
We thank the referee for her/his valuable comments. Here the comments are repeated with our answers.
In this study, the authors have applied a global chemistry-climate model (in a chemical transport model

mode) to study the impact of monocyclic aromatic species on tropospheric gas- phase composition. They
assess the changes in the distribution of several air quality and climate relevant chemical species, includ-
ing OH, O3, NOx, HCHO, glyoxal and CO as a result of including aromatics in the chemical mechanism.5
The authors find that the impact of aromatics is small on a global scale but have a bigger impact region-
ally. Despite finding a small impact on a global scale, the authors recommend that global models include
aromatics.

I do not think that the authors make a convincing case for this. Moreover several global models already
include aromatics (e.g., GEOS-chem, MOZART-4). The paper in its current form does not advance our10
scientific understanding of the role of aromatics in chemistry and climate.

We agree with the referee that many global model do include aromatics. Nevertheless none of the chemistry
climate model do represent aromatics at the level of detail of this work, but rather they make strongly use of
lumped species also for very simple aromatics. As stated in Porter et al. (2017) until recently in Geos-Chem aro-
matics only contributed to SOA formation without any real influence on chemistry. Their estimated impact on15
tropospheric ozone is however combined with the one of monoterpenes (Porter et al., 2017). Moreover, we are
not aware of any study with CAM-Chem (or CESM) quantifying the sole impact of aromatics on ozone. Further
MOZART-4 (Emmons et al., 2010) does include only one lumped specie for aromatics. Contrary to the current un-
derstanding/expectations, our results indicate that aromatics oxidation, as in MCM, does not significantly impact
tropospheric ozone on a global scale. If not a scientific advancement, we believe this to be the first real quantifi-20
cation of single aromatics impact on ozone and other species, such as benzene, toluene and xylenes. Therefore the
scientific advancement on this work is reflected not only on the impact quantification, but mostly in the relative
impact of each simple aromatic tracer.

Specific comments are provided to improve the paper: P6, section 3: Comparison with observations is
important to build confidence in the simulation of aromatics by the model. How do we believe the model is25
simulating aromatics in the right place for the right reasons? Are there any comparisons with observations?

A detailed evaluation with observations for simulated aromatics with EMAC is available in (Cabrera-Perez
et al., 2016). As replied to referee #1 we will summarize the main results of that paper in the revised version:

“Aromatic emissions are dominated by anthropogenic sources, followed by biomas burning emissions and fi-
nally biogenic emissions play a minor role. The largest sink of aromatics is chemical oxidation, being dry de-30
position a minor sink and wet deposition a negligible process. The EMAC model is able to represent the spatial
distribution and annual cycle of background stations for benzene and toluene.Benzene and toluene have very low
bias and root mean square error (below 50%) when compared to the observations, however higher discrepan-
cies are present for toluene when representing the annual cycle. The complete description of the model setup
including emissions, the chemical mechanism used, and the evaluation of the AROM scenario—are included in35
Cabrera-Perez et al. (2016). The complete set of chemical reactions can be found in the supplementary informa-
tion (supplement in Cabrera-Perez et al., 2016). The aromatic mechanism has been evaluated against the MCM
with the CAABA/MECCA box model in Cabrera-Perez (2017). The comparison shows that the aromatic mecha-
nism consistently simulates ozone, OH and VOCs, with relative differences below 10% . The largest differences
affect NO3 and HONO, which are expected, due to the channels added in the aromatic mechanism including the40
phenoxy radical reactions and nitrophenol photolysis, respectively. Besides the model evaluation for aromatics
EMAC has been extensively evaluated for others species, including studies on O3 Jöckel et al. (2006); Jöckel et al.
(2010); Jöckel et al. (2016), CO in Yoon and Pozzer (2014) and, CO and other tracers (VOCs) in Pozzer et al.
(2012b, 2010, 2012a).”

P5,L101: Why 2004-2005 time period was chosen? Why not a more recent period as I would imagine that45
emissions have evolved since 2005.

The main reason is that we found 2005 the year with the largest number of observations available (see Cabrera-
Perez et al. (2016)). Besides, since the aim is to evaluate the chemical impacts of aromatics in the system, results
do not aim in resolving them for a specific year but rather as a general concept.

P5, L114-115: Which RCP emissions are being used here?50
RCP8.5 emissions. This information has been added for clarity in the methods section.
“We used the Representative Concentration Pathways (RCP8.5) inventory for anthropogenic emissions (van

Vuuren et al., 2011) [...]”
P6, L146: Despite high levels of surface aromatics simulated over India and central Africa in the AROM

run, why is there not a concomitant increase in day time OH over the highly polluted northern Indo-55
Gangetic plains or central Africa between REF and AROM?
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These are areas where OH and O3 production are limited due to the large amount of VOC concentrations, and
where NOx is acting a limiting species. For example this has been well reported in India by Ojha et al. (2012);
Kumar et al. (2012).

P7, L155: Where are these results shown?60
The figure has been added in the supplement information and referenced in the manuscript.
From: “During the night, an increase up to 6% is found between 800–600 hPa in the northern hemisphere. ”
to: “During the night, an increase up to 6% is found between 800–600 hPa in the northern hemisphere (see

Figure 3 in the supplement).”
Figure 3. How significant are the differences, especially the small numbers, shown here. Presumably the65

black line on the lower right plot shows the tropopause level, please indicate this in the caption.
We modified the caption from
On the upper left panel, annual average surface concentrations of OH during day time (REF scenario). On the

upper right, surface OH relative difference between aromatic and no-aromatic scenarios expressed in %. On the
lower left, OH absolute difference between mentioned scenarios. On the lower right, zonal relative differences (in70
%).

to
On the upper left panel, annual average surface concentrations of OH during day time (REF scenario). On the

upper right, surface OH relative difference between aromatic and no-aromatic scenarios expressed in %. On the
lower left, OH absolute difference between mentioned scenarios. On the lower right, zonal relative differences (in75
%). The black line denotes the tropopause level.

