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ABSTRACT

Fine particulate matter (PM2.5) is jointly affected by emissions, meteorological conditions, and the
urban built environment. Accurate characterization of its temporal variability and spatial heterogeneity
is important for pollution warning and regional risk screening. Using the UCI Beijing Multi-Site Air
Quality data and public OpenStreetMap features, this study develops an integrated workflow covering
leakage-controlled temporal splitting, multi-horizon forecasting, and spatial risk analysis.

(1) In the data-construction stage, hourly pollutant and meteorological series from 12 monitoring
stations were processed using causal forward filling and training-period statistics, then combined with
static road, green-space, and building features. A 48-hour history window was used to construct 1-, 6-,
and 24-hour targets, with every target constrained to remain within one temporal split. The resulting
data contained 8,265 training, 5,833 validation, and 4,321 held-out test samples.

(2) In the model-comparison stage, persistence, 24-hour seasonal naive, LSTM, Transformer, and
spatiotemporal graph convolutional network (STGCN) models were evaluated under the same protocol,
with three random seeds for each core model. Under the pre-specified mean-RMSE selection rule,
STGCN was the best model, with an overall RMSE of 53.748. Its RMSE values at 1, 6, and 24 hours
were 21.881 4 0.214, 53.655 + 0.735, and 85.708 & 1.683 ug/m?, respectively, representing a 17.06%
reduction in mean RMSE relative to the strongest naive baseline.

(3) In the risk-and-interpretation stage, held-out predictions were mapped to spatial grids and
evaluated using Moran’s I, local spatial autocorrelation, and alternative weighting scenarios. Global
Moran’s I was 0.713 with a permutation p-value of 0.001; rank correlations between the baseline risk
index and four alternative scenarios ranged from 0.969 to 0.989. SHAP analysis of an independent
LightGBM companion model ranked current PM2.5 first with an overall positive contribution, dew-
point temperature second with an overall positive contribution, and the annual-cycle cosine term third
with a nonlinear periodic pattern; wind speed showed an overall negative contribution.

By integrating multi-horizon forecasting, station-level error diagnosis, spatial clustering tests, and
interpretable analysis into one evidence chain, this study provides a reproducible methodological ref-
erence for urban PM2.5 warning and regional pollution-risk screening.

Keywords: PM2.5; spatiotemporal forecasting; STGCN; multisource spatial data; spatial autocorrela-

tion; SHAP; exposure risk
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WA S e RPN, R b 2P ZRAAGE A ERKE RN BT XERAETH
B R A, ASCRAEENIRRR A 3E m B =B F &, R T by AR 2] 6 s o s



323 HIBSMIERSTEIYIFLR

o BB AN BB Z % E Haversine EH M2, BR AT 25km F RN B HE I NE,
FEAE 75 km BN AR AT, BT — . ZABEAASARBRENE, RAERY
AR EERE, T HAERRS T, FHx KX 4 208 2 kmx2km #0; X
JE T M 3 A 4B AT 8 km B 174 AN WA T HH BRI, 2T 34 MHAFITH “H
P XFA R, HI T T A B h B X B IDW 48 RIEL B M

3.3 BIFMAIES = EIMBEAT SRR

3.3.1 ERBRKEASINGHARAENL

Sk HOMESE 8 B EIFRAT. B—F, RERATENMNETES 8/ FER
Wb, UABEREESRA, 85, SORBANELTE, LERIENELE
“Ffr—/NEEY B, AR A RRN R, B2 %, BE—HAMETALIE,
I 23 5 0 Ak B, R LR AT B % 8 /NIRRT AN, BRI 4 B A
. T AEH AR AT LI T 5 5 AN B B AT
HARAEAREAR AN E LG 1 SHEE o

train
Lin,f — Hy

train : ( 1 5)

* —
Linf = o
f

ARVE B A Y r B 18] BL B AR sk S E LA, BE N A TFRIEANKEKE, #
A Z EAFAEAE 12 /D 3b 5 8] kAR vE AL . T 52 AR S, PM2.5 A2 NO, i 34 7 2| & 46 4
SR vl = o= =

