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B F': AXHMES L HA A E AR (Land use regression, LUR) RFIEEIH FHRGFRY Z [HIELIER
RFZAMG AL EILEEMEB, 2L PM10 i, RHXFRHEEIFHL (Support vector machine regression,
SVR) it A Bl SR p @ AR e SVR-LUR 28, X B R RA A 3 Xi8, PM10 == [8] 446t
T, RS REN: 1) BFRXE PM10 ¥ES 100 m S X NH IR, 150 m F X RN TH
AR, ZSHE AR, FRE A, 200 m X A SR AR A, DATREE, S R SRk B DR AL
. 2) SVR-LUR BE AT X PM10 ¥ EHATZE WA T, SVR-LUR #A5 LUR AL,
SVR-LUR #AI TS B m, H4E K LUR BANRE R FH43R2 (Mean absolute error, MAE) &
Y571 (Root mean squares error, RMSE) 43 BI/NT 22.92% . 33.51%, & 5% (Index of agreement,
IA) fHINT 13.20% . BT EEw RS MERAERIN RS EE WA MNER, SVR-LUR AR
BEAENEA/MEBENMERIZR, 3) BRX PM10 WESELHA 2R BV EREN EE R, EEFAYMSE
W5 SR A M 7 MR B e, TR SR AR VL TG 23 by DXk BEAR X AR, AU 45 R 5 SEbR B BUARAT .
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Simulation of Spatial Concentration Distribution of Urban Road
PM10 Based on SVR-LUR Model

CHEN Wenjun, HE Hongdi

( Logistics Research Center, Shanghai Maritime Univeristy, Shanghai 201306, China)

Abstract:  The traditional land use regression(LUR) model does not consider the nonlinear complex rela-
tionship between impact factors and atmospheric pollutants. Taking PM10 as an example, Support Vector
Machine Regression (SVR) has been used to improve the land use regression model modeling method to con-

struct SVR-LUR model, and then the spatial distribution of PM10 around Nanpu Bridge in Shanghai, China is
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simulatedbased on the model. The results show that: 1) There is a high correlation between the PM10 concen-

14 %
traffic flow and background concentration. 2) the SVR-LUR model can better predict the spatial distribution

tration and the empty area in the 100 m buffer zone, the construction area, the empty area and the river area

in the 150 m buffer zone, the green area and the river area in the 200 m buffer zone, as well as the humidity,

of PM10 concentration in the study area. Compared with LUR model, SVR-LUR model has higher prediction
accuracy. Compared with LUR model, the mean absolute error (MAE) and root mean squares error (RMSE)

oftest set of SVR-LUR model reduces by are22.92%, 33.51% less than those of LUR model, MAE and RMSE

Key words:

respectively, and whilethe index of agreement (IA) value increases by 13.20%. Compared with the prediction
concentration in the study area shows a general pattern of high concentration in the west and low in the east.

— .

results of single gradient spatial distribution obtained by ordinary Kriging interpolation model, SVR-LUR

model can more effectively reveal the spatial differences in a small range. 3) The spatial distribution of PM10
=

The concentration is higher in the areas with dense buildings and road network, but relatively lower in the
areas near the river and open space. The simulation results are consistent with the actual situation.
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PM10; land use regression model; SVR-LUR model; spatial distribution simulation
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HET, EPNSEZERMARAY B S, B A L SRR 4507 5 N 25 A RO
BRMKIT R, (HRAT =070 3 Z B SR A KRR, Il pg %o 8 RO R LR A [R]
DAt B S IV R BRG], 5 ey 2= (R A A R R 43 B R (510 L b AT el DA A2 (Land use

regression, LUR) J& I\ I8 FF LB R SR TR K, 12776 s B AR AT s, Ok RA
PR, BT AR, AR REO R R S5 IR E SR, IR T R =Ry ki g 12

e, FEARBEREANBHRE, ML /DR EHTH.

