
Thank you for your construc/ve sugges/ons which have been very helpful in improving the 
manuscript. We have been keen to follow them up. Please find below a point-to-point reply 
to the comments. 
 
 
Reviewer 2 
 
This study compares four different emission inventories in their impact on air quality indicators 
derived from the FAIRMODE project focusing on PM10 and O3 for the year 2015. The air 
quality indicators compare the effect of emission perturbaIons on air pollutant concentraIons 
for the different emission inventories and eight ciIes / regions in Europe. The study is 
understood as an expansion of the work by Thunis et al. (2022). The overall structure of the 
arIcle is good and generally well wriPen. The results are presented in a consistent way. 
However, I would appreciate a more in-depth discussion of the results. The used methodology 
illustrates inconsistencies between different emission inventories, which are well idenIfied. 
The authors lack to put these inconsistencies into context and to find suggesIons for updates 
of the inventories. Further, the arIcle lacks to place the proposed work into the context of 
recent work on emission inventory intercomparisons/evaluaIons, especially from the work 
that is published by the authors themselves, which does require some expansion of the 
introducIon. Given the importance of anthropogenic emissions on air quality forecast and 
their intrinsic uncertainty, this study is relevant for publicaIon. The study fits to ACP in the field 
of air quality modelling evaluaIon. 
 
 
General comments: 
 
- The main objecIve of the analysis and the main conclusions drawn are not clear. I understand 
that the objecIve of the arIcle is to compare the emission inventories and their effect on the 
evaluaIon of emission reducIons. But it is not clear to me what the authors conclude from the 
comparison. What conclusions can by drawn for updaIng the emission inventories? What are 
suggesIons for further air quality evaluaIons or comparisons of emission inventories? 
We inserted lines at the end of the conclusions sec/on to stress the ac/ons that should be 
considered to increase the robustness of the emission inventories.  
“From an emission inventory viewpoint, this work indicates that the most efficient ac/ons to 
improve the robustness of the modelling responses to emission changes would be to beCer 
assess the sectorial share and total quan//es of PPM emissions. Another important aspect is 
to beCer assess emiCed precursor ra/os as these lead to important differences in model 
responses, both in the case of O3 (NOx/VOC ra/o) and PM (NOx/NH3/SO2 ra/os).  
From a modelling point of view, NOx responses are the more challenging and require cau/on 
because of their non-linearity.  
We also added at several places in the manuscript elements to beCer stress the outcome of 
the comparison and how this outcome may impact emission development work.   
 
 
- The Itle highlights the sensiIvity of air quality indicators to emission inventories. I do 
understand that the indicators differ for different emission data, but the conclusion drawn 
from this is not clear to me. This needs more elaboraIon throughout the arIcle. Further, the 



focus of the arIcle is on the response of the EMEP model to changes in the emission 
inventories, rather than on the inventories themselves. This is not clear from the Itle. I 
recommend to update the Itle in this regard. 
We have changed the /tle to beCer reflect the focus of our work. It now reads as: “Sensi/vity 
of air quality model responses to emission changes: comparison of results based on four EU 
inventories through FAIRMODE benchmarking methodology. 
 
