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This paper looks at high ozone events that occur in wintertime in the Upper Green River
Basin. High wintertime ozone concentrations have been discussed in previous studies and
are attributed to emissions from oil and gas extraction in combination with temperature
inversions and enhanced photolysis fluxes due to snow covered ground. This paper
discusses to what extent a regional chemical transport model (WRF-Chem) is able to
represent these conditions by conducting sensitivity simulations with two different
chemical mechanisms as well as a simulation where dry deposition has been turned off.
The authors find that despite a significant underestimate in the modeled VOC
concentrations, either chemical mechanism was able to represent the enhanced ozone
concentrations. 

This paper provides a good overview of previous work and in general the approaches and
results are well presented. What I see missing is, however, a more in-depth analysis of
the model results and an attempt to shed light into why the model despite a significant
low bias in VOCs simulates ozone concentrations relatively well. The paper could be
strengthened significantly by including more information on the NOx and VOc sensitivities
in the model (e.g. looking at HCHO/NO2 ratios, modeled chemical tendencies etc.) and
how they vary between the model simulations and also vary temporally and spatially. The
model could also be compared to HCHO/NO2 ratios at the Boulder site if speciated VOCs
are available (from the data set description it is not clear what type of VOC measurements
were collected). It further would be valuable to focus on individual VOC species and not
just the total VOCs since the reactivity of different VOCs and their role in ozone production
varies widely. The modeled VOC bias might be driven by only a few VOCs that have
abundant emissions but play little role in ozone production.  

Specific comments: 

Line 143: I would disagree in that a valuable model should be able to represent conditions



under any emission scenarios and VOC:NOx levels

Section Model Setup: Table 2 lists only a few of the settings and Figures A2 and A3 will
only be meaningful to readers who are very familiar with WRF-Chem. I suggest extending
Table 2 and explicitly stating some of the main information there. Additional information is
also needed on the model configuration, e.g. what was used as chemical boundary
conditions, was the meteorology in the model constrained and if so how, …

Some questions to A2 and A3: The RACM setup does not use biogenic and fire emissions
and also have_bcs_chem is set to false? There are a number of other differences between
the MOZART and RACM simulation, so this means that the seen differences are not just
related to the chemical scheme. Please elaborate on this and also provide justification
behind these settings. 
In addition, this is a fairly small domain and I wonder how do chemical boundary
conditions influence the ozone concentrations in the Basin? How were the chemical initial
and boundary conditions treated (related also to comment above)? 

Section 2.3: More detail on the measurement techniques and the accuracy of the
measurements is needed.

Line 198: MOZ17 has not yet been defined

Line 209: Was a spin-up period considered and if so how long? 

Line 310: Is the model able to represent the diurnal variability and day-to-day variations?
Is there a significant difference between daytime and nighttime performance?

Line 321: I suggest replacing “accurately” with adequately given that the model has clear
shortcomings in representing observed conditions

Line 339: I suggest to also define an acronym for the RACM simulation without dry
deposition, e.g. RACM17_nodep to be consistent with the naming of the other simulations

Line 374: I suggest a phrasing of “... do not show a strong sensitivity …”

Line 376: I would say that despite missing data there seems to be a clear overprediction



in modeled NOx. Have the authors looked at whether the type of mapping the model 4km
data to the site location could explain some of the differences between measured and
modeled concentrations? 

Line 377: I suggest changing “removed” to “further away” 

Line 379: Is this a boundary layer issue or an issue in the diurnal cycle of the emissions or
is there any other reason? 

Line 381ff: Have you looked whether model grids surrounding the Boulder site have higher
NMHC mixing ratios? More information is also needed on how the intercomparison was
done and how it was ensured that the modeled total NMHC indeed reflect the same type of
information as the measured NMHC (i.e. that it really is an apple to apple comparison)

Line 388: What is the statement about NMHC removal based on?

Figures 9-14: It is really hard to see any details in the NOx and VOC graphs, maybe a
different color range could help? The paper also first discusses the ozone plots from Figure
12 and then looks into the NOx graphs. You might want to consider swapping the order of
the Figures.
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