the reasoning behind Fig. (4) was 

explained more clearly, for example.

The authors can, of course, also choose an enfirely different way of presenfing the results. In any case, 

the presentafion of Eq (1) as the basis of the analysis should either be updated or removed, as in current 

form this is not really followed.

** Soundness and detail of methodology:

The methodology is based on analysing two well-known, long-term datasets and a wealth of Earth 

System Model data. The data analysis methods are of sufficient quality, and choices made are generally 

well jusfified and also sufficient care has been taken to ensure that specific choices (such as the fime 

period analyzed) are not unduly impacfing results.

The methodology is presented in sufficient detail and the datasets used are in principle such that the 

work can likely be reproduced.

Other quesfions and comments:

Title, abstract, and e.g. l117: The authors use the term 'structural uncertainty in the model 

representafion'. As one of the main claims is about structural uncertaint, maybe at least a reference to 

how such and uncertainty is defined and evaluated (When is it large? How is it different from other 

uncertainfies? How to address it) could be given for the reader.

Abstract: On line 26, the author state that they use 'natural variability as a proxy for perturbed states of 



the climate'. This is not elaborated on in the paper at all. Either remove or explain this in more detail.

l56: I think that currently "begging the quesfion" is used as the authors use it, but some people might 

consider this bad English (see e.g. hftps://www.theguardian.com/media/mind-your-

language/2010/may/24/begging-the-quesfion-mind-your-language)

l130: '...a similar paftern to the observed...' This seems very qualitafive to me. Why is the paftern in Fig 4. 

significant, and how is the similarity evaluated? As this is the final and quite important step of the 

analysis, some more detail on the strength of the response was evaluated could be useful here. The 

same applies to line 136 ('...a reasonable response...' ): what is reasonable? At which point would it 

become unreasonable?

l200: is the word 'again' needed here?





















































REVIEWERS' COMMENTS

Reviewer #2 (Remarks to the Author):

Review of “Aerosol-cloud-climate feedbacks over forests: clear evidence from observafions, large 

uncertainty in Earth System Models” by Blichner et al.

Thank you for providing me with the opportunity to review the revised version of this manuscript. I 

thank the authors for responding in detail to all my previous comments and am overall very pleased with 

the revisions made. The manuscript is now much clearer, the addifional discussion points added are very 

welcome tying the findings together while making recommendafions for future areas of work. My 

remaining comments below are all fairly minor/cosmefic and I do not need to rereview the paper once 

implemented. I am happy to recommend this revised version for publicafion in Nature Communicafions.

Minor comments (please note line number refer to line number in the Track Changed document):

L39: accurate/accurately used twice in the same sentence would remove one occurrence.

L83: I would rewrite this sentence as “We evaluate the models by examining the components of the 

BVOC-aerosol-climate feedback chain from the temperature dependence of emissions through to 

subsequent impacts on organic aerosol mass, size distribufion and cloud properfies.”

L85/86 under natural variability of weather  under natural environmental condifions [suggesfion]

Figure S6/S11 plots OA vs isoprene emission relafionship for all models, note that isoprene does not 

contribute to SOA in UKESM1, so any relafionship here is by chance. The figures are therefore a bit mis-

leading. I would either make this very clear in the supplementary text (for example you currently note 

the lower slope for UKESM on L75 Supplementary text) and/or remove the UKESM OA vs isoprene 

correlafion from the relevant figures.

Figure 3 capfion says currently NorESM values are divide by 4 but the fitle on the subplots for ATTO says 

NorESM/8?

L156 impacton --> impact on

L163 by both due --> both by an increased condensafion sink and …

L181 We focus of the --> We focus on the

L200 overesfimafing --> overesfimafion

L222 might be related the --> might be related to



L234/235: Rather than referring to your “simplified picture” why not just refer to your “proposed 

feedback chain (Fig 1)”

L308 rule out it out --> rule it out

Figure 5 add a legend to this figure illustrafion which colour bar corresponds to which model.

Table 1 , reference for UKCA-GLOMAP in UKESM model: note Mulcahy et al. (2020) is the most up-to-

date reference for the aerosol representafion in UKESM1 (hftps://doi.org/10.5194/gmd-13-6383-2020). 

Note this study in fact includes an evaluafion of the seasonal cycle of OA mass concentrafion at SMEAR 

which is in prefty good agreement (see their Fig 7) with your assessment in Fig. S37. The authors in this 

paper highlight the important role of oxidant chemistry also by comparing a prescribed oxidant 

configurafion with the full ESM with interacfive oxidants and point to much higher oxidafion in parficular 

by NO3 in the prescribed oxidant simulafion. This would seem to be a relevant publicafion for this 

current study.

