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ABSTRACT:

This study used the Automatic Identification System (AILS) developed by the Harbor & Marine Technology Center
of the Institute to interface with the Maritime and Port Bureau to assess the impact of air pollutants from ships sailing
around Taiwan. Based on the AIS real-time ship emissions volume and the emission of fixed pollution sources detected
by the Environmental Protection Agency's Continuous Emission Monitoring Systems (CEMS), together with the
prediction coefficient, the emission volume on special dates (such as the Lunar New Year and typhoon periods) is
calibrated to estimate the emission volume in the next 48 hours; in addition, the three-dimensional grid air quality
model CMAQ -ISAM (Community Multi-scale Air Quality model - Integrated Source Apportionment Method) is used
to simulate the impact of ship emissions on air quality in the waters and port areas near Taiwan.

The emissions used in the air quality prediction simulation are divided into sea area and land area. The relative
error and absolute relative error of ship emissions in the sea area in the next 48 hours are less than 10% and 30%
respectively. In the land CEMS emissions, the emissions of nitrogen oxides and sulfur oxides from coal-fired power
plants from 2016 to 2019 reduced from 28,944 tons/year to 14,764 tons/year and from 23,003 tons/year to 12,921
tons/year, respectively. Using the aforementioned AIS and CEMS emissions, combined with the Air Quality index
(AQI) indicator, the accuracy rate is about 80% by using CMAQ-ISAM to predict the air quality in the next 48 hours,
and the rate of contribution of each region and port to the air quality of Taiwan island during the prediction period is
within 8%.

Based on the prediction results of AQI, this study proposes that the emergency response to the deterioration of
air quality in the commercial port area can be divided into three levels: level 2 early warning, level 1 early warning
(port contribution less than 8%) and level 1 early warning (port contribution more than 8%), and the difference when
port ships use low sulfur oil is evaluated. Finally, the short, medium and long-term countermeasures for reducing air
pollutants in commercial ports are proposed.

The research results can be used as a reference for the Maritime and Port Bureau of the Ministry of Transportation
and Communications, the Taiwan International Ports Corporation or the Environmental Protection Agency in the
development of air pollution countermeasures in ports and coastal areas, in order to make them conform to the norms
of the International Maritime Organization and the European Port Organization, so as to enhance the image of ports
and ensure the sustainable development of the environment. In addition, the research results have been promoted
through one training session.

DATE OF PUBLICATION NUMBER OF PAGES PRICE
February 2021 560 500

The views expressed in this publication are not necessarily those of the Ministry of Transportation and Communications.




LI - - R I
B T i itiieiiiiieiinienetiatiatentenattatansesattntons teaiiiiiiiaiieesaesatentorattntonstattntensans I
132 VII
e B R e iiiiiiiiiiiiiiieiiieieeett et eeeeteateae et seataaens cereaie et s seateasnsentanenanns XI
B B B D et 1-1
IR = o S 1-1
(= T 1-2
TR IE el N  R 1-3
yoF 2 }f’eﬁbéﬁ ......................................................................................................... 2-1
B R RSOSSN 2-1

2.2 R 3N et e anes 2-4

23 WREF F F 5% o 2-4

2.4 Models-3/CMAQ BEFN oo 2-8

B o T i e 3-1
3.1 BT 3T I AR i 3-1
B2WRE §F % FEIE B oo 3-2
3.3 CMAQ HEEAE B ooovovooeeeeeeeeeeesoeeese e eesseeses e e e ssssess e sesssee e seeseees 3-8
3.3.1 Model-3/CMAQ ...ttt 3-8

3.3.2 TEDS F0ZE R ELIZ 12 37 wooeeieieeieee ettt ettt st besbe et re e 3-9

333 ¢ B BECE FTHEAIZLEIR o 3-10

334 2 REEATE JETL oo, 3-12

3.4 Models-3/CMAQ HE7  t1 50 3515 ciiieiiee et 3-14



3.5 A AR AT B FE 15 o 3-18

35 TAIS TR oo 3-20
3.5.2 B KT AL oo 3-21
353 S0 ATE IE 15 20 2N s 3-22
3.6 AT E P B I s 3-32
3.6.1 BT E 3R E 7 38 3-32
3.6.2 B B I 2 B e 3-37
3.6.3 AT B B TR B oo e 3-38
3.6.4 FATE FERIE T 20E oo 3-45
37 B EITE TR E s 3-46
3.8CMAQ 7 # & F3E R 6 Bl e 3-46
39 £ A AR T E TR B 3-52
300 &1 BB T BT FTER s 3-55
301 338 4 T dn 4082 B ST R o 3-58
3UALTISAM 558 e Ao 8 T B Ta& o, 3-58
3012 BES 5 2F AR it 3-59

RO B R 32 o - SO 3-61
B3 T 27 oottt ettt ettt 3-61
FEF BBAIEIE s 4-1
4.1 102 FE B HARE AT B ot nre s 4-1
4.2 105 F B BAEE AT R Lo rae e rae e 4-8
43 BB AR E B ER 4-16
BB TR e 4-23



FIF CMAQ ZF ST TR oo 5-1

5.1 BB 4B 5 B B e 5-1
S50 BEBAAE TR T B F o 5-1

512 FRBIZEZ BB P HP T oo 5-7
S03CEMS HE A2 B 48 5 B F o 5-9
52 FEE CEMS FE3TE i 5-12
5.3 G AU B BABEIY B oottt ettt 5-15
5.4 CMAQ HE38 H A0 2B oottt 5-23
S5 CMAQ-ISAM ZZ2 B Lo 5-28

5.6 % F T TERIE B oo 5-35

-

5.6.1 % F S B AQLAI TR wovvvvvcievrrrsssscsreesssssesses s 5-35

5.63 i @iia B F BT
564 T A0 R F ST IER] oo 5-40

5.6.5 # T s ia BB F 5 E

58 ABIBETFEIECEE e, 5-54

5.9 B T B A R T e 5-57
T i

500 B T 78 B s 5-64

EE et oo 6-1



L3 ¢
xﬁ-&-_
e =
K-
Nip=a s
GE-
GE- o
o
s N
G- o

'ﬁ'ﬁ""‘

B

B EE B B oo %-1

PRI A N - X o U A s 1-1

HRFLFEADLELEIEFIIE e Yiték 2-1
BRI HETH ¥itésr 3-1
1 f’rggiga- ........................................................................................ Yiték 4-1

KT T AR oo Wk 5-1

102 # AIS TR e Htés 6-1
105 # AIS 23R i ek 7-1
FrE CEMS 3R et Htés 8-1
BIRAR R H 2 3288 s ek 9-1
TR B itk 10-1

