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radiative effects in haze days
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Abstract: We analyzed aerosol optical, physical properties in Beijing city in January of 2013 based on ground-based remote sens-

ing data, and used radiative transfer model to estimate aerosol radiative forcing. The results show that water-soluble Aerosol Opti-
cal Depth (AOD) increases rapidly in haze days, and contributes most to the total AOD(>70%), black carbon aerosol AOD
increasesalso in haze days, which is about eight times larger than clear days. The direct radiative forcing caused by aerosol is
significant, but different aerosol compositions have different effects.Black carbon dominatesforcing in the atmosphere (>57%),

while water-soluble dominates in surface forcing(>60% ).
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1 INTRODUCTION

Atmospheric aerosol plays an important role in earth’s
energy budget andpresents in direct forcing by scattering and
absorbing radiation, and indirect forcing which by changing
microphysicalproperties and radiation characteristics of clouds
(Ramanathan, et al.,2001; Kaufman, et al., 2005). According to
the variation of aerosol sources, we can divides aerosol into
natural and anthropogenic types. Natural acrosol mainly contains
volcanic ash, sea salt, dust aerosol and so on. Anthropogenic
aerosol mainly containsblack carbon aerosol which is generated
by mineral combustion, sulfates and nitrates aerosol which are
generated by industrial emission and automobile exhaust. Different
aerosoltypes have distinguished scattering and absorbing properties,
also they have different radiative forcing, such as negative effect
of sulfate aerosol because of strong scattering properties, andis
positive ofsoot aerosol because of strong absorbing(Penner, et al.,
1998). Many works focused on radiation characteristics and
climatic effects of aerosol (Pilinis, et al., 1995; Satheesh, et al.,
2000). However, there still exists great uncertainties in estimating
radiative forcing of anthropogenic aerosol. To estimate anthropo-
genic aerosol radiation, model simulation (Haywood, et al., 1997;
Yu, et al., 2004; Heald, et al., 2006), satellite remote sensing
(Kaufman, et al., 2005),regional climate model (Wang, et al.,
2002; Liu, et al., 2012) and chemical transfer mode(Zhang, et al.,
2001) were used. In this paper, ground-based remote sensing
measurements and aerosol model were used to analysis the
aerosol components in haze days of Beijing region (January of

[ DOI.; 10. 11834/ jrs. 20133080 |

2013), as well asestimation of aerosol direct forcing by radiation
transfer model.

2 DATA AND METHOD
2.1 Data

Our instruments located on the roof of the Institute of
Remote Sensing and Digital Earth, Chinese Academy of Sciences
building, containCE-318 sun-sky radiometer and AE-51 hand-
held aethalometer.The data used in this paper contain: (1) Aerosol
Optical Depth (AOD) (440 nm, 500 nm, 675 nm, 870 nm,
1020 nm), Single Scattering Albedo (SSA) and asymmetry
parameter g (440 nm, 675 nm, 870 nm, 1020 nm), and water
vapor column concentrationobtained from AOD; (2) black
carbon mass concentration measured by AE-51 hand-held aethal-
ometer (Hansen, et al., 1984); (3) relative humidity RH%
obtained from China Meteorological Administration.A summary
of instruments and data information are given in Table 1.

Table 1 Instruments and data
Instruments Measurements Period Measurement days/d
AOD [SSA (g 2013-01-01—
CE-318 . 17
water vapor column concentration 2013-01-28
2013-01-01—
AE-51 Black carbon mass concentration 12
2013-01-28
2013-01-01—
CMA Relative Humidity ( RH) 28
2013-01-28
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2.2 Aerosol model

In order to estimates aerosol component optical properties,
Optical Properties of Aerosol and Clouds (OPAC) model were
used in this paper. OPAC model was developed by Hess (1998)
for calculating aerosol andcloudoptical and microphysical prop-
erties in variegated condition. OPAC model contains water-
soluble (which mainly consist of sulfates, nitrates), dust, black
carbon, insoluble (which mainly contain insoluble organic
matter) and sea salt aerosols. Multiwavelength (0.35—4.0 pm)
optical and microphysical properties can be calculated by OPAC,
like AOD, extinction and scattering coefficients, SSA and g.
According to previous studies (Wang, et al., 2012; Shi, et al.,
2012, Wang, et al,, 2013), we selected four aerosol types as
Beijing aerosol component: Black Carbon (BC), Water-Soluble
(WASO), Dust (DUST), and Insoluble (INSO).

