Reply to Anonymous Referee #2

We thank the reviewer for the careful reading of the manuscript and helpful comments. We

have revised the manuscript following the suggestion, as described below.

Li Xing et al. present a modeling study of SOA formation pathways and contribution of
heterogeneous HONO sources in the BTH region focusing on wintertime haze. This is an
important study. [ have several suggestions for strengthening the Manuscript, and I recommend

that the following points need to be addressed before publication:

1 Comment: Introduction line 43: Please clarify if biogenic POA refers to POA from biomass

burning and/or biological particles like bacteria, fungi etc.?

Response: In the present study, biogenic POA refers to the POA from biomass burning.
Biological particles like bacteria, fungi, pollen, and viruses are usually termed as primary
biological aerosol particles, or bioaerosols. We have clarified in Section 1: “POA are directly
emitted into the atmosphere as particles by various anthropogenic and biomass burning

sources”

2 Comment: Line 46: In addition to Robinson and Hallquist, suggest citing the recent review

paper on SOA by Shrivastava et al. 2017 (1)

Response: We have included the reference in Section 1: “Some species of POA evaporate into
the atmosphere and are oxidized further, re-partition into aerosols, and form SOA (Robinson

et al., 2007; Hallquist et al., 2009, Shrivastava et al., 2017).”

3 Comment: Line 85: Also cite the global modeling paper using VBS by Shrivastava et al.
2015.

Response: We have included the reference in Section 1: “CTMs using the VBS approach have
remarkably improved the SOA simulations against observations (e.g., Li et al., 2011;

Shrivastava et al., 2013, 2015, Feng et al., 2016).”



4 Comment: Line 100: The difference between the 2-product model and VBS is also because
the VBS accounts for semi-volatile and intermediate volatility organics emitted from fossil fuel

and biomass burning sources in addition to traditional SOA. This needs to be mentioned here.

Response: We have rephrased the sentence as suggested in Section 1: “Additionally, the
predicted ratio of secondary OC to total OC in the VBS approach is about 33%, much higher
than that (around 5%) in the two-product model and also close to observation-based estimation
(32%), suggesting a more realistic representation of the SOA formation by the VBS approach
through accounting for the semi-volatile and intermediate volatility organics emitted from

fossil fuel and biomass burning sources.”

5 Comment: Line 115: Please mention the different SOA sources being represented by VBS:
e.g., anthropogenic, biomass burning, biogenic. Also, was gas-phase fragmentation of organic
vapors included during multigenerational aging of organic vapors in the VBS? Please see the

following papers for reference: (References 2,4,5 listed below)

Response: We have rephrased the model description about the SOA formation as suggested in
Section 2.1: “The POA components from traffic-related combustion and biomass burning are
represented by nine surrogate species with saturation concentrations (C*) ranging from 107
to 10° ug m™ at room temperature (Shrivastava et al., 2008), and assumed to be semi-volatile
and photochemically reactive (Robinson et al, 2007). The SOA formation from each
anthropogenic or biogenic precursor is calculated using four semi-volatile VOCs with effective
saturation concentrations of 1, 10, 100, and 1000 ug m> at 298 K. Previous studies have
demonstrated that the fragmentation reactions of semi-volatile VOCs also play an important
role in the SOA formation (Shrivastava et al., 2013, 2015, 2016). However, the fragmentation
reactions have not been incorporated in the version of the WRF-CHEM model, and further
studies need to been performed to include the contribution of those reactions to improve the

SOA simulation.”

6 Comment: Section 3.1. POA simulations and Figure 2: It is confusing why POA and HOA
are on separate panels. POA is generally compared against the HOA factor derived from PMF
analysis of HR-Tof-AMS data. Please clarify what is model POA being compared to in panel
2(a) and what is PMF AMS HOA being compared to in panel 2(b)? Also I do not see a
comparison for PMF OOA and model SOA.



