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1 515
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58.52% , W N 3k 8.13 42 ; Tl H 3] 2030 48,
rh T AR KR IR B 65% . BRI T AR K
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(Chan et al, 2008; Han et al, 2014),
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(RE 25 X3 R AR AR W IR AL, & Bls 2 [ 2R
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HRAMFIZEEH T il — RPN RS i 7
T B — R JBURL ) PMLs 1 EL A T D6 380 1 5 B
(Huang et al, 2014), PM, A N EGE K E 2554,
SR NE g B 7™ A= I8 2 ) 07 T, e R 3
O i 1078 R B8 R R, I 175 & 9 48 45 (Lim et al,
2012) o [AIE, PMLs A LG FAR 48 28 S5 e My £ bk
MERE B, AR e 1 28 b e #s E 25T X EH L
S/ESE Y 7D0 DN = Jaaa o Nt 1 VA N e 5 A NS 1 = A B €
YA AL, T T R VR FEE A 3k T 5 X PML
15 g e A H H ARG O S R 2 A 7R A
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35 (R 228 (MeNeill, 2000)(F 1), HEIESS K754
(43 BT T AH b & 38 B AR AR BT R R, BRI ]
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ALY (N SOy A E ALY (AN NOy) | ek 2 77 URL )
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5 YL & 7% (Han, Zhou, Pickettl, 2018), i £ X i i
FIRRIFSY , B 22 b O 1 T3k T 9 2 el JR B 25 Bl 2
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(1) 22 ROBEWF 9 (MR A T 4, 2016; JE A 25 45, 2017),
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— ZRINPERE B NNR T PMas 15 3L IBIESE , A 25 (8]
SR AT B A TR B R R A2 25 KB 2 A
SRy 1), FEAESh TR A A5 TR A5 -5 ik A (R
2)o AICHE FIREEG I HWFFEAYIEAL T A N
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JRy AT B A 2 IUIRTT B4 PML 9 B s T A 11X
S, R SEPPAG AR, S B Sl T PML s 775 %o
LR 1 DI R ), S BT 2 PML s ) 32 %875
U, DR R DX Spl T R gt 22 ROBE T2 1 0k
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Tab.1 Comparison of air pollution control approach between China and Japan
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Tab.2 Typical studies focusing on air pollution (PM.; pollution) in China

F2EMH I SCI SCHE (T3 8 S i PML s W KU )

iip s eS|

RHr IR R

Han et al. 2014; Lin et al, 2014; Han et al, 2015a, 2015b; Ma et al, FHRIE%E, 2015.

2016; Peng et al, 2016; Luo et al, 2017.

23 [AIAH ELAE B Han et al, 2014, 2015b.

TR RS A

ZEEE, 2017,
S, #2018

Lim et al, 2012; Wang et al, 2013; Fleischer et al, 2014; Fu et al, FEfEJK%, 2012;

2015; Brauer et al, 2016; Ford et al, 2016; Liu et al, 2016; Xie et al, ZS#4, 2013;

2016; Guo et al, 2017; Lu et al, 2017.
Han et al, 2015a; van Donkelaar et al, 2015; He et al, 2016; Lin et 5K JLAE, 2016;

al, 2016; Peng et al, 2016.
Fagiem WS PM.s

584, 2016;

XIIhEE, 2016.

Han et al, 2014; Han et al, 2015b; Han et al, 2016; Larkin et al, 7KH-FZE 2016a;

2016; Li et al, 2016; Han et al, 2018a, 2018b.

EAERKSE, 2017,

AR %
SGQHEZm Lin et al, 2015.
CREER Wi X N BESL B2 Han et al, 2017.

DELN

HHE2ER059 Y Han, Zhou, Pickett et al, 2018.

Lin et al, 2014; Li et al, 2016; Luo et al, 2017.

PR

TFHEZAE, 2017.
R4 2016b.

