5538 B 13 W) S &~ £ Eild Vol.38,No.13
2018 4F 7 A ACTA ECOLOGICA SINICA Jul.,2018

DOI: 10.5846/stxb201706141086

SIR], whar A, TIOT , AR AT, 20, R R BT A 28 95 Y AR 5 DTk A0 5 1 7 bR 90 A= 25241, 2018,38(13)
Bie T, Han L J, Tian S F, Zhou W Q, Li W F, Qian Y G.Method for quantifying the contribution of urbanization on population exposure to air pollution.

Acta Ecologica Sinica,2018,38(13) .

AOBHUNEZRSTRABREETRNESE T IETR

— 2 =~ 1 s
ORY L EHEE wRsy AsE, B AR
1 P ERLER A S IREEHIT  BTT S XA S E R E SRR, Jbat 100085
2 E B R () HsRERE SR =R, st 100083

FEE IO T h5 1 & — ZR B AR A IR IR, R S AR A LAR BRI 4 (PM, ) AR R AT 5 K s e Al i, A
F95 Y T R — 7 T PR AT e S R 5k, 53 Ab— 5 T S B T3 i Ak 51 & 9N 5%, B AR BF 2% 32 05 56 T TRl 1 ot
Wik, 206 T F ATk, R AR T g r 1k A a8 TS Y AR SR Sk A O Ik DR EGR [ PM siﬁi{é?wﬁﬁﬁ@
OB TR R T SCUEAR AT, il ad A 2000,2005,2010.,2015 4 PM”/M“%M\D*HM%%&%%U&AD B AR RBIE
VEAS T IWTTRB 1 R WA DB 2 S5 P ABER BRI TRk, WP A R R (1) RUEE X 37 ;%é%ﬂﬁﬁ&%ﬂj\uﬁﬂzéj}%,
KB ORRETF PM, 755, (2)WMiiks1 &M A DTS A SRR STHk 3R 07 . B4R L, 2000—2015 45, 5 HE3 4 1 i
BRI N EIER ST 48% , b 5 T RIRELTT B A BB 5Tk E 400 R 94% 1 88% , i A6 48 15 e M\ B BB STk R Ry
=32% , HAPETE AR LR R R BT I IR RS ST R I BT 100% , T A6 4 1Y 3E 8% STk 3 - 269% , JEHAE 2010—
2015 4F, 64 K 1T N H 3B RS DTRRR IR ] -6613% ; 7215 YL Bt X, JL s T FI R HETT AN RS BTk %53 3110 86% Fl 84%
T A6 15 Y i N T ST - 757 % , ABFFR @S T 8 AR ik e /R T 3k A e s 05 Y ABERR 8 P i 2 s sk,
FHET SR Ib & JR A 1 1 T B, by A B st B 1T Al X P N 0 Bl 5 2 A5 Y B T A S

FER IR ORI A (PM,, ) 3 2 TS Y ABRRR R N TLER TRk R

Method for quantifying the contribution of urbanization on population exposure

to air pollution
BIE Tong'?, HAN Lijian" ", TIAN Shufang”, ZHOU Weiqi', LI Weifeng', QIAN Yuguo'

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China

2 Earth Science and Resources Institute, China University of Geosciences ( Beijing) , Beijing 100083, China

Abstract: Rapid urbanization has negative effects on the ecological environment, especially the air pollution in some areas
of China, where the air has been widely polluted by the major pollutant known as fine particulate matter (PM, ) in recent
decades. The population exposure in the contaminated area is generally due to the expansion of the contaminant’ s area, but
is also highly attributed to the population migration caused by rapid urbanization. In this study, we established a quantitative
model for evaluating the contribution of urbanization on the population exposed to air pollution, and selected the Beijing-
Tianjin-Hebei urban agglomeration, which has been suffering the most severe PM, ; pollution in China and undergoing rapid
urbanization. By using PM, ; concentration, population raster data, and population natural growth rate data from 2000 to
2015, we quantitatively explored the contribution of urbanization on the population exposed to air pollution. The results

showed that; (1) the Beijing-Tianjin-Hebei area affected by pollution and population changed significantly, resulting in a

