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Fig.1 The Technique Flow Chart
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of Fit for Regression Model

R 4 R AL SR A A R IR 1 R,
M 1Al H1: SMLR B8 HAL B T 5 A5 PM,,
AHC BTN S B, L4y 12 A~ 5 PM,. i AH 5C i Tl
D5 155560 485 A0 JE 5Tk s PCR1 5 PCR2 5 A4 i) 1
BLOR Bl R -y o A8 f L, BRI 17 A~ 5 PML; 58
ARG Y T0 D0 A2 5t R ) (8] 09 A5 A A i 5T Mk, H
PCR1 A 00 & B2 85 22, 1 PCR2 B 7Y 1Y) A8 &
KZ, 1l fg T SO R a3 40045 0] 805 A EL BT
PCA+SMLR #7958 57 SMLR & 25 5] A 5 5 B
F A AR L HH S ) R 0,883, 4 PCR #5
#9(0.793/0.880) F1 SMLR £ A (0.832) A ] &
27t

F1 HEESHEUSEINLER

Tab.1 Comparison of Parameterization and

Model Fitting for Four Models

Hi SH Adj_R?
PCRI1 P,.P,.Ps.P,.,P;.P; 0.793
PCR2 Py.Py.P3.Py.P5.Ps.P7.Ps.Py. 0.880

Pll)\Pll \PIZ \PIB \Pll\PIB \PIG \P17
SMLR X1.X2.X5.X4.X5 0.832
PCA+SMLR P,.P,.P,.Ps.Ps.Py; 0.883

VPR A Y X ORI R s X K X
W 8 000 m 2% v X PN B b TR o b X4 o M3 8 000 m 4%
WX DA R LT AL H s X T 5 000 m 28 o IX P 19 3 K
e3 AL
2.2.2 BAMErILER

B4 JEI/R T 4 Fp il TR U4 25 1 5 S0 45
TEBIOS L % 2 B X H T 4 FhoRE RS A RS B
Ko 6 6 A, FLAE R AE G B H Y . AR AL A 4
ARG BET L PCR2 AL 1 $U & 45 S fe g, I B
RMSE.MPE .MRPE B T HAth 3 FiB A ; PCA
+SMLR BRI LG K Bk 2, JF H 55 PCR2
YRR BE A 25 AN, (EURRASE 18 1) 28 SL6-IE A J3E T
7 PCA+SMLR #5% A (1 56 0F K B e 8, IF B A
EL AP0 K5 JE R U 7 B AR /N L IE B T 2 A Y 1 1T 5
PSR EE; PCR] 5 SMLR I Y 56 1E 65 ) 5
PN BE 45 A 5230 5 M i, PCR2 B AU 14 55



W) N S 14

- i

2018 4 10 H

RN BE I SAR S K I H MRPE A5 AE 4

40 60 80 100 120
PM, ME/pg « m?

- 120 N=78, Adj_R=0.81 .| ., 120 N=78, Adj_R*=0.91
E qoo| A 081 | E oo | AHF: 091 i
0 BBE: 14.64 o007 3, #]EE: 715 T2
80 A = 80 S 4
o o
= 60 = 60
% 40 % 40
s v s
~ ~ -
20040 60 80 100 120 40 60 80 100 120
PMZE)%J![J{Q/Hg cm? PMZD)%J!MQ/Hg em?
(a) PCR1_fit (b) PCR2._fit
=T Adj_R=0.79 ] =
E jo0| A1%:080 .| E
o HREE: 1551 07|
= " wt 3
< 80 . =
d g e
2 60 =
ZN' 40 / 22
& =
20 20740 60 80 100 120

PM, ME /pg « m?