 
- The abstract needs some update. More quanItaIve results need to be given. Also, the logical 
structure of the abstract needs some revision. The results are not presented in a logical 
ordering. 
We replaced the abstract with the following text. 
Despite the applica/on of an increasingly strict EU air quality legisla/on, air quality remains 
problema/c in large parts of Europe. To support the abatement of these remaining problems, 
a beCer understanding of the poten/al impacts of emission abatement measures on air 
quality is required and air chemistry transport models (CTMs) are the main instrument to 
perform emission reduc/on scenarios. In this study, we study the robustness of the model 
responses to emission reduc/ons when emission input is changed. We inves/gate how 
inconsistencies in emissions impact the modelling responses in the case of emission reduc/on 
scenarios. Based on EMEP simula/ons over Europe fed by four emission inventories: EDGAR 
5.0, EMEP-GNFR, CAMS 2.2.1 and CAMS version 4.2 (incl. condensables), we reduce 
anthropogenic emissions in six ci/es (Brussels, Madrid, Rome, Bucharest, Berlin and 
Stockholm) and 2 regions (Po Valley Italy and Malopolska Poland) and study the variability of 
the concentra/on reduc/ons obtained with these four emission inventories. 
Our study reveals that the impact of reducing aerosol precursors on PM10 concentra/ons 
result in different poten/als and potencies, differences that are mainly explained by 
differences in emission quan//es, differences in their spa/al distribu/ons as well as in their 
sector alloca/on. In general, the variability among models is larger for concentra/on changes 
(poten/als) than for absolute concentra/ons. Similar total precursor emissions can however 
hide large varia/ons in sectorial alloca/on that can lead to large impacts on potency given 
their different ver/cal distribu/on. PPM appears to be the precursor leading to the major 
differences in terms of poten/als. From an emission inventory viewpoint, this work indicates 
that the most efficient ac/ons to improve the robustness of the modelling responses to 
emission changes would be to beCer assess the sectorial share and total quan//es of PPM 
emissions. From a modelling point of view, NOx responses are the more challenging and 
require cau/on because of their non-linearity. For O3, we find the rela/onship between 
emission reduc/on and O3 concentra/on change shows the largest non-linearity for NOx 
(concentra/on increase) and a quasi-linear behaviour for VOC (concentra/on decrease). 
We also emphasize the importance of accurate ra/os of emiCed precursors since these lead 
to changes of chemical regimes, directly affec/ng the responses of O3 or PM10 concentra/ons 
to emission reduc/ons. 
 
 
- The experimental setup should be made more clear. Which simulaIons have been performed 
(1 basecase, 2 scenarios for each city and precursor?). 
Done. We added the following in sec/on 2:  



“Four emission inventories are used to feed the EMEP model to understand how this input 
data influences the calculated model changes in air pollutant concentra/ons. We performed 
one BaseCase simula/on with each emission inventory for the year 2015 over Europe.  
For the scenarios, we reduced for each emission inventory, the emissions of NOx, VOCs, NH3, 
SOx and primary par/culate maCer (PPM which includes both their fine (size <2.5 µm) and 
coarse (2.5 µm< size <10 µm) by 25% and 50% for each species separately. This is done for six 
ci/es (Brussels, Madrid, Rome, Bucharest, Berlin and Stockholm) and two regions 
(Malopolska, Poland and Po Valley, Italy) to study the impact on par/culate maCer (PM) and 
ozone (O3) forma/on.  
 
 
- The naming of the different emission inventories is not consistent. Please revise the arIcle 
carefully and rephrase. Please consider to not use EMPE, EMEPG …. Instead, use the original 
name of the emission inventory (e.g., similar to Fig. S2). 
We corrected the names of the four emission inventories in the manuscript as suggested by 
the reviewer. Also, all the tables and figures have been adapted.  
 
 
- The “non-linearites” secIons (3.4, and 3.7) should be sub-subsecIons (3.3.6 and 3.6.3) to 
illustrate that they belong to PM and O3 discussions, respecIvely. 
We agree with the reviewer that the sec/ons on non-lineari/es could be sub-sec/ons to PM 
and O3 respec/vely and adapted the manuscript accordingly.  
 
 
- The arIcle discusses several Imes that the P95 grid cells are not similar for the different 
emission inventories, which makes the comparison biased. Please redo the calculaIons for the 
same grid cell for all inventories, by using either only those grid cell that are commonly 
exceeding the 95th percenIle or by using all grid cells for which at least one emission inventory 
produces exceeding values. 
We use P95 cells that are consistent between the BaseCase and scenarios for each model. But 
they can differ from one model to the other. We do not see this as a bias because we are 
interested to compare models for the highest concentra/on range. If fixing similar cells for all 
models, we would introduce another type of bias as the comparison would then mix high and 
low concentra/on cells, probably characterised by different chemical and physical processes.  
 
 
- I appreciate the bullet points in the final secIon giving main findings. However, the findings 
are general and usually well known. It is not clear, what specific recommendaIons the authors 
conclude from the results that could help improving emission inventories. 
We added a paragraph ager the bullet points to summarize what prac/cal ac/ons could be 
taken to improve the consistency of the emission inventories. 
 
 
- All figures should carefully be checked. Most figures show a gray shadow and subplot 
indicators (a,b,c…) are partly overlayed by the subplot. Please also increase the resoluIon of 
the figures. 
Corrected. 



 
 
- “Basecase” is not spelled consistently throughout the arIcle. Please revise carefully and 
choose one spelling, also in the formulars. 
We went through the manuscript, and made changes accordingly. 
 
