Dear Editor,

Please see the enclosed revised version of the paper by Fatahi et al “Effect of accounting for public
holidays on skills of atmospheric composition model SILAM v.5.7”. We would like to thank the
reviewers and the editorial board for their criticism and suggestions, which we followed while preparing
the revised version. Below, we provide point-by-point responses to the comments.

Authors responses to Reviewer:

Reviewer #1:

General comment:

This paper is a positive contribution towards the improvement of regional CTMs as it outlines the limits
of a simple method that involves modulating emissions during public holidays and paves the way for
further model improvements.

Authors argue that the proposed method of handling emission reductions provides positive gains in model
performance scores as well as that the method "can be considered as an easy way to significantly improve
the model prediction skills". However, these are bold conclusions that can not be easily supported based
on the results presented in the preprint. E.g. it turns out that the improvements in the correlation
coefficients are very inhomogeneous across Europe (at least some countries like France appear to be
particularly problematic with no suggested hypothesis as to why this is the case) and benefit in terms of
bias in many cases relies on future improvements in emission inventories. A more veritable outlook
would be that the results presented, highlight the potential for improving modelling skill by providing
valuable insights into when, where and how, simple, targeted emission modulations benefit models.
However, as mentioned by the authors, further in-depth analysis will be required to evolve the method
in a way that more consistent results can’t be obtained both spatio-temporaly and across evaluation
metrics and thus render it appealing for general use.

Authors Responses: Thank you for the analysis! Indeed, the improvement was inhomogeneous over
Europe and varied between holidays. However, the continental-scale skills went up, which justified the
approach. Also, the correlation coefficient for NO2 and, to a less extent, CO in such regions as Eastern

Europe, Italy, Spain, UK etc. went up by 0.05 — 0.1, which is a very substantial improvement for these



areas where the baseline model skills are not impressive. This is made clear in the revised Discussion.
The issue of some countries / regions benefiting less than others also receives more attention. The revised
version of the paper now includes the Figure 9, which complements the Figure 8 for May Day. These
figures contain full evaluation for all stations for the corresponding periods. Concerning the overall
message, which we tried to clarify in the revision, our goal was to suggest something very simple, which
could improve the skills prior to lengthy studies, pick the “low-hanging fruit” and highlight the areas for
development. One of such areas is certainly the French specifics in Christmas - and until this paper, we
were not even aware about it (in terms of absolute SILAM skills, France is not different from its
neighbors). The revised version now includes the other holiday period — 1 May, where France is by no

means different from its neighbors. It is now highlighted in the Discussion.

Specific comments:

- Figures 2-5, each include two stations in the Netherlands (not the same ones in all figures). Proper
names of the stations (i.e. locations) should also be included rather than the cryptic NL codes, as well as
the station type (rural, urban-background etc.). But there are more reasons for concern here.
Understandably, these figures can not accommodate a multitude of time series from European stations,
however there is no justification as to why the Netherlands provides good enough examples for time
series during the examined periods, nor how these particular stations were chosen. A more fundamental
concern would be that concentrating only in the Netherlands conveys a partial outlook of the effect as far
as time-series are concerned, thus also hindering better understanding of the impact of the holiday
emission reductions. For example, the Netherlands is not particularly known for it's Easter time festivities
(figure 4), nor the May vacation happens at the exact same time across the country, thus putting into
question the usefulness and certainly complicating the interpretation of figure 5 (b) and (c). Please
consider using also stations from other countries with different characteristics (geographical, cultural
etc.), by also providing some justification of the selection criteria.

Authors Responses: The stations in the Netherlands were chosen because the model skills there (in
particular, bias and correlation) are among the best over the whole continent (see e.g. Fig.8, left column,
for Christmas). It allowed direct attribution of the signal to emission rather than to model deficiency.
Secondly, the Netherlands is one of the most-polluted places in Europe with very strong traffic
contribution — the one strongly affected by holidays. And NO2 is the primary pollutant directly emitted
by traffic. The revised paper gives more attention to other species but still, the strongest signal is visible



for NO2 in the areas with the highest traffic intensity. The stations details are now included in the
captions. The station selection was quite random — Netherlands is a small country and SILAM

performance is quite homogeneous across its area. This is now explained in Evaluation section.

- Paragraph 5.2: The discussion on the Figure 7 relies heavily on the claim that the performance of the
model is "very good", but no accompanying evidence is presented to support that the performance is
equally good in all NO2 concentration regimes. After the 24th of December, the air quality situation
apparently changes and both model (BL) and observations acquire generally higher values. Can reasons
other than emissions be ruled out (e.g. meteorology) or is such an increase in concentrations expected
already in the BL case due to increased (!) holiday activity? In essence, does the model perform equally
well (e.g. in terms of bias) in those higher concentration conditions so that we can we reliably attribute
differences between observations and model (BL) to real emission changes? If not, a possible systematic
bias in the model in these different conditions could be entangled with the holiday emission reduction
effects thus challenging the presented interpretation. Please consider including a different station with no
such pronounced jump in NO2 levels or support better the claim that the model performs equally well in
such conditions.

