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Abstract

The air pollution such as PM2.5 has been one of the most important environmental factors that
cause the global disease burden. The simulation of the spatiotemporal distribution of PM2.5 con-
centration is the basis for its health risk analysis. Land Use regression (LUR) is an effective means
to simulate the spatiotemporal distribution of PM2.5, but it was limited at inner urban scale. In
recent years, some researchers have successfully constructed the national LUR model with the sa-
tellite remote sensing data. In China, however, there have been no relevant reports. In this study,
the spatiotemporal distribution of Chinese PM2.5 concentration in 2013-2015 were simulated
based on the satellite-based LUR model: R? of LUR model with and without remote sensing are 0.7
and 0.55; the meteorological variables play an important role in this model; PM2.5 decreases year
by year and introduction of year factor achieved good results; the PM2.5 concentration distribution
in China is drawn, providing the basis for the subsequent effects of exposure to PM2.5 in China.
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PM2.5 ARRBRI KRG ROCEBNERERRER A HREENFERRZ —, PM2.5KE N 4970
PR L8 R XU R S 43 A e Bl 31 [5] 19%8: (Land Use regression, LUR) & EHIPM2.50 25 4045
K—FEXTFR, E—ERBRTHEPMRENTR. TER, BOHRELE4EDEEREEE, MAHLUR
FERIMEE ERRERNRE, EEPEMEHAHFHLRE. AXETFLURAFE, X2013~20154FEH
E FIPM2.53R FE HIB 25 A AT IR REIE A IR B SRR R IR 51 2 0.7710.55; R
HEREZTEES, EMWPM25MHFEAEEYN; AREMZEZRER, @5 ANEETFRE
AEFEGZE PR L A6 HEEPPM2.5RESME, N5+ EKPM2.5@ R HTiRES
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1. 518

PM2.5 ZIFEFESS T RA/NTET 2.5 pm FA/NTRY). BHT, LA PM2.5 NARRM KI5
L& By 3 R A BRI 1 4 i B B AR BE R 35 22— [1] . FREEh PM2.5 ()8 B 0k A TEtE B A et B XU T 5
R IRAT I 2 () — R 5 I 8o Forfy, PMI2.5 R (1R B 25 A1 AL s L ke R JXURG: RN 40 AT T JE i [2]
PM2.5 (12 (8] 43 A7 J5 20 3 T Wa Wil st (R0 il P v, IR TR s S s, SR A RV A - i R
FHIR1)=7%(Land use regression, LUR)%E, [HERAZELE— LA & 2 Ak T BUIE B HU R PR A7 7E — S A W] 38 4 1Y) i
ZE M PRHI[3] [4] [5].

1997 4, Briggs 55 A TE /N X 4525 A5 -5 48 5 A5ON: (SAVILAH) AT 78 1 TR HE 28 [ A 30711 LUR
B, FFZ J5 2 B T3 AR B R ASTS fe o A i 6] . IEAER, S ptids G LR REEREAE, A
F LUR J73: D40 H [ 5 T 22 42 3K Andrew 55 A LUR R ARUBERH 4 Bk RBE I NOX 43 A1 [7]. R
FERIT5 Yt 25 5945, 510 Matthew 25 N 45 T 20 AN KIXIBOR BE () LUR RS FH[8]; AUl BRI, 3
[, Mgk, WRORRIE &M i R S05 G40 A . Luke 28 NJTEShSTRAE SIS TE R T %K R LUR A
R 29

FUEVE 2 TR WA R AT5 Y AE 30T A 3 2 B 1 22 5 B 3T 2 B 1) 22 57 B i 3% [10], X2 LUR
TG FE N TN AL E R R[6], (HiX—4f s NG T EA S SOREM R EX . FEZ
AR EADRZMEZ, EidXJHFERIENE E K, ST NS ESITF 2N . [11]Geng
NS 2 b E N DR PM2.5 A 71 pg/m® [12], @it WHO 55— [ Be B bx 35 pug/m®. #4>
SUEPX, WEEK =M, TR T BOVER TR, X R R A b b X R 2 A R
WA ZRE IR E . T2 EEXNYE SORERR, ERT M N R E R E . SR
PM2.5 & RIS 4[13], 5 NOx A[Fl, HAz [0 A A B KA A REE B2 B 5, 78 K76 FI 5T A
WREAREL A ARG . ERXFES R, R LUR 7325t 4 i PM2.5 ¥R 40 A5 I B8 s &, 1T AR S
FARWARIE

