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Fig.1 7-year average distribution of AOD and its influencing factors in Beijing-Tianjin-Hebei
region
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e~ 0.88, 2012 4= AOD fH FF%% 0.79, ZJafaE N 0.83. LTI 7 a “F#4 AOD {&
N 0.79, B4 AOD {HIME T-HF 7t X AR KT, Aibiash SHF R X aik—3, KT 7a
P15 AOD B4 0.90, #4A& AOD {E 4 T-WH 7L X T35 KF, 23 “W” BIAR LA, 2010
fF AOD fH =4 0.94, 2012 fEHILEE — N4 E 0.87, 2013 FiAE|IE(H 0.90, Ffi)5 2014 4
EFNE ZANGH 088, 2 )G 2a N2 S, WdbE 7 a7 AOD {4 0.80, %4 AOD
E /N F 05T X B4R KF, AOD {E7E 2010 Sk F i i 0.84, 2012 4R 43 0.76, 2 )5
7 2013 A A/NEAE 0.80, PG RIRFEZE TEMESE . &4 LIRGRATLIEH, K
[X AOD (AR 34 S 50 IX AR R EAH [F], 35 050 T G T /RS sh A 3. R
T AOD fE AR AL X M ey, JbE i fdiK, A2 1) AOD fH )& T H 7K.

Kl 2 2010—2016 4= 5t HBLHLIX AOD [ [A) A4S AL RFAE
Fig.2 Characteristics of the temporal variation of AOD in Beijing-Tianjin-Hebei region in 2010—2016

2.2 TIEE M [X AOD BYZ (8] T K45 4E

2R BRI ERRAGER 1), R BN REFHLIX AOD 1425 Moran's | #5435
FoekEe, Hodbsimses, #7E 098 PLE, HEES L Ib4 X A 0.96(20.03), K
BTSN 0.95(20.01), FE/R & HLX AOD ()25 [a] 43 i LR W IEA DG, ARt i
T MX AOD I HIE A FIR I FL X dk 2 1) e iAo

# 1 2010—2016 U FHLIX AOD 42 R B AHIG AT
Table 1 Global spatial autocorrelation analysis of AOD in Beijing-Tianjin-Hebei region in 2010—2016

FEA 4= )5 H A (Moran's 1)
O SN X Jbai T (=)

2010 0.93 0.98 0.95 0.93
2011 0.97 0.98 0.94 0.97
2012 0.95 0.99 0.94 0.95
2013 0.96 0.99 0.96 0.96
2014 0.95 0.99 0.95 0.96
2015 0.96 0.99 0.96 0.95
2016 0.98 0.99 0.94 0.98

T X 2010—2016 G2 E X AOD 5= 58 B AHI< 4081, n] B A 73 X AOD [ =3
FEEHBUFN, B AOD 123 (A1 ARLRFE . HR 4 45 FLB 3535 =350 B RH o il DX gl 40
B3 A, mE AR IMKERER KA RZE X, 455K 3 5K 4 aJk, #HX AOD



1) JR) 0 S AR AE S B A AN AR [F] o A6 5 T AR SR AR AL I AR o b K, T3 b i s
AR 45.56%, B4 ATEPEILER L L X HA RS K. mmREM M
W2, HE) 29.14%, LHAME 6 X AKMXAEMX, ZIMBERMBNIER. AEE
XA o L /N 25.29%, EEALT SR R A, 2RUNE . KRBT KR
LR (5 3] 1.31%, 4040 X3 AE 2SS s SRR R R T AR
64.01%, S AfEliE- T X LA, 2T &S ARE XA 34.67%, FEAE
HEIRER L X H G WA S . b PR R AR B35 5 LN 35.14%, 3 AT 75 R AT -3
il X, A BB S T AR E S IR X A 27.51% 00 5 e SR AR T I
37.45% AN E X3, H, AEFEXEAGE DM nTae, & s REN 2RI
o SRS, UEEFH X 1) S E R R X R AR X A B3 X 7 S AR K 4 173,
R IE) B RECE IR P ACIOIR YL . AE BT RIS REETT RS WAbE R a2 =K
Fm X, HAR N FEAS R AN, AN b w0 EE R X s e B
5T REETT SR A X R 0D TT e S EURE SRS XCH T FR s b AL T i
G A6 ARG SR AR X 980 1T B3 Bl B b XA R X AR R % . S5 4b, T b e S
o3 A R AR DR A AN B35 X 2 i — A0 38 I i S X (10 A I 2 X3 A



