ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

N
N
N
Vol.38 No.

HRRAERERHRAR L £
4 & M & HiR




w % # 3 #38 % 12 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4612 A 15 H

H kKB

T [X pMzs{g%mE%ﬁj% EIE e E#ﬁﬁﬁ, B! , = ’Eéﬁq’ , ﬁﬂf/%(4897)
Jot R R JE B0 4 2 P T < R I S R FEARRIL +oveovvee oo L, RIFE, I, TR, R R (4905)
LT 2R (1 PM,, (VR BE I 2 434 T 5 P oo BB, LM, FOR, IR, IME, EFE, George Christakos (4913)
AR DX PM, LT 5L R N 0ROl - A3, BAM, FER, HE#8, TiH, B, REE(4924)
RSB AN KT YRR IE R ACHRRALSE AL - oveveeeseeesesns i Kz, T, % ok, A, FL(4932)
SEETT PM, AL AR oveereenesneeeeens A, RS KB, BRI, B, XUR, R KB A (4943)
AT SR TR P PV, KV oML TAL MRS SRR - ke, L7, KE, K&, T, E+%7(4951)
KA T YK T V5 Y i AR OB R K VA B TR AR AN AT R - eeeerereneeemmmmi ettt
............................................................ WE, X TFE, BEE KTFH R, BAME, MBS, THE(4958)
S EE LA BB A Cop PM, SIACASAESPHT - ERUE, EIR, B F, WiE, HW, ik, T, # AR (4968)
2015 AP H R IE T B AU BEREE AR oo oevee e B, WAX, TH, KEK, BB, HEM, K%HH(4976)
ANJF) CDPF 5t 46 Ja £ 280 0t S A 584 VOCs AN HEIUR I <o ooveveeeeeeeoe B, KFR, x4k, BAME, HEL(4983)
ENSO Hefx) EHERE K A AU AU B R AE AR eeeoeeeeo FAF, HlH, KT, AEW, e, HHRE, FILE (4991)
T B 7 N LR B AR S R G IUTL . EUFITRUTIGE:  +oooeeeeeeermmemmemi s BER, BE, k&, BF(5004)
AT IK TR B AT B ZS AR AL AL - eeeeeeeeeeeemmmieii e MR, M, DR, FE5EF(5012)
SIS ATV TR AT wovvveeeessseessssnes s L, R, BEA, NE R, Z8#(5020)
S K KT RTGAREG S ATIFAE overeveeneenennenoe B, ROKE, AR, T, BE, AWM, £FH (5032)
ORI R IR R RIS RS AL L oo I S FHF, I, HHE(5039)
IR A IR K AR SR AR AR E S o [ T (U 87 & LA AT L VAR T fB] wvvvvvmmemmmmm e
................................................... HE N Ew, BNE, KE, N, FRE, £XE, RHE, 2H(5047)
O 2 LI R RO AR P R )25 UK BB AARE - ovveeereeesee b G, Ik, FEY, EEF(5056)
JE MIKELL BUBE 5 75 Y KGRI I 7T woeeeeeseesseessssesssses e fesik, BRE W (5063)
LI F K R ZAATRE GIE IR +oveveveeemssomseees e, WIF, R, HH, £ EH(5074)
I SEIOT R UREARTUR) T BRI L R EE - oeveeeoes BAM, KRE, TRE, Ak, U, RAM, ER)(5081)
BOKEFROBRBE BRI BRI -oveveeeeeeseees e WE,FY, BEA, BN, £EF(5090)
RIS R RIS AR o vve v A Wk Wi, IXE, KA, ¥ EF(5097)
ST AR AR EEXT — 2t K b DON /R IBLEI S oo Xk, i, A, FEK, BAX, REL, FH(5106)
BT AL — B LB IR I ovveeoneeeeenens BER, KRR, HH, RE%, H—d, BA, &PE, A#(S116)
MIL-88A@ MIP #EALIG AL 1L B BREL S 1] PR R AR R T TR «eveveerereeeee et
..................................................................... ifhiﬁi, %é?’ ﬁé%, E#@’ %%X’ ]ﬂ%)&’ gﬁﬁﬁg(5124)
