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HA X AT, WH v 7T I 7 SiETH Dpythonz v, 4 —7 0 — A28
A7 7Y ThHDHPyTorchz#FIHTHZ LT, BARICHLAREME X NEEMET 5,

o L THIFER
K0.4 (ZHA X ADRERE L FRIEBROBEIZOWTRT, A XU ADEKREZDORKGEIL 2 >
D7 2= HZENTEL, BT — 2 E2HNTHA X AEEEST L TEEH T = — X &
WELI-AAL L A TRNWCHEA L Z DR T 4=~ VA% MGE - WRAEITS [TRIZ7 =4 X] Th
s

MFE 7 =— X TIE2013-20164F O 4 FF 1] 2 X RUITHIRF - 21TV A Z 2 ADHEEIT -7,
ZE=a2—TF Ny NU—7 OFE L, BELEZCTMT PRI SNEPM25EB KO LA F v &4
MEESLK SRS (VENUSO THIlZ BELEAE) 2 AT — 212, RRVGEMEIREER Y AT AT
BONAIROREEREITo T — X 2HMT — 4% & L TiTo 7,

(P 7 =A X IIEE LA X AZBHSE, TONRT =<V AZMFEL, A X R
DB EITHIWRETH D, FEHYMID20174FE % LTIV, HA X2 A2 K D HIERTTE O TR
FEE RKIGYMEIRBEER S AT DM XD BHEZ T 5 2 L T, Z2ONRT —~ U A& E &
WA 5, A X ADOE L £ OMGEITHR R, Kk, 4 HE, @i, FiBo 582 xRI21T
ol

A X ADKRFEE N7 F—~  ZADOFHMTITR OREEHEE Wz, THIME & BLENE O — Bk %
HWoHe0E LT, MHEREEITEMBERE RERE) . —E5% (Index Of Agreement; I0A) .
mEOMOZE A7) ZRl2H0 L LT, ¥ T H A7 (Root Mean Square Difference; RMSD) | #
AL E¥FA 7% (Normalized Mean Error; NME) 365 & OVEH 438|327  (Mean Fractional Error; MFE)
MEHEORZE (NATR) ZHHEDE LT, B FEEIRZ (Normalized Mean Bias; NMB) 3 X Y
W) 57 EIMR 72 (Mean Fractional Bias; MFB) . %72, Boylan and Russell (2006)© 72318 L 72 PM2.5%% £
DI TN xE T 2 TR FHBMEOFF AP (MFE <70%72>OMEB<+60%) & H i (MFE<50%
2P OMEB <+30%) . 35 LU, Emeryetal. (2017) D23 428 L 7oA VR E OFUE TR x5 T8I H
BPEOFFA P (NME <25%72>ONMB <£15%) & BEHEFH (NME < 15%72>ONMB <+5%) &
TRl &2 17 > 72,

