Response to Referee #1

General Comments: This is a very interesting study to investigate the impacts of
agriculture fire emissions on temperature, precipitation, and clouds over East China.
The study selected a typical event around June 10 2012 and conducted model
simulations using WRF-Chem to examine the impacts. The results show that the
absorbing aerosols emitted from the agriculture fire interacted with radiation and
changed the meteorological conditions. This redistributes the precipitation over the
downwind areas of the burning plumes. The results are well presented, and the topic
is suitable for publication in ACP after addressing some specific comments listed
below.

Response: We would like to thank the referee for providing the insightful suggestions,
which indeed help us further improve the manuscript.

Specific Comments: 1. Since this study investigated the impacts of fire emissions on
meteorological fields, more discussion about the fire emission inventory may be
needed. In Section 2.1, please state whats the spatial and temporal resolution of the
fire emission inventory used in this study. Section 3.4 discussed about the
uncertainties that are partly from the fire emission spatial and vertical distributions.
Did you compare your emission inventory with the FINN fire emission data
(Wiedinmyer et al.,2011) that are with hourly temporal and 1x1 km2 horizontal
resolutions? In terms of vertical distribution of fire emissions, did you use the plume
rise scheme in WRF-Chem or prescribe distribution profile? Please clarify.

Wiedinmyer, C., Akagi, S. K., Yokelson, R. J., Emmons, L. K., Al-Saadi, J. A,
Orlando,J. J., and Soja, A. J.: The Fire INventory from NCAR (FINN): a high
resolution global model to estimate the emissions from open burning, Geosci. Model
Dev,, 4, 625-641,doi:10.5194/gmd-4-625-2011, 2011.

Response: More descriptions on the fire emission inventory will be added in the
revised manuscript. We compared the spatial patterns of FINN fire
emission data (version 1.5) with the emission inventory used in this work.
As shown in Fig. R1, they generally consistent with each other due to the
fact that the location and timing for the fires in both inventories are based
on MODIS Thermal Anomalies Product. Some inconsistencies like the
density of fire in central Jiangsu are attributed to the different land cover
dataset applied for identification of underlying biomass type. FINN used
MODIS Collection 5 Land Cover Type data while we employed Global
Land Cover data. In terms of the spatiotemporal resolution, both the
inventories were allocated to daily emissions for each 1 < 1 km grid.
Technically, time information in FINN dataset shows time of satellite



overpass/observation, not the duration of fire. Our inventory differs from
FINN in magnitude. Taking CO emission during the first half of June for
the inner model domain, we estimate that 4.5 Tg CO was emitted while
FINN gives the value of 7.5 Tg. That is caused by various methods to
estimate burned biomass. FINN used MODIS Vegetation Continuous
Fields to assign the burned mass. All farmland regardless what kinds of
crop are cultivated was assumed to have a fuel loading of 0.5 kg/m2.
However, in China, crop straw is used in multiple ways, like biofuel,
biogas production and animal feed supply, which is highly dependent on
crop species. We estimated the emission using a “bottom-up” method. By
fully considering different kinds of crop straw, crop-specific usage and
combustion efficiency. The smaller estimation was expectable.

We did not use the plume rise scheme for this biomass burning case, during
which the burned biomass is winter wheat straw. Post-harvest crop residue
is burned by flaming in mechanized agricultural systems. In contrast, when
crops are harvested by hand the residue is often burned in piles that may
smolder in China. It is noteworthy that the plume rise scheme is more
suitable for the flaming phase (Freitas et al., 2007; Grell et al., 2011). In
East China, especially in the northern Jiangsu and Anhui province, most
fires of wheat straw are characterized by short-lived, small-scale
smoldering (Fig. R2). Correspondingly, the fire radiative power (FRP)
between this straw burning is much weaker than the grassland fire in North
America (Fig. R3), indicating two different burning conditions. Thus in
this work, the straw fire emission was placed in the lowest two levels from
the surface to around 50 meter. We will clarify these issues and mention the
comparisons of FINN data and emission calculation in the revised
manuscripts.
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Fig. R1. Comparison of CO emission from biomass burning between FINN V1.5
emission and the emission inventory used in this study during the first half of June
2012. Here, FINN V1.5 dataset was acquired at http://bai.acom.ucar.edu/Data/fire/.



http://bai.acom.ucar.edu/Data/fire/

Fig. R2 A photo showing the field burning of wheat straw in Suixi county
(33°54'37"N, 116°45'46"E), northern Anhui province on June 14, 2013.
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Fig. R3 MODIS-detect maximum fire radiative power (FRP) during crop straw fire in
northern Anhui on 9 June 2012 and grassland fire in North America on 3 July 2004.