Response: Elser et al. (2016) have resolved five components of OA using a novel PMF method,
which are HOA, BBOA, CCOA, COA, and OOA, respectively. HOA, BBOA, CCOA, and
COA represent the POA related to the traffic combustion, biomass burning, coal combustion,
and cooking emissions, respectively, and OOA is a surrogate for SOA. HOA in the study only
represents the POA related to the traffic combustion emission, which is different from that used
by Shrivastava et al. (2011), which represents the total urban POA and is not separated into
different POA components. We have clarified in Section 2.3: “Five components of OA are
classified by their mass spectra and time series, including traffic-combustion hydrocarbon-like
OA (HOA), cooking OA (COA), biomass burning OA (BBOA), coal combustion OA (CCOA),
and oxygenated OA (OOA).”

In Figure 2(a), the modeled POA is compared to the sum of HOA, BBOA, CCOA, and COA
of AMS data resolved by PMF method. We have clarified in Section 2.1: “Figure 2 presents
the temporal profiles of the model-simulated and observed POA (sum of HOA, BBOA, CCOA,
and COA), HOA, BBOA+COA, and CCOA concentrations from 9 to 26 January 2014 at
IRSDE site in Beijing.”.

The comparison between modeled SOA and PMF-derived OOA is shown in Figure 4(b).

7 Comment: Also, can the authors compare their glyoxal and methylglyoxal to some of the
AMS factors? If not, can AMS total organic signal — (sum of HOA+BBOA+CCOA+COA) be
used as an estimate of glyoxal/methylgloxal? If not, please explain. For example, are there any
distinct AMS makers for glyoxal/methylgloxal SOA or aqueous SOA formed during Haze?

What was the overall O:C ratio of AMS organic aerosol?

Response: HOA, BBOA, CCOA, and COA are the primary OA, which cannot be used as an
estimation of the glyoxal/methylglyoxal SOA. Sun et al. (2016) have resolved aqueous SOA
factors from the AMS measurement and reported that the aqueous SOA (aq-SOA) is correlated
well with several specific fragment ions, including Co,H,0," (m/z 58), C,0," (m/z 56) and
CH,0," (m/z 46), which are typical fragment ions of glyoxal and methylgloxyal (Chhabra et
al., 2010). In addition, ag-SOA is also highly correlated with several sulfur-containing ions,
e.g. CH3;SO", CH,SO," and CH3SO,", which are typical fragment ions of methanesulfonic acid
(MSA), a secondary product from the oxidation of dimethyl sulfide (DMS). Also sulfate is



mainly formed in the aqueous phase during wintertime haze days (G. Li et al., 2017), which is
compared with the simulated HSOA in Beijing. We have extracted the concentrations of those
specific fragment ions reported in Sun et al. (2016) and compared with the simulated HSOA
concentrations in Beijing. We do not use the concentrations of CH,O," (m/z 46) for
comparisons, as NO, " ion has the same m/z value with CH,O,", which cause some biases. The
concentrations of CH,SO," cannot be extracted from the AMS data, which is not used for

comparisons.

We have clarified in Section 3.3: “Sun et al. (2016) have resolved aqueous SOA (ag-SOA)
factors from the AMS measurement, and reported that the aq-SOA is correlated well with
several specific fragment ions, including C>H,0," (m/z 58), C:0," (m/z 56) and CH,0," (m/z
46), which are typical fragment ions of glyoxal and methylgloxyal (Chhabra et al., 2010).
Additionally, aq-SOA is also highly correlated with several sulfur-containing ions, e.g.
CH;SO", CH,SO;" and CH;SO,", which are typical fragment ions of methanesulfonic acid
(MSA). Sulfate is also mainly formed in the aqueous phase during wintertime haze days (G. Li
et al., 2017). CHO;" (m/z 46) is not used to compare with the simulation, as it has the same
m/z value with NO," ion, causing some biases. In addition, the concentrations of CH»SO;"
cannot be extracted from the AMS measurement, so is not used for comparisons. Figure 10
shows the scatter plot of the simulated HSOA concentration and the AMS measured sulfate and
several specific fragment ions concentration during the episode. The simulated HSOA exhibits
good correlations with those specific fragment ions with correlation coefficients exceeding
0.50, especially with regard to the C:H,0;" and C,0;" ions with correlation coefficients of
0.59 and 0.58, respectively, showing reasonable simulation of the HSOA formation. The
correlation of sulfate with the HSOA is not as good as those of the fragment ions, indicating
that non-heterogeneous sources also play a considerable role in the sulfate formation. All the
correlations are statistically significant with p-value smaller than 0.01. Furthermore, the
average observed OM/OC and O/C ratio during the simulation period are 1.42 and 0.21,

