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Joint use of active and passive remote sensing for monitoring of

severe haze pollution in Beijing 2013
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State Environmental Protection Key Laboratory of Satellite Remote Sensing , Institute of Remote Sensing

and Digital Earth, Chinese Academy of Sciences, Betjing 100101, China

Abstract: Focusing on the serious haze event in January 2013 in Beijing, we analyzed remote sensing results of haze aerosol

properties based on passive-active joint monitoring approaches. The analyses show that the active remote sensing approaches have

advantages during the high pollution cases or the nighttime, while the passive approaches provide more information for aerosol

characterization. By joint use of ground-based site, vertical profile, and satellite coverage monitoring, one can preliminarily realize

the stereoscopic observation of haze aerosols.
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1 INTRODUCTION

In January 2013, severe haze pollution occurred in most of
China East region. It was counted for 5 times in Beijing for Air
Quality Index (AQI) beyond 200 (severe pollution). In Fig.1, we
show AQI monitoring results at Olympic center station provided
by Beijing municipal environmental monitoring center. From
AQI time series, the haze pollution process can be clearly identi-
fied from the figure which includes five severe pollution peaks
occurred on January 6—38, 10—14, 18—19,21—23 and 26—31.
During these severe pollution cases, the primary pollutant was
found to be Fine Particle Matters (PM, ). In the same figure, we
show also the daily averaged PM,; obtained at US embassy
located at Chaoyang district of Beijing. The identical time varia-
tion of AQI and PM, s proves that PM, ; is the dominant factor
of this severe pollution event. From PM, ; figure, we identified
five days with the maximum pollution level on January 7, 12, 18,
23 and 29. On January 12, the daily averaged PM,; reached
552 wg/m’ which was about 7 times larger than the limitation
(75 wg/m’) of The class environmental region of China
(GB3095-2012). The number of polluted days (beyond the envi-
ronmental pollution limitation) was 23 which counted 74% of
the month, among which 16 days exceeded the severe pollution
limitation counting 52% of the month. Such kind of severe
atmospheric pollution can cause important health damage (Dock-
ery, et al., 1993; Pope, et al., 2002) including angiocarpy and

respiratory diseases and other environmental problems.

The formation of severe haze pollution in January 2013 in
Beijing related closely to the static stability states of the atmos-
phere, and thus an analysis of metrological factors can help to
understand the formation of the haze event. In Fig.2, we show
the visibility, ambient humidity and wind speed obtained at
Beijing southern metearological station. By comparison with Fig.1,
we find that (1) there is clearly negative correlation between visi-
bility and PM,; which indicates significant influence of fine
particle matters on the atmospheric visibility; (2) there is positive
correlation between wind speed and dispersion of severe haze.
With the increase of wind speed, the severe haze is removed and
the visibility increases significantly. With the decrease of wind
speed, haze accumulates in the atmosphere and visibility
decreases continuously; (3) ambient humidity plays an important
role in the formation of extreme haze pollution, e.g., on 12, 23
and 29 January. The hydroscopic increase of haze particle
matters is exacerbated by the abundant water vapor when humid-
ity higher than 80% which results in the quickly augmentation of
the particle size.

2 REMOTE SENSING OBSERVATION AND
ANALYSIS

By the joint use of active and passive remote sensing
approaches, the stereoscopic monitoring of haze process can be
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Fig2 Atmospheric visibility, ambient humidity (RH) and wind speed (V) in January 2013 at Beijing

realized. In Fig.3, we show observation of the first haze pollution
event of 2013 (January 5 to 8) based on ground-based LiDAR
(CE370-2 manufactured by CIMEL, France, 532 nm, 150 mW
with Nd:YAG laser) and sun-sky radiometer (CE318-DP manu-
factured by CIMEL, wavelength ranging from 340 nm to
1640 nm) at the observation site of Institute of Remote Sensing
and Digital Earth (RADI), Chinese Academy of Sciences. In the
same figure, we show also the hourly averaged PM,; measured
at US embassy located about 10 km away from RADI site. From
Fig.3, we find that (1) in this haze pollution event, PM, 5 shows a
complete increase-to-decrease process. The atmospheric total
column Aerosol Optical Depth (AOD) at 440 nm measured by
sun-sky radiometer shows the maximum value of 1.19 which is
about 10 times larger than the minimum value of 0.12. The coin-

cident surface level PM, ; monitoring shows the similar multiple
relationships; (2) LiDAR observation shows clearly the vertical
distribution and variation of the atmospheric haze. In the LiDAR
data quick-look panels, the range-corrected return signal
increases with the increase of backscattering of the atmospheric
layers which is usually caused by the accumulation of the atmos-
pheric aerosol particles. From Fig.3, we find that most of LIDAR
signals relating to aerosol particles are constrained below 2 km
or lower than 500 m during severe haze pollution. The LiDAR
observation found also that with the development of haze pollu-
tion, atmospheric boundary layer height could be decreased to as
low as 400 m (Zhang, et al., 2013) and thus formed a kind of
“reflection mirror” effect which suppressed the upward spread
of the surface level pollution. Furthermore, it can depress the
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height of pollution layer and increases again the surface level
PM,;; (3) the most polluted two days (January 6 and 7) show
similar temporal progress. The pollution was slight during daytime
but increased from 16:00 (08:00 UTC) to early morning of the
next day. This can be explained by the temperature inversion layer
appeared during the nighttime and the accumulation of traffic
pollution brought by the increased anthropogenic activities at