L435 MOSIS --> MODIS

Reviewer #3 (Remarks to the Author):

The authors have addressed my concerns and the paper is now much befter structure and now forms a 

convincing and logical presentafion of the research and findings. As I already stated, the topic and 

content of the research are important for the scienfific community and the paper is an original and 

noteworthy contribufion to the field. Therefore, I propose accepfing the paper for publicafion, but want 

to bring the following to the editor’s and author’s aftenfion as at least the first point must be corrected 

(points 2 and 3 I leave at the Editor’s discrefion).

1. In my version of the manuscript, Figures 2 and 3 are missing a significant porfion of data (the majority 

of observafion/model predicfion points). The regressions are visible, and based on reading the paper, the 

data has not changed, but the editor should verify that the data are unchanged from the first version.

2. Line 103: ”BVOC precursors” is a liftle ambiguous, as it could mean precursors of BVOC (in the 

biological synthesis pathways of BVOC emission, or (as I think is the meaning here) biogenic organic 

precursors of SOA.

3. Line 105: “while the β term is strictly related to the temperature dependency.” I think this is rather 

obvious (as β is mathemafically describing the temperature dependency, and I think we are 

automafically strict about it), but I’m also wondering how to interpret this. I think that based on the 

given regressions that include heavy averaging, we cannot yet say that there would not be a temperature 

dependence in the yield or loss rates, which might also be temperature dependent but in a different way 

and not visible in this data. I propose adding rephrasing in a way that makes this clear.



Reviewer comments are in black, author responses are in blue. 

 

Reviewer #2 (Remarks to the Author): _______________________________________________ 1 

Reviewer #3 (Remarks to the Author): _______________________________________________ 3 

Notes of other changes not directly in response to review comments: _____________________ 4 
 

 

Reviewer #2 (Remarks to the Author): 
Review of “Aerosol-cloud-climate feedbacks over forests: clear evidence from observations, 

large uncertainty in Earth System Models” by Blichner et al. 

 

Thank you for providing me with the opportunity to review the revised version of this 

manuscript. I thank the authors for responding in detail to all my previous comments and am 

overall very pleased with the revisions made. The manuscript is now much clearer, the 

additional discussion points added are very welcome tying the findings together while 

making recommendations for future areas of work. My remaining comments below are all 

fairly minor/cosmetic and I do not need to rereview the paper once implemented. I am happy 

to recommend this revised version for publication in Nature Communications. 

 

We would like to again thank the reviewer for these comments, and we are very pleased that 

they are now happy with our edits.  

 

Minor comments (please note line number refer to line number in the Track Changed 

document): 

 

L39: accurate/accurately used twice in the same sentence would remove one occurrence. 

 

Thanks, it now reads “To accurately capture these effects, reliable representation and 

evaluation of natural aerosol feedbacks in Earth System Models (ESMs) are needed.” 

 

L83: I would rewrite this sentence as “We evaluate the models by examining the components 

of the BVOC-aerosol-climate feedback chain from the temperature dependence of emissions 

through to subsequent impacts on organic aerosol mass, size distribution and cloud 

properties.” 

 

Thanks, great suggestion. It has been implemented. 

 

 

L85/86 under natural variability of weather  under natural environmental conditions 

[suggestion] 

 

Thanks, this has been implemented!  

 

 

Figure S6/S11 plots OA vs isoprene emission relationship for all models, note that isoprene 

does not contribute to SOA in UKESM1, so any relationship here is by chance. The figures 

are therefore a bit mis-leading. I would either make this very clear in the supplementary text 

(for example you currently note the lower slope for UKESM on L75 Supplementary text) 



and/or remove the UKESM OA vs isoprene correlation from the relevant figures. 

Figure 3 caption says currently NorESM values are divide by 4 but the title on the subplots 

for ATTO says NorESM/8? 

 

This is a good point. We have added a sentence to the two captions in question: “Note that in 

UKESM, only monoterpene contributes to SOA formation.”.  

We’ve added a sentence in the SMEAR-II discussion on L80: “Also note that in UKESM, 

isoprene does not contribute to SOA formation at all.”  

We’ve also added made this clear in the discussion of the ATTO results with L112 now 

reading: “NorESM has a fairly strong relationship between emissions and OA at ATTO, while 

EC-Earth has a weak one and UKESM has a negative correlation for monoterpene (isoprene 

does not form SOA in UKESM).” 

Thanks, the caption was wrong in Fig 4! 

