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We thank the referee for their comments and respond to the points raised below.
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1. The authors use SEAC4RS dataset for their model evaluation, and compare their
results to Fisher et al. (2016) extensively for RONO2 budgets and speciation. It should
be pointed out that this paper uses a RONO2 yield of 13%-14% from isoprene RO2+NO
reaction, in contrast to 9% assumed in Fisher et al. (2016). Such difference would
presumably lead to significant differences between these two models. I believe some
caveats should be provided in the text to make reader aware of these differences.

This is correct. This difference in RONO2 yield between the two studies is now men-
tioned in the discussion of the NOx loss through RONO2 formation (Sect. 4.2) and
again in the evaluation of total RONO2 against SEAC4RS measurements (Sect. 4.3).

2. Similar to Fisher et al. (2016), the authors find a model underestimate of RONO2,
as shown in their Figure 5. A recent study by Li et al. (2018), suggests that a large
part of discrepancy could be due to terpene nitrates and nighttime isoprene nitrates. In
particular, the authors assume a 100% recycling of NOx from APINONO2 + OH. This
choice may have a large impact on total RONO2. For nighttime chemistry, the authors
have ignored the formation of dinitrate (N31 for Table 2), which could also contribute to
RONO2, according to Li et al. (2018). Some discussion on the uncertainties of terpene
nitrates and nighttime isoprene nitrates, should be included in the text.

Thank you for these valid points. We include now a more complete discussion of the
possible causes of RONO2 underestimation in the model: “There are several possible
explanations for the discrepancy, including the neglected reactions of NO3 with unsat-
urated oxidation products from isoprene and other BVOCs, the neglected formation
of unsaturated dinitrates from the reaction of dinitroxyperoxy radicals (NISOPO2) with
NO (Li et al., 2018), a possible overestimate of the tertiary nitrate hydrolysis sink (for
dinitrates from ISOP+OH), and a misrepresentation of alkyl and hydroxyalkyl nitrates
from other precursors than isoprene. The monoterpene nitrates are very crudely rep-
resented in the model. In particular, the assumption of 100% NOx recycling in their
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reaction with OH could lead to a significant overestimation of RONO2 loss. "

3. The reader is also wondering how this model performs on HNO3 and PAN, which are
major NOy reservoirs. Examining these species may help to justify the 60% reduction
of U.S. NOx emission inventories in their model.

We now include PAN in the model comparison with SEAC4RS (Fig. 9). A moderate
model overestimation is found, similar to previous studies (Travis et al. 2016, Li et
al. 2018). The model also overestimates HNO3 measurements from SEAC4RS, but
reproduces well the average NO−3 wet deposition measurements over the U.S. (data
obtained from R. Larson, NADP Database Manager, Wisconsin State Laboratory of
Hygiene). A detailed discussion and justification of the NOx emission reduction (similar
to a previous model study, Travis et al. 2016) is clearly beyond the scope of our study.

4. It seems that Section 3.4, Global budget of formic and acetic acid, is disconnected
from the rest of the paper. It appears that the authors want to recalculate the global
budget of these two acids, without any comparison to field observations. It is unclear
how this new mechanism has improved current knowledge on formic and acetic acid.
Some model sensitivity tests and comparison to observations would be useful.

As reported in the text, there is wide consensus that models underestimate formic
and acetic acid abundances by large factors. This has been shown through numer-
ous model comparisons with aircraft, ground-based and in situ measurements. Our
study does not claim to reconcile models with observations. Since our newly-derived
global sources of those acids are similar as (or even lower than) in previous modelling
studies, it is clear that the large model underestimations remain, and extensive com-
parisons with atmospheric observations are not needed to make that point. We added
the following sentence to Section 4.4: “Despite the newly-proposed large production
of formic and acetic through hydroperoxycarbonyl photolysis, our derived total sources
of those acids remains similar as (or even lower than) in previous modelling studies
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(Paulot et al., 2011; Stavrakou et al., 2012; Millet et al., 2015; Khan et al., 2018), and
are therefore insufficient to explain their high observed abundances."

5. While reading Section 3.4, the authors suggest CH3CO3+HO2 is the major source
of CH3COOH. This seems like another good reason to examine PAN in their model.

PAN is now included in the model comparison against SEAC4RS observations.

6. Given the extensive research on isoprene oxidation over Southeast US, the authors
should include two review papers on this topic in their introduction, Carlton et al. (2018)
and Mao et al. (2018).

Done.

References

Carlton, A. G., de Gouw, J., Jimenez, J. L., Ambrose, J. L., Attwood, A. R., Brown, S.,
Baker, K. R., Cohen, R. C., Edgerton, S., Farkas, C. M., Farmer, D., Goldstein, A. H.,
Gratz, L., Guenther, A., Hunt, S., Jaeglé, L., Jaffe, D. A., Mak, J., McClure, C., Nenes,
A., Nguyen, T. K., Pierce, J. R., de Sa, S., Selin, N. E., Shah, V., Shaw, S., Shepson,
P. B., Song, S., Stutz, J., Surratt, J. D., Turpin, B. J., Warneke, C., Washenfelder, R.
A., Wennberg, P. O., and Zhou, X.: Synthesis of the Southeast Atmosphere Studies:
Investigating fundamental atmospheric chemistry questions, Bull. Am. Met. Soc.,
547–567, 2018.

Fisher, J. A., Jacob, D. J., Travis, K., Kim, P. S., Marais, E. A., Chan Miller, C., Yu,
K., Zhu, L., Yantosca, R. M., Sulprizio, M. P., Mao, J., Wennberg, P. O., Crounse, J.

