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Abstract

Atmospheric aerosols have substantial influence on the Earth’s radiation budget, visibil-
ity, cloud formation and precipitation. The aerosol hygroscopicity and the composition
of aerosols are of vital importance for solar radiation budget calculation, cloud formation
mechanism, and measurement of aerosol spatiotemporal distribution through remote5

sensing, such as Lidar, MODIS and sun/star photometer. In this paper, hourly averaged
records of humidity, visibility and aerosol concentration, conducted in Macao, P.R.C.
from 1 February 2006 to 31 December 2008 (LT), are used to estimate aerosol hygro-
scopicity and composition with a simplified empirical method. The result of monthly
variation of aerosol hygroscopicity indicates the important role of aerosol composition10

on optical properties, which is in agreement with the previous study. This aerosol com-
position pattern is also consistent with the Asiatic Monsoon pattern and vicinity, such
as Hong Kong. The monthly variation of aerosol hygroscopicity and composition also
shows the necessity to consider such a factor for the aerosols monitoring by remote
system and aerosols forcing simulated by climate model.15

1 Introduction

Aerosol is important in the atmospheric processes as it can modify the Earth’s radiation
budget (Charlson et al., 1992; Schulz et al., 2006) and affects both cloud (Twomey,
1977; Charlson et al., 2001) and precipitation formations (Rosenfeld et al., 2007; Jones
et al., 2010), and vertical cloud particle growth (Suzuki et al., 2008). In particular,20

aerosol through the scattering process can alter regional visibility (Wu et al., 2005;
Deng et al., 2008; Molnár et al., 2008). Furthermore, black carbon also affects regional
atmospheric stability through the radiation absorption process (Menon et al., 2002).

The impact of aerosols on the solar radiation budget is direct by absorption and
scattering (Ramanathan et al., 2001). The direct climate forcing is sensitive to aerosol25

composition, size distribution, and relative humidity which is the single most important
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parameter (Pilinis et al., 1995). Atmospheric pollution alters the radiation budget
through increasing thin cloud albedo and, hence, overall planetary albedo indirectly
(Twomey, 1977). However, aerosols, with moderate or strong absorption, heat the
lower atmosphere and stabilize the atmosphere. The reduction in cloud fraction, by
absorbing aerosols, may represent one of the mechanisms contributing to the global5

warming despite the aerosol cooling effect (Fan et al., 2008). In addition, the mag-
nitude of aerosol forcing is still in question due to the inconsistency between forward
calculation and inverse calculation (Anderson et al., 2003).

In order to study climate forcing due to atmospheric aerosols, it is necessary to study
the information on aerosol loading and optical properties, such as aerosol optical depth10

(AOD), aerosol extinction coefficient (σ), and aerosol single scattering albedo (SSA; the
ratio of incident radiation scattered to total extinction). Previous studies (Covert et al.,
1972; Pilinis et al., 1995; Buzorius et al., 2002; Carrico et al., 2003; Baynard et al.,
2006; Yoon et al., 2006; Massling et al., 2007; Eichler et al., 2008; Liu et al., 2008)
have led to the knowledge on highly dependent optical properties on the relative hu-15

midity (RH) condition over ambient air. Pilinis et al. (1995) suggested that an increase
of the relative humidity from 40 to 80% will result in an increase of the radiative forcing
of global mean aerosol by a factor of 2.1. From the aerosol optical and radiative transfer
modelling studies, Yoon et al. (2006) found that the diurnal-averaged aerosol radiative
forcing efficiency (defined as radiative forcing per unit AOD) at the surface, top of the20

atmosphere (TOA), and atmosphere were decreased with increasing RH because the
increasing rate of aerosol optical depth with RH is greater than the increasing rate of
aerosol radiative forcing with RH. These hygroscopic properties of aerosols influence
ambient particle size distribution, density and mass (Covert et al., 1972; Pilinis et al.,
1995; Massling et al., 2007) which in turn control the lifetime and removal mechanism25