Vi



f 2.1
® 2.2
& 2.3
® 3.1
®l 3.2
® 3.3
® 3.4
Bl 3.5
® 3.6
® 3.7
® 3.8
®l 3.9

& 3.10

B 3.11 &3

& 3.12
® 3.13
 3.14
® 3.15
® 3.16
® 3.17
® 3.18

® 3.19

WRF § % H55 #0 F 5AR ] oo 2-7
Models-3 % R =k e fE T TT R BBl et 2-10
Models-3/CMAQ 2 H-E 2 AR BE I ot 2-12
FE BT T AR B oo 3-2
WRF » & #5804 8% §F kB iE 23598 70 PER 3-3
TEDS A050+A817 £* WRF # % B EH 2 A F 1 B, 3-14
b A HAEE AR T A T oo 3-18
B AT X | OO 3-19
R 3-33
AILS 4558 FLI 3 BT B BB eveeeeeeeeeeeeeeeee e e e eeee e ee e ee e 3-34
R g R i - 336
R a0 S OIS 3-36
AT FE B BB LI 3-37
B AR TEIBITR AL oo 3-39
NOx 350 B TE IR A B 3-40
SOx 3T B TEIB] A HC eovoeveeeeeeeeeee e ee e ee e ee e ee s 3-40
PM £ 22 B T ] T2 Bt ee e 3-41
S LR T SR S LA IC N -1 I 3-43
T Tl I 2 A N I . | 3-43
TiFF CEMS TR T §U T oo 3-48
CMAQ % F & FFERIRART R B oo 3-48
BB TR R E BB oo 3-49

Vil



® 3.20

B 3.21 7%

® 3.22
® 3.23
) 3.24
@ 3.25
4.1
B 4.2
B 4.3
F 4.4
B 4.5
H 4.6
® 4.7
B 4.8
® 4.9
® 4.10
B 4.11
B 4.12

& 4.13

Bl 4.14 =

&l 4.15

Bl 4.16 =

Bl 4.17

& 4.18

F LR 2 IR R AQLATZER ...
BlE BT PIEAL B i
AAsday IERER A F ZER(-).
ARdciay IAERER AT X ER(S).
ARECZEIFRER ST EER(-).
ARBECZEIFRERSTEER(C).
102 2By 2xaEpTia ..
102 2% Rt b4 g 22 p Tio
102 ##3gdaE — % 2B .o
102 #H%E FB L p4e 8 - % % B
102 ER% B EiR D S B o,
102 & 2% § T 0t GldE B iE 0 1 F
105 BB d 2 EP T
105 % Rt b4y 2 p Tio

105 il - % 2B,

105 #33cF 550 0 Bl
105 & 35§ Fo3d ot bl4E B iR 0 R0 §

A3 105 & T E R R (< ).
Faydn 105 & TEHEER (S ).
oy 105 & LT 0t Bl(= )
B 44 105 & ii’a?;f)l?e (S )
ABBC 105 E T EER(— )

3BET 105 & TR FER (S ),

Vil

.................................................... 3-51

...................................................... 4-3

.................................................... 4-10



Bl 4.19 4

& 4.20 41

B 5.1
®l 5.2
Bl 5.3
%l 5.4
Bl 5.5
® 5.6
B 5.7
B 5.8
® 5.9
& 5.10
& 5.11
® 5.12
& 5.13
® 5.14
B 5.15
B 5.16
W 5.17
B 5.18
® 5.19
f®l 5.20
B 5.21

Bl 5.22

Ekr 105 T ;E”QTE/,%P“ BU(7 ) ceeerie e 4-28

BT 105 £ LT R BI(D ) 4-29
B8 R s B 2 5 (107/8/17~109/10/27) oo 52
T O I A S N 5-4
8 SOx A B TE B £ B F o 5-5
B R Y T gl A NS 5-5
Er I oI 2 O s - B 5-7
CEMS #3838 B 8 1 ABF B oo eeee e eese e 59
CEMS 3B P 728 1 ABF B oo e ee s 5-10
CEMS #3c8 — % 8 1 ABF B oo 5-11
CEMS #3838 7 8 1 ABF B oo ee s 5-12
SRR BURE T IOE R e 5-14
SREF TR E TIOFTE s 5-14
SN A oo A 5-15
A A B L B I e, 5-16
- N I N T T L Y 5-18
3 | V(O I R IR TE 5-19
N I d N B T T L 5-21

BB T A IMO FALAEFABI B oo 5-22
o e Fe 87 S e R 2 FF AR T TEAR 2 e 5-29
CAMQ-ISAM BB 8 (E 7 AL coooooovveeoeeeeeeeeeeeeeeeeeeeeee e 5-33
CAMQ-ISAM HHE5 % 8] 1 HE32 oot 5-34
117 11 P EEBEIRIZF ST B E oo 5-36
110 12 B RE ZF ST B e 5-37



f®l 5.23

B 5.24 5

B 5.25 /5

®l 5.26
® 5.27
®l 5.28
f® 5.29
& 5.30
& 5.31
& 5.32
& 5.33
& 5.34
& 5.35
B 5.36
® 5.37
® 5.38
& 5.39

® 5.40

P AR TR PERT R e, 5-47
A0 B BB AT R EEARE E B e 5-48
0 B AHTRIEE T A B ARE e, 5-49
SRR I F O e -3 5-50
TP OB WA B EREPIEEL EATEEE 5-50
BB MRITIR T AP B ABE e 5-52

<ok

BB ETIDL BT AT Bl e 5-53
BIEBIRD BIRL B EIRE L B ETEEE] e 5-53
A&ET 105 & TR IFMEH B IRRE TR Bl 5-55
BAREE P T b G| B sk R T RO R R 24 B R L5456
%ﬁ%ﬁB%ﬁﬁiﬂ%@ﬁ%%ﬁ%ﬁilﬁﬁ%ww ................... 5-56
0 EE P H RS ARG RO R LA BT B 5-57
AR TR R e RO R 2 TR B 5-57
%ﬁ%mﬁ%%@%ﬁ%i%iﬁ$ ....................................................... 5-63

iﬂ%mﬁﬁéﬁ%ﬁ%1%3ﬁ$ ....................................................... 5-64



% P&

RS e g . 29
3-1 273 WRF BN 88 a3 TR e 3-3
3-2 AFF B WRE HE7N 4R % R B T 3-5
33 EBIEET LA oo 3-7
3-4 CMAQ Aero6 st & 1 PMas #3085 oooooooooeeeeeeeeeeeeeeeooesessessssssen, 3-9
35 AT H A D B BRGNS E B e 3-11
36 WRF 2 & % Rl L4424 20 & FF P B e 3-13
3-7 R FMOR2 B BRI TR AP i, 3-17
3-8 L ZHGUHERMEA TR AR E o, 3-17
KRN I Y 320
3-10 5 N F R A B e, 3-21
K R R 3-23
3-12 #EP ST EF G2 IR 2 o 3-24
R T S 3-25
VR E - g 2 N 3-27
3-15 4 B4 51 EF 3T A B(Q/AWR) oo eneee s 3-28
3216 S £ 4 4 BU(ZKW R oo eeereee e eeseeee e 3-28
3-17 MDO/MGO 27 FIE TH BT oottt 3-30
318 4 R T B ovrrvosoens e senseseen e 331
3419 B4 31 f SR M vovononsenennnnsnsnsnsnnnsenenenen 3-32
3-20 AT B EIFRIAEM T F s 3-39
321 FFRE P BT R TR IR B e 3-42

