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Abstract: The {arid use Tegression ( LUR) mode€l’is one- of the most important systemdtlc methods to simulate the tempordl and bpdtlal'
differentiation of the atmospherlc pollutant concentration. To explore the adaptablhyf‘ of | the LUR model to the simulation of sair
pollutant% at the natiomal scale in China and th¢ temporal and spatial variation charagteristies of fine air particulate matter ( PMy5) in
Chlnd in 2015 ‘and lts- correlation with diffefent’ gepgraphical elements, we built'a LUR model. The LUR model is based on a
geoglﬁphwally welghted algorithm using PM2 5 data acqulred from the-national control monitoring site in"2015 as the dependent variable
and applylng faglérs such“as the type of land*use, altltuae pmpulatlon road traffic, and meteorological elements as independent
variables. /Based on model regression mapping, we obtained the distributions of monthly and annual PM, ; concentrations nationwide in
2015 and analyzed the temporal and spatial variation characteristics of PM, s concentrations using the Hu line as a reference line. The
results indicate that introducing the geographically weighted algorithm can significantly reduce the residual Moran’s 1 of the LUR
model, weaken the spatial autocorrelation of residuals, and improve the coefficient of determination R*, which is better to reveal the
complex relationship between the spatial distribution and impact factors of PM, . Cropland, forest, grass and urban industrial and
residential land, and meteorological elements and major roads noticeably impact the PM, ¢ concentration. Different spatial distributions
of different geographical elements have distinct effects on PM, 5. The PM, ; shows distinct temporal and spatial differences on both sides
of the Hu line. The PM, ; concentration is relatively high in developed cities with a large population and high industrialization levels.
The concentration of PM,  is higher in winter and gradually decreases in autumn, spring, and summer.

Key words:PM, ; ; land use regression( LUR) ; geographically weighted; temporal and spatial distribution; air pollution

Bt H T A 5 36k b & e R 14 A W SR M AR S s s, WESE
P, BETRIH AR AR W BT, RAP RN BORL Y RBRAEF A AR e s A K
(PMzs)j(iij][] b T 1 7 0 11 R TS e ] ﬁlﬂ(leleilé:MﬁXqL?ﬁ[10‘18"9].

AL E N 2013 ARTFIRIZ AL ST M 5E 3 PM, | H AT [ P9 AMEEL R 2 (8] RBE TS ek B R w11
%&, HEXT PMZSE’JEEﬁIE%qﬂﬂt*‘%ﬂﬁE _— ‘

AR I B TR ER Y X HRmR it At S LA LH10279) ; i
PR AR S S5 . PM, (I 28 20 A AR AL A %ﬁ%ﬂ%f}%ﬁ%figg;@%ﬁ?: W AR5 1T I
FIAFFE A2 B 5C T, (HAR G 9T 35 B4R gt X e TEBBA: XA (1994 ~ ), B, BHBF5 A, BB 0 M

e N 2B M 5 EEA ) E-mail ; liubj@ escience. cn
%/ﬁ:iﬁﬁ%ﬂﬁ X ’ % RE PMZ 5 Btj‘gﬁ ﬁ%ﬁ‘ E/‘J b}l:ﬁ + * JEVEH , E-mail ; jhlee@ nefu.l:a(fu. cn




12 4

XIS . B5T LUR AEBUAY R [E] PM, | I 23728

X% 5297

ik AT A3 A, AR R o
RN - iR DA R A5 | i 3 oy i 43 1) 32 31 W
W3 50 | EIBSEAR Y AR 18] BT A | i
A5 T P i A S K0 T R, LK 400 2 i 5 3
Wi o3 A RRAE. B 25 B0 43 BT 5 A R 1 & e
NP | K a8 ]RUBE 5 e e B AU A4t T 3
RFB, 4562 B A BAR i + A FH 113 (land
use regression, LUR) BERIPE 5] A28 S5 YL )25 [l 3
AR AL, SR AN T X BEELRE 0 (R AR SR
LUR 57U AR Sk — o 2 4 11 051 49 B 7 32 DAl 2 K
2 [ RS Y SRR B A B R 5
BT R i F A 1 T 3k i A A b gt DR A 55 %)
G R S B R, SR 32 T X Sk ] R
SRR O R 45 AR
ASCUAHE R iR X, FE AR S R (]
A MBI R @A R IR ST, S TR SR
P AT 5 AR, ) R T b B AL IR 9 ) LUR
B | PPN AR AR AR ,/Tnéﬂﬁé%ﬁﬁﬂﬁii i)
BEZEXT PM,, o Vi B 43 A1 A 52 ) u@%kﬁé%%ﬁ%%
i 2015 4F PM, R BEIA N A YA N
H%Rﬁ?msﬁﬂﬁﬁﬁmﬂiﬂ% %ﬁﬂ%-
erﬁmmmﬁ%ﬁ%mm ﬁﬁﬂﬁﬁ.ﬂﬁ
AR 5 FF0 BN, 75 e i E 1T B i e
fﬁ%ﬁAﬁ%%iuAﬂﬁﬁﬁﬁ%lﬁﬁﬁ
ﬁ&m#ﬁﬁﬂﬁﬁﬂn By N

