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HASHT 20012010 FABA 2 RFH PM, R B E TEEH, LAz
FEEAREAA K AREATE AR NEAEEH LALE , FEATH L
AAREFATRNERALL . "S-HEERGEDRSER . FPHRE i LA,
Tl EB AT HLF CRKEE RGN AER R ALK e F A BT RF,
MR G E R BARRETARRE, ARRAREE PG AEEE, &
HBA DAY PM, s RE A GDP % B A B R R AP HIEBAEA AR, KA
Z Ak 2t Ak Gumbel A 2 M BB EFHBERA ST AE 21 # 2% 10 F6F
BRERE, L2FL4RET . HRATFTARREFEEALSH , RRXABREEHIF
ERBRSH ARARBRERL ARBELI A L BREBESHEREF.
EREZ2FHEMAKR MEH ZLEBRLIRNBBERS; FHBEESNAN, K RKH
FHHLETHAEAN FELAAHOREAZ, I, XKBAFEARL L £ EHREEF-E
HEBOBERS XK EHARRGCBREEAFLRBRALSSH THRMBMEMAE 0.80
~0.9921E;mAIXBFE A FHRERMAHRIEBEL 0~0.9 28 E1b, A&
RAEBRBAFPRBUERIFEFTERNLEIEMLAG LR,

XEHR:FE;HTT R BB BE; L2285 7E

The Comprehensive Assessment for Haze Risk and

Countermeasures in China

Abstract: Haze has become one of the most damaging and pressing meteorological
disasters in recent years in China. This paper firstly analyzed of the weighted PM, ;
of the average population in 2001-—2010 in China from the spatio-temporal perspec-
tive, the results show that there were a significant upward trend in the provinces of
Jiangsu and Anhui as the representation in the Yangtze river delta region during
this time period. And the fog has notable spatial agglomeration phenomenon in
space, high-high values gathered together in the east and central regions of China,
including Hebei, Shandong, Henan, Hubei, Anhui, Beijing; Low-Low values con-

centrated in the west and northeast of China, such as Jilin and Xinjiang. The con-
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centration of PM, 5 about the weighted population, the per capital GDP density,
and venerability index are the selected indicators as the representative elements a-
bout hazard, exposure and venerability for the haze risk assessment from the com-
prehensive risk perspective. The asymmetrical Gumbel copula model and the related
conditional probability are used to analyze the haze risk. The results show the haz-
ard follows normal distribution, the exposure of the hazard-affected body obeys the
Weibull distribution, and the venerability index of the hazard-affected body comply
with generalized extreme value distribution. The tri-variable joint probability model
reveals the joint risk will increase with the three elements rising. The conditional
probability analysis shows the smaller the threshold, the higher the haze risk.
Therefore, the values of haze risk in China are higher than the health standard of
Environment and Protection Association (EPA), and the exceeding probability val-
ues are changing between 0.80 and 0.99 under the most condition of the combina-
tion of the exposure and vulnerability for hazard-affected bodies. While the proba-
bility values exceed the level one of the threshold in China about the haze risk are
changing between 0 and 0.9, and the indexes about exposure and venerability are
positively correlated with the haze risk.

Keywords: Haze; Spatio-temporal change analysis; Risk assessment; Joint proba-

bility analysis; Countermeasure; China
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iof A O A R 1 O ABFOE T R s L 7 AR I 6 %7 A ) M 2 2 4F 19 R R X 5%
T B ) XU TR ALR B, B R B MR R F /A — & T, FHEMERAEER T —
SE R 0 NSRS RS E A A T L ST R R R A4 BURL Y PM, s felt B KU
A RIAR BL AT Ay o 6 B A AR e B XU 9 S AN B, BT A B 82. 524 YR RGN A b s i & K
THRBON L5240 MERMEFFERTER PM, 5B AIHSLH A CHMRE AR @
ARSI, 92 %6 #JE B IN R BORT I R 0 B 2 BRI PML, ; f8BR XURG: 1 AT

Zf LA, v LA Y H TS S A BT S C R0 B9 (U0 B 28 % A: 1 55 96 1 49 1iF K 5% i
7 T B R 5 2R A ¥ R B Xk AR R 5 10 U, A G2 3 ) BB A0 R R B 2K 5 1 XU



b EEE LSS R AT R AR « 5 .

GRSt T SR (E R AR S S L R KU B SR + o Bk = A BB AR R K Z —
F1A3 A 26 ST o A T 2 T e 0 G e 2 XU 10 Y S A AN BN T LA DA A OG0 5 4 v B G ke SR AR
A BB S BRI .

