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ABSTRACT:

The air pollutants emitted from ships traveling at major harbors and in the ocean around Taiwan have been
estimated by using Automatic Identification System (AIS) from MOTC in this study. Their impacts on the
ambient air quality in Taiwan, including primary and secondary air pollutants, were evaluated by using
three-dimensional grid model Community Multi-scale Air Quality model (CMAQ). The results can be used by
various agencies to decide control strategies to improve the ambient air quality in Taiwan.

Based on AIS data in 2013 and 2016, there were about 3000 ships travelling around Taiwan every day and the
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GW to 40 GW. There were differences of the emission inventory for ships within and outside of harbors between
AIS and Taiwan Emission Data System (TEDS) and part of the differences may be from the turn-off of AIS.
Therefore, it is recommended to include the port record with AIS to improve the emission inventory in the future.

The ship emission forecasting factors for special events like Chinese new year, typhoon, have to be modified and
the errors for the second-day forecast were less than 10% and the absolute errors were less 30%. The air quality
index forecasting by CMAQ are better at green range and are overestimated for orange and red ranges.

The results of this study can provide a reference to the Ministry of Transportation and Communications,
Maritime Port Bureau and Taiwan International Ports Corporation or the Environmental Protection Administration to
develop air pollution countermeasures in the port and coastal areas to establish a green port to comply with the norms
of the International Maritime Organization (IMO) and the European Sea Ports Organization (ESPO), enhancing the
image of the port, as well as ensuring the sustainable development of the environment. Separately, the research results
have been promoted by holding one session of education and training.
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Fo Mo R L BT v d 4t HNOz 22 7% B sk (NaCl) & 2 3 o (4
Ca?*¥s Mg> %)F J& > & fde ok B ifick 4 % 35+ NaNO; -
Ca(NO3), # Mg(NO3), #73%k °

(3) &3 (NH,") -

BBy 5 F (NHs) @ 5 §F XA R S i
PPz H s paEd it 4 o F ,f!j:‘ gk d HILIEER
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Jm%“ip%#mﬁ Fooptch o p AR eiE gt g Rk
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Bffhz - o d WHEFRF PP OLE] CERLY ER
pom KL FF RIFFEFORESE S RRIELFL PBriEn s
PR LI WERE AR ZRZEBEMAS Y- TRV EFTLFTAR
TR kR e
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\\\x.y "‘\l‘\' =0y

< 3
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2.2 FeRH

FASTHESERARRIF ST 12 f R pimay £ 20

£ o F o ST RN & 117 B GRS A P G R

“ﬁﬂ?m®ﬁ~% CofE AR AR DIER AL ERER

kR e FlU o 2 SRV EORT PO E TG R 4 KR hfidT 2
FORE F] % % 45 o

By T2 F ST RS T R
P s P 2 RGN B A
B B Ok o 0P S FIFRECR R E 0 H
SR &R T G RIE R R o 2 R B L4
Flot LR R G AT R AN Y B R R

# 7 AN (Models-3/ICMAQ) E_p # i = i eh= ‘e s § &
?’Fg—’\‘ 2_— » 3%HE5N 2 One atmosphere (APL & i A 47 2 A2 F 17 %
FoAt & ,«Fc‘m@,%] FRE TS S #0s Aj}ﬁi,liﬁﬁfjuﬁ_i%
ARFAL RPS SR A A ARy A -

23WRF § # #3

*P 7 WRF(Weather Research and Forecasting Model) # %
FRREEF RS FOF S0 WRF - £ RS f
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Bl Ao Lg AFBREA FELFAERL O L v R A B
$o4 P s bl % Bfed FISNT R 8k AT B M el Y
oM HSARETRLANECRF A KBTS0 o
WRF e/ 3 42423 1990 & A {58 » 2 8 d 2 ®* 5 777 ¢ < (NCAR)
EE - P B RN %g%(NOAA)zF”mA TR LM% FRF RSB
3R P < (NCEP)frd PEsEp] & 523 % 2 (FSL) > 3 F § % & (AFWA) >
BEAPTAERE R RS S fri B E =iy B I 5 (FAA) %
W o WRF #0307 MR L A BB Foidp TREE S A7) 2
BivigiE k4 S5 F#3% WRFHE SR EX §FEADFAEEF 8
sedin- BT L PPEREFT AR AR AT B AR o
AT IR s BB ol et e

f
NES

71

WRF a B4 o kdp? B P ean®ikit e 2 55 ARW
(Advanced Research WRF) 2 NMM (Non-hydrostatic Mesoscale Model) -
3 & WRF 4+ & FApk e £ 3 2 - ARW £.4d NCAR
2] MMM( Mesoscale and Microscale Meteorology Division) #7473 » # 4
RPN NIRRT SR FHRRCEL T
%&E%iﬁﬁﬁﬂw%’@&w&>&%$w%“‘wﬁkﬁ“%*ﬁ
#F E>m NMM B d NCEP #7# % » ¥ € 2845 4 8 2 &8 W prgip) >
TR AT EREX FIRRELS > ST B EESARY 2K
%k (w2 WRRFH A8~ 64 BHAFLERN ST 57
(Skamarock et al., 2008) -

WRF-ARW i & 2 $ EART A~ 5 e 2~ 2 Sl ~ 7438
Bk~ 2EREEH o @ WRF-ARW % #l @ inf2 5 (1) WPS
(WRF Preprocessing System) -~ (2) FDDA (Four-dimensional data
assimilation) (3) Post-Processing & Visualization Tools -

WPS & gilﬁ*ﬁ&%®~%ﬁ@&\%ﬁﬁ%£ AP R
S #&1‘1}\ LR e RN B L 05 e f2 e geogrid 0 o
5 T 3P Pt B ﬁ:'\ﬁﬂ‘mGRlB BAF 3 5 Bv»:",errﬁ,m;,:gL

AL # Uﬁn Hefsig r 5 - %‘rm}%mungrib % d ungrib #t & 4

et m—
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R F ALY 0 #F %N A D geogrib AT ¥ Dt L 1T G BN g
bod % B R i 2 e metgrid o WRF-DA 7 #-18 3o 2L (8 Supip eng %

FHL > o~ WPS #1a = PR A dp 0 by T O R TR 2 WPS
“Lri* o e B Y B 2R B AR RN S i R A 4
) gm B4 ppl e r R o ARW Solver 3 ARW i f25¢ >

PP EFEERIEE LT TR R EA s A T
ﬁ'@ \Mﬂyhm‘ugﬁﬁkauaﬁﬁ T B A2
L 384 o Post-Processing & Visualization Tools = WRF %] B S Y
LG AL > R e R g LS L TR g Bl
# Boenfi sV & 1 * MET (Model Evaluation Tools)/%@El_ﬁi%J U S T4
- KRR R

\"1—

z faficdy e it (Four-dimensional data assimilation(FDDA)E_ - #& %
ﬁﬁ@ﬁﬁﬁﬂ@ﬁ@@ﬁ»—@£7@+w B ABRA LA
et 5 3272 (Grid nudging)fegip] 3 i /% (observation nudging) - 2 5
BRI 23 kTR RS T n‘iifriﬁ'lé VN s VA S N S R
T RERDBE BEPIPEZ LRI g ~F S ERPIFTH
o r FEN A R HE T 0 A BB AR RS LR D R iR 4T A ke
IR F REREFETORE

A feenY R Rk sa 2 0 WRF § % Bo5S el v o 4 LR 5
AL E PR 2T R DI 0 HIW TR IR G AR F e 4 o KiE
RIS S e R S SRR S A S P S Rt S
Ba gt iy e RiA AP g 2§ SRR ARy oL ¥
LR E R G ik WRF-CMAQ A £8 &5 B4 &
WRF HS BB Aok B85 @ % 2RAfr( * > 25 Ap M Gl
IOA » RMSE » % ¥ &% 4 > :5137}_5‘) » H &% é’—iz\ T2 4 (L
&Rappengluck, 2014) - # i v)l?r Al I %2 * WRF-CAMD & {7 fickt
TR F 5% CONO~ Oz R ¥B3 R - F g B g &
ﬁ&~&%ﬁ%¢£ﬁ%%§%@ﬂ;@ﬁﬁﬁ’ﬁﬂﬁ%&W$ﬁ
BRI EEARREABAE S-1.0C > -k# 5 0.04g/kg > Rk i# % 0.3m/s -

F_L
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% -k i/ £ 0.4mm/day(He et al., 2017) » Zhao & * =% ¥ B % 9 PMys
ki * 17 WRF 2 CMAQ # %838 frz § S F 3% » & WRF
AT TR ~Rhe B RZERER S BER T TR o4 WRF 554
“TIER] > i £ (Bias) & & ¥ @ £ (GE) % & 2 3R it it SR # (Bias &
<+0.5 0 GE 5<2) > B i# 286> + R A5 14t 22 3% ehiE 0 (Bias ft
0.5m/s ;0 » RMSE # 2m/s p )(Wang et al., 2015) » & 7 WRF fi;8 ¥ %
FEFHREFFRE - WRF §F %81 702040 B] 2.1 #7177 o

2.4 Models-3/CMAQ #-5¢

SR RABEIFI ML FALP 2RIy REY 2
F & B #3345 Models-3/CMAQ(Community Multi-scale Air Quality
model)’ PHAAERSZASF ST i - BN B

¢ 7t P B+ § 5 (One-Atmosphere) sl 4 o @ sLerfiist ¢ > & 5 i
LHE - P #Mvwf;é_@ﬁ ’I‘E—%&’ %4~ RADM2 (Regional Acid
Deposmon Model) 2 & 4 %f 5 A& 2 £ i £~ & » RPM (Regional

Particulate Model) | 2L & # ¥ H i3 A F & (7 Hg - @ F s F 7
T et fEE L ?‘f@fﬂifﬂa@'ﬁ »drr L ARG B AP M LD
NOX » H #.% & 4 5 HNO3» @ HNOs%F % + 2 a 4% & B i ik 2 A
fed@(nitrate)~ » PR LA B 5 ¥ - BE L5 A HF M VOCs 444 >
ok i aniEdeyY > g A2 G PG S A S g Bl R
AT 0 d AR iR R R T ad ] R R B Rk R TR
BN LBEANEE 0L - BAFRNS F ot A o Fpt o A6 X
SRd OH p o Avrslgenk it F Risdle > 2 emid & L5 14T -
7 bh’%z%—ﬁq‘“‘f&ﬂw Fong LRRAE 3 %3 ¥ & 4p 2 Models-3
TEREZ - B FOERIBRFONRIE AL 5 4
® e iE S A TR 7 F & F Y Models-3/CMAQ e B it 4 47 e

2-7



NCEP R
SRk HTY B

A
1 |
: Geogrid
Ungrib } {/\ oe .
RIB2#% =, /2 25 & FRITY P9 485
{G AR Rl
! 45 #e, [F] 2 3
EE
Metgrid ’? L
K18 B AR AL 2
l

EIREH T NI
iﬁﬁ%%%%%ﬂ

Real
FANHEEHEA L
}
WRF# R, i 4% 4 8
Wﬁﬁi?%%gﬂ

WRF
AT ) FE RO AL B

AL THNE
2 & AR T B

FHR KR AFL K

B 21 WRF § % #5354 7 i 428

2-8



Models-3/CMAQ % - = ez § S F H5% B3t PR A5 - o
PRI R SR T 5 K Rt o BN R R K Lzls«%ﬁ‘-"
% 2-1 #7177 > B 2.2 5 ~F 3 2. Models-3/CMAQ i A 7% 8 » H
IR ERE S D4 H oo 5 3km*3km o @ D3 R B A
Okm*9km > 2 3> DA % e Bk R P D3 g2 Bk x> -
RARPITE SRR R R EREG Y FonigEL> d b2
Lg% s DA% B FRFIBEIR G <02 a o K g R s
FREHHHEERF > 2 EFH -~ TR TE A o 2 3km*3km
=] %’ifﬂs‘f%‘i vl M E A R REERERT G EFR OB R
BT EdEaz S > a L et o B R 5k i
é’mvﬁkﬁ%ﬁ“’Pd*%ﬁﬁ%‘@i*%%%*ﬁ%%
FFBEC] 0 FlA e A RSP R A R A BE 0 &
+ FAE BB P e CPU &2 BpE P 2 Mz o b “b » Models-3/CMAQ ¢
*E A G i ﬁi%lsi B # - 1/0 APl (Input/Output Application
Programming Interface) /i & > #3538 97 % B R o3 B2 it 5 1o B

ez RN R o

% 2-1 2P IR EY R TAR

Domainl Domain2 Domain3 Domain4
, Vertical 45 45 45 45
Z Grid Size 91 X 91 166 X 169 | 223 X 223 | 223 X 223
ﬂ; FDDA Yes Yes Yes No
ii Land use 20 20 20 20
PBL YSU YSU YSU YSU
. | Resolution 81 km 27 km 9 km 3 km
; Vertical 6 15 15 15
. Grid Size 70 X 80 70 X 80 70 X 80 90 X 135
iﬁ Aerosol Mod Aerob Aerob Aerob Aerob
! Chemical CBO5 CBO05 CBO05 CBO05
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W 2.2 Models-3 % %k =% fe#.57 & W

Models-3/CMAQ 2 i & & & 7.« 5 Community Multi-Scale Air
Quality(CMAQ) modeling system > #Z48 Models-3/CMAQ 2. i& it 4[]
2.3 #7571 igd WRF B8 2 § % F 412 SMOKE i& & 2 3§ T4l >
ﬁx%éi'—:iﬁigl CMAQ 7 » i (71 B 84|2 fif o B HH I (FF 5%

L WA

1.F %2 :CMAQ M B iLit * s WRF #5415 § % 7 FLeng i e
WRF ,Ta‘a'ilr;} Fe PRl > IR RN T & end e ) ) BI«K 3
Ao T oo & 1O APl %k v % ¢ > CMAQ M
Meteorological-Chemistry Interface Processor (MCIP)#< % & = WRF F
Az @i FREAE MCIP fice? P £33 5 R E KB & - 12 MCIP
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HIREDF RFTRTREERTEERILE i TSR 2
* o MCIP % 2 Models-3 ET7F1 £ 10T u/‘“ﬂ;_ﬁ MCIP # 4 &%
ELWANTRF AT R 2 5 2EERTH R ER P