Xl



3-22

3-23

3-24

3-25

3-26 F

4-1

42

4-3

4-4

4-5

4-6

4-7

4-8

4-9

4-10

4-12

5-1

5-3

5-4

5-5

5-6

5-7

Boh BARH H BT E TEIR] BT 3-43
7 A A AT E TE R EE A e 3-44
P A A AT B TR PG i A 3-45
BiF%E o2 2 CEMS ? R 3-47
Pl HETER AQL 2 & VB Z i, 3-51

102 F AIS FEAT B it 4-1
102 4 ATS T L HC oo 4-3
102 # AIS FAEH— 1L e, 4-4
102 & AIS FEATE — B 1% e 4-4
102 & AIS FALE BOE 7 810 s 4-7
102 & AIS FEATF IR T B 0% e e 4-7
ORI N I == R 4-9
105 # AIS AL T B oo 4-11
105 & AIS FALE B B 815 i 4-12
105 F AIS AT B — B B b e 4-12
105 # AIS TAHAEHEE T 1L 4-14
105 & AIS AT E 3B 7 1% i 4-14
FEHEF AIS FHRP BT F F o, 5-2
PR HGEH EF T ZER B s 5-3
BT B T B B ittt re e 5-6
D T L2 - -2 ST 5-6
PO B IERIZELZ BB P AT o, 5-8
U4 D R E CEMS T 353 308 (KG/ND) oo 5-13
P F A E ALS TR A P B0 s 5-16

Wl



5-8

5-9

5-10

5-11

5-12

5-13

5-14

5-15

5-16

5-17

5-18

5-19

5-20

5-21

5-22

5-23

5-24

5-25

5-26

5-27

5-28

5-29

5-30

5-31

BB A BB FUAE) e 5-17
AP B F & IMO S50 H0r FUAE) s 5-18
BLEB L T B A A BUAED) oo 5-20

R V(O E T T e 5-21

L Y CX o=t =TRSO TSR 5-24
e 4\ O 8 1= =P P PRI 5-25
R Y I e o 5-25
I Y T 5-25
I Y O e o 5-26
EaE I 4\ O a8 = R 5-26
B N Ty T 5-26
I U\ D N = 5-27
A Y LR - RO 5-27
I 4\ O a8 = SR 5-27
B Y T T 5-28

T P25 e 3 T8 ettt 5-28

CAMQ-ISAM Hoft 5 % B 414 B 4 s 5-34
ZF S ETERIAQL 5 £ 11 e 5-35
T BB AL dg v:;:%fg@ﬁ)gk B D e e 5-42
R L s Lk 1 LL L 5-45
-V T U 8 N OO 5-51

BEBELF IR B T L K e 5-54
AP RREF A EEHEE 5-58

TFEFERLEN ?F‘,%rf FIPEZ 2 A BAIE e, 5-59

XMl



*

P

*

P

5-32

5-33

5-34

5-35

5-36

ERCR R DNG) BRI TN 5-60

';’“}; PU B 4% 38U A B K i 5-60
2 AR AQL A= BTE B % B 5-61
2 A0 R AQL A7 Hh— BT B 8 B(<8%) oo 5-62
7 IR R AQL AR — BFF B H B (38%) v, 5-62

XV



\]

¥-F W3
1.1 =3 #48
£ & RS é”jﬁﬂﬁ‘.%fpl?’ziyaﬂ’-ﬂaf‘é%* ES RS

g Eo WsgA Rz 5 5 4‘3{”’#5%’:?5 A~ c}’/ﬁgi"‘f e b ER
W1 Sdpda s KAk AR LA F 2 XE AP ¢ 2 F LR W
RERF RIF AL LUK #\7&;7' R EE AR R
% ¥ TEDS(Taiwan Emission Data System) - REAS(Regional Emission
inventory in ASia)¥? HTAP(Hemispheric Transport of Air Pollution) & & pr

Uf-ﬁ Y ot o E %" T 5{« GAPEICEHZ RS AP RLE ik QE
F o R EAF B (SONEF F M (NOYR S F -

HABRBESTLAERA BB L Ry e rc L B dpda st s b
PBEHCREEFEFTF AR REHE G S J‘ﬁ%d%%‘;’
Ea LA ERATE N2 AR FRRA R 2 EIFRRE
FHER I RIBBETZ AERAEE I%iﬁ'—%m“ 101 # 5% 14 p
B FMp(PMus) Az 5§ RS2 24 el & TiHE > &
Bl % 35 pg/m’ & 15 pg/m’ 5 @ 30 ﬂ@smf@m%m‘:iiﬁﬁw ) TR g
104 & 117 17p=p# 55 W?‘rggzg-,uw?ﬁéﬁ#] =R VAR’ Sht
T 105 # 87 S PR it 225 4RSS F5 G
21 d AR ek Hapirg B 355 R itk 2 = B R s
AZmBEpOEZ Y R 2§ SRR BRI &L 25 Rp
Pavk Figdz & &4 o

1 % B AT 2L F 07 %0 F P (TEDS10)A 7 % 354
B 5 6950 105 # 20 Rk (PMio)~ s SR (PMas) Fi§ 1 4 (SO
FF P (NO ~ 227 gt 4 L &4 (NMHO)2 - § i (CO)%§
BT 2 A N A 2.28% ~ 4.26% ~ 26.2% ~ 8.72% ~ 0.21%%2
0.51% » #7128 AP B 5222 SO, ~ NOy 22 PMys 75 % 4r2 v 5 ¢
FodRAEZPE RAFEREFIF ST LEE RETEIN A

1-1



ERBLTRERRF VTR FEFFREBRE AP RS
HRZ 57 -

AP AR P E £ o fie & R IRF
. /’7 rr_‘;,?ﬁ' » 107 _&,‘r_ﬂ»—r I’@xﬂ /ﬁ‘q_

SABH R o2 7 TATH s ~Tasdge B Ry T4y
dg i EREW TR R P i@’s"{']é‘_%fféﬁ%t’r’f’?;l‘fﬁfl 2 TE % T ¥
EERAEPRLIPFEL T ARG AT A LB E LR RE
ﬁ@ﬂrr?E%Wflf 3%ﬁﬂwﬁﬁféiﬁ”%ﬂ+’vi%*%%
PR EIFRITH 0 WA AR R 2 BRSNS P RF R B E TS
Wﬂﬁ% Ho2 £ R kyp o