SRR, LUR BT E MBS BT U L =Rk, EREE—SoR R 15151 RA%E %
MBI T R RS PMI10 B Z R AELMEE IR HATHIBF TSR 2 R W5 B PR a4 il o w8y

et A i T I MR T X s PMILO e JBE ) % ] 3 A A TR

BFMH, ACETHIHNEHREHLNEDE, KAELERN LR EEIEHL (Support vector machine
regression, SVR) Xf LUR BRIy k- i ufb, #ar PMI0 MREEXS B FAHCAE A SVR-LUR #A,
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2 MELE I
2.1 BRI

JEICT LR T O R 2 X SR A S RIF A . S IX Sl W R Rtk IX. (AR 22 121.30°, b4 31.12°9),
AR RE R 2.1 kmx1.9 km, EFRZ) 2 3.99 km?, FE LW AU, 2 XK ST, LR FIRAIE
&, AETREWELWERX, ILH, SEKX, SHX, TS haka, FHibizihXF—erRE
.

2.2 HIERIR
221 PM10 . R E A X8 H 4

PM10 . KGR ASE BRIV T3 78 X iy St i B 25 2R, 58 A AR Fluke 985 B F-1H48% (38
E Fluke A d], 18). REAGFERET. BET. XEM, BRUK GPS %4 (Trimble Juno SB) ,
BWER 1s 03 1 HEHE, FRHCFRRRRE. WS E =S 8RS R B A S DX R T T 1%
HE.

WAL TR AR AL KR, AT REE S AFGAHE, REBRIKENFZE, NENTE
WK T ETRE, AN 1 PR, MRMITFRR: WE S ETEERME N, EEX5EMARN =G
LM VR BE B R R RS BT 2> 61T | FEIR T ETHE 100 m UG, VLRAEE T 500 m 4, mEIGH
Yok BEARARAR /N U8 | TR, o T Sk M T B e T AR 2, LA 200 m Sy [ BE R B R AT 4 BE SR
i, it 18 e, BiER&Ed 2 KXW AR TN, FRMES, BHEZY 1.5 m, 7EM B R LR
PRECAIR R, R, XE5AGER EFHEE. WEEE ST RNRBUER RN TE, BABAET R
M3 K, JBRI D FINTE P55 0 O8I0 B[] A — S50 B4 0 e SO 4 52

B1 PMI10 JIEpEE

Fig.1 PM10 Survey route

Sy G R TR DA % A8 58 15 04 AN SR R BE AR AL s, B BEJCRE Y 2018 4F 7 A 10~20 HE B
9:30~11:30 HEATM L, FEMNAF AT, MEEBMR K 2 km L08R I R B CSE B PM10 3 588,
2.2.2 LA R I

R T AR BT R I i R B T R A R I BN G R, T B N T B P T B R X
&, FHTE Arcgis 10.2 FXfH AT HALEE, BRWFR KM LA HE. HEATLESRET: 1)
B MRy E N Arcgis 10.2 RSB SE RS0 2) 22 shp #UE;  3) FRMKIE; 4) 47
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Fig.2 Status of land use around Nanpu
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Fig.3 Establishment of buffer around monitoring points

2.3 SVR-LUR {&EI#z

FIH SPSS 22.0 #H7TXUAR EAHSCHES M SVR A, 254 Aicgis 10.2 Y= [E 51T hRE, A% RH
T A KA E E, AT PM10 F1 LR F 28 AL [ A A DG, M8 TE TR 95 X8 PM10 43+ Tl
My SVR-LUR BiAl, BIRRHEs AR g AE A S e . A% SVR-LUR HIAL, MIADKS B R L0 S5 %
Ho. X PM10 ¥R B 4 R4y,
231 BREEZHAERE HE

HHUESE LUR A g LR . SEET. SGERBESEN W PM10 HAHWEE. B TH PM10
SRR 216 R S B R 2 AR R 0%, SVR-LUR MR ER R R 4228w K447 ) i R~
FREER S, HIRA A =R E, HAFRRTE Aicgis 10.2 LA 18 SRR B OESLAR
AR ZEN X, Gort &S X s R EUE, 3R FXUE A 0T i 2 A 7 e 254~ s i (Rl
5 PMI0 ¥R BE W AE SCHEHE T 047
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2.3.2 #3E SVR-LUR ##&