DR, AR SCHE TR TR 1) S BSE RT LUR v AR A8, % 2013~2015 4=+ [E (1) PM2.5 IRk JE
FRIIN 25 3 AT BEAT R, A JE b E i PM2.5 18 e 30N 3 T B k75 e 2 B AR 4R
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2. BREMSE
2.1. PM2.5 I5im 1=

A FEHT PM2.5 W88 SRR T IR AR SRR I WS 0 3 2 S SE i R AT R4, B TRIVE A 2013 4 1
HEI 2015 4F 12 A, {URB SR EE 8T 25% 0t s, FFiHE S A RERIRE . R 1ERTRA
HENBEAY () PM2.5 W 0K B2 RO A B o 3R 10 7 U & 0 1Y) A 2013 4R TR ST, 2013 41 2015 45
WA AR 477 A1 928 A, AT ULZE 3 AFEIFIRIH, MR dsh AR 2] T WK . [FIEF, PM25
PP E A 2013 4R 72.917 pg/m® K[43 2015 41 52.754 pg/m®, W] WLEEH E 50625 505 e inl S G
H BRI, PM2.5 ARSI IO I R R . TR S SR MR AT I R b 5 RS B BT A 4 T
(25, @5 AR R 18 LUR B8RS AN AL &, B 2013 4 5—1, 2014 424 0, 2015 424 1.

2.2. NEE

AW ST AR ] DLy A MR B HEROE L R PR EE . dhagPrElR.
MR AN S G AR A, e Ao R R R FE SO R FH A 3l s AN ) KN 2 i X P B AR 2 i R AH G
WFFT, MR ZE X 24524 100 m, 200 m, 300 m, 400 m, 500 m, 600 m, 700 m, 800 m, 1000 m, 1200 m, 1500
m, 1800 m, 2000 m, 2500 m, 3000 m, 3500 m, 4000 m, 5000 m, 6000 m, 7000 m, 8000 m F! 10000 m i% 22 />
X .

by PR A7 AR 0, %A M Ul g ) 8 G P R A . HE O B A SR R T R B 2 R HE G AR A
MEIC (http://www.meicmodel.orgl), F N & msr #5500 0.25 £ (~25 km), @iz K T2 X 42, Fihx)
FHEBGE BB A TS B RIS G HE R . 3B PR e S AR OK 1 Donkelaar %5 A 4Bk
PM2.5 %5 4f5 FE FORIE 50 ) R [14] ARAE LAHT AR 5T, AR SCP R F BRI 1K) 0.1°%0.1° 9 H A 25 Hh %
TEREE, B st AR 1 B T H[15]. A EIEB MR E T A S S5 B R IR T o E R B R
BR300 oo (nttp://www.resde.cn/), Hirr 4 [E GDP/A 11 %5 Ji 45 18] 43 A 28 BL I M B i 7E 4 [ 4 B
GDP/ A MGt #di i 2nti b, 558 GDP/A I - HARZL 2 (1 B 4 S AR, ol 2 R {7 AR O 1 km*L
km WA AR s 1T e i@ DMSP g LR , @il &iHHils K4 OLS)H 3, S zHT
FE GG N A1 AR SR AR YR 3. R AR K UE T 2015 AR 1:10 75 b R i) A BOIR 12 J%
WEDECHE FE R4, 35T landsat 8 BEEGEAR, @I AN T H AR AL . ANWFFUEF B, MRHb, Sth,
Ak, JERHL, KRR 6 AN —ZERBTE AP X NIRRT 10 B 2 LUAE R N . R Bk
VT B S G 0 A (R S S 5 308 (http://data.cma.en/),  $REUS Gk SRR . BN E. KR, AN
B HIRSEEEE, ORI AR T 25000k A, BAIR R 839 Mk i, BRBIRRH RS
AR 26 PR oS, IF B R S S A R s SR E S, AT 708 T e B e E )y
PAFBN R E SRR DA, T 2 ST I p A B TR SR R AR . BT AR
BGEM XEAT A3, IR RTINS S 213 A TIAS & 1) BAR S SR 2 fis.

