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Abstract: Due to the rapid urbanization and increasing energy consumption, air pollution,
especially some fine particulates like PM; s rise in the context of fast urbanization. PM, s pollution
has been given considerable attention recent years. High PM, 5 concentration is the main reason
for the atmospheric haze in Beijing-Tianjin-Hebei region. Air pollution has become the key issue
restricting the sustainable development of Beijing-Tianjin-Hebei region and even the whole
country. Long-term exposure to PM,s is likely to cause adverse effects on human health. The
spatial-temporal variation of air pollution can be characterized by the land use regression model. It
is significant to have a good knowledge of spatial characteristics of PM,s concentration, which
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could assist air pollution management and the epidemiological research. This manuscript used air
quality data of 104 monitoring sites of Beijing-Tianjin-Hebei region from 1st January 2014 to 31st
December, 2014, combined with (visible infrared imaging radiometer) AOD(aerosol optical depth),
land use, meteorological factors, road network, population, and pollutant sources distribution to
establish the land use regression model by least square method and geographically weighted
method respectively. The four models established were least square land use regression model
with VIIRS AOD data, geographically weighted land use regression model with VIIRS AOD data,
least square land use regression model without VIIRS AOD data and geographically weighted
land use regression model without VIIRS AOD data. And the adjusted R? values for these four
models were 82.13%, 84.87%, 80.45% and 81.99%, respectively. Research results demonstrated
that the geographically weighted method performed better than the least square method and
improved the land use regression model to a certain extent.
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Fig.1 Distribution of air quality monitoring sites in Beijing-Tianjin-Hebei region
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Fig.2 Distribution of PM, s annual concentration
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Table 1 Classification and description of independent variables, buffer setting, and assumption of coefficient

Bl AR AT P X Im AR R R
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1% M (12) R ALE M AEAN R 20T X N mr(ET8); 100; 200; mr_xx?(+)
1K m STRELE ) 300; 500; sr_xx (+)
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THIEW (35)  AERh RHWE YR EARF 0 bud(N &K HiZK) 100; 200;300;  bud_xx (+)
X PAY 1R 5 T A m? vege( [ SR M HE) 500; 1000; vege_xx (-)
wat(7K %) 2000; 3000 wat_xx (-)
bare(#f 1) bare_xx (+)
crop(4 H) corp_xx (NA )
AH(3) ARZEX AR B SEIA pop( A\ 1% ) 1000; 2000; POP_XX (+)
5000
VIIRS AOD(1) i fi4bM VIIRS S e 245  AOD N/A AOD(+)
PR AR i (4) B M) 1 PE R /m dis_gas(E ¥ AE)  NIA dis_gas(-)
dis_air(¥l3%) dis_air (-)
dis_har(#& 1) dis_har(-)
dis_coa(iff /7 £k) dis_coa(+)
HEAEE®) i U R IR winds(XU) N/A winds(-)
£ hum (% EE) hum(+)
rain(F¥/K &) rain(-)
temp (<) temp(NA %)
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Table 2 Results of ordinary least-squares land use regression models

HEE  HEAEEE EE R
kit BAEIE R H
& TR Estimate Std. err T Sig. VIF
Intercept 197.58 14.32 13.79 0.00 R?*=81.21%:;
Adj R?=80.45%;
DEMY -0.09 6.64x10™ -13.71 0.00 1.35
oLS PMas CV-R*=77.28%";
without — 4F% x? -1.71<10"* 1.22x10"* -13.94 0.00 143  CV-RMSE®
AOD R =11.29ug * m*®
wat_2000% -3.62x10°® 1.03<10"* -351 0.00 1.06
Res Moran’s 19
hum® 1.22 0.25 487 0.00 168  =0.38(P<0.01)
Intercept 200.18 13.60 14.73 0.00 R%= 82.82%;
PMs Adj R%= 82.13%;
_ wind® -6.16 2.38 -2.59 0.01 1.27
oLS FUR:E; CV-R?*=80.16%:;
with i %1 AOD? 52.99 11.25 471 0.00 202 CV-RMSE
AOD Y =10.28ug * m*®
X -1.29%10* 1.11x10° -11.66 0.00 1.41
WeRE Res Moran’s |
DEM -0.07 8.22x10° -8.82 0.00 248  =0.62(P<0.01)

1) DEM: i SFTEAR IR 20 ol S B ALBE; 3) wat_2000:2000m YK ARTIAY 4) hum:ii PMas 3t 1 50T IR/,
S AESAARTREE; 5) wind:HE PMas 3l ST 19/ 55 -3 K 6) AOD: 3 S5 IT7EAL B IMAE ) VIIRS RIS RS
7) CV-R®: A XSS HERE; 8) CV-RMSE: 158 XIS A58 )7 M5 %2; 9) Res Moran’s I (p-value): [HJHi%
21042 Je) Moran’s THREUT MY P AE, F [

AN IMVIRS S BB CBEALA) AR INVIIRS IS I EE (BB [ 5Ui 3L X PM, 5
SRR () foe /N 3 - A FH [T VRS 23 531 g =

PM,s nonAOD = 197.58 — 0.09DEM — 1.71x10"x — 3.62x10°wat_2000 + 1.22hum (1)

PM,s AOD = 200.18 — 6.16wind + 52.99A0D — 1.29x10x —~0.07DEM (2)

