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RESPONSE TO REVIEWs OF MANUSCRIPT-egusphere-2023-426 - Opinion: Establishing a 

Science-into-Policy Process for Tropospheric Ozone Assessment 

 

GENERAL RESPONSES TO THE REVIEWS: 

 

POINT-BY-POINT RESPONSES TO REVIEWER COMMENTS: 

Overview of our point-by-point responses:   

In the following, the referees' individual comments are reproduced, and each is followed by 
text in blue italics giving our response. Each also describes any additions/revisions to the 
manuscript relevant to that comment.  

CC1: 'Comment on egusphere-2023-426 - Martin Schultz' 

Having been acknowledged for "helpful discussions" in this article, I would like to make it 
very clear that I don't agree with the opinions that are put forward by the authors. This 
approach has several flaws. In particular, the idea that "simple models" can advance our 
understanding and help shaping a better environmental policy, is complete nonsense.  

We thank Martin Schultz for initiating the discussion of our recently posted Opinion. In 
acknowledging helpful discussions, we did not mean to imply that all were supportive; 
indeed, constructively critical comments are often the most helpful. Notwithstanding his curt 
opinion regarding “simple models” being “complete nonsense”, we would like to point out 
that scientists in other fields have expressed much more supportive views of the important 
roles played by models of varying complexity. In fact, in the field of geophysical fluid 
mechanics it is quite common for researchers to rely on a variety of numerical models of 
differing complexity and representation to investigate the manifold, non-linear features of 
atmospheric motion.  

No changes have been made to the text. 

 

RC1: 'Comment on egusphere-2023-426', Anonymous Referee #1 

This manuscript addresses a need of a science-into-policy approach for tropospheric ozone 
management. Tropospheric ozone is an essential oxidant modulating tropospheric 
chemistry and is an effective greenhouse gas. Near surface ozone is an air pollutant that is 
harmful to public health and vegetation. There are currently active discussions of lowering 
air quality standard for ozone, which causes concerns about increased non-attainments 
because of large background ozone values. Therefore, it is timely to publish an opinion 
article that suggests actions to better understand and reduce tropospheric ozone. The 
authors reviewed the stratospheric ozone layer depletion and global climate change topics 
as examples of the science-into-policy process and suggest a similar process for 
tropospheric ozone.   
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I think highly of this opinion that outlines the processes from the review and assessment to 
an international convention and that explains the need of this approach. The authors 
pointed out several important issues of tropospheric ozone for international research such 
as local anthropogenic emission changes, background ozone trends associated with global 
emissions and climate changes (biogenic emissions, lightning, wildfires), and stratosphere-
troposphere exchanges. I would recommend to publish this article and promote discussions 
about tropospheric ozone and methane as the UN FCCC agenda and policy actions. 

Development of a “model” of the underpinning science for tropospheric ozone would be 
challenging. According to the manuscript, the “model” needs to be widely-accepted, simple, 
conceptual and intuitively explains the broad features of tropospheric ozone including 
chemical sources, sinks, and transport processes and local, regional, and large-scale spatial 
and temporal distributions (including long-term trends). And this model plays an important 
role in a robust assessment. To my opinion, such a conceptual model would not be highly 
accurate. But, the model (or model development process) is still helpful to identify essential 
factors determining tropospheric ozone distributions, to calculate ozone budgets and to 
initiate discussions advancing tropospheric ozone science and policy at the same ground. 
This model can be regarded as one simple tool or reference. 

Thank you for your supportive comments on the role of a simplified conceptual model. A 
reference has been added in Section 4 to a hierarchy of models and a paragraph has been 
added in Section 6 to explain that the simplified model lies alongside the complex models 
and is not to be considered a replacement of the complex models currently in use. 

 This opinion would be an excellent starting point to discuss about more organized and 
supported international efforts to diagnose tropospheric ozone problems and develop 
“science-to-policy” processes to reduce tropospheric ozone. 

 Minor change 

P3, L74: Correct “International Panel on Climate Change” to “Intergovernmental Panel on 
Climate Change”. 

We thank Referee #1 for carefully reading our Opinion and for their positive comments and 
recommendation (https://doi.org/10.5194/egusphere-2023-426-RC1). 