Authors Responses:

Thank you for pointing out at this dynamic! However, the reason seems to be somewhat different. The
rise of concentrations on 25 December is _mainly_ due to meteorological conditions: the emission in the
model did not change but the predicted concentrations grew, in good correspondence with the
observations. Then meteorology is the only parameter to blame. However, the holiday period itself lasted
much longer than the formal day off, from 26 December practically till New Year. The HS and R3
reductions were limited to 26 December whereas observations suggest ~60% lower emission until the
end of the year. Noteworthy, model suggested that the days 26-30 December are characterized by a
similar level of pollution with a slight upward tendency, which is well in agreement with measurements.
We expanded the corresponding discussion to make it clear. We refined the statement on the model skills
at that particular station stressing that the “very good agreement” refers to the specific episode (actually,

it is good also for other periods but it is not relevant for the specific discussion).

Technical corrections:
- Line 53; Milan



Authors Responses: Corrected
- Line 254: overshoot
Authors Responses: Overshot seems correct in that place.
- Please check Grivas et al. reference, not evident where this was published.

Authors Responses: The journal name is Atmosphere

Reviewer #2:

This manuscript presents and evaluates an approach to incorporate the effect of public holidays on
European air quality models. The methodology consists on a simple technic based on the scaling of
primary emissions at the country level when holidays occur. Two hypotheses are tested: a first one in
which the levels of emissions during holidays are assumed to be equal to the Sundays ones, and a second
one where an 80% emission reduction is considered during holidays. Both approaches are evaluated by
comparing modelled results against in-situ observations. As described by the authors in the introduction
section, which I find it very detailed and comprehensive, several observations-based studies have already
highlighted the effect that specific holidays can have on pollutant concentrations. However, a systematic
analysis of the holidays effect from a modelling perspective at the EU scale, as well as the description of
a methodology to properly incorporate it into AQ models has not yet been addressed with the same level
of detail. Therefore, the topic presented in this manuscript is of interest and represents a good contribution
to GMD. Nevertheless, there are several aspects of the manuscript — including methods, evaluation and
discussion of the results — that, in my view, are not sufficiently convincing in their current form and

should be carefully revised before the manuscript can be accepted for publication.

Major comments:

C1. In one of the sensitivity tests, authors assume an 80% emissions reductions during holidays. Authors
already mention in the manuscript that the presented approach should be considered only as a first step.
However, | think that the hypothesis made (80% reduction for all sectors considered) should be backed
up by the analysis of sectoral related activity data. While it is true that for certain sectors this analysis
can be challenging due to the lack of data, for others there is information that can be used for this purpose.
In the case of the A_Public Power industry sector, authors could use the ENTSO-E transparency platform
(https://transparency.entsoe.eu/), which reports data on hourly electricity generation by fuel type per

country. In the case of F_Road Transport, authors could use information on traffic counts reported by



national transport agencies, such as the Finish transport agency (https://vayla.fi/en/transport-

network/data/open-data/road-network/tms-data).

Authors Responses: Thank you for the suggestion. The changes of daily traffic volume in Helsinki and
Dublin were examined in recent years and two charts have been added to the revised manuscript
Discussion. Concerning the 80% reduction run, we made it as a clear overshot, to estimate the maximum
(un)feasible effect and to assess the lowest boundary of the changes. But we did not change sectors,

which do not have weekend decrease in the emission inventories

C2. Following with the previous comment, it is questionable that all emissions from the
C_OtherStationaryCombustion sector suffer an 80% reduction during holidays. In the case of PM,
between 80 and 90% of total emissions are related to residential wood combustion activities
(https://www.ceip.at/). Several studies have shown that residential wood combustion activities in Europe
tend to increase significantly during weekends when compared to weekdays, as people use this fuel for
recreational purposes. Examples of these studies are Krecl et al. (2008) and Athanasopoulou et al. (2017).
I would expect a similar behavior during holidays (specially Christmas period), when people spend more
of their time at home. The PM10 and PM2.5 spatial scores for Christmas shown in the supplementary
material already suggest that with the holiday days considered as Sundays (the HS case) the skills of the
model deteriorate (correlation decreases and MB increases). Authors suggest that this could be related to
the use of fireworks, which are not accounted in the CAMS emission inventory, but this is not proved in

the manuscript.