332 EEYIS. SLEO5NAENE
A B BT R 248 Y% B AR BT 2015 45 12 A 31 H 23 B3 BAEEARLT
2016 £ 1 A 1 HE 2016 4 8 A 31 H; JMIAEARI 2016 9 A 1 HEZZE 2017 4 2 A
28 Ho BAMFAMF T L 48 /NS A8 F AU TR K 1. 6 F0 24 /ot RA L —MER
W e BTN B AR AL T B — M B e, SRR AN RS, BRYIA—RIERR
E—MR A R E 0Lk,

AEFRWERA, PWHL L3 /Nt E R, RiIESMNRE O REE/ N &L



KEY G, BAEA IR E O3 A 8,265, 5,833 F14.321, RiEEATREELSHEA %
#F; WREAENF L FLRPREYE, AT REWEETN. RS 5HRHEN
*3.3,

®33 HEVA 545 FORE

e Bl AR &I 3% B HFOSK Ji i GlEE¢
YEEE 2013-03 £ 2015-12 3 /)NA ¥kt 8,265
BIE%  2016-01 F 2016-08 1 /NEE PR KE 5,833
MR E  2016-09 £ 2017-02 1 /NBF WA AT 4,321

B3R E M B EAAREHEANRA—RE XRS5 =B R AR R E
Bl —irEE+. mETL, 48 /Mo s 0 RERE U B A 1. 64724 /Nt E AT,
B E S AR K S i R AN AT AR T 2 B B R — B B

(a) PEASRSIEI S (b) HAED (©) PP EHAR
8000
48 WSRED 6000 5,833
Eod 4321
o0 ® ﬁ 4000
e
+1h +24h
0
0 200 400 600 800 1000 1200 1400 -40 20 0 20 Il IE plj5o
B2013-03-01F2H9RE FRNRRSSEIRE

Bl 3.1 HETL. 25 E0 5HELF

333 RpEErR. NELSRERS5= A%

75 [8] KU A 52 8 48 DA 12 35 % 2013—2017 4F PM2.5 W24 At N, KA JIEH N 2
# IDW #HE B W RS, £ BB KA EEBE AT 8km, WAS5REL2 %, %
TEAE, EXEE. ENTRALZEHRE AN — R

E; = Z(ﬁj\w2.5,i)7 (16)
Vi = 2{z(Building,;) — z(Green;)}, (17)
T; = z{z(Road;) + z(POL,)}. (18)
HAEZ AR N
R, = 0.50E; + 0.25V; + 0.25T;. (19)

13



At ER M, FREN, FFME. B A @S WA %, H UL Spearman
FRHAMK . B 20% = K& P46 Jaccard R E B L LB R ER . INEZFRRES T
WE, =28 NRrE,

FE EAE A 174 N Z LFEM#E Lt &, 4B Moran’s T R A Queen 4F # 1T FR &
WE, i 999@@@%@%&%@4@@ J1 8 Moran £t it [F] £ % | 999 & & #,
BREABEXSAE—®. K—K, &— B0 E—S K22, Rt EaRRE=H
RERE, DEEMEHRERE, B AHEREANRE,

3.4 KRB/

AFYRHT AT HEMNEKE. OSMZHE R, SIS EH AL EWRER, FHARE T HrREAD,
FREA . BT A 2 A R R BRI R R B R T A A R LB S it
FRANINGHF S 2 X MNFRESFEBEENE: WAETS SEREE, N H
BRAEBENLFEENEE. LRARAEEERUREZHAERRET H—HKEF
Ao



4 BIFFUN A A

4.1 IEELKES LSTM &7

4.1.1 BHEME 24 IHETINEELZ

EFEBRAELZ BN TRELTENHETN, T EFELFUEREL. AXZER
RFpRMEMNEREL., FEEELABEARRKERFFETIE L

Y =Y, h e {1,6,24}. (20)
24 NBE AN B 2 4N R B AR 2 AT — B F — /N L
Yi, = Yo on (21)

FEEEALEEahRARTE, ZTARELATREDANEAHESHE ST,
HRELTFESKI) G, AEEREED T 2MENNRE 7 Lt BHT,

4.1.2 LSTM M4&LE4

LSTM # AL 3§ 12 35 B £ F 540, EEA 35 S aat Bl 7 20 Mk ar sk \AB IR 4%, 134T
BB EREE, 1TEANSRERZ AL ZUAE 64 4; M8 A Z LSTM, #3
48 /NEF B B g — BB 64 EFEBAR A . 10 48 OSM ## AR E &1 1 B R &AL R 2D
64 %, HENERBRASHEN 128 R, UERTE “LME—ReLU—4%EE” T
Mk 3 x 2 Mk, M =AFKFFEAEHATR,