PM, F{E /pg * m*

T 5 72, R WNZAE A e U5 )

120
100
80
60
40

PM, FR{E/pg * m™

205

N=78, Adi_R=084 | .. 12013278 Adi £=0.89
2084 Twl” | E 100 | 13 0.89 o W
IR 1200 L7 L | #iBE:829 5
= 80
i
= 60
=
540
=
40 60 80 100 120 2 40 60 80 100 120
PM, WAIME/pg + m PM, MIIME /g » m
(c) SMLR _fit (d) PCA+SMLR _fit
N=78, Adj R*=082 | 120178 "Adj R=0.87
2083 w2 | T oqo0| AR 0.87 el
BEE: 1279 o777 w0 | #EE: 1010 5.
-.l' - @ 80 ’ "ol un -
i § 60
S 40
& e
207740 60 80 100 120

40 60 80 100 120

PM, JIIME /ug « m™

PM, WI(E /g » m?

(e) PCR1 _cv (f) PCR2_cv (g) SMLR_cv (h) PCA+SMLR_cv
4 BEBRILE 45 5L S 48 S K
Fig.4 Scatter Plots of Fitting and Measured Results
F2 HBERRERTILER
Tab.2 Comparison of Accuracy Indicators for Four Models
G4 B B RS B
17 RMSE MPE MRPE RMSE MPE MRPE
/pgem *  /ugem? /% Jpgem °  /pgem /%
PCR1 8.942 6.869 9.920 10.394 7.102 9.300
PCR2 6.248 5.000 6.983 8.780 6.950 10.266
SMLR 8.104 6.225 8.628 9.303 6.628 8.509
PCA+SMLR 6.721 5.278 7.389 7.391 5.912 8.419
2.2.3 PM,; R EAEBLE R 2.2.4 AT AT

Bl 5 3T 4 BRI PM, ;5 4F 249k B A4
2 A . NS AT LA . BAR 4 R BT ALY
PM, ;e B 35 52 B0 bl 7R i 42 75 b DX 3k sk 1) e 34
{3 SMLR #5785 0035 R 3 25 (WL 5(e)) 5 b
50 R ISR IR T PM,; ¥ 3 B R D A, V8 L R
SEWTT L PML s YR BEAIR, 5 S5 PR O 58 M R
oAl 3 o A5E 70 Y 455 00 A0 SR A 30T, 35 DA R AT Ll — ke
Ly iy Jik A S BIR L 2R B M DX B L P b b X vk
filk. AHE PCR1 5 (L& 5(a)), PCR2 (I &
5(b)) 5 PCA-+ SMLR & # (UL E 5 Cd)) sk T
D BT A PM, 5 9K 8 8 ¥ e 1G22 Ak 3
MR, A, K E RO IX PM, ;i
B 52T ik K 1 PM, Hk B BRIG A 45 18
I X EEEH TR R M HLIX B 2022 R L1
S0 7= A (5

M B IR SIS ZE AT LR L AE 58 SMLR A
ALFHI AZ 5 1) 5T R BE IR B PM, 5 ik AL 45
AHXT 4 2% s PCR1 A5 B 1) 400 & R 3 AH X 48 2%
PCR2 AR ] 3 53748 & A B i 2 5 BB Al ot
FUA 5 A SCHE S ) 2 ik 9 LUR(PCA + SMLR) ##
TYLERE ARG BE M PML s Wk BE AL & UG T 4L 4r
FZE S, b, L PCA+SMLR BRI 2 )5,
AT DL ) A AR i E PML s WREE S 17 A
Ji ey 5 R DG AR AIE A it 22 [R] A A DG OC & L I B
WFFE X N Y PML 5 Wi J3E 32 22 A7 3] F 26 75 i 1) 5%
Wi, 30 AR 4 2 SR e B, AR 58 X A AR R
MK ERGERNT PM, IR K, SR 5
el G IR 2, 4525 i 76 B 56 45 e 0T Wt AR
A 1) 3 B B 25 %) PML, 5 96 B8 (RS2 IR /N

ISR
2

B
2



55 43 &5 10 4] 7

FAF B T LUR BB () K X3 PM, 5 e B2 25 [ 43 77 452 411 5

0 95 190 0 95 190 0 95 190 0 95 190
km —_—m —
PM, S5/ = <40 = 45-50  =55-60 = 65~70 = 75~80 =85-90 =m95-100  =>115
gt m?  m40~45 = 50~55  ©60~65 = 70~75  =80~85 =90~95 m 100~115
(a) PCR1 (b) PCR2 (c¢) SMLR (d) PCA+SMLR