“Development of a “model” of the underpinning science for tropospheric ozone” likely will 
indeed be challenging, as evidenced by the comment posted by the TOAR Steering 
Committee (https://doi.org/10.5194/egusphere-2023-426-CC4). In our response to that 
comment (https://doi.org/10.5194/egusphere-2023-426-AC5) we more fully describe the 
“model” that we envision; it will necessarily comprise a hierarchy of models of varying 
complexity. This issue is now more fully described in our revised manuscript. 

The suggested correction of “International Panel on Climate Change” to “Intergovernmental 
Panel on Climate Change” has been made in our revised manuscript. 

RC2: 'Comment on egusphere-2023-426', Anonymous Referee #2 
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In this Opinion piece, Derwent et al. seek to highlight that the existential problem of 
increases in the abundance of tropospheric ozone could be addressed through a more 
formal science-to-policy framework – the likes of which has had success in protecting the 
stratospheric ozone layer and (hopefully) limiting the effects of anthropogenic  climate 
change.  

Clearly everyone is entitled to their own opinions and the authors are world renowned and 
respected for their work on tropospheric ozone, so their opinions matter. But I feel there 
are some significant issues with this piece that should be addressed before final publication. 
The major issues are discussed below alongside more minor issues later. 

Thank you for your supportive comments. 

Major issues: 1) Do we not already have a “model” of tropospheric ozone?  

A key premiss of this paper is that as a community we lack a parsimonious model that can 
describe the processes that control tropospheric ozone. Although the level of simplicity is 
arguable, at least in my mind we have such a parsimonious model. Indeed, Figure 3 in the 
paper outlines such a model and this model has been the de facto model used within the 
community since at least the mid-2000s. In which case, what new insight is this Opinion 
piece adding? 

At its simplest we can say that the model of climate change is a question of forcing and 
feedback:  

∆N = ∆F – a∆T                  Equation 1 

The model of tropospheric ozone can also be written very simply (where ∇ is used to 
represent transport, P(O3) the production and L the first-order loss rate of ozone):   

𝑃(O3 ) = (𝐿 + ∇)[O3]      Equation 2 

However, these simple models are not practically useful. Complex problems require 
complex models. There is a good point to be made that the level of complexity of our model 
(Figure 3) is not fit for purpose but it’s not clear how we as a community go about 
determining this. It seems to me, at least, that the model we have for tropospheric ozone 
(Figure 3) is fine. 

Thank you for these comments about simple, conceptual models and for your thoughts 
about two simple models for climate and ozone based on equations 1 and 2. They do clearly 
illustrate the limitations of simplified, conceptual models. Your proposed simple equation is 
perhaps a first step in determining that the level of our proposed “simplified” model would 
need to include more than merely photochemical production/loss and transport of 
autogenous ozone. In fact, there would need to be two critical “forcing” terms: stratospheric 
inputs and surface deposition, which can be time dependent and variable across the globe. 
The former is independent of the tropospheric ozone burden, the latter proportional to 
surface ozone concentration but also strongly dependent on how the terrestrial biosphere 
changes in our changing climate. We therefore conclude that, no, the proposed model would 
need to be more complex than Equation 2 above, but this is the beginning of the 
conversation we were hoping to start with this piece. We feel that simple (meaning simpler 
than full-blown chemical-transport models), conceptual models have an important role in 
stimulating discussions between the scientific and policy communities on tropospheric 
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ozone. A reference has been added in Section 4 to the required hierarchy of models and a 
paragraph has been added in Section 6 using largely your above comments to explain that 
the simplified model lies alongside the complex models and is not a replacement. 

The main problem is the problem of who owns the challenge of tropospheric ozone (the air 
quality community or the climate community) and so who are we simplifying the model 
(Figure 3) for; this is an issue that is intimately linked with the choice of metric. 

2) Do we have a process for deciding which metrics for tropospheric ozone are policy 
relevant? 

Section 7, I think, is a key section for this Opinion piece. The authors outline some of the 
metrics used in the climate science and stratospheric ozone communities (GWP and ODP) 
and some of those used in the tropospheric chemistry community (OFP and POCP) but the 
authors don’t go on to highlight the problems with the GWP and ODP metrics. A discussion 
on the problems with these metrics would be helpful as that would help underscore the 
need for a process to develop the optimal policy relevant metric(s) for tropospheric ozone. 
See for example, Lynch et al. (2020) and Pyle et al. (2022). 

