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Tab. 1 Risk factors Data Classification and Sources Information
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Tab. 2 Results of Risk Ecological Detector

16

GDP 2.2.3
GDP
N*
3 o
3
Y Y N* ( # )
Y Y Y Y °
Y Y Y Y  N#
Y Y N Y N*®  N*
Y
95%.
3
Tab. 3 Results of Risk Interaction Detector
GDP
GDP 0.131 6
0.170 9° 0.049 2
0.296 0" 0.295 4" 0.256 6
0.266 6 0.258 9" 0.292 6" 0.219 8
0.528 2° 0.520 6" 0.537 5" 0.517 4" 0.488 5
0.371 8" 0.359 5" 0.423 6" 0.382 3" 0.540 7" 0.332 8
0.393 7" 0.335 6* 0.420 9" 0.393 7" 0.529 17 0.431 8" 0.271 9
& #
q 0.540 7, . N
: (0.537 5) 0.2~0.5 N
(0.529 1) GDP (0.528 2)
(0.5206) . ; N
N 0.1,
(2) 7
3
(3) AOD
QD) AOD
2013



1812

26

(4) .

N J.
2011 27(6): 84-89.
[YANGYP HANF L WANG Q et al. Application of re-
mote sensing technique in environment protection: progress
problems and countermeasures J . Geography and Geo-Infor—
mation Science 2011 27(6): 84-89.]
. MODIS
J. (D
) 2005 35(S1): 177-186.
[LICC MAOJT LIUQH etal Application of MODIS
aerosol product in the study of air pollution in Beijing J . Ser:
D Earth Science 2005 35(S1): 177-186.1]
ENGEL-COX J A HOLLOMAN C H COUTANT B W et al.
Qualitative and quantitative evaluation of MODIS satellite sensor
data for regional and urban scale air quality J . Atmospheric
Environment 2004 38(16) : 2495-2509.
CHU D A KAUFMAN Y J ZIBORDIG et al. Global monito—
ring of air pollution over land from the Earth Observing System—
Terra Moderate Resolution Imaging Spectroradiometer (MODIS)
J . Journal of Geophysical Research: Atmospheres 2003
108(D21): 1-17.
. MODIS
I 2011 26
(02) : 224-234.
[XHENG YF DONGZP WUR]J etal. Validation of modis
aerosol optical thickness retrieval over Yangtze delta region of
China J . Advances in Earth Science 2011 26(02): 224~
234.]
WANG J LI X CHRISTAKOS G et al. Geographical detec—
tors-based health risk assessment and its application in the neu—
ral tube defects study of the Heshun Region China J . Inter—
national Journal of Geographical Information Science 2010 24
(1): 107-127.
HUY WANG]J LIX etal. Geographical detector-based risk
assessment of the underHfive mortality in the 2008 Wenchuan
Earthquake China J . PLOS ONE 2011 6(6): e21427.
PM2. 5
] 2016 29(4):
483-493.
[ZHOU L WUJJ JIARJ et al Investigation of temporal—

13

14

15

spatial characteristics and underlying risk factors of PM2. 5 pol-
lution in Beijing-Tianjin-Hebei area J . Research of Environ—

mental Sciences 2016 29(4): 483-493.]

] 2015 34
(08) : 966-975.
[ZHANG DS ZHANG W Z YUJH etal. Analysis of influ—
encing mechanism of residents’ livability satisfaction in Beijing
using geographical detector J . Progress in Geography 2015

34(08) : 966-975.1

I 2016 18
(06) : 767-778.
[LIAOY WANG X Y ZHOU J. Suitability assessment and
validation of giant panda habitat based on geographical detector
J . Journal of Geo-information Science 2015 34 (08):
966-975.1

I . 2007 27(04): 537-
543.
[DUAN J MAO J T. Study on the distribution and variation
trends of atmospheric aerosol optical depth over the Yangtze Riv—-
er Delta J . Acta Scientiae Circumstantiae 2007 27 (04):
537-543.1