of aerosols. In addition, the hygroscopic growth will result in changes of particle shape
and refractive index of aerosol (Covert et al., 1972). These hygroscopic properties and
compositions of aerosols also affect the measurement of atmospheric optical prop-
erties, such as Atmospheric Optical Depth and aerosol extinction coefficient, during
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remote sensing (e.g. Lidar, MODIS, sun/star photometer) (Li et al., 2005; Kim et al.,
2007; Kondragunta et al., 2008). Furthermore, there is a suggestion that the highly
nonlinear relationship between RH and the aerosol mass extinction efficiency at high
RH (>80%) affect AOD simulation (Bian et al., 2009).

However, the composition of aerosols over the world has obvious spatial and tem-5

poral variability related to source and season. D’Almeida et al. (1991) integrated pre-
vious surveys and concept models to establish a series of aerosol models and their
hygroscopic properties. In order to obtain more detailed information on aerosols over
Pearl River Delta (PRD), Wang et al. (2008) organized the aircraft measurements to
obtain the concentration and vertical distribution characteristics of particulate matter10

during the Program of Regional Integrated Experiments of Air Quality over Pearl River
Delta 2004 (PRIDE-PRD2004). In addition, in situ measurements, HTDMA-system
(Hygroscopicity/Humidified-Tandem Differential Mobility Analyzer) is always used to in-
vestigate the hygroscopic growth related to the sized change of certain particles under
different RH conditions (Buzorius et al., 2002; Massling et al., 2007). The individual15

particle chemical composition analysis is also done by the Single Particle Laser Abla-
tion Time-of-flight Mass Spectrometer (SPLAT-MS) (Buzorius et al., 2002). Those in
situ measurements will make an important contribution to the estimation of aerosols
radiative forcing especially region forcing.

However, it is very difficult to carry out these measurements of the physical, chemical20

and optical properties of aerosols over a long period and in every region because of
necessary huge resources. Therefore, it is more practical to try using a mathematic
method to estimate the effect of hygroscopic growth and related chemistry composi-
tions, and this kind of study is limited. Hänel (Hänel, 1984; Uhlig et al., 1994) estab-
lished a relationship to convert the aerosol extinction coefficient (σ) into the aerosol25

extinction coefficient corresponding to a dry situation (RH is equal to zero) on an aver-
age condition. D’Almeida et al. (1991) integrated different surveys and concept models
to build the relationship between aerosol extinction coefficient (σ) and dry aerosol ex-
tinction coefficient (σ0) under different original sources. Cheng et al. (2004) indicated
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that a combination of shape function, which is based on D’Almeida et al. (1991) results,
could be established to simulate the effect of airborne particle mixture on hygroscopic
properties.

In this paper, Hänel (1984) (Method I) and Cheng et al. (2004) methods (Method II)
will be used to describe the hygroscopic properties. Furthermore, the composition5

of aerosols will be analyzed by Method II for the data obtained in Macao. Section 2
describes the location, measurement instruments, and synoptic-scale meteorological
characteristics. The methodology will be introduced in Sect. 3 with results discussed
in Sect. 4. Finally, Sect. 5 gives the conclusion.

2 Description of location10

Macao Special Administrative Region (Macao SAR), which is located in the western
part of the Pearl River Delta (PRD), includes a peninsula(Macao Peninsula, 9.3 km2),
two main islands (Taipa, 6.7 km2; Coloane, 7.6 km2) and a reclamation zone (CoTai
reclamation zone, between Taipa and Coloane, 5.6 km2) with a total area of 29.2 km2.
It is one of the perfect crossroads for the meeting of East and West cultures during past15

several centuries, and the Historic Centre of Macau was inscribed as a World Heritage
Site, at the 29th Session of the World Heritage Committee hosted by the United Nations
Educational, Scientific and Cultural Organization (UNESCO). However, air pollution
issues due to fast economic development and intense human activity deeply threaten
the historical and cultural city, Macao.20