U TR B ) MCANMBR AT B BRRRER AT WU ACIRER vevvereeesemeessees s hiE, £#F, FH(5132)
FRBE IR A1 5 £ PR 5K PR [ LR v REE, EHIT, T, KER, HAR(5139)
AFRBEFTE T o R A CAST T 2 A AR & V5 K BRBEPERE - eveereeeeeee L4, &, @AE, FE, B, T5(5146)
ABR-MBR T2 AbBHA 36 TG K SRR AL coeveeeeeemmeeneeeeneee B, RIFE, FES, KU, LT, XMW, AR (5154)
T R AR S8 SR A R A B B VKT B R S BB Ty S oo BR, T, 2%, XEH, TRE(5162)
HF SR (FA) X 2 AT B R GR LML --ooovoevmeereeeeseees e MR, TE, AAE, A%, THE(5169)
P4 22 17 SRS AR K 5T B ST AR R TR A oo M, HEM, Kigm, RIEE, WEE, SR, FTEF(5174)
PREE SN B B SR R SRR oo ERE, KA, 2%, REY, BEE, WER(5184)
SBAF F.¢ [ SRt A PGHUA 8l | RS a7 M IR AL ooeeeeeeeeeeeeees 5, X%, TP, R, ERW(5192)
TV R TR ( Nitrospira) YT BILANJIZEBHL ovveseeesssenssssnssnnscins Bl B, A, EH#(5201)
pH (B AR 11 32 AL TR RAI v eeeemsmeee et o, A F(5208)
S /A V5 YT IR U UL I A B IR -+ vvvvveeesenenssneenae KIEX, A, KA, HHRM, FW(5215)
IEVETS IR RAIAE WYL SBR T ¥ WiNAL R sh ke s fitegest b oo R R U R R B
.............................................................................. IEF, T, TE, BE, EXE, BEE, 2E(5222)
KGR F K TiO, X PRERE IR R EVEMIFEI oo EEE B8 (5229)
K = A SRR AR o] - M - A 3R R ST oo B, GAT, 5%, FH, Ik, EFIE(5237)
RIRATHUE B £ MR R BT BB IE AT 5 +ovvvevveeeessenesesns s KU, Vi, % U, R (5247 )
F LR AE =M PE X R RS HURAE oo (TO3E , Wi, R, 4 IE(5256)
R A VR SRS R T A R TS YR | SR VBT B AR A ZRIRUBIIEAY ceeeeeeereneee e
............................................................... NEHE, ﬁ*ilFiﬁ, ?ﬁﬂ:%, KRITAN, EIE, ;‘(lﬁﬁﬁ@, :ggfg, }3"3:%(5262)
KR T FFRBEA I 25 5535 K5 AT H BRI - oevveess s REF, BEE, TH#, FAE(5272)
Tl X VAN LB SR S IR 2 T 4 B TS YL (TG SR v v evevnvmmreeemmnmmnseeteett ettt ettt
............................................................... %, éiﬁﬂ}]’ ?}5&3@, Eé?ﬂ, /7"1%, &R, ﬁ]%%, Eﬁi(SZSZ)
TR T I BT S P T 4 A B AT IR oo BlREe, AR, BB, KAk, BRI, A ¥ —(5292)
FEMETE O ST - S350 A A SO R K R B I BN =+ eevvveneeeemmnmn e e ettt e ettt sttt et
B S BT, BT, MXR, EARGE, PRSI, HXEE, R, BIAE(5299)
IKFERT S SRR 5HE % --eeveee SRR AR AL AR L L TLLELLC LIRS Hnﬂrb, I, j@}g’ ﬁt}%ﬂ:, %;ﬂ&,gm%(5308)
S O, He P (K AR AL B XA /NS TR BB R AT ooveeveemeese e
e RS L L L LR LR #X j]ﬁ?, ﬁg;ﬁ‘“&’ ?@ﬁ\’ f{%ﬁ?%’ %;&«;%, @é;ﬁ’ 9‘%%(5315)
SR RERE AN TR HG X A6 P U e H A R - ERAE, BRI, ABkd, BHL, WL, HHE(5326)
A=Wy AT HLAE X A B A FH 8 N, OHER F) 52 1) xRk, XHN, GRE, KEE, KEF, HIEAL(5333)
A IERRIZE AL CO, . CH, FIN, OO FHASAE Fz HAEMADIZE ooveeeeesee e