4. BRERUELE
IR BIONERIZOWNWT, 2200X A7, TROLEUFRET ARG A X AB LT T R 588
AL RO NTENENGIRT D,

4. 1 ERETABITAL XV R
O ANTF —HI\THT DT EER
FPTANT—ZICELDHAX L ADINT —< 2 ZTHONTHAT-, H1.4 [TPM2.5EE T RIC BT
D@ E kG e LT AJMEE . TR E RO R 2R T k2 AT — % OB EOEEZR L2,
PM2.5IR SN A, [RAREHR & L TRIR, PR, &Y URE, BEkss (U, V) 252 % & PHRKE
REBIEETD (HA LV AL LTORT 4 —< Y ARERICARD) ZE&FR LT, BHERSICH L
TiE, J8EE &R & 55T ThH 2 5 EBRBITo 728, Mk « ORIy & 5 2 721F 0 03 TR EE 13
EU7, F70, KIESCHEIHEE X, PM2.SO ARSI D D BREDOFE RIS Tz | FEEIREH OF
WMOTOXR T EROTVNDLIENERZOND, —hH, BARLHDBFERIITA X ADNRT y—< AT
FEAEEBERITS o1,
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ANFT—5 ERRER RMSD MFE MFB
PM2.5 SR ANRE AVRE tESE PBL o] ik JERSY (GIRL GHD GRL GHH GRRL GHD GRL G D
Y 0.634 — 0.634:12.187 — 7.621; 67.3 = 351 48.0 - 159
[ ] [ ] 0.634 — 0.674:12.187 — 7.302; 67.3 — 33.6: -48.0 = 13.8
L] L[] 0 i — 0.695:i12.187 — 7.160: 67.3 — 32.6: -48.0 - 141
L] [ 0.634 — 0.682:12.187 — 7.234: 67.3 - 334 80 — 136
L] L] 0.634 — 0.686:12.187 — 7.186: 67.3 — 32.6: -48.0 —» 124
[ ] L] 0.634 — 0.668:12.187 — 7.352: 67.3 — 34.3: -48.0 — 16.2
L[] L[] L[] 0.634 — 0.684:12.187 — 7.350: 67.3 —» 329 18.0 - 148
L] L] 0.634 —> 0.694:12.187 — 7.136; 67.3 - 322 8.0 » 137
] ] [ ] L[] 0.634 —> 0.727 i{13.187 — 6.945; 68.3 — 30.7: -48.0 » 134

XEERRK S EFEAL - REEABOREE 2 DOF7—4FEUTAN, RRIEEMBZ 8 DICHIF 8 DDF—FEULTAN
MFE=Mean Fractional Error (E#5§8H: < 50%, #H&§H: < 70%)
MFB=Mean Fractional Bias (B#ZF#EH: < £30%, F&§8HE: < £60%) (Boylan and Russell, 2006)

1.4 AT —X 2B 2= PR EFEBROME R (PM2SEEFRNCH L T) » GRLIITA X AL,
GHOIIHTA XL AIZELAHEEDLY 25HKT,

IV CRE TRV TIEL, PM2SIRE TICE A L2 &UR ., FEHE R, RO IS 2, A SCREZ] &
ANT—=H2ELTMA5ETHERERN ET S (TA X ADRT 3 —< U ANREKTH) ZEnbn
o7 (H1.5) . Z4UE, PM2SIBETFRICTIEA LN FHLTHY | AV VREO TRV TIX
Wzl & AREnEi, Y REORNEMEECREZ @J%ﬁfﬁﬁ“ékf%%mﬁ%&&f;oﬂ%_
EREBEZOLND,

1EB8%%  RMSD I0A NME NMB MFE MFB
HAFY AL 0.772 20.86 0.60 53.6 52.3 496 48.1
B - BF—9%50 0.876 8.38 0.93 19.6 2.2 24.2 1.7
BzF—95b | +24 0.888 7.99 0.94 187 -1.9 234 24
BF—498%b [ 12 0.883 8.15 0.93 19.1 27 238 1.0
B2 - B7F—98b 7 +36 0.901 7.59 0.94 17.8 -3.3 224 -0.2