By Vapnik 7F 1995 4E#2 1 49 X Hr1a AL (Support vector machine, SVM) 9], B—fhkk 745 1152 ST 5 b
W22 0k, ORI ELRY AT R B0 e, FRA SR EBLEIE (Support vector regression, SVR), H 3=
BEPMAERENE, EE/MMEE, GREERRNA, HITRAE, BV TRECEL. BIEfETT
I, SVR —BUREE —HEIE (v1,91), ... (Tn,yn), HF 2; € R HRAZE, n BHENHEREER,
yi € R™ Rt 7R &, FF7Em 4R AR =S A] i g SL iy 2R Il H ek K

fz) = Zwi%’(ﬂf) +b, (1)

Her o AlmER, w AVEE, ¢i(r) BIELEBSEE. SVR & K m4E IR = 18] i AT
T, 7% SVR BRI H N S ih B 2 MM B AR ER /N, MYVE w; B2 SVR FrEs i s Mm-Fm.
PE M w; 38 5/ ME R EORK A
n yi — wipi(x) —b <e+ &
min <%|w|2 +CY (€M + F)) st wipi(x) +b—y; <e+ & - (2)
= &6 >0i=1,2,....n

C(> 0),e MAFERET KRB S ARBBR BB RRRERY &6 R, Hrs (2) 5IA%
EH REL af, a;, AT ALK AR, SVR BEIR B AT 0N

m

y=f@) = (ai—a})k(zi, @)+, 3)

=1
k(zi,z;) MRS, ZEREUEREZ KR LR @R IR, 78GR B L B2AG 2 ARSCR f 42 m R AL (
Radial basis function, RBF)(20-22] | R H#2 3 RBF R ¥ E X H

_ Nl — P

) = exp(—gllei — 3,1, 9>0, (4)

k(xi,x;) = exp (
9 AR SEL.

T 5% X3t ] VA R % 32 i 80 2 3 )20 8 G B T K48 PMIL0 R JR AR AT S 7 BB, 38 Y 2% TR BT
RIXMLFRIEN. &5 KM SR IUR U K PM10 BT EH 2%, AR S PMI10 MXH0E
BiE, BERWRE. SREWE. GBRE, DS sREE 50 S RN B IL N SR E R H B K
BRI B R, BB R AR BT ITIETE PMI0 B R E, R, WA, KN#E. KHEE,
PIJ 100 m X, 150 m X, 200 m o XA JE R, ki, @i T, ==SH. DIURRX
Fofr e 2t ) PSS L R TET AR 20 4 v PR SRR IS PM10 AHSCHT H AR, ARJEXT PM10 ¥R EE R AH N /# H
FRETF#4T SVR-LUR ##, SVR-LUR BAEIR)IZHEE matlab 526, KA A A2 Lin Chih-Jen ¥ #%
& LIBSVM #{441, DAIXUR RGO B A B A5 B VR BRI RRE, SEy PM10 ¥R EEVE A il
fH, #% SVR-LUR BiA,

233 BEKEAL

KR = — R IEE X R BT UG . ORRE AR BIRBEN L 3/4 M ZREERT 1/4 By EE, SEH
WIGREE ST R, 1S B BRI BN MK A B PM10, FR4E & MREL I BME AN SEME lLEE. B T &M
PRI 45 RS, KA PP fetn i oo e 25 (R?) . B RiRE (RMSE) | PRz
(MAE) R EHEE (TA) . HAr, R? RBBAEIMBGHCR, RMSE fl MAE ELHINE 5 ELEZ [F
W2, T IA RRECBIMEMEEEZ B —BE. G658 4 N6 T2 SVR-LUR £EL,
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2.3.4 E 3k PM10 % & &M 5 ik

T BAURF ST X 38, PM10 ¥R B 25 (8] 4346, 7E Arcgis 10.2 FAEAY 200 mx 200 m L 0A &, K E—
B X SVR-LUR BB F& % R PM10 KB, FRRAE L PM10 3R BIRZAH AN, RASEITF
FIX PM10 ¥k E =404, FH5EE 5w B e ARSI R 45 Rt 17 .