7

A5 AL =T

FEAFAE - EFFHFTHIIT a%’ﬁ—:lfi?% 518 e

B ASE (SMOKE) 2 254 + o 5 (CCTM)#7 & /¢ * chgdic o

2.2 g TR E  CMAQ i 3F Models-3 Emission Processing and
Prolectlon System (MEPPS) i % £ Sparse Matrix Operator Kernel
Emissions System (SMOKE) #- % i& 7 2 - SMOKE g2 & 5 v 3R
L TBLRSRIB s wmRE AR f‘.’Z\L;}%I%’"Uo\"% TGRSR F
B e on Aot o ¥ ebde x 0§ B R g B (Plume in
Grid) ; éj‘;ﬁ%:‘)ﬁr(%‘%{i&r)ﬁﬁiﬁ'ﬁtmﬂ » SMOKE ¥ #-# # Jf & = iﬁﬁi%]
/\%H'«E‘-ﬁ%sr%g - R R EER T AEEE B R LA
HEE(MVK) - m BB R i 7R -

3.1+ & @ﬁiﬁ%ﬁ%ﬁ : CMAQ Chemical-Transport Modeling System (CCTM)
B o BB g2 i o CCTM P 2 20 44 - @@?J NN 2
Bid s 2852 FBF BREEHE - CMAQ ESE R g
Models-3/CMAQ % > Hig * /i 5 /OAPI> &5 ¥ g ¢h 3 4o il
Gl RHGSE R A ke T CMAQ mﬁ‘ﬁﬁf AR B
Rt CCTM(CMAQ Chemical-Transport Modeling System)*® > CCTM
FHACEAFET B PFIh o HACIRIFERE T F SRR AR
m%ﬁr%aaﬁ‘&% % CB-05-~CB-IV 2 RADM2: i# * CCTM T +# “i?ifﬁ*ﬁ
LR PC R R ASAR G o L 2 CCTM ¥ & 7

SR 47%;:% i @?Jf oo F e 2 e 38 (Plume in Grld)—%ﬁ
el ﬁ:s.a{? NER G AT AEEE T LER R BT

PR KR (R B (T iR 'r’uﬂ«s?mv 43
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Meteorological Modeling System / Emissions Modeling System ‘

) Meteorology-chemistry TEDS 9.x provide BEIS 3.6 model provide
Meteg:(')(;l‘lo\g;;{a]l:Data »{ Interface Processor Point, Mobile, Area the biogenic emissions.
(MCIP) emissions in ORL format TEDS9.x emission factor
i ] [ l (
Meteorological data in I/O Spa.rsct Rty Ke;nlf:l
API format Emission System (SMOKE) in
\ I/O API format
\_ I DN I
/ . . . . . . . } N
Community Multi-scale Air Quality ModelingdSystem (CMAQ) \
Initial Condition - e ™
(ICON) = CMAQ Chemistry-Transport Model \
Boundary Condition chemistry
(BCON) Convection
Photolysis rate Advection
(JPROC)
Aerosols
QOcean contribution Diffusion |
B /
(OCEAN) \_ ] 7/,
¥
Concentration Results
in I/O API format
\\ //
Analysis Package
VERDI software treating the I/O API data
‘} Kk %‘71}7? CMAQ F iRz H5% aglinde - e+ /4 TEDS10 # 3 4 5¢ ?‘7}—' °

) 2.3 Models-3/CMAQ £ #ici 2 4a i &

ﬁig?]:':f\igrm a*ModeIsSmﬁi;-] ;Irgj % 110 APl 4 & ’?]n*v
TP F RSB 0 B (DT RT 2 SAS £ 8 i 4p b ehists
AT AT > BB & PAVE £ fg@#ﬂﬁ:’gf‘%ﬁiﬁ

>
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3.1 A 7 de

REZERYRBPIREEAL A BE TIPS
MEHECREGE S TREERREAFEE O AT HE
CMAQ(Community Multi-scale Air Quality model) = & 4 2 $55¢ it
AP EEAMFLRPEL R X0 fET - H ¢ CMAQ Hike g * 2 4y
4975 R E 0 B L BB R A0 B T8 SL(AIS) PR B Ay A fiT
Zo g A o JIr ALS gk 2 dpdg W RE S fi dodn i~ iR~ ST R
,D:E 2 #gﬁo FRFTHRE? - ifdp 2518 # 52 40 & S
RSB B dpda P B o s TE 2 oapdaz Bk

FI# w0 art B2 dpdg g € F A fe TEDS(Taiwan Emission
Data System)# 2x 3 # “7d¢ &2 Bk ~ & R~ SURE A SR E A2 54
g o M E oF % TR @ * WRF(Weather Research and Forecasting
Mwwwﬁii&%?ﬁ’%ﬁﬁﬁﬁ%ﬁiﬁ%%ﬁﬁﬁﬁ&%?
o st CMAQ #5317 £ M aiE L R 0] #1725 ey R
AFZRE 42016 F 1 ABI AL REEY R RR
FRer ol

MR LS AT AR R 2 F AP LR RS
FoET2BEm s B A Ro e g PR b2 LB AT ERR

BEoARFEHLA R RRE ” SO# NOX 2 ji72 |+ i iF i
£ AFETHEAP2016 E 10 3 120 2 E2Z R0 FREEEZ AR
Rz F &FIER LR

(w,

T IARACR] 3L o M FY MR Az 2 pdi
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3.2 Models-3/CMAQ #55\ M5t i+

Ryp A Sk o o ABE L 2013 £ 2 TEDS 9 #tiaz #
SRR o B R R 2 E GV gﬂf;’ » PMys ~ SO2%2 NO, % #
HH\ g B P Aol e St E A Bl £ (MFB) ~ et 2.7 ¥4 i

% % (MFE) 2 ifﬁ MG #c(R) T 2@ A ) 5-0.2% ~ 41.2%2 075 @ # &
ﬁ?;‘ fiv 3R g2 B RlE B4 w5 90.4% - 94.5% 100% ; Fe p
L5 2 WV R 8% 0 032 NO2Z2 NMHC 7= 4 1 & st e > 2
4§ pHE L (MNB) s 5.5 HF 5L (MNE) ~ p (i
(R)2 2 e 4% 8 % it i £ (MB)2 > 4 T35 A %] % 7.6%~26.0%-0.48
¥ 53% 0 &R PR R ERlE A W 5 69.0% -
93.0% ~ 76.1%%* 77.5% o

AT R A& L 2016 # 2 TEDS 10 #2c £ T 5
fe & 2016 4 2 4pdais + 2§ FORb 12 Models-3/CMAQ fick 4 7 2016
E LG RHZBA SRS Rk~ SOz« NO2&2 NMHC #0
WA X RRLBF aﬁ%ﬁﬁiﬁﬁﬁ’ﬁéﬁ%kﬁ
{2013 & 2 HM LR GER LSRR EREE 22 LSRR

%f’ufﬁamgafgﬂwnﬁwa%o

ByE IR B % 2015 & 22 2 B HCRUMAL PR R RS R RS B
FEEEFITHETEMEL TR ORI EA TR o SR E
BERIEZ RS ABTR AT BIE e 2R R o BN s
P o @ AL E 4 Hoh £ (Mean Fractional Bias, MFB) ~ 4 4
%t 4 Bk £ (Mean Fractional Error, MFE) ~ 2Efe 434 & F 1 % £
(Maximum peak normalized Bias, MB) ~ fie ¥ & ¥ i* ¥ £ (Mean
Normalized Bias, MNB) ~ fie %t & 3 ¥+ % i 2% £ (Mean Normalized Error,
MNE) % #p i % #ic(Correlation coefficient, R) % %t3+ $o#ic » & $#c2. &
AR R

T

q \ﬁ\a

N
12
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stae g 5 F 1 7% £ (Maximum peak normalized Bias, MB) :

1 - Maxizjl(a,j,k)_ Maxizjl(oi,j,k) -
MB = —— ZZ[ Vo[, j ......... (3-1)

1 j=1
fe 4t @ ¥ 1 % £ (Mean Normalized Bias, MNB) :
L S ReOn | 3-2
MNB—MXNZZ( 5, ] (3-2)

e ¥t & 4 #c ik £ (Mean Fractional Bias, MFB) :
MFB = 2 ii(LO'kJ ........................ (3-4)

M xN ZT R, +0;,

fe ¥t 8 2. % 44 i £ (Mean Fractional Error, MFE) :

MFE = —2 ii% — o DT (3-5)

fe ¥t 8 i £ (Mean Biased Error, MBE) :

1 M N
MBE = ——— kz_iliz_l‘,(F’i,k ~Oi ) (3-6)

e ¥t (8 % ¥+ @ # £ (Mean Absolute Gross Error, MAGE) :

MAGE =
M
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s, 0|

X k=1 i=1

N

He

Pijk= %j= ~% i/ ]~ % KBl 8 E
Oijk= %j= ~ iM% Kl ERE
Pik= % i /] F(P)% Kip|zbz fickE

Oik= % i1 p(p)% kb2 EirlE

N = #3 #i-] (P )#k

M= #7175 =ik

Max= % j % + % kiplshd + | PFiE

P= W ® s P B 973 Rk o7 [ PRI KSR E
O= fsh & o WP =1 Rlsb2 57} | PFTISE Bl
Se= WRE T P RPN 0 Rl ) L PR L R i L

So= FCE R BB EN 0 R 0] LR B R L

WHEL PMpg 2 PMosP¥ > 3 I Pt iR PMloE PMys ~ SO,2 NO,
ERZBHESFOEPIE TR LF P TRFRLE CNOZ
NMHC k& 2 ikt s % 2 piplE - 2 ¢ f@yzw%tfr:(Pl\/l)L (AR T = e
Rt 32 4w o H R EoR 2 e ¥ B A Bk £ (MFB) 4+
-35% ~ 3502 [ > fe it .G ¥4 Heih £ (MFE)R] 5 -t 55% > © 4p B %
#BRE <2057 SO NOpz fie ¥t & 4 ity £ (MFB)/E 4 *+-65% ~
65%2 & > fie ¥ 6.5 A Bk £ (MFE)R] % /| 85% > * 4nf 4 #c R &
4 4 0.45 o
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% 3-2 Rk

R BRI R AP

b MFB MFE R &
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S0, NO> +65% <85% 0.45

FoR KR T R 105 22 2 R A R LR

L1 (O3)—L IR = e T J'FL,?’E 4ok 3-3%17 0 H L% -»/—-]ﬁa
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-15%-~15% > fie 4t i 4
+ %2 0.45; @ NO,#? NMHC fie ¥ & % 1 i, £

$H¥ 224 (MNE)R] & -]

3t 35% F

tM AER &
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-~

et is @ #H ¥ 1L 2L (MNE)R] 5 [ 80%2 49 b 48 R & < 3+ 0.35 o
£33 LA BB TRAPE
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B(EF) ~ %4 je B #(FCR) 2 2 f VI » 7 3 B dpdaz i5 44 32

g o



AlS FH i

-

R R R R TR ol e

___________________________

\ 2
o
a3
iR
-
i
/\_
o
a3
(=

dpdgdniTik B €

LF §

\ /2

Pl EF 4 &

A2
N

N

LIS EPCS SRS

Energy

L £ g A
R Al g s i

AIS 4;da 1 1R €

EF R
518 B e -
FCF -
vea koD e |
Y \&

Al

B
dpdaptac g

FH KR AFLRE -

W 3.3 g TR




33.1AIS FHE

AETBAT Y w2 iz 2o AIS ko sie 3t 107 E KA L i IREy
ko A7 22 AIS TGS AT A ERSGERZ TR B ERNG
EELLFEZCSV AR E ?J[ £33 WL BHEE &AE LSS IMO %5 -
Ao Ber Bl R P TE R FRINBIE SR s B o BB R 4
JaREA AR ASE R BUR BEER o ER LR 34 A

% AISE# P 2 IMO 2 |\/||\/|~'5|:‘£Jf§B

FEE B AR Sl M EIZA 2 F AR o

BEYSTREY 2525 T

4 3-4AIS FHP

Field Description
IMO_Number (IMO Number) & "% /% % 2 5 S5
Call_Sign (Call Sign)«=+ 55,
MMSI (MMSI, Maritime Mobile Service

Identities Code)-k + {7 #» ¥ Fa38

| A

Navigation_Status

(Navigation status)#wi= ;& f&

SOG (Speed Over Ground » SOG)#ri#
Longitude ER
Latitude R

Ship_and_Cargo_Type

(Type of ship)4;, 44 3¢ 3

Reference_Position_A

Reference_Position B

A+B = 4 &

Record_Time

PA G Brgh R

A‘}'j\/);fl *\Eﬂilﬂ»
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332 ¥FLFHE

AT R*2LEFANFTHEZRR205EF228% 7§77 LIHicE
TR AR E 2T imﬁi vt s AT e L ATF 2017 & 4 0
B0 5 Access TR E R B2 TR B G 20 R THER
> @ * Fortran 255 5 (19, A15, A9, A7, A7, A6, A10, A12, A6, A7, A8,
2A12, AlL, 111) > & AIS $fR T GE3 I FH F @ % > P LfLx Ak 5
IMO %t ~ P# 55 ~ Sl ~ B ~ 3 dcfd 51 FcE S 31 FE 4
SIEF ST ~ B dpsd ~ R0 B #JF“E”WI‘:;?I% N MR IR 3

FIET Tier 2. PR L2 R P Fd FARERg e B LR Aok 350
% 35 FAFTHEPE ﬁ.