In order to monitor the air pollutants, Meteorological and Geophysical Bureau (SMG)
established an automatic network including five stations to monitor and record the air
pollution concentrations, namely PM10, PM2.5, NO2, SO2, O3, and CO. The hourly
averaged measurement, including visibility, relative humidity and PM concentration,
in this paper was all conducted at the Macao SMG station, located in Taipa Grande25

(114 m above sea level) from 1 February 2006 to 31 December 2008 (LT). PM10 and
PM2.5 samples were all measured by TEOM series 1400a ambient particulate monitor
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(Rupprecht & Patashnick, Albany, NY, USA) with Rupprecht & Patashnick PM-2.5 and
PM-10 Inlet. Humidity and Visibility were taken by Vaisala HUMICAP® 180 Sensor and
Vaisala Visibility Metre FD12 (FD12), respectively.

Synoptic-scale meteorology in Macao is influenced by the Asiatic Monsoon. Spring
is characterised by predominant easterly winds. A low-pressure trough draws moist5

warm air mass inland from the ocean during summer, resulting in southwesterly to
southeasterly winds. During autumn, the winds become stronger and east or north-
easterly. Strong radiative cooling over the continent creates a high-pressure anticy-
clone that drives cold and dry polar air mass from the continent into the surrounding
oceanic areas during winter, the winds becomes weak to moderate northeasterly winds10

or strong northerlies. Finally, different aerosol and air mass (warm, wet and maritime
during summer; cold, dry and continental during winter) will be transported to Macao
and its vicinity under this Asiatic Monsoon pattern.

3 Methodology

In this paper, the aerosol hygroscopicity and composition, marked by their unique15

chemical and microphysical property, are regressed from the atmospheric visibility, rel-
ative humidity (RH) and aerosol concentration.

The extinction coefficient (σ) can be inverted using the following relationship between
visibility Vm at the middle of visible range (0.55µm) and σ (Hinkley, 1976).

Vm =
3.91
σ

(
0.55
λ

)q

(1)20

Where q=1.3 for average seeing conditions. Vm is the visibility (km) and recorded by
Vaisala Visibility Meter FD12. λ is wavelength, and is set to 0.55 (µm), which is sim-
ilar to the wavelength of our elastic Mie scattering Lidar system (0.532 µm) (Tam et
al., 2008). The total light extinction is only assumed to be contributed by scattering
(SSA is equal to one) to simplify calculation. Since the extinction of 0.012 km−1 due25
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to Rayleigh scattering is included in the total extinction, a correction will also be ap-
plied to remove the Rayleigh (gaseous) scattering extinction. Therefore, the extinction
coefficient, hereafter, is the aerosol scattering extinction coefficient.

In order to show the impact of humidity on the extinction and make a comparison
with Method I, Method II developed by Hänel (Hänel, 1984; Uhlig et al., 1994) is used5

to eliminate the dependence of the extinction coefficient (σ) on relative humidity, by
converting the aerosol extinction coefficient σ (RH) into the dry aerosol extinction coef-
ficient (σ0) corresponding to RH=0.

σ(RH)
σ0

= f (RH)

Method I : (1−RH)−r when 0≤RH≤0.7,10

or=aE • (1−RH)−bE when 0.7≤RH≤0.999 (2)

With r = bE − ln(aE/0.3), bE = 0.7585, aE = 0.6648, RH is relative humidity. Equa-
tion (2) shows that dry aerosol extinction can be calculated by aerosol extinction and
RH. In addition, the monthly variation of the ratio (Y0) of aerosols extinction coefficient
in dry condition (σ0) to aerosols concentration is also calculated to compare results15

from Method II (Cheng et al., 2004).
D’Almeida et al. (1991) integrated previous surveys and concept models to establish

a series of aerosol models which consists of Arctic aerosol, Antarctic aerosol, desert
aerosol, clean continental aerosol, clean forest aerosol, average continental aerosol,
urban aerosol, clean maritime aerosol, maritime mineral aerosol, and maritime polluted20

aerosol. Each model represents a specific hygroscopic growth property related to the
particular microphysical and chemical composition. Their proportions in the air are
continuously changing and affected by different meteorological variables such as the
characteristics of the air mass. After considering the situation in Macao and PRD, six
basic aerosol components will be used below:25

1. Average continental aerosol (ac): slightly influenced by industrial activity, traffic
and other anthropogenic activities that lead to aerosol emission.
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2. Clean continental aerosol (cc): remote, pollution free and continental airborne
particles.