Table 1. Summary statistics of PM2.5 sample data
F 1. PM2.5 HABIRC B4t

W pAme O RME 250 Bk TshH RO EE

(ng/m®) (ng/m’) (ng/m®) (ng/m®) (ng/m®) (ng/m®) (ng/m®)
2013 477 72.917 16.244 53.264 72.025 87.404 165.649 26.108
2014 928 60.577 17.062 45.888 60.771 72.961 128.857 19.913
2015 1457 52.754 10.227 39.341 52.621 63.008 134.830 18.558
it 2862 58.625 10.227 43.145 56.815 71.464 165.649 21.692
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Table 2. Predictive variable information
+z 2 HNTEREESIT

ZE HKE L20A DR L E S X/ s 3R
2 °
2 B tailid ° M
R m
HesA 100 /M5 0.25° 2012
B DEHIE pg/m® 0.1° 2013~2015 M
%
R ik m 2011 ZEhIX
A HE R
YNEE: s NIkm? 2010
WL BTG GDP JEIkm? 1km 2010 M
TLIANAT 62K 2013
Bt
it
HR e % 30m 2015 ZEpIX
K3
W, TH . BRAH
KA H
L C
R R mm/ K
SR FH P e 2013~2016 J
AR E %
H 8 h
S Pa

23 HENEMSKEE

Knibbs #1 Andrew %5 \[7] [16]#EWF 58 KR E LUR BRI T Lasso A% 5 2 7o [l A 45 & 1 J7 %
Lasso % &YX i1 Tibshirani Robert 7E 1996 4F4& Hi[17], i #ids £ 5 s B, (6758 — L REE B L 45, &
— PP b PR B A S I HAR G WAk T 7 . BT AR LUR BB R Tl As 21k 3 213 4y, JFH BT
REG M X AEEAL B 2 (A A AR BRI IR 2R, DRGSR FH SR i v AT UK BIR G i B A8 2 AR 28R
B2 0 E 2 LUR BRI 4 SR [18], AR AR L7 RN I i o2 B Ja I Y (R AR 2 AN 2 4. 534k,
H T T 3 B 7E K R LUR AU Hp R 47 5 SR R R ) ASHIE 5 23 AR FEAF AR R IS B AR I
TR S R

HAMBRIT: &5, BN lasso ¥EAE AN A 500, D2 5%t 3 4E % lasso k48 &
ik, TEARE—FHRARAENEENIENT 0. #5HED 2 nmEATRA M E . BA 1 5%
BN T EHEE, B 2 A TEHIE: B 5%; IS LS 5 A (B s ) A8 & 7 AR A T
MIEFARN R, PM2.5 MEEAGH 0 &) 24— VB SRegim it W2 t 1050, JF H AR g i 2L i
R2TE 1%LL E, AR R
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FR A F) R BRI, 36 R P -+ 7 A2 AR RS, R s 20 A 10 43, Ferb 1 /9t , 5341 9 4 AE A
VIR, ERE 2B, N BIRRY R?, R R?, 4l 28 A E 43 Lo 22 o

FESE R RS 5, 4 [ XA 7 5 km*5 km FRE,  IFLAREAS UK I ol s #E,  SRIBCHAR G
WEE B AR, R PR R PM2.5 IR EETIIIE . e R i s O 2N R, e i [
S AR PM2.5 IR Ai I

3. &R5118
3.1. HEIRET

AW FE 53 B A T R A A B TR B B DA S DU BEAT B O, e B S 4L
S B R, I HT ZEKE T8N T 5. IR SRR AT 2 K 3.

PLECP SR A, MR 1 LA RPN 0.7, BEAL 2 (LG E RPN 053, HHCNMIRMIRTE, N
IR 1 T2 3 A AE AR L RV ) PM2.5 I 22 0 A R B 228 3. Beckerman <5 A58 sl i F4F 2
Y R AN A B R AL A L, FR 9 normR? 432 0.09 A1 0.54, 2SR EEINEA &L, DRk A] LA B
S TR RRIRAE A T AR EERER], (R AR T 18 R R B MR AN el v, AT RE
i 50 M R A% L A R B E R A LUR JA AR5

PSRBT B — AR AR Z Ak o [ BE AN PSR S B0 3 2 T mA S b, B
IR o R IR = SRR B B R A LUR AR I 2 o IF B =S KA PSR 2R v (1 1 474
AR EREERA: SO E R RIS o, ARG R 3 4E PM2.5 iR RN 2K
NREES, R A T RO R IR AL 1 AR b MR AR R 2 thEE 2 MR,
B 7 AIRAM SRR BRI, B E R R PM2.5 AE 143 A vh 5 5 b 1 R SR A AR B BN E )
IR FR. ALAEPIRER , EBRER. QTSR RHRA NI, —J7H e e i T2 R RE XK