W

12 23 P e
WEREFLEZ SRR B G dpdaz 1 E P B ek
HZF AR XD 2kp EMY o P RAPME 4 8T SRR
FHTEMB LA R T AT R ST B da it 4 g
B2z 5P w3 FRE2 -2y LB i ST

W kLo TR diaE ’xavzﬁ’%a‘ﬁﬁ%%#% MR BN FEE R

[EEN
Sy
-l
Pl

W
<le
Il

N
\\It

=

d
s

P
e

\ (amd

N

H N
|l

pony

B
3

N
A

‘,’W
[

N

S

o
R
1

Ay
=

2.y TR B R L 2 A BRI T A Z B f R T ER R
%?ﬁo

3. % = 2 CMAQ(Community Multi-scale Air Quality model) -3 7¢ P 48
JoREL A BB R AR ARG A o HEBAL RA P
AR R RRL S F SR

4. % = 12 CMAQ #£3% 2. ISAM(Integrated Source Apportionment Method)
Banrtr 48 | P2 pia i A Fdpda s 44 HE B AL 25 &

1-2



%‘ry‘ 2};&0
v G
5.5 P AT A R A N A R E 2 B o S £

BAIHRKE ) FIURHE R SR M BRE a2 2R

6573 v ik A R B R AT SR

2. & A o

¢

13 LR ZEESE

AT AT A BFRERTEEY B RERE G BTSN
AERMOD(AMS/EPA Regulatory MODe)HZ3¢ et T 4 5 0% By i3
TAAETEY AR APEH Y AERMOD #5550 % 2 BRI R o
Z BATR A 0 R F SRR 2L 2 B
ZH/AC R EF BRI TH BB BT L T A S
EEEHLF STRGEE R

At}
NN

"m}&

AR T FE 106 & 2 F CMAQ 5 # & F ettt 2 18
TR TREFRGAAT R 102 £ 48T < FEE E FA R4
EREIPFLFAGLH0 SERT LB T2 T %ﬁﬂa&z‘ﬁ,i :
107 # % = FpFdcdg 2 P4 E e ¥ igm da iz 102

g e g o B Rl L B A PR fa‘a—ig\ %
108 &3 > TpE§ e B H MR a5 A ERHT FSTRER

PO A
v é"bo

AL RFDHE AP L S A PR EIER R E T B
FRG P E B h BEFRT o 2 A KP g fg s 2 FRp] o 1ot
SAE L FFRIA KBS T A2 P FREFE P BT PR
CEMS(Continuous Emission Monitoring Systems) & T_j5 % ik g3 5 F°
BALKH > nzZmERET CMAQ feé 4 @< ﬁ{: 7* WRF(Weather
Research and Forecasting Model) 4" 47 4 i % 1§ /3 & Lpvigdat
8 b e W?ﬁmﬁf |, W * TEDS ;}z&%&.fé_f B3 4 A e A A
3% $i(Automatic Identification System, AIS)4& 5 2 4y a2 & > 53§
WRF “t# 2§ %k FHFH > 2% CMAQ = MR R Z §F &7 1

\\v

1-3



REBTRAB SR B a2 R BB F A B
L R

T L AIS F”f"f&'wi/@év‘g/“ Apdn A AR E o
FHRFL107# 8P 17p 2 109 % 10" 27 p » I Ry g 253
feft i g Fpp] B FERIA KRS P 2P Bk B HRLE AV
-,iir‘#?*viiﬁiﬁ'l’?& # FRE P B h EARY F BT o
Mt Y B2 BB R A REC 2 dpdafio T g D B e b e
MR R G ST o

AR AR FEF LI SERTHE  REE P AL LR

Rt g > fE G RF L 109 & 1% 1p3109&11% 16p » xR
AEAOR TR B CMAQ M@ * o 11 CMAQ Hikt /4 5 4y
G F 4 o TR 108 £ 11 % 22 p 2 109 # 11 % 12 p 2% F &
TR RERE T 2 7 d A B L Apda R ROt Bl BB T 4
%@@@““ﬁ%”?séﬂ’Fﬁpﬂﬁmﬁﬁé Y
ME SR RN AAREFLP T A BRI SER AP RS

%ﬁ%%ﬁiméwxﬂwiﬁwﬂ@ﬁio

1-4



FoF% YR
2.1 R xR

ROl 4 < 5 ¢ K,f TR A S vk 2 B i N R f ol 0 - AR TR
Ap i £ 3+ 0.005 ~ 100 pm 2 R o e b fg IO (PMys) T & R )
A 25um MTF 2R RIFAY RS AFAL RAIRA T RALS 2R
eX3 Bﬁ(PrimaryAerosol)lfi,’ #7241+ % " (Secondary Aerosol)® f& o — £
TOoORABEFRE G RS ZRRIT n A R FIR T F FHAp
Hord = ’wwzliﬁ’g o] 2 3R AT RS 2 ok e A B A B e

s

LR2EF%:

RABF B2 EAHZHFALLEd PRARAD FLREHE- X
PR A2 MR o eB BRARE AP KRBT A R E DR
EPAAL L c RAMBFR LB N B e o0 kRAs B S

(\x,

(1) /“* #Hx

G b4 ER e ik kR F AL S B Btk o J 20k
kAL EFCHPEMBRAEIS TR Y A% ZF V4 Fla A B ok
B Na™2 Cle pbob o d 304 Zade? H S ahag T chptac
T BIART R 2k g 0B BT R Hd A THET T B
R PAEA o iR B ARG K N FlA AT AR BB ¢
PR AESEBTRR
(2)id AT
BB RS R A E R RS e ok B T4
SR ID g AR B & enfiol e Flt o Bl gt - TR AT de il ¢
FAEGBEAZ GEREAFIE FHH gE2pE AP D
AR g b 2308 od SNATR R P L & kSt & BldokE A
B RBE A Z P EE LRSS pin s Flp g g

2-1



FRAURNEZ BN kR

(3) =1 482 P 3T

(4)4p7% % 16> B w2 Wit

bR Y 0 0 R YRR R Y T AL a7 %
B, FI R ALY § BRI E AL &b Do E b i 2

O b B3I EF AT A ch AR (soot) o g A WEUENT A 4 chE R
&4 ¥ 42 & 5 A% A2 & (Elemental Carbon, EC)% $ ##% % 4 (Organic
Carbon, OC) - ‘%rf TOE ROt s B R T T A T A
GHRRTT R AZET CFEEF o bR R TR

(5)H # 4 1+ % iR

% PR A IR R b B el LR s bR VBRI
FPARREFLR IR F O AeE T s A E R 2 IR BEA
géi@4tﬁ

L

H
o

273 M5

MEGTRA MG R B FARF RO RRLE L RA G
ARPEd A FURBHITAL e ZRICERE B FAPONE B2
WRADE BE F AR F REAF RS o d 3P A F C F WA 2
B2 WA R i Fl o it § e A B oAp i w Spp i3I0 L 5
g SIS Gaed F 3 PR RS TR B R ERRME S
FPr2 RRE G ARG ARR AP MM o T RE RGBT B F B
FILE LS KR RZCE XL R ERF LTRSS TA
FHLIEN I FaEL o Bk n i