3. Urban aerosol (ua): high degree of anthropogenic pollution.

4. Clean maritime aerosol (cm): oceanic particles of remote maritime environments.

5. Maritime mineral aerosol (mm): particles of marine origin mix with desert aerosol.5

6. Maritime polluted aerosol (mp): man-made particles from continental air masses,
especially in heavily polluted regions and industrialized harbour areas, released
in the marine atmosphere.

A power law function is used to fit D’Almeida et al. (1991)’s aerosol model data below:

γ =1+a ·RHb+c ·RHd (3)10

Where RH is relative humidity (between 0 and 1) and γ is the normalized extinction
(ratio of scattering extinction coefficient of aerosol to scattering extinction coefficient
of dry aerosol). The fitted curves and related parameters are summarized in Fig. 1
and Table 1, respectively. Equation 3 implies the highly nonlinear contribution of the
hygroscopicity at high RH.15

Cheng et al. (2004) used a combination of shape function to simulate the effect of
airborne particle mixture on extinction, which is based on D’Almeida et al. (1991)’s
aerosol model. The fitted equation is in the form:

Y (RH)= Y0(aγac+bγcc+cγua+dγcm+eγmm+ f γmp)

Method II : a+b+c+d +e+ f =120

Y (RH)=
σ(RH)

conc.aerosol
, Y0 =

σ(0)
conc.aerosol

(4)

Where Y (RH) is the ratio of aerosol extinction coefficient (σ) to aerosols concentra-
tion, Y0 describes the same ratio with dry conditions, and a, b, c, d , e and f are the
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contributions from six aerosol components. Constraints are included to ensure the co-
efficients a to f remain positive. Figure 1 indicates that maritime aerosols have their
particular curves when the hygroscopicity of continental aerosols is very similar, which
would advantage Method II to separate the aerosol into different groups (such as conti-
nental group and maritime group). In this paper, Nelder-Mead Simplex Method (Nelder5

et al., 1965) with bounding condition will be used to simulate the result.
In order to quantify the accuracy of the result of Sect. 4, the definition of root mean

square error (RMSE) of χ is defined by:

RMSEx =

√√√√1
n

n∑
i=1

(
<xi >−xi

xi
)
2
×100% (5)

Where i = 1,2,...,n,< χi > is used to denote the estimation value of χi . Notation < >10

will be used to denote the estimated value hereafter.
After using Eq. (2) to calculate the dry extinction coefficient (σ0) with RH and extinc-

tion coefficient (σ), the linear regression without intercept can be use to establish the
linear relationship between the σ0 and aerosol concentration.

<σ0 >= Y0×Concentrationaerosol (6)15

Where < σ0 > is the estimation of σ0, Y0 is the parameter extracted from the linear
regression, Concentrationaerosol is the concentration of aerosol. The results will be
discussed in Sect. 4.1.

After using Eq. (3) and Eq. (4) to establish the nonlinear relationship between RH and
Y (the ratio of aerosol extinction coefficient to aerosols concentration), the estimation20

of Y can be extracted from the humidity (RH) by Eq. (7) below.