B 5 PM, ;4 24 v B2 AL 25 (1] 4 A ]

Fig.5 Spatial Distribution of PM,; Annual Concentrations Estimated

3 & iE

ARAFFH PCA 5 SMLR J7 ik AHSE 4, @7
WU LUR BEALLLSE 3 PM, ; 4F 24 vk 5 82 41 25
6] 53 A il &1 . 5L 5 BT B . PCA+ SMLR #E7
ANAS g R T 0 AR A e 2 M R A i LR RS T
4 LUR 55 R 7 30000 A% 4 {5 B 458 2% J7 T 1) ik
B JCADL G B OR BE R 30 4 s B ik o S L8R A
T4 LUR AL, oAb, 38 i A i 58 45 31 T 5
I X PM, ;& B 1 25 8] 40 A LA . O PM; X
B B B A R T AR B S

SR+ AR SCAS 3 A iy DX 95 Y YA S 39 30
A, R RSN R TG Y R N I S 5T AT 45
B B A M X 5 e IR K i N M G IR DT X
PM, ;s ¥ BB HEA T BRI 4R T

2 % x #

[1] Zou B, Pu Q, Bilal M, et al. High-Resolution Sate-
llite Mapping of Fine Particulates Based on Geo-
graphically Weighted Regression [ J]. IEEE Geosci-
ence and Remote Sensing Letters, 2016, 13 (4).
495-499

[2] Silva R A, West] ], Zhang Y, et al. Global Prema-

ture Mortality Due to Anthropogenic Outdoor Air

Pollution and the Contribution of Past Climate

Changel ] |. Environmental Research Letters, 2013,

8(3):034005

Lim ] M, Jeong J H, Lee J H. et al. The Analysis

of PM,; and Associated Elements and Their Indoor/

Outdoor Pollution Status in an Urban Areal J]. In-

[3]

(4]

(5]

L6]

7]

(8]

(9]

door Air, 2011, 21(2) :145-155

Zou Bin, Xu Shan, Zhang Jin. Spatial Variation A-
nalysis of Urban Air Pollution Using GIS: A Land
Use Perspective [ J . Geomatics and Information
Science of Wuhan University, 2017, 42(2):216-
222CHR %, VEE, TRER. BhG A ) ROBE R AR (Y I 2
Jp 5 T AR g vk [T MUK %R - 5 BFR
WL, 2017, 42(2):216-222)

Deng Min, Chen Ti, Yang Wentao. A New Method
of Modeling Spatio-temporal Sequence by Conside-
ring Spatial Characteristics[ J]. Geomatics and In-
Jormation Science of Wuhan University, 2015, 40
(12):1 625-1 632 (A&, BRIA. 45 3. fb& = Al
FUBE AR 1 B 28 )3 30 B e o7 i [ 7], LR 2
A+ HBAENR, 2015, 40(12):1 625-1 632)
Zou B, Luo Y. Wan N,
Compari-son of LUR and OK in PM,; Concentra-

et al. Performance
tion Mapping: A Multidimensional Perspective [J].
Sci Rep, 2015, 5(5): 8 698

Briggs D J, Collins S, Elliott P, et al. Mapping Ur-
ban Air Pollution Using GIS: A Regression-based
Approach[J]. International Journal of Geographi-
cal Information Science, 1997, 11(7):699-718
Jiao Limin, Xu Gang, Zhao Suli, et al. LUR-based
Simulation of the Spatial Distribution of PM,; of
Wuhan [J]. Geomatics and Information Science of
Wuhan University, 2015, 40(8):1 088-1 094 (£ F|
BeOVRNE, ROR W, 4F. 2T LUR BT PM, s
WeREZS [ Ay AR [T RBUR 2% - fF ER%
JZ, 2015, 40(8):1 088-1 094)

Zou B, Xu S, Sternberg T. et al. Effect of Land
Use and Cover Change on Air Quality in Urban
Sprawl [J].Sustainability, 2016, 8(7):677



6 V)G N = T IS W S A -3 2018 4£ 10 A

[10] Olvera H A, Garcia M, Li W W, et al. Principal [15] Zheng Yongmei, Zhang Jun, Chen Xingdan, et al.