B A "
1 IMO 5. imo_no
2 e gL call_sign
3 8w dwt
4 BE loa
5 RREI ] main_vesse
6 P FE engine_num
7 ## 3 (rpm) engine_rpm
8 5185 4 (kw) engine_kw_
9 SIS ~FH - REER) engine_typ
10 B dpad (&) speed
11 2 B 1 teu
12 LAl AE_ENERGY
13 g ¥ AB_ENERGY
14 Tier 2| %7 due_or_del
15 SN o225 AP MMSI

TR KR D SRR LR 2015 AT R -
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3.3.3 4ydaPic§

d >tapdgfasg 8§ > % k3% CARB(California Air Resources Board)
TEONEPETAZAHES - EE S BIF B & A4 4027 3] (Ocean
Going Vessel, OGV) :

14548 & R 3 & (Length Overall, LOA) 400 < (122 => = )& 12+ o
2.4y 40 € & 497 i (Gross Tonnage, GT) 10,000 =g g« 12 + o
Apda * BB SIE > T rda g FF 30L&t o
B AR B S O N AT
E=Energy x EF x FCF.........oiiii (3-9)

H? E Z51&F a2 g(g) ~ Energy 277 % & iy £(KW - h) ~ EF
F o i (g/kW - hyg2 FCF a-\(HFO)-’:f#;q‘i» R Glice ~ g dan o
PP TR R R ViR T AR L

Energy =MCR x LF x Act........coovviniiinnn. (3-10)

Fl i mdpdazip TR ¥ VTR E - R i e
?%Eﬁﬁﬁﬁé’*wﬁﬁ

B
S i E R AR ST R TR

3
2 4y ﬂa%ﬁ—’fi’—:’fﬁ_’%% 3-60 g Es5lEF 2 &%Jlé ER S ‘E’%)i . ’%‘*‘«ﬂﬁ
G ip R AT Z IR F Plaek 37 2 & 3-8 #7T o
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% 3-6 4pdadk BEIEK £

A i DWT( = =) B % dp ik (a0) a3l Eg# (kW)
/& @ 45 (Auto Carrier) 25,048 19.7 12,930
745 (Bulk) 50,582 143 8,249
b 1% 4, (Container-1000) 14,587 20.1 16,727
b’ 1% 4 (Container-2000) 38,640 22.0 22,576
b’ 1% 4 (Container-3000) 45,510 22.5 29,424
b 1% 4, (Container-4000) 60,853 24.0 40,479
b 1% 4, (Container-5000) 67,460 25.1 52,364
b’ 1% 4 (Container-6000) 79,123 25.1 61,214
b’ 1% 4 (Container-7000) 78,704 25.3 58,355
b 1% 4, (Container-8000) 101,000 25.4 67,547
b 1% 4, (Container-9000) 102,725 24.9 64,818
b 1% 4 (Container-10000) 112,247 24.8 62,684
b 1% 45 (Container-11000) 120,805 24.8 68,639
b 1% 4, (Container-13000) 142,865 22.9 64,017
% 45 (Cruise) 6,849 21.6 52,184
- 4§ 4 (General Cargo) 43,747 15.5 9,903
it %4 4 (ATB/ITB) 798 13.5 7,421
H 5 (Miscellaneous) 10,987 15.0 13,129
% 7 4 (Reefer) 12,499 19.1 9,350
7% 4 (Tanker-Chemical) 26,663 14.8 8,323
o 4 (Tankers-Handysize) 45,728 14.7 8,696
7% 41 (Tankers-Panamax) 70,610 14.9 11,573
7% 4 (Tankers-Aframax) 105,845 14.9 12,532

AL KR ¢ Aldrete, G. .etal.(2011~2013) : #F7 7 ® & -
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437 WE TR ERERA

4 A% A 1 (kw) 3 & (kW) 78 (kW) &ip (KW)
/& @ 45 (Auto Carrier) 503 1,508 838 503
7 &40 (Bulk) 255 675 150 255
b 1% 45 (Container-1000) 545 1,058 429 945
b % 4, (Container-2000) 981 2,180 1,035 981
b’ 1% 4 (Container-3000) 602 2,063 516 602
b 1% 45 (Container-4000) 1,434 2,526 1,161 1,434
b 1% 4, (Container-5000) 1,725 3,367 900 1,725
b’ 1% 4 (Container-6000) 1,453 2,197 990 1,453
b’ 1% 4 (Container-7000) 1,444 3,357 1,372 1,444
b 1% 45 (Container-8000) 1,494 2,753 902 1,494
b 1% 4, (Container-9000) 1,501 2,942 1,037 1,501
b 1% 45 (Container-10000) 2,300 2,350 1,450 2,300
b 1% 45 (Container-11000) 2,000 4,000 1,500 2,000
b 1% 4, (Container-13000) 1,865 3,085 982 1,865
% 45 (Cruise) 7,058 9,718 5,353 7,058
- 4 b 4 (General Cargo) 516 1,439 722 516
%3 45 (ATB/ITB) 79 208 102 79
H # (Miscellaneous) 72 191 42 72
/% 4 (Reefer) 513 1,540 890 513
28 45 (Tanker-Chemical) 658 890 816 658
o 4 (Tankers-Handysize) 537 601 820 537
4 45 (Tankers-Panamax) 561 763 623 561
4 45 (Tankers-Aframax) 806 1,109 874 806

AL kR ¢ Aldrete, G. etal.(2012~2014) : *F 3 & o




38 e EIER 4

Ay ARl AEkW) | B ERKW) | R KW) | & (KW)
/& @ 45 (Auto Carrier) 253 351 351 351
7 &40 (Bulk) 132 132 132 132
f #% 47 (Container-1000) 241 241 241 241
b % 4, (Container-2000) 325 325 325 325
[ #% 4 (Container-3000) 474 474 474 474
b 1% 4, (Container-4000) 492 492 492 492
f #% 45 (Container-5000) 545 547 547 547
b 1% 45 (Container-6000) 577 573 573 573
b 1% 45 (Container-7000) 538 551 551 551
b 1% 4, (Container-8000) 650 531 531 531
f #% 45 (Container-9000) 475 475 475 475
b’ 1% 4 (Container-10000) 708 708 708 708
b 1% 4 (Container-11000) 600 600 600 600
b 1% 4, (Container-13000) 599 599 599 599
% 45 (Cruise) 1,482 1,482 1,482 1,482
— 4 b 45 (General Cargo) 137 137 137 137
R E3 45 (ATB/ITB) - - - -
# # (Miscellaneous) 137 137 137 137
£ gy (Reefer) 255 255 255 255
4 45 (Tanker-Chemical) 371 371 821 371
o 4 (Tankers-Handysize) 371 371 2,586 371
o4 4 (Tankers-Panamax) 371 371 3,293 371
o4 4 (Tankers-Aframax) 371 371 3,000 371

AL &R ¢ Aldrete, G. etal.(2012~2014) : A% 3 & & -
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2 P fic

Al e iR s F el £ O SIEF A2 I F D
P p B 4ok 390 S 318 BRI E il & > > 2000 & r2Fhd A
IMO R e 5| & cnk AR > F]pt 5 0 #p 31 & (Tier 0) » ~ 2000 # 2
2010 & # A3l 8 L 1831 & (Tier 1) » @ 2011 & 3 2015 # # & 3l
FR G 28518 (Tier 2)>» 2 %A 5 3@ S o B &b < gEx
T %A o dEiE MY 130 rpm 0B i#E 51 & (Slow Speed Diesel)rt 3 ## i
= 130 rpm > — &R 4+t 400 ~ 2000 rpm 2z @F ¢ 3¢ 31 & (Medium
Speed Diesel) o ¥ #F » 7 % » 3 F i #1851 & (Gas Turbine) 2 %7
# 51 & (Steam Turbine)® f& o — “xdpda i * 2 F 8 2.7% 2 & 4 (HFO)
St fiffe ) FAGAQREZ W WML oG KW o RIF R K2
Bl VU ERBGAZ E N Pt R BB E 2 o a2
$hp 2 ok Gifichr £ 3-10 2 £ 311 om0 H P R Gl - G
a/kW-h -
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% 3-9 i 518 £ % 8(g/kW-h)

51 fAAE IMO #p &5 | d & > NOX SOx PM1o PM2s

5 g 2.7% (HFO) € i

Mg 31 & Tier 0 = 1999 18.1 10.5 1.50 1.2
¢ alE Tier 0 = 1999 14.0 115 1.50 1.2
i 51 8 Tier 1 2000 ~ 2010 17.0 10.5 1.50 1.2
¢ alE Tier 1 2000 ~ 2010 13.0 115 1.50 1.2
Mg 31 & Tier 2 2011 ~ 2015 15.3 10.5 1.50 1.2
v sl EF Tier 2 2011 ~ 2015 11.2 11.5 1.50 1.2
FHEwmSE na all 6.1 16.5 0.05 0.04
AF RS H na all 2.1 16.5 0.80 0.64

5 58 0.5% (MDO) € i

fig 51 8F Tier 0 < 1999 17.0 1.9 0.38 0.35
¢ 5l Tier 0 < 1999 13.2 2.1 0.38 0.35
ik 51 & Tierl |2000~2010| 16.0 1.9 0.38 0.35
¢ sl E Tierl |2000~2010| 12.2 2.1 0.38 0.35
fig 51 8F Tier2 |2011~2015| 144 1.9 0.38 0.35
Vo5l EF Tier2 2011~ 2015 10.5 2.1 0.38 0.35
F A & na all 5.7 3.1 0.01 0.01
EF R na all 2.0 3.1 0.20 0.18

AL kR ¢ Aldrete, G. etal. (2013) : #F 7 # % o

3-16




% 3-10 #2431 EF 2 i (9/kW h)

IMO #p %] R # NOx SOx PM1o PM2s
S g 2.7% (HFO) £ 9
Tier 0 = 1999 14.7 12.3 1.50 1.2
Tier 1 2000 ~ 2010 13.0 12.3 1.50 1.2
Tier 2 2011 ~ 2015 11.2 12.3 1.50 1.2
s 8 0.5% (MDO) #
Tier 0 = 1999 13.8 2.3 0.38 0.35
Tierl | 2000 ~ 2010 12.2 2.3 0.38 0.35
Tier2 | 2011 ~2015 10.5 2.3 0.38 0.35
T %R ¢ Aldrete, G. etal. (2013) : A7 § & % -
# 3-11 4a%p 3+ 1% 8 (g/kW-h)
Fuel NOx SOx PM1o PM2s
HFO 2.7% Sulfur 2.1 16.5 0.8 0.64
MDO 0.5% Sulfur 2.0 3.1 0.2 0.18

AL kR ¢ Aldrete, G. etal. (2013) : #F7 3 % o

3. W R Gk

gl R Y A ety o H
Y EREL R g3 SO, PEREI R S TR
W 2 g e i 35 00 Z AR 2.7%hE b 2 0.5%:8
AN I H MERYEM B F A kW K o 4ok 3-12 v 2.7%
g (HFO) & A i Glic 77 5 g 2.7%% % 2 NOx ~ SOX

EPMESLy > HW R BHIzs 100
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FREEREY P likcEi Y £ (HFO) ik sic P74 5 8809 pF >
AR RE GEA P BRI BT X A
P afk i Y M (MDO) il RIEFALZ EREPF > JE A S
T f%m#”xx‘*%:vﬁ Frun s R fen o 5 AR 1.0%
28 Gl > he NOX #2431 & 2.7%p% 5 147 » 0.5%p% 5 13.8
Al 5 1.0%pF 5 14.4;SOX #8551 & 2.7%pF 5 12.3>0.5%p 5 2.3 >
Plde 5 1.0%PF T 5 4.65 0 pF R 3k b %0 e 28, (FCF)2 NOx % 1.0 »
SOx Al % 0370 > ¥ 5 3Z4pdai * 1.0% 7 g 2 3 g o

g ;ﬁ :
dpda f P FMR B A ERE R T B M - B4 20% ~ 80%

E‘hg ;\‘Ei; y f‘:"—‘;.l."_;?wl_gr i'?’ %ﬁ\{.ﬁgikb B 3 =x xﬁ(Pl‘Ope”er

Law) » = 3840 @157

Wi 1

N,

—%;\

LFE = (AS/MS )2 oo oo, (3-11)

HeHAS Zdndggmisidom MSRZ By HE 305 & o
LR AR RS S AR AR I e

[e]

B OE LY 20%pF o PR AR g g CRFIEA B Y UM E
BREFF AR o - ALRF B SIEF A ALY F ) PR
H 51 & 2% ¥ 2 45 > EEIA(Energy and Environmental Analysis, Inc.) & #
P’“i’ﬁﬁ PER - BRI F R PEEE S PR P D
b2 ARSI P il r 23t o d SRR SIE A AR
B P oond o BRI E R G H PR R g A PR

R BT RCR B A Ao

AR GEFERY B NG 1%~ 20% 5 £ “,fu 20%
PeiE o G MOf PR ehfe & i (LLA, Low-Load Adjustment
foactor) » ¥t 8> N REBLZE L UKD GHTY F DI it
BiE e Mg el fhlicdod 313977 0 R F] G ASIHF D LTS
2% > F]pt £ ¢ WA 2% ~ 20%2 4 #k o
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% 3-12 MDO/MGO % & it % #c
g 2% | NOx SOx PM | ##&(%)| NOx SO« PM
1.00 1.00 0.370 0.73 0.27 0.94 0.100 0.20
0.90 0.94 0.333 0.34 0.26 0.94 0.096 0.20
0.82 0.94 0.304 0.32 0.25 0.94 0.093 0.20
0.75 0.94 0.278 0.31 0.23 0.94 0.085 0.20
0.67 0.94 0.248 0.29 0.21 0.94 0.078 0.19
0.63 0.94 0.233 0.28 0.20 0.94 0.074 0.19
0.60 0.94 0.222 0.27 0.19 0.94 0.070 0.19
0.58 0.94 0.215 0.27 0.17 0.94 0.063 0.18
0.54 0.94 0.200 0.26 0.16 0.94 0.059 0.18
0.53 0.94 0.196 0.26 0.15 0.94 0.056 0.18
0.51 0.94 0.189 0.25 0.14 0.94 0.052 0.18
0.50 0.94 0.185 0.25 0.13 0.94 0.048 0.18
0.46 0.94 0.170 0.24 0.12 0.94 0.044 0.17
0.45 0.94 0.167 0.24 0.11 0.94 0.041 0.17
0.43 0.94 0.159 0.24 0.10 0.94 0.037 0.17
0.42 0.94 0.156 0.23 0.09 0.94 0.033 0.17
0.41 0.94 0.152 0.23 0.08 0.94 0.030 0.17
0.40 0.94 0.148 0.23 0.07 0.94 0.026 0.16
0.39 0.94 0.146 0.23 0.06 0.94 0.022 0.16
0.38 0.94 0.141 0.23 0.05 0.94 0.019 0.16
0.36 0.94 0.133 0.22 0.04 0.94 0.015 0.16
0.35 0.94 0.130 0.22 0.03 0.94 0.011 0.16
0.34 0.94 0.126 0.22 0.02 0.94 0.007 0.15
0.30 0.94 0.111 0.21 0.01 0.94 0.004 0.15

T KR ¢ Aldrete, G. jetal. (2012 ~ 2013) : 2= 1 & & o
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4313 W L ik

Load NOx SO« PM Load NOx SO« PM
20% 1.00 1.00 1.00 10% 1.22 1.00 1.38
19% 1.01 1.00 1.02 9% 1.27 1.00 1.48
18% 1.02 1.00 1.04 8% 1.35 1.00 1.61
17% 1.03 1.00 1.06 7% 1.45 1.00 1.79
16% 1.05 1.00 1.08 6% 1.60 1.00 2.04
15% 1.06 1.00 111 5% 1.83 1.00 244
14% 1.08 1.00 1.15 4% 221 1.00 3.09
13% 1.11 1.00 1.19 3% 2.92 1.00 4.33
12% 1.14 1.00 1.24 2% 4.63 1.00 7.29
11% 1.17 1.00 1.30