Authors Responses: You have raised an important point here. We agree with this complexity and also
pointed it out in the Introduction. However, both quoted papers refer to the weekend emission profiles,
i.e. they, at least in theory, should be already included in the GNFR emission temporal profiles.
Therefore, our HS run would take them into account automatically. The R3 run, indeed, reduces also that
sector but it was not planned as a realistic exercise — rather as a definite low-boundary. Accordingly, the

Materials and Discussion sections were revised to emphasize this point.

C3. In the abstract section, authors mention that “Spatial and temporal distributions of atmospheric

concentrations of the major air pollutants (PM2.5, PM10, SO2, CO, NO2, NOX, and O3) were


https://vayla.fi/en/transport-network/data/open-data/road-network/tms-data
https://vayla.fi/en/transport-network/data/open-data/road-network/tms-data

considered”. However, the analysis, evaluation and discussion of the results is very much focused on
NO2. Figures 2 to 7 show NO2 results, while results for CO, O3 and PM2.5 are only shown on Figures
8 and 9 (no results for SO2 or PM10 appear in the main manuscript, only in the supplementary material).
A more balanced discussion of all the pollutants considered should be provided (or, alternatively, the
pollutants not shown in the main manuscript could be removed from the study). In the case of O3, the
discussion is focused on the Christmas period, when O3 levels are very low. Discussions for this pollutant
should be focused on Easter. In the case of NO2, time series are shown almost exclusively for stations in
the Netherlands (Figures 3,4,5 and 7). Considering that the study is performed at the EU level, it would

be interesting to see specific results in other regions.

Authors Responses: The Abstract has been revised to highlight the main stress of the paper. Our analysis
shows that NO2 is the most-sensitive pollutant to the weekend and holiday days, so we maintained the
primary attention in this direction. The text of Discussion was revised to balance it somewhat and also

to show the effect on other pollutants.

C4. The same prescribed sector-specific emission diurnal profiles are used for weekdays, weekends and
holidays, which is a limitation of the study. Authors mention several times in the text that the
incorporation of specific weekend and holidays diurnal profiles should be done when available. However,
several works have already reported in the past specific Saturday/Sunday diurnal profiles for the road
transport sector, which is the main contributor to total NOx emissions. Examples of these profiles can be
found in Pregger et al., (2007); Menut et al. (2012); Mues et al. (2014) and Guevara et al. (2021), among
others. Following with the hypothesis made by the authors at the weekly level, the same diurnal profiles
proposed for Sundays could be assumed for holidays, at least for the road transport sector. | think this
point should be addressed more carefully, and perhaps it would be good to produce an extra AQ run
assuming a set of specific weekend/holidays diurnal profiles. This would, for sure, bring an added value

to the study.

Authors Responses: Indeed, several studies have suggested diurnal profiles for the weekends, we are
aware of those papers, participated in the evaluation of the Tempo profiles of Guevara et al, etc. The
problem however was that the model did not gain much of skills when using these profiles, so they were

not introduced. Our current hypothesis is that the diurnal profiles should be highly specific to country /



region / season to provide noticeable benefit. Since this is a separate topic only partially affecting the

current study, we preferred to put it as a future research needs. This is now clarified in Discussion.

Ps: At the last meeting, we agreed to dig into suggested references.....to answer this comment.....

Other comments:

1. In section 2.1 authors mention that they consider events marked with “National holiday”, “local
holiday” and “common local holiday” when retrieving holiday events from the Calendarific API. |
understand that “local holiday” and “common local holiday” refer to holidays that are only
occurring in a specific region(s) of the country — while in the rest of the country is a normal working
day. Considering that the emission scaling approach proposed is at the country-level, should not
only “National holiday” be considered?

Authors Responses:

Multiple types of holidays and observances have been supported at the Calendarific website. The list of
the holiday types includes:

national - Returns public, federal and bank holidays

local - Returns local, regional and state holidays

religious - Return religious holidays: buddhism, christian, hinduism, muslim, etc
observance - Observance, Seasons, Times

We included the first and the second types as a compromising solution between missing holidays and
including regions where particular holiday day is not marked. The total number of holidays of each type
is, roughly, 800 vs 100 vs 20 for national/state, regional and local. Therefore, the inevitable error (in
either direction) with regional / local holidays is anyway within ~10%. It is now made clear in the revised

paper.

2. In Table 4 — Meteorological driver, should not be “interpolated to 0.2x0.2” instead of “0.1x0.1”°?
Authors Responses: Corrected

3. Line 135, define GNFR acronym + revise the number of GNFR sector (it is 16 and not 7. Note that
the GNFR_F sector is split by fuel type)

Authors Responses: Corrected
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