(1)#:pk 2 (SO4) -

PRI R LA L5 (SO SO; & Fi i SOy ERE 35S

2-2



BT s G T B PR E W g B)I00 F psotp &
AR ARF o A o

(2)# Fa B (NOy)

CFP R EBAIR A FF P HFNOLNO R NO HA
£k pOYRYEEAE No &2 Oy 0k Jg7) = NO @ )y itord = > 2 &
Bt 77F A A FARE AR o AVEE T A R kYA EL(HNO;)E? < 7 ¢
il 4o NH; ~Na'2 2 @ 3 A% % end foie > a g kiR
AR kAP Rk HF R (NOy+OH—>HNO3) » 1 %t & fF 7+ 7
o5 AR F Msd 4 3 (N,0sHH,0—>2HNOs) © A e B v F1H it @ e
PAEOF a0 3R RS R RO o B e o ok copl fR
BAR 5 HNOs & NHy £ pord & 2 ol 57 5 » e ol Al e B p| 7
it @ 3 HNOs #2735 ik (NaCl) & 2 3% fick (40 Ca?" 22 Mg 2)F B0 @
fte Bk @ k% o A5 2 NaNO; ~ Ca(NO;), & Mg(NOs), #73% o

(3)4&3 (NH")

BHPTERY 25 F(NH) > @ & 7 hhhiE LdEhAm0Sp
K EHu et g rdd cf f g ronbkd AL EEHH G
‘ii{%“‘ﬁ’ﬁ‘ﬁ‘i’”’?mi'@“’ffi”ﬁ’w chif B ELIE0 B l’ﬁ’if?@f’

2

Pk lsm A5 ek o d AR LR RS A hY o T AL
o oA S A R F R AR R R T R kR
FORRLBAF TG TREF Rk R oY S F P 2T
WE L F PR FARBI R FE R H A A g €
EFS R SR T T %ﬂ‘ﬁ/a—Af‘ﬁth)imiWc,ﬁsﬁv 24
FPRRIZFEA B EE o R R E ARG AT BE A
ERA B F WS 2 R R EE LR o B T e

PR R 3 %
(@)im3 123 S A

S ¢ G S (VOC)A & kg 3t &7 7 it F i 5

2-3



WA * 2 F PP @i E st p ARFaES T g 1 R
FREE MG RS o A F P R R LB R R R
Bpfhs - o d NTFE B B se ] §ERLFERD o X
CEFRPFFEFDEE  §REFEL G P EA F NS G PR
Hi g2 BB AP - G LHF Lt B S A kiR

\\

2.2 FARH0

TFSTHARARRIFSTAFE IR g2 d £8 o
£ o2 F S EHGIERNA R 1 FARRS A ARARR N G
B F W A B R L BB Tl 2 SRR P ek
Boo B0 2 SO HHRT Y NG BB R KRR 2 e A
R

@%Tii?%?ﬁ3ﬁﬂ%%$u?f4“i$rwﬁﬁﬁéeﬁi*gﬂ%
FOBCR U 03 2 e RAEGS 2 A H A e & iR dp el P
7 OB TR SN A A RIRAERE > B PR RE R SRS TP
ﬁﬂﬁ@ﬁﬁﬁﬁﬁﬁ@ﬁ%“§ﬁ4#ﬁuﬁ;§wﬁm%%’ﬂ
ARSI CEEN Bl gl R s TSR S O B

He o058 (Models-3/CMAQ)&_P #n e Fen= a7 § &
(4 %3-‘\ 2_— > % H58 2 One atmosphere sFPE A g~ 47 2 A% F 77 4
g e m@@] FRERFZE MLe 30 hABEFAIBT 55
AP FELY 40 FAP C RAPE FAPAEF 2L o

23WRF § % #5

w7 S A T Y WRF(Weather Research and
Forecasting Model) § % -5 kd& -7 § & FH-5:#7% c0F %3 > WRF
F-F7 CRBEXFIER A ARG FAL o F FER
NF RO TEF A BRI lidp Rt ke JI T FER S KA
RO MEE o SRS AL R R B

2-4



] E'J A+ o2 o WRF e 28424520 1990 & (R {cp > 2 & d 2 B~ 5§ &

% ¥ = (National Center for Atmospheric Research, NCAR)£ £ & /& % 4v
=~ # ¥ T % (National Oceanic and Atmospheric Administration, NOAA)Z
e g T4 B % > 3 W4 % %3 FE R ¢ < (National Centers for
Environmental Prediction, NCEP)4fr § P 3¢ Bl % 3L %% 3% (Forecasting
System Laboratory, FSL)> 7 & % #% % (Air Force Weather Agency, AFWA)»
AEFTR&RE  BLPFE X F i WE sy 4 32 A (Federal
Aviation Administration, FAA) £ ¢ 7 2¢ - WRF #2587 1B 7 A B 1249k
TR T AR - A )T R k4 & F s > WRF
FREXFIERDOFEEEFFE RS- BT L RPREREEEYT A
Bd AR iZFmT e B g LR bLmv)\P?L‘ s 12~ e 2 2 friicdy
e it o

WRF e Bé 4 frw £ ka3 b P eandrk o 26 i ARW
(Advanced Research WRF) %2 NMM (Non-hydrostatic Mesoscale Model) °
ﬂ & WRF 74t ZAp e 0 fe #r ¥ € 3 2 2 - ARW 24 NCAR
17 MMM( Mesoscale and Microscale Meteorology Division) #7427 2% > # #
RIS R BB RiE Sy TR TR
BEXFIEREAFT R R R B AR 2 KF
%> @ NMM R|d NCEP #7#7 % » FE 2454 fE2 8 wErsgp| > @
et U ERE R FAERE AP SO B AR 2 KES
M w2z WRF #5845 ~#4 BREPFPZELI ST 47
(Skamarock et al., 2008) °

WRF-ARW 3 & 2 $ I 7 A 5 e 32 « 2 Sdcit - 7 438
BR o~ R EAREEE o @ WRF-ARW ehF R EJZ 42 5 (1)WPS
(WRF Preprocessing System) -~ (2)FDDA (Four-dimensional data

assimilation) (3)Post-Processing & Visualization Tools °

WPS ¢ & R Brat oo B~ e B B2 B R
‘g“,v:}ufs;\v‘x @3 e e TEGHE N 3 D B0 2 60 geogrid 0
BRGNS 2BV A A 0 GRIB BV 4 %8 5B 047 F hy ‘%’k

et m—

2-5

o



?1"' » XU E PR N T - F A ungrib 2 4 ungrib T A 2
AT o f F BN L3 geogrib T E_K chg B 1T L BN e
ﬁr*}‘?; W 0% 2 o metgrid © WRF-DA # & (§ SLs\ 2L % SLpLip| e o5
TR 3o WPS i 2 iV e de 0 b T g RIS WPS
erL% DAL HE T 0 B 2R G B AR R R R A
¥ igm B Ao W TRl e FE R o ARW Solver 5 ARW e 4258 >
TRV EFEER RIS BT TGRS A AR e Ar
FOE B2 FEAREL E R F AL
Post-Processing & Visualization Tools = WRF 5] B L S IR B AT
BRI  R d N L R R TR e LB R B i
72 f1* MET (Model Evaluation Tools) &2 &1 % % » r2i&— ¥ Kkin
Hiv s

