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Moran's | K&, 2014 4F 12 A (FH 2 () 19.86, H ¥ KT 2.58, KM H EHL T
PM.s 42 Jry ¥ FEAF7E 1 2 M IE 25 (8] B ARG (R SR R BRI AE 5 ) . Spatial Autocorrelation
Model 255, Gi_Bin B H FIRBIG T 8 PR 5 . B XA +3 31 -3 rp iy 22
KI5 B 99% I STt B X TR +2 3] -2 A (1 B 2R s {5 R 95% M 481 T
WA, EAR X131 b B R S R A 90% M Ge it Bk s e X A 0 gt
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3 ZER T

3.1 HEHT PM, K B K R E 2R 1L M2
2014 4% r1[E 190 4> WIS T PMsAF KT 0 61 pg/m?®, AFH9 E B 119 10 JE ST oy

&1 2014 FPEEEWE T PM. /K E= B BiAXHEE

Tab.1 Spatial autocorrelation index of PM.; concentrations in the major cities of China in 2014

At 1 2 3 4 5 6 7 8 9 10 11 12
Moran's | 016 030 024 009 005 020 031 026 016 016 026 0.6
Z(1) 1594 2985 24.03 10.78 559 20.66 31.10 26.11 16.18 16.16 2594 15.92

HH %% 119 110 123 36 15 126 120 123 70 63 121 124
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WG B AL WS k. FEM . . B WK, YT, A8 LIk ARy
{HRTF 100 pg/m®. HR4E H BT PR 28 S AR i (GB 3095-2012), b2 K IRE
XA 228, —ZEDCON AARIRIPIX . KU 44 DRI A RR ZERR R O 1 X 5, PMs iR FEE
AR FRAE AT H HIBRAE 54 15 pg/m* A1 35 pg/im®s —2RIXCNFEAEIX . filb g s Rk &
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M AR TREIX Geit, 20144840 =0, 1 Fig¥ . PR 280, VLA 17 0Tk
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AR T 2RI IR X Y H 4 FRAE
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FEY5 Y (150~250 pg/m?), FEEHI5YE (250~500 pg/m®) ., A4 190N H ¥ PM,s ik
BE, B AEAIRTT AT R R B, GRS, 2014 4F 190 M s R R
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Fig. 2 The distribution of the daily and monthly PM,s concentration change in the major cities of China in 2014
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IEFRK 86.84%, FKZEFIEZE4 5] 76.65%F1 75.57%, 42=55.51%; MHEXRFE, 6-8 H
IR R T 80%, Hor 8 iATRA90.32%, 4x4Ffkf; 4. 58110 A H7E 60%-~
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Fig. 3 Monthly statistics of the proportion of days covered by PM.s pollution in the major cities of China in 2014
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3.2 HEH PM,sik BRI Z 85 F

321 2014 FEPM,sFiE) o B ME  MAFEMERE, WS AR T E PMos VR B =i (E
X AMEAE X AR PG A o B4k o S R4 AR A VT AL O PR i 3 . P Bk i
e K AR AT A T ARSI T A5 b DX 2 2014 4F PM,s 1 155 15 Y3l i 2R
£l (Klda), FIMET2 pg/m® L E AT A7 E I P o VT LA R Bl DX R R 4 LA v
HIX GHRHERERSN) (3R TH PMos R AL F AR

% GB 3095-2012 4E Y FR{H 35 ng/m*Geit, 44F 90% MY Wi PM.s i B2 bR (151 4a) ,
W AR AT 246 Ko 44 IR AR KUK T 300 K, FEAEPETHEIE, K=/M . F
Ji . VTHERH YTk i A K, S U L AR L PR SR IIRHRER
PR RBZ T340 K5 105 M AR 200~300 K, [ 240 TR =4, ILAEEE . IR
L . R S K RINAESESER T R X s 41 3T AR 200 K
VIR, P EREMEITEM S HIX (K4b), HASREZH. 0. Rigaf = 4%
TR 100 K LA .

2 PM.s W 5 447 H (E PR RS T, 2 EFE AR 93 K, Hrp i gs s fE vt
HIX ARG . ARE . ESE 1043 H B E AR KECK T 200 K5 70 43T #E b
100~200 K, FrAifEd = . AR . IR ARCES . KIDHE. i, ANy
HRAERR T EHBIX ;1103 T HERR 100 KA, SEHTERTUTIE . RGOS H
THIX , Ho g | KRPE. SEHAE A7 AR/ 50 K5 Ml . WV, ML g H L E
T, B, BE. B, AR 10T AR A 2 10K (El4e).