Component Analysis Optimization of a PM,; Land Reasearch on Model and Wavelength Selection of
Use Regression Model with Small Monitoring Net- Near Infrared Spectral Information []J]. Spectrosc
work [J]. Sci Total Environ, 2012, 425.27-34 Spect Anal, 2004, 24(6):675-678 (KR WK AF, 3K 7,
[11] Ul-Saufie A Z, Yahaya A S, Ramli N A, et al. Fu- MRE B 45, BT B 3008 20 A o6 i {5 BR
ture Daily PM,, Concentrations Prediction by Com- W AR BF e[ ] ], Sbi 2% 5563k 2 #r, 2004, 24
bining Regression Models and Feedforward Back- (6):675-678)
propagation Models with Principle Component A- [16] Zhai L, Zou B, Fang X, et al. Land Use Regression
nalysis (PCA) [J]. Atmospheric Environment Modeling of PM,; Concentrations at Optimized Spa-
2013, 77:621-630 tial Scales [J]. Atmosphere, 2017, 8(1):1-15
[12] Li S, Zhai L, Zou B, et al. A Generalized Additive [17] Fang X, Zou B, Liu X, et al. Satellite-based
Model Combining Principal Component Analysis for Ground PM;; Estimation Using Timely Structure
PM, ; Concentration Estimation [J]. ISPRS Inter- Adaptive Modeling [J]. Remote Sensing of Envi-
national Jowrnal of Geo-Information, 2017, 6. ronment » 2016, 186:152-163
248 [18] Rodriguez J D, Perez A, Lozano J A. Sensitivity A-
[13] Ghosh D, Manson S M. Robust Principal Compo- nalysis of Kappa-fold Cross Validation in Prediction
nent Analysis and Geographically Weighted Regres- Error Estimation [ J]. IEEE Trans Pattern Anal
sion Urbanization in the Twin Cities Metropolitan Mach Intell, 2010, 32(3):569-575
Area of Minnesota [J].J Urban Reg Inf Syst As- [19] Olvera H A, Garrcia M, Li W W, et al. Principal
socy 2008, 20(1):15-25 Component Analysis Optimization of a PM,; Land
[14] Zhu Jianping, Yin Ruifei. Application of SPSS in Use Regression Model with Small Monitoring Net-
Statistical Analysis [D].Beijing: Tsinghua Universi- work[J 1. Science of the Environment, 2012, 425
ty Press, 2007 CREY-. BH; €. SPSS 481t 40 41 (3):27-34

R (D] dbat 5 R At . 2007)
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Abstract: There exists the shortage of traditional land use regression (LUR) model in losing informa-
tion of predictor variables when simulating the air pollutant concentration. An improved model which
combined principal component regression (PCR) and stepwise multiple line regression (SMLR)-LUR
(PCA+SMLR) was developed to simulate the spatial distribution of PM,; in large area. Firstly, the
correlation analysis was conducted to screen out effective predictor variables. Secondly, principal com-
ponent analysis (PCA) was employed to transform effective predictor variables to principle compo-
nents. Finally, all principal components were used to conduct SMLR to simulate the spatial distribu-
tion of PM,;. Meanwhile, the reliability of the improved model was tested in Beijing-Tianjin-Hebei
urban agglomeration. Experimental results of three models (PCR, SMLR and PCA + SMLR) were
compared and analyzed. The results indicated that the PCA+ SMLR model has an adjusted R* of 0.883
by improving the contribution of the predictor variables. Besides, it is better than the traditional mo-
del for accuracy index and the mapping results. Therefore, it can be concluded that the PCA+SMLR is
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