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Abstract A regional air quality model system driven by the weather research and forecasting model is applied to
investigate the distribution and evolution of aerosol components in Beijing during the springs of 2014. The synoptic
conditions, meteorological variables, and characteristics of aerosol chemical components are comparatively analyzed.
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during the dust (17 Mar and 29 Mar 2014) and haze (25-27 Mar 2014) periods are quantified and compared. The

comparison with the observations indicates that the model is capable of reproducing the meteorological variables, PM2.5,

and PM10, and their chemical component concentrations during the study period. Moreover, the inclusion of

heterogeneous reactions apparently improves the prediction accuracy of PM2.5 and chemical component concentration. In

dust days, dust is the dominant component of PM10 mass (50.7%), and its percentage contribution to PM2.5 is

comparable to that of organic material (OM) and primary particulate matter (PPM). In hazy days, nitrate (25.6%) and OM
(23.6%) contribute the most to PM2.5 mass. Meanwhile, the fractions of nitrate, PPM, and OM in PM10 are comparable.

The fraction of coarse particle considerably increases during dusty days, with the mean fraction of 45.5% in PM10. In

hazy days, fine particle dominates the PM 10 mass, with a fraction of 85.6%. The heterogeneous reactions increase sulfate

and nitrate concentrations by 16.9% and 83.8% in dusty days and by 14.5% and 45.0% in hazy days, respectively. On an

average, the heterogeneous reactions lead to changes in near-surface SO,, NO,, O, sulfate, ammonium, and nitrate
concentrations by —2.5%, —5.7%, —3.4%, 11.7%, 18.6%, and 58.5%, respectively, in Beijing during March 2014 thereby

highlighting the important role of heterogeneous reactions in secondary aerosol formation.

Keywords Beijing, Dust, Haze, Aerosol component, Heterogeneous reaction
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Table 4 Statistics of the model performance for 2-m air temperature, 2-m relative humidity, and 10-m wind speed in Beijing

during Mar 2014
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Table 5 Statistics of the model performance for PM2.5 and PM10 concentrations (Exp) in Beijing during Mar 2014
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Table 6 Statistics of the model performance for PM2.5, sulfate, nitrate, ammonium, OM, and BC concentrations in Beijing

during 1-12 Mar 2014
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Table 7 Simulated fractions of the major aerosol components in PM2.5 and PM10 mass concentrations (Exp) during the dust

(17 Mar and 29 Mar) and haze (25-27 Mar 2014) episodes
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Fig. 5 (a) Observed concentrations of PM2.5 and PM10 and (b) 2-m relative humidity and 10-m wind speed in Beijing during Mar 2014
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Table 8 Simulated mean percentage changes in chemical species caused by heterogeneous reactions averaged over the dust
episodes (17 Mar and19 Mar 2014), haze episodes (25—27 Mar 2014), and Mar 2014 in Beijing
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T T T BT A A R T A XA S R A S o



K5 B B A 25 %
136 Climatlc and Environmental Research Vol. 25
1.0 10%
% (a) L SO IRE | —— ML
o 05 F o Pl 5%
=3 . . R
ﬁ 0.0 T 5 — —T I1 — 0 §
> -0.5 ol ' N{ 5% &
g WVNQ/ ¥ \\~;: =
w -10 i : Pl 4-10%
B s : ; a5y
T 40 P | ——NOKE | —— AATRLE] %
o 00 [N TV A T [-"'""\'\"i""opar
51. -40 | H 1 -4% g‘
‘\@\(—8.0- \ / o 1-8% &
T o0} P P -—12%§i
’g-le.o s P I
-20.0 — L -20%
- — 5%
2 ; AR L
2 ; gra i
g N/~ -5% &
Py N\ A &=
m Vi Jion ®
| 3
% — -15%
i 1k ] 60%
(o)) 1 1
= P o
= Do 140% 3
A P !
® e ey B
g 2.0 i 20% =
£ 0 [l ﬁ N I Y
40.0 L L 200%
T (e) P ——NOs R | —— AN
2 300 | D Pl 1150% g
= D P 8
B 200 i P 4 100% B
ﬂ AL Va -]p?
E& 100 | - 50% =
ﬁ 0.0 PR T . E L ; t: 1 0
12.0 — \ - 80%
% (f) i1 ——NHg REE —— XL
2 . R !
F | 1 Jaow B
ey Y P ®
m L P doow ®
2 L i
% I 1