» 3 #icyy [P i (Four-dimensional data assimilation(FDDA)&_—- #& &
AT BRI A 17AEF e - B S BB YA AR LS A
et 40 3802 (Grid nudging) fogLip] 4 32 (observation nudging) » 4 2 4 i&
EAN 2 F R F A A TR AR R TR A T AR T
FORERA BEPIPNEZ DRI o I F A da B ELP TR A~
AT AR AEERR T PlOF R o fE 4T R Foe e 2
HE RFHEFRFET DRE

$rAFeaY © B A A 5 > WRE § %058 iR s 4 Bpl
FLF S F R R G R YR B AR AP R B ehi 4 o 5B b
Bk S TR A BTG R A 6 e P
Bt REAFARAP M F 2B 2§ ST 288 oL 34 %
BV ehg 817 WRF-CMAQ #::8F 3 £ £ F B & WRF fi53¢
r“¢ ﬁ&%A%%? LEAG( * 2 % $ 49 M %8 TOA>RMSE>
GHEFL  HALE) HE5FEL LR 24 (Li &Rappengluck, 2014) o
H Q/‘?t A I "2 WRF-CAMS 2 7= 4 2 8% % CO-

CO EHFE R EREP RO R B &%ﬁm’a$%

ﬁ%%@ﬂ+gmﬁﬁ’ﬁ?ﬁ%mf%mﬁ?£§?mﬁ AE

L

o

ma

o



5-1.0C > "k § % 0.04g/kg > kb i# % 0.3m/s > "% -k ik £ 0.4mm/day(He et
al.,2017)>Zhao % A =iz ¥ W & ET’PMzs Xk * 7 WRF 2 CMAQ
FRBESrZ §f &R AWRFHE A4 h# ~h e ~ R
ZORRE 0 iR R TrEus g WRF #5558 #7380 i £ (Bilas)22 8 H# B
FZ(GE)# & &k ehidiy g7 (Bias 2<+0.5° GE 5 <2) b @#{0im < R
7% ot MR 2k o0 B (Bias 210.5m/s p © RMSE % 2m/s p )(Wang
etal.,2015)> & ;n WRF #5387 Z 45 % 38~ § k8 - WRF § % #5317
e AE 0 4@ 2.1 AT e

NCEP
X \fﬁ EH I B R
|
Ungrib Geogrid
=
Gt R

'

_ ok
Metgrid |
K46 B AR XA 2
!

EIRAGE 2 A H NG

ER LS ) Fi;:] ¥ 25 R

Real
FERNFEEREAR
!

WRFH & i R ¢ 5
WRF# iﬁ%‘lnizfai% %= 3

WREF
AT E) ) TR R AR

R
B & AR AT B

W 2.1 WRF § % #:5R 7in 20

2-7



2.4 Models-3/CMAQ #-3t

BB T RS ARBEATRAIAME AP LF P
BrAFETEY 22 5 &FH3: 5 Models-3/CMAQ(Community Multi-
scale Air Quality model) » #“ #5534 5 2 B % = R 32 § S FHS i Ao 2t

- HN 2 A AT - B+ § 5 (One-Atmosphere) s 4 o & %uih
Boat Y o < WHHE - S E A AR TR 0 64 RADM2
(Regional Acid Deposition Model) i & 4%t § iz 2 £ * & A RPM
(Regional Particulate Model)P| 2. & 4+ ¥ F L5 A F & (T Hft - 2R F %
i F ¢ o0y b gk T?”W%ﬁ’w%*ii\ﬁ£¢$w
MIENO s HE ¥ A5 5 HNOs» @ HNO; F % F 22ae L' 2 B i
Fz Pl peB(nitrate)~ A AP PEAF V- B2 L3 A HF M VOGCs
PoAho bk BT g A G R AEGE A S A F VHB
ki ARY od NN ek feo g0 dE O] 5 R L R R DT IR
Mg LR EE I n - BAFFREDS F AT e o Bt o fw X
SBd OH A o Aol gfersk it F b4]? » 2 v & L§ R ag, 7~
SRR AT L LR R ALE 3 B T A i 4% > Models-
3 RE a- B FOFEHEIRE ORI L AL SR
* AR E AT T S F Y Models-3/CMAQ [k BF it 4 47 o

Models-3/CMAQ % - = &h% § &7 B2 R o
PRGN SR Y T S R Y LR K A
% 2-1 417 > Bl 2.2 & 2% 3 2. Models-3/CMAQ ##t 4 7605 6 » H
AR ERS L D4 oo R4} L 3km*3kmo @ D3 B i
Okm*9km > 3 > D4 Hesg e Rk AP D3 g2 B A o - g
RARBITE S TR AT PREF Y FonikE d AR
R R A DA E o B FEEEEAT A 0 KA 5 RGNS R R
TEEH/AHEFET > 2EEH S OREEFFY o 8072 3km*3km
AUPEETRE D R A R ART NPT RN @ R
IR P R A Bk LN Pt o E R Y S R RS
BT e BT 0 2 od NIRETR R R RGE R R R R B P

2-8



B o Flm ek Rl P ¥ N R R S P &7 A
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Interface) i & > ¥ PN AT THE O BB R T R G Moz B

FPig e
2 2-1 AP EHBEES R X AR
Domainl | Domain2 | Domain3 | Domain4

, Vertical 45 45 45 45
i Grid Size 91 X 91 166 X 169 | 223 X 223 | 223 X 223
ﬂ; FDDA Yes Yes Yes No
i 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
i— Aerosol Mod Aerob6 Aero6 Aero6 Aero6
! Chemical CBO5 CBO5 CBO5 CBO5
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— ] .
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WPS Domain Configuration

45°N

30°N

100°E 110°E 120°E 130°E 140°E

W32 WRFr ARREFEPIFrRRGELIDe 53 H3P F

% 3-1 #73 WRF {8 Hog3 * vk LA F

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

~# 7 #7i¢ * crNCEP ¥ # % Global Forecast System(GFS) 7 ANL
kIThF RA 43 GFS FA 2.2 M NCEP 24 & th>3h#c® < § 70p
FE Y 0 GFS-ANL o+ F 5055 ~ 7% 50 ~ 4 30 /2 3550 ~ B kg
FES 24 BRNAERFFEREFRE D RES 0 T T RL
Bt iT o @ GFS-ANL 2 T 2 BRa PR3 & 5 0.5°x0.5" 5 i@
6T TR EREER 2007# 17 1pigs X 9F v
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PR i HHFFDDA)L & & % e 82 o RIS o RCR