Thank you for these thoughtful comments on policy metrics. The climate change and ozone-
depletion issues have simple policy metrics, and we are looking for a similar metric for the 
proposed science-into-policy process for tropospheric ozone. Policymakers are working 
satisfactorily with ozone precursor emission inventories to develop and promulgate policy 
proposals and initiatives for urban and regional ozone. We think that this would be a 
satisfactory approach for tropospheric ozone, generally. The text has been amended to 
include a brief discussion of possible coming difficulties and have included the Lynch et al. 
(2020) and Pyle et al. (2022) references. 

The discussion about the UN FCCC is important (not necessarily interesting) but the UN FCCC 
deals with emitted species only, as these emissions can be regulated. Should the UN FCCC 
also consider OH as one of the gases it “controls”? Tropospheric ozone cannot be part of 
emission-based policy metrics because it is not an emitted species. The UN FCCC does 
include methane and a significant fraction of the methane GWP comes from the impacts 
that methane has on tropospheric ozone. If tropospheric ozone were to come under the 
remit of UN FCCC then the fraction of GWP that is attributable to tropospheric ozone 
formation from methane would have to be removed. This would create a huge issue in 
terms of recent work that targets methane mitigation as a priority as the GWP-100 of 
methane would drop by about ¼. Again, a discussion of the impacts of the choice of policy 
metric would really help the community rally around a process to identify the right one(s). 

The UN FCCC, as we explain in the text, develops its policies using GWPs as metrics and uses 
greenhouse gas emissions as the instrument of policy control. Although tropospheric ozone is 
predominantly a secondary pollutant, we are proposing that ozone precursor emissions 
could be the instrument of global policy control as it is now, but on a country-by-country 
basis.  

We do not see why the development of the proposed ozone policy would necessitate the 
removal of the methane impacts on ozone in the calculation of its GWP. Just as most air 
pollution policy excludes methane as an ozone precursor, the same could hold for the UN 
FCCC policy, albeit with the understanding that the budgets of methane and ozone are 
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photochemically interconnected. If tropospheric ozone came under the UN FCCC, there 
would be no question of changing the GWP for methane. The GWP is a theoretical quantity, 
based on atmospheric science and its magnitude would not change if tropospheric ozone 
came under the UN FCCC. 

No changes were made to the text. 

Figure 2 highlights the alarming issue we have with metrics for tropospheric ozone. By my 
counting there are at least 4 different metrics being displayed. I think that an Opinion piece 
such as this should touch on this important aspect and draw on the literature which has 
discussed the choice of metrics at length. Through analysis of this literature it rapidly 
becomes evident that part of the problem with creating a “simple” model for tropospheric 
ozone is that the stakeholders for the impacts of tropospheric ozone are diverse and each 
want different things. A key and related aspect is which policy makers are the metrics being 
targeted at? Policy is a wide-ranging world and many different tropospheric ozone metrics 
could be identified for different policy issues. This relates to my point about who owns the 
challenge of tropospheric ozone above. 

Thank you for these thoughtful comments on policy metrics. The climate change and ozone-
depletion issues have simple policy metrics, and we are looking for a similar metric for the 
proposed science-into-policy process for tropospheric ozone. As we note above, policymakers 
are working satisfactorily with ozone precursor emission inventories to develop and 
promulgate policy proposals and initiatives for urban and regional ozone. We think that this 
would be a satisfactory approach for tropospheric ozone, generally. The text has not been 
amended. 

Minor points: 

L94: I suggest you delete the word “Interestingly” and let the reader make up their mind. 
L115: The heading seems incomplete or at least it does to me. Delete “the” or add more 
words. 

L129: I’m sure there are others but with my UK-centric hat on I would suggest you add 
AQEG to this list who have done fantastic work on tropospheric ozone for decades.  

L183: See major comments above. 

Figure 4: Methane emissions should top out at about 500 Tg/yr. Please check panel (a). The 
use of NMVOC and AVOC is confusing. Can you be consistent and define what you mean 
here. Also, please check the units for panels (b)-(e). Should there not be an area dimension? 