<Y >= Y0(aγac+bγcc+cγua+dγcm+eγmm+ f γmp) (7)

Where <Y > is the estimation of Y (the ratio of aerosol extinction coefficient to aerosols
concentration), Y0, a, b, c, d , e, f , are the parameters extracted from Method II. The
results will be discussed in Sect. 4.2.25
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At the end, the RMSE is used to analyse the accuracy of results from Eq. (6) and
Eq. (7). The assumption, in which the estimation of σ0 (<σ0 >) and Y (<Y >) is equal
to ratio of the estimation of σ (< σ >) to function of RH and aerosols concentration,
respectively, is made below.

Assumption : <σ0 >=<
σ

f (RH)
>=

<σ >
f (RH)

5

<Y >=<
σ

conc.
>=

<σ >
conc.

⇒RMSEY =

√√√√1
n

n∑
i=1

(
<yi >−yi

yi
)2×100%

=

√√√√√1
n

n∑
i=1

(

<σi>
conc.i

− σi
conc.i

σi
conc.i

)2×100%=

√√√√1
n

n∑
i=1

(
<σi >−σi

σi
)2×100%

=

√√√√1
n

n∑
i=1

(
<σ0i >×f (RH)−σ0i × f (RH)

σ0i × f (RH)
)2×100%

=

√√√√1
n

n∑
i=1

(
<σ0i >−σ0i

σ0i
)2×100%=RMSEσ0

(8)10

It is shown in Eq. (8) that the accuracy between the result of Method I and II can be
compared in next section.
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4 Results and discussions

4.1 Influence of the relative humidity on the aerosols extinction

Naturally, aerosols extinction is expected to be linearly related to the concentration of
aerosol. However, this relationship is affected by the humidity. The hygroscopic prop-
erties of aerosols are important because relative humidity can influence the aerosols5

extinction by changing the refractive index, and particle size distribution. Basically,
the dry aerosol extinction coefficient (σ0) is proportional to the aerosols concentration.
Figure 2a to d show the linear regression without intercept between aerosol extinction
and PM concentration before and after considering the effect of relative humidity with
Method I modification, respectively. After this modification, the extinction coefficient10

can be seen to be more linearly related to PM concentration as expected (Fig. 2c to d).
The linear relationship has an obvious improvement after modification, in which RMSE
of dry aerosol extinction coefficient reduces over 10%.

The whole data set was separated into 35 monthly groups. Figure 3 shows a monthly
variation of Y0 (the ratios of σ0 to concentration) from 0.0034 m3/(µg km) to 0.006215

and 0.0062 m3/(µg km) to 0.0104 m3/(µg km) for PM10 and PM2.5, respectively. This is
around 20% of the annual Y0 (0.0042 to 0.0049 m3/(µg km) and 0.0073 to 0.0084 m3

/(µg km) for PM10 and PM2.5, respectively). The 20% variation is very significant dur-
ing high pollution periods. Thus, the effect should be considered when inverting the
PM concentration from the extinction coefficient measurement. In particular, this vari-20

ability of Y0 implies the relationship between the σ0 and aerosol concentration may be
influenced by other factors, which will be discussed and compared with the results of
Method II in the next section. Two Y0 values calculated from Method I related to PM10
and PM2.5 are shown in Fig. 3, the curves of their time series are consistent overall.
Normally, aerosol samples do not have a constant ratio of PM10 and PM2.5. Thus, the25

small discrepancies of the trends of two curves are reasonable. In addition, the differ-
ence between the coarse and fine aerosol composition also accounts for part of the
discrepancies.
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4.2 Method II

The significance of the influence of humidity on aerosols has been discussed in the
previous section. The monthly variations and the cause will be discussed in this sec-
tion.

Equation (8) shows that the RMSE of σ0 in previous Sect. 4.1 can be compared with5

the RMSE of Y in this Sect. 4.2. The reduction of RMSE of Y in Method II shown
in Fig. 4 indicates the improvement of accuracy of the simulation due to considering
the effect of composition on hygroscopicity. In particular, this improvement is more
significant during autumn and winter (except the case in June 2008). Comparing the
Y0 calculated from Method I and Method II in Fig. 5, the Y0 from Method I is in good10

agreement with the results from Method II. The small discrepancies are related to more
accuracy of Method II due to considering the aerosol composition.