1 uﬂsﬁé " 7
1.1 ﬁﬁ%@

ABFIEREFT PM, s e 3 A A U8 T 4 [ ki

1 000km

>

2 R S & A 6 (http://106. 37. 208. 233
20035/) , Hidl A A B 2 v [ PR 0 R .
2015 41 A1 HE 12 A 31 H4RE 1497 4~ PM, |
AW ks 5 R/ INERE W RS HR 7 5 4 31 M

367 AT (s WD, A RORIRSY) (K 1).
MR (R 2 U AR ) (GB 3095-2012) ARifEXS
HYE , HBME ., AR E L, PG Yk
FEEHRA ORI A B IR, X PM, s Bl i 4T
e, ILAIFHEA RN A HIE, AXES
R, WSS G (AR TR (AQID) HR
BAE (BU17) ) (HT 633-2012 ) BiLAE (1945 S5 43 46
BRSBTS S W) (PM,, 5 ) e BEBR(EL . 28 B i 4
B, K PV, REERI YR 1 ~ 6 G, V5P SEI
iiiﬂﬂfjl‘:\ R, R rpRisgy | wLYy U H
, RF DR BE VS R 73 51 A .0 ~ 35, 35 ~ 75, 75 ~

115, 115 ~150. 150 =250 250 pg-m bt
AR o R SR
2EEAE s (ht’tp //www. resde. cn/) ﬁﬁﬁ{lqﬂ %]
2015 4F - sy RIH BRI B IR E R
hiﬂﬂm@@%mﬁ%%% ﬁﬁ#ﬂ
(cropland) , Mﬁ i{ﬁ (f"orest ),\ ML (grass ) | JJ( b‘ji
( water ) | ﬂﬁ é T# E o ( mdust]:lal and
residential ) %ﬂﬂi*ﬂ Fﬁ j:liﬂ_l ( seminatural ) 637> — é&%’é
RIPL K 25 “N i 26 R MR M SR 0 T AW3D
(ALOS World 3D) $di, AW3D J& 1 H A 257 fiii 2
5T R MU (hitp : // www. eorc. jaxa. jp) Al H A 3%
JRHA IR A BRI IT T 2014 AR TR IR B D R
22— P DEM, &*I‘Eﬂﬁﬁﬁzjﬁl 30 m. A
% PR A T AHE HO R 2 S BB v b

201 545 K 0 3 1
—_—
R T
JrgE 5
H=M
K=fi
B i
Tl 3 v B
e
G R e
| AL e o e
9% 175 0 e 3 TR
1L e b s vl i
T 2 5 A 5 Sl
/ RIS

E1 2015 FHEESRELNENZEASHHASTLEAREZERX

Fig. 1 Spatial distribution of air quality monitoring sites in 2015 and key region for air pollution prevention and control in China
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Table 2 Variables with the strongest correlation to PM, 5 in each subclass