IMHEE, 2018,
e, # #E HIRFFAE 2018.
o

1 R ARMAGT N RIZR IS5 G AT E R A ARBRAEE AT H (41301199, 41771200 T80 TAE.

P =BT

(1) PM.s e BER 25 4% JRy A3 At

225 4 Jad 43 BT J2 A 285 2 R B 2 5 Oy P 1Y)
IYBEOT AR AL S PML s 6 R BOBESE o , JRAT A
YT X T ) BUGAEOR 507 A R 3 [A) 43 By
-5 X PMs 15 Y i B 25 4 Ry e T 4T, A < T
SRR S [ 371 119 PMLs ¥ B2 1 1 28 195 400, % L i 2
fea#e, B AR (9 -+ 1 55 280, A A AN TRl 2 =
T PM, sV B D Bt — 20 43 W b 9 i RUBE A PMs
W43 A7 100 45 (Han et al, 2014; Han et al, 2015a).

(2) 30T PML 75 G I 140 DX 34 k5 el
UIWIRS

ST PML s 755 e Xof i 300 DX 52 e A2 1 98
HURAIE SRR R S L 7 T R, (B LA
G A R T A R, U IR AE 4 N X RUEE
TIPSR ez o A K T, FRATT A
6 JR 43 BT % BRI T PMLs ¥R 2 0 285 v 1 LAt b 2
Y, Ry 5 VTR PMLs 15 Ykt HLJE 70 DX 5 e
JE AT RUBE A T I L 31 DX 5 PML s
V3 25 ST A AR R | 3 2 AR ] e b Y 3 T
55 HL 31 DX 3 PM, s 75 Y 1 AH B 52 1 5 R (Han et
al, 2014), AR

Dy, = Up, =R, )

s Dy, AR5 R 11 DX PML s ik 22
53 Up,, I Ry 53 500 2235 358 T ARG J) 3200 DX 48R 1Y

PM. VR o 24 Dy, >0 B, F7R KT PM.s 55X
JEL XI5 00 5 Dy, <O B, R T PMas 75
Qe FLJA 1 X IR PMLs T5 B 52 5 Dy, ~0 FiF, 2o
I T 5 LR X 38 PML s 75 e 7K AR [R) 24 AN 37 31
PM,s 75 YL 52 o 5 B30 B %) 2 0% DT At A5 A A5 DA
PM.s A 5], (H AT E— B4 S 2 Ik Ak 5 | & ) Hoft A
AR A3 T A I 4 YL AR Il ),
R TF SRR T AL 5| K 1 A A5 IR R i 1L T g
Prasl,

(3) Z NSRS PM, R 3 SEBE 1 /0T 07 1%

INE 25 22 RS ff AT b P2 5 A S 2R B R 2
[ 2R, AT B 2R G T A RN 2 98 B 3 2 o) A
KA B, DA R F e RAEAN ) RUEE Z [R5
T S5EAR K FR Ty L2 4k i PR RN B2 R AR S
SEMIEA AR S, Nt AR
FIHB I A 18 3BT 5%, FEAR R RUBE Dk i b A
WIS PML VR E R AN, TR R . O 4
BRRUEE I BFFE 43 BT 2 BRA [7) DX 353 780 SR 7 3
AL HERR 5 PM, s R 1) 52 12 5K & (Han, Zhou, Pickett
et al, 2016; il [F], 57 &, {58, 4, 2018); @FE X I,
(EZ)RE L, 0 145 Mg iy ki FHHpss |
PR RS =k L S PMLs R 8 2 C R
(Han et al, 2014); @73 i REE L, DAt R i
ST T NN HERL PMLs Vi B S AT, 4387 T 1973
SRRk AL T A HER PM, s #e B FO 82 ML, I 4
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BrH5 N D40 . GDP | BE TR T FE B 2 R 42 8k
S5 I T Ak 38 BR B9 %E R 56 & (Han, Zhou, Li et al,
2016); FERLTT IR A SR R, 58l T Y5
Y S B B T SO0 SR AR B PML s TR
A5 (Han et al, 2015a).

(4) AT PML s T5 9% A I 2255 1) TTRR Y & B
DR [WIRZS

T AR HE R 55 T PM,s £ HU i B 7 A —
FE 52, T4z 20 21 (World Health Organiza-
tion, WHO) % 25 S BT f2t A 11 % PMLs 175 Yl 5% g Wk iE
GYIAT T T 5 R E [ PML sV R R 55 5
PR FRATTR] F WHO 55— By B (IT-1)PML s Vi BE s
(35 pg/m’ , M L AR AR IE(10 pg/m?) B4 15% 1t B
B 1 A, AT T PMLs 15 Y 5% 58 1 58 1240
Bro L5009 PMLsi5 Y N I 252 I BAR»Hr 2 55
AT, SO JH: 2 BT PR PMLs¥5 G 1) fin )
ARG I, 7R &Ik A | 2 ny N B R o
A BTk, b, # L T E AR (),
o TS YR X 75 YRR ORGSR X3
(97 1 A TR, APPAR IR T A% PML s 75 4 A\ H 2%
% 1) 7 7 DTk % (Han et al, 2017).