Table 2 shows the seasonal variation of the percentage of maritime aerosols at Hong
Kong International Airport (Cheng et al., 2004). Basically, the tendency is higher in
summer and lower in winter, which coincides with the predominant monsoon pattern15

shown in Sect. 2 (dry northerly airflow from mainland is related to continental aerosols
while wet southerly air mass is in connection with maritime particles). Figure 6 indi-
cates that maritime aerosol is dominant in Macao especial during summer, which is
consistent with the Hong Kong situation. Figure 7a to c shows the more contribution
of maritime polluted aerosol especially during autumn and winter, which explains the20

reason why maritime aerosol is relative high during this period. It should be related to
man-made particles from continental air masses. Furthermore, a relatively important
contribution of maritime polluted aerosols is reasonable in the PRD situation (which
is a very important industrialized region in Southern China). This monthly variation
of the hygroscopicity due to different aerosol composition should be considered in fu-25

ture model simulation because the highly nonlinear relationship between RH and the
aerosol mass extinction efficiency at high RH (>80%) must affect AOD simulation. The
contribution of hygroscopicity related to aerosol composition should be considered in
future aerosol concentration inversion with aerosol extinction measurement.
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5 Conclusions

In the present study, the influence of relative humidity (RH) and composition on aerosol
scattering extinction in Macao at Pearl River Delta of China is investigated based
on the hourly averaged observation of RH, visibility and aerosol concentration. The
consistency of the estimated ratio (Y0) of dry aerosol extinction coefficient (σ0) to5

aerosol concentration between Hänel (1984) modification (Method I) and Cheng et
al. (2004) method (Method II) proves the feasibility of the mathematic method to deter-
mine aerosol hygroscopicity. The monthly curve of the proportion of maritime aerosols
of Macao calculated from Method II is in good agreement with the Asiatic Monsoon
pattern and HKIA situation, when the relative high maritime aerosol is related to man-10

made particles from continental air masses (maritime polluted aerosol). Therefore, it
is practical to use mathematic methods to estimate aerosol composition, which is one
of the most important parameters during monitoring the aerosol optical properties by
remote sensing (such as Lidar, MODIS, sun/star photometer, and etc.) and simulating
aerosol forcing in a climate model, especially at high RH (>80%). The obvious temporal15

variability of Y0 shall be considered in future when estimating the aerosol concentra-
tion with extinction coefficient by remote sensing as well. However, it is very difficult to
use a statistic method to estimate the detail characteristics of the aerosol. A further in
situ measurement of the chemical composition is still necessary to analyse the detail
characteristic. In addition, remote sensing measurements and aerosol transportation20

models should also be used to reveal a more complete picture about the aerosol world.
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Table 1. Parameters of the six global aerosol types. The “γ” is the normalized extinction (ratio
of scattering extinction coefficient of aerosol to scattering extinction coefficient of dry aerosol).
Subscript represents the six aerosol global types (including Average continental aerosol (ac),
Clean continental aerosol (cc), Urban aerosol (ua), Clean maritime aerosol (cm), Maritime
mineral aerosol (mm) and Maritime polluted aerosol (mp)). The “a”, “b”, “c” and “d ” are the
parameters in equation: γ =1+a ·RHb+c ·RHd .

a b c d

γac 4.08 122.85 2.89 8.59
γcc 4.24 115.13 2.88 8.30
γua 4.45 122.92 2.86 8.43
γcm 24.67 81.20 9.19 6.40
γmm 1.32 83.92 0.23 4.44
γmp 11.68 93.71 4.68 6.79
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Table 2. Seasonal variations of aerosol components and Y0 (the ratios of dry aerosol extinction
coefficient to PM10 concentration, unit: m3/(µg km)) at Hong Kong International Airport (HKIA,
2003; Cheng, 2004). The Cheng et al. (2004) method is used to inverse the percentage of
Average continental aerosol (ac), Clean continental aerosol (cc), Urban aerosol (ua), Clean
maritime aerosol (cm), Maritime mineral aerosol (mm) and Maritime polluted aerosol (mp),
respectively.