= HRABTS5HE

(—) BF 5 S8 s B i B okl

l. FEREAGZ5HNERR

5% LLPM, F1 PM, s A F B4 (HEN H 2012 FE 4 TR IER G it PM, 5 B AH C 8048
EBE I AR R AT, B A2 R R B AT LI R R A R A3 R L AR R
3¢ Jit (Battelle Memorial Institute) #1548 b WA 2% [ Br # 3K B} 22 {5 & W (Center for Interna-
tional Earth Science Information Network) B & £ ¥R 2001—2010 4E PM, ; 4E¥{H . %5 R
FI ] Donkelaar 25 A 157 B EK L 0 38 RS IS 6% J& JF (remotely sensed aerosol optical
depth) 3 it 4 B8 At 22 A5 7R 2 36 L f T 5 45 B RN BE T I X B PML, 5 AR (E . [F] B, i A
BA S B i A TN I AL A 2 BR 2001—2010 4E 445 19 PM, s (. [ G, A% SC B 25 £ BE
KPR EEIL RS E R EMN S EARE, REEERHEYPEALE 2001—2010
A 10 AN TTINECEY) PM,. o W BE CBRAL . pg/m®) BERE, 38 3 35 40 A 7 8 DA K =3 R AH 56 43 A
2 AEBT ArcGIS RGEF & i 3R B 55 38 ¢ F B B 8] & R 5t B0 % A2 4k SR AE LA K 25 (8] 43
A0 25 5 i AR KL O W A S HE— 25 43 17 55 8 45 IXUIGE FR R i

2. FERERGEMEOIATKZOME

A SCHE 4 AT 55 3 I 23 AR AU A B A L AR U TR I 55 2 1 A5 [R) 4 A 22 R R AE , 45 B SCERAT
FAOCHE TSRt B BRI AN 45 X8R 55 S E R 8, A BUR R B 58 B M55 v = 1 S 4R 5 id 18
B A0 X M 2 25 50 25 6 B VR 5 AR iR & . IPCC %8 T R4l i 45 48 H B IXUBS A & b, K
R R YA FE SR N TRt R R BB MBS = RER. NREXKRREM
FEORA BUK I F 46 AR K E MR R F, B2 0T 68 A fr 5 15 Ak & I 7= 15 2k 1
R AR S R 5 2R R B S Ak £ 20 U W 7 L W DR B Bl 1Rt A T BB 52 B R R B e i o B L 2
9 R ) 1) i KA PR 5 e 55 e R AR B BUR A R i s L N SR E R - RREK
A FR B IR BB R R AR A B 1 @ ), R AR A A AN L ORE X RE )P

DRI I, A SRR 40 55 98 9 S 1 R I DA B 5 9T 1) IR M 2, F T SR AIE R I 5 4 XU B R A 1
Fo BORKHEFERECD E & A (T80 R R % s R G O A JECE ) PM,, s # B
Cpg/m* ) VE A B S 3 1 SR8 e 7 5 2 SR B F 55 X 880 1 7 o 9 FL L o XA 1 GDP % &
(TG /N k™ ) A Sy R 9 A ) 3 98 Rt JBE 6 s 5 MG 555 i 4 A = 18 9 00 S0 M RN IR 52 0 WA T 4 9
e HC G N BE L CEAE NS LB D2 5 BN OB B 3D A8 B 7 LA B ok S B 55 4R
JRU G 52 v ot S (1 U R R R 0 XoF 2 9 P B T o B IRl 0N R YR T L AR ZK T 5 B B AR LI
O 4 B9 4 BR A B 2 1 £ 3T B oh 5 4B PM, o 75 e M B 45 7 35 48 (20012010
AF) o R I AR R R FE A G 555 B f YR AR L AF 403 1 1 R G AE A Bl (P R 2002—2011 R4
THEE.
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3. =% Copula S8 F F 456 R+ 46 Bt R L

AR SCAE AR 1) 55 8 XU T4 48 A ik R B R 22 L T B e AR B B L L Gk o A L R PR IS
) = 4IRS BE R, IR AT S B T SE B S 4 G R4l o 78 IRURE P AR 45 16 1 Bl 2
LG AT AT B A AR V98 BSR4 1 5 g XURG A A 0 o R I

(ORI

1. Bf 8] A 3] & 2 M = )3 A5 o A

i B 7 31 1] U5 43 B7 (time series analysis) f&—Fp ol & £ 4 B g . G0 i AR Bk
LA BN H E 2001—2010 4E4 8 1 PM, o (A EE, /0H7 %8 10 4F 1 55 86 Wk B I 28 1k
B E I TR B X B,