AP=P,-P,=P,+P,=PI(l+a)+P, (2)

K AP 2 a B[] g N 2R B4 P 3] b B[] g
N R PN 8K & PR P, A3 AR 3
AP T H AR G FERS N DK E RS A
38 7 o [ S B A7 B T AL A SR s R
PR IR SRy 3k T A 6 PML s 75 S 1 N T 22 58 5 B 1P AN
FEHT 3 0o a B [B] 50T b B[R] A 2 60365 7 B[R] A5
HF RIS,

3 Hes R TIT AL S5 T i L

3.1 HEPM.sRE HIR =48 B4F1E

PMLs/E 0 23 S5 e i i 205 4L ), 1 5E
B b AR L 2 A% SR R AR, O JR L 5T B
SEMRSZR SR, FHT, PMas iR B I 2548 Ja 0 1 4k
3 H SR PO AR 7 1 O AR 27 RS 1 S5 e
Ao AL 15 BN BRI 2 W 2 T,
R FEZR AR 1 25 00 W, x4 W)
S R R ) T A R B M R 1 A RS R
FERIA , [R)ih— SO e LG A ERBE W DR T i 13t
TSN EREE W A% AT YA T W, AR R
TR RIS PR A Ry o 3K BT SR

L1 b T M I AR PT LATE RO AE A 7 T R
JE B BB A M s R AR IR A A S Y
I PRI, (H PR T2 400 Gl i HAT ORI 25 8] 57
JEet , AXAS AR KRR 8 T % M 00 S AR X o
Z0 A5 YA 23 (0] B oA . @AM/ AR AR
BRAUSAR o SRR ARl A 2 AL 2, X
DX AU AT P05 RSN, IX RSBl AT
SR I I TR R 25 [ S S, SR 4R s (A RO 255
P i) EE T HZ —  (H X RS R IE 5 5 28
re O RE RS 5 S R B A A, U HE 2T RE
IR PR, ARIBOR A ) RUBE 2N L2l B g 5 (1)
I3 AR 0 23 05 Y Wl R AR R 5 B M B AR o
@HEROE BB . R HEBOE Sk, 2350
GETTAHOC U A DL A HEE DT vk 207 5 A 28K
MR 75 G 5 HE R IR A S e 4, SR T B IR HE R SR
SRAEAS PR (X P71k 32 HR O S ok
PR AT 1 A BR ), A LR R T e R L RETE
Rl MR EE AR LS TSGR o (38 S
BR o BEA P REOR A HE— 2D i, B 28 5 1Y
TR BRI B E 75 (AOD)5 PM.s i
Z [ (4 e W) R A A G FR ST AR AR [ 4
Y PML VR RS © 220U TRt . B AT,
| Moderate Resolution Imaging Spectroradiometer
(MODIS) . Multi- angle Imaging SpectroRadiometer
(MISR) #I Sea- Viewing Wide Field- of- View Sensor
(SeaWiFS) kA5 11 AOD j= iy , i i HuBR fh 27 A% fi 15
AI(GEO-Chem Chemical Ttransport Model) A1 B i
A 8] 5 % Y (Geographically Weighted Regression
Model), AT 4k RS LSRR 4B 55 1) PML s ik 2
Bt o FRATTIT R FH 9 PMLs ¥ B B3040 g 2 1) FH 3 i
05 1 34 W B 77 L 3207 i AT LE I 5E K Dalhou-
sie University K< 1% 43 53 B WF 5% 2H (Atmospheric
Composition Analysis Group)#9 P s 6 9% T 2kl H
S BRAZ B 1V FE PMas 52 M 1 DI = 2250 A1 T
SR VIR R 5 DX, R e A
EVRE 195 G die R o X A HE R PM 5
W B AT v & B ] PMLs T G 1 X 00 SRR 22
SR FE (), BARR I N : D1998-2012 4F (91
PM.s ¢ BE 1%, HH LA 31% A9 6] 4 T B PML s ¥4 3
DT 5 TAR LAV R AR HE(10 pg/m’) , {ELIX 6 3
X EEI AT AR FE BE R A DY IX, A 26%
) FE - T R R T WHO 55— B BE HAR(3S pg/m’); @
1998-2012 4F:, 1 [ H5 73% 1 76% 14 3 7 Al HH 2
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Fig.1 Global and China's nearby regions' annual mean PM,; concentration in 2015

