Response to Reviewer #2:
Thank you for the review.

This is an interesting and well-written paper that investigations VOC concentrations and reactivity
in North America using an atmospheric model and a comprehensive analysis of aircraft
observations from multiple field studies. The model skill in reproducing observed VOC
concentrations and reactivity is good in the PBL and poor in the free troposphere. The subjects
addressed in the manuscript are appropriate for ACP.

Photochemical reactions are the main sink for VOC. The authors could consider providing more
information and critical evaluation of relevant factors that govern VOC removal rates, such as NOx
emissions and O3 boundary conditions. The boundary conditions are from a global model and they
have been accepted and used without much discussion or evaluation in the present manuscript.

Thank you for the positive comments. We have prepared a point by point response to the reviewer’s
comments below.

Comment 1: Are the ozone levels at the model boundaries and their seasonal variations reasonable
and consistent with observational analyses by Parrish and Cooper at NOAA?

Reply to Comment 1: To address this question, we evaluate the modeled boundary/background ozone
using ozone observation from the recent Atmospheric Tomography Mission (ATom), which sampled a
rich set of data over the Pacific and Atlantic Oceans throughout the troposphere across four seasons. To
this end, the model was re-run for the ATom period at 2°%2.5° horizontal resolution and sampled along
the ATom flight tracks.

Figure S1 shows ATom ozone observations over the Pacific (100°W-170°E) superimposed on the
modeled monthly mean ozone curtain at ~177.5°W. We focus discussion here on the northern hemisphere
(NH) as most relevant to the boundary conditions for our study domain. We see that the model captures
the overall vertical, latitudinal, and seasonal features seen in the observations. Figure S2 shows the
observed and modeled probability density functions for ozone in the northern Pacific. The model
generally captures the measured ozone variability with R* = 0.6-0.9 and normalized mean bias (NMB) of
-27% to 5%. The largest discrepancy is seen in spring, likely reflecting insufficient stratosphere-
troposphere exchange (also diagnosed by Hu et al. (2017)). Overall, however, the model-measurement
comparisons do not point to any persistent, large-scale discrepancies that would alter the conclusions of
our paper (particularly given that most campaigns used here, with the exception of DISCOVER-AQ CA,
focus on meteorological summer).

We have added Figures S1 and S2 to the Supplement and the following to the Sect. 2: “The Supplement
shows an evaluation of these boundary conditions based on Atmospheric Tomography Mission (ATom)
(Wofsy et al., 2018) ozone observation in the northern Pacific.”

Comment 2: Please provide analogous maps for NOx emissions (anthropogenic, soil, lightning,
pyrogenic) to match Figures 2a and 3a for VOC. While NOx is not the focus of the present paper,
these emissions are relevant to the analysis as they have strong indirect effects on VOC lifetimes
and reactivities.



Reply to Comment 2: Thank you for the comment. As requested we have now added Figures S5 and S6,
showing maps of annual NOy emissions and the fractional contributions by seasons for each emission
category.
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Figure S1. Ozone over the Pacific Ocean. Colored circles show airborne observations from the
Atmospheric Tomography Mission (ATom) within 100°W-170°E. Plotted in the background is the
monthly mean ozone curtain simulated by GEOS-Chem (global simulation at 2°x2.5%) at ~177.5°W for
the corresponding month.
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Figure S2. Ozone probability density functions over the northern Pacific (100°W-170°E, 0°-90°N). Plotted
are ATom observations (black) and co-located GEOS-Chem model predictions (red), with correlations
and normalized mean biases given inset.
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Figure S5. Annual NOy emission fluxes over North America as simulated by GEOS-Chem for 2013.
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Figure S6. Seasonal contribution of each emission sector to total modeled NOx emissions.