2. In Section 2.2, the simulation was conducted from May 20 to June 15, but the
analysis as only for June 9-11. This is confused. | would suggest just mentioning that
you have a simulation period for spin-up the chemistry initial condition. More
importantly, please state whats the meteorological initializing date for the event of
June 9-11. The different initializing date may change the results of impacts. Did you
try different initializing date to see whether the results changed?

Response: Thanks for the suggestions. The meteorological initializing date was 12:00
UTC on 9 June. We will add the relavant description in the revised
manuscript. We have tried different initializing date, there are some
discrepancies. Considering higher model performance of first 72-hour
forecast and 12-hour spin-up, we think that it is practicable to set 12:00
UTC on 9 June as the initializing date for the simulation of 10 June when



distinct precipitation modifications occurred.

3. In line 175 of page 6, I am not convinced that the ACI should be disabled for
investigating ARI effect. Please explain why ACI should be disabled in this study? |
think it will be more interesting to compare both ACI and ARI. Although authors
pointed that previous studies found ARI sometimes is more important, this is not
always the case (e.g., Zhong et al., 2015). Another critical issue of turning off ACI in
WRF-Chem is about aerosol wet removal. In WRF-Chem, aerosol wet removal is
linked with ACI. With turning off ACI, please clarify how you treat the wet removal of
aerosols in your simulations since your event (Fig. 8) shows significant amounts of
precipitation.

Zhong, S., Y. Qian, C. Zhao, R. Leung, and X.-Q. Yang (2015), A case study of
urbanization impact on summer precipitation in the Greater Beijing Metropolitan
Area: Urban heat island versus aerosol effects, J. Geophys. Res. Atmos., 120,10,903—
10,914, d0i:10.1002/2015JD023753.

Response: This work intended to investigate the effects of aerosol-radiation
interaction, as pointed out in the title. Indeed, in some cases, ACI is of
great importance, like in Zhong et al. (2015). However, previous studies
and review papers indicated that under highly polluted conditions or
strongly absorbing aerosol environment, ARI could be the dominant factor
(Fan et al., 2008; Rosenfeld et al., 2008; Fan et al., 2015). Sensitivity
simulations using cloud parcel model also suggest that CCN activation
shows a weaker dependence on aerosol with increasing aerosol loadings,
which is converting from an aerosol-limited regime to an updraft-limited
regime (Reutter et al., 2009; Chang et al., 2015). We checked the relative
sensitivity ratio proposed by Reutter et al.(2009) in Fig. R4. Relative
sensitivity ratio less than 0.1 10°m st cm? indicates that CCN activation
and cloud drop formation was insensitive to the aerosol concentration
during this case.

To further investigate the relative importance of ACI, we conducted
another numerical experiment considering both ARI and ACI. Radiative
perturbations caused by ARI far outweigh those from ACI at the TOA and
at the ground surface, so did the adjustment in vertical temperature profile
(Fig. R5-6). ACI cloud be a crucial factor modifying precipitation to large
extent under some conditions (Zhong et al., 2015). In Zhong’s case, the
aerosol loading was much lower. As reported by the ministry of
environmental protection of China, PMz1o concentrations were 126, 62 and
90 pg/m® in Beijing, Tianjin and Shijiazhuang on 28 June 2008.
Furthermore, sulfate and other hygroscopic components dominate PM
concentration during summer time in Beijing (Zhang et al., 2013), which
might enhance aerosols’ activity acting as CCN. Besides, stronger updraft
motion may further favor aerosol-cloud interaction during the case in



Zhong et al. (2015). By contrast, tremendous freshly-emitted hydrophobic
carbonaceous aerosol from biomass burning together with weaker updraft
motion may lead to less important role of ACI in this work.