PR (2 T 1 A B (P<0.05) , He o i i XS 1
BHAEH K 1.8 lng/m’, A& H -3 ARG 1.7 1 pg/m’;
FEXT H E b2 T A9 A CH HEK PMLs B BT b &
M, 2550878 350 A T HR A 24 S HBEL TR
A PM, s 1R B K B 1AL T A 4 2L A BRE AR | 166
AL T A PMLs Wk B 2o 1 53 TLAE ZH 2 5 — By
B HFR ; @ PMs ¥ B2 Y X 38k 3 22404 P01 |44 Y
AR AL T HER IR A T At

A8 3= 23 M T AN () 4 7 25 28 TR Y PML s
KB, T A A R X 37 R PML s i
BU FE A TR) At 30 T DXk 1 R B v 1A X B, i
AT 2 PMLs V5 Y B B AT S, . AR AR
A RT LA B0, 38T 1A DX ek f) PV 946 JBE 16 K5
I 2 LA I A X3z A A R 2% A S
BN, PR HE— 256 R IR T PMLs 15 G H
Ji1 320 DRI s e T Je o 40T

3.2 FREET PM.si5 334 H E i X5 &2 i A9 B ==

AR BFHE

XTI TTT PMasT5 3¢, — i i S AT
FIR) Bt R DXL TP RN 75 e B S IS D7 T o 7 A
SRR A 5 T, — LRI ST A WIFSE PML s 8 15 22
PRI A ) LR PR SRR A A O, PML 2
OB AU o O ST T AR AH DA , PML VR B 53
B RAET N PV ARG RS 4678 PMasTo e
TR EIET AEGE V27 S L R XURS: , 72 NS
2 e W AU D7 TG 0T Ji 1 R Y S i VP A
(Forouzanfar et al, 2015), AT, X LERFFE Z0E T 25
5 YT A SRR - PMLs T A6 XU VR B A5 A
AN SO o NN B e AN =279 AR s I 713
M DX R, I T Gl 0 140 DXl A J 3 Y
Wil o 35 T BT — EBCA 79 3 R ny A, R
BONAT R, 202 TR X AR S A € A AN T
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BT FRATTE A B A AT TR T PMLs T Gkt HL R
1 DX () o] REPE A, S TR TR T
E P TAF(Han et al, 2014; Han et al, 2015b),

WF5E &% B, v A 223 AN T P PML s 1% 5 5
TSR 0 DX PML s VR, AL 41 N3 T PR Y PMLs
AV R 30 DX 3y e s, 3 B vl 3 i ) G
1 DX A 2 S5 S A TR 5 1 e 4 o R Bf
BRI TIT PN PMLs ¥ g JHL ) 0 DX 3 ) 1 2 i 32
G e | o L 51 s iR < R R
JEE =P 25 B R e IS BRI T
3T PMs o JEL J 0 DX i 9 25 1) o S AR I . F
— 35S M IR T PMLs o ) 30 DX 3 fr) 52 i) e 9z B
1999 4 H1 [E A 142 A3 T 3R T P 3 PML s ¥ 22 7y
TR X, 1 2] 2011 4R A 285 N3kt ik i
PR PMLs 1% 3 1 L Ja] s DXk, e H R 4% 20
7, 2800 ) PML 3 KR8 = (181 2) . [RIET, 3
Tl 2 S S 5 A T T e LR 40 6 1 v S S B
ol A 3T ) RS A 2 I S i s e ik G 4H
IR T B L 30 7= A T E ) 5
33 2. X WHEHBS REHTHS