17 3P 560 ¢ A% 512 pFo s )J-&q\é 17 2P 12 4oH

%:»Ez,l 1% 4p 0> m FDDA 443 6 ,J~EI$E[:‘?'5t o e iR E
M4 47322 FDDA % @ * GFS-ANL 4 47 T4l o

7 B 272 (Nudging)e3n 4 > 4 & B @RI T ki3 & 5058
Bog sk o P RBTHEEAEREDLIER I BE GH pEZT LG
S fE - AR (GriddedNudging) ) & m?" 7}~' T 5 GCMs
TR > ¥ — 8§ gLiR) 3 1272 (Observation Nudging) 2R b 3% ELR
TRl iz g éiﬁ‘* BRAFREY € Séf’r,féP\SE-""“ A S
ERRPERERIE RRBEE T GOMs TR T 0 TR
5L F 6B E-LFBEMFER 6 PF- £5GCMs TR FEIH
- i# Time step } # & iE o

i WRF #558 # RIK 2304 ok A S K i 247 R A 4 5 8l
DB N27 2029022 308 a R EREE 91X9] - 166X166
223x223 ~ 223x223 » WRF S8k T304 P H_ UG8 3F § aniplid @ A% >
B (8- TP I Sl T 4ok 3-2 47T 0 fusicd 2 S #ic(Microphysics)2R
~ % WSM 5-class scheme > ## £ %-#ici* (Cumulus Parameterization) ¢ *
Kain-Fritsch =73k % > {7 & # % & (Planetary Boundary Layer)i * YSU
scheme 93k T v ¥ £ EARINA R A 5 Z BINA 0 5 - 0L G K
(Surface Layer)i# * MMS5 Monin-Obukhov scheme #73% %_> % = %4 e
¥ % & (Land Surface)# * Unified Noah land-surface model » % = 3% 4 5
#0# % o (Urban Surface)R|iX 3 & * - & ji {5 5+ (Longwave Radiation) ¥
“& 4 1§ 5+ (Shortwave Radlatlon)“\& ¥_% cam scheme > SST { #7IR 4
(SST update)R| 5 fxd~ » % e fZ47 % &+ > ‘f 2 SEIN, T B
AR A AR R Y E R AP R R R AT
oo J1* Modis bk TAHLREFPFE > e R RR TR AR T o
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% 3-2 2 % 8 WRF #5358 % ch 3k 2

# ®

WSM 5-class scheme
Kain-Fritsch

\\\Xr

Microphysics
Cumulus Parameterization

Planetary Boundary Layer YSU scheme
MMS5
face L
Surface Layer Monin-Obukhov scheme
Unified

L f:

and Surface Noah land-surface model

no

Urban Surface
Longwave Radiation
Shortwave Radiation

SST update

TR kiR T WRF & § 58 Tk ik 2 050 ek
S P ERPRT O PR ARCGER R REXHF AT
B F RN RS AN S F é}%*ﬁf* BB TR 2 % f Ko ok i >
B R CRE S FRE IS4 B F Rl 20 RPN SR B
b"ﬂkﬁﬁis\q’f“‘i—% % B %iﬂ*m??'}:&»#BETiil%m%&iﬁ’_}ii 10
BREGOLFERL» X SEE RZF LIS l%&’fiﬁ%%(ﬁi%}i 3o

Ty B REEEF TR AR F R R
SRECV ERUER SES TS = kﬁ’ﬁ%}i%}”ﬁg Bk SR ek s 0 ¥
324 BplERB TSR 0 Ark 33977 o BRFEZREMUET 5 S @%’J
’ﬁﬁi@;"‘ MBSt G o B % 10 = & BREZASERZ ZI 2% UER
ARSI A SRS NN i = A }%Fﬁ] RET TN EE S G o o
SRR ERA L P BA RS B 2R

(1) fe%t i@ % £ (MBE) :

cam scheme

cam scheme
Yes

(‘H}

\\

‘X’

74

MBE_—ii(P,k 0L et (3-1)
k=1 i=1
(2) % %1 # Z(MAGE) :
YIRS o o T (3-2)
MxNiFT '

(3) ¥ {232 £ (RMSE) :
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M N

ZZ GO S O, (3-3)

k=1 i=1l

(4) b o 2 fﬁag;(WNMB)

M N

ZZ(P.k _Oi,k)

WNMB = XL =L —x100%0 ..., (3-4)
M x N x360

(5) b & v 5 @ %L (WNME)

RMSE=

Pix= % i [ F(p)% kiplzb2 HiRE
Oix= % 1] (P )% kiRlzb2 ERIE
N= #T3 i P (P )ik

M= #7% pl=kdc

ZHEF ST AL §F AR R HER R
#Ack K TR R RG22 S feH E R £ (Mean Biased Error,
MBE) % fie ¥t 2 % ¥+ 8 i £ (Mean Absolute Gross Error, MAGE) » % &
fedt @l Z(MBE) 5 £1.5°C M p » Rt BB $HE /R L 5 3°C P 5 R
WG st 2 gk L e ¥ @ i £ (Mean Biased Error, MBE) %2 fie 4 {5 35
12 :% 4 (Root Mean Square Error, RMSE) » &8 4 % 5 +£1.5m/s M p %2 3
mis MR R R R S 2 R v e ng%%‘—% iv i £ (Wind
Normalized Mean Bias, WNMB) & # 5 £10% 2 p 2 fe ¥t B £ 8 i 37 ¥
B i £ (Wlnd Normalized Mean Error, WNME)# % 2 30% ™ p > B {8 &
LR A ths 17 "f W REFFN 2RI E R0 6

éi&%ﬁﬁ?m*’*%ﬁ*ﬁ&&%%@ﬁF HAR R B 2 ek
BOR S FITHRR T 2 BN SRR B 60% 1 b o
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% 33 LRIHFTHEE
75 LA =R FR
466880 ¥ i 121.4338 24.9993
466900 ok 121.4400 25.1656
466910 el 121.5203 25.1864
466920 £ A 121.5067 25.0396
466930 HE P 121.5363 25.1650
466940 A 121.7321 25.1348
466990 e 121.6050 23.9770
467080 i 121.7479 24.7656
467410 i@ 120.1970 22.9952
467420 AR 120.2286 23.0349
467440 B 2t 120.3080 22.5679
467480 £ % 120.4245 23.4977
467490 £ 120.6759 24.1475
467530 P2 120.8051 23.5104
467540 s 120.8957 22.3576
467550 ESNE 120.9517 23.4893
467571 377 121.0061 24.8300
467590 12 % 120.7381 22.0054
467610 = ¥ 121.3654 23.0992
467620 i e 121.5506 22.0387
467650 PR 120.8999 23.8830
467660 % % 121.1465 22.7540
467770 i 120.5151 24.2587
467780 =g 120.1051 23.1524