Table 3. Summary statistics of PM2.5 sample data
3 3. PM2.5 HAKEL 2%t

A £ i+ 22 p & L/ R? JE K R 7
AR 40.24 4.16 <0.001
PR RIEHE 0.50 0.01 <0.001 14.9 1.88
R -13.24 0.62 <0.001 5.2 1.32
A 1-H DREEE "
adjust R? = 070, 4okt (2% EH -5.63 031 <0.001 39 1.07
9.15 pg/m® 5355} -3.52 0.25 <0.001 25 3.17
20 22 H 43 b 15.6%
6000 m 3% £ LH" 12.90 1.08 <0.001 1.9 1.28
SE 0.59 0.05 <0.001 18 2.17
AHXHAE —46.64 432 <0.001 16 3.78
R 79.979 2.657 <0.001
7000 m ¥R £ LH- 40.563 1.348 <0.001 155 1.12
R 2-Je DR R N
adjust R? = 0.53 4% {fi 2% [ TN —6.497 0.266 <0.001 10.2 2.278
11.77 pg/m?® 10,000 m #Hh 34.352 1.62 <0.001 77 1.223
40 22 H 43 b 20.0%
F oy -8.256 0.395 <0.001 75 1.088
ERELE] —5.377 0.305 <0.001 5.3 2.19

sl REARHERR X — AR SR R AR A4
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i PM2.5 (730415 1T RE 32 B LA B SEFR PRI/, 53— D T B2 - RS U2 B O T SRIBUSE DU RS
FEFTEL

JR SRR IE BT 1A NAE TR PM2.5 SR AR . B 13647 7 el BiR R, H
RERFMAR G 5 A HAER TSRS, HAMATRIRGE . BN S AR R S5 2 1
BB Horh TR SOEAE b R BOR, W AR BT R PR A A . f] 6000 KZEMIX Y
HIdk 2 TH™ &5 LB I BIRER,  IFX PM2.5 BA IR .

3.2, ERREE

P 1) A L(b)77n 138+ 28 XGRS B ) PM2.5 (1 7 B AN S bR ) 45 51

AL DL A s A AG TE Y=X IR, U BRI (e SR . RS 1 R 2 AT R
B, BRI 2 ) RN TP E B MR, R R A A AT R WA TR R AR R
., 2014 40 2015 SERIUBLAF, (HRHE o> B A B 22 2013 48, Jf HLIX S B f o A WE K+
TRIME, BIAPLEARAS . X —ILGR TR A Q1 R JLAUR R p: e AR 2013 4R M fUhr i 2b, BRI TE I
SRR R AT BEXT T I E AR A AR TS s S — SRR 2013 FEREfR PM2.5 IR E R, HF HAFTE—LL
BONM RS, T I R AR BE SRR AR SRR D — 85y, BRI TCVETER A Hp AR BT .

3.3 BANNA

FIH FIRREAS 1 7 A XS %, T 221 8 = 4R 1) PM2.5 /0. i 2. B 3. 4.
I LR, B AHERS, PM2.5 (1 KR P AR P . (& PM2.5 125 [R] 43 A5 B A7 43 (1A%
WHAREZE . 7 W PM2.5 (2% (8] 43 A A S A2 AL

PM2.5 fRI9R E 4341 M 10 pg/m?® 7245 1) 120 pg/m® $545 43 A » ) L 245 ) 2 5 AR A S o A JRI Pprm) L,
SRS X, KA, A A AR RGATIR TTAE TE B PM2.5 i X I, U o [ PM2.5 ) TR
R RIATFAE T HV* R . EXE TR D RE T, HOOCERTS e, M s ™ &
ff PM2.5 [5/1. WHO it 55 — [ BUA 2 PM2.5 H Ar A4EY 35 pg/m®, T X L 5 i g5 1 ik — i,
A LA E ) PM2.5 VR BT BOR EE ES . H AN —A PM2.5 ik B AR AL T S (X, X — ¥ BB
BT R &IV L T E
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Figure 1. Cross-validation prediction of LUR with and without remote sensing
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Figure 2. Average PM2.5 concentration predicted in China in 2013
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Figure 3. Average PM2.5 concentration predicted in China in 2014
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Figure 4. Average PM2.5 concentration predicted in China in 2015
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