YL % F 0.2 # 2 1] dropout. LSTM BLEEH A F G 2 M ER LT EMHER R,
IR AAEF HIEAE, FHILE S STGON M £ R ab b Kb = B £ H S B A,
A2 MmN EAF SN E B INE R



413 ZLINHEH

AXKR S W R, —KE W EEE TR 1, 64024 NeT TN, T A& & /Naf
BHE K. RRARBETA 200, TIKA go(-), N

[/y\t+1,m 3’\t+6,m 3’\t+24,n} = g¢>(Zt,n)- (22)

EEZREBEBTTNFH—FREAHENE— TN, EFRTNSKAFSH
woN, MAAHE F A IR A AR

4.2 Transformer ZmA5 SR Y

4.2.1 BYELE HwhD

Transformer & & & &0 B )F, AXE 17 FHSFABRSE 64 £ NIEZLE
W, IALE pos FEE i, YA

PEpys2; = sin (pos/10000%/) | (23)

PEpos2i41 = cos (pos/10000*/%) . (24)

MEREEWMANKTME, CERAERGX 2 EFOFHAERME. ZRE 5
RANE. FRBFARREEATE: AFHRATOATNENCE, FHEHLELH
TR

422 HERBFEEHRwDB

AR X AE i # B A% & TransformerEncoder, & Z @& 4 L EER /. HE N 256 W15 H
% %0 0.1 ¥y dropout. EEAEMERF L= AEREG, ERFCESEFTFLEHE
Ro £ mAFE—Ra#E, EEMAE T “HAR—38” BI, Hlt Transformer
5 LSTM —HAHAT R M B EH. e — M AEMEN 64 Flrd 5 64 ERHAZT
Bl BEHE, BTk

FERFANE, REA XA T Bk SAREE A, T4 ProbSparse HRARE 1. F
P A B A R A A, I IE XS — 4 “Transformer 4545 25 7, 1% f| Informer 4



o Fi B vE & /1 58 & Transformer £ % A i & TN F 69 8 R F[ € 4 Ja 424 & 77 1129301,
TEUF/%?ﬁXEEZ%/m )

423 TN IKER

Transformer By #4757 X 5 LSTM —%: ARG HF O RGN ENRALE R, FELHE
FHNLEERE AT K, ZRITRFER MY E -, FHRELELERFE R
AR L. BT 1. 624/ NHEFERSEHTREZINE, KIKWARZLEBR
REWwENEEESKERZHEHKEH.

43 STGCN BIZp &8 5114 5R 0

43.1 BEERSRIEERIER
STGCN & %648 17 £ SAFERFF 32 Hd##E, BRABL=ARZHR, F L T
FENEE AR RE Sy 2k, AMEEE N 3; IEREREENEER ., EHAEMER
REERMBENESFIAGENAE, AM) XER ML HEEHmEL ReLU, &
A B S R EE T, DR R E VK P E R
5% #5 @ FN STGCNBIAE Y, AX &Mt —Fw N\ & 4T, REWTREE
FE—IRMEE G, MREEEEREXRZIZFIHEFTHBEHFL, FHRHLN
B, BEREREEREAEAREEACSSE, AXREFERNAENE, LELEEL
Fb F Ao E A T T R — B

432 OSM BSHFES BEMMEME

STGCN W &0 XA =AM =R EHEE—IHEME, /B2 EF40 R 32 57,
OSM #SHELF BRI A 32 %, —FHEEHENG Tk, ARFHES
EfE B ER, AXEERTEm: —EH OSMBARKTLANETERYEEE, LA
STGCN-no-OSM; — & 5 M B & j 48 8, [ 022 & # A% 48 8, 10 & STGCN-geo-only .
FOUHBARA T LR E - MM T, EARERFLE.



