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First, we would like to thank the Referee for his valuable and insightful comments which

improved much this review study. Following are our detailed responses to each of the

comment posted:

1) Section 2.1, page 4, line 15: The authors state that dry north Etesian winds are

generated by the Persian Trough. It is actually generated by the east—west pressure

gradient manifested by large scale circulation features, low pressures over eastern Printer-friendly version

Mediterranean/Middle East as an extension of the PT and the high pressure over cen-

tral and southeastern Europe. Discussion paper

We agree with the Referee, the text was corrected accordingly and referred to Tyrlis
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and Lelieveld, 2013. .

2) Section 2.1, page 4, lines 16-21: The discussion for the eastern Mediterranean sub-
sidence during summertime needs elaboration in connection to the discussion in page
5 (lines 16-19) based on the paper of Rodwell and Hoskins. The current consensus
view recognizes the importance of the interaction with the mid-latitude westerlies of
an equatorially trapped Rossby wave to its west induced by the South Asian monsoon
heating as well as an enhancement of the descent due to diabatic radiative cooling
under clear sky conditions (Rodwell and Hoskins 1996, 2001; Tyrlis et al. 2012).

We would like to thank the reviewer for this important comment. A full paragraph was
added to the revised manuscript so as to explain better the summer thermodynamic
and dynamic conditions and the important role of the South Asian monsoon on summer
subsidence over the EM.

3) Section 2.1, page 4, line 25: The discussion for the eastward progression of the sub-
tropical high needs clarification. Which subtropical high do the authors mean? During
summer the Azores High moves westward toward Bermuda (when it is known as the
Bermuda high). Furthermore a number of studies point out the differences between the
acticylonic center over central and southeastern Europe causing the Etesians and the
Azores permanent Anticyclone (Prezerakos, 1984; Tyrlis and Lelieveld, 2013; Anag-
nostopoulou et al., 2014). The acticylonic center over central and southeastern Eu-
rope causing the Etesians is related primarily with anticyclonic vorticity advection from
Northwestern Africa and secondly with diabatic cooling under clear skies.

We agree with the Referee as regarded to the anticyclonic centers formed over the
Balkans. A paragraph was added to the revised manuscript explaining why such cen-
ters cannot be considered as extensions of the Azores. A description of the dynamic
conditions for their development is given.

4) Section 2.2, page 6, line 11: The authors state "Since this turbulent layer is mainly
governed by synoptic-scale circulation patterns ..." What exactly do the authors mean?
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Please clarify. Is this a general comment or a comment associated with the specific
cited study of Dayan et al., 19887

In order to better explain the role of the synoptic scale circulation on shaping the
structure and depth of the atmospheric mixed layer, a short paragraph and references
(Businger and Charnock, 1983; Holt and Raman, 1990; Sinclair et al., 2010) supporting
such a statement was added to the text.

5) and 6): Sections 2.2: There is extensive description of the link between synoptic
patterns and the structure of the mixing layer in Israel within this session. As a reader
| am rather confused and | do not really see the scope of such extended description of
this link for a specific region in the frame of an overview paper for the regional baseline
atmospheric pollution concentrations over Eastern Mediterranean. The majority of the
discussed articles refer to studies at the coast of Israel which leads to an unbalanced
discussion for Eastern Mediterranean boundary layer. There are a number of boundary
layer studies from other coastal regions in Eastern Mediterranean and their links to
atmospheric pollution (e.g. Melas and Enger, 1993; Kallos et al., 1993; Svensson,
1996; Kostopoulos and Helmis, 2014; Tombrou et al., 2015).

We do agree with the Referee as regarded to the rather unbalanced description of the
MLD in the EM by reviewing studies representing mostly the coast of Israel. Conse-
quently, this whole section was rewritten while referring to other boundary layer studies
from other coastal regions in the EM basin such as the Greek Peninsula Crete and
Cyprus. (Kassomenos et al. 1995, Svensson 1996, Leventidu et al. 2013, Tombrou et
al. 2015, Zbinden et al., 2016),

7) The connection of the Sections 2.2, 2.3 and 2.4 with the discussion of the manuscript
in later sections is fragile. The Sections 2.2, 2.3 and 2.4 could be merged into one
broader in scope section for the role of the atmospheric boundary layer for atmospheric
pollution over Eastern Mediterranean and make a stronger link with the core part of
the review paper which is the atmospheric pollution concentration distribution during
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summer.