Aerosol mixing can be divided into two types: external
mixed and internal mixed. In OPAC model, external mixingis
used, which means the total optical properties is the sum of indi-
viduals (Hess, et al., 1998). AOD, SSA and g are calculated as
below,

AOD, = ZJ’qTrzb:Xnt(r)dr (1)
D bSSA,,

0
Z i 8in
e AN (3)

I

where A is thewavelength, i represents different aerosol type, r is

SSA,

(2)

aerosol radius, n,(r) is number size distribution, b}, b} are the
extinction and scattering coefficients of the individual aerosol at
a given wavelength, g, , is the asymmetry parameter of the indi-
vidual component at a given wavelength. In OPAC model, there
exists a lineal relationship between extinction coefficients of
individual aerosol and number concentration and thus we can
obtain aerosol extinction coefficients by changing number
concentration. We set AOD, SSA, g and RH% as input, and
change different aerosol number concentration until following
conditions satisfied: (1) The differences of AOD measurements
and simulationsare less than 0.05, (2) The differences between
simulation (SSA, g) and retrieval (SSA, g) should be less than
0.05.The final results are components number concentration.
Another factor to be considered is the spectral match of the opti-
cal properties, because the wavelengths in the model are 450 nm,
500 nm, 650 nm, 900 nm, 1000 nm, so the measurements should
also be interpolated into the model wavelength. The flow chart is
shown in Fig.1.

We selected clean day (January 2, AQI=39) and heavy haze
day (January 11, AQI =386) as representations.In Fig.2, solid
line represents measurements and dotted line represents AOD
fitting values.The fitting values are found to be limited within the
standard deviations of the measurements.

2.3 Radiative transfer model

Santa Barbara DISORT Atmospheric Radiative Transfer

AOD (440 nm,
500 nm, 675 nm,
870 nm, 1020 nm)

(

Adjust number
concentration

SSA, g
RH% (440 nm,675 nm,
870 nm, 1020 nm)

OPAC model

[BC, WASO, INSO, DUSTJ

Fig.l Flow chart of aerosol compoent retrieval
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-a-- OPAC —e— Measured
Fig2 Results of fitting OPAC model

(SBDART) model was developed by Ricchiazzi (1998) which
was used for performing the radiative transfer calculation in the
shortwave (0.25—4.0 wm) region, and calculating aerosol radia-
tive forcing (Babu, et al., 2002; Tripathi, et al., 2005). The devia-
tions between fluxs measurements and model calculations are
general within2% (Michalsky, et al., 2006).The SBDART model
uses six standard atmospheres to model the standard vertical
profiles: tropical, mid-latitude summer, mid-latitude winter,
subarctic summer, subarctic winter, and US62.In this paper,
mid-latitude winter was selected. The surface albedo of 0.15
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(Jiang, 2007) was employed. SBDART allows us to define
aerosol type which contains AOD, SSA and g.Aerosol radiative
forcing at the top of the atmosphere and surface are calculated as
the change between the flux with and without aerosols,
DRF,,, = FLUX(TOA),.., - FLUX(TOA),  (4)
DRF, = FLUX(SUF),.., - FLUX(SUF),,  (5)
where DRF,, is aerosol radiative forcing at the top of the

aerosol

aerosol

atmosphere, DRFg,. is surface aerosol radiative forcing,
FLUX .05 18 radiant flux at the top of the atmosphere with aero-
sol condition, while FLUX,, is clean sky condition.
Atmosphere forcing(ATM) is obtained:

DRF,; = DRFy,, — DRFg, (6)
According to Eq.(4)—Eq.(6), the aerosol direct radiative forcing
can be obtained.