433 HBEE, EEMTFEITNER
=ANREER S E ] Adam (hU0E, WEEF I EH 1070, WERBEA 107°, #HE AN
K128, HmEINE20%H., BiLFAEL AR ERENEL; YR IMEAHENFE
BiEr, ¥ E 05 KW, HERHEITHEN S, FARINAFRERIER KKK AN
B4, EAEAEA 42, 2026 F1 3407 ZAFEALM FEE %, I E 2 EEpHEEALIR
et E R E . %1% % 4 NVIDIA GeForce RTX 3080 Ti.

A LR B AL e R T BT P iR £ (MAE) . M RIRZ
(RMSE) fuik & R4 (R*):

M
1 N
MAE = 2_) lvi = i, (25)

1 M
RMSE = Z (26)

(27)

MAE R Bt-F#i% 218 £, RMSE & Ki% 2 E 4R, R? #48H A A8 3 4 2 g w77
ZH A, KX RREENTEY. EATNE KA g A oh Z0igir, FU= AR
M FHHEATEZE NGRS EZREEEA 2, D PM2S AT # Kk
RMSE # % AT E1F h EE A A AR 3B, ZB e = ANEEALA FoRAME, BE 1.
6 F1 24 /NBTZ B AT, FERBESL. ZANELERLCENEZ, AREHAT
T, 155225 HHEE,

KA 7V R & 5 A PM2.5 TR 2 8] 8 STk 7 1), AR XA AT Il 4R LightGBM
R R AL A A R TR R R R R G 7T e B AR AE | B (8] B B AR AE LR OSM
B AL, TN T — /Do PM2.5; Y4 ER iR 5 F LB RHFE %, RIEHETEE5M
o B 5 M IR HA B BE AL FE B 3000 N FEAR, ) TreeSHAP it &R AE ST k14549, &
X EFH e SHAP B, B oA £ B X BRB A R . 2% K 2B LightGBM #
WA A o TN % B, TR % STGCN =% Transformer B /A 304 55, A~ 1 H 2 2% 5L ##
%,



4.4 KREINGE

FA4l RAEBBNENG5ELEEXR

il Bt 8] 5 & 3 5 B 5 B OSM ## A 1E
R A4 T & A T ME A A A

24 NEFEF AL W —HERZ A ME A A

LSTM # JE 18 e EZ5H, T % & R 9n 7
Transformer AENLEEEN EZ58, T H#F % & R HLYm A
STGCN =AYREEERR BRS BE AR 5o A F TR A

REAEG RN TN E AR F )| 2R DUT A 22 70 2R AN £ 224 . LSTM., Transformer
Yt 25 f0 STGCN. & MR JFAE M B REMELE, WA Z R %895 % 4 4.
MEEABRFEER TR ERFSNES HEASMNE; LSTM 5 Transformer 3K
HAREFEER N EEXN L S FNNERE; STGCN #—Fh R B X E X RET
BB o SR A TN SRR AL o 2E B M RE = S R4 I B B R IR B, 5 B A 4 A B
AW B M = K BRI LU,

ARIELE B A — B Ekal, A I ERXFAMARN 48 Nt FEF O, HEH 1.
6 f1 24 NEF TN E AT, UK T2 —BOEHEX 2 NEE, RIEEANRKE. JFEH
HRERIN AR GRS 5, RIEER TEEM)IATREEE, H2NKER
RN ZMFEAFF R ER B B SARKTE, mEZERTRENERKE; o
sh g — IR ERREBEESTE DB AR,

THANHEEFETEEZNAEEAN: FEFNMENF T T 250+ H =AFl
K H PM2.5RMSE, B R FRHME, KEMFZANAFKENTH, 2N T # %
AREFE—IEHSRKEARML, WB e NNRER T EEHEHF AR, MAE, R?
fok b BRRZEAHBNEE, ATHBRZRE. BRI SZEREE, TEREH
FHAT.