K3 2010—2016 4 5t FLHLIX AOD Joj i H AH 543 #T
Fig. 3 Local spatial autocorrelation analysis of AOD in Beijing-Tianjin-Hebei region in 2010-2016

Kl 4 2010—2016 4 5Tidt 3 X Jm SR AR X T AL AR AL #a 34
Fig.4 Area change trend of local gathering area in Beijing-Tianjin-Hebei region in 2010-2016
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FER N2 A ORI IE 1, AOD 3K #fa R s B B EE, KRR
SR Bk B 2 R T BRI ST R%, AOD B2 i/lNs NDVI s B b R A8 B
BRENL, MEE SR RIS R R A R PCR: GDP JrBt— /M IX Z5%
RIEFRREE, B8 A = SE R B T RSSO0, X285 AOD IR A IEAHG; A K
SR I W XN G SRR, NI, RUZH X AT P2 A i At ARSI RS M
RERSHER . E, B ERAAH 5k 7 A BA AR R 1,
PRI H T 5t 3 X AOD ISR . I s R PRI 2% T B B SE A [E) 3 [X &5 R 1 5
BRZRBEAT AT (B 5), T8 R R0 5 28 ELRINAS o 3 DO [ 4R 40 1 3 S IR R 7
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SN X311 8 S 3R B R 7 (3R 2).
2.3.1 % AT AR ESAT

LS I X 5200 PR - 1 DT k2 0] AE H (& 5), 2010—2016 4F &K 1%} AOD ~1-3%
YER RS IHEZ AR . N3 (26.41%) > 55 =k A4E 7= B E (22.38%) > GDP(21.82%) >
AR (12.71%) > NDVI(7.66%) > [&/KE(5.71%) > Ki%(3.31%), 3 NMANE T HITTHkER
TR, MAEF] 70.61%, BEEHACHE T2 ZIX 5 AOD M EZIRS) J1. B EFFIRE,
52 K1 7E AN [ A4 5 AOD B DT R Z IS A AN [H], o, GDP 5 A 1% FEAE & 4F 1) Uik
RIERBUA K 5 7 A= BAETE 2011 & K 2014 FoTHRE &7 LUBS R % 21 18.85%,
HARFIEALN 23.78%. FF/KEXT AOD HITTHRZLE 2011 4. 2012 FH# N 11.48%, HAR
AR JTBAR, N 3.40%. AHXHIRAE TTRERE R 2 IE “U” BGER,  SRTF TR
BN 12.71%, B otk R BLAE 2013 42 18.72% . NDVI AR AL 15 1 5 B K B B A S A 34,
NDVI FITTERZ 14 4775 2011 A1 2012 4F [ R A AIK 4.50%, H4R 5a P oTmk3 N 8.91%, KUk
Xf AOD TTikF I aA S IE K EMLL, Bk 2 RIE0 AT, WG HIFE 2010 4, BTk
R A 6.22%.

Je 5 T IR B A 7 RN &5 SR R OR (B B), & B P4 DTk Ze R 554K U : NDVI(21.32%)>
A E %5 B (17.72%)>GDP(15.76%)> 25 — 7= b A= 77 1 H (14.39%)> JX 3K (13.43%)> AH X ¥ &
(10.05%)>F# /K 7(7.33%), HI =& Dk A 5 L 54.80%, AL T NDVI 53 AOD
AR —3, H DS X A5k & X B 74 5 AOD &l X B A =
PR G o MR & F T otk 2 & 1, NDVIL AN, GDP AHXT EL R E
AR BRI TTEREE 7 a M EL/INIERE S, b 2012 45, 2014 45, 2015 FHIL 1AL
KTITHRZE N 12.65%(20.76), HARFEM TTmkFMIEEE] 15.69%. FF/KERITTERZELE 2010
—2015 FIFEAE 8.33%, F 2016 F ST FFH] 1.25%. AHXFIE AL ) vTEREAE 2010—2011
AR, N 5.01%, fE 2012 FFIAE|—ANE(E, TTMRE FiA 16.88%, {HBE )G X T e e rE
10.87%(22.54%) . XX AOD HITTHRFLE 2013 H-4 —MMME N 9.31%, HARFEM I TTIRE
21N 14.72%.