3 ZRE50Hr
3.1 WETEMRXH
BESEMA PM10 W H X33k BE 5 & A6 B 74 BSOS BEAE G 0, AHC REUNER 1 FR. $RIGIRAIH
5 PM10 H ¥R B B 20 HARE .
K1 WEFAEHH

Table 1 Bivariate correlation analysis

Influence factor R Influence factor R
background concentration (pg/m?®)  0.34**  residential land in the 150 m  (m?) 0.13
buffer zone
temperature () -0.14 space in the 150m (m?) —0.17*
buffer zone
humidity (%) 0.46**  construction site in the 150 m  (m2?)  0.23*
buffer zone
humidity (m/s) —0.21 green space in 150 m (m?) —0.30**
buffer zone
traffic flow (veh/min)  0.21%* rivers in the 150 m (m2) —0.26%*
buffer zone
residential land in the 100 m (m?) 0.02  residential land in the 200 m  (m?) 0.13
buffer zone buffer zone
space in the 100 m (m?) —0.18* space in the 200 m (m?)  —0.07
buffer zone buffer zone
construction site in the 100 m (m?) 0.11  construction site in the 200 m (m?)  0.13
buffer zone buffer zone
green space in 100 m (m?) 0.08 green space in 200 m (m?) —0.15*
buffer zone buffer zone
rivers in the 100 m (m?) —0.10 rivers in the 200 m (m?)  —0.09
buffer zone buffer zone

. * R P<0.05,%* 2% P<0.01

MIEE 1 AH, RAFRESS SVR-LUR @8 5 &RA 10 4, 2502 100 m Sk X Py iy =S Hhi
H, 150 m Zp X YRR . A T AR, SHm AR, W EAR, 200 m G2 X Py il 45 T ARURT R
WHEAR, URRE. GBRREMEFRIKE.
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3.2 FMLERXILE

R PR SR 2B IR RENLIT IR H A 3/4(149 4) 1ERIIZREE, FIR 1/4(49 4) fERMIAE, /4 LUR
BLEIFN SVR-LUR AL HEAT PM10 & H WREERI T,  HoA A R Bl A8 28 g ToU I 44 .

RIE PM10 BTSSR, 2] T a0 (E 5N E R X L irEl, WWE 4. M AELRIENSH
£, FRTINE SWMEASE. BIHERL G20 A BELBEE, Fm LhESTIERN FZ8/D. LUR B
R ZR A AT £ 09 [ 15 R ¥05 74 0.68 1 0.54, SVR-LUR, BRI G5 A AN BN AL 44 [B1H R ¥4 714 0.90
Mo.75. NE 47 LLEH, MHILAMERN LUR #A], /MERIELMER SVR-LUR BAL, TSR E L.

H T EMEWMIEN SVR-LUR WHEEREE, R 2 gt T AE A% LUR #EIF SVR-LUR #
HIgEFT PM10 Tl A0 45 S P #5 55 RMSE, MAE F1 TA . H13 2 #[41, SVR-LUR #AEIFHH LUR #A]
TETMARSE EEAME. SVR-LUR Wil HAIAH T LUR RilgHAL, H MAE & RMSE 431 /NT
64.85%,53.10%,TA {EH N T 8.47%; SVR-LUR WyMIXHIAIAH L LUR MIAAEEL, H MAE K& RMSE 433
W/NT 22.92% . 33.51%, TA {E¥EINT 13.20% .
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B4 PMI0 WELIRMESTNEMACHUS (a) LUR JIZ4E; (b )LUR M4,
(c) SVR-LUR JI%4; (d) SVR-LUR iillif4
Fig.4 Correlation between PM10 concentration and predicted value (a) LUR Training ; (b) LUR Test;
(c) SVR-LUR Training; (d) SVR-LUR Test

SR 4K 2 W, KA SVR-LUR BA#EAT PM10 IREBIM A AR E S, HA7RAFFRL. H
I, SVR-LUR BEITE PM10 75 Qe 2G5 KU FEAL.  PM10 ¥R BER 2248 J5 40 S5 07 Tl B — 5 i B A (AL
3.3 HEXi% PM10 RERHI