322 2014 FEPM s ZH R ETHME  HF G2 EIRT Y PM.s H ¥R LB,
2014 4F PM,s 15 Y [l R LA R i), BB/, HHKIET A ME, 42 (88K)
PM.s H BIEFEIEARFE A 44.49% (39K) . AR 50% L - %) 81455 15 bk i i Ay 24~
fedb A X . AR 30%~50%1Y 61 T AE AR =M . AR L AR B RRE B
HiIX 5 bR 30% LA R 1 49 DI o A AE AR RS TR IR Al = i S b X (&15d) . F % (87 K)
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Fig. 4 Spatial distribution of annual average PM.s concentrations in the major cities of China in 2014
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Fig. 5 Seasonal changes of air pollution in the major cities of China in 2014
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X, A X AP R X, ey . USRI VL R T R R A S Y X, K
AR AR BT ERZ, AriniB Moz X s S e (Klea), 2H (K
6b). 3H (El6c). 11H (Kek) 12 H (E6j) i5HuBIK LA, FIB kR4 30%-~
40%z 1) Hod 2 A Eyg i R rp e i s . K= R Ky, s, e L
Kl AL i ie, 3 H BRI mAEdL AR X 45/, 4 HE9H (Eled~6i) Wi, &
75 YLk T 40 A7 Y LA PR e X [ B B b X R4/, 10 H (K1 6j) . 11 A Fi12 A #Hikx
KA TE, 435100 26.96% . 34.25%F1133.74%, Hih12 AR E 11 A b, H RSy
U R X W E RS, 511 A APEC & iU db st . K, Wdb. IivE . N5
W RS 6 8 X T [RI A R EA) AR RA T . A il Ae T35S Ye gl S5 SR IR B A b it
HHERR, RIZ, W4T HEBITREMEO T, kT PM,s ) H 80 25 09 H 2
5, BHIE T PM,s 5 K HA AR AL (516).
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Fig. 6 Spatial distribution of monthly PM.s concentrations in the major cities of China in 2014

Boy ik 28.32, 16.65, 27.25. 20.91F127.22, 23[a] b HAG ALY RARAE, #UE (Hot
Spot) EFAEFPFE RV AIR I HLIX . K=MK PR E X e —RK i
AN A LXK o 5 A& b DX (%) = A W3k 7 0 PMLs VR i R AR RIS, X
FBZZ X NI L R SAEA 5 ; ¥ (Cold Spot)  F- B4R i/ 25 F Y g B Bk = fA ol i
T = FIPOREHL I ; YOE . KT IR B i i, A S PG AE AR bl DX 5 A
T PM,s23 (] FL AR GRS . 1K1 7 32 B PMs Wk B 76 R 50V g 480 5 K = ARkl
TR R HL XY B T B M R IR L2 s Yo i X, X Se i Xy i s B A/, nl b
] A o 2 A AR I YT A A AR AL AR AR08 T B R DX PMs TR B R AR SR MBI, 1T R RS VR
TEFIER = FAIRTTRE . = B IV B X U 2 i i s SRR R X



1114 FIRDE A5 20144 [FEITT PM s BE IR 23

TR

0 1000 km
e —

dBE X

o ¥ E-90%TT [
® % H-95%MT{HE
1 H-90%HTfE

® ® 0

c. %

e. &%

JEAFAE R

ok ~90% 1] {5 FE

P —95% ] {7 E

0 1000 km
[

K7 2014 4F Fp ] 32 2T PMLs TR BEAF ZR 25 (] 4R 2R

Fig. 7 Spatial agglomeration of annual and seasonal PM.s concentrations in the cities of China in 2014
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Fig. 8 Spatial agglomeration of monthly PM.s concentrations in the major cities of China in 2014
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Spatial-temporal characteristics of the PM,s in China in 2014

WANG Zhenbo"?, FANG Chuanglin*?, XU Guang*, PAN Yuepeng’
(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. Key Laboratory of Regional Sustainable Development Modeling, CAS, Beijing 100101, China;
3. Institute of Atmospheric Physics, CAS, Beijing 100029, China)

Abstract: Haze pollution in China has become a severe environmental problem for people’ s
daily life as well as their health, among which PM.s makes significant contribution to poor air
quality. Satellite observations played a leading role in the recognition in the spatio-temporal
variation of PM.s nationally. However, based on the information and data obtained by satellites,
the inversion method has limitations to truly reflect the spatio- temporal variation of PM,s
concentrations near ground level. Based on the observed PM.s concentration data from 945
newly set-up air monitoring sites in 2014, our research reveals the spatio-temporal variations of
PM.s concentrations in China by using spatial statistical model. The results show that (1) in
2014, the average PM,s concentration in China was 61 pg/m®. It had a periodical U-impulse
type daily variation as well as a U-shaped monthly variation with a higher level in autumn and
winter while a lower one in spring and summer. (2) Concentration of PM,s in urban China
shows a significant spatial differentiation and clustering pattern with spatial- periodic
occurrences in north and south China. (3) The Hu-line (Hu Population Line) and Yangtze River
are respectively the east-west and north-south boundaries which separate the high-value zone
and the low-value zone of PM,s concentrations in China. In 2014, the highly polluted cities by
PM.s were mainly distributed in the urban agglomerations (Central Henan, Harbin-Changchun,
the Bohai Rim Region, the Yangtze River Delta, and the Middle Yangtze River), east of the Hu-
line and north of the Yangtze River. The Beijing- Tianjin- Hebei urban agglomeration was the
most severely polluted region all the year round. The southeast coastal region centered on the
Pearl River Delta had good air quality in a stable manner.

Keywords: PM,s; spatial-temporal characteristics; monitoring data; China