3H

1H 3H sH 7H 9H 11iH 13H 15H 17H 19H 21H 23E| 25El 27El 29E| 31E10
Hi

K7 BB 2014 48 3 F bRt SN S EUS B H 222 (L8 (Exp—Expl) MUAHIXIAALZ [ (Exp— Expl) /Expl) ]

Fig. 7
reactions in Beijing during Mar 2014

B C(12) A (14) TTERE N —6.4%; FEBIH KR
LAE NO; A1 NH, ¥R 43 B3 0 45% F1120.6%, H
W (NH,),SO, FTH S M (11) — (13) # F EAE
M, STER 2 BA 32.6% 1 26%, THvbAE ARy

Simulated daily mean changes (Exp— Expl) and percentage changes [(Exp— Expl)/Expl] in chemical components due to heterogeneous

FAR S A NH, W BE DD, R AR 38 H 8L 5 3
() NH, W AR /N . A ah, B (12) A )
HONO 236 fift 4= ik OH A i % 39 1M /2 32 SO,” A
NO; 4 Ho



2 BEWRAE : AERURZEVD A A0 5 0 A IR X LSRRI 7T
No. 2 LIANG Lin et al. A Comparative Numerical Study of Aerosols during Dust and Haze Events in ... 137

STECR I, TEVDAFISE JHR],  JEIAH O T 2L
(] SO,« NO,. O3 Fl SO, ¥ FEE I AH % 28 A6 AH 24,
B0 2R B AR A I N 5 30 NO; IR FE AR AL K T %
W, XFEEH T LRMAEBHERN (2,
(7) F1 (9 HIEM .

SO AN W e O SOV ) FIVIE N
IR PERRAG, NSV R R I, & =k
BURE IR R B g Rz — . A M & B f#
2014 4F 3 A4kt A4 S0O,, NO,, O;. SO+ NH,"
FTNO; R BE 7 3l A2 40 T —2.5% —5.7% —3.4%-
11.7%- 18.6% F1 58.5%. VAEWF 7N, ¥4
], #ik 20% i SO,% A1 70% ) NO; 7] H1 JE ¥ 4H
1 % ) B A B ( Tang et al., 2004; Wang et al.,
2018), EEZEMAE, FEIHAHAL % BRI NO;y #
491 76% (Zheng et al., 2015). AR5
R TAEM 45 BRI A — 5.

4 it

ARSI IX 357 S0 S 30 RAQMS Akt
2014 L FEFV AW 3 A 17 H. 29 H) 5
W3 H 25~27 H) SIAEREAT TR, E
BRI

(1) B XF PM2.5. PM10 K HAb A 0
BT RELAE J7, PM2.5. PM10 iZ IS I B (1 5540,
5 AE 2 (8] A G R B4 08 0.75. 0.74, SR
4R 3 R S A SR R AR T 0.72, R E TS
TR IR R AR YA A S N5 B B T o R e
I RRAEL PRI TRE Bf 1

(2) PR, WA PMI10 WK EE TTRk & 3
SHAT (50.7%), *F PM2.5 [ 5Tk 5 OM Al PPM
M, F|WIE, NOy (25.6%) F1 OM (23.6%)
Xf PM2.5 1) o1 R B K, 11 £ PMI10 1 NO;
PPM 1 OM M DT Rk AH Y, WA DTN, Wit
FE AR ORLRL T B B 3, 7E PMILO H AT & bR
45.5%, SAURCTAHY; SR, 4iRiT A S
i1, N 85.6%-

(3) A5 AH A 2 RS KA H A AR R R B
fiX, ZREHVSIERIER N, #1635 H ¥ S0,
NO,. O5. SO, + NH, Hl NO; # Ji 4> 9l 2k T
—2.5%+ —5.7% —3.4%. 11.7%. 18.6% HI 58.5%.
FEIARAL 22 S S AE Vb A 19918 SO,” A NOy K 73 31
BN T 16.9% F1 83.8%, 158 {11H (1 SO, HI NO5~