STGCN ¢ 7 3 %5 8] i @t 4 A A% P OSM 8% A 45 AE o B 38 4T 4, (U T AT AL
W T AT EIE SV AL T B Rk, LightGBM K H SHAP 4 £ U 4 f& Jk 37 89
BEILEL, BAEEMALTEL T —/ ot PM2.5 T 2 B B9 KBk 77 11, A0 TR
STGCN W #AL#l . B, T—FR]EE “RAUE— L P KREZ— WA ER—FNH
Re—mBAM” BIUFREER, T TN 70 3 R & 5o 2 3R 4



5 XWERGRED

5.1 UGS SRR

5.1.1 NEEBREERIEER

K5.1% 4 LSTM. Transformer f1 STGCN & = MREHLA F TN A MK 5 BIER K. =
RERN)ARKER A TR, RAEHAHMELH. LSTM W RERIERAET E
12-13 #:; Transformer *f FE ALAT 46 10 E R, Z K ER K4 A4 4. 75 12; STGCN
WK A 13, 17 920, Rk g & E/NE W B, (ERENE b RIEH K 255 =,
FHilAExs 7=,

(a) LSTM jll&x$R5k () Transformer iJ||ZR3R5% (e) STGCN J)lI&#R5%
— seed 2026
0.50
0.6 — seed 3407 055
— seed 42 045 0.50
L(}JJ 05 (L/u) umJ 0.45
0.40
= = = 040
04 0.35 0.35
03 030 0.30
5 10 15 5 10 15 5 10 15 20
(b) LSTM I&iFR5k (d) Transformer 3&IFIRS (f) STGCN I&iiFRsk
0.36
0.32 0.32
0.34 031 0.31
g (r.;.]) % 0.30
0.32 0.30
= = = 0.29
0.29
0.30 0.28
0.28 0.27
0.28
5 10 15 5 10 15 5 10 15 20
Epoch Epoch Epoch

Bl 5.1 ZRAZOCER @4 S RIEMR k&

5.1.2 fhEFELEXTEE

KS1F| H A& EAH PM2.5 FH%E RMSE, KEIRZEMH N ugm®, HEEEXN 1
/NEF RMSE % 23.037, #BAMEE T3k E AR RBEM M, HIRZMPKE A, 24 6T
RMSE 14 105.358. 24 /NBf 2 AN & & & 0 = % K F# RMSE % 105.299, #H R & T#
s, RAREHE — HERZ TR R G R T,

20



& 5.1 AT EERE PM2.5 MK % RMSE R (ug/m?)
HEA 1 /NEF 6 /NEF 24 /NBE =H K HE
HoaEL 23.037 66.011 105.358 64.802
24 /NEFEFTAN R R L 105.264 105.274 105.358 105.299
LSTM 24.549 + 0.861 59.778 & 1.887 90.027 & 3.130 58.118
Transformer 23.620 + 0.540 58.299 + 0.099 89.453 + 2.568 57.124
STGCN 21.881 +0.214 53.655 4+ 0.735 85.708 + 1.683 53.748

513 Z=FERERBDIKRELE
TR EEAN, kXt & ER = AR FRHME, F 1. 6 F124 /Nif RMSE %
AF# . STGCN LA 53.748 ug/m® # 4 % —, Transformer 72 LSTM 47| % 57.124 #¢
58.118 pg/m®, STGCN A8 A 5 7 Ah & £ & & 1K 17.06%, 48 He 4 % — i Transformer [&
1% 5.91%. E52% 7, STGCN #£ =/ K £#y-F# MAE #2 RMSE # K T H 4z 0%
A, BZRINENEHEERDN, ER#HEHEEE,

MAE

Persist.

S.Naive

LSTM

Trans.

STGCN

(a) MAE BESEKZSME

1 6

(d) 24 h MAEFEFhFE5R

FRZAS / h

100

80

RMSE

60

40

20

Persist.

S.Naive

LST™M

Trans.

STGCN

(b) RMSE fEHS3E

1 6
FRUZAS / h

(e) 24 h RMSEFEFF4ER

S

20 40 60 80 100
RMSE

>t
1.0
&
24

0.8

0.6

0.4

0.2

0.0

0.2

Persist.

S.Naive

LST™M

Trans.

STGCN

(o) R* BEARER L

1 6 24
FRMZSA< / h

(f) 24 h RREFPFLER
.
.
e -
LB
I -

-0.1 0.0 0.1 0.2
R2

AEELEZOCHTNER NG R IR

21



52 KNS S RIRE

52.1 1 /pEFuNZESR

K524 STGCN Wi =M LA THE G- % £, 1 N TN A MAE % 12.854 +
0.293 pg/m®, RMSE # 21.881 + 0.214 pug/m®, R? A 0.951 4+ 0.001. 3K/ ¥ 7 F
R 2 2R B AT B TN XS AT 46 T BURY, TE B B R A B T g R R R R R A e
R A

% 5.2 STGCN #y PM2.5 1&g

Ml %K MAE (ug/m?) RMSE (ug/m?) R?