FAL kR ¢ Aldrete, G. etal. (2013) : A F R & -

5. g E4 51 f A

dpdaz A EFA R N IRIpPEER TR E H AT TS
R AU ARk RSV A5 FRE 2T A KR
Flpt g sl pRen | i o A AR A RBE R EF - FIF R
Pl g e B AR ¥ RE o W FL B VR Eg o T
PR E AR B A e R A P Rp R BT L H R
€ i f 7S RIF 4 Aldrete & £ > 2007 # 7 Puget Sound maritime
air emission inventory 7 # e 1§va‘ HF - Adpdg i S EF R ITE F A
Af P FR R A AL B R PER RRE f PR )
25l f §idod 314 #77 o
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%314 e sl f PRERE

S A - BN i%7p

/& @ 4 (Auto Carrier) 0.15 0.45 0.26
$7 E 4y (Bulk) 0.17 0.45 0.1

b 1% 45 (Container) 0.13 0.5 0.18
% 45 (Cruise) 0.15 0.45 0.32

- 4§ 45 (General Cargo) 0.17 0.45 0.22
it %4 45 (ATB/ITB) 0.17 0.45 0.22
H 8 (Miscellaneous) 0.17 0.45 0.22
4 4y (Reefer) 0.15 0.45 0.32

& + % T 4. (RoRo) 0.15 0.45 0.26
o 4 (Tanker) 0.24 0.33 0.26

AL kR ¢ Aldrete, A, etal. (2007) @ 2 3 R & ©
34 g p R

341 REPIE SN

EHRDPIFERE L PRSP e R G BB W 32 ) Fi7
W2 P gde s SN o B\ BB g o > B AIS
TR FRBAp 4 IMO 2 MMSI S5 e s N TR E Y - Yajlz 4
ﬂaﬁ;ﬁ_a‘ﬁ s BB da b A dpiE s A SIEH S S eI E S0 el
PR E S BHY B dpiE s AIS T Y F prdsdadniT 2 4~ S
FAREE TR E g Aa f B2 (LF) ) e 2 a'?ﬂ Al
51 & g i‘*ﬁx(EF) R %u_ Frigc(FCR) 2 2 f b - 1% ik

dpda P gty N B arda gt g o

drdginiT B2 H - 5 éf‘v(Knot)  HE =B85 kn &kt £ &M
* ’3?“@""_,&!; uag ¥ o maniat il BE > Ay iq= /| pEF
Buir lapang el l & > R ﬂ&iﬁﬁﬂ{%ﬁé—?i%ﬂj Rl A ak
B F ok p fenhE o0k L R IAFIRMAGKR o FIt A2 B AL
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Ao\ﬁ3?\)§:“%’ﬁ‘ﬂ°1929ﬁl§ﬂw THEEEERUFN L AT
E R 1,852 o & (& 6,076,115 & ¢ )if s 1i{E® s E R > P o e 3K
2 TR o F X uxui;f“ ¢ A u AR 116~125 B2 B s A
#20~29 2 fF > £ 0.01 B (1,111.2m > 4 B g 5 1km) i — e
BB B ¥ (F P4 22 901 * 901 = 811,801 1 4 14 8L PEEM B gL 8hen
B et d e b i BRECE  #RAT FFIR 4B 34 -
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- &36
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°T
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FAKR : AL RE -
W34 £A%858
g PE AIS TR 2 A B TR T U@L g
BRI R A e P eniis i B (SOG) ) # I BEB- W 4p iy £ A
e g R o LA Bt e g 2z, T
PR FRL S o N dp et e skt B Y a FIA L A H B FE
Vi aaE e Srenii A4 > Bl 35 BR Bl AR % -
FROBESF LT ABEXBERLEFFERFL(B - A)> 7™
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it RE LR

245 B /

24 /
23 T T T T T T T 1
117.5 118 118.5 119 119.5 120 120.5 121 121.5

TR kR AT RE -
W 3.5 AIS 45 4q #FLprdrk B £ W

T A ha B g > FAL AR B AIS L 8

TRz edrE R RERE > Z SN AREZ AIS TR BN HEA
R F 50 aic A5 0 7 A I chipda IMO 3 A g0 e PR PG Sl
;ﬂu IMO %508 ¥ (3% S FHE 7 IMO %% 4 > 100 § 1 1,000
F2B)> @558 0--18 %54 1,000 § ~ ] 100 g i
%fi P PREF TR 45 0 L gy 5 0 T iy 2
ZAERF B AT kg g P o R E

i%%i°

‘&_r

2 {5 ¥ ik PRA G & W2 IMO Bl 0 R B & E P - 1Ry e g pE

R RS LTI L Y .af’%%i?%iai-ééé’é)i 4 b
s;; SRR BT EEES 0 A2 LA HERRA  bl4ct ¥ -
T EA R ﬁoﬁzoa’m;ﬁi &:,1 (20 0)/60=0.333: % - &
FTHPERT L OPE26 4 0 B Iiﬁ,a (26 - 20)/60 = 0.1 - EBEH &
FHEAL > 4ok = i"ﬁﬂ‘@ﬂ*ﬁfs 2324 FELFTREFRR R

(212-26)/60=3.1c @ § 4y daw (o e PE A ACE 3 B 5 RIAR G T
— BRI 4 o
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Fid % od 37w fEd Kb FH R85 - T MMSI(Maritime Mobile
Service Identities Code)$i B~ 4 € 2_ 4 da Ll > wc ik g5 a0 %fr:ﬁwiéﬁﬁ&ﬁ & i3
20 AT REEETF IMO £ 4 P MMSI S fE 6 E 2 38 R 8 2013
£ AIS £ 8% f a2 dpdaficg o

# i IMO 4r } MMSI #réniE Ik 2 dpdadngt > d 2T RF % Sf
K EE D Y F RARC SO TR RN 2 RS
¥H5AB-C-D-E~F-G H 1] K1l BESE > A& 44cH
3.6 2 ] 3.7 #77m o d AdpdadnT i - FHPPFIO A LA REFE(REA
B)2 & & % i (% i |~ )2 M SUGH 54 ek fl o r A ?Fﬁ%;}ge
* 2017/7/20 2 2017/7/25 & =% z_ g T35 A § 3 % H
2016/10/27 % 2016/10/28 & % 2_ fLp*-L 350 A48 K Apdafpuih 3 9 03
FA L FRPREEREZARRY 5 2 F A oF 3.8
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2 15 PItk 2013 & 2 2016 & & u[m A2 B ¥ % @02 NOSFR %
#< 062 Hcid > ¥4 2013 #5 - < {2016 & > E Ak P H) 2 3F 0
G T, v P >ESF - X 2P IpR G#Hc o NOy ~ SOk2 PM
H% A u4e 3.9 2 B 311

I EEEN LTI A g dpa- > P R EL Z YT
B AR 0 4FR-2013 £ 2 2016 £ & & P2 P g pE A ko
PEH P IR T RS E 2 Gl T 5 B S % 4oB) 312 AfoF o
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35WRF § & Flez §

A7 OWRF BB o ke e B B4 8 § kg
EEOYHORP R o 4o 3130 R X EAME X TARL A 3155 4
EUF LR REFIFSTHANRAP RIS § 480
PR kM BT R frE Bl NP H S P M H T EEF 3R RE
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WPS Domain Configuration
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% 3-15 #7§ WRF B sk * ek T 4 %

Domain 1 Domain 2 Domain3 Domain 4
Resolution 81 km 27 km 9 km 3 km
Grid Size 91 X91 169 X 166 223 X 223 223 X 223
FDDA Yes Yes Yes No

FALKR D AL RAE
AF2 7 #ri¢ * e NCEP 72 % Global Forecast System(GFS) - ANL
KIE5 F A ded > GFS FHR L4 BNCEP 4 & chasklice = § 7]
2B Y 0 GFS-ANL d & 030 ~ 3 005N ~ 3 e /3 RSN AR ki
P Br BHEANERPEFEREIFROTHAES 0 T F T Rb
%i%uﬁzi’ A GFS-ANL # 4% Ba ¢ kT 3454 5 05°x0.5° ; #
JREFH  FALEPER D 2007 £ 10 1pigL £ Q& o
TP i HF(FDDA)A & & * e i8% » AR » U EHR
1% 3p &b gAm 5l o )TA{E} 179 29 12 5/ o8
¥F17% 4p 0> FDDA Afiht 6 /) PFpF4e » > @ % fefL hi 2 »
Flpt & 47322 FDDA % @ * GFS-ANL 4 45 F L o

7 B pig02 (Nudging)esf A > 3 & F 5 B BLp 748 K i3 & #0550
Bl % o %Eﬂu?lﬁf'b"’%fr‘\%&%ﬁm%‘ BERFPEE Gl PEZT A
B - AR (Grldded Nudging) » & * m;n 1" T % GCMs
HEH o V- q\ﬁuF ;% (Observation Nudging) ° IR R

BIE R o A Pﬁmﬁ5%%4®fﬁﬁﬁagﬁmﬁﬁ’?@%?ﬂ
RREHT B PN BRI =P*—"h3v pigiEEr GCMs TAd > T F
AMEELE B FRFEEEFE RS - £ GCMs FALp
F#F|E - B Timestep F 3 B4 o

E WRF 38 Rl T304 » Bk A s B Rf 2R A 45
8l 222722 0208 2 3208 m X | &A 5 91x91-166x166 -
223%223 ~ 223%x223 > WRF 48k 2304 P {587 5 cnplif 2 A &
B fé -2 9 12 S Bk TAcE 3-16 1o 0 Aficd 12 2 #ic(Microphysics)R
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/% WSM 5-class scheme » ## £ %-#icit (Cumulus Parameterization)i¢ *
Kain-Fritsch 2% 2_> i7 & :# & & (Planetary Boundary Layer)i¢ * YSU
scheme 3k T > 3 & EARINA P4 5 Z BISA 0 F - A i g K
(Surface Layer)i# * MMS5 Monin-Obukhov scheme 73k 2_» % = $8 4 1
# % & (Land Surface) ¢ * Unified Noah land-surface model > % = 3% 4 5
*‘}Sfi’rﬁ # o (Urban Surface)|iX 5 @& * » & i f§ &F(Longwave Radiation)
&4 1§ 5+ (Shortwave Radlatlon)jf‘f\a{ T_& Ccam scheme » SST { #7384
(SST_update)R| % kx# » % FefE47 2 B+ > 2 S IR VR ER
A kR At B S kA T Y AR K R ph e A E R
Sgoo I Modis ik FALKREEANIE e ERR TR AR TR

% 3-16 ## 7 #8 WRF #5848 7 ek 2

\y

IS R
Microphysics WSM 5-class scheme
Cumulus Parameterization Kain-Fritsch
Planetary Boundary Layer YSU scheme
MM5
Surface Layer Monin-Obukhov scheme
Unified
Land Surface Noah land-surface model
Urban Surface no
Longwave Radiation cam scheme
Shortwave Radiation cam scheme
SST_update Yes

TR R D WRE & § #0582 ik 2 HE5° S dck e

g P HORERT L PR SEER U BE2IRF S
Tkl f ﬁ%ﬁﬁw’#ﬂi%%?ﬁﬁﬁﬁ%%i*i%&’%&
Boh e~ BRCBRE S FRE 154 B F H# 20 RPN
2 BEpt s A i;?ﬂi“a R SRl IR IR 2 Bt e o -
Bz 10 2R 3 RObER»EREERFZHEF DIE>T 2RSS
(BT R 3 22) 34T LF S FISIRAPLF #3760 2 8
B EF AT Aok B L2 s b BRI ARG F R FAL
Pl EE 1S 0 B2 24 B PR TR SR A A 3-1T7 T o BRTEZ S P T
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FAABMT RAMBOEG B2 102 FRZBSEAE S
BEEUPEE RIS YRR ER R E O HR KRS o T AR
PR R AR Y SR F O H P E LR

(1) f= ¥ i % £ (MBE) :

MBE = — 233 (B, ~0,) oo (3-12)

(3) 5= 231 (RMSE) :

M N

1 ) |2
RMSE = WZZ(R,k—Oi,k) e (3214)

k=1 i=1

(4) B #4831 i £ (WNMB)

(5) R v &1 i 5 $ &% £ (WNME)

M N
ZZ‘Rk _Oi,k
WNME = *Li= —x100% ... -
MxNx360 (3-16)

Pixk= % i/ F(p)% kKiplzb2 i ®
Oix= % i /] F(P)% kiplzkz TiplE
N = =5 Wt P (P )ik

M= #73 plxbBk
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@%iﬁ%ﬁﬁﬁﬁﬁ%%’%@%Mﬁﬁﬁ%%&%ﬁé~&
ek @K AR - B R IFT A2 2 L A B £ (Mean Biased
Error, MBE) 2 fiz 4} i & %+ & i/ £ (Mean Absolute Gross Error, MAGE) -
LR ERA(MBE):£15°C np » RtESHE/RZL 5 3°C
NSRRI AL E 5 feH E IR £ (Mean Biased Error, MBE) 2 fie 4
#3592 1232 4 (Root Mean Square Error, RMSE) » % & 4 & 2 £1.5 m/s 12
mE3mls P S b oG R L b e fe i EARE T i L (Wind
Normalized Mean Bias, WNMB)1& % 5 £10% 2 p 2 fedt e &8 i 5 ¥
® ik £ (Wind Normalized Mean Error, WNME)#& % % 30% 2 b > B {8 &
R o & R A “,$ W EFFFFIN 2R TS50 08

B iR E o PR R RS RPN 6 AR E 2 R
BREFZHRFEERP QR A2 0k .
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% 3-17 ¢ RIFTHA
Ly LA TR SR
466880 ¥ i 121.4338 24.9993
466900 RN 121.4400 25.1656
466910 Fe3n 121.5203 25.1864
466920 £ 121.5067 25.0396
466930 SR 121.5363 25.1650
466940 R 121.7321 25.1348
466990 ik 121.6050 23.9770
467080 i 121.7479 24.7656
467410 i3 120.1970 22.9952
467420 A B 120.2286 23.0349
467440 B 22 120.3080 22.5679
467480 £ 120.4245 23.4977
467490 g v 120.6759 24.1475
467530 P 120.8051 23.5104
467540 a 120.8957 22.3576
467550 ENNE 120.9517 23.4893
467571 74 121.0061 24.8300
467590 2% 120.7381 22.0054
467610 & 7 121.3654 23.0992
467620 i ez 121.5506 22.0387
467650 PR 120.8999 23.8830
467660 R 121.1465 22.7540
467770 iz 120.5151 24.2587
467780 =g 120.1051 23.1524

FHRER L F R RF T
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3.6 CMAQ iz §

3.6.1 Model-3/CMAQ

AR IHSNRALERBRERF L AT A o h
2015 f 41 B 3755 CMAQV5.L > JU 3Rk 4 & chfs § & 5 R T B

1. & %k i & F & #% 4] > & (Photochemistry) » #-$54p 22 B 4p
(homogeneous/heterogeneous) sk 84| B & f e — %R F B4 %
TR o B m s Bk RISGIEL - A gl ¢ HEEL
TR ARG Wik (POA) et 1 s fis(aging) ~ ¢ NO2sk i &
A2 9 HONO ~ 2 2 48 NoOs & 2 = e HNO3 E 38 % o o 3+ 4 88
TR SRR B E Y S A 1F O o Flt NoOsehr i £ 4piR 4p
BT o A AR R F BRERE -