WA AN T 14.5% F1 45.0%, LA Lg5 KRR
PEIRH OB /& — S IR i) B R AR

S %3 #k ( References )

AnJ L, Ueda H, Wang Z F, et al. 2002. Simulations of monthly mean
nitrate concentrations in precipitation over East Asia [J]. Atmos.
Environ., 36(26): 4159—4171. doi:10.1016/S1352-2310(02)00412-0

Carmichael G R, Ueda H. 2008. MICS-Asia II: The model
intercomparison study for Asia phase II [J]. Atmos. Environ., 42(15):
3465-3467. doi:10.1016/j.atmosenv.2007.10.003

Chan C K, Yao X H. 2008. Air pollution in mega cities in China [J].
Atmos. Environ., 42(1): 1-42. doi:10.1016/j.atmosenv.2007.09.003

Chang J S, Brost R A, Isaksen I S A, et al. 1987. A three-dimensional
Eulerian acid deposition model: Physical concepts and formulation
[J]. J. Geophys. Res.: Atmos., 92(D12): 14681—-14700. doi:10.1029/
JD092iD12p14681

Cheng Y F, Zheng G J, Wei C, et al. 2016. Reactive nitrogen chemistry
in aerosol water as a source of sulfate during haze events in China [J].
Science Advances, 2(12): e1601530. doi:10.1126/sciadv.1601530

Chung S H, Seinfeld J H. 2002. Global distribution and climate forcing
of carbonaceous aerosols [J]. J. Geophys. Res.: Atmos., 107(D19):
4407. doi:10.1029/2001JD001397

Donahue N M, Robinson A L, Stanier C O, et al. 2006. Coupled
partitioning, dilution, and chemical aging of semivolatile organics [J].
Environ. Sci. Technol., 40(8): 2635-2643. doi:10.1021/es052297¢c

Forster P, Ramaswamy V, Artaxo P, et al. 2007. Changes in
atmospheric constituents and in radiative forcing [M]/Climate
Change 2007: The Physical Science Basis. Contribution of Working
Group I to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Solomon S, Qin D, Manning M, et al, Eds.
Cambridge, United Kingdom and New York, NY, USA: Cambridge
University Press: 129-234.

Gerber H E. 1985. Relative-humidity parameterization of the navy
aerosol model (NAM) [R]. NRL Report 8956.

Gery M W, Whitten G Z, Killus J P, et al. 1989. A photochemical
kinetics mechanism for urban and regional scale computer modeling
[J. J. Geophys. Res.. Atmos., 94(D10): 12925-12956.
doi:10.1029/J1D094iD10p12925

Han Z W, Ueda H, Sakurai T. 2006. Model study on acidifying wet
deposition in East Asia during wintertime [J]. Atmos. Environ.,
40(13): 2360—2373. doi:10.1016/j.atmosenv.2005.12.017

Han Z W, Ueda H, Matsuda K, et al. 2004. Model study on particle size
segregation and deposition during Asian dust events in March 2002
[J]. J. Geophys. Res.: Atmos., 109(D19): D19205. doi:10.1029/
2004JD004920

Han Z, Sakurai T, Ueda H, et al. 2008. MICS-Asia II: Model
intercomparison and evaluation of ozone and relevant species [J].
Atmos. Environ., 42(15): 3491-3509. doi:10.1016/j.atmosenv.2007.
07.031

Han Z W, Xie Z X, Wang G H, et al. 2016. Modeling organic aerosols
over east China using a volatility basis-set approach with aging
mechanism in a regional air quality model [J]. Atmos. Environ., 124:
186—198. doi:10.1016/j.atmosenv.2015.05.045