L240: Fragment. Re-word. 

L242: Replace the comma with a semi-colon or re-phrase the sentence here. 

L255: Add “e.g.,” to the reference as this was not the first study to point this out. 

L260&266: What do the authors mean by “ozone air quality” and “air quality for ozone”? 

Thank you for these comments and corrections. In all cases the text has been amended 
accordingly. 
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CC2: 'Comment on egusphere-2023-426', Sophie Szopa 

CC3: 'Reply on CC2', Sophie Szopa 

Climate change and air pollution are both critical environmental issues that are already 
affecting humanity. In its 6th assessment cycle, the Intergovernmental panel on climate 
change (IPCC) dedicated a full chapter (chapter 6) in the Working Group I report to Short 
Lived Climate Forcers, including tropospheric ozone. The evolution of ozone abundance is 
also assessed in the chapter 2 of the WGI report. The WGI summary for policymakers 
stresses the co-benefits of methane emission reduction to mitigate climate change and 
reduce surface ozone and mentions the need to have coordinated climate and air pollution 
policies. The WGII report also mentions ozone. For example, the chapter dealing with crops 
underlines the effect of ozone on crop and food security and the chapter on health warns 
about the possible compounds effect of ozone peaks and heat waves occurring 
simultaneously. The WGIII report assessed the co-benefit of decarbonization through air 
pollution reduction (including ozone) and associated economic benefits. Finally, the 
synthesis report includes explanation on the co-benefit on health and crop due to air 
pollution reduction and mentions ozone (see section 4.2 of the synthesis report released in 
march 2023) and recalls that international environment agreement such as those targeting 
transboundary air pollution may help to stimulate low GHG investment and reduce GHG 
emissions. The summary for policymakers of the synthesis report mentions the rapid co-
benefit on air pollution (and thus on health) obtained with strong reduction of GHG with a 
particular emphasis on methane but also remind that dedicated air pollution policies can 
bring results more rapidly. These summaries for policymakers are approved line by line with 
government delegates and tailored to ensure that robust and relevant science-based 
information are provided to policy makers. The underlying material is grounded in 
assessments based on the analysis of thousands of publications with release of several 
drafts of the reports that can be reviewed by the scientific community to ensure robustness 
and transparency. 

In addition, the difficulty of having climate metrics relevant for SLCFs is also mentioned in 
WGI chapter 7. The WGI chapter 6 relies on studies using a wide range of models with 
varying complexities depending on the aspects assessed (see also BOX 6.1 in chapter 6). This 
diversity of tools is necessary considering the complexity and non-linearity of atmospheric 
chemistry (see also the BOX 6.2 in chapter 6). 

We thank Sophie Szopa for clearly and concisely summarizing the discussion of tropospheric 
ozone that has been included in the 6th assessment cycle by the Intergovernmental Panel on 
Climate Change (IPCC). It will be critically important that the Science-into-Policy process for 
tropospheric ozone that we propose fully coordinate on the overlapping issues that IPCC has 
already assessed. We have added a brief discussion to this effect to our revised manuscript in 
Section 8. 

 

CC4: 'Comment on egusphere-2023-426', Helen Worden 

TOAR (Tropospheric Ozone Assessment Report) Steering Committee (past and present) 
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The following is a joint statement from current and former members of the Tropospheric 
Ozone Assessment Report (TOAR) Steering Committee.  The submitted manuscript proposes 
a science-into-policy process that would mis-interpret the findings from TOAR, and 
therefore we feel compelled to state our concerns regarding the scientific structure of the 
proposal. 

- The submitted manuscript makes no mention of IPCC’s well-known assessment of the co-
benefits of greenhouse gas mitigation for air quality improvements, a concept that has been 
widely discussed by the atmospheric sciences community and by policy-makers for at least 
10 years (e.g. see West et al., 2013; 391 citations according to Web of Science).  As 
summarized by the recent Synthesis Report of IPCC AR6 
(https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf), existing and new 
policies to reduce greenhouse gas emissions will have the co-benefit of reducing ozone at 
the surface and in the free troposphere, especially due to methane mitigation (see also IPCC 
AR6 WG-III).  This omission of IPCC findings is profound, and seriously undermines the 
suggested science to policy process.  