C4

https://www.geosci-model-dev-discuss.net/
https://www.geosci-model-dev-discuss.net/gmd-2018-316/gmd-2018-316-AC3-print.pdf
https://www.geosci-model-dev-discuss.net/gmd-2018-316
http://creativecommons.org/licenses/by/3.0/


GMDD

Interactive
comment

Printer-friendly version

Discussion paper

D., Teng, A. P., Nguyen, T. B., St. Clair, J. M., Cohen, R. C., Romer, P., Nault, B. A.,
Wooldridge, P. J., Jimenez, J. L., Campuzano-Jost, P., Day, D. A., Hu, W., Shepson,
P. B., Xiong, F., Blake, D. R., Goldstein, A. H., Misztal, P. K., Hanisco, T. F., Wolfe, G.
M., Ryerson, T. B., Wisthaler, A., and Mikoviny, T.: Organic nitrate chemistry and its
implications for nitrogen budgets in an isoprene- and monoterpene-rich atmosphere:
constraints from aircraft (SEAC4RS) and ground-based (SOAS) observations in the
Southeast US, Atmos. Chem. Phys., 16, 5969–5991, 2016.

Khan, M. A. H., Lyons, K., Chhantyal-Pun, R., McGillen, M. R., Caravan, R. L.,
Taatjes, C. A., Orr-Ewing, A. J., Percival, C. J., and Shallcross, D. E. :Investigating the
tropospheric chemistry of acetic acid using the global 3-D chemistry transport model,
STOCHEM-CRI, J. Geophys., 123, 6267–6281, 2018.

Li, J., Mao, J., Fiore, A. M., Cohen, R. C., Crounse, J. D., Teng, A. P., Wennberg, P. O.,
Lee, B. H., Lopez-Hilfiker, F. D., Thornton, J. A., Peischl, J., Pollack, I. B., Ryerson, T.
B., Veres, P., Roberts, J. M., Neuman, J. A., Nowak, J. B., Wolfe, G. M., Hanisco, T. F.,
Fried, A., Singh, H. B., Dibb, J., Paulot, F., and Horowitz, L. W.: Decadal changes in
summertime reactive oxidized nitrogen and surface ozone over the Southeast United
States, Atmos. Chem. Phys., 18, 2341–2361, 2018.

Mao, J., Carlton, A., Cohen, R. C., Brune, W. H., Brown, S. S., Wolfe, G. M., Jimenez,
J. L., Pye, H. O. T., Lee Ng, N., Xu, L., McNeill, V. F., Tsigaridis, K., McDonald, B. C.,
Warneke, C., Guenther, A., Alvarado, M. J., de Gouw, J., Mickley, L. J., Leibensperger,
E. M., Mathur, R., Nolte, C. G., Portmann, R. W., Unger, N., Tosca, M., and Horowitz,
L. W.: Southeast Atmosphere Studies: Learning from model-observation syntheses,
Atmos. Chem. Phys., 18, 2615–2651, 2018.

C5

https://www.geosci-model-dev-discuss.net/
https://www.geosci-model-dev-discuss.net/gmd-2018-316/gmd-2018-316-AC3-print.pdf
https://www.geosci-model-dev-discuss.net/gmd-2018-316
http://creativecommons.org/licenses/by/3.0/


GMDD

Interactive
comment

Printer-friendly version

Discussion paper

Millet, D. B., Baasandorj, M., Farmer, D. K., Thornton, J. A., Baumann, K., Brophy,
P., Chaliyakunnel, S., de Gouw, J. A., Graus, M., Hu, L., Koss, A., Lee, B. H.,
Lopez-Hilfiker, F. D., Neuman, J. A., Paulot, F., Peischl, J., Pollack, I. B., Ryerson,
T. B., Warnecke, C., Williams, B. J., and Xu, J.: A large and ubiquitous source of
atmospheric formic acid, Atmos. Chem. Phys., 15, 6283–6304, 2015.

Paulot, F., Wunch, D., Crounse, J. D., Toon, G. C., Millet, D. B., DeCarlo, P. F.,
Vigouroux, C., Deutscher, N. M., González Abad, G., Notholt, J., Warneke, T.,
Hannigan, J. W., Warneke, C., de Gouw, J. A., Dunlea, E. J., De Mazière, M., Griffith,
D. W. T., Bernath, P., Jimenez, J. L., and Wennberg, P. O.: Importance of secondary
sources in the atmospheric budgets of formic and acetic acids, Atmos. Chem. Phys.,
11, 1989–2013, 2011.

Stavrakou, T., Müller, J.-F., Peeters, J., Razavi, A., Clarisse, L., Clerbaux, C., Coheur,
P.-F., Hurtmans, D., De Mazière, M., Vigouroux, C., Deutscher, N. M., Griffith, D. W.
T., Jones, N., and Paton-Walsh, C.: Satellite evidence for a large source of formic acid
from boreal and tropical forests, Nat. Geosci., 5, 26–30, 2012.

Interactive comment on Geosci. Model Dev. Discuss., https://doi.org/10.5194/gmd-2018-316,
2018.

C6

https://www.geosci-model-dev-discuss.net/
https://www.geosci-model-dev-discuss.net/gmd-2018-316/gmd-2018-316-AC3-print.pdf
https://www.geosci-model-dev-discuss.net/gmd-2018-316
http://creativecommons.org/licenses/by/3.0/