We adopted the suggestion made by the Referee and merged sections 2.2, 2.3 and
2.4 into one broader section entitled: “Atmospheric dispersion conditions over the EM”.
This new section describes the spatio-temporal distribution of the MLD and points on
the differences observed in these characteristics among several sites within the EM
basin. We believe that this modification indeed reinforces the link between both essen-
tial components of this review, the atmospheric processes and the issuing tropospheric
pollutant concentrations.

8) Section 2.5: This section in its current form provides basically information from a
single study for a receptor site at Israel. It does not provide an overview over Eastern
Mediterranean. | am not sure what the added value of this Section is in its current form.

We do believe that the chemical composition of an air mass is inevitably related to its
origins and pathways. Therefore, we think that such a section dealing with air mass
origins is necessary. However, we fully agree that one sole study representing the flow
climatology during summer over the EM is not sufficient. Accordingly, a paragraph was
added to this section by describing the essential results that were obtained from other
similar flow climatology studies conducted over Greece (Katsoulis 1999) and Turkey
(Kubilay (1996) and compared them to the one performed over the central coast of
Israel.

9) Page 13, lines 17-19: The authors state that "in general, mineral dust does not affect
the EM during summer". This is a rather strong statement. Consider that there a num-
ber of observational and modeling studies indicating a contribution of 25-30 % of dust
aerosols on the total aerosol optical depth during summer over land and see in Eastern
Mediterranean (Gerasopoulos et al., 2011; Georgoulias et al., 2016; Tsikerdekis et al.,
2017; Marinou et al., 2017).

We admit that our statement as regarded to the partial contribution of mineralogical
dust to the EM during summer was expressed in a rather too strong and liberal manner.
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Actually, besides the references given by the Referee on this issue, we ourselves were
involved in such studies, e.g., Erel et al., 2007; Kalderon-Asael et al., 2009; Erel et
al., 2013. The decision to limit ourselves only to the contribution of gaseous pollutants
was derived from our awareness of the numerous studies published on the subject,
in order not to create an overwhelming article. The relevant paragraph in the original
manuscript has been moved to the Introduction and modified accordingly.

Ref: Erel, Y., B. Kalderon-Asael, U. Dayan, and A. Sandler (2007): European Pollu-
tion Imported by Cooler Air Masses to the Eastern Mediterranean during the Summer
Environ. Sci. Technol. 41, 5198-52083.

Kalderon-Asael, B., Y.Erel, A. Sandler and U. Dayan (2009): Mineralogical and
chemical characterization of suspended atmospheric particles over the East Mediter-
ranean based on synoptic-scale circulation patterns. Atmospheric Environment, doi:
10.1016/j. atmosenv. 2009.03.057.

Erel, Y., O. Tirosh, N. Kessler, U. Dayan, S. Belkin, M. Stein, A. Sandler, and J.J.
Schauer (2013): Atmospheric particulate matter (PM) in the Middle East: Toxicity,
transboundary transport, and influence of synoptic conditions, in P. Censi et al. (eds.),
Medical Geochemistry: Geological Materials and Health, DOI 10.1007/978-94-007-

4372-4__3, © Springer Science C Business Media Dordrecht 2013.

10) Page 15, lines 7-14: This is not exactly the finding of the study by Tyrlis and
Lelieveld (2013). The various components observed over the Eastern Mediterranean
that include the Etesians, subsidence, tropopause folds, stratospheric intrusions, and
the summer ozone pool are dynamically interwoven manifestations of the influences
induced by the South Asian monsoon and the midlatitudes. Tropopause folds and the
subsidence are the key components yielding high ozone concentrations in the middle
and lower free troposphere over the region (see e.g. the recent publications on the
topic by Tyrlis et al., 2014 and Akritidis et al., 2016).

On the key components yielding high ozone concentrations in the middle and lower free
C5

ACPD

Interactive
comment

Printer-friendly version

Discussion paper


https://www.atmos-chem-phys-discuss.net/
https://www.atmos-chem-phys-discuss.net/acp-2017-79/acp-2017-79-AC1-print.pdf
https://www.atmos-chem-phys-discuss.net/acp-2017-79
http://creativecommons.org/licenses/by/3.0/

troposphere over the region: We would like to thank the Referee for this constructive
comment while driving our attention to further references enabling us to give a better
description of the referenced interlaced dynamical processes yielding to the concentra-
tion measured and simulated. Accordingly, a full paragraph was added while referring
to Tyrlis and Lelieveld, 2013 and Tyrlis et al., 2014).