X1.5 BZ T — 2 2252 L2k D PHKEER EoZt (Y VBETEICRLT) . GRLIEHA X
VAL, GHYVIFHAFX L AL BEEDHY KT,

® PM2.SIEE THICK T B EFRET VAT A X 0 A DRES

1.6 & X OBL7 (IS T DPM2SIRED K 2 Z N E R R E MK L O A M7 T A
TRT, A XA LFPHNEL, 2EICEN SN ZPM2SIEE OB EZ I Z TV DD, AZ (L m R E R
(K2, BRGNS R oD, TA X AbY PRlZRCTHDLE, TRIFERICTA XA
IR DIEEEITO 2 & T, FICEFOW/NTE (RIEE AT RA) PHIEZdv, TR KIEIZm
LTWBZEnbhnd, ZOFETIANEDIEBEBENLT AL NTA X AL DEEZTRE S BIEHED
EDEARNTTEANLLHLNTHD, AKX AL - T, REREIT0.40750.5312, ) " it
(RMSD)IE12.19 pg/m*» 56.16 pg/mAIC KIFIZHE SN TWD, —FH, BENS0 pgm®*Z# 25 L9572
BEANX N TIRTA L AZERHIETHIEE A EIEN %ﬁéﬂ’(b\fcﬁb‘ Z AV IR E AN 50pug/m?
EBZLONTHLZ LD (B TIEEED1.4%) FEBENDRWZ ERRERRTHL EEZDLND,
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PM2.5 Conc. [ug/m’]

B1.6 @231 2PM2SIREDHER (PR . a2, BRAME (B \ A 222 LPl (5
) . A X 2B THl R 2RT,

1404 R=0.634 MFE=67.3% | 140 R=0.727 L 8 F
RMSD =12.19 MFB =-48.0% RMSD = 6.95
120 10A=0.721 . L 120 I0A=0.837 |
NME = 49.4% . NME = 30.4% 6 L
100 NMB =-17.8% Obs. = 0.39 x Mdl. + 11.0 < 100 NMB =10.0% |
. MFE = 30.7%
MFB =13.4% |-
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& Obs.=0.78xMdl.+23 |
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®
3
1
E I
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3 8
1 i

- T T = T T = T T
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1.7 BLAE L =7 FREOHARX (£) L PRMEE BEMOEDOE A M7 T A (F) (PM2.5) . 7
MBXOERIITA X AL, REBIOFRIEITA X 2H Y, HFOETFIXMERERR I L O

!(Vl: §+ %o

B1.8 (oM RIZB T LA X AR LRl (F) LA X 2B TRl OR) ORELRKE RS, H
A F v AEARTO TR, REFREIL0.36-0.50 L MM KE XS SE RN H DH— ). RMSDIE8.2-
122pugm3E KEL | TRTCOHMATHDORETH 70, HKEBOESWIFHRICE > TEHRA THLM, T
RTCOHBTTRRENGEL B, FECHAMERH D Z RSN, TA X ADEANZL -
TR ERENT0.50-0.64 & 72 V) 27.4-48.6%H4 1, RMSD(£5.9-7.1 pg/m® & 72 V) 22.8-49.5%J8/ . TOA[8.5—
17.9%800 L7-, THRMEOZE % FHfi 4 2NMEFR L OMFEIZZ N F116.5-38.5%. 54.4-77.7%/V Li=,
—J7, PHMEDRZE (A 7 R) &9 2NMBE L OMFBIZZ L2 4135.9-71.5%, 28.9-72.1%/ L
oo TRTOHMATINGTRTOMEGFENLESI, TAX U AORHAMEN RSNz, iz, HF%EH
2 BT 7-RMSDI L VR A 7 2 D20%i 29~~~ T DS TrEERL L 7=,
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X1.8 FHLRICB T DBHE LT AV FHEIEO AR (PM2.5) . HaldlhA X AL, RAIHA X
VAHY . MPoHFITEIRERE X OSEREE,

X0.3 (ZBoylan and Russell (2006)D T FF B O FF A #PH & B AP IC X 2 MFE% 7~ 79, Boylan and
Russell (2006)iEMean Fractional Error (MFE)¥3 J: "Mean Fractional Bias (MFB)®D 2 D D51 % H v, PM2.5
@ﬁﬁ~\nv—ya/’ﬂ?é%ﬂﬁﬁﬁ@ﬁﬁ%lkﬁﬁ%l%ﬁﬂLtoMm<ﬁmwomm<
+30%C A HIPHER . MFE <70%72>>MEB <+60% CFF A #iHZER CTh 2, B0. 31X D i Rl