B&TA FER A AR FG 0 (41590841) ; FZ A ARA AT EUUH (41771201) 5 B E UL T B¢ B (2016 YFC0503004)
W B H#3:2017-06- 14; ] £ H Kl H £ : 2018-00- 00
# MIRVEH Corresponding author.E-mail ; 1jhan@ rcees.ac.cn

http ://www.ecologica.cn



2 S % 38 &

large number of people exposed to PM, ; pollution. (2) Contribution of population migration and natural growth caused by
urbanization were varied: in general, the total population migration contribution rate, which is the percentage of migrated
population in the total increased population that exposed to PM,; pollution, of the Beijing-Tianjin-Hebei urban
agglomeration was 48% , the total population migration contribution rate of Beijing and Tianjin were 94% and 88%
respectively, and that of Hebei Province was —32% from 2000 to 2015. In the continuously polluted area, the contribution
rates of population migration in Beijing and Tianjin were close to 100% in 2000—2015, while the contribution rate of
migration in Hebei was —26%; in Hengshui City, Hebei Province, the contribution rate of population migration was
—6613% in 2010—2015. In the areas into which pollution expanded, the contribution of population migration in Beijing and
Tianjin were 86% and 84% respectively, while the contribution rate of population migration in Hebei province was —757%
in 2000—2015. This study establishes a quantitative approach to reveal the quantitative contribution of population exposure

to air pollution caused by urbanization.

Key Words: urbanization; fine particulate matter ( PM,; ), population exposure to air pollution; contribution of

population migration
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Fig.9 Contribution of population migration (M) and natural growth (N, ) to population PM, 5 exposure in the pollution reduction area

in Beijing, Tianjin and Hebei Province and its local cities
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Fig.10 Contribution of total population migration (M ,,,,) and natural growth (N ,..,) to population PM, ; exposure contribution rate

in Beijing, Tianjin and Hebei Province and its local cities

UM ) <15 A LR TEIRE, N )« 15 AR X AT R0 K Tk

http ; //www.ecologica.cn



13 1 BIE A N A 2 05 R N 2 5 DT RRAY 52 BT IS 13

4 £t

A ROEAR T A X 25 S5 Y N R R m ik, FRATTEE S T IR T A 6] s K05 Y AR R R TR I A IR
I DAL U R SCUERF 5T, A 20002005 ,2010,2015 4F 5 PM, S 508 N\ 1 A& S50 56 TE A5 A0 () mT 4 7
e, AR E LA R 45 .

(1) WHFE BT gl 7 ) PPAR S R EAT T A 3t Ak AT Y 2 8 TP ANASE Y m] LA 00 f R s A 1
F ORI AR X N 175 Yo 52 55 1 5 12 DTk, o0 TR R T Ak 5 | e B IR B8 75 Y 2 R #2411 7 sk 1 I Ay
Tk,

(2) FUESEIR TR TR S Y as ARk, i PML V5 e R X TS 49t X i N D3T85 [ SR 38
KX PM, (288 BN D DTiR s W] 22 2 3, BARRIA

1) 15 3fREEX ,2000—2015 4F, Jb 5t iR R HE T AN H S BTHRAE 53 5110 94% F1 88% , 1T Rl AL44 1 A
FHERS STk Ny —26% , Ho i KT e i IR & T HREE T O i sk 28 A ir AN A8 STk 4 e,
Vi K S b [X A AT N D2 | X e T AL 80

2) TG YUHHE X, 2000—2015 4F, 65T AR EETT B9 B RS DTRR 370 5118 86% Fil 84% , i At A H
HERRN-757% , Hoh A T IR G HBHR A 2R 17 B8 5Tk R YR T 1009% , 156 B 33 26 1l X (19 75 4 3
XA TR AN TG 5 T A A Tt 3 A T 3 ) 235

3) BGIERS BT R T, 2000—2015 4F, SUEERIN T HE S N FERS STk R 48% , bt T A T ALY
N H R BTERA 550 R 94% ,88% AL B B N HIERS BTk %k - 32% , I i 7Kk i My oo i B N HE
TR T, DL X s X AR AN 5 2 iE AN 8

2 3 HR ( References)

[1] Han LJ, Zhou W Q, Li W F, Li L. Impact of urbanization level on urban air quality: a case of fine particles (PM,5) in Chinese cities.
Environmental Pollution, 2014, 194, 163-170.