Yes, in WRF-Chem, aerosol wet removal is disabled too if ACI is switched
off. In our study, we mainly focused on the initialization of precipitation.
As mentioned in the article, the modifications of precipitation onset mainly
linked to the vertical re-allocation of short-wave energy due to absorbing
aerosol during daytime, which was less affected by wet scavenging later
that night. Therefore, ignoring wet scavenging is acceptable here. However,
considering the referee’s points, we will add a few sentences to address the
uncertainty of our treatment.
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Fig. R4. Vertical profile of relative sensitivity ratio proposed by Reutter et
al., (2009) during the precipitation for three region marked in Fig.8: Zone
1(a), Zone 2 (b), and Zone 3 (c).
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Fig. R5. Radiative forcing of ARI at the surface (a) and in the atmosphere (b) on 10
June. Radiative forcing of ACI at the surface (c) and in the atmosphere (d) on 10 June.
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Fig. R6. Comparisons between the observed and modelled air temperature profiles for
(@) NJ (Nanjing) at 08:00 LT, (b) XZ (Xuzhou) and (c) SY (Sheyang) at 20:00 LT, 10
June. Black circles denote sounding observations. Blue, red and green solid lines are
numerical experiments without (CTL), with radiative effects of aerosols (ARI), and
with both ARI and ACI (aerosol-cloud interaction), respectively.

4. This study highlighted the impacts of fire emissions, however, the experiments were
only designed with CTL and ARI. Based on these two experiments, its hard to
disentangle the biomass burning effect from the effects of anthropogenic aerosols.
One experiment without biomass burning emissions is needed if the purpose is to
investigate the impacts of agriculture fire.

Response: Accepted. Another experiment without biomass burning emissions will be
conducted and discussed further in the revised manuscript.

5. In lines 219-221 of page 8, please provide the corresponding simulated values as
well.

Response: Accepted. The corresponding simulated values will be added.

6. In Fig. 3, do you have hourly observations? If not, why not also put daily mean of
simulated values for a direct comparison?

Response: Accepted. Fig.3 will be re-plotted using daily mean of simulated PMzo
concentrations.

7. In Fig. 4, why not show the simulated SSA?

Response: In the further analysis in section 3.3, BC played a vital role in precipitation
modification. Showing its spatial pattern provides a more direct and clear
picture of how BC was transported and distributed than that of SSA.



8. Section 3.3, Fig. 8, it seems to me that model has large biases in capturing spatial
distributions of TRMM precipitation. Can you try another precipitation dataset
(CMORPH) for comparison? CMORPH provides 8 km resolution data. Is this poor
comparison between model and TRMM due to the initial condition? Did you try
different initial meteorological conditions? In addition, this may be also partly due to
the missing of aerosol-cloud interaction? Strong suggestion to test this case with
aerosol cloud interaction.

Response: Fig. R7 shows the comparison of spatial distributions between CMORPH
and TRMM satellite-based precipitation on 10 June 2012. As shown, there
is no significant difference in spatial patterns. Specifically, no precipitation
in Nanjing and the surrounding areas, and precipitation exceeding over 10
mm took place in northern Jiangsu. Indeed, the simulation did not compare
well with the satellite observations. We have also tried ECWMF ERA
Interim data to initiate the regional model, which cannot well describe the
pattern either. As mentioned above, including ACI exert little effect on the
radiation flux and temperature stratification. Actually, we have tried a
series of simulations with different initial meteorological conditions and
various parameterization schemes. Almost all the setups failed to represent
such high aerosol loadings (Fig. 3). It is suggested that rapid formation of
secondary aerosol, like sulfate and SOA, might be significantly
underestimated due to a limited understanding of SOA formation and its
optical properties and also heterogeneous chemistry that enhanced the
oxidizing capacity of the atmosphere during this biomass-burning case
(Xie et al., 2015). Our group will keep working on the secondary
transformations of aerosol and the radiative effects during agricultural fires
with more in-site measurements.
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Fig. R7 (a) Spatial distributions of CMORPH satellite-based daily precipitation on 10
June 2012 (b) Corresponding TRMM-observed precipitation. The CMOPRH data was
obtained from http://rda.ucar.edu/datasets/ds502.0/.



9. I don t see the necessity to include the paragraph of Line 331-337 of page 12.

Response: Accepted. This paragraph will be removed in the revised version.
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