PM. ik & B KB 51

ST P e A e A AT A O X A
FEO7 AR A R AT PR AN K
FEE R, FESRTIESE B Kk I — el T &
JBE 5 PMLs Z [R] TR AR SR  AEE X R 2 B HiT i A
ILAE AR e, Pt G IR T b 5 PML s iR
FNEAEAEAT ARER E A7 Ik ik 5 PMLsT5 4
BB EA —E M H W7 Ak, WA T

150 1

TR, DAUFBHIR T A PMLs R 1) 2 2 IR
FELE S

(1) IR AE-5 PMLs MR B 0 22 RS 5 o 5 R T

RERFEAS R T AR S 3 T PMLs vk B 1 G
REEERRJE L i IREEE T 2R 456 KT i
WA S PML R BE 22 ] ) Sk, 25 SR B - 3k
FIITT N U 0 5148 5 11 PMLs YR 1 2
FA; kR E ZE AT RS I 5 PML sk
AR 2 B AR O R B E . B
PRFEIA - FEUARL T 2 A RO i i A 3
5 PM, s IR AR AT B S MR A, SE 1 I KO T
N AR PMLs ¥ B R I A AR 1w sl ) o
W F B M B N TR, PMLs VR 8 3 1 T (&
3). L, FER T LS PML ik BE AU i 7R o,
N 22 b~ > Ok R R 22 56, SR TR) A 2 s S T
KRR T 28 ST

A IR AR 16 5 PMLs vk B 19 7
WA, NIk T b5 25 S R IR s PR R 2
A AR E RE L U T R B AR5 M BT T
JRE R S AT, 5 AR R B IR T A R X AR S ek s
AT A C kT A T B =
0.99, P<0.05)F1%5 — 7=\l HL 5 (7=0.84, P<0.05)] 5
W s AR R AR G . R B 3 A
Y2 FIN 1 R 2 (BN T B i AR ) % ik
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Fig.2 Trends of PM,; concentration differences between urban areas and their surrounding regions in China's

provincial capital cities, 1999-2011
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Fig.3 Relationship between urban population change and
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PR AT 8 Ik T A iR R BT PML s Tk
BEZ IS 2, e RUBE , DAAb T Ay M 451
FE LA TR A S B S R IR T
JUETH 1973-2013 4E /) PM. s 16 AR Ak, I 3sk T 7k £
FERRAT T AN F SRR X PML s A5, % PR
REVRA S PR EE SRk T A5 B 8BRS PMLs
WP (AR 2 BB ARG, R 2 B0 2004 4F 31X Fh (. 3%
KRG KA BER, X —Fr e At et
Tl TR i A 3 T 2 S0 Yo AR e T

R T I3 T T G O R ek A T P S
NS SR FE R} 2% S P A8 R RS, 785 5k =
WA e Xt PMLs 75 Y il A8 B 52 v i Sl 8 T XL
BUNUERR GRS B e SO e KR %M,
FEAB R S S WA JRy o ) 25 375 Y PR 2 31 B0
BCE A RZ I o BRI T bt T A A 3 X s A
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Relationship between urbanization and urban air quality:
An insight on fine particulate dynamics in China

HAN Lijian
(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences,
CAS, Beijing 100085, China)

Abstract: Urbanization is essentially a geographical concentration of population and industry, and change of
landscape patterns. The proportion of the urbanized population in China has increased to more than 50% during
the recent decade. The rapid growth in such a short time period has not only led to an improvement of material
wealth and a higher standard of living, but also caused severe environmental pollution, particularly the air
pollution in many urbanized regions of China. In this research, multi- resolution remote sensing images,
meteorological records, environmental monitoring data, and ground survey records were employed at multiple
scales to understand the relationship between rapid urbanization and urban air quality, taking PM,s concentration
as an indicator of air quality. The key findings are in the following three areas: (1) The spatial-temporal patterns
of PM,; concentration in China; (2) The spatial- temporal patterns of the relationship between urban PM,;
pollution and rural PM,; pollution in China's major cities; and (3) The linkage between urbanization and PM,s
concentration at global, regional, city, and local scales. The results of this research also encourage different
approaches to urbanization study in order to mitigate the negative impact caused by urban air pollution, both in
China and in other rapidly developing mid- and low-income countries.

Key words: urban air quality; atmospheric pollution; PM.s; ecological city; spatial temporal pattern; urbanization