1 /NBF 12.854 £ 0.293  21.881 £0.214 0.951 £ 0.001
6 /[NBE 32.268 £ 0.423  53.655 £ 0.735 0.703 £ 0.008
24 /NEF 58.846 £0.402  85.708 4= 1.683 0.242 4 0.030

522 6/N\ETS 24 BTN R

LM FKIEE 6 NitBT, STGCN # RMSE _E 7+ E 53.655 + 0.735 ug/m®, R?> (&%
0.70340.008; 24 /Nt RMSE # —# E 7+ F 85.708 4+ 1.683 pg/m®, R? 4 0.242 4 0.030,
EIS3g—HMEEH, | AHFMEAERAS AL, 24 MNTEEERBHATAL K
KM, RENRHBE S K, EFNRERER 728 A, KARGTERIRME P
TR oY £ B R = R R

523 HuhmIRESHEIRTEISHT

5.4 07 o 2 [ 9 TN 4 £ R A 2 % o 1 /B RMSE /- 19.91-25.04 pg/m?®, 6 /)N
AT 41.55-60.55 jig/m?, 24 /NEF AT 71.77-95.24 pig/m?, 1R 35 75 24 /N BRI
MAE B8, FATEEERE. BAMEERT, L AERET R L RRED R
BR AT, SEIRRF 5 fr B A B3 AR 2 A B S B

22



(a) TT#E24 hiiTHATER

Kl 5.3 STGCN 7& 2 2 B B gy Fi ) —

500 — Observed
—— Predicted
—~
A 400
£
% 300
2
wy
S200
2
100
0
12-3101-01 01-03 01-05
(d) 1 KEEDTR
6000
5000
4000
B
B 3000
2000
1000 ” |
0 I |I||II|| |I||I|.., 1
-50 0 50
Residual / (ug'm~3)
(a) DuEF MAE
ATX 12.63 60.06
cp 1333 51.40
DL 12.25 49.89
DS 13.62 64.94
GY 1333 60.81
GC 13.25 61.96
HR 11.58
NZG 12.77
Sy 13.32
T 12.41
WL 12.32
WSX 13.46
1 6 24
FRUEAS / h
(d) 24 h BERIREHER
R
oL
cr I
we
sy I—
| >
ATX <
[ =
oy I
6c I
NzG
ps I
wsx I
0 20 40 60
MAE

Kl 54 STGCN 14 ko sbfig= 5%

ATX
cp
DL
DS
GY
GC
HR

NZG
sy
TT

WL
WSX

60

50

40

30

20

(b) 1 hFT—EE

L 400
”
400 7
,/
gd 300
300 5
| & |
= % = 200
B 200 e =S
2
’/
100 ya 100
4
,/
'/
0 0
0 100 200 300 400
NE
(e) 24 WEEDTH
400
4000 200
0
3000
s gg -200
2000
-400
1000 | ||| 600
0 | ||I||I||| |||II||I||..,I
200 -100 0 100 200

Residual / (ug'm~3)

(b) PUfsET RMSE
20.61
21.63
20.76
23.52
22.79
23.43
20.51
21.47
21.99
19.91
20.27
25.04

1 6
FRUZSA< / h

ATX
Ccp
DL
DS

GY
GC
HR

NZG
SY
TT

WL
WSX

86.61

(e) R BNIREEHIRE

1 6
FRUZSA< / h

23

MAE
w
=1

0
24

(c) 24 hFTN—EtE

0 100 200 300 400
WE
(f) 24 hWBTTZEIZHRT
i
0 100 200 300 400
FRMPM2.5

BESEREVS

(c) Db R?

