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[RAIDS 7 27— MAT R E W,
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< BAfRETSEERE >
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LAEBBIZINTWETN? ) ORICIE, ESRENZEHT KGR THI S 27 4 (VENUS) & L
IEEN RS % < . UM KRFDOSPRINTARS, &4 7 B P 25 8 N 7=
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[RGB RTR AT LOED LS RERESEBIZEINE TN ORIIE, BE~ Y I HE#
EDORIENRLEL, T4y (H~—7%) X2 REXRGERERALRIZEIZD R hoT
(B1-3) . AEOT o7 — MIRKREIEFECHELZ B L THEDLbo TWA TE2RRE Lt
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For| T AEENRA LN, Fio, AUFIEHRE & TEERGRR VBT AT AOFHAT —
HRHEICET 2 X0 A IACER OB EICET A HH 2T 2B AVE LN,
DT U — MERERBE LR, VA X A ARVENUSOBIZE ORISR 5#t & LTLLTFD
FHmrEERE L,
BEE OFBHTLCHS OBETHI LV & KRGO EERG Z M T 2IRENMNSR T 5 Y
AT LMKRD LN TWD,
> SEATHRE T H D HEMEE SRF-2002 TIX FEHE T 2 X RICH A X ZADREEZITV, THIO
BIEZ{T> Tz, KFFETIE, HAREZ144OHIRIZHE, ZhEno 7Y » KT
PM2SEB XA Y VIREICH T HHA XA (HFF288) #BZ L., s 20H L
BT FELZRETIZL T, IA XV ATHIESNT-BESAOREREZAREL &4
2o
TS BE OFHI TR OO R RICTHFENH 5,
> TAX ALK DBREMEZICHL, TRICKT 2EEEL RN T 5HINZAET 5,

2. AKX L ADORF KB

2.1 BIRBLITTA 22 A DEA
FATERE T H D HEMEE SRF-2002 Tl AP D X 9 7@ WOPM2SIERE A XV hOBRIC, A X
ADINT F—< U APET L, TRIOE /NG OEIEBREIC 72 2 FREN R S v Tunie,
ZhE, THLZLPM2SHEIRE L 2 5 EH N7 mWPM2SIRIEICE T 258 T — 2 b
NI ENFEKELTEZOND, T, IA XV AMERDOBEOFE T — 2 \TiwEOT —
ERHWD Z &b, EFHEOFEDORTIG RO CE 2 BT OFH N+ 302D &0 D REn
Holz, TNOLOMEAETLRTH7-0C, BEOBHT -2 2%E LT, BRIAF A% T
T DBRITAZ L ADRFEEIT-> T2, MLOZER T A Z o 2D &K ERT, ZNET
DHA L ATIE, B2, 2013-20144F GRE) OF — X 2 FEIETHEE LA XV A%,
201540 (BE) OFHNHERA S TFRIOBEEEZIT-> TE, ZOFETIE, FEHT—XIiT
20132014 TCHEHETH Y | FERFZEZON TS IEBFEOBRT —X 2 A X AZH Y iAte Z &
k2o 7o, BRIETIE. Bl 20X, 2015461 H 1 BICAT 9 THEIOMIEIF2013-20144E D F —
A CEBRULIEHAZL L ATITHON, B1A2HIAFLTUL, HIL<Bonhz1 A1 HBOBHT
— RGO LWT =2y NCTHZEETLIETHA X AZEH L, TOH LA AF
VAERWTCTRHZEZMET S, OB LI GEONEBT—XONELHEFRE I DA X
ADEHFEITH) LT, FEHT—XOHERKBIZL, EFEOHA O HTA X L RACEDL I L
MNTED,
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+
2015/01/010DF—%

@ a3 [2015/01/0200F 4]