Y0 ac cc ua cm mm mp Continental Maritime

Whole Year 0.0044 0.00% 0.00% 47.00% 53.00% 0.00% 0.00% 47.00% 53.00%
Spring (3,4,5) 0.0051 12.00% 0.00% 40.00% 32.00% 15.00% 0.00% 53.00% 47.00%
Summer (6,7,8) 0.0057 0.00% 0.00% 0.00% 21.00% 79.00% 0.00% 0.00% 100.00%
Autumn (9,10,11) 0.0038 20.00% 0.00% 11.00% 53.00% 0.00% 16.00% 31.00% 69.00%
Winter (12,1,2) 0.0052 40.00% 0.00% 25.00% 35.00% 0.00% 0.00% 65.00% 35.00%
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Figure 1. Hygroscopic properties of six aerosols’ model, which included average 

continental (black circle), clean continental (red triangle), urban aerosol (green cross), 

clean maritime (blue “X”), maritime mineral (baby blue diamond) and maritime 

polluted (pink inverted triangle). The normalized extinction is ratio of scattering 

extinction coefficient of aerosol to scattering extinction coefficient of dry aerosol. 

 

Fig. 1. Hygroscopic properties of six aerosol models, which include average continental (black
circle), clean continental (red triangle), urban aerosol (green cross), clean maritime (blue “X”),
maritime mineral (baby blue diamond) and maritime polluted (pink inverted triangle). The nor-
malized extinction is the ratio of scattering extinction coefficient of aerosol to scattering extinc-
tion coefficient of dry aerosol.
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Figure 2(a). The PM10 concentrations vs. aerosol extinction coefficient σ (without 

Method Ⅰ modification) in 2006, RMSE: 55.07%. 

Fig. 2a. The PM10 concentrations vs. aerosol extinction coefficient σ (without Method I modifi-
cation) in 2006, RMSE: 55.07%.

23646

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/10/23627/2010/acpd-10-23627-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/10/23627/2010/acpd-10-23627-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
10, 23627–23656, 2010

Determination of
aerosol

hygroscopicity and
composition

C. H. Chan et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

 25 

 

Figure 2(b). The PM2.5 concentrations vs. aerosol extinction coefficient σ (without 

Method Ⅰ modification) in 2006, RMSE: 54.67%. 

Fig. 2b. The PM2.5 concentrations vs. aerosol extinction coefficient σ (without Method I modifi-
cation) in 2006, RMSE: 54.67%.
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Figure 2(c). The PM10 concentrations vs. dry aerosol extinction coefficient σ0 (with 

Method Ⅰ modification) in 2006, RMSE: 36.31%. 

Fig. 2c. The PM10 concentrations vs. dry aerosol extinction coefficient σ0 (with Method I modi-
fication) in 2006, RMSE: 36.31%.
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Figure 2(d). The PM2.5 concentrations vs. dry aerosol extinction coefficient σ0 (with 

Method Ⅰ modification) in 2006, RMSE: 36.36%. 

Fig. 2d. The PM2.5 concentrations vs. dry aerosol extinction coefficient σ0 (with Method I
modification) in 2006, RMSE: 36.36%.
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Figure 3. The monthly variation of the ratio of dry aerosol extinction to aerosol 

concentrations (unit: m
3
 /(μg *km)), in which dry aerosol extinction is calculaed from 

Method Ⅰ. Red and blue represent PM10 and PM2.5, respectively. 

Fig. 3. The monthly variation of the ratio of dry aerosol extinction to aerosol concentrations
(unit: m3/(µg km)), in which dry aerosol extinction is calculated from Method I. Red and blue
represent PM10 and PM2.5, respectively.
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Figure 4. Root mean square error (RMSE) related to Method Ⅰ(Hanel) in Grey and 

Method Ⅱ(A.Y.S.) in black, respectively. 