2.4%-J £ e aerosol module 5 B~ % % aerosol module 6 > * aero5 #-7% i
W}t)\ £ o

22 coarse mode s F AT X B & @ﬁ;lﬂlj R ettt oo

Bt ARl o B4 € s 3 Accumulation mode

432 g ? > Na/Cl S Bk d S Bori > a2 g
B ES TR LR SF o bR B RRIE P B Bk
B HF o B BT R AP HE R LR XGRS
Na/CI/NH, & 8t 3 ~ % - ]}t aerob ficie® > #iE2 7 & 8 i b ik
¥ SCC 11 2 SPECIATE chFH R » £ dmA 5 564 o 4 & 378 ch
* 4o T A 3-18 77 o

a h +F4 3 p4pk ¥ F : PSO4, PNO3, PEC, POC -

b.#-k & ch7 ¥ & 5 #A(PMFINE)E a4 5 @ PH20, PCL, PNCOM,
PCA, PSI, PMG, PMN, PNA, PNH4, PAL, PFE, PTI, PK, PMOTHR >
HY PNCOM :2pis 5~ % » #3hy Flamanl £ > §7
F i3 FAganRE o N EmERTE o
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Qi@%ﬁ%FMM1mNMh? %g%%%»\wﬁ@%ﬁ :
fo = (»uF % § %L FFRtracer 2 % o

# 3-18 CMAQ Aerob #-e 12 & en PMos# a2 i

Emitted species name|[Corresponding CMAQ species” Species description || Species status

PS04 AS04) |[Fine mode sulfate [[Existing cmAQ species

PNO3 [ANO3J |[Fine mode nitrate |[Existing cmaQ species

PCL ACLJ ||Fir|e- mede particulate chloride ||New|y—e-miﬂed existing CMAQ species
PNH4 ANHA ||Fine particulate ammonium ||New|}-‘—emitted existing CMAQ species|
|F’NA ||ANAJ ||Fine mede sedium ||New|y—emitted existing CMAQ species|
|F’CA ||ACAJ ||Fine mede calcium ||New CMAQ species |
PMG AMG) ||Fine mede magnesium ||New CMAQ species

PK AKJ ||Fine mode potassium ||New CMAQ species

POC APOCI and APQCJ ||Fine mode primary organic carbon ||Existing CMAQ species - new name
PMNCOM APNCOMI and APNCONMJ ||Fine mode primary non-carbon organic matter ||New CMAQ species

PEC AECI and AECJ ||Fine mode elemental carbon ||Existing CMAQ species

PFE AFEJ |[Fine mode iron [[New cMAQ species

PAL AALS ||Fine mede aluminum ||New CMAQ species

PSI ASld |[Fine mode silicon [[New cMaQ species

PTI aT1d |[Fine mode titanium [[New CmAQ species

PMMN AN ||Fine mede manganese ”New CMAQ species

PH2O ||AH20J ||Fine mede particulate water ||New|y—emitted existing CMAQ species
PMOTHR AOTHRJ ||F'.emaining unspeciated fine mode primary PM”Existing CMAQ species - new name
PMC ACORS ||Coarse mode primary PM ||Existing CMAQ species

'i'j\/)}’a‘l *\Eﬂi‘ﬁfo
44 VB ST 0 3 5 0B A dn RS 0 B A EER B

TR RIS B ALV RV EE o8 2 5T BRRER D
p;z B FIPUAE T R VATL R A D EFTOVEL R A o 2 i

F AT VB R A E R E A 0 A %w*ﬁm:ﬁﬁ%wﬁ;mﬁ
FloBe 4ER I B A AL E o F]p A 7 * 3T WRF V3.7
B~ MMS > AT CMAQ #io38 enid i' o WRF 18 * 7 2013 # o
BE I AR > B A SRR € {4 o T Ak
AT ARk F BV 5 WRF V370 #3%E mJT 0N 5 SMOKE
V3.7 @ 3§ &RV AR 5 CMAQ VAL -
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3.6.2 TEDS gk ik A2 i3 §7

TEDS R ehpdL bt o i2 0 R R Pt vho i 5 s kAt
R o R 1"iﬂ”:‘ﬁ#“§¢?#’ BRI afrB g |
Fo W4 5 AR TR o 5 h SMOKE thi e » 45 TLF| %
SI\/IOKE)* T BE R TV PJrﬁ)ixb’qu%qw»1‘?}&@-'?5’”\??}‘}}?_&@
EEFBAFE ko eivg 23R EF PR oK TS
- Kb AR B GEG LB g od A AT S AR - R
B FIb g SR BRATURE F R A B o

AR Y e TEDS enghihad® b > £ 371 * 37 % o B &
’TA TEDS # & et 2 enaf W) 18 (7 4 5F ’—fir'-ac;}"}':"‘;t/];ﬂﬁ,sé 7o gj%
D h RAESE o @ hob EUEE R RIE LR Y Brlggs(1971)a‘ft I TR
FHBREON R I AR 2N e T AT o IR 2 B ROt E
Bodrk R FRNF R IE - R ERN3AF R T30 DT g
BPE o PIRZER T F (TRATR KAIE o F O~ PG R GEIER Y o

F=0.25xGx Vs xDs?x (Ts -

He

F = Bouyancy flux (m*/s®)

G = Mean gravitational acceleration (9.80665 m/s?)
Vs = Stack gas exit velocity (m/s)

Ds = Inside stack diameter (m)

Ts = Stack gas temperature (K)

T = Default ambient air temperature (293 K)

U = Default wind speed (2 m/s)
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Hs = Physical stack height (m)

363 ¢ F» Rt FTHE IR

ho2015 EHEER S L R A ML TELEED > R
SO,/NOef fi 2 # T4 P2 B 3B/ o R h Bia? Wi R
FRT o R E Y > F A SOk RIBP K 1K maE
EHCFNMA AR T o d 3 TEDS 10 5 P wv AP $ & et 2c & - Flpt 235

%—‘-"'}@“};{\:‘l ]E]P«

p ,;,,ﬂmﬁ%)& T“’#k"‘;cgm—' R

] j—’g_ f,'_ sy 7R AP IFX'Z\;{ ll_q_ ‘15“:1\'

N B EE
T L
BOR TR e B R ES R A £

F:E 7] 68.1% o

e PR > U AN R R R o

R RARETNER
FAZHEAPHIE DT RE
T 2006 F 2 R g AR £ Fodek 3-19 4977 o
R R > A8 kpatd F
» H R FF 2 gk L

I R g P

%2319 AL#F HFEIBARERSLF
EONRER| LA ¢ ® p A ey A% S
2007 5.98 14.20 2.20 5.10 8.50 6.60
2008 0.73 9.60 -1.00 2.80 5.70 4.20
2009 -1.81 9.20 -5.50 0.70 5.40 1.10
2010 10.76 10.40 4.70 6.50 6.40 7.60
2011 4.20 9.30 -0.50 3.70 6.20 3.60
2012 1.50 7.70 1.40 2.30 5.20 6.80
2013 2.23 7.70 1.60 2.90 5.40 7.20
Fita & 23.59 68.10 2.90 24.00 42.80 37.10
7L %k : IMF International Financial Statistics(IFS), Facre T¥ X F4T(F 55 ¢ F4 A E R

R’LFL}?" #E F&,&;

FL(L 7P ¥ 5 2015/12)

T R AT Y B R B AR S ST

a RAPEIE Y EERIFHOR L & hffaL 53 PMas, PMy, BC,
OC = ¢ By od WP W HIILGEHT R
it hde i SCC g5 » FIt AT 7 fficdiy R % o g

SR
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P AL G AH¥taerob #rE & h k- 5 A 7 (T3 2 EC(BC),
OC, PMC(PM1p-PM35), PMOTHR(PM25-BC-OC) % = i» %] o

b. ¥ 3t Zhang #t# BT R AL A S e FRAADL K ST 4
A A G- BB R F LT 1 A & d U R
P38 s NOX/SOX » Flpb i@ fE4 ik i NOX/SOX 4 »
B 3D 2 o T4 EE 7B AR BK S 250m 0 @ 1 fenlE
°]1B R BEK 5 60m e

C. d *+¢ FE T 2006 & | 2013 & 1 e ik £ % B iE 60%)
F(heE 46) 2 H R4 AR nd o F A2 R B
% 1 NOL/SOxie™ #8524 &+ 1.6 enfe 5|5 » H 573
Ay R iFFFER G RATE o

“» -&3«3\

d. 2@ P 3hP EFRF AT AT F GRS N AIE o

364 2 ikt IL

TS RASLE PR L R IDIRGE R Y 1995 # ATIE (T kg
PR Y A5 dp 0 TEDS8.1 & id@ifishp cnfftpe » £ rad & & %‘f«:?
2005~2006 & ik &Rl (T4 o d TEDS 8.1 ¢hf 2 ¢ & % 3
2R AR R Y o BRI 43%hd s U R B P X
%R & 1R(20%) 2 B ER(14%) b5~ 7 -

x\”i

\'_'

S
2N

g3 WRF < § #5507 ¢ & 2 rh dhpland 2 1% A TR 233
FEERIFALL 2013 £ A > FP ARG KB R T WRF 2 3 1)
AR KRBT A PR e 5 @ WRF ofrk iS5 R8icdp & 3 7
Moo AR T B-WRF ehd 3 J]% A G B (5 445 0 & 2 3 1% A fi#7
bE e R BB EP Aok 32097 o AP PARY SR E
it %) 36.6% L 5> 2%t )27 TEDS 8.1 = A B £8 £ +k+ B ¥ +:(34%)
BE o FATEZRAG > R 3L T > VHERE LA GG L
WA FEREF - TAREDT SR o F]Yt > AT RE & WRF
I A KT L A PR iy o

e
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% 3-20WRF 4 3 17 3| fi 27 & 54k ik 4 3 & f 0 b

1o A i 55 A R WREF . ¢S
ST kmy | " ‘”’“ ‘”’“
LAND17 74,867 Water
LANDO2 12,622| 36.6%|Evergreen Broadleaf Forest ¥R E
LANDO5 6,833| 19.8%|Mixed Forests Atk
LAND13 5,283| 15.3%|Urban and Built-Up B R E
LAND12 4,042  11.7%|Croplands B
LANDO1 2,299 6.7%|Evergreen Needleleaf Forest WA E A
LAND14 1,293 3.7%|Cropland-Natural Vegetation Mosaic | @ ~ p ZR{e 4%
LAND10 782 2.3%|Grasslands - 3R
LANDO4 269 0.8%|Deciduous Broadleaf Forest EFERE MR
LANDO7 255 0.7%|Open Shrublands Bl A R
LAND16 224 0.6%|Barren or Sparsely Vegetated AR S R B
LANDO6 197|  0.6%|Closed Shrublands HEFE AL
LANDO8 173 0.5%(Woody Savannas L~ ¥R
LAND11 120 0.3%|Permanent Wetlands ARA R
LANDO9 90|  0.3%|Savannas < & R
LANDO3 0 Deciduous Needleleaf Forest TR A R
LAND15 0 Snow and Ice 2
LAND18 0 Wooded Tundra
LAND19 0 Mixed Tundra
LAND20 0 Barren Tundra

B3 109,350
T AR E 34,484
FARRR AL RE -
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TEDS AD30 A817 WRF LUFRACO2

237N 237N

234N 1 234N 1
FARLE 231N
228N 4

225N

222N

21.9N

" Y T leli— 0 gl TR S
15

o 3 ] ] 12

FHKR : AL A
W 3.14 TEDS A050+A817 22 WRF % % B E+ 2 F A 1 &

_L?afﬁﬁwuw7+%a,a%yg%aaﬁwuﬁn+«jﬁ
Qmamﬁi’ﬂﬁﬁﬂ+@ R R G S I 01@@;
ARG T rﬂA%’*“iﬁiziﬂWDKEéﬁ F e

A i F] S 0 ot TEDS % i en g Al Be ik o

g % WRF e 3 417 41 m & 21 E ¥ 305 oo Fpt 4 d iReh
mg’gg%ﬁﬁg%%%’éummFﬁi%ﬂ?ﬂggﬁTHBﬁv
4 bR F S R A

37CMAQ % # &gl % 3

P IpREA24e B 3.15 v 0 & ﬁé’w LR T R PF > R TE
X 00110_':?"@1"— % 00:00 & 23:59° 5 #p—- * £ 24 ] 2 AIS THL >
T PR~ AIS T Y dpdaz. IMO SagLi 2§ B?%ﬁw dgsuk SOG = ¥
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>

SEMEP HRZ Ay S Bed EFH S RS E s U EY P2
dndg P g o T E p 2P R R IR 2 BRI
PR 2 TR EE > PRI S DX~ F X B X ok
3-21 #t57 » # ¥ E1=EQ*al - E2=E1*a2 ~ E3=E2*a3 ~ E4=E3*a4 > 37 p|
HEch] 5 2013 £ 2016 2 R p B BB P HiEp T &
MnitEAFnp 2B o BIntl p2 ki 5 (n+l)/n e

% 3-21 g g Appl ekl Th A

R
bpRy | 6o 5= = 5= = =
g EO El E2 E3 E4
L RANE S al a2 a3 a4

FTR&R: A7 R

e
(23

2013 &% p
P2z H#kc

< &
I | et S S|

> L 24 B

2016 & % p i € v P ERE
P ik p
iR
LEPE }iﬁ
B Gk —> %

( %g"?‘#) BN T gaps

B h IR

FHR AR D ARG R

W) 3.15 /& 384y da i & TR AL )

3-43




AR R LR D PG PR T R AR T2
AR A Aok 3220 BEHEA P A Aok 3-23 o R R R \_}T\E B2
A/ EIMILHEY R EEL S poTAB LRSS

% 3-22 AgdydqPac g RRREAL

FRFEL (%) -3 Fo 3 =3 E RS
BB 59.4% 68.0% 72.9% 68.3%

NG T s -3.5% -5.1% 7.1% -7.8%
X o) g -137.1% -170.6% -133.9% -146.8%
A 26.7% 35.4% 38.5% 39.2%

Bk 65.5% 71.5% 75.8% 73.2%

. T4 -4.0% -6.1% -8.3% -9.1%
X o] & -153.0% -191.1% -164.2% -167.4%
S 29.1% 39.2% 42.4% 42.9%