- BEE OREHE, MR, R4, R, BEM(5344)
BB, EXP LR MR, B2 A, E K (5352)
<%ﬁﬁ4%>%¥%(20]7 E‘)EH% ...................................................................................................... (5367)
(REERL 2 ) A AR 1700 (4950 ) CABERIEY TS (5031) {55.(4923, 5105, 5161)




o5 38 B 12 ) 7 1% Bl 2 Vol. 38, No. 12
01712 1 ENVIRONMENTAL SCIENCE Dec. ,2017

B F &R PM, , RER S5 7H 55 E

Mg, B, B, BEMRE', PMe', BEZE3E', George Christakos' ™"
(1. WVLR 240 5 S5 R F 52 r, A+ 3160215 2. Department of Geography, San Diego State University, San Diego, CA,
USA; 3. bat iR MBR 2 Bedb st T Al B BB A5 H AR BFE rhuty, JE5T 100089)
WE. EEREST ., Tolkfk, SR b FmE & e, PM, 75 3448 1 E 2 2 B0 — MR R BB FAE £, 5 Rz 6
‘JE FHVHHORAGE 3R PM,  BTit Wk E , WA A0 3 Y 38 S S i A OB O # R BE (AOD) , SR B, HiAth B A5 70
V5 Y HERCECE SR DL 3B K ( BME ) 25 A U B IAL ET)E ( GWR) SR 0AT 2015 4FE4 2244 PM,, #2557 38 B 4R 3 K yi el IX.
TS AR AR, Z5 SRR, BME A AY 3738 IS TESE LAY E REL R 4 0.92, 5 R (RMSE) 4 8.32 pgom ™,
AR (MPE) - 0. 042 pg-m~°, FIHLRHUAIRZE (MAE) N 4. 60 weg-m >, S5 HEBHIAL RITAERIAG 45 RAR L (R =
0.71, RMSE =15.68 wg-m >, MPE = —0.095 pg-m™>, MAE = 11. 14 pg-m~*), BME A9 W45 54 M R R 3 . 25 I,
DM, 5= Wk FEMb X F AR e Al UL =AW, U1 2, i 3 b X 32 B34 v o o [ 109 e e S A0 B VI = AR IR 2= 7 9 1
FAER; BFEE, ASEA G BB X I PM, 25 [ 2340 e 22500, 2015 4FAY 12 A L 2016 4F 1 A PM, (75 043 /™ 5, 2015 4E ()
11 A, 2016 iFE’Jz 15 G R EAR.
KEIA . PM, ;B RIEBOCHIEEE; DRI s MO InALE ) 5 il .
FESES. X513 ScﬁFMmEﬁEs; A XEHS. 0250-3301(2017)12-4913-11 DOI; 10. 13227/j. hjkx1201705122 £ f‘“}"

Space-Time Estimations and Mapplng of PM, . Flne Partlculates Based en Mu'ltl-

3 4

source Data : J P

XIAO Lu LANG‘“uYi chao' , XIA Lang ) LQU Zhao—,han SUN Nan! HUANG Li- tong George Chrlstakos 1P
(1. Imtltute of Ialdnds and Coastdl Ecosystems, Zh?ang__.rUmvermty, Zhoushan 316021 Chlnaj 2% Depdrtment of Geogrdphy, Sain_ r
Dlego State Unlvpf‘%lty, San Diego, CA~USA% 3. Bel]m,g Agrlcultural Intelhgent ‘Equipment Teohnolo gy Research Center BPIJlﬂg

Academy of Agl‘lculture and Forestry Sciences, Beljmg 100089 China) 4
Abstract PM, s pollutlon in China has beco;ne an qxtflleme environmental and somal preblem and has generated widespread pubhc
congén. We estimate glound level PM, ; ffrom satellite- derlved aerosol optical depth (AOD) , topography data, meteorological data,
and pollutant émigsions using a new techniques Bayestin max1m_3_1-m entropy (BME) combined with geographically weighted regression
(GWRY, o evaluate the spatial and temporal characteristics” of PM, , exposure in an eastern region of China in winter. The overall 10-
fold cross-validation R’ is 0. 92, and the root mean squared prediction error (RMSE) is 8.32 wg-m~*. The mean prediction error
(MPE) of the predicted monthly PM, , is —0.042 pg-m ", the mean absolute prediction error (MAE) is 4. 60 pg-m . Compared
with the results of the Geographically Weighted Regression model-GWR ( R* =0.71, RMSE =15.68 ug-m~, MPE = -0.095
pgem™, MAE=11.14 pg-m™), the prediction by the BME were greatly improved. In this location, the high PM, , concentration
area is mainly concentrated in North China, the Yangize River Delta, and Sichuan Basin. The low concentration area is mainly
concentrated in the south of China, including the Pear]l River Delta and southwest of Yunnan. Temporally, there is migration trend from
the coastal areas inland, and PM, ; pollution is most serious in December 2015 and January 2016. It is relatively low in November 2015
and February 2016.