E1-5 BRI A X AOWEK, 2013-20144FEDT — X ZHEiT —% & L THELE LA X
VA E2015FEDO VRN WS r— X ZFBE L7,

BI1-61Z 5 [ OPM2.SIRFEE TR Z X R & LT BRI A XV ADFERZRT, BRFEH R LD
A XA (H1-60EK) Tk, TRIOMEIZREARH V| K55 ng/m3 L EORENFEL ST
W2 W BIRFFIC I > THEE LA X2 A (K1-604K) TiE, #i1EFR R O E 3560 pg/m?
EFTWEINTWVDLZ Enbh b, MR (R) WY FiAZE (RMSD) 72 EAHE&EICDH
NI =< ADMENRR LN, FRICHIfF LIz NA 7 A2 (MFBX°NMB) DK X 72 t# (121X
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FEOOMNT, BIRFE 2 U THPM2SIEENN120 ng/mPlZiE L2 A X2 N OMIE S R T
REM TH o=, ZOFKE LTIEBREFBICL > TT— 2 BARMEE L2 ENTEZNR,
FIREPM2SHHI DR T — 2 BMMEIRE LCTIREMN THDHZ ENEZLND,

(o) vy [ ey
- BIRFEBRU - BRFBHD
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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H1-6 ZRFEHZRLOTGA XA (EXK) EH0volhla4 22 (FK) okl GERIZEBIT 5
PM2.5JEETH)) , MEdh X8 S V7= PM2.STRFE ARl I T A 4 A THIES N TRIRETH 5.
X OIS EE R,

2.2 WA A X ADBS & TRIEEEOR H
SEATIRE T & 5 HEHER SRF-2002 Tl
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VAL EERSE, JOBERSBRERSOTREIT) ZLEAENE LTS, 20 NG
AKX A TiE, REORT O Ny "B [H5EMTA XA OFERERD T80, VENUSH
BEHLTWS 6 2OREXS S (R1-TO4HTER) 055, EOXSGORENHET 20% T
T 5,

(OEBEFNERAA YR | swrmomnsiscnn
BAEFR

VENUS WEShIcBRE

s | ) [ S
ryee

ZAH
EEBAOUE
P4Ir B N
| @& comn <lougm' <20
<] et <15pg/m® <40 ppb
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E {20y 70 3
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TWAHI ERDND, HTAX L AHYOTFENTZ DWW KFTMEEEL T, LVREUCREX
SOTFRZEBFTETWDI ERDND, PM2.5IREDTH] (K1-8/) TiL, A X AR LD
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RWEAICH D, RIS2EFEE LT ROBEGRE T LD, TT.PM2SOTRIZ R THD &
FBHEEADGIRICHFREIS RN E W, BEENB, C. DE TR LHIT24L, FIHFRII TR > TV E,
HRCTIIEHEEND E KM SN FHIONFRIZ% TH T2, TA X AL DREBSNZEHE
ERTROMFREZBYICERETNDENWZ D, T, YO TRITIE, FHEEEHHRRIC
MR B2 R T 2R TER -T2, ZHIE, Y OFHICEEN TV DB/ NA T A

BFRTHDEEZADBND,

24



[5MF-2201]
RI1-2 HAZ ALV ROLTREEE & BT RO,

[PM2.5]
) R KBR
#oep AL #IpEIE (%) fyep L BIPEIE (%) #9p AL B &S (%)
A 763 259 747 734 280 724 796 289 734
B 183 133 57.9 179 167 51.7 134 158 45.9
C 51 62 45.1 37 45 45.1 40 35 53.3
D 4 5 444 0 18 0.0 3 5 375
(AU
i) R KBR
#9p AL #9p &I (%) ks AL B &S (%) #yep AL B &S (%)
A 63 19 76.8 227 85 72.8 232 119 66.1
B 189 70 73.0 290 117 713 306 106 743
C 528 192 733 526 150 77.8 492 139 78.0
D 258 141 64.7 48 17 73.8 52 14 78.8

23 A XU ADOEEER & N7 4+ —~ o ZAFHTM
AT ATEESNTREL O~ vy 7R REARELE T A0, BAREEZ 1440 % (7
Uy R) WZmBEIL, ZnEnNo 7Yy RIZHLTHA X ADEKREIToTe, TA XV ADH
é(%m714xnumm%mmﬁ®?—&%mv\mnﬁmﬁbf%%%%C%w7:4f)
ITH2 LT, EONRT =< A0l x24T - 7= (B1-9) .