Fig. 4. Root mean square error (RMSE) related to Method I (Hänel) in Grey and Method II
(A.Y.S.) in black, respectively.
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Figure 5. The monthly variation of the ratio of dry aerosol extinction to aerosol (PM10) 

concentrations (Y0, unit: m
3
 /(μg *km)). Blue and red lines calculated from Method 

Ⅰ(Hanel) and Method Ⅱ(A.Y.S.), respectively. 

Fig. 5. The monthly variation of the ratio of dry aerosol extinction to aerosol (PM10) concentra-
tions (Y0, unit: m3/(µg km)). Blue and red lines calculated from Method I(Hänel) and Method II
(A.Y.S.), respectively.
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Figure 6. The Monthly variation of the percentage of Continental (in black color) and 

Maritime (in grey color) aerosols, respectively. The result is calculated from Method 

Ⅱ with PM10. Continental aerosols include Average continental aerosol (ac), Clean 

continental aerosol (cc) and Urban aerosol (ua); Maritime aerosols include Clean 

maritime aerosol (cm), Maritime mineral aerosol (mm) and Maritime polluted aerosol 

(mp). 

Fig. 6. The Monthly variation of the percentage of Continental (in black) and Maritime (in grey)
aerosols, respectively. The result is calculated from Method II with PM10. Continental aerosols
include Average continental aerosol (ac), Clean continental aerosol (cc) and Urban aerosol
(ua); Maritime aerosols include Clean maritime aerosol (cm), Maritime mineral aerosol (mm)
and Maritime polluted aerosol (mp).
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Figure 7 (a). The Monthly variation of the percentage of six atmospheric aerosols, 

include Average continental aerosol (ac), Clean continental aerosol (cc), Urban 

aerosol (ua), Clean maritime aerosol (cm), Maritime mineral aerosol (mm) and 

Maritime polluted aerosol (mp) (in black to light grey color) in 2006. The result is 

calculated from Method Ⅱ with PM10. 

Fig. 7a. The Monthly variation of the percentage of six atmospheric aerosols, include Average
continental aerosol (ac), Clean continental aerosol (cc), Urban aerosol (ua), Clean maritime
aerosol (cm), Maritime mineral aerosol (mm) and Maritime polluted aerosol (mp) (in black to
light grey) in 2006. The result is calculated from Method II with PM10.
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Figure 7 (b). The Monthly variation of the percentage of six atmospheric aerosols, 

include Average continental aerosol (ac), Clean continental aerosol (cc), Urban 

aerosol (ua), Clean maritime aerosol (cm), Maritime mineral aerosol (mm) and 

Maritime polluted aerosol (mp) (in black to light grey color) in 2007. The result is 

calculated from Method Ⅱ with PM10. 

Fig. 7b. The Monthly variation of the percentage of six atmospheric aerosols, include Average
continental aerosol (ac), Clean continental aerosol (cc), Urban aerosol (ua), Clean maritime
aerosol (cm), Maritime mineral aerosol (mm) and Maritime polluted aerosol (mp) (in black to
light grey) in 2007. The result is calculated from Method II with PM10.
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Figure 7 (c). The Monthly variation of the percentage of six atmospheric aerosols, 

include Average continental aerosol (ac), Clean continental aerosol (cc), Urban 

aerosol (ua), Clean maritime aerosol (cm), Maritime mineral aerosol (mm) and 

Maritime polluted aerosol (mp) (in black to light grey color) in 2008. The result is 

calculated from Method Ⅱ with PM10. 

Fig. 7c. The Monthly variation of the percentage of six atmospheric aerosols, include Average
continental aerosol (ac), Clean continental aerosol (cc), Urban aerosol (ua), Clean maritime
aerosol (cm), Maritime mineral aerosol (mm) and Maritime polluted aerosol (mp) (in black to
light grey) in 2008. The result is calculated from Method II with PM10.
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