2. FRIAR £ 5 iE

Tobler™! 84 42 i “ b #2455 — & A (first law of geography) . Ak “{Efa] ¥ £E %5 (1] |- #B
S IR 1 5 B8 UL, DG TR R R AR R R 5 B BRI, OGRS . /T e AN 0 A A R
G REBREGHEE S HERNL ,PM, (EH o] SEFEERLEFME. ACRH T Moran™
M Moran's T 1550, LIGE PM, R 2R MMM, HitE AR N,
a0 wi (A —AX(A; — A)
- ZZIZ]Z::lw,,(A,——A)Z
Hepon HIFRMGA G X B ABRER BREZIMW 30 MM (FHEHET.HRX, G
)i, RAREEG ALA; BARS 7 NE BN DI PM, s ff; S"=(A,—A)" 304
B AN DAL PM, s {86 0 7 255 T 46 8008, F T & 2 )5 45 (8] A0 M KN, HOBUE
[—1,1]. TBUENIE, R A MIA; 2 F 2R 40, B8 5 A O ; BUE R 23T 1, 2R 1E [/ %5 0]
H AR SCPEBRGR , PM, s R B 5 & (SUEE SRED AR T BUA A, Rom A, FLA, &R ) 48
b, B 2 1M 6 ; BR(A R BRI — 1, 0 £ 1 25 () B AH DG PR BR 5, PML ; I (B S5 IR A (SRR 5
R ED ARAR s T BUE B T 0, W B 2 BE ML 2 A A HoA A G HE

w,; A 2 ) AN T R G IR R 0 R

I

(1)

1 BB ivg MR
wy = {0 MEG i AHED (2)
1 MEhi=j

FHEERBWEMNE A ILFMASE, EHESHAEGEEN U SHEEKEIHE RN —
N . & JRAE S A G B Y A GeoDAL 4. 0 528,

4 JRi2s [a) { AR TR A Moran's T S EIAR 36 /9 2 8K 2 1 1 00 BEARIE (B A AR
B )R X — 2B i) PM, [ R EAAERERR. Wik, X B RA Anselin™ 1 i LISA
(Local Indicator of Spatial Association) 3§ ¥ 56 th B 4 44 iy PM, . {H 9 J5 3B 25 8] [ 46 E 4
fit. FEXHE i B LISA #88HRE AN
= Sty (A — D) @
Hr,n,ij,ALA LS B SRTEEME . 1 23R 8UE, T4 5 0 X0 23 [ 0 1 KD,
I>0,F%% i KT EEGH PM,; & {H S & E Gl AKAE 5 A0ED A LB, B PM, (H 3 @& (5

1!




b E R S R R A A R AT 7.

PM, (B WA B2 EER1,<0, %R PM,; B S E 51K E (AKE 5 & E) #5425, B
PM, s (H# B8 05 PM, (BRI A O (3 PM, EBIRM A B 5 PM, . HEEHWE M &
ZE FEER.

3. =4 Gumbel Copula K 3% 4% 42 A

Copula bR 2 3K i 2278 BEME SR ] B0 A T ., o o0 % 40 A 0 A 4 58 PR, RE B i R B 2 A
[ A 2R Ll X Bl 5 2R R 0 R 3 0 4 4 A A T A TR I A A A R BT L LB A
G W RURG: 7K S BT AURAS B 2 B iE . FAT . Copula R B07E R 3 KUK DA o B9 0 B A 27
FET AR (AR EE R EBOK N T AR, 56 IR BUR KT R KK 4T £
A XU PEAl b

Copula A K2 T A o0 A A — B 2 BECS BRA E R— DK G BB 8 E UEh
L0, 1], HEEAEARN

F(xisxzssxn) = PIX, < 21, Xy < 155, Xy < xzny) = C(Fi(x1) . Folxy) ooy
Fy(xy)) = CQuy stz 0 sun) 4)
A FREBENAR X X, Xo BN 4E MR C ABERA M REF (20, Fy (22),
o Fy(a) 0 VLA R X, X, Xy F 34 8% 43 A R B AR IE AL w=F (x,),
u,=F,(x;) s yuy=Fy(xn) .

Copula 26 % = % 40 % # A A, Archimedean %! ( Gumbel, Clayton, Frank, Pl } Ali-
Mikhail-Haq) .#% {f %! (Gumbel . Tawn, Husler-Reiss,Galambos, A & t+-EV), P K H b 25 #Y,
i1 Plackett, Farlie-Gumbel-Morgenstern %5, H eh & &8 B (1) 4 #6 B B Archimedean #Y .