O LA T—5
ANTF=Y  BET—Y ‘ YR iy s |
f ¥ ETTOR
| -2012-2019%

P%’f

[#B7 1 X]
@CT™M

ARBRIWLAP 4
51 a

XEIRAHARAHERT D
VENUSERUETIL. BEZAWS

2013-2016 & @ &8 R & %= K 6D @=a—FIRYNI—Y
F=HELT, BREBETV, (B GFE) #3)
HATVREWBET S

[FR7 z1X] @

cT™ — BT FHRROWE
Luenus o > B U
iy 9’ 7

201 7FEERRICFHRRETVVEELA (Y Y RORTEETS

H1-9 HA X ADFE LD, 2013-20165ED 4 S DT —Z THA X v ADFE %
1TV, 20174 ED FRNCH L TR L= A X ZA BB L CED AR T+ —~ U A2 REET 5, &
Ex1447 ) v RIZOF, ZAENOHIBKIZK L THA X ADREEE & MRAEE 1T > 72,

i

[xm2005c8£5E v 77—%

FP AV UBRETHIOR EICoOWTRT, RIT-101C AR SR (R) B X OV — F il 7% (RMSD)
DHA L ZERTT, A F AL DEE®R., TA X ZERATE A X ZEERDER
R, MERRR IR WHEIT, AEROSIZ L DBURIN 2 HA X0 ADIERR N TE 7e o 7= i
MTHDH, ZOHIBIZOW TV 77—~ 2 BI% L7 EG4ise TIE CHise T 5, FEBEf%R % (R)
BILOVEY %M#@Mﬂﬁk%_ﬁ45/xkiofﬁ?mf®7)/%Tﬁ#&%éﬂﬁo
FBIREL (R) 1 XK D944%IZH7=51367 U v RTO8F M2 7= (A X v AEMANI27 Y »
K)o %M%(mmeiﬁﬁUyP?E%&Ltw%uL®ﬁw(ﬁﬁfam%®ﬁ9)
NRONTZ, FEARALT AFTRTOTY v RTHFEL, T3 2% Lz,
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(a) Correlation w/o PP (b) Correlation with PP (b) Difference (correlation)
1 Il L 1 L Il Il 1 | 1 1 Il 1 | 1 Il 1 Il Il 1 L Il 1 1 1 1 1 Il 1 | 1 1 L Il 1 1
. s

e

02 05 1.0 -04 0.2 [ 0.2 02
correlation difference of correlation
(d) RMSD wio PP (e) RMSD with PP (f) Difference (RMSD)
Il 1 Il 1 Il 1 Il Il L Il 1 Il 1
o /,o
S
L L L L L L L A L L T T L T L LA N A AN A A A B B B B
-l T
5 15 25 -20 -10 0 10 20
RMSD [ppbv] difference of RMSD [ppbv]

H1-10 #Y RETHOBRGER R, EEIIMHRERE (R) | FERITFEY REE (RMSD)
MDA L R LFRI, A X AL DHEER, BIERT L EIERDE,

R1-11CFRME & BUAME O 2O BE N 2 /R, RINHA X U AL HELER, §IMELER]
ThHbH, AKX AMEER., T72bbCTMIZ L5 FRIITEEMICA Y VIBEZBKFML TH
0. BIEEN D DOZENE10 ppbvic B S E o = THNITEEDSINTH 7=, HA X v AMEIEHK
. BAE2 S O ZENE10 ppbvil B S F o 7= THRNE K D82.5% & 72 U TP 23 E &HIIT K
FICHE L TWDLZERNbD

1
6 n = 1239400

w/o Post processing
-10 ~ 10 pg/m®: 84.5%|-
-5~ 5pugim®:59.8%

with Post processing
-20 ~ 20 ppb: 98.1%
-10 ~ 10 ppb: 82.5%

Probability density [%]
w
1

o .