https://doi.org/10.1016/S1352-2310(02)00412-0
https://doi.org/10.1016/S1352-2310(02)00412-0
https://doi.org/10.1016/j.atmosenv.2007.10.003
https://doi.org/10.1016/j.atmosenv.2007.09.003
https://doi.org/10.1029/%3Clinebreak_en/%3EJD092iD12p14681
https://doi.org/10.1126/sciadv.1601530
https://doi.org/10.1029/2001JD001397
https://doi.org/10.1021/es052297c
https://doi.org/10.1029/JD094iD10p12925
https://doi.org/10.1016/j.atmosenv.2005.12.017
https://doi.org/10.1029/%3Clinebreak_en/%3E2004JD004920
https://doi.org/10.1016/j.atmosenv.2007.%3Clinebreak_en/%3E07.031
https://doi.org/10.1016/j.atmosenv.2015.05.045
https://doi.org/10.1016/S1352-2310(02)00412-0
https://doi.org/10.1016/S1352-2310(02)00412-0
https://doi.org/10.1016/j.atmosenv.2007.10.003
https://doi.org/10.1016/j.atmosenv.2007.09.003
https://doi.org/10.1029/%3Clinebreak_en/%3EJD092iD12p14681
https://doi.org/10.1126/sciadv.1601530
https://doi.org/10.1029/2001JD001397
https://doi.org/10.1021/es052297c
https://doi.org/10.1029/JD094iD10p12925
https://doi.org/10.1016/j.atmosenv.2005.12.017
https://doi.org/10.1029/%3Clinebreak_en/%3E2004JD004920
https://doi.org/10.1016/j.atmosenv.2007.%3Clinebreak_en/%3E07.031
https://doi.org/10.1016/j.atmosenv.2015.05.045

R VRS RS N A7 25 %

138 Climatic and Environmental Research

Vol. 25

Jacob D J. 2000. Heterogeneous chemistry and tropospheric ozone [J].
Atmos. Environ., 34(12-14): 2131-2159. doi:10.1016/S1352-
2310(99)00462-8

Li J W, Han Z W. 2010. A modeling study of the impact of
heterogeneous reactions on mineral aerosol surfaces on tropospheric
chemistry over East Asia [J]. Particuology, 8(5): 433-441.
doi:10.1016/j.partic.2010.03.018

LiJ W, Han Z W. 2016. A modeling study of severe winter haze events
in Beijing and its neighboring regions [J]. Atmos. Res., 170: 87-97.
doi:10.1016/j.atmosres.2015.11.009

LiJ W, Han Z W, Yao X H. 2018a. A modeling study of the influence
of sea salt on Inorganic aerosol concentration, size distribution, and
deposition in the western Pacific Ocean [J]. Atmos. Environ., 188:
157-173. doi:10.1016/j.atmosenv.2018.06.030

Li J, Chen X S, Wang Z F, et al. 2018b. Radiative and heterogeneous
chemical effects of aerosols on ozone and inorganic aerosols over
East Asia [J]. Science of the Total Environment, 622—623:
1327-1342. doi:10.1016/j.scitotenv.2017.12.041

LiY, AnJ L, Gultepe 1. 2014. Effects of additional HONO sources on
visibility over the North China Plain [J]. Adv. Atmos. Sci., 31(5):
1221-1232. doi:10.1007/s00376-014-4019-1

Liao H, Adams P J, Chung S H, et al. 2003. Interactions between
tropospheric chemistry and aerosols in a unified general circulation
model [J]. J. Geophys. Res.: Atmos.,, 108(D1): 4001.
doi:10.1029/2001JD001260

Liao H, Seinfeld J H. 2005. Global impacts of gas-phase
chemistry—aerosol interactions on direct radiative forcing by
anthropogenic aerosols and ozone [J]. J. Geophys. Res.: Atmos.,
110(D18): D18208. doi:10.1029/2005JD005907

Ma Q X, Wu Y F, Zhang D Z, et al. 2017. Roles of regional transport
and heterogeneous reactions in the PM2.5 increase during winter
haze episodes in Beijing [J]. Science of the Total Environment,
599-600: 246—253. doi:10.1016/j.scitotenv.2017.04.193

McMurry P H, Friedlander S K. 1979. New particle formation in the
presence of an aerosol [J]. Atmos. Environ., 13(12): 1635-1651.
doi:10.1016/0004-6981(79)90322-6

Meng Z Y, Dabdub D, Seinfeld J H. 1998. Size-resolved and
chemically resolved model of atmospheric aerosol dynamics [J]. J.
Geophys. Res.: Atmos., 103(D3): 3419-3435. doi:10.1029/97JD
02796