R R FARIN 45 - B B S FMEs (B 5), 7 a P10 % 7 ok R HE L AR A X
T (21.24%)> A 111 %5 & (19.05%)>NDVI(16.73%)>GDP(13.56%)> &5 — 7\l 4E 7 541 (12.88%)>
B 7K 5(9.16%)> AH AT IEFE (7.38%) » 1 BH IR TN 11 i 4% B X B 5 IXUTE 1L IX 1) AOD B #3251
AN IR B Ll DX 78 5 U4 45 AOD (RAE X Ve Rl bl MR BIR A, X
. NDVI. AN 3 ANHET otk B A K, BONFE .. GDP KITTHREEAE 7 a [AlF /)
MEZ %, 2010 4E K& 2012 E 5Tk R MK A 10.49%, HAFEFHI 5T R IE A —B0N 14.79%.
5 A BE I TTERR 2 U B0 A, 7E 2013 4E. 2014 45— MIEAE N 8.66%, HiAth
EOTIN 1457%. HKRKIZBLEAWESNME, 2011 45 2015 KR THRRIN
1.57(20.48), JLF&A M, 2016 F0THR /1425 ETHF] 3.99%, HARFA DTk m e e AL
14.25%. FHXTUE BN KT AOD FsZIa A S HLEET FFpid #2, 2016 45 DT ik 208 2 i 1
N 11.88%.

TAEE BT Tk A (B 5), &R 7 a SFIMEZmm T HE T AR O N %
(25.38%)>GDP(23.47%)> 5 — 7 b /£ 7 & {E (21.75%)> H % 1% B (13.57%)> B¢ K &
(6.56%)>NDVI(4.77%)> R (4.50%) . AT A6 BRI 7R 25 SR A 2 7s NOR BRlR =3 S AR o ik
HILE] 70.06%, i IALGE R RGN M NG HEBUR R b4y AOD IR EH &R . A
[ 4F- 3 % 50 DR AR AR R, AN E 3 FE S GDP AN NI TR A i AR
1M 28 = AR P2 SE R TR S AE 2012 FH L —/MIKAEA 15.61%, HARFEMIBE &R
22.77%. FF/K 2 TTHRE A S 258 ETHE T RERIEFE, 2012 418 2)I8{E N 11.99%, 2016
B B B ARAE A 2.78% o AHTIEFE IR 2 U B BT+ F, 2016 45 1A 2 DTk 2 (1 i =118 17.81%.



NDVI FIAS L a3 B AR S, 2010 4E 5 2015 4E NDVI 5Tk %R 4 w8 7.06(20.35), H:
REDIITTRR ARG, TN 3.86% . MIHMIBLEaA SHKE 8, Ak, HEAT
TR, Femi A1k 3] 7.43%.

A R PRI 245 SR 5 R SR A g RIS, S PR 7 (1 AR AR AR K B[R] - i
T, REN S F otk KA AR F, UEB T 4R R 2RI 5 e DA SR ) 2
[ B 1 i 7 DX IR 5 v B 12 R b ) B % v 5% DX o A ) S

5 2010—2016 £E 5T HL[X AOD [45- 520 (A7 DTk

Fig. 5 Contribution rate of influence factors of AOD in Beijing-Tianjin-Hebei region in 2010-2016
2.3.2 EF AT oA