0.96

0.71
0.68
0.65
0.69
0.69
0.70
0.74
0.71
0.70
0.71
0.72
0.70

0.94
0.93
0.95
0.95

0.95

0.94

0.96
0.95
0.96
0.96

0.95

1 6
FRULH / b

Eindzy

24

(H =EERHE
= STGCN

= no OSM
= gco only

1 6
FRULA / b

24

&



53 iHmd. MRSZEXERENE

5.3.1 OSM B7SHFES SMELSHiHR
KSIEFRHAF 42 THIK E%E STGCN. £ OSM # A % 1E#) STGCN-no-OSM 71
AR & B 2 032 4F # # STGCN-geo-only, = A ELE L 1 #1 6 /NBT L8 RMSE #31
STGCN-geo-only #7 1 /Nif RMSE % K, STGCN-no-OSM #y 24 /N RMSE & k. %%
RAIF “OSM B AKEREENFBEENF LK LB REH” 0WE. EEEN
BER: ZEERNBAMTNTEKTE, YaHEmR AT IR TF, B FEUR
BANERMARELE®,

%53 STGCN = i1z B4 ki PM2.5 JIli% &£ RMSE (R ALAF F 42)

EA 1/NEF 6 /NBE 24 /B

STGCN 21.675 54.087 86.746
STGCN-no-OSM  21.907 54.442  82.503
STGCN-geo-only 21.387 53.790 84.845

5.3.2 LightGBM FERR{EREIRE! S5 SHAP 4551

J4 5L LightGBM # [ 4% B 72 3% B A7 Bt 20 91 - Uik & £ BUAF 23.251 pg/m® #9 RMSE A1
0.9441 #y R?, ES558F, % FH %3 SHAP A7, THMJE & PM2.5 A% —fr, A4
EH 5 SHAP B R EREMAH; BRERENE _f, BREERXH; FNETF4
RN E A, ERBMHEET AL, FEAHMAMNE—ERTHE. I, Rk
LB, BERE QR AR, 24 NETHE PM2.S L F N, BREEM KK, XEHF
177 1A 4% A B9 &2 LightGBM & % 51 & W 3048 # sy TR #, TR % STGCN P EAL#,
MR E R KR

533 KENEHRMS=EIBHEX

EI5.6% & HHA PM2.5 B % AR F R @R ENNG — M. SEEREML, EK.
F T AR . 1R S A 5 E AR o8 0 A 1F = B9 Spearman HEF A % R 009 0.9688-0.9890,
BT 20 /N5 KUK P 4% B9 Jaccard £ 2k 4 0.7500-0.8919. [k, & KU IX 38 B A (4 B Xt
RERERYEE, ERTNEHNEERLAT 2T,

A 174 N 2 PG 8 2 /B Moran’s T 47 0.7131, 999 3k B #4630 8 p £ 4 0.001,

24



() EBFHEERM (b) SHAP ¥8¥5 70

a

FRMEASPM2.5 lERAPM2.5 4 L L R
ESRE ExEEq €
EERE R (cos) EMEFCs ¥
R b B
FRHF(in) FRHEF(sin) " 4
24/ NEHSIEPM2.5 2ANTFEEEPM2.5 : B
RU[E(cos) RE(cos) =
/)\B(sin) /\B(sin) s
INEF (cos) /A (cos) g;'
=8 s8{ @
SE sEq 4
REkE Rk i
I T T T I T T T T 1 {&
0 20 40 60 0 100 200 300 400 500
Mean |SHAP value| / g m™3 SHAP value / ug m™3
. (c) TR APM2. SHIZRHER TS [E) (d) ERERNRE S
v 400 - -
E 5
o0 300 &0
3 3
< <
> >
=51 Ay
< <
T o
w2 w2
_20 -
T T T T T T T T T T
0 200 400 600 -30 20 -10 0 10 20
FUMRARPM2.5 BRRE

—— HUXEPALES

B 5.5 %% LightGBM ¥ K45 A 5y SHAP 4F4E 5Tk 5 1K % % &

R A REES M A%, BHERRBRIN 621 p < 005 WA,
5.7 i B — P I — (R S B R 3% AL, TR A 40K B R 46
w RN SRR EATRENE, BF 6 PRSI R E .

5.4 KREBIZL

AEAYPEAEHE L T AEREE. L F KN, o3 A 00, ZEHEB R RRER
Mo STGCN #% F S5 45 1) = 25 K 7 3 RMSE LU BUE A &1k 4 &, (2 TR 44 gk
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