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H I G H L I G H T S

• PN concentration responds more het-
erogeneously to emission change than
PM concentration.

• Both of primary particles and SO2 emis-
sion reduction can decrease PM concen-
tration.

• Reducing primary particles emission is
effective in reducing PN concentration
over eastern China.

• Reducing SO2 emission is effective in re-
ducing PN concentration over western
China.

• Spatial difference of response of PN con-
centration to emission is distinguished
by a boundary line.
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In this study, Nested Air Quality Prediction Modeling System with Advance Particle Microphysics module
(NAQPMS+APM) is applied to simulate the response characteristics of aerosol particle number concentration
and mass concentration to emission changes over mainland China. It is the first attempt to investigate the re-
sponse of both aerosol mass concentration and number concentration to emission changes using a chemical
transport model with detailed aerosol microphysics over mainland China. Results indicate that the response
characteristics are obviously different between aerosol particle number concentration and mass concentration.
Generally, the response of number concentration shows a more heterogeneous spatial distribution than that of
mass concentration. Furthermore, number concentration has a higher sensitivity not only to primary particles
emission but also to precursor gases than that of mass concentration. Aerosol particle mass concentration ex-
hibits a consistent trend with the emission change and yet aerosol number concentration does not. Due to the
nonlinearity of aerosol microphysical processes, reduction of primary particles emission does not necessarily
lead to an obvious decrease of aerosol number concentration and it even increases the aerosol number
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concentration. Over Central-Eastern China (CEC), the most polluted regions in China, reducing primary particles
emission rather than precursor gas emissions is more effective in reducing particles number concentration. By
contrast, the opposite is true over the northwestern China. The features of fine particles pollution revealed in
this study are associated with the spatial differences in China's population, geography, climate and economy.
Considering the more adverse effects of ultrafine particles on human health and the spatial distribution of pop-
ulation,makingdifferentmeasures in controlling particles number concentration from that controllingmass con-
centration in different regions over mainland China is indicated.
Main findings: FPN concentration respondsmore heterogeneously to emission than FPM. Spatial difference of re-
sponse of FPN to emission is distinguished by a boundary line.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Over the past decades, the atmospheric composition of troposphere
has been changed a lot due to anthropogenic activities (Akimoto, 2003;
Tsigaridis et al., 2006). The increased atmospheric pollutants, such as
aerosol particles have drawn much concern due to their important cli-
mate forcing (Charlson et al., 1992; Albrecht, 1989; Twomey, 1974,
1977), environmental and health effects (Han et al., 2012; Donaldson
et al., 1998, 2002; Delfino et al., 2005) in global and regional scales. Eval-
uation andmitigation of these effects is an important issue for scientific
community. The effects of aerosols depend on their physical and chem-
ical properties, such as mass concentration, chemical composition,
mixing state and number size distribution (Dusek et al., 2006; Oshima
et al., 2009; Jacobson, 2014; Kulmala et al., 2013). It is necessary to un-
derstand how the aerosol physical and chemical properties respond to
emission changes in order to take effective measure to reduce the ad-
verse effects and project the influence of aerosols in the future (IPCC,
2007).

As we know, aerosols can be from primary emission and secondary
formation (Seinfeld and Pandis, 1989). Primary particles emission in-
creases both particle mass and number concentration. Secondary for-
mation includes processes like nucleation from precursor gases,
condensation process of condensable gases onto pre-existing particles
and chemical processes. Nucleation increases both mass and number
concentration while condensation and chemical process only increase
mass concentration directly although they influence number concentra-
tion by altering particle size distribution. Several studies (Adams and
Seinfeld, 2003; Stier et al., 2006; Reddington et al., 2011) have pointed
out the importance of separating these two sources because they re-
spond in different ways to gas and particle emission control strategies
and environmental changes (Spracklen et al., 2006; Yu et al., 2012).
Due to these reasons, it is expected that aerosol particle number concen-
tration and mass concentration respond differently to emission control
measures.