dusk; (4) the dispersion of haze is related directly to the increase
of wind speed in the morning of 8 January (Fig2). The daily aver-
aged AOD (440 nm) after dispersion of the haze is about 0.17
close to the level before the formation of the haze event (e.g. on
January 5). This AOD value can be treated as the background
reference under the circumstance with favorable spread conditions,
e.g., wind speed >4 m/s.
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Fig3 The vertical distribution of haze pollution observed by LiDAR (Range Corrected Signal, RCS) and AOD observed by sun-sky radiometer

From satellite remote sensing, the haze spatial distribution
image can be obtained. One can observe directly haze spatial
distribution from the satellite raw images thanks to the important
influence of haze particles on the atmospheric transmittance.
However, the quantitative characterization of haze contents is a
challenging task due to difficulties on de-coupling of land-atmos-

phere effects. Based on red (630—690 nm), green (520—
600 nm), blue (430—520 nm) and near infrared (760—900 nm)
bands of CCD sensors onboard HJ-1 satellite (Xu, et al., 2013),
we can retrieve the high spatial resolution aerosol optical depth
by the joint use of multi-wavelength, multi-day satellite observa-
tions. In Fig.4, we retrieved aerosol optical depth at 550 nm
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(Fig. 4(c)) of Beijing city (Fig. 4(b)) based on HJ-1 image on 6
January (Fig. 4 (a)). During the retrieval, we selected 20 kmXx
20 km regions of Beijing city and resampled the spatial
resolution of HJ-1 data from 30 m to 100 m to improve the
signal-to-noise ratio. The AOD obtained in this work is estimated
to be uncertainty less than about 0.08 by comparing with ground-
based sun-sky radiometer measurements (Zhang, et al., 2013).
This AOD uncertainty is mainly caused by sensor calibration,
aerosol models and interception of look-up table. Moreover, we
preformed the spatial interpolation during contouring the AOD
graph in order to express the continuous variation of aerosol
spatial distribution. From these retrieval results, we find that (1)
aerosol in the urban region expresses significant spatial distribu-
tion even under stable atmospheric conditions. The high spatial

100 km

(a) The false-color HJ-1 image

resolution satellite remote sensing results show that the AOD
difference of Beijing city in this image reaches about two times
(0.48 vs. 0.21). This can be explained by the difference of
regional emission sources, e.g. traffic, heating and restaurants
(Wen & Hu, 2007). Moreover, the AOD spatial difference can be
much larger in the case of invading of outside haze pollution
(Zhang, et al., 2013); (2) the retrieved AOD at the validation site
is about 0.34 which is very close to that of ground-based sun-sky
radiometer (0.33). This proves that satellite observation obtains
well the aerosol optical depth; (3) the averaged AOD of the
image is about 0.30 which is less than the normal haze level. By
comparing with Fig.3, we find that the haze pollution is not yet
formed during the satellite passing time (03:30 UTC on 6 January
2013) and AOD and PM,; are still under the lower levels.
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Fig4 Haze spatial distribution obtained from CCD sensors of HJ-1 satellite (January 6, 2013)

3 CONCLUSIONS

Remote sensing can provide stereoscopic monitoring of the
haze pollution with the advantage of nondestructive observation
of ambient atmospheric particles. Focusing on observation of
severe haze pollution in January 2013 at Beijing, we conclude
that (1) haze aerosols are characterized by complex characteristics
and various parameters while the stereoscopic monitoring can
provide comprehensive knowledge on their properties. With the
example of 2013 first haze pollution (January 5 to 8), we find
that the daytime aerosol optical depth at 440 nm varies from 0.12
to 1.19 while most of atmospheric particles concentrates in the
space below than 2 km (in the case of severe pollution 500
meters) based on remote sensing observation. Even under the
condition of clear or unpolluted atmosphere, the AOD spatial
difference can be 200% at different urban regions; (2) the active

remote sensing approaches have advantages under heavy
pollution conditions or during nighttime while passive remote
sensing can obtain abundant information to yield complex
aerosol property parameters. Joint use of passive and active
remote sensing can provide complementary observation and vali-
dation of each others; (3) a preliminary stereoscopic haze moni-
toring can be realized by combining spot and vertical measure-
ments of ground based remote sensing sites and surface coverage
measurement of satellites. However, limitations of the remote
sensing monitoring should be also mentioned except for its
advantages like vertical observation, spectral information and
spatial coverage. For example, haze information obtained by
passive remote sensing corresponds mainly to particle properties
of the total column atmosphere, instead of directly surface level
PM, ; contents. Therefore, we should construct a synthesized
stereoscopic monitoring system by the joint use of various
active-passive remote sensing approaches and traditional envi-
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ronmental monitoring approaches like in situ PM, 5 and chemical
analyses, which can provide a more comprehensive observation
of atmospheric haze process focusing on both spatio-temporal
distribution and property characterization aspects, to support the
scientific response and control of the haze pollution.
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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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