 
- In the introducIon there is a tendency to highlight the uncertainty of emission inventories. 
However, this should be more elaborated in the results/conclusion secIon 
We emphasized in the manuscript and especially in the conclusion that addi/onal efforts to 
check the consistency and accuracy of the PPM emissions and their sectorial share is therefore 
important to ensure robust model responses. 
 
 
- The introducIon needs more guidance toward the importance of this study. E.g., why do we 
need emission reducIon scenario? Also, a short review of what is done in the literature so far 
is missing completely. How can the study complement current knowledge. 
Thank you for your sugges/on. We added the following text to the Introduc/on: 
“Many studies exist that analyse the sensi/vity of baseline concentra/ons to emissions or 
have compared model responses among themselves (Thunis et al., 2007, 2010, 2013, 2021a 
Vautard et al., 2007, Mircea et al., 2019). To the knowledge of the authors, very few works 
assessed the sensi/vity of model responses to the emission input, e.g. De Meij et al. (2009), 
Aman et al., (2011) Miranda et al. (2015 and references therein).” 
 
Furthemore, we changed the text in the Introduc/on to emphasize the need of emission 
reduc/on studies.  
“While in Thunis et al. (2022), the authors compared emission inventories among themselves 
and proposed an approach to iden/fy inconsistencies, we here inves/gate how these 
inconsistencies impact the modelling responses in the case of emission reduc/on scenarios. 
It is indeed crucial to beCer assess the share of the uncertainty that is associated to emission 
inventories in the overall uncertainty of the modelling response (Georgiou et al., 2020) as this 
is a key model output when designing air quality plans.” 
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Assessment Modeling - Second Report. EUR 24474 EN. Luxembourg (Luxembourg): 
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Specific comment: 
 
- line 36-38: This statement is vague and cannot be concluded from the arIcle. It needs a 
reference in the discussion or an evaluaIon in the results secIons. As the Itle indicates a focus 
on the air quality indicators, the analysis on how the chosen metric (mean or P95 values) affect 
the analysis is appreciated. 
The reviewer has a good point. We added to the text (in sec/on 3.3.7): “This corroborates the 
results by Thunis et al., (2021c), who assessed the contribu/on of ci/es to their own air 
pollu/on. They showed that the type of indicator impacts the final outcome, i.e. the share of 
the city pollu/on caused by their own emissions in his study. It also confirms that indicators 
based on averaged values tend to report more linear rela/onships.” 
 



Thunis, P., Clappier, A., de Meij, A., Pisoni, E., Bessagnet, B., and Tarrason, L.: Why is the city's 
responsibility for its air pollu/on ogen underes/mated? A focus on PM2.5, Atmos. Chem. 
Phys., 21, 18195–18212, hCps://doi.org/10.5194/acp-21-18195-2021, 2021c. 
 
 
- line 50: Start the sentence with “Among others, air chemistry …” as only two opIons of the 
model applicaIons are given. 
Done. 
 
 
- line 51: “where no observaIons are available”: More over, CTM are used to complement 
observaIons also where observaIons are present. Please rephrase. 
Done, thank you. 
 
 
- Paragraph starIng at line 56: This can be more concise. There are a number of repeIIve 
statements, first in general, and another Ime in the frame of FAIRMODE. 
We have made correc/ons to the text. 
 
 
- line 78: Sentence starIng with “Followed by the analysis” is not complete. Please revise. 
Corrected. 
 
 
- line 79: add a “,” ader “In chapter 4” 
Done. 
 
 
- line 83: Remove “,” ader “EMEP model”. 
Done. 
 
 
- line 84: At this point of the arIcle, it is not clear what “model responses” mean, response to 
what effect? 
We changed that into “model responses (in terms of concentra/on) to emission reduc/ons. 
 
 
- line 86: Please take the study of Clappier et al. (2021) for the effect of emission reducIons on 
air polluIon concentraIons. They choose similar emission reducIons and discussed the non-
linearity associated with the reducIons. doi: 10.1016/j.envint.2021.106699 
In our study we compare four different emission inventories, while Clappier et al., (2021) 
studies the impact of NOx, SO2 and NH3 reduc/ons on EU scale on secondary inorganic PM2.5 
concentra/ons. We believe that making a reference to Clappier et al., 2021 does not fit in 
Sec/on 2 Methodology. Yet, we think that it is more appropriate to make reference to Clappier 
et al., (2021) in sec/on 3 Results, to compare our results with theirs. 
 