Thank you for this comment. Text has been added to Section 8 to reinforce the contribution 
played by the IPCC and its assessments. 

The authors also fail to discuss the inclusion of tropospheric ozone as a risk factor in recent 
Global Burden of Disease reports, which have brought tropospheric ozone into the public 
health community discourse (Murray et al. Lancet. 2020; 396: 1223-1249). 

We do mention the health effects of tropospheric ozone and point to the Global Burden of 
Disease through our reference to Cohen et al. (2017), but we do agree that this issue 
deserves more emphasis, and the text has been modified. The Murray et al. Lancet paper is 
merely a Viewpoint article which does not give any detailed reference to ozone, so we have 
not added it to the text. 
 
- The submitted manuscript calls for the development of a single ozone policy metric, “with 
full buy-in from the atmospheric science community”.  TOAR is a grassroots organization 
sustained by the atmospheric science community, and TOAR’s great success is due to its 
popular and necessary use of multiple ozone metrics (for climate, health and vegetation 
impacts).  Tropospheric ozone chemistry is extremely complicated, concentrations of ozone 
vary in space and on hourly timescales, and no single ozone metric can adequately gauge its 
impacts on diverse biological systems, or climate.  The suggestion for a single ozone policy 
metric would not provide protection for the different receptors damaged by ozone which 
have very different exposure patterns, dose-response curves, and ozone damage 
thresholds.  Rather than a new metric which would necessitate the development of a new 
set of exposure-response curves, ozone policy could be guided by the more consistent use 
of existing response curves to convert exposure or dose to easily understood impacts such 
as years of life lost (YLLs), years of life lived with disability (YLDs), and disability-adjusted life-
years (DALYs), crop production losses (CPL) and economic cost losses (ECL). 

Thank you for these thoughtful comments on policy metrics. The climate change and ozone-
depletion issues have simple policy metrics, and we are looking for a similar metric for the 
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proposed science-into-policy process for tropospheric ozone. Policymakers are working 
satisfactorily with ozone precursor emission inventories to develop and promulgate policy 
proposals and initiatives for urban and regional ozone. We think that this would be a 
satisfactory approach for tropospheric ozone, generally. Presumably there are second-order 
models, undergoing continuous refinement, that can map the first-order tropospheric ozone 
results into any number of exposure metrics (YLLs, YLDs, CPL, and ECL that you mention) for 
any given particular policy implication. The text has not been amended. 

- A foundation of this proposal is the authors’ repeated claim that mid-latitude baseline 
ozone doubled from the 1950s to the early 2000s, but has since been steadily 
decreasing.  This claim runs contrary to the findings of IPCC AR6 and other recent 
assessments of tropospheric ozone trends, including the analyses from TOAR (collectively 
cited over 1300 times), which do not support a steady decrease in tropospheric ozone 
across the mid-latitudes in recent decades (further details are provided below).  This basic 
scientific error prevents us from having any confidence in the scientific structure of the 
proposed science-into-policy process. 

We agree that there is disagreement within the community on important aspects of the 
temporal and spatial distribution of tropospheric ozone, including long-term changes in 
baseline ozone. However, the analyses showing “mid-latitude baseline ozone doubled from 
the 1950s to the early 2000s, but has since been steadily decreasing” remains firmly 
established for the Northern Hemisphere, not having been refuted by any later analyses; a 
detailed discussion of this issue is given in the Supporting Information of our response to the 
Comment of Worden (https://doi.org/10.5194/egusphere-2023-426-AC5). Furthermore, we 
suspect that the TOAR findings cited above are heavily influenced by “confirmation bias”; 
agreement with model simulations has been a criterion when choosing between 
observational analyses that give conflicting findings. Moreover, TOAR has the stated aim to 
provide a reliable historical record of background ozone levels and reliable guidance to other 
assessments such as IPCC AR6. Community reliance on TOAR analyses is based on this stated 
aim without further evaluation of the historical record, so that reliance (in the form of 
>1,300 citations) does not support the accuracy of the TOAR analyses. One effort of the 
assessment that we propose is a rigorous, objective evaluation of observational analyses 
free of such biases. In any event, we do not believe that citation count can be used as logical 
argumentation in the debate of an open scientific question.  