I (
(2): 185-191.
[GUAN J X LI C C. Spatial distributions and changes of aero—

) 2010 46

sol optical depth over eastern and central China J . Acta Scien—
tiarum Naturalium Universitatis Pekinensis 2010 46(2) : 185
-191.]
KING M D KAUFMAN Y J MENZEI W P et al. Remote
sensing of cloud aerosol and water vapor properties from the
Moderate Resolution Imaging Spectrometer (MODIS) J . [EEE
Transactions on Geoscience and Remote Sensing 1992 30
(1):2-27.
LEVY R C MATTOO S MUNCHAK L A et al. The collec—
tion 6 MODIS aerosol products over land and ocean ] . Atmos.
Meas. Tech 2013 6(11): 159-259.
. MODIS C5. C6
J. (
) 2016 35(05): 17-27.
[YANGY K XUNLL WEI]J etal. Verification of MODIS
CS and C6 and their regional adaptability evaluation J . Jour—
nal of Shandong University of Science and Technology 2016
35(05): 17-27.]
REMER L A MATTOO S LEVY R C et al. MODIS 3km
aerosol product: algorithm and global perspective J . Atmos
Meas Tech 2013 6(1): 69-112.
. MODIS 3km
J.
2015 35(06) : 1657-1666.


wjf
高亮

wjf
高亮


11 : 1813
[SUNXL GANW LINY etal Validation of MODIS 3 km ment 2010 114(1): 168-182.
aerosol optical depth product and its air quality indication J . 26
Acta Scientiae Circumstantiae 2015 35(06) 1 1657-1666.] J. 2015 34
18 . Terra  Aqua MODIS (01): 118-127.
3 km AOD PM2. 5 I 2017 [BISB JIH CHEN C C et al. Application of geographical
1(37) : 93-100. detector in human-environment relationship study of prehistoric
[WANG W Q ZHANG C W ZANG Z L et al. Comparative settlements J . Progress in Geography 2015 34(01): 118-
analysis between hourly PM2. 5 concentration and MODIS 3km 127.1
aerosol optical depth derived from Terra and Aqua satellites in 27 VAN DONKELAAR A MARTIN RV PARK R J. Estimating
Beijing J . Journal of the Meteorological Science 2017 1 grounddevel PM2. 5 using aerosol optical depth determined
(37): 93-100.] from satellite remote sensing J . J. Geophys. Res 2006 111:
19  PINSON P HAGEDORN R. Verification of the ECMWF en— D21201.
semble forecasts of wind speed against analyses and observations 28  EMILLE POPP C PETITTA M et al. PM10 remote sensing
J . Meteorol Appl 2009 1-20. from geostationary SEVIRI and polar-erbiting MODIS sensors o—
20 . ECMWF ver the complex terrain of the European Alpine region J . Re—
J . 2013 mote Sensing of Environment 2010 114(11) : 2485-2499.
18(01): 111-123. 29  WANG Z CHENL TAO]J et al. Satellite-based estimation of
[PAN L] ZHANG HF ZHU W ] et al. Forecast perform— regional particulate matter (PM) in Beijing using vertical-and—
ance verification of the ECMWF model over the Northeast Hemi— RH correcting method J . Remote Sens Environ 2010 114
sphere J . Climatic and Environmental Research (in Chi- (1):50-63.
nese) 2013 18(01): 111-123.] 30 CHARLSON RJ SCHWARTZ S E HALES J M et al. Cli-
21 ECMWEF/NCEP mate Forcing by Anthropogenic Aerosols J . Science 1992
ZTD I 2012 55(5): 255(5043) - 423-430.
1541-1548. 31 LIUY SARNAT J A KILARU V et al. Estimating Ground-
[CHEN QM SONGSL ZHU W R et al. An analysis of the Level PM2. 5 in the Eastern United States Using Satellite Re—
accuracy of zenith tropospheric delay calculated from ECMWF / mote Sensing J . Environmental Science and Technology
NCEP data over Asia area ] . Chinese Journal of Geophysics 2005 39(9): 3269-3278.
2012 55(5): 1541-1548.] 32 KOELEMEIJER R HOMAN C D MATTHIJSEN. Comparison
22 of spatial and temporal variations of aerosol optical thickness and
J . 2010 26 particulate matter over Europe J . Atmospheric Environment
(03): 7-13. 2006 40: 5304-5315.
[LIDP CHENG XH YUYT et al. Effects of meteorologi— 33 MODIS
cal factors on air quality above the third grade pollution in Bei- I
jing J . Journal of Meteorology and Environment 2010 26 2003 27(05) : 869-880.
(03):7-13.1 [LICC MAOJT LIUQH etal Research on the Air Pol-
23 lution in Beijing and Its Surroundings with MODIS AOD Prod-
(API) J . ucts J . Chinese Journal of Atmospheric Sciences 2003 27
2012 34(08) : 1392-1400. (05) : 869-880.1]
[LIW ] ZHANGSH GAO QX et al. Relationship between 34
temporal-spatial distribution pattern of air pollution index and J . 2002 60(02): 230-237.
meteorological elements in Beijing Tianjin and Shijiazhuang [ZHANG L 'S SHI G Y. The impact relative humidity on the
J . Resources Science 2012 34(08): 1392-1400.] radiative property and radiative forcing of sulfate aerosol J .
24 Acta meteorological sinica 2002 60(02) : 230-237.1]
I ( ) 2013 49 35 J .
(04) : 491-496. ( ) 2014 29(04): 61-67.
[ZHAO J G WANG S G WANG J Y et al. Analysis of the [NI S H. Elementary prime tight decomposion of harmonic
relationship between pollution in Lanzhou City and ground mete— frames and their applications J . Journal of Shantou University
orological factors J . Journal of Lanzhou University ( Natural (Natural Science) 2014 29(04): 61-67.1]
Sciences) 2013 49(04) : 491-496.] 36
25  FRIEDLM A SULLA-MENASHE D TAN B et al. MODIS J. 2003 22(03): 119-