B4 61.3% 69.3% 73.0% 70.4%

o T in -3.8% -5.6% -7.8% -8.5%
o] & -147.2% -179.7% -147.7% -160.0%

A 28.2% 37.5% 40.7% 41.3%

FA KRR AT RE
3 3-23 A dpdap e RS HIRL

FHEL (W) F- R EES FZ R EH RS
B4 137.1% 170.6% 133.9% 146.8%

NG T s 19.2% 25.9% 29.9% 30.7%

X o) e 0.1% 0.4% 0.2% 0.3%
L 18.9% 24.7% 25.3% 25.6%
Bk 153.0% 191.1% 164.2% 167.4%

© I 5 20.7% 28.4% 32.6% 33.6%

X o) e 0.2% 0.0% 0.0% 0.4%
I 20.8% 27.8% 28.4% 28.2%
AR 147.2% 179.7% 147.7% 160.0%

oM T 4n 20.2% 27.3% 31.3% 32.2%
3] i@ 0.0% 0.0% 0.1% 0.1%

I 3 20.0% 26.4% 27.1% 27.2%

T kiR AL R
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%241 3P FRRE

s )

Lt )

NOx

SO«

PM

NOx

SO«

PM

2013/02/03

2016/02/01

1,843.6

1,116.2

164.1

2013/02/04

2,7141.1

1,768.5

250.7

2016/02/02

1,730.8

1,017.2

153.8

2013/02/05

3,770.2

24445

346.3

2016/02/03

2,185.0

1,396.2

199.0

2013/02/06

2,7112.8

1,790.4

251.8

2016/02/04

2,277.6

1,441.9

204.9

2013/02/07

2,647.2

1,700.8

242.6

2016/02/05

2,034.0

1,284.5

186.0

2013/02/08

1,714.3

1,056.6

151.5

2016/02/06

1,917.0

1,242.5

172.8

2013/02/09

1,896.6

1,207.2

171.3

2016/02/07

1,995.7

1,298.0

182.8

2013/02/10

1,975.5

1,276.8

178.7

2016/02/08

2,196.8

1,414.3

199.3

2013/02/11

1,901.4

1,243.8

174.2

2016/02/09

2,340.2

1,517.0

210.4

2013/02/12

2,224.3

1,428.6

203.6

2016/02/10

2,584.9

1,655.4

234.5

2013/02/13

1,910.8

1,223.2

175.0

2016/02/11

2,780.5

1,798.7

251.8

2013/02/14

2,602.7

1,718.6

238.5

2016/02/12

2,403.1

1,549.9

219.7

2013/02/15

3,016.7

1,959.1

275.9

2016/02/13

2,137.5

1,393.5

197.0

2013/02/16

2,109.8

1,350.1

192.1

2016/02/14

1,981.7

1,248.2

176.4

Z:v N\

2013/02/17

3,703.1

2,396.1

338.6

2016/02/15

1,634.8

976.0

142.5

A 14

2013/02/18

3,690.5

2,415.3

338.5

2016/02/16

2,318.9

1,479.4

210.4

;fpa.l.

2013/02/19

2,246.3

1,458.5

203.6

2016/02/17

2,946.5

1,881.6

268.0

TR KR AT RE
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2 4-2 H &P Fgp ik

T B30 P () TRR] Tk e
NOx SO« PM NOx SO« PM

s 1,843.6 1,116.2 164.1 - - -

T 2,235.9 1,392.9 202.2 1.213 1.248 1.232
X 2,977.6 1,920.3 272.7 1.332 1.379 1.348
L= 2,495.2 1,616.1 228.4 0.838 0.842 0.838
A 2,340.6 1,492.6 214.3 0.938 0.924 0.938
4 1,815.6 1,149.5 162.2 0.776 0.770 0.757
il 1,946.2 1,252.6 177.0 1.072 1.090 1.092
% & 2,086.2 1,345.6 189.0 1.072 1.074 1.068
F» = 2,120.8 1,380.4 192.3 1.017 1.026 1.017
G — 2,404.6 1,542.0 219.1 1.134 1.117 1.139
2 2,345.7 1,510.9 213.4 0.975 0.980 0.974
A3 2,502.9 1,634.3 229.1 1.067 1.082 1.073
#7 7 2,577.1 1,676.3 236.4 1.030 1.026 1.032
F7 = 2,045.7 1,299.2 184.2 0.794 0.775 0.779
A7 N 2,669.0 1,686.1 240.6 1.305 1.298 1.306
A4 3,004.7 1,947.4 274.4 1.126 1.155 1.141
A7+ 2,596.4 1,670.0 235.8 0.864 0.858 0.859

FHR AR D ARG R

RO SUIE N T LS T o R R
Pdr e PP B Rt PR HEERL > i
4-35 F3Z & P o BT LHERE B L > P2 F Rt o SER Tl F
TP R G Y IR R L o PR Y b3 o TR s o A
B oo TEp B 0.846 0 MR B L 5 BT B 6T B 3E 0 40 x
BB o U F R P D2 TER e @R &
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Fok S P TER GBE A~ R %# uii%ﬁﬁﬁi%&ﬁi
"ﬁ%f ,E"L_(l eni &> 2 EFHBEEERL liciE > PIRTZSP 28
PHA IR P
H W& p TR ARG 4o
% 4-3 Huw & pIgpthik
B Y g (7)) TR e
NO«x SOx PM NOx SOx PM
AP & | 19494 | 12551 | 1771 | 0.858 0.858 0.858
$ v 13| 26235 | 17035 | 2392 | 1.015 1.016 1.016
kL | 5186 344.9 48.7 0.173 0.183 0.178
@& | 25068 | 16522 | 227.6 | 0.846 0.859 0.844
$v T3 | 26180 | 17098 | 2386 | 1.017 1.019 1.017
HEiHL | 3166 205.3 28.6 0.151 0.152 0.153
¢ fE | 23289 | 15005 | 2124 | 0.878 0.881 0.889
$ 113 | 32053 | 21338 | 3013 | 1.013 1.016 1.015
REHL | 6659 451.7 61.5 0.212 0.230 0.220
FARR D AL RK -
P
TP E(AEFLE) O Y LERPRFTPEBEF A Pk

R ) TR A

FPE R A

Hp B Ay daendt B R g

Menp H A - ko H P 2013 &£ 2 2016 £

4 piz— %X > #2013 & %2 2016 &
IR hod 4-4> L ¥ E 4P P EFL#E”&;!:_

R E

T35

'}114 B ”Kf |}”3 El 7 113 E nuf l}”2 El 11/—'— = \ , '} LL&‘F‘#E_B"%’Q[}%"EQ /E;":,.H_;J
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4-5

2 4-4 FREHFRE
ERLE T = ) Tl P E (UF)
NOx SO« PM NOx SO« PM
03/29 |2013/03/29| 2,186.4 | 1,402.2 | 198.6 |2016/03/29| 2,963.4 | 1,923.5 | 271.3
03/30 |2013/03/30| 1,889.4 | 1,253.3 | 172.3 |2016/03/30| 3,078.4 | 2,006.6 | 282.1
03/31 |2013/03/31| 2,006.0 | 1,261.5 | 178.8 |2016/03/31| 2,638.5 | 1,714.0 | 241.7
04/01 |2013/04/01| 2,427.5 | 1,554.4 | 216.5 |2016/04/01| 2,490.2 | 1,655.3 | 228.1
04/02 |2013/04/02| 2,398.7 | 1,548.2 | 215.6 {2016/04/02| 2,399.3 | 1,632.4 | 220.4
04/03 |2013/04/03| 2,074.4 | 1,304.0 | 184.4 |2016/04/03| 2,468.0 | 1,619.9 | 228.4
7 & |2013/04/04] 2,102.6 | 1,333.9 | 189.2 {2016/04/04| 1,796.3 | 1,176.2 | 165.0
04/05 |2013/04/05| 2,175.0 | 1,421.3 | 197.0 |2016/04/05| 1,714.9 | 1,131.9 | 157.4
04/06 |2013/04/06| 1,726.1 | 1,062.7 | 152.1 |2016/04/06| 2,511.4 | 1,610.5 | 231.5
04/07 |2013/04/07| 1,722.9 | 1,083.9 | 149.9 |2016/04/07| 2,845.6 | 1,887.3 | 264.7
04/08 |2013/04/08| 2,740.9 | 1,795.5 | 248.5 |2016/04/08| 2,291.5 | 1,528.6 | 212.1
04/09 |2013/04/09| 2,550.4 | 1,658.8 | 231.7 {2016/04/09 - - -
FTRKRE: AT RE -
F 4-5 FP & F R
R e ) EEREHE S
NOx SO« PM NOx SO« PM
03/29 2,574.9 1,662.8 235.0 - - -
03/30 2,483.9 1,630.0 227.2 0.965 0.980 0.967
03/31 2,322.2 1,487.7 210.3 0.935 0.913 0.925
04/01 2,458.9 1,604.8 222.3 1.059 1.079 1.057
04/02 2,399.0 1,590.3 218.0 0.976 0.991 0.981
04/03 2,271.2 1,461.9 206.4 0.947 0.919 0.947
}%ﬂ’f’ & 1,949.4 1,255.1 177.1 0.858 0.858 0.858
04/05 1,944.9 1,276.6 177.2 0.998 1.017 1.000
04/06 2,118.7 1,336.6 191.8 1.089 1.047 1.083
04/07 2,284.3 1,485.6 207.3 1.078 1.111 1.081
04/08 2,516.2 1,662.0 230.3 1.102 1.119 1.111
04/09 2,550.4 1,658.8 231.7 1.014 0.998 1.006
FA kiR AL R




s

MW dap e hr E R T

Ea

» #2013 £ 2 2016 #

WE g s P Andaende B P § IR 4o d 4-6 L #-3 EAplE p HP 2
Tih, V4T "f VSR SN S S-S VA SI S BNV 3
;vr%_’:: G s PR L P Rk Bk 4T o 2P T E
S p 2Bkl L 0850 W fﬁzﬁFF’&«f“Hi Pl ) & 104

F’& y \fl_“‘#.I ET,?‘ —)P/P ’/‘Aﬁ';:b':’

SO

£ 0.152 » gah = & JF 7 ~ SRR Tr i ) ¢

% 4-6 HEFHPFRE

Bk P g () Bk g ()

NOx | SOx | PM NOx | SOx | PM

+ 4 [2013/06/06| 2,274.5 | 1,448.9 | 205.4 [2016/06/03| 3,206.4 | 2,072.8 | 295.4
= L |2013/06/07| 2,432.3 | 1,561.7 | 219.4 |2016/06/04| 2,984.1 | 1,959.5 | 275.3
4=~ [2013/06/08| 2,342.9 | 1,476.5 | 210.1 [2016/06/05| 2,805.2 | 1,835.2 | 258.3
== [2013/06/09| 2,227.7 | 1,447.2 | 200.5 [2016/06/06| 2,983.1 | 1,997.9 | 271.2
4= [2013/06/10| 2,582.1 | 1,659.7 | 234.4 [2016/06/07| 3,143.5 | 2,103.2 | 288.2
4w [2013/06/11] 2,634.7 | 1,718.5 | 238.2 [2016/06/08| 3,294.4 | 2,128.2 | 3015
= & (2013/06/12| 2,073.9 | 1,316.0 | 184.3 |2016/06/09| 2,939.7 | 1,988.4 | 270.9
4= [2013/06/13| 1,825.8 | 1,166.2 | 163.1 [2016/06/10| 3,410.0 | 2,195.8 | 312.2
4= [2013/06/14| 2,026.1 | 1,313.1 | 182.8 [2016/06/11| 2,785.5 | 1,808.5 | 256.1
4~ [2013/06/15| 2,404.2 | 1,570.7 | 219.9 [2016/06/12| 2,541.3 | 1,641.3 | 2315
44 |2013/06/16| 2,359.9 | 1,535.8 | 215.7 |2016/06/13| 2,453.8 | 1,566.6 | 220.2
4L 2013/06/17| 2,504.3 | 1,606.0 | 228.5 [2016/06/14| 3,080.4 | 1,976.2 | 279.6
RS RN -
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F 47 3= SR TR

1 4 5 2 () P i
NOx SO« PM NOx SO« PM
+ 4 2,740.5 1,760.8 250.4 - - -
=t 2,708.2 1,760.6 247.4 0.988 1.000 0.988
F7 = 2,574.1 1,655.9 234.2 0.950 0.941 0.947
F7 = 2,605.4 1,722.6 235.9 1.012 1.040 1.007
F7 = 2,862.8 1,881.5 261.3 1.099 1.092 1.108
7w 2,964.6 1,923.4 269.9 1.036 1.022 1.033
W a 2,506.8 1,652.2 227.6 0.846 0.859 0.844

#7 7, 2,617.9 1,681.0 237.7 1.044 1.017 1.044
A7 = 2,405.8 1,560.8 219.4 0.919 0.929 0.923
F7 A 2,472.7 1,606.0 225.7 1.028 1.029 1.029
A4 2,406.8 1,551.2 217.9 0.973 0.966 0.966
A7+ 2,792.3 1,791.1 254.1 1.160 1.155 1.166
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148 ¢ REPFREE

4-8

ERLE T = ) Tl P E (UF)
NOx SO« PM NOx SO« PM
474 |2013/09/13| 3,976.3 | 2,562.5 | 362.6 |2016/09/09| 4,024.3 | 2,648.0 | 374.6
4=+ 12013/09/14| 3,861.3 | 2,541.3 | 353.1 |2016/09/10| 3,773.3 | 2,497.7 | 354.8
-+ - |2013/09/15| 3,338.8 | 2,175.7 | 307.1 [2016/09/11| 3,888.5 | 2,731.5 | 366.1
- = |2013/09/16| 2,835.5 | 1,822.8 | 256.9 [2016/09/12| 3,119.2 | 2,065.4 | 291.0
- = |2013/09/17| 3,076.3 | 1,966.4 | 278.4 |2016/09/13| 2,736.2 | 1,826.6 | 253.5
- = |2013/09/18| 2,653.4 | 1,702.9 | 238.9 |2016/09/14 . . -
¢ # &5 12013/09/19| 2,375.5 | 1,544.2 | 215.5 |2016/09/15| 2,282.4 | 1,456.8 | 209.3
- = 12013/09/20 - - - |2016/09/16| 3,022.8 | 2,011.2 | 285.6
- - ]2013/09/21 - - - |2016/09/17| 2,047.6 | 1,282.3 | 187.5
-~ 12013/09/22 - - - |2016/09/18| 2,825.5 | 1,771.5 | 258.8
-4 |2013/09/23| 3,130.4 | 1,950.0 | 281.0 |2016/09/19| 3,524.5 | 2,288.2 | 325.9
= -+ |2013/09/24| 3,688.4 | 2,379.3 | 335.9 |2016/09/20| 3,455.0 | 2,252.0 | 323.8
FTRKRE: AT RE -
# 49 ¢ FEHFRIGEK
Baa kP g () e e
NOx SO« PM NOx SO« PM
A4 4,000.3 2,605.3 368.6 - - -
A7+ 3,817.3 2,519.5 353.9 0.954 0.967 0.960
+- 3,613.6 2,453.6 336.6 0.947 0.974 0.951
L= 2,977.4 1,944.1 273.9 0.824 0.792 0.814
+= 2,906.2 1,896.5 266.0 0.976 0.976 0.971
Lo 2,653.4 1,702.9 238.9 0.913 0.898 0.898
A 2,328.9 1,500.5 212.4 0.878 0.881 0.889
- 3,022.8 2,011.2 285.6 1.298 1.340 1.345
+ - 2,047.6 1,282.3 187.5 0.677 0.638 0.657
NAPN 2,825.5 1,771.5 258.8 1.380 1.382 1.380
-1 3,327.5 2,119.1 303.4 1.178 1.196 1.172
-+ 3,571.7 2,315.6 329.8 1.073 1.093 1.087
B ARSI T
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£13+ 2013 & 2 2016 & Re b HP R R b BARITE AFenp Hp S ¢ o
Amz gidte p2 @3g > B iR REL T TIE F8
BB fiTd 4P 2 NO~SOx2 PM £ & 25 5 2,071.5 71 ~1,295.4
a2 1851 ®E o P RITE A S PERADFEBERE AL B S
3,455.2 ¥ ~ 2,238.3 #g 2 316.8 w2 3,510.2 #f ~ 2,289.5 wg 2 321.6 #g o