I AU TR BAE 2 & < L B OO NENZALE T UL, e BFEERF ., FA®AZER CTH 5,
HHIIETA X A7 L, Rl ii‘M’ oA DOTHFERTHD, TAX AR LOTRIET X TOH
JRCHFARPA A A LTV ey, BRI Z M L CW e R IE R d o Te, A XU AT K D EEELT
5 Z LT, EH T%/Eﬂﬁrﬁ)ﬁkb AiEfHZ ER L TV D

o YV URETHENCKTHEIFET VAL A X o A DRES

1.9 5 LZOKI110 [ZEEICBIT 24 Y VIBEOREKEZ ZNENRERY EHEAKB LA NT T
LTRT, HAX AR LTPHENE, 2ERMICBRI SN Y VIREOEEZR A TWDA, —F42@El
TREZBERKFML NS, /-, BlAMEICR O BNEMAEE 2 BB TE TV A 032 OEE T/ S
W, AKX AZEDEEICL ST, AV VREOBMRTRARBICIESN TS, £, HNEM
FHORBOFHIME b LEIN, =27 LR FLAORENERICTHITELE2ICR2->T0DS, THIO
WHRAALT AEIELL0 DA NT T EANPLEHLNTHY 1T E A EOBANEICK L TET VITA Y
BRI 2R K L T\ D, WA v R Ko T, IREREKIF0.590250.7712, ) F74 72 (RMSD)I£20.9
ppb2>5H8.4 ppb & KIEIZHFESN TWVWD, BRAAL T ANTA X v A2 Xk - T LTV B8 IXINMB
SMFBOKER, EA N T LAOENLLALNTH D,
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[~ FRARI(2017 03-04A)

Ozone concentration [ppb]

Ozone concentration [ppb]

S::Iian day of 2017
X1.9 |k T 54y ViREOHRE (THBIF) . thth, BlllE CRR) | A X R LTH
(FEAR) . WA X A2H 0 TR (FR#R) 2FKT,
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[Abstract]

Key Words: Machine learning, PM2.5, Photochemical oxidant, Guidance, Air pollution

forecasting system, big data, Atmospheric Environmental Regional Observation System

The National Institute for Environmental Studies (NIES) operates an air pollution
forecasting system (VENUS) to call for early warning of photochemical oxidants and PM2. 5,
thereby contributing to reducing their impact on social life and health. This air pollution
forecasting is increasingly recognized as an important part of the social infrastructure
against the backdrop of public concern over health effects. However, its forecasting
accuracy is not quantitatively sufficient. In this project, we applied machine learning
techniques to develop a post—process (guidance) that corrects the prediction results of
the air pollution forecasting system by learning from observation data accumulated by
Atmospheric Environmental Regional Observation System (AEROS).

The guidance was constructed by training a multilayer neural network using four years
of observed data from 2013-2016 as teacher data. Forecasting experiments were conducted
for the year 2017, which is outside the training period, to quantitatively evaluate
changes in forecast accuracy using the constructed guidance. The guidance was constructed
for PM2.5 and photochemical oxidant concentration forecasts and was performed for five
cities across Japan. In addition, a chemical transport model and calculation setups
identical with those used in VENUS were employed to develop the system for implementation
in VENUS.

For PM2.5 concentration forecast, the determination coefficient increased by 27.4-48. 6%
and the mean squared error decreased by 22.8-49.5%. Validation using the model performance
criteria proposed by Boylan and Russell (2006) showed that the application of the guidance
achieved the model performance goal in all five cities
For photochemical oxidant concentrations, the determination coefficient increased by
7.5-14. 3% and the mean squared error decreased by 39.1-59.8%. Normalized mean bias and
mean fractional bias, which measure deviations between observation and forecast,
decreased by 86.8-96.8% and 51.6-96. 5%, respectively. Validation using the model
performance criteria proposed by Emery et al. (2017) showed that the application of the
guidance achieved the model performance criteria in all five cities. These results
indicate that the guidance method developed in this study is effective in improving the

prediction accuracy of PM2.5 and photochemical oxidant concentrations
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