HFARRZEAE Copula REE S AFRMAEXR RN Z R, C AN KXW IEXNFRA Archi-
medean % Copula PR % # Gumbel %I 7649 8 =25 BB A 20 A i B — & v, Wtk
A& 223 K Al Gumbel Copula pR% 2544 2t =78 B IR 6 2 0 R 80 R AR -

Ci[C;Cuy suz) sus | = exp{— {[(— Inu )% + (— lnuz)%]% + (— lnuy )% }ﬁ ) (5)

A0 Mo, RS RBCP RS 8000,<<0,, H 0,,0, HKF D, KRR AKX (D,

AW ok 5 5 45 A U VPN A8 bR AR &R AL E WL Anderson-Darling (AD) #1518
JIE G 6 7 1 0 A BN FR AR B B AR o A AR, SR )5 22 iR B Copula R 0H 82 30K B 7 f& B 1
TR IR 5 8 B R MG 55 M — R B A K A 4 A eRBC JE R SRR b, B RS B AR T Y
HRHTF IRREZRBEMBEFHEORSERBER, UL ERBEMPESERET . AR
K50 JE T 1 % 58 KUK

Copula FRE MBS EMIT EE S IR K MURM T 06T U EES MG =F. Hh
B KRR T R B o )2 XS B R T i — Fh O ik, B, AR SR A B KRLAR Al 122
H 1450 . Copula BB B0 2 80E 1T 40 25 462k (EMD BT Bz . 164 BRI 9004 £ 2 3R
¥ AR 2 A Bias HEBISEBEA O MK 2 MM RERE HEAR M T,

1 n
RMSE = «/mzlzgcm — Ca)® (6)
I " .
MSE = —= > (Copy — Ca)? )
Bias = 31" (G Cuny (8)

Cos
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Hoefton AEEARL Coo M Coc 23 SR BRE 2010 B 250 BE R A BB 8K , RMSE M Bias {HU),
AR ALY 1L & BE LAY
AR RIS A R P, 2 X <o L) MR AT IR N

FCX, < 20, X <13 | Xy S gy = Ctartiz i) 9)

u,

LA X, =2, B Xy=x, B, R X, MR RBEATE AN
aZC(u. s Uy ~u3)

F(xy |Xz:l'zyX3:Is):W (10)
FEAR QO A B, AT A AR EWR X, =2,  Xs=x; B X, >0 BHEE P
P(X|>1‘1 IX3=.Z'ZyX3=l’3):1_F(l'] |X2=I2yX3:1'3) (1])

PO\ SR

(—) v [ 25 34 (14 e 1] 22 A 3 o0

H 2001—2010 4F 2 EAH (BREXR FH#E RIS 3L 31 MTELX B A O AL PM, ; B
BOUE o3 0 AT Sk I L A A 2 X PML, 5 R BE I R s 3 85 R sk 1 B
F1 FHESEE 20012010 FAOMM PM,  ZUTUHEZREEY

H AR R? B AR R? A AR R? H 6 AR R?
Wy —o0.417  0.181 B —0.076  0.486 W 0.023 0. 005 K 0. 264 0.053
ik —0.257  0.030 7E  —0.041  0.001 Ly 0. 031 0. 001 B8 0. 332 0.221
Jbm —0.227  0.030 B —0.041  0.003 T 0. 046 0. 009 [ITE: 0. 448 0. 082
TH —0.17 0.162 M —0.030 0.002 i 0. 090 0.010 L 0. 635 0. 448
Pi®  —0.136  0.361 J°Z& —0.026  0.000 i i 0. 094 0. 083

=®  —0.126 0.028 # —0.024  0.000 LT 0. 099 0.018

wd# —o0.114  0.042 P —0.020  0.000 1k 0. 121 0. 025
NEEd  —0.098 0.023 || ML —0.019  0.001 il 0.178 0. 066

H#t —0.090 0.038 || ¥R —0.013 0.028 g1 0. 243 0. 054

H T H B )3 S A X A R A X R A R B AR R AR T LUE
o XEAEX 10FRMEARREN. EARBRRNGER LR L8 KRB WUIFE
U o AB SR L ZR (R I Y L T e 4 i 3 M A5 T R R R A L 7 e e st T EL L
A O R T R R B E S ERK.

STRMERIA R E I R B EN (e=0.05) KK, IS B ENSE TN
(A DEBILHE M T E &R 0.635 pg/m*/a), M 8B EHKFE RS R =
0.448) . IITHA M F R BEF (0. 417 pg/m’/a) (HB EHKFEARRME; GEE N FREX
BARRAR P BT [ 0 3 8 P K O 30 2 B = 1 (R = 0..486)

33 A A DG BE R A A R VIR ML R 5 R T 5 T AL B KV = A S A B Y
REE®WGIERE, KIL=AN. RIL=AMWM)IE) Z—F X2/ 11545 B 1 £ EIE