3 RESULTS AND ANALYSIS

According to the aerosol model introduced in section 2,
different aerosol components were computed and compared with
measurements, then direct radiative forcing was estimated.

3.1 Black carbon mass concentration estimation and
validation

We compared daily average values of measurements with
retrievals, the validdate is 12 days. According to the relationship
between number concentration and mass concentration, black
carbon mass concentration was obtained and compared with
daily measurement values, as shown in Fig.3, we found R® =
0. 66 and relative error of 32% .

10
L ]
8 -
,C‘E\
b5 .
S 6 .
3
a [ ]
g 4t .
=
L J
o .
L ]
L ]
0 I 1 " 1 L 1 L 1 I 1
0 2 4 6 8 10
Retrieved/(pug/m?)

Fig3 Comparison between measured and retrieved black carbon

3.2 Aerosol components and optical properties

Aerosol component mass fractions and AOD monthly aver-
age proportion in Beijing region were computed, as shown in
Fig4.

According to Fig4(a), DUST (49.8% ) and WASO (353%)
mass proportion are dominated in Beijing. Ground-based
sampling measurements showed the same results (Duan, et al.,
2007) and suggested dust aerosol may be from fly ash and
anthropogenic construction. Comparing Fig.4 (a) with Fig.4(b),
we find although WASO mass proportion is less than DUST, it

13.1%

49.9%

1.7%
(a) Aerosol component mass proportion

13.4% 10.4%

23%

73.9%
(b) AOD proportion
B WASO [ INSO

N BC I DUST

Fig4 Aerosol component mass proportion and
AOD proportion during Jan 2013 in Beijing

contributes to AOD (73.8% )greater than DUST (13.4% ). While
BC contributes the least to mass proportion (1.7% ), the contribu-
tion to AOD is 10.4%. As shown in Fig.4(a) and Fig.4 (b),
anthropogenic aerosol mass proportion is less than natural
aerosol (37% ), and they contributes to most of the atmosphere
extinction (84% ).

The contribution of different aerosol components to AOD
was shown in Fig.5, and the curve represented relative humidity.
We found WASO dominates in total AOD (as shows also in
Fig4(b)). In heave haze days AOD increases rapidly from 0.2
(January 8) to 1.69 (January 11). BC aerosol AOD increases also
in certain extent,which may be explained by lower wind speed is
lower in haze days blocking black carbon diffusion.

201 1100
5ol EZADUST
[ mmm NSO 7 il
13" mmm BC . 4 s0
1.6 EEEWASO /| » /@70
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Fig.5 Aerosol components contributes to AOD in Jan. 2013 in Beijing

In severalhaze days, relative humidity is high and wind
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speed is less than 2m/s (Li, et al., 2013) which resulted in hard
diffusion of SO,, NO, and accelerated hygroscopic of sulfate,
nitrate aerosols (Gysel, et al., 2004). In the first haze process
(January 5 to 7), WASO increased from 0.16 to 0.7, while in the
most serious haze process (January 10 to 14), WASO increased
from 043 to 1.24. In another heavy haze day (January 28) AOD
reached to 1.96 while WASO reached 1.58 and contributing 79%
to total AOD.

3.3 Aerosol radiative forcing

In order to illustrate the relationship between aerosol
forcing andpollution levels, we selected January 3 (AQI =50),
January 14 (AQI=331) and January 28 (AQI=396) to present in
Fig.6.