R AFNB ) [V S B A B 3T s, $rb B 3(a) F3(c) 20 ) ek 7 1 A B ARIB IR FUL A5 45 IR
P 3(b) FH13(d) 73 6T B T AR AL AFIBIKAS AR IE 45 FE o X LUASRARIBIG 45 3, wT LUR I
VIIRS AODH#, KR LA A2 T10.76%, FLAERIAT UG IR 22084 0/ o B IIAE X
R BE P M, s 25 1] 23 SERqsl b, IAAVIIRS AODHH 6 T~ -1 i 1) FH [B] V150 () &5 247 e
Tt
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Fig.3 Scatter diagram of ordinary least-squares land use regression models
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Table 3 Results of geographically weighted regression models

HAE  BAKREK RS gy

kil DOCY MRIG R 5
B TR Mean Coef.?  Std.err?  Lwr.Quart.®  Upr. Quart.”
Intercept 181.24 13.77 169.99 197.04 11361 R?=83.43%;
Adj R?=81.99%;
DEM -0.09 465107 -0.09 -0.08 -0.82
GWR PMzs CV-R?=76.51%:;
without Y X -1.53%10* 1.70x10° -1.74<10"* -1.41<10"* -3.16 CV-RMSE
AOD R =11.78ug * m?
wat_2000 -4.0010° 1.00x<10°® -5.0010° -3.0010° -4.18
Res Moran’s |
hum 1.19 0.09 1.16 1.27 -1.60  =0.36 (P<0.01)
Intercept 169.92 22.27 152.51 165.36 -17.77  R*=86.00%;
PMzs Adj R*= 84.87%;
o wind -2.02 3.80 -6.10 -1.00 -6.74
GWR FUR:E; CV-R?*=82.80%:;
with %1 AOD 43.62 7.00 38.66 43.15 -6.17 CV-RMSE
AOD ] =9.64pg + m*
X -1.04x10* 1.80x10° -1.23x10* -1.01x10* -12.42
W Res Moran’s 1
DEM -0.07 1.93x10° -0.07 -0.07 013 =056 (P<0.01)

1) Mean Coef. : HZl R MALLIEIE; 2) Std. err: B R BRI AUFRER3) Lwr, Quart: B RECS A LIS —DY5
74 4) Upr. Quart: #7250 (1) AR A0 1) 28 = VU531 $0;5) DOC:4: Jai A% o 22 bt (diff of criterion)
ANHIMVIRS S BB CBEAIC) T INVIRS S IR Bds EAID) [ 5t 3L X PM, 5
SRR R (1) 1 BRI AS - b A FH [l VIR 23 531
PM,5_nonAOD = 181.24 — 0.09DEM — 1.53x10™x — 4.00<10°wat_2000 + 1.19hum (3)
PM,s AOD = 169.92 — 2.02wind + 43.62A0D — 1.04x10x —~0.07DEM (4)
RIS CRID ) [V B A B4R 7, Ferb B 4(a) Fa(c) 2 3 v T 1 BICFID LA 45 1,
K14 (b)F4(d) 7> 50T T R CFID I AZ S UF 45 2
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Table 4 Comparison between the results of weighted geographically weighted land use
regressions and ordinary least-squares land use regression models

2.3 S/ Fe 3R F [ VAR AN S B A - b Y (] AR RSt B A4

AP _E 3R Afy 5 P 4R R A5 21 5 S X P M s T SR BE 25 18] 23 S 45 SR U S i 1
S b S L U B X PM s K22 8] 23 5, JBHRCAE BT R T R R34 2, JERE I i P 3
T IEAR, AR R A TP M, sE IR B IR 73 A o 4B AR T 2 (R PM 557 B9 T
I AT W6 T 7R o

11



El5 FIREMXPM, FIREZE S FER

Fig.5 Space variation results of PM, s annual concentration in Beijing-Tianjin-Hebei region
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Fig.6 Diagram of Py25 annual concentration in cross-section analysis
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FE UL X (R AR AR TR X o UMUK P AR T AR R AR, N EE HL
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T T 2.74%, A8 XARREETF T1.16%, A8 XK 7 H: 2298/ 70.92u g » m*,

4 HIPANAN EYAFAER /D R EVARYIERILE R AT L

Table 4 Comparison between weighted geographically weighted land use regressions and ordinary least-squares land use regression

models
Adj CV-RY
R [Tk DA AR R%/% CV-RMSE  Res Moran’s I(P)
R%% %
A oLS PM, s SEHI9K 8121 8045 7728  11.29 0.38(P<0.01)
B oLS BTN Z] PMas FE35IR 5 8282 8213  80.16  10.28 0.62(P<0.01)
c GWR PM, s SEHI9K 8343 8199 7651  11.78 0.36 (P<0.01)
D GWR TEBEEIF %] PM,s 59K 86.00  84.87 8280 964 0.56 (P<0.01)
4 Bk

(1) BARHBINAE AR R 5k 22 AT DL AS [A) IEAH G, {HMoran’s HREEIA T — &2
JER) R B, BEALR RIS BEAR 2 13RI, BFFTUESEHBBOINA [l YA AY mT DL G5 25 PRI ik 2 5 1)
R

(2) AT/ Z3felnl A, e AT BRI (K RE € R L3R T L A T R])
IR 25 R

(3) M PP IAT VR LA die /s — e M ORI RO ARORE T e, D] RO 2 2 55 PM 5
Z AR A7 AR ) S e, (R B 2 WA AR P M 5725 ) G S AL, SR S St R [
AN, AN TRAE A M3 2 1 I R i e/ — 3R - b P [ U B0 () R BRI, R
AL LG ] TR s, W R
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