3 2 ial N g
o BTk + b F A/ km 18 %3838 / km
cro_(+) for_(-) ga(-) wat_(+/-) ind_(+) sem_(-) hig (+) hm_(+) ma_(+) min_( +)
| A 10 10 10 2 6 8 10 10 8 10
MEZRE 0.314 -0.262 -0.376  -0.014 0.275 -0.142  0.147 0.220 0.203 0.158
Ak 10 10 6 2 6 8 10 10 8 10
2 S HL
MXEREB  0.295 -0.281  -0.385 -0.034 0.330 -0.126  0.073 0.189 0.183 0.163
5 A i 10 10 5 10 6 5 10 10 8 10
MEZRE 0.290 -0.340  -0.263 -0.080 0.314 -0.073  0.050 0. 209 0.212 0.171
Akt 10 10 10 1.5 6 5 10 10 § ..~ 10
4 2 HL : Ty )4
MHERFRE  0.262 -0.254  -0.409 -0.016 0.345 -0.11} 0. 092 0.277 0.274 “__.‘f’,."'().216
25 i 10 10 o .8 4 10 10 6 & 4 10
5 oAl =EN ‘ — F,
HERE  0.250 -0.251  -0.255 '470.072 0.230 -0.081, 0.023 4 ' 0.189 0. 199 },,-O.D'76
I | i
Ny 10 10 - 8 1.5 5 8 10 6 6 & 10
6 2 HL i i . . 1 A
HRRL ~0.295 -0.400 /| =0.226 ; -0.057  0.336  -Q.044 | 0.036 0.252 0.2635= (0. 180
— A 10 10 f5 A Y 6 448 10 “10 8 40
A MGERE] 0.313 0 -0.350 ,-Log-'lz“o?/ 20,099  0.268  -0.058 | 0.074 “ 0.183 0.186__0.1167
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f 3 / 4 SR
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10 1 ! SCH —
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Table 3 Correlation between dependent variables and modeling independent variables
- 5 PM, WA OCH: R
1A 2 A 3 H 4 J 5H 6 7 H 8 J1 9 A 10 H 1A 12 ALy
altiude  -0.316 -0.382 -0.220 —  -0.242 — — — — —  -0.250 —
GST — — — — 0.075 -0.062  — — 0.237 — —  -0.385 —
WIN — — 0.056 -0.009 -0.169 —  -0.152 -0.099 -0.240 -0.102 —  -0.020 0.015
PRE 0.069 0.063 -0.276 0.177 -0.139 -0.273 -0.244 -0.176 -0.141 —  —0.499 -0.346
TEM 0.069  0.061 — — —  -0.038 — 0.273  0.282 —  -0.511  — —
PRS — — — 0. 400 — 0.223  0.145 — — 0.374  0.240 —  0.302
SSD 0.068  0.062 — — —  -0.130 0.035 0.079 -0.155 —  -0.113 0.195 0.018
RHU 0.069 0.062 -0.294 0.062 0.0l -0.310 -0.206 =-0.055 0.048 =-0.046 -0.241 =-0.293 -0.215
hig_10 — — — 0. 092 — — 0.055 — — — — —
hm_10 — 0.189 — — — — — 0.216 — — — — —
maj_8 — 0.183 — — — — — — — — — =
maj_6 — — — —  0.200 — — — — — o~ ol
min_10 — — — — 0076 — — 0146 ~ — | '— — 0
for_10 — — —  -0.254 -0.257 — — =022 -0.140, — — ] =
gra_10 — — — -0.409 -0.256/ —  -0.303 L0.316 — 4
cro_l0 0.314  0.295  0.289 — — 0.313 — — 0278 0.230 03237 0.3
cro_1.5 — — — <002 — —  -o0f0 RN — N
wat_8 0.012 = — +F T = — — - & b — L0 e
wal_6 = — — — LAY 403 —  -oboffy 28  —F — — =
wat 10 — &1 34 — o004 V& & — —f 1l eE — . =0.057 4
ind_6 0.275° 0/330 0.314 e3457 [ = = 028 0 —/ . 1 033 0363 0353 0322
ind_5 | A — 0 S #e,  — £ o3 o _ — e N
— 4 = — - J‘-" TV oo — ISR 2 - — — F
sem_LQ '+ i — — £ F — — — — — — — -0.134
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Table 4  Comparison and evaluation of the results of the OLS and GWR models
A B4R OLS i GWR #i!
7 R? R R? R AlCc  Morans 1 3%2% 7 R? R AICec  Moran’s [ W7
1 0.424  0.415  0.404  0.400 10752  0.481 43.369 0.872  0.813 9804  0.008 0.787
2 0.400  0.391  0.378  0.373 12018  0.514 50.025 0.889  0.836 10679 —0.045 ~4.265
3 0.448  0.442  0.412  0.410 12278  0.493  49.966 0.865  0.818 10914 —0.043 -4.250
4 0.364  0.355  0.340  0.336 12155  0.427 43.344 0.790 0.716 11271 -0.011 ~1.019
5 0.349  0.338  0.333  0.327 8950  0.601 52.363 0.893  0.839 7802 -0.034 -2.873
6 0.587  0.582  0.571  0.569 11198  0.337 34125 0.782  0.749 10531  0.019 1.992
7 0.447  0.441  0.423  0.420 11453  0.337 34.152 0.836 0.776 10463 —0.057 -5.682
8 0.352  0.343  0.330  0.325 11197  0.407 41.208 0.772  0.705 10265 -0.011 -1.051
9 0.472  0.465  0.453  0.450 10888  0.399  40.332  0.839  0.782 9909  -0.054 -5.383
10 0.410  0.404  0.376  0.374 12118  0.449 45426 0.825  0.766 11037 -0.039 -3.875
11 0.596  0.592  0.573  0.571 12813  0.466 47.170  0.892  0.858 11528 -0.010 -0.973
12 0.638  0.632  0.613 0.610 11383  0.438 44.288 0.923  0.887 10313 -0.006 -0.511
4EH) 0.578  0.574  0.573  0.569 7871  0.448 37.892  0.887  0.853 6979  0.004 0.435
2.1.3 ARBBORAS RO FH s s s R G | K, AR R

Xt AR PM,, e B2 (o] U0 3 P 14 4% B A2 e 1
FBHAT T, B 2 F2IK AR [ I A 1)

A5, AHXTRRRE | R P IX 2454 10 km A HB TR
XA R 10 km BRI TATRR . R b X 2480 6

< EL
AL

VA



= 2% 39 #

-42.9 0 65.9 =294

-22.6 0 14.2 -3.6 0

0

23 =293 0 298

(i) AR M
(10 km)

-32338 0 952.8

1 000 km

2 F¥GWRERTSRE
Fig. 2 Variable coefficient of the annual GWR model
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Fig. 3 Spatial distribution of monthly average PM, 5 concentrations estimated by the GWR model
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Fig. 4 Spatial distribution of estimated annual average PM, 5 concentrations
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