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Numerical simulation and mechanism analysis of the impact
of wildfire smoke in eastern Siberia on surface ozone in

Northeast China in July 2014

Xiaorui Jiang, Chunhua Shi", Yueyue Yu, Jian Rao

State Key Laboratory of Environment Characteristics and Effects for Near-space/ Key Laboratory
of Meteorological Disaster, Ministry of Education/ School of Atmospheric Sciences, Nanjing
University of Information Science and Technology, Nanjing 210044

Abstract Using ground-based ozone (O3) measurements, the ERAS5 reanalysis data from the
European Centre for Medium-Range Weather Forecasts and the WRF-Chem numerical model, this
study investigated the impact and mechanisms of wildfires in eastern Siberia on surface O;
anomalies in Northeast China in July 2014. The results indicate that: (1) Wildfire smoke from
eastern Siberia can reach and accumulate in Northeast China. This is the result of the interaction
among three key weather systems: the extratropical cyclone moving eastward in the westerlies at
mid-high latitudes, the high-pressure ridge on its west side, and the northward-moving Typhoon
Matmo. The northerly wind on the western flank of the extratropical cyclone transports wildfire
smoke through the free atmosphere southward. The downward flow ahead of the high-pressure ridge
brings the smoke into the near-surface layer over Northeast China. The airflow along the northern
edge of the northward-moving Typhoon Matmo inhibits the eastward transport of smoke, leading
to its retention and accumulation in Northeast China. (2) Affected by the transport of upstream
wildfire smoke, various locations in Northeast China successively experienced surface O3 pollution
events from 25 to 29 July. The positive anomaly of O3 concentration reached the maximum during
the daytime on 27 July. The comparison experiments of WRF-Chem with and without wildfires
confirmed that, with other conditions unchanged, wildfire smoke can increase the local Oj;
concentration in Northeast China by up to 40%. (3) The atmospheric composition and reaction rates
in the comparison experiments show that the abnormal increase in O3 concentration during the
daytime on 25 and 26 July is primarily attributed to the increase in the concentration of peroxy
radicals (HO») induced by the high concentration of carbon monoxide (CO) transported by wildfires.
When the O3 concentration reaches its peak during the daytime on 27 July, it is not only associated
with the maximum increase in CO concentration but also related to the abnormal increase in the
concentrations of formaldehyde (HCHO) that are secondarily generated in the wildfire smoke and
related HO».

key words: Wildfire, Ozone pollution, Northeast China, Numerical simulation, WRF-Chem
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ki (MCD14ML) 338508 1 A5, W N TR .
FINN K RHEB B R

136 B [ F LA HRR (NASAD TF R w0 e A BR KR HEECE HE 4 FINN (Fire
INventory from NCAR), $fitaiffs Hmr#is (1 A8 KA TH (Wiedinmyer et al.,
2011). ZHds 25T MODIS M VIIRS 4Rk i i e, IR /NEH Bk e, JEHXS 8
BeREFF I B RSB . BEAh, A SCRI A & B KA Ll (NCARD HAf
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5 (Wiedinmyer et al., 2011). B4, 7 /MR 2, B RA T #% &S Nudging %
AR, ZHARR—FB) e RBET 5, S 7E TR 5 A% B UL 5 0 2 22 (¥ s T, 645
PRI 2 SR BE A& I W B3R s M BoRE, T F R U AR (Glisanetal., 2013; 7
HIFEE, 2017). Nudging 28 &8 HEK T RI7. AdE. KIKIEA ., Nudging 20N 0.0006,

N T BACEF SO Os FITTR, A SC T ZR T 7 e . —dHAEHalie, aam AN,
T AT = AN HEIBUE Y fire 156 53 4h— HIE A8 B T R e OO ST 2
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Table 1 The main parameterization schemes used in the WRF-Chem model.
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Fig. 1 The WRF-Chem modeling domain. The red crosses indicate the locations of MODIS active fire on 22 July
2014. The black trapezoid is the target region for sensitivity experiments comparing scenarios with and without

biomass burning emissions.
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Fig. 2 The daily evolution of surface Os anomalies (shading, units: ppbv) at 14:00; (a) on 25 July; (b) on 26 July; (¢)

on 27 July ; (d) on 28 July; (e) on 29 July; (f) on 30 July . The anomalies are calculated as deviations from the

climatological mean at this moment in July during 2014-2021. The black rectangle indicates the initial position

of the trajectory simulation, and the blue solid lines indicate the major rivers.
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Fig. 3 The hourly evolution of surface O3 concentration anomalies at (a)Shenyang and (b)Anshan stations from 25
to 31 July 2014; The anomalies are calculated as deviations from the climatological mean for the corresponding

hour in July during 2014-2021.
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Fig. 4 (a) Hourly average emissions of NOx during the non-wildfire period (1 July-15 July) in July 2014 (shading,
units: mol km2 hr'); (b) The same as (a), but for the wildfire period (16 July-30 July); (c) Hourly average
emissions of VOCs during the non-wildfire period (1 July-15 July) in July 2014 (shading, units: mol km2 hr');
(d) The same as (c), but for the wildfire period (16 July-30 July); The blue solid lines indicate the major rivers,

and the black rectangles indicate the wildfire area.
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Fig. 5 The curve of the total spatial variance (TSV) varying with the number of clustering strips.
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Fig. 6 Results of backward trajectory clustering; the numeric labels indicate the percentage contribution of each

cluster to the total air mass trajectories (units: %).
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Fig. 7 The daily evolution of 850 hPa geopotential height (contours, units: gpm) and wind (vectors, units: m s™') at
08:00 from ERAS data; (a) on 22 July; (b) on 23 July; (c) on 24 July; (d) on 25 July; (e) on 26 July; (f) on 27
July; The brown scatter points indicate the trajectory particles of the first category at the corresponding moments,
and the red scatter points indicate the trajectory particles of the second category at the corresponding moments.

The shading indicates the terrain, and the black rectangle indicates the wildfire area.
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Fig. 8 (a-d) The daily evolution from 24 to 27 July of the deviations in surface PM2.5 (shading, units: pg m)
between the fire experiment and the nofire experiment at 14:00, and the 10-m wind speed (vectors, units: m s

1) in the fire experiment; (e-h) The same as (a-d), but the shading indicates CO (units: ppbv).
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Fig. 10 Surface O3 deviations between the fire experiment and the nofire experiment averaged at 14:00 from 25 to
27 July 2014: (a) Absolute deviation (units: ppbv); (b) Relative deviation (units: %); The black rectangles

indicate the key region affected by wildfires.
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Fig. 11 The hourly evolution of the average concentrations of various chemical substances and meteorological
elements in the key region within the black rectangles in Figure 10 simulated by WRF-Chem: (a) Os, (b) PM2.5,
(c) CO, (d) HCHO, (e) CH3OH, (f) CHa4, (g) BIGENE, (h) BIGALK, (i) NOx, (j) OH radical, (k) 2m air
temperature, and (1) surface pressure; the black solid line indicates the fire experiment, the red solid line

indicates the nofire experiment, and the gray solid line indicates the deviation between the two.
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Fig. 12 The hourly evolution of the reaction rates (units: mol cm™ s!) of several major chemical substances with OH
radicals to produce HO2 and ROy in the two groups of experiments in the key region within the black rectangles
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fire experiment, the red solid line indicates the indicates nofire experiment, and the blue solid line indicates the
deviation between the two.
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KR, ARRTHARE AR KAERICHIXIE R 7 CO M HCHO i 805 AR Bl =2 i
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