40
30F

Soot forcing/(W - m2)
]
=)

—~60 L L '
2013-01-03 2013-01-14  2013-01-28

Date
(a) BC

Waso forcing/(W - m2)
|
>

2013-01-03

2013-01-14
Date
(b) WASO

2013-01-28

Total forcing/(W - m2)

2013-01-03 2013-01-14  2013-01-28
Date
(c) Total aerosol
I ATM [ SUF [ TOA

Fig6 Aerosol forcing in different days

We found aerosol forcing increases while pollution accumu-
lates, and ATM forcing for BC increases significantly, while

WASO influences significantly on SUF and TOA forcing. ATM
forcing for is 3.3 W + m™” in clean day (January 3), black carbon
AOD (AOD;;=0.02), 135 W - m~ and 192 W + m " in heavy
polluted days (January 14, AOD. =0. 09; January 28, AOD. =
0. 12) respectively. Compared AOD of BC with forcing, shows a
good relationship between AOD and forcing. Although BC
contributed least to AOD and total mass (Fig.4), the percentage
contribution of BC to atmosphere forcing is about 50% , sugges-
ting BC aerosol contributes significantly to warming atmosphere.

Atmospheric TOA and SUF forcing can be positive or
negative depending on aerosoltypes. For absorbing aerosols (BC)
TOA forcing is positive, and SUF forcing is about four times
larger than TOA forcing. In the case of scattering aerosols
(WASO), its TOA forcing is negative, meanwhile has the same
effect and similar magnitude with SUF forcing.

4 CONCLUSION

Ground-based remote sensing measurements and aerosol
model have been used to analyze aerosol optical properties, and
estimates aerosol direct forcing. The major conclusions include:

(1) Water-soluble aerosol is the major contribution to
atmosphere extinction. The contribution of water-soluble aerosol
to AOD is about 73% . Besides, while black carbon aerosol
contributes less than 2% to the total aerosol mass, it results in a
contribution of 10% to AOD.

(2) The relative humidity in heavy haze days is more than
70%, which accelerates the tendency of hygroscopic growth.
AOD of water-soluble aerosol increases from 0.15 (January 24)
to 1.57 (January 28), which is about 10 times of clean day. Black
carbon aerosol shows also the tendency of growth with humidity
which increases from 0.015 (January 24) to 0.124 (January 28)
which is about eight times of clean day.

(3) Aerosol direct forcing of black carbon and water-soluble
aerosols increase in haze days, and show a good correlation with
AOD. However, different aerosol types have different influence
on forcing. Black carbon contributes most to atmosphere forcing
(50% ), while water-soluble aerosol contributes more to surface
forcing (60% ).

Acknowledgements: Authors thank for China Meteoro-
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About the Cover

20105+ EHBERISBUSIEEEMR ( ChinaCover2010 )
The China National Land Cover Data for 2010 (ChinaCover2010)

2010 S E T EERERETUEIESE ( ChinaCover2010 ) HFERFRIEMSHFHIRMRAAKSEM 9 AN HEREAE , RA 30 m 25
SHRNTEE (H)-1A/1B ) 48 , FARSERKRES (FAO) NLCCSHE TR, MBTIERTPEERREN 38 - EW SRR, F
BEFBEFANEETLE. ERNRNBmSE. WEEASEHSHN 10 A MNFINFELURBASIERE S38EaI5E | 8UENEIAT 85%.
ChinaCover2010 EEE‘FE?‘EEB?& ﬁﬂﬁ%ﬁm & . FEEMERI M LR PSR RIS HIERATE R RIE 78RR | rlhs
E&EAINET AL SR ARG EREHRSTH. ( Rkt : http://www.chinacover.org.cn)

The China National Land Cover Data for 2010 (ChinaCover2010) has been completed after two years of team effort by the Institute of
Remote Sensing and Digital Earth (RADI), Chinese Academy of Sciences (CAS), together with nine other institutions’ participation. The HJ-
1A/1B satellite at 30 m resolution is main data source. Based on the landscape features in China, 38 land cover classes have been defined
using UN FAO Land Cover Classification System (LCCS). Super computers were used in the data preprocessing. An object-oriented method
and a thorough field survey (about 100000 field samples) were used in the land cover classification, with radar imagery as auxiliary data.
The overall accuracy of ChinaCover2010 is around 85%. Mainly based on domestic imagery, the products take advantage of various in situ
data and strict quality control. ChinaCover2010 is a good dataset for ecological environment change assessment and terrestrial carbon
budget studies. (Website: http://www.chinacover.org.cn)
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