Key words: PM, . ; remote sensing; aerosol optical depth (AOD); Bayesian maximum entropy ( BME ) ; geographically weighted
regression( GWR) ; air pollution mapping
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Table 1  Results from MLR model
MLR #7 At ARt R AL brifEiR 22 PR R AL t Sig. VIF
R -69. 035 15.274 -4.52 0.00
AOD (FEHE4) 6.789 2.989 0. 051 2.271 0.023 1.514
Prec/0. 1 mm 0. 021 0.03 0.025 0.71 0. 008 3.652
Pres/0. 1Pa 0.013 0. 001 0.418 11.733 0. 00 3.878
RH/ % -0.246 0. 107 ~0. 061 -2.304 0. 021 2.153
Temp/0. 1°C -0.209 0.012 ~0.514 ~17.238 0. 00 2.713
WS/0.1m-s™" -0.009 0.019 -0.012 -0.471 0.038 1.919
NO,/pg-m > 0.591 0.053 0.276 11. 109 0. 00 1.88
2015 4F 11 A CO/pg m™>3 8.083 1.512 0.133 5.345 0. 00 1. 899
Road_Length/m 8.02x107% 0 0.013 0.628 0. 003 1.213
DEM/m 0 0 -0.019 -0.992 0. 001 1.158
Pop/people 0 0 0. 022 1.163 0. 005 1.63
Forest/m? -3.20x1078 0 -0.027 -1.236 0.017 1.46
Green/m> -6.34x10°% 0 -0.045 -2.187 0. 029 1.302
City/m? 6.10x10°% 0 0. 056 2.762 0. 006 1.255
Water/m? -8.94x10°% 0 -0.015 -0.791 0. 029 1. 087
R? 0. 69
L -23.144 28. 448 -0.814 0.016 _ "
AOD (JGi4) ~10. 695 4,249 ~0.05] ["£2.517 0.012" 1 23
Prec/0. 1 mm -0.05Z 0.03 -0.059 -1.886 0. 06 /2.9
Pres/0. 1 Pa 0.011 4 0. 002 0.204 61338 0. 00 3.13,
RH/% -0.302" 0. 206 -0.057; | -1.465 0.043 . 44.520
Temp/0. 1°C -0.234 0.023 -0./317 1-10. 138 0.00 & 2.928 &
AXNS/0.1mes"! -1.463 0.258 -0.145 | ; -5.672 0.00 'l A7978%
- 4 NO,/pg-m? . 0,79 r = 0.069 fo.823 * SRIEET 0.00 21389
20154 12 A Ay CO/pgem™? /8 ‘fﬁ ‘;_;;-’ 1.833 0:309 &= }10.“35‘7 0. 00 2.662
[ f * 4 | Road_Length/m S IR 05 0 0,021 1. 049 0.024 /" ~=T7219 =
) =/ [DEM/m YA 0.1 ?4.957 0.00 wp 1.232
—Pop/people # 10 J 0. 001 04004 0.193 0. 047 1. 557
__ Forest/m? i ~7.59x10°% 0 —0:047 -2.062 0. 04 1.545
7 U/ '~ Green/m? 119 x107% 4 0 0.004 0.23] 0.018 1.138
§ 4| ciyn’ -2400 x 10°°_=0 -0.012 ~0. 607 0.044 1.217
= Water/m? 2.23%10°% 0 0.032 1. 653 0. 009 1.102
R 0.77
i -37.703 16. 434 ~2.294 0. 022
AOD (o) 4.025 4.137 0. 029 0.973 0.031 1.374
Prec/0. 1mm -0.3883 0.078 —0. 444 ~11.346 0. 00 1.80
Pres/0. 1Pa 0. 009 0. 002 0.248 5.961 0. 00 1.97
RH/% -0.023 0.16 -0.008 -0. 141 0. 008 5.072
2016 4£ 1 H WS/0.1 m-s™! -1.491 0.556 -0.197 -2.679 0. 008 5.104
NO,/pg-m > 0. 839 0.079 0.355 10. 594 0. 00 1.585
CO/pg m™>3 12. 637 2.027 0.223 6.234 0. 00 1.921
DEM/m 0. 001 0. 001 0. 061 2.168 0.031 1.147
Forest/m’ -1.30x10°7 0 -0.112 -3.508 0. 00 1.437
R? 0.67
i -139.272 17. 321 -8.041 0. 00
AOD (FEHE4) 18. 02 2.449 0.2 7.358 0. 00 1.242