 

L156 impacton --> impact on 

 

Thank you, this has been fixed. 

 

L163 by both due --> both by an increased condensation sink and … 

 

Thank you, this has been fixed.  

 

L181 We focus of the --> We focus on the 

 

Thank you, this has been fixed. 

 

L200 overestimating --> overestimation 

 

Thank you, this has been fixed. 

 

L222 might be related the --> might be related to 

 

Thank you, this has been fixed. 

 

L234/235: Rather than referring to your “simplified picture” why not just refer to your 

“proposed feedback chain (Fig 1)”  

 

Yes, good point! 

 

L308 rule out it out --> rule it out 

 

Thank you, this has been fixed. 

 

Figure 5 add a legend to this figure illustration which colour bar corresponds to which model. 

 

Yes, good point! 

 

Table 1 , reference for UKCA-GLOMAP in UKESM model: note Mulcahy et al. (2020) is the 

most up-to-date reference for the aerosol representation in UKESM1 

(https://doi.org/10.5194/gmd-13-6383-2020). Note this study in fact includes an evaluation of 

https://doi.org/10.5194/gmd-13-6383-2020


the seasonal cycle of OA mass concentration at SMEAR which is in pretty good agreement 

(see their Fig 7) with your assessment in Fig. S37. The authors in this paper highlight the 

important role of oxidant chemistry also by comparing a prescribed oxidant configuration 

with the full ESM with interactive oxidants and point to much higher oxidation in particular 

by NO3 in the prescribed oxidant simulation. This would seem to be a relevant publication 

for this current study. 

 

This is a good point! We have changed the reference in Table 1 accordingly.  

 

L435 MOSIS --> MODIS 

 

This has been corrected accordingly.  

 

 

Reviewer #3 (Remarks to the Author): 
 

The authors have addressed my concerns and the paper is now much better structure and now 

forms a convincing and logical presentation of the research and findings. As I already stated, 

the topic and content of the research are important for the scientific community and the paper 

is an original and noteworthy contribution to the field. Therefore, I propose accepting the 

paper for publication, but want to bring the following to the editor’s and author’s attention as 

at least the first point must be corrected (points 2 and 3 I leave at the Editor’s discretion). 

 

1. In my version of the manuscript, Figures 2 and 3 are missing a significant portion of data 

(the majority of observation/model prediction points). The regressions are visible, and based 

on reading the paper, the data has not changed, but the editor should verify that the data are 

unchanged from the first version.  

 

Thanks for noticing this. Firstly, only the ATTO data has changed.   

There are two reasons for this (both noted at the end of the author replies): 

- We have added a requirement for the number of datapoints per day to include a 

datapoint because we found during the extra analysis of emission rates that some 

datapoints were bias towards certain times of the day. We initially used 20 as a limit, 

but seeing the reviewers point that we do loose quite a few points, we have now 

changed this to 16, which is enough to avoid significant diurnal biases. We also 

realised we had not added this to the method, so we’ve also done this. 

- The model data looks slightly different because we changed the level from the bottom 

level to the second to bottom level (does not affect the amount of data).  

 

2. Line 103: ”BVOC precursors” is a little ambiguous, as it could mean precursors of BVOC 

(in the biological synthesis pathways of BVOC emission, or (as I think is the meaning here) 

biogenic organic precursors of SOA.  

 

We changed this to “BVOCs”.  

 

3. Line 105: “while the β term is strictly related to the temperature dependency.” I think this 

is rather obvious (as β is mathematically describing the temperature dependency, and I think 

we are automatically strict about it), but I’m also wondering how to interpret this. I think that 

based on the given regressions that include heavy averaging, we cannot yet say that there 

would not be a temperature dependence in the yield or loss rates, which might also be 



temperature dependent but in a different way and not visible in this data. I propose adding 

rephrasing in a way that makes this clear.  

Thanks for this, we agree. The sentence now reads “[…] while the β term is related to the 

temperature dependency (including possible temperature dependencies of yields, oxidation, 

loss rates etc.). 

 

Notes of other changes not directly in response to review comments: 

 
Note that we discovered a mistake in the code during the final checks, and for the cloud 

properties plots (Fig 4 and parts of Fig 5), the UKESM data had not been properly selected 

for season. This issue has now been corrected, and does not significantly impact the results, 

though there is some change to Fig 4, especially in SMEAR-II.   

See below for comparison of new and old figures. 

 
NEW VERSION Fig 4: 

 
 

 

 

  



OLD VERSION Fig 4:  

 
 

  



NEW VERSION Fig 5:  

 
OLD VERSION Fig 5: 
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