 



- line 87: Not clear, why the authors take these ciIes / regions into consideraIon. Is there a 
moIvaIon? Why not considering London or Paris instead of Stockholm? Also, given a rather 
coarse model resoluIon for ciIes scale air quality evaluaIon, is it really advisable to focus on 
air quality in ciIes. I assume a larger error than considering regions (as you did with the Po 
Valley and Malopolska). And explanatory sentence is appreciated. 
The choice of the ci/es is quite arbitrary and results from different considera/ons. First these 
ci/es were studied in other exercises like FAIRMODE and future comparison with these is seen 
as a possible future ac/vity. Second, we tried to iden/fy ci/es where pollu/on is a key issue 
(Stockholm would in this respect be less interes/ng). Finally, we must stress that emission 
reduc/ons are applied in one single EU simula/on. Ci/es and regions must therefore be far 
away from each other to avoid that reduc/ons applied over one city or region poten/ally 
influence the background concentra/on levels in another city/region. This constraint limits 
the number of ci/es/regions that we can manage in this work. We added this to the text in 
sec/on 2. 
 
 
 
- line 89-90: Please rephrase the sentence: "Note that the analysis for Malopolska and the Po 
Valley is exclusively for the city centre of Krakow and Milan, respecIvely, while the emission 
reducIons act on the whole regions, as described…" or similar. 
Corrected. The sentence now reads as: “For Malopolska and the Po Valley emissions are 
reduced over the whole modelling domain, as described in Table S1 of the Electronic 
Supplement. However, we analyse the impact of the emission reduc/ons only over the city 
centres of Krakow and Milan, respec/vely.” 
 
 
- line 93: Please add the informaIon that the emissions are reduced in a rather large area 
encompassing the different ciIes (for Rome this is approx. 100 km x 100 km). 
We have made it clearer in the text in sec/on 2. 
 
 
- SecIon 2.2.2: How are the EMEP model and EMEP-GNFR emissions related? Are they 
interlinked or does the names solely link to the UNECE programme? 
We rephrased the sentence. “The EMEP emissions are provided by GNFR (Gridded 
Nomenclature For Repor/ng) sector.” 
 
 
- line 144: It is not clear what the bracket term “(Member states, in Europe)” mean. Please 
rephrase. 
We removed that. 
 
 
- line 152: change “, Granier” in “(Granier” 
Done. 
 
 



- line 152/159: Name the emiPed species directly at the beginning instead of “main air 
pollutants and greenhouse gases” 
Done. 
 
 
- line 166: What is CAMS-REF1? Is it the CAMS inventory described above? Please revise the 
arIcle carefully and name the inventories concisely. 
We modified the sentence and renamed the inventories concisely through the text. 
 
 
- line 171/172: Move to the end of secIon 2.2, as they are general for all inventories. 
Done. 
 
 
- line 186: definiIon of “Baseline” is missing. Please indicate that this is the emission 
inventories data. Further, define the scenarios explicitly as 25% and 50% emission reducIon 
for each pollutant. 
Corrected. The sentence now reads as: 
“CBaseCase represents the BaseCase yearly concentra/ons, obtained with one of the four 
emission inventories (no emission reduc/on).” 
In line with one of the previous comments by the reviewer, we have provided a beCer 
descrip/on of the BaseCase and the different scenarios, in sec/on 2. 
 
 
- line 187: Remove “etc.” as there are no more scenarios in this arIcle. 
Done. 
 
 
- line 189/190: Please rephrase: "Note that the grid cells exceeding the 95th percenIle are 
always with respect to the baseline simulaIon." or equivalent. 
Corrected. 
 
 
- line 190/191: “projected to 100%”: This is not clear, given the non-lineariIes that are likely 
for high emission reducIons. Please rephrase. 
The defini/on of the poten/al includes the scaling. Therefore, we have modified the sentence. 
“The absolute poten/al informs on the concentra/on change projected linearly to 100% from 
a given scenario”. 
 
 
- line 212: Please revise the arIcle carefully: The use of (p,s) as pollutant/sector pair is not 
relevant for this study. It is more appropriate to use precursor/city (p,c) or alike. This should be 
changed throughout the arIcle. 
We agree with the reviewer and changed the text of the en/re sec/on so that it is now 
referring to precursor and city. Thank you. 
 