P E 2013 & F P mEh STF % #cz Pk ¥ T oz EE
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o 3,205.3 2,087.2 293.2 997.5 659.4 92.1
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% 4-22 AIS d; dadicdr e ik e iR

ARk ¢k
AIS data | TP_data | AIS+TP | AIS data | TP_data | AIS+TP
2016/12/25 23 24 35 67 30 73
2016/12/26 11 17 22 81 41 87
i ot 2016/12/27 20 12 27 31 27 37
(i#) 2016/12/28 9 18 19 39 30 44
2016/12/29 14 19 21 33 33 43
2016/12/30 15 23 30 71 41 78
2016/12/31 32 30 44 66 32 71
2016/12/25 12 24 24 22 24 25
2016/12/26 6 13 13 32 34 35
w e o 1. oo |2016/12/27 6 12 13 20 24 24
E AN I
(ig) 2016/12/28 8 17 17 23 26 27
2016/12/29 13 19 20 23 31 32
2016/12/30 8 19 19 34 38 40
2016/12/31 16 27 27 28 30 32
2016/12/25| 52.2% | 100.0% | 68.6% | 32.8% | 80.0% | 34.2%
2016/12/26| 54.5% | 76.5% | 59.1% | 39.5% | 82.9% | 40.2%
. 2016/12/27| 30.0% | 100.0% | 48.1% | 64.5% | 88.9% | 64.9%
f j 2016/12/28| 88.9% | 94.4% | 89.5% | 59.0% | 86.7% | 61.4%
(%) 2016/12/29| 92.9% | 100.0% | 95.2% | 69.7% | 93.9% | 74.4%
2016/12/30| 53.3% | 82.6% | 63.3% | 47.9% | 92.7% | 51.3%
2016/12/31| 50.0% | 90.0% | 61.4% | 42.4% | 93.8% | 45.1%
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2019 201905 =R 988 23 150 15
(DANAS) 2019/7/18 17:30
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e (%)

PM3gipl % - X %4

120%

40%

—e—Fm RHIE R

PMER % - = B4

——FMFEE

PM Eip % = = % %324

——PMTRER

FHKR: AFLRE -

W 4.19 4545 PM #4 B FRlFL L%

% 4-24 g R IRREL

FRREL (%) - X E Y $=x A

B B 59.4% 68.0% 72.9% 68.3%

NO, Tz -3.5% -5.1% -7.1% -7.8%
B B -137.1% -170.6% -133.9% -146.8%

N 26.7% 35.4% 38.5% 39.2%

B B 65.5% 71.5% 75.8% 73.2%

50, T ia -4.0% -6.1% -8.3% -9.1%
b =R -153.0% -191.1% -164.2% -167.4%

N 29.1% 39.2% 42.4% 42.9%

Box B 61.3% 69.3% 73.0% 70.4%

PM Tz -3.8% -5.6% -7.8% -8.5%
| B -147.2% -179.7% -147.7% -160.0%

N 28.2% 37.5% 40.7% 41.3%
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FHEL (W) - X E Y E o X
BB 137.1% 170.6% 133.9% 146.8%
T 1o 19.2% 25.9% 29.9% 30.7%
NOx "
] B 0.1% 0.4% 0.2% 0.3%
1A 18.9% 24.7% 25.3% 25.6%
BB 153.0% 191.1% 164.2% 167.4%
T 1o 20.7% 28.4% 32.6% 33.6%
SOx "
] B 0.2% 0.0% 0.0% 0.4%
A 20.8% 27.8% 28.4% 28.2%
BB 147.2% 179.7% 147.7% 160.0%
oM T i 20.2% 27.3% 31.3% 32.2%
B B 0.0% 0.0% 0.1% 0.1%
TR L 20.0% 26.4% 27.1% 27.2%

A ER TR e WRF § 4 05 0 2457k %% TEDS10 &
I e 17 2016 2 BB B - & WRF 05 B i 128 2004 + e 1 4.20 -
%0426 #rF o E A G KRR BT AEESR L 81 22 227 22~ 9
B0 3AE A & RgE 4 A 5] £ 91x0L - 169X166 ~ 223x223 -
223x223 -
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100°E 1108

120°E 130°E 140°E

TR AL R

] 4.20 WRF #55% #55 # 13k 2]
3 4-26 27 W WRF B8 #1482 % ek 2 A %
Domain 1 Domain 2 Domain3 Domain 4
Resolution 81 km 27 km 9 km 3 km
Grid Size 91 X 91 169 X 166 223 X 223 223 X 223
FDDA Yes Yes Yes No

p‘f'j\ﬁl AT RE

R WRF H MR enf #8324 8324 > 257 3
WRF B g end % > 809 & & % f oh i P2
£ LS S

L

#- 2016 #

EBELRIF AL R BR(TIT
2015 # = & ehy 5 S BEG BB E FEREA 1T 0 TE

* Pl et R BiEg —*\FL#A\ el

1. pe¥tiE ik £ (Mean Biased Error, MBE) :

1 M N
MBE = mz Z(Pi,k —Oix)
k=1i=1

2. fedtiEe @ 1@ ik £ (Mean Absolute Gross Error, MAGE) :

MAGE =

ik — Oil
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3. fe¥E 5 1235 4 (Root Mean Square Error, RMSE) :

1 M N

2
M NZ Z(P”‘ ~Oi)
4. b e fe¥EHRE £ (Wind Normalized Mean Bias, WNMB)

M 1(sz )
M ><N X 360°

5 b ¥ EHE 55 HE /£ (Wind Normalized Mean Error,

RMSE =

WNMB = X 100%

WNME)
M 1|Plk 0 |

WNME = M ><N>< 360°

X 100%

® FHcRLp

Pip &% i/ ]F(P)% KPlbaisiE
O &% 1/ PF(P )% KplzbnE BlE
M & & 954 chip] ok dic

N S 25 R B (D e

P 25 H BRI AT Rl ] T IofR E
O f B FFHFFIPN TG RI2EF | PET BT RIE

Sp RABERFREFREP T ORISR FEEREZ R R L
So MEABIR®E B FRIN 75 RlxbF | FERE2LARERL

R AT 0 SRS S RA TR RE  SHER L #
R o3 R hok 4-27 A7 0 R R IR A fe ¥t i £ (MBE) & £1.5°C

s Al iE F HE R L (MAGE) S 3°C v 5 b iR FRA el iE R L
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(MBE) t+£1.5m/s 14 p > fe¥t @35> 13354 (RMSE) & 3m/s 11 5 b =
L b fe ¥t EARE % X (WNMB) 2110% 2 ) > @ b fie 3t B4
i % ¥ % £ (WNME) & 30% 2 p -

£ 42T RFFTRF AR S AR AP

F ok RE e A Benchmark
_— MBE <+1.5°C
MAGE <3°C
b MBE <+1.5m/s
- RMSE <3m/s
b WNMB <+10%
WNME <30 %

TR AR REF o AFE RA

2016 #= WRF #5814 i 55 % 4ok 4-28 #7m » H 7 8 Rfdadg
# MBE /i *+-0.7~252 F > £13202> MAGE /i**04~25z2 fF » &
#2095 b @ i dp 3k MBE 41 0-04~19 2 & > L3505 RMSE 4 **
08~262fF» T3314; h witidpik WNMB 4 >t-11.0% ~ 4.0%2
> T 19-0.8% > WNME /i > 8% ~ 27%z_ fF » T332 14% - #r5 Plzk i

A i £ 1 5 0 6 90%1 F o
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% 4-28 2016 # WRF § % 3R T & i i+

. BR R Boad a4 b i dp
e MBE MAGE MBE RMSE WNMB | WNME
i 0.01 0.7 0.7 1.3 -2.00% 14%
RN -0.1 0.4 1 1.7 -0.30% 14%
el 1.2 1.2 0.8 1.6 -11.00% 25%
£ 0.3 1.1 0.3 1.1 0.70% 15%
e 0.4 0.6 1.2 2 1.90% 21%
R 0.4 0.7 0.3 1.1 1.00% 13%
=i 0.01 0.4 -0.03 1 2.60% 14%
iR 0.7 0.8 0.5 1.2 2.20% 18%
¥ -0.03 0.6 0.1 0.9 1.40% 18%
£ 3 0.1 1.1 0.002 0.9 -6.50% 12%
A 0.2 1.2 0.1 0.9 -1.60% 9%
% s -0.1 0.6 0.7 1.2 -1.00% 11%
EAE ) -0.1 1.1 0.5 1.2 -1.30% 12%
E 0.7 1.1 0.7 1.1 1.50% 14%
I NN 1 1.3 0.6 1.1 -10.20% 27%
kA -0.3 0.7 0.7 1.3 1.30% 13%
ENNE 2.5 2.5 0.4 1.7 -3.10% 13%
74 -0.02 0.8 1.9 2.6 -0.30% 13%
5 % -0.7 0.8 1.2 2 -2.10% 10%
& ¥ 0.1 0.4 0.7 1.3 2.70% 11%
7 e 1 1.1 0.4 2 0.90% 10%
pig 0.3 1.1 0.2 0.8 -3.90% 22%
E AL 0.1 0.5 1.3 1.9 2.90% 12%
iz -0.1 0.7 0.4 1.2 4.00% 10%
TR -0.2 0.5 0.6 1.4 0.10% 8%
Overall 0.2 0.9 0.5 1.4 -0.80% 14%
Criteria | 1.5/-1.5 3 1.5/-1.5 3 10.0%/-10.0%| 30%
&R 96% 100% 96% 100% 92% 100%
FHRXR: EEAF - AP R
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Jkgﬂsm%s_%i;;rsr »MBE 5 03°RMSE 5 11> i =+ WNMB
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[kl

THKR: EEAE AT RE -
W 4.21 20163%,%;‘&.55)3, v 4

B14.10 3 2016 & # $13 F frfpskenpr Ao B d A RS Ko
ERE AR B RPPE BT A S 10 ~2 0 30110 G
B BT Y Mg REINARENTT P PY R R
FEFEINAD A 416 T HF RS EEREHEE L XG> MBE £-0.1
MAGE % 0.7 b i = & fitt 2 % s » MBE 5 04> RMSE % 1.2
B et WNMB 3 4% > WNME 3 10% - 588 % 5§ 7 F i da ik 8 ¢ &
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Formation Pathways for the
Atmospheric Aerosol
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Atmospheric Boundary Layer

ﬂ?

Frec Atmonpharc
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‘

Stull (1988) defines the atmospheric boundary layer as *“the part
of the troposphere that is directly influenced by the presence of
the earths surface, and responds to surface forcings with a time
scale of about an hour or less."
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Precursors of O;: NOx and VOCs
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Ozone isoplrths used in EKMA approach (from Dodge, 1977a)
Nonlinear relationship between O3 and its precursors

Air Quality Models

Air quality models use mathematical and numerical
techniques to simulate the physical and chemical
processes that affect air pollutants as they disperse and
react in the atmosphere. (https:/www.epa.gov/seram)

Chenvical Processes Bictagical Processes

‘ Pliysical Processes

Differential Equation
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Diurnal Variations
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Types of Air Quality Models

* Dispersion Models

A. Gaussian plume model

B. Box model

C. Lagrangian model

D. Three-dimensional Grid model
*  Receptor Models

A. Principle Component Analysis

B. Chemical Mass Balance

C. Positive Matrix Factorization

e of  typicad ished ot trom MeRac oL, 196241

5 #HE
i L,

BRI AL AR

o Je

MMS1 3,

A5 Ab A R AS
E =Energy x EF x FCF

E: 51% s i)
Energy : /& & (kWh)

Energy = MCR x LF x Act
o R — LF: fiha
e a1 Actt 58 $(br)
“9 i 44 20% ~80%
Sos= 1] LF=(AS/MS)
T - AS T R IR(H)

Luiinde-

an

-

(Typest ip) 2

AB = ak

Air Quality Models

Dispersion Modeling - These models are typically used in the
permitting process 1o esti the con ion of poll at
fied d-level receptors sur ding an emissions source.

Photochemical Modeling - These models are typically used in

gulatory or policy to simulate the impacts from all
sources by estimating poll i and deposition of
both inert and chemically reactive pollutants over large spatial scales.

Receptor Madeling - These models are ohservational techniques
which use the chemical and physical ch istics of gases and
particles measured at source and receptor o both identify the
presence of and to quantify source contributions to receptor

coneentrations

Gaussian Plume

Hy = Actual stock height
He = Eftective stack height
= poldan relesse

= Hge b

e plume riss.
Flow regimes of a plume

Gaussian plume dispersion from a continuous and steady

stack emission of inert species into an uniform and
stationary domain.
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Pasquill Dispersion Classes

Surfaee Wind Speed (ms)

Insolation/Cloud Cover <20 2lo<d Jw<S Sw<b 26
[ Strong Insolation A A-B B c c
Day { Moderate Insolation  A-B B B-C b D
| Shight Insolation B < c D D
Day
o Overaast o o o ] D
Night
Thin overcast or
Night | 205 eloud cover - E D D D
504 cloud cover - F E D D

Wotes: 1. Strong insolation corresponds to 4 solar elevation angle of 60° or more above
he horizon. Slight insolation corresponds (0 3 solar elevation angle of 15"
w0 35"

2. Polluiants emitted under clear nighttime skies with winds less than 2.0 ms,
more recently defined to be class G. may be subject 10 unsicady meandering
which renders the prediction of concentrations ai’ downwind locations
uneliable.

