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Introduction
Nitrate and ammonium: important for environment and climate studies

account for large parts of PM2.5 mass over polluted regions
 regulate the concentration of gaseous ammonia which often plays an
important role in the formation of new particles
 help newly formed particles grow to larger sizes suitable for cloud
condensation nuclei and thus can impact aerosol indirect radiative forcing


Nitrate and ammonium are often overestimated in GEOS-Chem
Previous studies

Pye et al., 2009; Heald et al., 2012; Zhang et al., 2012;
Walker et al., 2012

GEOS-Chem overestimated NIT,
especially during the wintertime

Walker et al., ACP, 2012

Possible reasons:
 the result of excessive HNO3
formation via heterogeneous N2O5
 emissions of NOx
 OH and NO2 oxidation by OH
 dry deposition of HNO3
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In-cloud Condensation Water in MERRA2
ICCW is assumed to be a constant value
1.5 g m-3 (Jacob et al., 2000)
1 g m-3 (Wang et al., 2011 and GC12)

CW + Pr ⋅ ∆t
ICCWt =
fc

Global mean of ICCW within 0.5 – 1.5 km from MERRA2 is 1.63 g m-3
The values are varied from 0.1 g m-3 to 5 g m-3
62% of ICCW is rain water
Fraction of rain water is high over tropic, continent, and mountain
regions and is low over marine, especially over cloud zones
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Washout
Washout fraction of a soluble
tracer

Fwash = f r (1 − exp(−kwash ∆t )
Washout rate
b
 Pr 
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Ʌ=1 and b=1 for both aerosols and
nitric acid (Liu et al., 2001; Jacob et
al., 2000)
Ʌ=0.00256 and b=0.61 for fine
aerosol (Feng, 2007; Wang et al.,
2011)
Ʌ=2 and b=0.62 for nitric acid (Luo
et al., 2019); Laakso et al. (2003) for
fine water-soluble aerosol

Empirical Washout Rate
Wang et al., 2010, ACP

Yellow line: Laakso et al. (2003)
Polynomial regression
6 years of field measurements
over forests in southern Finland
Black dash line: Henzing et al. (2006)
A simple three-parameter fit at high
particle size resolution
Ultrafine and fine particles: empirical
washout rate is 10-100 times higher
than theoretical washout rate
Coarse particle: the two are close

Laakso et al. (2003) for water-soluble
fine particles and HNO3
Treat HNO3 as a single molecule with
diameter of 0.5 nm, new rate is ~100
times higher than the one in GC12

Reasons for the differences:
 turbulent flow fluctuations
 vertical diffusion process
 droplet-particle collection
mechanisms

Validation over the US

Luo et al., GMDD, 2019

HNO3
Obs.
GC12
ICCWt_EW

Mean (μg m-3)
0.83
2.04
1.03

NMB (%)

r

145.1
24.2

0.73
0.72

NIT
Obs.
GC12
ICCWt_EW

Mean (μg m-3)
0.70
1.89
0.88

NMB (%)

r

168.1
25.0

0.53
0.57

NH4
Obs.
GC12
ICCWt_EW

Mean (μg m-3)
0.60
1.09
0.68

NMB (%)

r

81.4
12.8

0.75
0.78

HNO3 over Europe

Obs=0.7
MGC12=1.63
MICCW=1.42
MICCW_EW=0.65
NMBGC12=1.33
NMBICCW=1.03
NMBICCW_EW=-0.07
rGC12=0.42
rICCW=0.46
rICCW_EW=0.44

NIT over Europe

Obs=2.29
MGC12=5.85
MICCW=3.98
MICCW_EW=2.61
NMBGC12=1.56
NMBICCW=0.74
NMBICCW_EW=0.14
rGC12=0.73
rICCW=0.80
rICCW_EW=0.82

NH4 over Europe

Obs=1.07
MGC12=2.22
MICCW=1.60
MICCW_EW=1.19
NMBGC12=1.07
NMBICCW=0.50
NMBICCW_EW=0.11
rGC12=0.84
rICCW=0.88
rICCW_EW=0.87

NIT and NH4 at Beijing and Nanjing, China

Impact on Sulfate
Obs=1.30
MGC12=1.52
MICCW_EW=1.10
Mupdated=1.22
NMBGC12=0.16
NMBICCW_EW=-0.15
NMBupdated=-0.06
Obs=1.47
MGC12=1.36
MICCW_EW=0.89
Mupdated=1.02
NMBGC12=-0.07
NMBICCW_EW=-0.4
NMBupdated=-0.3

Impact on BC and OC
Obs=0.19
MGC12=0.15
MICCW_EW=0.12
Mupdated=0.17
NMBGC12=-0.21
NMBICCW_EW=-0.36
NMBupdated=-0.11
Obs=0.98
MGC12=0.55
MICCW_EW=0.46
Mupdated=0.58
NMBGC12=-0.43
NMBICCW_EW=-0.53
NMBupdated=-0.41

Summary
 Overestimation of NIT and NH4 in GEOS-Chem can be
reduced by considering cloud condensation water variability
and empirical washout rate.
 Variable ICCW reduces NIT and NH4 mass loadings during
the wintertime, while empirical washout rate significantly
decreases HNO3 and NH4 masses during the summertime.
 Directly applying the changes of wet scavenging in GEOSChem leads to underestimation of SO4, BC, and OC. After
considering the updates of rainout efficiency and cloud pH,
bias can be reduced.
 Rainout efficiency depends on aerosol-cloud interaction. It
will be investigated with GEOS-Chem-APM in following
works.
Supported by NASA

, NSF

, and NYSERDA