Nenes A, Pandis S N, Pilinis C. 1998. ISORROPIA: A new
thermodynamic equilibrium model for multiphase multicomponent
inorganic aerosols [J]. Aquatic Geochemistry, 4(1): 123—152.
doi:10.1023/A:1009604003981

Pope III C A, Thun M J, Namboodiri M M, et al. 1995. Particulate air
pollution as a predictor of mortality in a prospective study of U. S.

adults [J]. American Journal of Respiratory and Critical Care

Medicine, 151(3): 669—674. doi:10.1164/ajrccm.151.3.7881654

Schwartz J, Dockery D W, Neas L M. 1996. Is daily mortality
associated specifically with fine particles? [J]. Journal of the Air and
Waste Management Association, 46(10): 927-939.
doi:10.1080/10473289.1996.10467528

Sun J M, Zhang M Y, Liu T. 2001. Spatial and temporal characteristics
of dust storms in China and its surrounding regions, 1960—1999:
Relations to source area and climate [J]. J. Geophys. Res.: Atmos.,
106(D10): 10325-10333. doi:10.1029/2000JD900665

Sun K, Liu X G, GuJ W, et al. 2015. Chemical characterization of size-
resolved aerosols in four seasons and hazy days in the megacity
Beijing of China [J]. Journal of Environmental Sciences, 32:
155-167. doi:10.1016/j.jes.2014.12.020

Tang Y H, Carmichael G R, Kurata G, et al. 2004. Impacts of dust on
regional tropospheric chemistry during the ACE-Asia experiment: A
model study with observations [J]. J. Geophys. Res.: Atmos.,
109(D19): D19S21. doi:10.1029/2003JD003806

Vlasenko A, Sjogren S, Weingartner E, et al. 2006. Effect of humidity
on nitric acid uptake to mineral dust aerosol particles [J].
Atmospheric ~ Chemistry  and 6(8):  2147-2160.
doi:10.5194/acp-6-2147-2006

Walcek C J, Brost R A, Chang J S, et al. 1986. SO,, sulfate and HNO;
deposition velocities computed using regional landuse and
meteorological data [J]. Atmos. Environ.,, 20(5): 949-964.
doi:10.1016/0004-6981(86)90279-9

Wang Z, Pan X L, Uno I, et al. 2018. Importance of mineral dust and

Physics,

anthropogenic pollutants mixing during a long-lasting high PM event
over East Asia [J]. Environmental Pollution, 234: 368-378.
doi:10.1016/j.envpol.2017.11.068

Zhang Y, Carmichael G R. 1999. The role of mineral aerosol in
tropospheric chemistry in East Asia—A model study [J]. J. Appl.
Meteor., 38(3): 353-366. doi:10.1175/1520-0450(1999)038<<0353:
TROMAI>2.0.CO;2

Zhang R, Jing J, Tao J, et al. 2013. Chemical characterization and
source apportionment of PM2.5 in Beijing: Seasonal perspective [J].
Atmos. Chem. Phys., 13(14): 7053—7074. doi:10.5194/acp-13-7053-
2013

Zhao X J, Zhao P S, Xu J, et al. 2013. Analysis of a winter regional
haze event and its formation mechanism in the North China Plain [J].
Atmospheric Chemistry and Physics Discussions, 13(1): 903-933.
doi:10.5194/acpd-13-903-2013

Zheng B, Zhang Q, Zhang Y, et al. 2015. Heterogeneous chemistry: A
mechanism missing in current models to explain secondary inorganic
aerosol formation during the January 2013 haze episode in North
China [J]. Atmos. Chem. Phys., 15(4): 2031-2049. doi:10.5194/acp-
15-2031-2015