Collection 5 global land cover: Algorithm refinements and char—

acterization of new datasets J . Remote Sensing of Environ—

128.
[WUJIL WANGJF ZHENG XY etal. A review on appli—



1814 26

cation of spatial data analysis technology in public Health J . Environmental Science 2012 33(06) : 1936-1943.]
Progress in Geography 2003 22(03): 119-128.] 41
37 . I 2013 33(2):
M . : 2016 166-180. 193-200.
[SHI X WANG F H. Application of geospatial information [HANY XUH BIXH etal. Changes of particulate matters
technologies in public health M . Beijing: Higher Education during rain process and influence of that on chemical composi—
Press 2016 166-180.] tion of precipitation in Hangzhou China J . China Environ—
38  JINFENG WANGA T Z B F. A measure of spatial stratified het— mental Science 2013 33(2): 193-200.1]
erogeneity J . Ecological Indicators. 2016 67: 250-256. 42 . /
39 . 46a I 2015 17(3): 290-
J. 2011(02) - 180-188. 299.
[PAN AD WANG K Q ZENG Y et al. Trends of tempera— [XUS ZOUB P Q et al. Impact analysis of land use/cover
ture and precipitation variation in the Yangize River Delta from on air pollution J . Journal of Geo-information Science 2015
1961 to 2006 J . Transactions of Atmospheric Sciences 2011 17(3) 1 290-299.1
(02): 180-188.1 43
40 . J. 2016 2: 15-18.
I 2012 33(06): 1936- [MA Y K XIAO J C. Comparative analysis of middle reaches
1943. of Yangtze River Urban agglomeration and Yangtze River Delta
[LIX F ZHANG M ] WANG SJ et al. Variation character— Urban Agglomeration J . China Price 2016 2: 15-18.]

istics and influencing factors of air pollution index in China J .

ANALYSIS ON RISK FACTORS OF AIR POLLUTION OVER
THE YANGTZE RIVER DELTA USING REMOTE SENSING AND
GEOGRAPHICAL DETECTOR

GUO Chun-ying ' ** SHI Run-he' *** ZHOU Yun—yun' ** ZHANG Xuan-yi' **

(1. Key Laboratory of Geographic Information Science Ministry of Education  East China Normal University =~ Shanghai 200241 China; 2. Joint
Laboratory for Environment Remote Sensing and Data Assimilation ECNU and RADI Shanghai 200241  China; 3. Joint Research Institute
for New Energy and Environment East China Normal University and Colorado State University Shanghai 200062  China;

4. School of Geographic Sciences East China Normal University Shanghai 200241  China)

Abstract: The atmospheric particulate matter is the main pollutant in the atmosphere at present. Aerosol optical
depth data and satellite remote sensing retrieval products can make up the surface observation stations’
inadequate space coverage. In this study we analyze the 2013 aerosol optical depth product of Terra and Aqua
MODIS sensor of thel6 cities in Yangtze River Delta correct the vertical and humidity deviations and convert
those data to ground layer’ s aerosol extinction coefficient which can reflect region’ s air pollution. Through the
geographical detector’ s method we quantify the main risk factors of air pollution and the impact strength of each
factor in the Yangtze River Delta. These risk factors include GDP population gradient land cover types

annual average temperature annual average precipitation and annual average wind speed. The result shows that:
the air pollutions of the studied area were lower in the north and higher in the south. The meteorological factors
significantly affected the spatial distribution of air pollutions and the effect of precipitation is the highest one

each risk factor exhibited a clearly interactive influence on the spatial distribution of air pollutions.

Key words: remote sensing; AOD; geographical detector; risk factors
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