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General Comments

It is an interesting paper providing some answers on the effect of meteorology on air
pollution. It includes results (model output and measurements) not shown before and
some explanations are given on the agreement or disagreement between model out-
put and observations. On the other hand, all the conclusions concerning model perfor-
mance (both in terms of meteorology and air quality) are rather uncertain because the
measurements were limited; there was only a small number of measuring stations and
they only provided surface measurements. Therefore, one cannot get information on
the variation of the model performance throughout the model domain and there can be
no comparison of the vertical structure of the atmosphere (which plays a key role in air
pollution applications) with observations. Some more specific comments on this paper
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follow in the next section.

Specific comments

In the Abstract and in the Concluding Remarks sections (lines 6 and 22 respectively)
it is mentioned that &#8220;The analysis shows that the performance of both models
is similar, however some small differences are still noticeable&#8221;. It should be
clarified that this refers to surface meteorological data only. As mentioned afterwards,
&#8220;The PBL height by WRF meteorology is a factor 2.8 higher at noon in Jan-
uary than calculated by MM5&#8221;: this is a substantial (and not just noticeable)
difference in the simulated vertical structure of the atmosphere.

Another finding reported in the Abstract, line 20, is that &#8220;&#8230;changing
the Noah Land Surface Model for the 5-layer soil temperature model, the calculated
monthly mean PM10 concentrations increase by 30%...&#8221; It is not specified (in
the Abstract) which model this statement refers to (MM5 or WRF).

In the first paragraph of the introduction (line 8) it is mentioned that
&#8220;&#8230;chemistry-transport-dispersion models (CTMs) have the advantage
that they can be used to complement monitoring data, assess the effects of fu-
ture changes in aerosol and aerosol precursor emissions...&#8221; CTMs also treat
gaseous pollutants (and so does the paper). Therefore this statement should refer to
gaseous pollutants too.

Both the third and fourth paragraphs of the Introduction talk about the fact that pol-
lutant concentrations and their uncertainties depend on meteorology, chemistry and
emissions. In this sense, they overlap and should be merged into one concise para-
graph.

In page 2322 line 5 there should be a reference supporting that Po Valley is one of the
most polluted, industrialized and heavily populated areas in Europe.

In page 2323, line 10 it is mentioned that PM10 and O3 &#8220;are prevailing&#8221;
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the most in Po Valley. The term &#8220;prevailing&#8221; here is unclear. Does
it mean that they have larger concentrations/more adverse health effects than other
pollutants for example?

Four monthly simulations are mentioned in the last paragraph of the methodology sec-
tion (page 2323). It should be specified if there is nudging of the simulations towards
observations or not. Also, there are comparisons with yearly data. Where there yearly
model runs as well?

Citation should be added to the definition of the planetary boundary layer in line 15,
page 2328. That is Stull, 1988.

In line 14, the term &#8220;absolute temperature&#8221; can easily be confused with
the absolute temperature scale in Kelvin (K) where zero is the absolute zero. Since
the discussion of temperature is in degrees C, the term &#8220;temperature&#8221;
instead of &#8220;absolute temperature&#8221; is more suitable here. Moreover, in
the paragraph under this title, in all subsequent discussions of temperature and in Table
3a, the statistic Relative Bias (RB) is used for model evaluation purposes. This statistic
takes unreasonably large values when the average observed temperature is close to
0žC and becomes infinity if the average observed temperature is equal to 0žC, even
if the model temperature estimates are very good and differ from observations only by
a few tenths of a degree. Therefore such values do not necessarily represent a bad
model performance. They are the result of the fact that in the Celsius temperature
scale, zero is defined as the temperature where water freezes. It is suggested that
RB is either not used for temperature or that its calculation is based on the absolute
temperature scale, after the conversion of temperature in degrees Kelvin.

In the first paragraph of page 2335 where wind direction is discussed, in all subsequent
discussions on wind direction and in Table 3d a number of statistics such the mean,
bias, coefficient of determination etc. have been calculated. One should note that
circular data such as wind direction should be treated in a different manner. Common
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evaluation statistics such as the ones calculated here do not apply. To bring a simple
example on this, the arithmetic mean of 0ž and 360ž is 180ž although 0ž is apparently a
better choice as a mean value. Moreover, the terms &#8220;underestimation&#8221;
and &#8220;overestimation&#8221; (e.g. p. 2335, line 5) are meaningless here. An
&#8220;underestimation&#8221; of a measurement of 10ž wind direction by 6ž yields a
value of 4ž. An &#8220;underestimation&#8221; of a value of 10ž by 12ž yields 358ž
which can then be seen as a (large) overestimation. The whole statistical analysis
of wind direction should be redone accounting for the particularities of circular data.
Further explanations on this can be found in a number of publications such as the
&#8220;Statistical analysis of circular data&#8221; by N.I. Fisher which, in general, is
a good starting point for the study of this field.

Concerning rain, certain statistics have been calculated in order to evaluate the pre-
diction of the correct amount of rain by MM5 and WRF. However, it is probably even
more important for the prediction of rain to know whether a model captured the event
of precipitation during a certain day or not. For this purpose hit ratio statistics should
be calculated and reported for rain.

It is mentioned in page 2340, line 12 that relative humidity is in general overestimated
by MM5. By looking at the yearly bias values in Table 3b one cannot conclude this.
Yearly averages of relative humidity are slightly overestimated by WRF indeed.