T T BRI X3 PMI10 ¥R 2 [ 204, RIRHEAG SVR-LUR BERIXH R 5 X 35525 [ vk BEARALL #) 20
R, BT Arcgis B DIREFEDF 72 X3 5940 L (200 mx200 m), T IAE A R AR S AR T R E AR
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e, AN, 5 AR BB A% 4 PMI10 ¥REFTME. 251K A SVR-LUR #8558 7o BL & {H
PR A R PMI0 ¥R BE AL AL, DLIE] 5, 1 6 .

k2 TR E R

Table 2 Prediction accuracy evaluation

Index LUR SVR-LUR
Training  Test Training  Test
R? 0.68 0.54 0.90 0.76
RMSE 12.69 14.38 5.95 9.56
MAE 4.33 7.56 1.52 5.83

TA 84.27%  73.62% 91.41%  83.34%

St 5, B 6 ATRLA B, T SVR-LUR BLEITM T i PM10 ¥ B 765 % 55 48 i Hh X 7 1 7 L 44
ERATME, BT XKEEMEE, ERE % SENY MRS iy, AL KB EEAR. &
tkbEE, @R e ETLE R PMI10 R4S/ HFH, SVR-LUR BRIZE R 5 PM10 = [H 43 58
INE 7L 48, X PM10 ¥ B 25 (8] 4 A B 38 /R B M RE 4.

BT Z Y LA, 775 SVR-LUR AR 55358 o7 BL AR 7E Sl i Be py PMILO F00 i 45
RIFUr#E1R RMSE, MAE Al IA, L3 3 .

% 3 R B R AT

Table 3 Comparison of model prediction accuracy

RMSE MAE 1A
SVR-LUR 741 549 89.27%
Kriging ~ 11.27 843  78.46%

M 3 A LUEH, SVR-LUR BAIZEBMNG B LW B4 T @ v e ERA. HFEHNET, S84
xR A A R RSN E T RS EABA N, SVR-LUR BRILEE %R T & M F A 89 1

N

A

Unit: pg/m?

00-12.11
12.11-20.06
20.06-25.29
25.29-28.73
28.73-33.95
33.95-41.91
41.91-54.01
B 54 01-72.43
= 72.43-100.46
e 100.46-143.10

0 220 440 880 1,320
m

F 5 SVR-LUR #AIF) PM10 #4723 8] 43 A0 T

Fig.5 Prediction of spatial distribution of PM10 in SVR-LUR model
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N

A

Unit: ug/m?

.00-12.11
12.11-20.06
20.06-25.29
29-28.73

28.73-33.95
33.95.41.91
41.91-54.01
ﬁ 54.01-72.43
72.43-100.46

e 100.46-143.10

0 220 440 880 1,320

R 6 TEr BemEHEAr PM10 5922 W o fm

Fig.6 Prediction of spatial distribution of PM10 in the ordinary Kriging interpolation model

AMARGL, R LRSGEFER RS PMI0 Z [FRAELME R, Frilad IR 24k B T8 BRI BT 72 X 48 p
T S s [F o 5, AT SE A A Fa s /N B Y PMILO By 28] 22 5.

WAZEIE] 5, B 6 ATLAA Y, BF5EX A PMI10 228 i B oA 280 70 X g = {E L AR R 22, PM10
TE RSN e I 4 SR A S D7 VR BE A R, TT /K T 22 X 38 PMIL0 3R BEARXT AR, HRE 2 i T L
HHZITRBEN, AHROIFRERN, RS 05 Ry 5O, B2 s mg il oRm i i K siiy
PM10 23 H PR AMRA IS P2, PM10 RERIFERAGETE, 7 g # & s T PM10
BB, T S8 A VLT 5 22 5 T PMI0 98 BOMUTRE, TR e W5 i S04 7 SR ey 377 HH B PMI0
1.

3 %

1) Fo402%5 IRAF 5T X BUR I PR EE RS PM10 YR BER s, FRIR T 2 X 383 B o i s R B . S8
. CEMESEGE, FREPUERMCSTHR T IrEEEER S PM10 M, Hikh 11 MEEAE
& SVR-LUR ALy AXT PM10 ¥R EEBEAT TN . Sede 2 SRR W1 LR SR . SGE R EEUR 1Ry B FE
FAIAAT PM10 ¥REE, [ A 5 e L R &dE . Sl B EE v A i PM10 ¥R R B
M.