FURTIHLX AOD IR B A% ISR ¥ 24, #ERRIEYE = S 72 g ok X I kTS
L) g . K PRI 28 3 liE B T st X b, KT, WAk 4 AN, RN
FAHDOREN T FH T AL EESFHTER 2), SREY, 5K q EXRRFETHE A FE
Ay AEHIX 2724 — e AL, HARARFEX 2 [ EFETFESER. e —EFH
TIME, FEREMX 2010, 2011 4£. 2014—2016 £ ¥ FH TN N ZE, 2012 441 2013
FEESFRETRE A EME, 7 a iR —E FE TP q 5 0.39, HH 2010 47,2011
fEL 2016 “FE K q EFER 0.5, 6B BAXT R B — 32 TR 0] URRRE T 50%0H AOD 7
P bR — LSRR T 7ay 8 NDVI, T q HEIE 0.66, F4E4y q KT 0.6, &%
g fEh 2016 4514 0.72, K HH 2016 41 NDVI 43 AR L AT LA B 72% () AOD = [A] A .
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REETT 2010—2015 4F35 20 WA FH 58 FE ok, HFH g (AN K, F2E 78 0.40(£0.06) 1T,
2016 £ FH THA N N D, qEiEF] 0.51, 1 LU HiZEm A iEshssm okt 7
KIEXT AOD [ER SR . JTdb4s 2010 4F 1) FHF A5 /== aE, 2011 2 )51
NANEVERE, 7 a“F¥)qfifE 0.35 L FF8l, Bk q EHBLTE 2011 4E. 2016 4, X 2 a &
ST AT LA R B — 210 AOD At . fEX HESH 7, K gl EESHET
WRZEEN R —FERE TS5 5 — PR B R, 1 HAT AR 758 HJG A 58 E 4R
B KT —HF, EARMNXAE BRI 25, REEIX 33528 HFE T q
fE9 051, L —FE 270 7 0.12. dbntihi £ A BB FH o B INEEECOR, ZH)E
°F35 q 4 0.83. Kigth ERHFAEAEMG q EIEIN 1 0.14, “FIAE] 56%/IfF R 6E
Io WALE L EAEHRAEE, 3 g E#N7T 0.09, HEFHIEREREIIN 44%. TTLA
FH, ZTHAEREIE T RAEE, FEREMX L RET A BEAEH R, W6 e
ABRE, B, A kTG R ORI G i b4 B % S NDVI 5N %5 B A2 AR A,
T NVE EXGE S N S M. 5 eSS SRR 1.

ZrAr IR M X PR BRI R 45 2R, 13— 20 BN DX SRS I B 5 G ) 3R
I Hrp, bW 5 RETRETEA_N AR FERA, #AtEE T ANE TS,
Je T B A R 8 NDVIL H ko N U B, 1K 7% AOD (52 7y A€ & s H -5 NDVI
LHAEME X, Bt miRaxie siie E m 2, A 8URERN SRR IMBER, B
IK5 5, FEEHIANZES R, HEREHAILSE, BNRERANHDI. RETN 3R
R AdE, N %52 K NDVI 152 3k, GDP [fEH 1&g &, HXGE 5 N AH
T AR S SER 1R . 3 R R A AR KX — B R %A, 565
Ge b A HRA Ry, (R REAH S QPP i, B IR 55 AR RS Ve At D R pES
A, B BE R NS A AR RS HEG B e N RS B e — B Rl Ak JE TN
N FIRENRL, N %R AOD B ZE2 i 1, GDP K36 /e ik 2, AXHE
FE IR0 7 I EE I a sy, gt bR 3 R, WAk N B A SRIESIRE 1)
Hes, FAEBUEMRE R, REEERRIR, SRABARGEEN, R SAZ L0,
PRHESE PR IR LA, SRR FE AR = 2%

F 2 2010—2016 “ERUARTMNX F SR T A H ¥ SN FRMRE(q [H)E
Table 2 The influence of dominant factors and interacting dominant factors in Beijing-Tianjin-Hebei region in
2010—2016(q value)