 



- line 214: Please remove “(1)” 
Done. 
 
 
- line 214: Please make clear that E is the emission difference between the scenario and the 
inventory for the equaIons to hold true. 
E is here intended as the absolute emission values. Mul/plied by alpha, we then obtain the 
emission reduc/on change, i.e. deltaE=alpha*E. We clarified this in the text  
 
 
- line 218: Remove the extra bracket 
Done. 
 
 
- line 230: Please rephrase the sentence starIng with “It will be..”. 
Corrected. “This is the case.” 
 
 
- line 234: Please rephrase the sentence starIng with “In pracIce”. I understand that the AP 
for each city needs to exceed 20 % of the maximum AP calculated among all ciIes. This is not 
clear from this sentence and formula. 
We modified the sentence as follows: This is achieved by imposing that any given poten/al 
fulfils the condi/on:  𝐴𝑃!,# > 𝛾 ×max)𝐴𝑃!,#* to be further considered in the screening, where 
𝛾 is a user defined threshold parameter, set to 20% in this work. 
 
- line 253: The diagram shows shapes for different ciIes, not sectors. Please revise. 
Corrected. The sentence now reads as ”In this diagram, shapes are used to differen/ate 
precursors while colours differen/ate ci/es.” 
 
 
- line 259/260: Please indicate, which emission inventories are exactly used to calculate the 
median (as this is done further below in the arIcle) 
Done. 
 
 
- line 315: Add a full stop “.” ader “Thunis et al. (2022)” 
Done. 
 
 
- line 323: The first two paragraphs of this secIon are general knowledge and can be removed. 
This is not the scope of the arIcle. 
Done. 
 
 
- line 349: Please add: “… calculated PM10 concentraIons of” a 50 % “emission reducIon…” 
Done. 
 



 
- line 354: Please add: “… a factor of two and five” difference “as compared to …” 
Done. 
 
 
- line 374: Please add: “This explains the much higher potencies in EMEG” for Stockholm. 
Done. 
 
 
- line 375: Please add “among all precursors” to the end of the sentence. 
Done. 
 
 
- line 376: Remove the first “is”. 
Done. 
 
 
- line 377/378: The same informaIon as in the sentence before. Please remove. 
Done. 
 
 
- line 391/392: Please rephrase the sentence. There are to many nouns. 
Corrected. The sentence now reads as “In the next sec/on we analyse the impact of aerosol 
secondary precursors reduc/ons on calculated PM10 concentra/ons.” 
 
 
- line 410/411: I can’t find the differences for Bucharest and Malopolska in the plot. Do you 
mean Berlin and Madrid? Please revise. 
We corrected the sentence. “For MAD and BRU, we see that higher SOx emissions (factor ~2) 
by EDGAR are compensated by lower potencies, which lead to overall similar poten/als.  
Hence, reducing SOx emissions in EDGAR has a larger impact on PM10 concentra/ons when 
compared to the median, via the chemical reac/ons that lead to the forma/on of ammonium 
sulphate aerosol as described in De Meij et al. (2009c).” 
Thank you. 
 
 
 
- line 412: EMEPE has a larger impact on PM10 compared to which inventory/median. Please 
revise. 
Corrected; “when compared to the Median”, see previous comment. 
 
- line 417: Please change “problem” to “inconsistency”. 
Done. 
 
 



- line 429: This paragraph is not linked to VOC, thus, it should start a new secIon. The same 
holds true for the next paragraph. However, the secIons in this part of the arIcle are very 
short. Please consider merging them into a single secIon with appropriate headline. 
Reviewer 1 had a similar sugges/on. Therefore, we have created a new paragraph 3.3.6 that 
contains the analysis on the SOx/NOx ra/os. 
 
 
- line 438: Remove the second “emissions”. 
Done. 
 
 
- line 448: Please add the corresponding table (Nox/NH3 raIos) to the supplement material. 
We added the following tables to the Supplement material: 
 
Table S4(a) Overview of Base Case emissions (mg/m2/day) for NOx and NH3x, together with the ratio in the emissions 
between these two pollutants. (b) Similar as to (a) but for potency at P95 in µg/m3.  