In line 18 of the same page, &#8220;For the winter period WRF gives higher tempera-
tures&#8221;; higher than what, MM5 or observations?

Since section 4.2.1 refers to winter 2005, the statement in line 7 page 2343 that the
underestimation of PM10 is because of overestimation of the relative humidity by the
two meteorological models, is not true. Examination of Table 3b shows that in winter
2005 relative humidity was underestimated. Besides, this is also mentioned in the
second paragraph of section 4.1.4 (line 17 page 2340).

In line 15, page 2344 a comparison between the &#8220;cloud cover&#8221; and the

S158

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/S155/2009/acpd-9-S155-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/2319/2009/acpd-9-2319-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/2319/2009/acpd-9-2319-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, S155–S161, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

&#8220;cloud attenuation&#8221; between MM5 and WRF is done. In order to get an
idea of the sensitivity of PBL height to cloud cover or cloud attenuation, it would be
useful to quantify the differences in those quantities between the two models. More-
over, MM5 does not predict cloud cover and cloud attenuation. Has there been some
diagnostic procedure to estimate those quantities? Which one? An alternative solution
is to make a quantitative comparison of cloud liquid water which is a prognostic variable
of MM5.

In lines 16-21, page 2344, the differences in cloud attenuation between the two models
is attributed to the differences in cloud liquid water. In line (22) of the same page, it
is stated that more cloud liquid water in WRF is the result of more cloud attenuation.
The cause-and-effect relationship between cloud liquid water and cloud attenuation is
reversed in those statements. This is a contradiction which should be clarified.

In page 2353, lines 21-23 some findings concerning the model performance in predict-
ing ammonium and nitrate are reported. Given the uncertainties in the measurements
of ammonium and nitrate, one cannot draw reliable conclusions on the agreement of
the model with measurements. Therefore this part should be excluded from the con-
clusions section.

In page 2355, line 28; low inversion heights are presented as a cause of stagnant
conditions. If by &#8220;stagnant conditions&#8221; the author means low wind and
weak vertical mixing, low inversion heights are rather a result, not a cause.

In page 2356, lines 6 and 7, it is mentioned among the findings of this study that gas
and aerosol concentrations have a non-linear dependence on the meteorological con-
ditions. In this paper, although some monotonic relationships between meteorological
variables and concentrations of air pollutants were highlighted, there was no investiga-
tion on a possible (non-)linearity of those relationships. Therefore there is not enough
evidence in the present paper to conclude a non-linear dependence. However, this
statement on the non-linearity can remain if references are added (e.g. the references

S159

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/S155/2009/acpd-9-S155-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/2319/2009/acpd-9-2319-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/2319/2009/acpd-9-2319-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, S155–S161, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

in page 2321, line 23).

In page 2356, lines 8-12, apart from the improvements in meteorology and the emis-
sions, updated chemical mechanisms is also a key requirement for better air quality
models.

Results in Table 3a have two decimal digits. Temperature measurements typically have
an accuracy of one decimal digit (which means three significant digits for tempera-
tures T such that |T|>=10žC and two significant digits for temperatures T such that
|T|<10ž). If this is the case with measurements from the ARPA networks, the calcu-
lated statistics should be rounded accordingly. The same process should be applied
to tabulated model data because measurements are involved in the process of model-
ing by data assimilation in the examined model runs or in the models which produced
the initial/boundary conditions. Similar considerations about the number of decimal or
significant digits apply in all of the presented results.

In tables 4, 5, 6 and 7 only the mean values of model and measured pollutant concen-
trations are reported. It is suggested that more statistical measures are calculated in
order to get a more complete picture of the CHIMERE performance and its dependence
on the meteorological input. For example, the statistics used in the meteorological evo-
lution could also be used in the air quality evaluation. In addition, the &#8220;factor
of two&#8221; statistic could be calculated. This is defined as the fraction of model
values which lie between 50% and 200% of the corresponding measurements and it is
particularly useful for the evaluation of CTMs.

In the wind rose on the left-hand side of Figure 2, there are some wind directions (such
as the eastern) where not a single observation was recorded throughout a year. This
result is rather suspicious and the wind rose should be reexamined.

Technical corrections

In line 27, page 2322 the use of &#8220;such as&#8221; implies that there were
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more meteorological parameters which were evaluated in the study. This is not true
so &#8220;such as&#8221; should be removed.

Many web references are included in the paper. Given that web pages change over
time, the date of last access should be added to all of them. For example, instead of
(http://aqm.jrc.it/citydelta), (http://aqm.jrc.it/citydelta, last accessed 06.06.2006).

Page 2344, line 3: &#8220;surface&#8221; should probably be replaced by
&#8220;sensible&#8221;.

Page 2344, line 11: &#8220;observed&#8221; should be replaced by &#8220;esti-
mated&#8221;.

Page 2344, line 18: &#8220;hydrometer&#8221; should be replaced by &#8220;hy-
drometeor&#8221;.

Page 2344, line 22: &#8220;is&#8221; should probably be replaced by
&#8220;in&#8221;.

The text from line 24 page 2348 until line 3 page 2349 overlaps with the text in lines
16-22 page 2331. Instead of repeating the reader can be directed to the chapter where
this content appeared first (3.1). The same applies to lines 1-7 in page 2350; their
content has already been presented in section 4.2.4.

Interactive comment on Atmos. Chem. Phys. Discuss., 9, 2319, 2009.
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