[2] HanLJ, Zhou W Q, Li W F. Increasing impact of urban fine particles (PM,5) on areas surrounding Chinese cities. Scientific Reports, 2015,

5. 12467.
[3] SF0, e, B, PhFEse, S, JUE. dbati KO T (LR B 5 0K 75 Je AR SC PR o0 . AR AR 3R R 24, 2014, 23(5):
806-811.

[4] BT, B BT R0 E T2 d = U, BUCE S Tk, 2014, (10) : 49-50.

[5] XuDD, Dan M, Song Y, Chai Z F, Zhuang G S. Concentration characteristics of extractable organohalogens in PM, sand PM,, in Beijing, China.
Atmospheric Environment, 2005, 39(22) . 4119-4128.

[ 6] FhEM, FzAe, wnmr, Dok, FSEI, RE DR, 5 BRI USRI A UATS Y 075 GokoF BokIR. SRR RLERTSY, 2012,
25(3) . 245-252.

[ 7] AR BN PM, T5 3R [ AR BUR S A B . BREERl22 57 B, 2012, 37(6) : 111-114.

[8] CaoJJ, XuHM, XuQ, Chen B H, Kan H D. Fine particulate matter constituents and cardiopulmonary mortality in a heavily polluted Chinese
city. Environmental Health Perspectives, 2012, 120(3) . 373-378.

[ 9] TieX X, Wu D, Brasseur G. Lung cancer mortality and exposure to atmospheric aerosol particles in Guangzhou, China. Atmospheric Environment,
2009, 43(14): 2375-2377.

[10] Han LJ, Zhou W Q, Li W F. City as a major source area of fine particulate (PM,5) in China. Environmental Pollution, 2015, 206 183-187.

[11] vanDonkelaar A, Martin R V, Brauer M, Boys B L. Use of satellite observations for long-term exposure assessment of global concentrations of fine
particulate matter. Environmental Health Perspectives, 2015, 123(2) . 135-143.

[12] He C Y, Han L J, Zhang R Q. More than 500 million Chinese urban residents ( 14% of the global urban population) are imperiled by fine
particulate hazard. Environmental Pollution, 2016, 218 558-562.

[13]  EBRE, skERE, EFH, S%, B, XIF8, Mg, R4 sURFE IR ST P e 28 S0 R B B R B2k | 2014,
29(3) : 388-396.

[14] EPUR, EEA. BE PM, 75 R BRSO AR @R %, B SR, 2014, 32(26) - 72-78.

http ; //www.ecologica.cn



14 A E = 38 G

[15] van Donkelaar A, Martin R V, Brauer M, Hsu N C, Kahn R A, Levy R C, Lyapustin A, Sayer A M, Winker D M. Global estimates of fine
particulate matter using a combined geophysical-statistical method with information from satellites, models, and monitors. Environmental Science &
Technology, 2016, 50(7) : 3762-3772.

[16] Han LJ, Zhou W Q, Pickett ST A, Li W F, Li L. An optimum city size? The scaling relationship for urban population and fine particulate
(PM, 5y concentration. Environmental Pollution, 2016, 208: 96-101.

[17] Shen HZ, Tao S, Chen Y L, Ciais P, Giineralp B, Ru M Y, Zhong Q R, Yun X, Zhu X, Huang T B, Tao W, Chen Y C, Li B G, Wang X L,
Liu W X, Liu J F, Zhao S Q. Urbanization-induced population migration has reduced ambient PM, s concentrations in China. Science Advances,
2017, 3(7) : €1700300.

[18] EWSIK, TK=E, BHRE, ZHERY. 2013—2014 £EJLRUHBIX. PM, s IR 25 204 KUHE B H SRR 36 B2 OC R IBTSE. AR HREE A4, 2016, 25

(1): 103-111.
[19] T, @&fid, 255, T, 28k, T, k4. 2007—2014 I HLIX PM, 5 i i vk B AR (L RRAE. SRR RL# 8 52, 2016, 29(6) .
783-790.

[20] FE b, R, BRI, 2. 2013 4EJ05TTT PM, s (ORF 28 2046, HE2A4, 2015, 70(1) . 110-120.

http ; //www.ecologica.cn