A: very unstable; B: unstable; C: slightly unstable;
D: neutral; E: slightly stable; F: stable; G: very stable
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g

Box Model

EKMA approach

T T T T
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Lagrangian Model

Forward-trajectory analysis
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Backward-trajectory Analysis

Three-dimensional Grid Model

Models-3/CMAQ
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Time Independent Terrain-
Influenced Coordinates

» Terrain-influenced Height coordinates

o =H

Accounts for topography
Time independent and intuitive
Often used for non-hydrostatic atmosphere

# Terrain-influenced Reference Pressure

Sigma-z with logarithmic transformation

[ Ram Comaa
[r—
WOy« b= 504 Oy i
@ ofR + 0, =0, 2anw
3 0y + W0 Oy + 0, 21w
@ o0n e oy w0 10, e
0,480 N0+ 0 M
At Bcsonsand PAN Formesion
CHEHO ¢ ko 2 €0, + W0, + O »
1) CRCHO + 01 % B, + Laxw
) CH + 40+ Ny < N e
Dbt hemisry
) GHEOCHD + on 2 R0, 4 €0 ¢ WO s
184 HEOCHD + o 22 CHEOO, + HO + €O .
CHEOCHD + b 2 CH, + HO, + 300 B
[r—
e, + on no 15w
P + %0 3'H0, + Canco 0% 0
01 CAEH, + N0 = CHHOND, Lok w
Toeen Ao Py
180 CLCH + O ~ CHICHOH w1
1) CIHICHION + 0, CAICHION + Hoy Tox
166 CHICHIOH + N0, + EAACHNG, + RO b
) OHCEH~CHOHD » 08  DHOCH=CHEIOI0, + O 4 x it
{5 OHCEH~CHOIOR, + NO & OHCCHCHO, + M0y 1 €0, 1% i

CB-4 Mechanism

36 species, 93 reactions and 11 photolytic reaction

PAR (parafins): single-bonded carbon atom
OLE (olefins): slow double-bonded carbon atom
ETH: fast double-bonded carbon atom

TOL: slow aromatics

XYL: fast aromatics

FORM: HCHO

ALD?2: other aldehyde

ISOP: isoprene

NR

Species names for the CBOS core mechanism.

Number of
Carbons
10 Nitric oxide
02 Nitrogen dioxide
03 zone
0 xygen atom in the O°(P) electronic state
01D xygen atom in the O'(D) electronic state
OH ydroxyl radical
HOZ radical
[H202__| Hydrogen peroxide
NO3 Nitrate radical
[ N205__| Dinitrogen pentoxide
[HONO | Nitrous acid
[HNO3 [ Nitric acid
PNA Peroxynitric acid (HNO.)
[ CO | Carbon monoxide
[FORM
ALDZ
C203__| Acetylperoxy radical
PAN nitrate
ALDX and higher aidehydes
CXO3 | C3 and higher acylperoxy radicals
[PANX 3 and higher peroxyacyl nitrates
02 0 to NO2 from (RO;) radical
02N O to organic nitrate conversion from alkylperoxy (RO;) radical
TR Organic nitrate (RNO3)
ETOH | Ethanol

b 5-7

Chemical Mechanism

A. Explicit chemical mechanism: list of all reactions of the
individual primary and secondary pollutants

B. Lumped chemical mechanism
The CBM (carbon bond mechanism) formulation divides the
carbon atoms of the organics into four classes based on their
chemical bonding:
1. Single-bonded carbon atoms (e.g., alkanes ) represented as
PAR.

2. Fast doubly bonded atoms (e.g., olefins, except ethylene )
represented as OLE.

3. Slow doubly bonded atoms (e.g., aromatics and ethylene )
represented as ARO.

4. Carbonyl carbon atoms ( i.e., aldehydes and ketones )
represented as CAR.

A Portion of the Carbon Bond Mechanism

Rate Constant
Reaction (ppm~" min~)
NO; + h» + NO + 0 ke
0+ 0y (+ M) = 0y (+ M) 2.08 x 107
0y + NO =+ NO, + 0y 252
0+ NO; =+ NO + 0 134 % 10°
05 + NO, + NO; + 0 5x 1077
NO; + NO —+ NO, + NO; 2.5 x 10°
NOy + NO; + H;0 = 2HNO, 2.0 x 107
HNO; + hv = NO + OH 0.19 ky
NO; + OH — HNO, 1.4 % 10°
NO + OH 5 HNO, 1.4 x 10°
CO + OH = CO; + HO, 4.5 x 107
OLE + OH % CAR + CH,0, 3.8 % 10°
PAR + OH } CH,0; + H,0 13 x 10°
ARO + OH = CAR + CH,0, 83 10°
OLE + 0 % HC(0)0; + CH;0; 53 %100
PAR + 0 % CH0, + OH 20
ARO + 0 % HC(O)O; + CH,0; 7
ARO + NOy ~+ products (aerosol) 1.0 x 10?
OLE + 0, = afHC(0)O;] + HCHO + OH 1.5 3 1072
cAR-eonj;nc(o)onH,u 1.0 5 10*
CAR + h» — aHC(0)O, + aHO; + (1 - a)CO 6.0 x 107k

Source: Whitten and Hogo, 1977; Whitten et al., 1980,
“Varies with light intcnsity.

CBO05

The core CBOS mechanism has 51 species and 156 reactions.

Updated rate constnnts based on recent (2003 - 2005) IUPAC and NASA
evaluations.

« An extended inorganic reaction set for urban to remote tropospheric
conditions.

* NOx recycling reactions to represent the fate of NOx over multiple days.

plicit organic chemistry for methane and ethane.

xplicit methylperoxy radical, methyl hydroperaxide and formic acid.

.amped higher organic pe; ganic acids and i

+ Internal olefin (R-HC=CH-R) species called IOLE.

= Higher aldehyde specles ALDX making ALD2 explicitly acetaldehyde.

* Higher peroxyacyl mitrate species from ALDX called PANX,

* Lumped terpene species called TERD.

= Optivnal mechanism exiension for reactive chlorine chemistry.

= Optional led hanism with explicit ions for air-toxi
Species Number of
Name Carbons
CH4 Methane
MEO2 | Methylperory radical
MEOH Methanol
MEPX
FACD Formic acid
[ETHA | Ethane
ROOH_| Higher organic peroxide
AACD | Acetic and higher carboxylic acids
ACD__| F and higher acids
Al Paraffin carbon bond (C-C)
RO Secondary alkoxy radical
ETH Ethene
OLE Terminal olefin carbon bond (R-C=C) _
[1OLE Internal olefin carbon bond (R-C=C-R)
1SOP Isoprene
ISP soprene product (lumped methyl vinyl ketone, etc.)
TERP erpene 1
TOL oluene and other monaalkyl aromatics.
XYL ylene and other polyalkyl aromatics
CRES Cresol and higher molecular weight phenols
TO2 Toluene-hydroxyl radical adduct
OPEN_| Aromatic fing opening product
CRO Methylphenoxy radical
MGLY and other aromatic products
802 Sulfur dioxide
SULF__| Sulfuric acid (gaseous)




Assignments from VOC Species to CB05 Model Species
- e ton Cuf ot a o urn e e ok ot s e g e Tae i sonten
—_— i =8 %
ET e ou
] -
= P
== i
s i
= 5 s
e : 3 B i
ey ——— ; £ i
p H =N N
= H = o8
-~ & =N
7 ] =N
o ; =0
= 4 = 3
— 4 F
T T T =T
o H T T2 1
i — H fis e 2
= i R I
o H Tohoan o
= f PiE
= 8 HEE A
— .
o S, B

CMAQ# X % & R
WTER

Nertcal Layer a 4 4
God Size o1x91 | ssx1e | 22323
FDDA e Ve Yes
Land use 0 20 B N
PBL VsU ¥sU ¥su l*i iﬁﬁﬂm
Rescision Sk e Skm
T e B LRSS S
Giid Size 0% 80 0% 80 7050
Acrosel Mod | Aeros Aercd Asrof

CMAQ : Chemical Mechanisms

Models-3/CMAQ
Gas-phase CBM-1V, RADM2,
+ chemistry SAPRC-99
Agqueous RADM
chemistry (Walcek and Taylor, 1986)
- 33 aqueous/ionic species
- 18 equilibria
- 5 Kinetic reactions
- 55 species for wet deposition

-

.

.

Heterogeneous Not treated
chemistry

Formation Pathways of Sulfate
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ocs : 50, }—28 = sof
T osonmse -
4|0 |7 T
OH, NO3
3
2 1 2 B B
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One Atmosphere Approach

Wate
Qual

VOC+0H —> _PMa. O for NOj + NHs +OH
Orgal ?/ -~ 5—'\1,4 2504 for NHaNO3|
Fine PM  Visibil
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Organic PM) (

=, Ozo
5 Nox+10C + 0l
: pyT—

i

r
i . 503 +OH —> iS04
NOx +50x + OH + NI, NO: +OH —> HNOs
(Lake Acidification,
Eutraphication) Al Toxi

CMAQ ##

1.Type of model 4 2 A

2 Metcorological data A 8. %
Spatia] scale AL A

3. Emission data 440 4

Anthropogenic source AR B

Biogeuic source # % &

4 Pliotochenmicsl reaction modlis
EREREHn

% Aerosal dynmmic modulos (mscleanion,
y vty

coagulation, i)
LU LT TC IO 20

Thsee-dimensdonal prid model = i 9153 A
Simmlated by mesoscal modzl (WEF)
Theee dissensonal = £ ¥ 2

Tatwan, Chinia. other Asia cotstties
ERTEARLLSAT

Tiwan, Chine, olhcr Asin cosérics countrics f 3,4
AlER2EE

Carbor-bond mechanisas CBOS (51 chensical
wpeches 1 86 chemmical resctions)

SRR M CBOS(ST ML A 156 MR A
L))

AEROS

6 Aeroal chemncal todilis (inorgasic and orgnic

acresol. aqueous phace reaction, hetcrogenic
reaction)
EMLERm(ARNEREPRAARA,
RER)

7. Acvosol oumber and mass size distribations
AT R nd

ISORRAMA
LE

Theee Medal distributions (legsonsal distributions for
oucle, necumulation, and coarse medes) =4 5 K (A4
AEdaARTEed)

CMAQ:

* Size representation
* Inorganic species

= E n
‘pagulation
ucleation

* Condensation

* Mass transfer

* Dry deposition

* S0OA formation

absorption (6 precursors)

ar reve

PM Treatment

Modal (3 modes)

NH,*, 50,7, NOy, Na*, CI
MARS-A, ISORROPIA
Modal approach

Absolute rate

Modal approach

Full equilibrium

Resistance transfer
Irreversible

(Pandis et al., 1992)
rsible absorption (6 precursors)

(Schell et al., 2001)

Atmospheric Nitrogen Chemistry
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Meteorological Modeling Syste‘i_

Global Models

= GCM (Global Climate Model) /NOAA
= GFS (Global Forecasting System) /NCEP
= ECMWF

Mesoscale Models

= MM5 (Mesoscale Modeling System, 5 ), Penn. S
tate/NCAR

= WRF (Weather Research & Forecasting), /NCAR
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The HYDROSTATIC EQUATION.
The EQUATION OF CONTINUITY.
{®: The THERMODYNAMIC EQUATION .

he CONSERVATION OF MOISTURE .

Governing Equations ig
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Temperature
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Radiation, Cloud, ...
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MPAS

Model for Prediction Across Scales
Fully-compr 3 y .

« Finite volume discretization on centroidal Voro
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» Single global mesh with seamiess refinement t
< local scales

= Latest version: MPAS 6.0

» scalable and flexible dynamical care capabl
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2016/12/21 18:00
2016 |201626| 43 | NOCK-TEN 910 55 180 70
2016/12/27 18:00
2016/11/25 00:00
2016 |201625| #k7 | TOKAGE 990 23 100
2016/11/28 00:00
2016/11/10 06:00
2016 | 201624 | 5 ¥x MA-ON 998 18 80
2016/11/12 06:00
2016/11/3 00:00
2016 |201623| * & MEARI 955 40 180 50
2016/11/7 12:00
2016/10/15 00:00
2016 | 201622 | # 5 HAIMA 905 58 280 100
2016/10/21 18:00
2016/10/13 12:00
2016 [201621| 74" & | SARIKA 930 48 220 80
2016/10/19 12:00
2016/10/8 12:00
2016 |201620| #% = | SONGDA 930 48 200 80
2016/10/13 06:00
2016/10/5 00:00
2016 | 201619 | X {1 AERE 978 30 120 50 10
2016/10/10 00:00
o 2016/9/27 18:00
2016 |201618| X% CHABA 910 55 200 80
2016/10/5 12:00
2016/9/23 00:00
2016 | 201617 | t+4% MEGI 940 45 250 100 23
2016/9/28 12:00
2016/9/12 18:00
2016 |201616| 5 #+ | MALAKAS 940 45 180 60 20
2016/9/20 12:00
2016/9/12 18:00
2016 |201615| 7 &* RAI 998 18 80
2016/9/13 06:00
, 2016/9/10 06:00
2016 |201614 | % % % | MERANTI 900 60 220 80 21
2016/9/15 06:00
2016/9/6 00:00
2016 |201613| Ex MALOU 998 18 100
2016/9/7 18:00

it 6-1




oy R

B+ 7 |# % 10
) §oe o RS N N R
E | ML ) S S AR ) SN 2Rk | &b R
i MR | AR 3R #c
tee) | (i) BT R X
Pa m/s
(km) | (km)
2016/9/1 00:00
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2016/8/20 00:00
2016 |201611| FI* | KOMPASU 995 18 150
2016/8/21 18:00
2016/8/19 12:00
2016 | 201610 | =+ 1 | LIONROCK 938 45 250 80
2016/8/30 18:00
) 2016/8/19 06:00
2016 |201609 | ;= # | MINDULLE 975 33 180 60
2016/8/23 06:00
2016/8/18 00:00
2016 | 201608 | == DIANMU 980 23 120
2016/8/19 12:00
2016/8/13 18:00
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2016/8/17 12:00
2016/8/8 18:00
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2016/7/26 06:00
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2016/7/28 12:00
] 2016/7/23 18:00
2016 |201602| ¥ LUPIT 998 18 100
2016/7/24 18:00
2016/7/3 00:00
2016 |201601| & @4 | NEPARTAK 905 58 200 80 25
2016/7/9 06:00
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