Currently, air quality legislation on particulate matter is mainly fo-
cused on mass concentration of fine particles with diameter b2.5 μm
(PM2.5) in most countries and regions (Kumar et al., 2010; Kumar
et al., 2011). Fine particles mass (FPM) concentration is dominated by
particles with diameter larger than 0.1 μm while fine particle number
(FPN) concentration is dominated by ultra-fine particles (UPFs)with di-
ameter smaller than 0.1 μm (Harrison et al., 2000;Wu et al., 2008). FPM
concentration is not well associated with FPN concentration (Wehner
et al., 2004) due to the different formation mechanisms of ultra-fine
and larger particles (Seinfeld and Pandis, 1989). For combustion
sources, some emission control technologies affect mainly the larger
particle emissions, but they may even increase emissions of ultra-fine
particles (Kumar et al., 2014). In addition, increase of new particle for-
mation can supplement the loss of FPN and even increase the FPN con-
centration when reducing primary particles emission (Spracklen et al.,
2006). Hence, in order to comprehensively estimate and project health
and climate effects of anthropogenic aerosol particles, it is necessary to
quantify the variations of FPM and FPN concentration with changes of
emissions.

In China, along with the rapid economic development, atmospheric
pollutant emissions have been remarkably increased in the last decades
(Lei et al., 2011; Lu et al., 2011). As a result, the concentrations of critical
pollutants, such as SO2, NO2, CO, O3, PM2.5 and PM10, often exceed the
regulatory limits by orders of magnitude (Zhang et al., 2013; Sharma
et al., 2013). In this context, the main focus of air quality research is
on FPM concentration and other critical pollutants, which are regulated
by environmental protection administration. X. Wang et al. (2013)
found that reduction of SO2 emission from 2006 to 2009 decreased
the concentration of SO2 by 39% and sulfate by 26% in the Pearl River
Delta region, China. Xue et al. (2013) reported that the emissions reduc-
tion of SO2 and NOx can decrease concentration of PM2.5 by 2.23% in
all cities in 2015 from the levels of 2010. The simulation of Y. Wang
et al. (2013) indicated that total concentration of sulfate-nitrate-
ammonium responds nonlinearly to emission changes of SO2, NOx,
andNH3. Saikawa et al. (2011) investigated the impact of vehicles emis-
sions on the concentrations of O3 and PM2.5 over China. However, since
there are no air quality regulations for UFPs, they have not been re-
ceived due attention of regulatory authorities (Kumar et al., 2011) al-
though they constitute the most contribution to FPN concentration. In
addition, modeling FPN concentration requires a model to simulate
particle's diameter down to nanometers with detailed microphysical
processes, which is beyond the ability of models used bymany previous
studies on aerosol particle simulation over China (Luo and Yu, 2011).
Although several advanced models have been developed to resolve
aerosol microphysical processes and simulate particle number concen-
tration in global and regional scales (Spracklen et al., 2008; Pierce and
Adams, 2009; Zhou et al., 2012; Matsui et al., 2014), they are not widely
used and evaluated comprehensively in China. There is a lack of atten-
tion on FPN concentration and how they respond to emission changes.
Focus on both FPM concentration and FPN concentration is even fewer
in China.

Considering the above, we investigate the responding behavior of
fine particle mass concentration and number concentration simulta-
neously by using a regional chemical transport model with an advanced
aerosol microphysics module covering diameter from 1 nm to 10 μm.
The research results of our study aremeaningful to understand fine par-
ticle pollution comprehensively over mainland China. Also, they can be
used to provide policy suggestions for controlling fine particle pollution
in terms of fine particle number concentration besides mass concentra-
tion. The NAQPMS+APMmodel is described in Sect. 2. The model con-
figuration, input, and experiments setup are introduced in Sect. 3. The
different responses of fine particle mass and number concentration to
emission changes are discussed in Sect. 4. The conclusions are presented
in Sect. 5.

2. Model description

NAQPMS+APM is a 3-D regional atmospheric chemical transport
model with detailed aerosol microphysics to describe regional and
urban scale atmospheric pollution. NAQPMS+APM has been used to
study the spatial distribution of aerosol number concentration (Chen
et al., 2014), evolution of particle number size distribution (Chen
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