2)SVR-LUR HLEIXBFFE X, PM10 ¥ BE BEAT 28 [6] 43 A B0 A 280 R84 BFFEIX. PMI10 %5 (8] 4347 B i
SVR-LUR M IIGREEAAE I LUR M YISREERL, FETUNNG B A0 BT W4T T LUR BLAL, AR T8 7 B a4
{EALRL 5 2 i B — B BE = R4 A B 25 %, SVR-LUR #AIF A% 8 T ME 15 PM10 Z [A]49EL
HXR, A BUER/NEE MR =R 2R

3) FIF SVR-LUR BLAIB BB 55 X 38, PM10 ¥ BE 25 (8] 40 A7 Sk 230 P AR AEAG Js ¥4 H X
RREEE, HEEER AR S SRR H XA PM10 W B B L M= E, sy
B SRR PMI0 MR BERSS, T FE ST VLT A X 38 PMI1O ¥4 BE AR X ALK

SR -

[1] Wei Jing, Sun Lin, Liu Shuangshuang, et al. Response of particulate matter pollution to land cover change [J].
Acta Ecologica Sinica, 2015, 35(16): 5495-5506(in Chinese).

Fom, MK X, . RIBOR G RT OB AR R [J]. SR, 2015, 35(16): 5495-5506.



440 X < HF O®H & K ¥ ¥ i 14 %

[2] Zhou Kan. Spatial and temporal differences and concentration characteristics of environmental pollution in China
[J]. Geographic Science, 2016, 36(07): 989-997(in Chinese).
BB PEEFEG R N R SRRAE [J]. SRS, 2016, 36(07): 989-997.
[3] Li Mingsheng, Zhang Jianhui, Zhang Yinjun, et al. Evolution of temporal and spatial patterns of PM10 pollution
in China in recent 10 years [J]. Acta Geographica, 2013, 68(11): 1504-1512(in Chinese).
ZEXTE, KERE, KEMR, % iT 10 SFPERR PMI10 SR REE [J] HESR, 2013, 68(11): 1504-1512.
[4] Han Ruiying, Chen Jian, Wang Bin. Using LUR model to simulate the spatial distribution of PM2.5 concentration
in Hangzhou [J]. Journal of Environmental Sciences, 2016, 36(09): 3379-3385(in Chinese).

DY, PR f@, E M. AR LUR RBERGTMNT PM2.5 REWREZRSA [J]. SRR, 2016, 36(09):

3379-3385.
[6] Wang Guochen, Wang Jue, XinYujie, et al. Study on PM10 and NO. transport routes and potential sources in

Tianjin [J]. China Environmental Science, 2014, 34(12): 3009-3016(in Chinese).
EBE, £, FEHE, % KE PMI0 fl NO» Mk kB EREXHR [J]. HEFRGREE, 2014, 34(12):
3009-3016.

[6] Duan Jiexiong, Zhai Weixin, Cheng Chengqi, et al.Analysis of Socio-economic Influencing Factors on Spatial
Distribution of PM2.5 Pollution in China [J]. Environmental Science, 2018, 39(5): 2498-2504(in Chinese).
B, BIRK, BARIE, %. FE PM2.5 [HRZESMMLSLTEME RO [J]. FEREE, 2018, 39(5):

2498-2504.
[7] Zhang Shengling, Wang Yuhan, Li Yue, et al. Spatial distribution characteristics and influencing factors of fog

and haze in China [J]. Population, resources and environment in China, 2017, 27(9): 15-22(in Chinese).
AR, EWER, & K F FEFHEZEOARFIERERMERS [J]. FEAD ¢ WESHE, 2017, 27(9):
15-22.

[8] Fu Liwei, Guo Xiurui. Advances in assessment methods of air pollution exposure level in China [J]. Environmental
Science and Technology, 2015, 38(S2): 226-230(in Chinese).