However, the Opinion does not actually refer to this issue. Nevertheless, it is important and 
we accept the reviewers’ comments. A paragraph on this issue has therefore been added in 
Section 8, together with four references. 

- These authors call for the development of a simple, conceptual ‘model’ that would be used 
to understand the output of atmospheric chemistry models, guide research efforts and 
inform policy. They describe the attributes of the “model”, which exactly match the 
attributes of a conceptual model that these same authors have proposed in a recent paper 
(Mims et al. 2022). While the authors do not cite their own work, we briefly discuss the 
weaknesses of the Mims et al. model below.  In our expert opinion, output from modern 
atmospheric chemistry models can be effectively summarized for policy-makers, and there 
is no reasonable application for a simple, conceptual model that lacks basic atmospheric 
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dynamics and is therefore unable to capture the temporal and spatial variability in column 
and ground level ozone, let alone allow for any attribution of ozone changes to driving 
forces.  There may be important roles for simple models, but new models must be vetted 
among the community of scientists and demonstrate their value before they are used in a 
science-to-policy process.  

Thank you for these comments about simple, conceptual models. They further clarify the 
limitations of such models. Nevertheless, we feel that simple, conceptual models have an 
important role in stimulating discussions between the scientific and policy communities on 
tropospheric ozone. A reference has been added in Section 4 to a hierarchy of models and a 
paragraph has been added in Section 6 using largely your above comments to explain that 
the simplified model lies alongside the complex models and is not to be considered a 
replacement. 

While we agree that science must inform policy, we have no confidence in this particular 
proposal for a science-into-policy process, which seems to oversimplify the science and 
relevant metrics, while misinterpreting the science.  TOAR follows the lead of other 
influential scientific processes like IPCC (which focuses on the science and summarizing that 
science for policymakers), to inform choices without prescribing policy.  TOAR does so in 
part by including studies of impacts on health, crops, vegetation, and climate.  TOAR will 
continue to work with IPCC, the Climate and Clean Air Coalition (CCAC, 
www.ccacoalition.org) and the Task Force on Hemispheric Transport of Air Pollution (TF 
HTAP) under the UNECE, as well as established regional organizations (for example, EMEP in 
Europe), to advise policy-makers to develop more effective approaches.  

We regret that the TOAR community has no confidence in our proposed science-into-policy-
process despite their huge contribution to furthering understanding of tropospheric ozone. 
No amendments have been made to the text in response to these comments. 

 POINT-BY-POINT RESPONSES TO EDITOR’S COMMENTS: 

I found the discussion of the paper particularly useful and it changed my presumed 
understanding of what you were probably trying to explain. I believe that I and some 
reviewers/commenters initially misunderstood statements of the original paper. The text in 
lines 156 - 164 gave me the provocative impression that existing complex CTM models are 
not useful and should be replaced by a single simple model, although I only partially 
understood the reasoning behind this proposal. After reading the discussion, I believe I 
understand the following: the simplified model should be consistent with findings from 
observational data and CTM modeling. It should represent fundamental relationships 
between tropospheric ozone and influencing key processes reasonably correct, help to 
understand the key drivers/ processes, illustrate major uncertainties, and help to define 
research/policy priorities. The simplified presentation should facilitate joint communication 
between different scientific communities and policy makers. Nevertheless, complex models 
would still be needed if the full complexity of spatial distributions and temporal variations or 
small-scale (e.g., city) are to be resolved. If my understanding is correct, you should 
emphasize more clearly that the proposed model is not intended to be a replacement for 
current activities, but a complementary approach (interpretative tool?). Perhaps this can be 
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illustrated with examples? Perhaps, you can also comment on the required level of chemical 
complexity in a simplified model (e.g., of VOCs in a global, regional, local atmosphere). 

Thank you for these supportive comments. They have helped us to further clarify the role of 
simplified, conceptual models in the science-into-policy process. A reference has been added 
in Section 4 to a hierarchy of models and a paragraph has been added in Section 6 using 
largely your above comments to explain that the simplified model lies alongside the complex 
models and is not a replacement. 

 

 