-60 -40 -20 0 20 40 60
Difference of ozone concentration [ppb]

R1-11 A CRETHOTRE & BRIEOZEOBE S, RBTA 2 AL DHEER, F
DMEIERT,

T UCBRETRORFEEELDHIRI-BO L DTS, HEFEE (R) BXOVEY —FEiEE
(RMSD) 72 Tid7Ze< . PHEDO —EBMEDIEE TH HI0ARSSE KE S WHEL TV 5D,

R1-3 AV URETHICBTOMEIEDOE & O, N TAZ 0 ZERET. GRRTA 2 A
TER%. nldkT —2 3

n=1239400 w/o Post processing with Post processing
Correlation 0.66 0.87
Root Mean Square Difference [ppb] 20.66 8.08
Index of Agreement (IOA) 0.41 0.93
Skill Score (SS) 0.76 0.92

B1-12|ZEmery et al. (2017)0 FRIFFBMEDOTFA P (NME < 15%72>ONMB < +5%) & B {54
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P (NME <25%72ONMB < £15%) 2L D MRAEz 3, B1-12 (XX OF 00> Nl im i g
TRIFBMER & < | B OO NANZALE T T, A E B R, FFARFFAER TH D,
BAIIHA X AR LU RBHFITA X A OTRRERTH D, A X A LOTHITIE,
TRTHOZY v NCHERA, FRFEEZERT LI ENTE o, TA X RIZED
BIE#IT1387 Y v N (21KD95.8%) TiFR#HZ, 47U v F (&21KD2.8%) T HEE#HiFH % 2
Bt HZ LN TE,

1.0

0.8 .,

0.6

0.4

Normalized Mean Error (NME) [%)]

L
L)

0.2

Criteria

! Goa‘ 1
0.0 1 1y

1
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Normalized Mean Bias (NMB)

KI1-12  Emery etal. (2017)D$EHE A2 W 7= A4 VIR E O FRIFBMEORGE, FAIITA X R
L. RREFTA X A0 OFRIFER, HElhINMEZ Bl INMB % % 7,

WAT  PM2 5T B T30 D f B > W TR, BT-131CfHEAR 5L (R) 36 L OVt — 3475 (RMSD)
DHA X ZERHFI, A X AKX DEER, TA X AMERRTE TA X AMEEHRDZEE
., MR (R) BILOVEH “FE\E (RMSD) & bIcHA XL AL ->T, ¥XTH7Y
v RCHENEESNT, HEFRE (R) 1Z2KD46.5%ZH7=5677 V) v RTOTE B2 (FA
AU AZERBNZLZ Y v F) o FHTEBAE (RMSD) (213770 v K (&7 U v F?95.1%) T
BiE L L7230%LL Eoiid ((E¥T27.8%DiA) BNEGTz,

(a) Correlation w/o PP (b) Correlation with PP (b) Difference (correlation)

By I I -~ [
02 05 10 -0.2 -0.1 0 01 02
correlation difference of correlation

(d) RMSD w/o PP (e) RMSD with PP () Difference (RMSD)

-l TEE—
5 10 15 -5
AMSD [ug/m]

0 5
difference of RMSD [pg/m?]