https://doi.org/10.1016/S1352-2310(99)00462-8
https://doi.org/10.1016/j.partic.2010.03.018
https://doi.org/10.1016/j.atmosres.2015.11.009
https://doi.org/10.1016/j.atmosenv.2018.06.030
https://doi.org/10.1016/j.scitotenv.2017.12.041
https://doi.org/10.1007/s00376-014-4019-1
https://doi.org/10.1029/2001JD001260
https://doi.org/10.1029/2005JD005907
https://doi.org/10.1016/j.scitotenv.2017.04.193
https://doi.org/10.1016/0004-6981(79)90322-6
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1023/A:1009604003981
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1029/2000JD900665
https://doi.org/10.1016/j.jes.2014.12.020
https://doi.org/10.1029/2003JD003806
https://doi.org/10.5194/acp-6-2147-2006
https://doi.org/10.1016/0004-6981(86)90279-9
https://doi.org/10.1016/j.envpol.2017.11.068
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.5194/acp-13-7053-2013
https://doi.org/10.5194/acpd-13-903-2013
https://doi.org/10.5194/acp-15-2031-2015
https://doi.org/10.1016/S1352-2310(99)00462-8
https://doi.org/10.1016/j.partic.2010.03.018
https://doi.org/10.1016/j.atmosres.2015.11.009
https://doi.org/10.1016/j.atmosenv.2018.06.030
https://doi.org/10.1016/j.scitotenv.2017.12.041
https://doi.org/10.1007/s00376-014-4019-1
https://doi.org/10.1029/2001JD001260
https://doi.org/10.1029/2005JD005907
https://doi.org/10.1016/j.scitotenv.2017.04.193
https://doi.org/10.1016/0004-6981(79)90322-6
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1023/A:1009604003981
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1029/2000JD900665
https://doi.org/10.1016/j.jes.2014.12.020
https://doi.org/10.1029/2003JD003806
https://doi.org/10.5194/acp-6-2147-2006
https://doi.org/10.1016/0004-6981(86)90279-9
https://doi.org/10.1016/j.envpol.2017.11.068
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.5194/acp-13-7053-2013
https://doi.org/10.5194/acpd-13-903-2013
https://doi.org/10.5194/acp-15-2031-2015
https://doi.org/10.1016/S1352-2310(99)00462-8
https://doi.org/10.1016/j.partic.2010.03.018
https://doi.org/10.1016/j.atmosres.2015.11.009
https://doi.org/10.1016/j.atmosenv.2018.06.030
https://doi.org/10.1016/j.scitotenv.2017.12.041
https://doi.org/10.1007/s00376-014-4019-1
https://doi.org/10.1029/2001JD001260
https://doi.org/10.1029/2005JD005907
https://doi.org/10.1016/j.scitotenv.2017.04.193
https://doi.org/10.1016/0004-6981(79)90322-6
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1023/A:1009604003981
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1016/S1352-2310(99)00462-8
https://doi.org/10.1016/j.partic.2010.03.018
https://doi.org/10.1016/j.atmosres.2015.11.009
https://doi.org/10.1016/j.atmosenv.2018.06.030
https://doi.org/10.1016/j.scitotenv.2017.12.041
https://doi.org/10.1007/s00376-014-4019-1
https://doi.org/10.1029/2001JD001260
https://doi.org/10.1029/2005JD005907
https://doi.org/10.1016/j.scitotenv.2017.04.193
https://doi.org/10.1016/0004-6981(79)90322-6
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1029/97JD%3Clinebreak_en/%3E02796
https://doi.org/10.1023/A:1009604003981
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1029/2000JD900665
https://doi.org/10.1016/j.jes.2014.12.020
https://doi.org/10.1029/2003JD003806
https://doi.org/10.5194/acp-6-2147-2006
https://doi.org/10.1016/0004-6981(86)90279-9
https://doi.org/10.1016/j.envpol.2017.11.068
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.5194/acp-13-7053-2013
https://doi.org/10.5194/acpd-13-903-2013
https://doi.org/10.5194/acp-15-2031-2015
https://doi.org/10.1164/ajrccm.151.3.7881654
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1080/10473289.1996.10467528
https://doi.org/10.1029/2000JD900665
https://doi.org/10.1016/j.jes.2014.12.020
https://doi.org/10.1029/2003JD003806
https://doi.org/10.5194/acp-6-2147-2006
https://doi.org/10.1016/0004-6981(86)90279-9
https://doi.org/10.1016/j.envpol.2017.11.068
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1999)038&amp;lt;0353:%3Clinebreak en/%3ETROMAI&amp;gt;2.0.CO;2
https://doi.org/10.5194/acp-13-7053-2013
https://doi.org/10.5194/acpd-13-903-2013
https://doi.org/10.5194/acp-15-2031-2015