Pres/0. 1Pa 0.023 0. 003 0.999 9.217 0. 00 2.593
RH/% ~1.144 0.213 -1.167 -5.361 0. 00 3.034
WS/0.1m-s™! 2.219 0.221 1.032 10.03 0. 00 1.556
2016 4E2 J NO,/pg-m > 0. 496 0. 055 0.295 8.969 0. 00 1.592
CO/pg m™>3 2.165 1.261 0. 052 1.716 0. 006 1.615
Forest/m’ -8.54x10°% 0 -0.118 ~3.984 0. 00 1. 459
City/m? -4.96x10°% 0 -0.063 -2.407 0.016 1.38
Water/m” -1.62x1077 0 -0.048 -1.97 0. 049 1.039
R? 0.53
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Table 2 Model fitting for GWR
GWR #5i7 At jﬁﬂ&%%ﬁ%ﬁ — —
e/ IME VNI ¥I{E FrifE2
i -20. 46 54.94 24.05 26.35
AOD (TCiE4) -0.74 7.08 2.42 1.54
Prec/0. 1 mm -25.00 9.85 -6.63 8. 64
Pres/0. 1 Pa 1.04 25.81 16.04 8.34
RH/% -26.83 28. 41 2.88 16. 22
Temp/0. 1°C ~49.74 -2.08 -26.86 14. 94
WS/0.1 mes™! -2.26 1.50 -0.01 1.13
NO,/pg+m > 2.92 11.37 6.07 1.97
2015 4E 11 CO/pg m™>3 1.24 5.92 3.69 1.28
Road_Length/m -0.25 1.87 1.01 0.61
DEM/m -0.91 0.84 -0.02 0. 46
Pop/people -1.24 2.29 0.26 0.94
Foresl/m’ -4.52 0.16 -1.80 1.05
Green/m’ -2.05 2.50 0.07 1. 15
City/m? -0.61 2.48 0.95 0. 89
Water/m> -2.56 0.05 -0.79 0.63
R? 0.78 N
R 12.91 62.21 37.12 865, =
AOD (FEH4) ~0.93 1-3.28 g.;-'rf‘i.‘“'
Prec/0. 1 mm 4.59 -4.00 480 °
Pres/0. 1 Pa 19. 44 15.‘131 z F an
RH/% -0.92 —12/52 “ 301
Temp/0. 1°C -0.01 #0764 10,96_~" 4"
S WS/0. 1 mes ™! 9.16 P 3581 499
o N0/ pgem ™ 11.76 Vol 8 91 4 .37
0052 7 f1 C0/pgom ™ 9.11 “/ 6. 107 187 1
- ““ | Road_Length/m 3.57 f 0.61 " 136 =
~* SDEM/m s/ 0 3,29 0.97
y “Pop/people 2.3l & ~0.81 0.88 &
/ “iForest/m’ -0.76 -2.13 0.56
A Grogmdin® 4.09 1.58" 1.12
L a4 | ity 1.54 0.44 0.54
J . . Water/m? 2.44 0.96 0.45
“‘.‘ F R?
U 128. 89 71. 62 29. 89
AOD (TCH#) 6.19 -0.20 2.99
Prec/0. 1 mm -16.81 -59.29 35. 81
Pres/0. 1 Pa 16. 30 5.76 6.94
RH/% ) 7.25 -3.47 6.49
2016 41 H WS/0.1m-s™! -94.65 116. 82 13.08 57.56
NO,/pg-m > 4.75 13.87 7.91 2.06
CO/pg-m™3 0.37 7.20 3.70 1.71
DEM/m -2.15 3.86 0.42 1. 69
Forest/m> -5.85 1.42 -1.62 1.70
R? 0.8
R 49.46 73.72 60. 89 6.28
AOD (TCH4) 1.28 8.62 5.19 2.27
Pres/0. 1Pa 12. 58 44.63 31.14 8. 44
RH/% -31.60 —6.68 -22.27 5.87
WS/0.1 mes ™! 18.93 57.66 49.76 8.61
2016 42 A NO,/pg+m 3 3.81 6.48 5.13 0.70
CO/pg m™3 -0.39 1.58 0. 60 0.51
Forest/m> -2.76 -0.92 -1.87 0.43
City/m’ -1.71 0. 44 -0.90 0. 54
Water/m” -1.47 -0.41 -0.93 0.22
R? 0.63
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%3 GWR 71 BME &8 {3 R IGIE 4 R L4

Table 3 10-fold cross validation of GWR and BME models
i R2  RMSE/mug-m~> MPE/pg-m~® MAE/pg-m™?
GWR 0.71 15. 68 -0.095 11. 14
BME 0.92 8.32 —0.042 4. 60
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