11) Page 18, lines 19-20: "... controlled by the strength of Azores High and the PT".
See my comment 3. There are a number of studies showing the differences between
the acticylonic center over central and southeastern Europe causing the Etesians and
the Azores High.

The text was corrected as regarded to the anticyclonic centers formed over the Balkans
which generate the Etesians rather than the Azores High.

12) Section 3.2: The majority of the discussed articles refer to studies at the coast
of Israel which leads to an unbalanced discussion for Eastern Mediterranean sulfate
aerosols. Consider that there are some other earlier and recent studies for sulfate
aerosols, SO2 and their transport over Eastern Mediterranean during summer (e.g.
Mihalopoulos et al., 1997; Kouvarakis and Mihalopoulos; Zerefos et al., 2000; Kubilay
et al., 2002; Karnieli et al., 2009; Georgoulias et al., 2009; 2016).

We agree that the survey on EM sulfate aerosols could be further broadened for a
better-balanced presentation of this issue. Consequently, we revised and used the
references offered by the Referee and others in order to enrich the discussion of this
section.

13) 14) and 15) Section 3.3: The discussion of the NOy species is fragmented, with lack
of coherency and it does not provide a thorough overview over the Eastern Mediter-
ranean regional baseline. In the begging there is some reference to baseline observa-
tional studies, then there is a sudden shift to a more extensive discussion of NOy and
NOx species at urban sites at Israel and in the end there is a short discussion of satel-
lite studies of tropospheric NO2 columnar densities. Page 24, line 14: It is written that
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" NOy, the total reactive nitrogen (NO + NO2 + HNOS)..." . The NOy includes also PAN
along with HNO4, N205, NO3 and other PAN homologues (PANs) and organic nitrates
(Emmons et al., 1997). Page 24, line 23: It is written that NO of 20 pptv were observed
at Finokalia. This is rather low and not typical for Finokalia station. For example Kou-
varakis et al., (2002) reports that NO concentrations ranged between the detection limit
of 50 pptv (most of the time) and 100 pptv and NOx’ between 0.1 and 4 ppbv. Also
Gerasopoulos et al (2006) reports average day-time values of NO up to 80 pptv and
respective NOz values up to 1.6 ppbv. See also related articles for NOy measurements
at Eastern Mediterranean from the MINOS campaign (Traub et al., 2003; Heland et al.,
2003).

We agree on the constructive comments made by the Referee. Consequently, the
whole Section 3.3 was restructured. We referred to some more studies related to
NOy measurements over Greece and Turkey along the references that were given by
the Referee plus some others (Lammel and Cape, 1996; Amaroso et al., 2008; Im et
al., 2008; and Ozden et al., 2008). Our referring to these additional studies, lead to
a more balanced discussion reflecting better the whole EM region. Moreover, some
parts of this section giving too many specific details of Israeli studies were significantly
shortened. We do believe that this section in its reconstructed version gives a much
more complete overview of the NOy baseline levels as observed over the EM during
summer.

16) Section 3.4: The section focuses on CO sources and pathways but | think it is es-
sential to give in the beginning also an overview of the CO baseline levels at Eastern
Mediterranean based on observational studies. Furthermore the discussion is not bal-
anced e.g. from page 27 (line 8) to page 29 (line 29) there is extending discussion on
the results of a single article (Drori eta I., 2012).

As suggested by the Referee, we added a full paragraph to this section surveying sev-
eral observational studies to get an insight of the CO baseline levels as reported from
few EM countries (i.e., Greece (Riga-Karandinos and Saitanis, 2005), Lebanon (Saliba
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et al. 2006) and the Gaza strip, Palestine (Elbayoumi et al. (2014). Furthermore, for a
better balancing of this section, we reduced slightly the discussion on CO sources and
pathways based mainly on the results of Drori et al. (2012) paper.

17) Section 3.5: Methane is a long-lived species in contrast to all others species dis-
cussed earlier. | think the authors should make a distinction in the discussion of the
short-lived pollutants versus the long-lived pollutants.

Discussing Methane as a long-lived species: A full paragraph was added to this sec-
tion in which the long lifetime nature of Methane in contrast to other trace gases was
demonstrated by few studies dealing with its possible association to low frequency at-
mospheric circulation patterns (i.e., ENSO and NAO). Moreover, the differing lifetimes
of the pollutants surveyed in this study and their issuing implications was mentioned in
the Introduction section.

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-79,
2017.
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