HiX Ay EGHT q 18 EGTHEAT q 18
2010 UNEE: 0.45 A % FEENNDVI 0.62

2011 UNRE:3;: 0.48 UNEE. ;- 1p)7 Bt 0.56

2012 HEplAEEE S 037 H A SMENREKE 0.46

X 2013 PR RME 032 BT AERERENAERHEE 043
2014 JNEE; 3 0.31 N 135 B N R 0.44

2015 JNEE; 3 0.32 N 135 B N R 0.42

2016 N 0.50 N 15 P AR SR R 0.63

2010 NDVI 0.63 NDVIN X 0.78

2011 NDVI 0.65 NDVIN A 1% 0.84

2012 NDVI 0.64 NDVINA 1% 0.83

JexTi 2013 NDVI 0.67 NDVINA F % B 0.82
2014 NDVI 0.67 NDVINA 1% 0.85

2015 NDVI 0.64 NDVIN A H % 0.84
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2016 NDVI 0.72 NDVIN A 1% & 0.85

2010 JABLS 0.40 KIENN % B 0.46
2011 JABLS 0.39 AT NAH R 2 0.50
2012 JABLS 0.46 RIENN % B 0.54
REET 2013 JRGE 0.45 JRGE NAH X B 0.68
2014 A 0.35 G NAE X B 0.52
2015 A 0.36 RIENEE =M AE = i 0.51
2016 N 0.51 TN 12 3 0.69
2010  FHolAEEEME 021 o B NNDVI 0.26
2011 UNEE S 0.48 N FVE FENREK 0.54
2012 UNEE ;S 0.35 UNEE.;- 101t 0.43
Bl 2013 UNEEI 0.30 NI 35 B NV P 0.40
2014 UNEE ;S 0.30 N FUE BENREK 0.44
2015 UNEE ;S 0.32 UNEE: 1)t 0.40
2016 UNEE S 0.52 N 3 BE OAH R 0.64

3 Wik

SR AOD T8 B SR B e IX ek 4075 e A 100 1T AR FH AOD S i 1Y) PM2s 24 i3E 47
WHot, FEGEHEET AOD RG] A FURBLX SR (BEAA/NT 100 pum B34 B [E 14
ok AR, T EREER A, @i AOD i PMzs fa, ZRIAHLE MR FR 2 R EURIET
PMos IRFEAFAE— B HIR 2%, HATH BRI BA (2 MBI | 79 20 BRI & RIR A
R UM S ST PMos ¥R E S35 T 5% 22 ik 3] 12~18 pg » m312527), L4 K]
BV IS [F AR B IR 7, 215 BOR [ A 45 51 o (R 25 poA- S BBAE B 1 & 20 ¥R 1) MODIS
AOD H it s R T M X (1 25 S5 Yo BT W I 471 o DR AR 78085 NASA $2 4L 1)
MODIS AOD 4 B #5047

F4h, AOD E SCAN R REEEE 710 LAy, EHA—EMEESE LR
I E R EIRAE . %54 AOD & ELiT IE N G &2 %, Sl 1~ NN HE T3
TR M AR N A BE, H TR 2547 RASFIHL X {30 L Z R B R Ak, A
I BEA DX AP 330 52 v AR AT R, 1 90 45 R s i B X A il 2 e
AR, FHTEET EASREAHE, R&KHEE 0N AOD HEK RS RE. £
KRR, BOAZAE &R H A R HL X 0 52 i B AT T BT I, A REORAIETT IR 45 3
FIUERR T o

ERT K A X AOD (520 K7 BB AL 45 XS LU mT A, AT 45 R B i s 4 X
J AR B e R R O N OV B, X Sk P AR, RS e gt B (HASCR:
T A X BRI 25 R BoR 6 n0 R R B AR R PR B RCRIE R, X 5XPHE AR
AOD =% F SRR LM /NI 5 AN — 5, 16 B 3 45 10 AN TR) 1) Ji BT T g A R 5 o AR AT
AOD 5 HARKFHIERE ST, RN ANOEEEKS AOD Kt &y E 44—, it
—BHEMNUE A E SR R TN, TASON HAR 5 NN Y37 e o dr, 45 RN R
CIET

AOD 5 H52mi [K - 1) Pearson #5& AT 45 o, BUid S X Ll db4g & NN 5
S, SHUERERIGE B8 W ORETE S I T A SRR B B AR R, M BRI 2 1)
LR AP X AOD 173 8] 7 5702 52 FL AR 5 N BB AE 25 R . 3 45 L BE A AR ALk
WAAE— M2, XEBESHANG AN REARE X, Pearson 5 REHikE
PR AOD MM R 12 (M 2R PEC &R, T s FE HR 0 25 T o A5 e 2R MR e, AT USRI AR



EHPWEFZ MG RR. HalEHEHX AOD A 52 m R 1) 7% 8] 22 7K, K AOD
5 T A AT Pearson MR HT, BARZML T ER A E R, MR
NI T 26 7> B, RS BCER A 0 RS T, W ADAEE, BRI
Xt AOD M HLERER I W] RE NS B, H A6 nt 3 X AOD 3Rl A 5 ) 2 A1 40 iy e
ARA S B ARSI TS RRZ30 X AR I LA AR A 7 A7 o) 3 B AT 3 B