respectively.”

8 Comment: Section 3.3: The authors include glyoxal SOA, but seems they do not include
isoprene epoxydiol (IEPOX SOA) which is also formed by aqueous chemistry. Is the IEPOX-

SOA contribution expected to be insignificant?



Response: We have clarified in Section 3.3: “It is worth noting that isoprene epoxydiol
(IEPOX SOA) formed by aqueous chemistry also plays a considerable role in the SOA
formation. However, Hu et al. (2017) have shown that, during the wintertime, the [IEPOX SOA
contribution to the SOA formation in BTH is insignificant due to the very low biogenic isoprene
emissions and the elevated NO, concentrations which substantially suppress the production of

IEPOX SOA from the isoprene oxidation.”

9 Comment: Line 270-275: What sources contribute to residential living? Are these biofuel
burning? Also, could glyoxal and methylglyoxal also be emitted from wildfires and agricultural

waste burning?

Response: We have clarified in Section 3.3: “The residential living sources include biofuel
and coal combustion, and attain peak emissions in winter for heating purposes in Northern
China. M. Li et al. (2017) have estimated that residential sector contributes about 27% of non-
methane VOCs emissions in 2010 in China and biofuel combustion contributes a large part of
oxygenated VOCs, alkynes, and alkenes to residential sector emissions. Laboratory and field
studies have shown that wildfires and agricultural waste burning also emit glyoxal and
methylglyoxal. Hays et al. (2002) have detected glyoxal and methylglyoxal emissions from six
kinds of biomass in US and measured their emission rates for different kinds of biomass.
Zarzana et al. (2017) have observed glyoxal and methylglyoxal emissions from agricultural
biomass burning plumes by aircraft. Koss et al. (2018) have measured the emission factors of
glyoxal and methyglyoxal by burning biofuels characteristic of western US. Fu et al. (2008)
have estimated that 20% of glyoxal comes from biomass burning and 17% from biofuel use on
a global scale, and 5% and 3% of methylglyoxal comes from biomass burning and biofuel use,

respectively.”

10 Comment: Figure 3: In addition to observed average diurnal cycle, also include modeled
diurnal cycle average for O3 and HONO. For HONO please include both the base and HOMO

cases from Figure 4.

Response: We have included the modeled Oz and HONO diurnal cycle in Figure 3 as suggested
and clarified in Section 3.2: “Additionally, the WRF-CHEM model also generally yields the
observed HONO diurnal cycle, but the underestimation is substantial during nighttime (Figure
3a). The simulated O; diurnal cycle is in agreement with the observation at IRSDE site, but the



model underestimates the O3 concentration against the measurement in the morning (Figure

3b).”.
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Figure 3 Diurnal cycle of observed (black line) and modeled (red line: BASE case; blue line:
HOMO case) (a) O3 and (b) HONO concentrations averaged from 9 to 26 January 2014 at
IRSDE site in Beijing.
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Figure 10 Scatter plot of the simulated HSOA concentration and the AMS measured SO,*",
C,H,0,", C,0,", CH3SO", and CH3SO, " concentrations from 9 to 26 January 2014 at IRSDE
site in Beijing. All the correlations are statistically significant with p-value smaller than 0.01.