The statistical significance for a 95% confidence level is very low (below 2) in terms of annual means for OH
and ozone. When studying the seasons, only winter present statistical significant differences (see figure 1) for OH
and ozone species. This information has been added to the manuscript.

P8,L171: Please clarify the statement “Although there is ubiquitous decrease in NOx this does not seem80
to limit OH formation.”

This sentence is linked to the previous one and it has been clarified: "The increase of OH production via
NO+RO2 through the increase of RO2 concentrations are due to aromatics oxidation. Although there is a ubiqui-
tous decrease in NOx, this does not seem to limit OH formation"

to85
“The increase of OH production (in Europe, China, and US) via NO+RO2 through the increase of RO2 concen-

trations are due the aromatics oxidation. Although a decrease in NOx mixing ratios in these areas is present once
aromatics are introduced (see section 3.3), which could possibly limit OH formation, this is not observed, as the
system is in the high NOx regimes.”

P8, L172-174: How significant are the decreases in the remote southern hemisphere oceanic regions?90
As mentioned in previous comments, the relative changes in OH are small as well as the significance for a 95%

confidence level. Again, only ozone in winter season shows significant changes for oceanic areas.
Figure 2 shows zero concentrations of aromatics in this region and given their short lifetimes I do not

think they are being transported into this region? Possibly CO is being transported. If so, can you please
provide a plot of changes in CO distribution with a significance estimate.95

Figure 1. Surface winter relative difference between aromatic and no-aromatic scenarios expressed in %. The area inside the
green lines denotes locations where the influence of aromatics is significant.

2



Benzene concentrations ranges 1 to 7 pptv, it is the only compound whose lifetime allows for the transportations
to this region. The plot for CO is provided in the second figure of the supplement. It presents the surface relative
change of CO, with an homogeneous mixing ratio increase of 3%.

P8,L174: Figure 5 should be moved to Figure 4 if it is being discussed before the existing Figure 4.
The order of the figures has been changed accordingly to the text.100
P9, Table 2: Please clarify in the caption that the global methane lifetime refers to lifetime of CH4 in the

global boundary layer. Also suggest explicitly showing how this lifetime is calculated. In particular, how is
the boundary layer diagnosed?

The caption has been expanded:
“Estimated global averaged OH concentrations in the boundary layer by three different approximations Lawrence105

et al. (2001) and global boundary layer lifetimes of methane. Calculations for the reference scenario and the aro-
matics scenario and the differences between them.”

The boundary layer diagnosis is fully described in (Pozzer et al., 2009). The PBL is calculated in the model
based on the work of (Holtslag et al., 1990). An interactively calculation is performed following the approach
of (Troen and Mahrt, 1986), using the Richardson number, the horizontal velocity components, the buoyancy110
parameters and the virtual temperature. A complete description of this method can be found in (Holtslag and
Boville, 1993, sect.3). This information has been added to the manuscript.

P10, L187-188: How do the tropospheric methane lifetime compare against those from other models, for
example the ACCMIP models for year 2000?

Tropospheric methane lifetime in EMAC is 8.5 years (Lelieveld et al., 2016). This value is within the range 8-10115
years, similar to most ACCMIP models. The 17 models that participated in the model intercomparison by Naik
et al. (2013) show a range of 7.1–14.0 years, while the multimodel mean of 9.7 years was considered to be 5–10%
higher than observation-derived estimates.

P10, L195: High NOx can also result in titration of ozone.
We mentioned this possibility in the text:120
from
In areas with high NOx and VOC mixing ratios, ozone is formed, which under photolysis produces OH (??-??.)
to
In areas with high NOx and VOC mixing ratios, ozone is formed, which under photolysis produces OH (R5-R6),

although ozone titration may also take place reducing ozone formation (R11).125
P10, L203-218: Please point to figures in the supplementary in this discussion.
The text has been modified specifying the figures of the supplement. From:
“For HO2 a relative decrease of less than 1% in the atmospheric global burden is found. [...]”
“Contrary to expectations, we found large increases of HONO mixing ratios in continental areas, generally

with the sign of this change opposite to that of OH. These relative changes reached more than 50%, specifically in130
Africa, South-America, the Arabian Peninsula and South-East Asia. [...]”

to:
“For HO2 a relative decrease of less than 1% in the atmospheric global burden is predicted (see Figure 2 in the

supplement). [...]”
“Contrary to expectations, we found large increases of HONO mixing ratios in continental areas, generally135

with the sign of this change opposite to that of OH. These relative changes reached more than 50%, specifically in
Africa, South-America, the Arabian Peninsula and South-East Asia (see Figure 2 in the supplement). [...]”

P 9, Figure 4: The figure shows O3 changes while the caption mentions OH changes. Please correct the
caption.

The caption has been corrected:140
“On the upper left panel, annual average surface mixing ratios of O3 during day time (REF scenario). On the

upper right, surface O3 relative difference between aromatic and no-aromatic scenarios expressed in %. On the
lower left, O3 absolute difference between mentioned scenarios. On the lower right, zonal relative differences (in
%).”

P13, L259: Is deposition of individual aromatics considered in this study? If so, how are the dry deposition145
velocities calculated?

Yes, it is. Calculations are done with the DDEP submodel, based on the big area leaf approach. The complete
description of the methodology can be found in Kerkweg et al. (2006)

P18, L348: The van Vuuren et al reference is wrong.
This reference has been corrected. From van Vuuren et al. (2008) to van Vuuren et al. (2011)150
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