A, FFEH. BHZRIGRREKFFNINET LR [J]. SRR S8R, 2015, 38(S2): 226-230.

[9] Ross Z, Jerrett M, Ito K, et al . A land use regression for predicting fine particulate matter concentrations in
the New York City region [J]. Atmos Environ, 2007, 41(11): 2255-2269.

[10] Ha H, Olson R, Bian L, et al. Analysis of heavy metal sources in soil using kriging interpolation on principal
components [J]. Environmental Science & Technology, 2014, 48(9): 4999-5007.

[11] Henderson S B, Beckerman B, Jerrett M, et al. Applicationof land use regression to estimate long-term concen-
trations of traffic-related nitrogen oxides and fine particulate matter [J]. Environmental Science and Technology,
2007, 41(7): 2422-2428.

[12] Briggs D, Collins S, Elliot P, et al. Mapping urban air pollution using GIS: a regression based approach [J].
Geogr. Inf. Sci, 1997, 11: 699-718.

[13] Tan H B, Liu L, Fan S J, et al. Aerosol optical properties and mixing state of black carbon in the Pearl River
Delta, China [J]. Atmospheric Environment. 2016, 131: 196-208.

[14] Chen L, DuS Y, Bai Z P, et al. Application of land use regression for estimating concentrations of major outdoor
air pollutants in Jinan, China [J]. Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering),
2010, 11: 857-867.

[15] Wu Jiansheng, Xie Wudan, Li Jiacheng. Application of land use regression model in the study of temporal and
spatial differentiation of atmospheric pollution [J]. Environmental Science, 2016, 37(02): 413-419(in Chinese).



% 6 WRSeH, %: T SVR-LUR BARIRSTER PM10 25 ¥ BE 2 AR AR 441

[16]

[17]

[18]

[21]

[22]

23]

KA, WHEFE, ZEF. R BB RS R = RO R R [J]. FREERLEE, 2016, 37(02): 413-419.
Liu J K, Zhu L J, Wang H H, et al. Dry deposition of particulate matter at an urban forest, wetland and ake
surface in Beijing [J]. Atmospheric Environment, 2016(125): 78-187.

Health Effects Institute. Traffic-Related Air Pollution: A Critical Review of the Literature on Emissions, exposure,
and Health Effects [R]. Special Report 17, 2010.

Hoek, G. Beelen, R., Hoogh K.A review of land-use regression models to assess spatial variation of outdoor air
pollution [J]. Atmospheric Environment. 2008, 42: 7561-7578.

Vapnik V N. The Nature of Statistical Learning Theory [M]. Springer, 1995. 8 (6): 988-999.

Zhang Zaixu, Song Jiekun, Zhang Yu. A new financial crisis early warning model based on support vector machine
[J]. Journal of China Petroleum University (Natural Science Edition), 2006 (04): 132-136(in Chinese).

FRTEME, SRZRER, 3K F. —FETRRREN ML S BUERRA [J]. PEAMAEER (B ABER),
2006(04): 132-136.

Lanhao, Zhang Guozhong, Liu Gang, et al. Prediction of startup yield stress of gelled crude oil by support vector
regression [J]. Journal of China Petroleum University (Natural Science Edition), 2008 (03): 119-121, 127(in
Chinese).

=W, KER, X R, S WRSCRR R E S B R SRS SRR A [J]. PEAREER (B RBHEER),
2008(03):119-121, 127.

Wang Xia, Wang Zhangi, JinGui, et al. Prediction of cultivated land area based on kernel function support vector
regression [J]. Journal of Agricultural Engineering, 2014, 30(04): 204-211(in Chinese).

T & EAR & 5 F ETERECHFREEEVIEPFE R [J]. R TES®, 2014, 30(04): 204-211.
Yang Haiou, Chen Wenbo, Liang Zhaofeng. The relationship between PM2.5 concentration and land use types
simulated by LUR model in Nanchang [J]. Journal of Agricultural Engineering, 2017, 33(06): 232-239(in Chinese).
FHIERY, BRoC:, RER. LUR AN EH PM2.5 WES A FRBAKXR [J]. R THRE¥R, 2017,
33(06): 232-239.