(a) 
Emissions mg/m2/day Ratio emissions NOx/NH3 

NOx EDGAR 
EMEP-
GNFR CAMS221 CAMS42C EDGAR 

EMEP-
GNFR CAMS221 CAMS42C 

BER 9.764 8.501 7.717 8.236 2.43 3.76 2.05 2.53 
BRU3 31.572 27.208 31.046 28.161 4.10 8.16 5.79 5.52 
BUC 13.944 17.014 19.926 18.279 4.18 3.86 2.89 2.73 
MAD 16.149 16.586 19.437 15.053 4.99 8.70 6.21 4.18 
MAL 7.36 7.79 8.195 8.039 2.09 6.14 4.57 3.93 
POV 5.229 5.617 5.482 5.155 1.14 1.78 1.69 1.63 
ROM 12.012 11.544 12.257 10.11 3.29 4.80 4.86 5.39 
STO 10.709 7.411 7.01 6.027 6.42 12.22 6.62 10.03 

 
Emissions mg/m2/day 

NH3 EDGAR 
EMEP-
GNFR CAMS221 CAMS42C 

BER 4.023 2.261 3.766 3.253 
BRU3 7.694 3.335 5.362 5.106 
BUC 3.336 4.404 6.886 6.69 
MAD 3.238 1.907 3.13 3.598 
MAL 3.522 1.269 1.792 2.046 
POV 4.583 3.156 3.235 3.172 
ROM 3.652 2.406 2.524 1.875 
STO 1.668 0.6067 1.059 0.6006 

 
(b) 

Potency P95 (µg/m3/ton) Ratio Potency NOx/NH3 

NOx EDGAR 
EMEP-
GNFR CAMS221 CAMS42C EDGAR 

EMEP-
GNFR CAMS221 CAMS42C 

BER -0.0018 -0.0011 -0.0024 -0.0018 0.11 0.07 0.19 0.14 
BRU3 0.0013 0.0013 0.0015 0.0012 -0.05 -0.02 -0.03 -0.02 
BUC -0.0067 -0.0047 -0.0019 -0.0017 0.07 0.12 0.05 0.05 
MAD 0.0002 -0.0002 -0.0002 -0.0013 -0.01 0.01 0.01 0.07 
MAL -0.001 -0.0011 -0.0004 -0.001 0.20 0.09 0.05 0.10 
POV -0.0064 -0.0047 -0.0046 -0.0059 1.64 0.67 0.79 0.78 
ROM -0.022 -0.0076 -0.0151 -0.0089 0.27 0.10 0.17 0.10 
STO -0.0011 -0.0011 -0.0006 -0.0005 0.01 0.02 0.01 0.01 

 
Potency P95 (µg/m3/ton) 

NH3 EDGAR 
EMEP-
GNFR CAMS221 CAMS42C 

BER -0.0162 -0.0168 -0.0125 -0.013 
BRU3 -0.0253 -0.0738 -0.0473 -0.0507 
BUC -0.095 -0.0384 -0.0398 -0.0375 
MAD -0.0229 -0.0227 -0.0193 -0.0174 
MAL -0.0051 -0.0116 -0.0082 -0.0098 
POV -0.0039 -0.007 -0.0058 -0.0076 
ROM -0.0803 -0.0773 -0.0884 -0.0928 
STO -0.0779 -0.0644 -0.0515 -0.049 



 
 
- line 454: NOx- vs. NH3 sensiIvity depends on the relaIve share. If no NH3 is available to form 
PM, adding more NOx does not lead to more PM. Conversely, if enough NOx is available to 
form PM even ader reducing NOx emissions, the emission reducIons do not have a posiIve 
impact on PM reducIons. Please rephrase the sentence on NOx-sensiIvity. 
Corrected.  
This sec/on now reads as “While NOx emissions in the four inventories are similar, EDGAR 
contains almost a factor 2 more NH3 emissions. This means that NH3 is rela/vely more 
abundant in EDGAR and its reduc/on has therefore less impact on concentar/on. This results 
in the forma/on processes being more ‘NOx-sensi/ve’ in Rome. Thus, reducing NOx in EDGAR 
leads to larger impact on PM10 concentra/ons.” 
 
 
- line 468: Please rephrase: What does “indicaIng a larger efficiency for more important 
emission reducIons” mean? 
This is addressed in the next comment. 
 
 
- line 469/470: Please rephrase the sentence, e.g.. “indicaIng that a larger NOx emission 
reducIon becomes more efficient in reducing PM concentraIons” or equivalent. 
The sentence now reads as: 
“For NOx (Table 3) the behaviour is generally non-linear with ra/os larger than 1.00. This 
indicates that calculated PM10 concentra/ons would be more reduced between 25 and 50% 
than between 0 and 25%.” 
 