B1-13 PM2.SIRE THIOMGERE R, EEIIMBEMEREE (R) o FEIXFEY —HiEE (RMSD) .
RN HA X A2 LTPH. HA X AL AEFES%, EEREIEESZDE,
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B1-1412 FHME & BLEE O 2 OBEE AT 2 R T, RBHTA X AL DEIER, FoMEER
Thb, T4F 2 AMEERI, T7RDLHCTMIZ L2 FRNITEEIICA Y VR 28Kl L TR
. BRMENSOEPES ngmiilB I Lo FTRNIEREDSIS% Th o7z, WA X v AMEEHR
I, BLEE2 S OZEN £5 pg/m*l2B & F o 72 TRIE KR D68.8% & 72 0 TG 23 E &HIIZ
BLTWDZEDDND, 10 pug/m* T A X AMEERITRERDN29% VBB E > Tnd,

[
N = 1239400

with Post processing

; -10 ~ 10 pg/m>: 92.9%
6+ w/o Post processing : 5~ 5 ug/m3 :68.8% =
-10 ~10 ug/m>: 84.5%| i ||}

-5~ 5pg/m®: 59.8%

Probability density [%)]
T

-40 -20 0 20 40
Difference of PM2.5 concentration [,ug/ma]

X1-14 PM2.SIEE FHIO THME & BIRAE O 2= OBEE 5Ai, RN TA X AKX DEER, 2
EIE R,

PM2SIBJE FHRIOMAEEZ FLHIRI-BOD L H 12725, MG (R) BLOEY =
(RMSD) 72 Tid7Ze< . FPHEMED —EMEDIEE TH HI0ARCSSE KE S WHEL TV 5D,

F1-4 PM2SIRETHICHRIT DMFT RO E LD, EMBT A Z 2 ZEMAT. RN TA 2 A
ER%. nldkT —2 3

n=1239400 w/o Post processing with Post processing
Correlation 0.54 0.67
Root Mean Square Difference [ug/m3] 8.96 6.51
Index of Agreement (I0A) 0.69 0.79
Skill Score (SS) 0.76 0.80
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[Abstract]

Air pollutants (aerosols (PM2.5) and photochemical oxidants) emitted into the atmosphere by natural
phenomena and human activities have a significant impact on people's lives, including deterioration of the
air environment and human health. The National Institute for Environmental Studies (NIES) operates an air
pollution forecasting system (VENUS) to provide early warning of photochemical oxidants and PM2.5,
thereby contributing to reducing their impact on social life and health. Air pollution forecasting is
increasingly recognized as an important part of social infrastructure in the context of public concern about
health effects. Howeuver, its prediction accuracy is quantitatively insufficient. 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 observational data collected by the Atmospheric
Environmental Regional Observation System (AEROS). In addition, we developed a guidance implementation
version of VENUS and conducted pre-operational experiments to study the actual operation of the guidance
implementation version of VENUS.

In the current VENUS forecasts by concentration category, the guidance increased the accuracy rate by
10.8-21.1 percentage points for PM2.5 concentrations and by 7.3-33.6 percentage points for ozone
concentrations. The confidence level of the forecast was derived by statistically processing the amount of
revision of the guidance. A clear correlation was observed between the confidence level obtained and the
accuracy of the PM2.5 concentration forecast, confirming that the confidence level was appropriately
estimated.

To develop the guidance implementation version of VENUS, we divided Japan into 144 regions, created
guidance in each region, and evaluated its performance. In predicting PM2.5 concentrations, both the
correlation coefficient (R) and the root mean square error (RMSD) were improved in all grids by applying the
guidance. The correlation coefficient (R) exceeded 0.7 for 67 grids (46.5% of the total), and the mean squared
error (RMSD) achieved the target reduction of more than 30% for 137 grids (95.1% of all grids) (the overall
mean reduction was 27.8%).
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Based on VENUS in operation, we developed a guidance implementation version of VENUS by developing
two processes for input and output to and from guidance. Through pre-operational experiments and web
display experiments using the guidance implementation version of VENUS, we identified points for
improvement of the guidance and explored its actual operation. The VENUS guidance implementation
version was prepared to the stage just before the actual operation.

This research was funded by the Environment Research and Technology Development Fund
(ERTDF).
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