4 g5

(1)2010—2016 “F A FHX AOD HI4EII(E N 0.83, FHdr, KETH AOD MFEIE NI
FX femr, WALE R, bR, T HAA &40 X AOD HIAEAR b 3 KAk —2L,
ST BT INE R S A

(2)75 1] F AH S &5 FE 3 BRI 70 B N SR B X AOD 78 [H] 40 A R B I IEAH G JRil
R R RAC R X AN B3 X% R AR R =502 — o dER TR0 R
M. WAL R REG LR S KA EEREX, ERBEMAT NS, ERREXA T I
X, SR, HRHIX PR R X, HREY RS

()b FRERW A% 1 45 R B R b i B B R o8 NDVI, HCH N R, H - # A H
EFJEXT AOD f2mE K. RET EFHE T RIME, NOZE. 5= A = S E SN K
FIER & EE R, Ko HAZ AR, WibE ESFHRFAANO%EE, GDP H¥E
PP AE PR SE S RIE R ik, B HAERSS . B aadbal 5 R R 803 B A K
TR, FF RN B2 0 NSRS S s, nrdbsg B sk N RiE 20 s
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The spatio-temporal variations of AOD and geographical
detection of its influence factors in Beijing-Tianjin-Hebei
region

JING Yuel? SUN Yan-ling'* GAO Shuang® CHEN Li* PAN Long!
MA Han?

( 1 College of Geography and Environment Science, Tianjin Normal University, Tianjin 300387,China; 2 Xi'an Institute of Earth

Environmental Innovation, Xi’an 710061,China)

Abstract: The Beijing-Tianjin-Hebei region, which is located in the Bohai Rim, is the most economically
developed region in northern China .It is also one of the most polluted regions in China. Aerosol optical
depth(AOD) can effectively reflect the degree of air pollution. In this study, the MODIS 3 km AOD remote sensing
data was analyzed, and the research results would be great significance to China's air pollution. Firstly, the
temporal variation characteristics and spatial autocorrelation characteristics of AOD in Beijing-Tianjin-Hebei
region from 2010 to 2016 were analyzed. The factors of precipitation, wind speed, relative humidity, Normalized
difference vegetation index (NDVI), Gross domestic product (GDP), secondary industry GDP, population density
were selected as the affected factors of AOD, using geographical detection to analyzed the trend of affected factors
contribution rate of AOD and its dominant affected factor in different regions and different times in
Beijing-Tianjin-Hebei region. The results showed that: 1) The annual average AOD of the Beijing-Tianjin-Hebei
region was 0.83 from 2010 to 2016.The annual average AOD of Tianjin was the highest in the study area, followed
by Hebei and Beijing. The annual variation trend of AOD was shown a state of first decline followed by rise and
then a small fluctuation change in whole and local regions. 2) Significant positive correlation among spatial
distribution of AOD in Beijing-Tianjin-Hebei region based on the spatial autocorrelation analysis. Local
high-accumulation areas were mainly concentrated in the southeastern part of Beijing, southern part of Tianjin, and
central-southern part of Hebei province. The low-accumulation areas were concentrated in the mountains of the
northwest. The area of high and low agglomeration area in Beijing-Tianjin-Hebei region showed a decreasing
trend, while the non-significant area showed an increasing trend. 3) Geographic detection analysis indicated that
the primary influencing factor was NDVI in Beijing, followed by population density, and their interaction was
significant. The dominant factor was wind speed in Tianjin. The effect of human factors such an population
density and second industry's GDP were also important. The effect of interactions between wind speed and the
above factors were also significant. The dominant factor was population density in Hebei province, followed by
GDP and the second industry's GDP, and the overall interaction was relatively weak. In the past, the correlation
analysis of the influencing factors was based on linear relationship of the overall area, while the geographical
detection not only has wireless assumptions, but also reveals the linear, nonlinear and spatial relationships of the
driving factors behind the elements. From this perspective, the geographical detection is more reliable in studying
of the influencing factors. This study applied geographical detection to analysis of the impact factors of AOD in
Beijing-Tianjin-Hebei region, which proved its feasibility in this field and this region. At the same time, the results
also had important reference value for air pollution prevention, industrial and agricultural layout and urban
construction in Beijing-Tianjin-Hebei region.

Key words: AOD ; Spatial-temporal variations ; Geographical detection ; Influencing factors ;

Beijing-Tianjin-Hebei region