 
- line 482: “less important”: I would consider this a similar magnitude of non-linearity given 
the values in the tables. Please rephrase. 
We removed “although less important than for NOx”. 
 
 
- line 483: What does “more important” mean? Please rephrase. 
Corrected. It now read as “emissions are reduced further in a NH3-limited regime”. 
 
 
- line 486: Consider removing “diluIon” by “compensaIng”. 
As suggested by the reviewer, we replaced “dilu/on” by “compensa/ng”. 
Reviewer 1 suggested to replace “NOx non-lineari/es are diluted by other emiCed species”, 
by “NOx non-lineari/es are weakened by other emiCed species”. 
 
 
- line 488: Please revise carefully: Probably Malopolska should be BUC? 
Corrected, thank you. 
 
 



- line 514: Please add: “… leading to similar potenIals. This is not the …” (making two 
sentences out of one) 
Done. 
 
 
- line 520: Is “important the correct wording? Please rephrase. Further, please change “many 
ciIes” to “three ciIes” 
Corrected. 
 
 
- line 530: Please remove: “… leading to NOx symbols…” 
Done. 
 
 
- line 545: Change “number” to “value” 
Done. 
 
 
- line 533: Please add: “...VOC/NOx” raIo. 
Done. 
 
 
- line 554: Please rephrase “twice larger” to “twice as large” or “two Imes larger” 
Corrected. 
 
- line 572: Please rephrase the sentence starIng with “A number larger than 1…”: 
Superlinearity is the term for this effect. 
Thank you for this. The sentence now reads as: 
“A number larger than 1 indicates superlinearity; that means that O3 concentra/ons are more 
reduced between 25 and 50% than between 0 and 25%.” 
 
 
- line 603: remove extra “s” 
Done. 
 
- line 608: please add: “concentraIon) especially” for “PPM.” 
Done. 
 
- line 631/632: As the Itle indicates, the evaluaIon of the behavior of air quality indicators is 
key in the arIcle. Given this, I would have expected an evaluaIon of different choices of 
indicator. Please add this to the arIcle or change the Itle accordingly. 
We have changed the /tle, as men/oned earlier. 
 
- line 806: Please remove the “emissions” at the end of the line 
Done, thank you. 
 
 



- Figure 3/7: The plots are very busy due to the dashed lines. Please consider reducing the 
number of dashed lines, increase the figures resoluIon, do not overlay the figure annotaIon 
(e.g., fac2) and the axes. Carefully check all the figures to avoid overlaying the subfigure ID 
(i.e., (a), (b)…) by the subplot 
Corrected. 
 
 
- 839: please add: “EMEPC42C (green)” for each GNFR sector. 
Done. 
 
- line 843/844: Please rephrase the first sentence of the figure’s capIon. 
Corrected. The first sentence now reads as: “Overview of the loca/on of the P95 values for 
the calculated PM10 concentra/ons µg/m3 by the four Base Cases for the domain STO.” 
 
 
- line 849: Change 95P → P95 
We went through the text and replaced 95P to P95. Thank you. 
 
 
- Table 2-10: Please change the city IDs according to table S1 in the supplement. 
We have changed all city IDS in all the tables accordingly. Thank you. 
 
 
- line 896: Please rephrase the first sentence of the figure’s capIon 
The first sentence of the figure cap/on now reads as: Figure 8. Overview of the loca/on of the 
P95 values for the calculated O3 concentra/ons µg/m3 by the four Base Cases for the domain 
BRU.  
 
- Table 7b: The VOC/NOx raIo is missing. Please add this 
Corrected. Thank you. 
 
 
Supplement material: 
 
 
- Figure S1: Please consider to plot the emission per grid cell and avoid contour plots. The red 
rectangle is missing for Malopolska and the Po valley. If emission reducIons act on the whole 
domain shown in the subplots, please add this informaIon to the capIon. 
Reviewer 1 has a similar comment. We corrected all the maps in Fig. S1 of the ES and added 
to the text that for the Po Valley and Malopolska the emissions are reduced over the en/re 
domain. 
Below we show for illustra/on purposes only the new Figures S1 ac, ad, ae, and af. 
 



(ac) (ad) 

(ae) (af) 
 