FHRKR: P L F 0§ kT -
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3.3CMAQ fiHez §

3.3.1 Model-3/CMAQ

AR AR A ERBRFF LS ST oA

2015 ## 115 AT CMAQ V5.1 » pr R A & enddd & 4500 T S EE

1. &

k v & £ J& % 4] 3 & (Photochemistry) » 3= 35 4p &2 B 4p
(homogeneous/heterogeneous) s & &4 & & fule — % & B4l
Rp oo rum s BB s R E - A2 TR d2 e EHE
R PG Rk - (POA) % i »xfis(aging)~ d NO, & i F s A&
4 7 HONO -~ 2 B 49 NyOs £ Jis ¢ % 7 HNO; £ I % o d 04 %4 &
PHRARRE S A F F R R FlE o NoOs ek & 2 4p ik 4p
TP RS E AR SR F RERERA

2.3¢ aerosol module 5 B~ % 4 aerosol module 6 ° ¥ aero5 # £ A& 2 3% o

3.

F_*

LI ARl o H A€ 4 2ok SR Accumulation mode
¥7 coarse mode R F AR £ F b @ﬁie?] 3 fé] et b

4383 it ? > Na/Cl £ # fE35BRd 3 BAar@a > 58 % b f %

CEY VR REREOE B b AR BRRE S A Bk
i E o 7 ﬁzﬁri@miﬂii%lﬁ, HH A G P27 v gy 2 Na/ClI/NHy
FHF ~F o woacro6 WY B2 3 AR A0 Ry SCC 2
SPECIATE (hF L E » L lms 5 5= o 2 & ATH = pde i 340

Al R AT = izipk Jﬁ 3 - PSO4, PNO3, PEC, POC -

b.d B &2 7 A4 #A(PMFINE)E s 4 % @ PH20, PCL, PNCOM,
PCA, PSI, PMG, PMN, PNA, PNH4, PAL, PFE, PTI, PK, PMOTHR -
HY PNCOM i 2bpls 7% » #3khe FR e £ > |7
F & FEAFORE  ENETEMRTT -

c.t it 5% H:O/CL/NA/NH, ¥ <% § i 2o » 28 £ isdl? o
Hu X% §0F5% 47k tracer 2 * o
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% 3-4 CMAQ Aero6 -3

# @ R e PMys 3 i

Emitted sp name||Corresponding CMAQ speci Species description Species status

PS04 ASO4) Fine mode sulfate Existing CMAQ species

PNO3 ANO3J Fine mode nitrate Existing CMAQ species

PCL ACLJ Fine mode particulate chloride Newly-emitted existing CMAQ species
PNH4 ANH4 Fine particulate ammonium Newly-emitted existing CMAQ species
PNA ANAS Fine mode sodium Mewly-emitted existing CMAQ species
PCA ACAJ Fine mede calcium New CMAQ speties

PMG AMGJ Fine mode magnesium New CMAQ species

PK AKJ Fine mode potassium New CMAQ species

POC APOCI and APOCJ Fine mode primary organic carbon Existing CMAQ species - new name
PNCOM APNCOMI and APNCOMJ Fine mode primary nen-carbon organic matter ||New CMAQ species

PEC AECI and AECJ Fine mode elemental carbon Existing CMAQ species

PFE AFEJ Fine mede iron Mew CMAQ species

PAL AALS Fine mode aluminum Mew CMAQ species

PS5l ASLJ Fine mode silicon New CMAQ species

PTI ATI Fine mode titanium New CMAQ species

PN AMM Fine mode manganese Mew CMAQ species

PH20 AH20J Fine mode particulate water Mewly-emitted existing CMAQ species
PMOTHR AOTHRJ Remaining unspeciated fine mede primary PM|[Existing CMAQ species - new name
PMC ACORS Coarse mode primary PM ”Existing CMAQ species

Z

d0 VS ATHE O F S PR ApRAR F B MY HIRA RS
AR R R @gg Al mF RS R oM L0 BRI
TR FI 0 AT R VAT R AT B Tﬁvvs.umwzﬁd
WMRTAOVST R A FROEIFE T A RGN R R AR
F] Sdc & 45 4 2 f«—f’*f“‘],@i;ﬂ » MY /~1%’**$‘TmWRFV37
BB~ MMS A 375 CMAQ H58 59i& 7 « WRF # * 7 102 # i

5 P 24 ?ﬁ»;% o T

%xm

Y
»

E AR FE LN ECRR N
FHSY S WREV3T g
CMAQ V5.1 -

FeldB Hi 5

B A
v % SMOKEv3.7»

3.3.2 TEDS &gk ikh IR i3

TEDS % Btk .'riv/%@l__F
VAR RN SR S S =t
E;ﬁ%#ﬁﬁ ﬁ?%°ﬁ

SMOKE je g2 ghif e Lin + A 3 RS R Flair 222 R R AR
gﬁ%@¥4ﬂ$ Rofwing 23 enptcg €4 » 3% - K> T
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— KB AR B S W 1/3 endan R o d At Aalde S ?%}F‘i*?éﬁ—éﬁ‘%}&
ﬁg,P\ y I.L4 ,¢Q;}a@s(/)g7p%s§m?@#wik\m}i

A&y b TEDS ehEBhiRade b - €37 % ATenib | hgg® - 5 4
)I‘ TEDS # & et 3 g B8 7 4 38 0 4ok 230k 5 4 PF »
e R edR o @ dek ZATE R BIE A R * Briggs(1971)3#% s g i
FAFRAONKAIT A B SN A o HAEIR P B R AR S
dok B F Beng B P S - B34 F R T 3008 g B
PIZEACR 7 F (TRATR R GIE > F o~ o ReaadZfiiie o

F=0.25XG X Vs X DX (Ts = T)/Tsevveeoeeeeoeeeeonenn, (3-6)
Plume rise = Hs + 21.31X FO™/U ..., (3-7)
H ¥

F = Bouyancy flux (m*/s®)

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

Dg = Inside stack diameter (m)

Ts = Stack gas temperature (K)

T = Default ambient air temperature (293 K)

U = Default wind speed (2 m/s)

Hs = Physical stack height (m)

333 ¢ R Wi f FREARL R

ho104 EREE S 2Z A Mn TR EEY 5
SO/NO,enf fEZ F S 4P 2 Biti®heor F iFe? R 4
Frm™ o AT el & P o 4 3 en SO, J&E‘.i”ﬂg Bimii, 2 g2 g
B a2z o d »> TEDS 10 5 P % 4p ¥ I Ameit 2§ > F|p A 7
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TR BT B R g o R GV R g R

%

PR R AR R 2 0 & SR A kE AR E
uﬁw’”%f”W%ﬁﬁﬁiéﬁ*W%@ﬁ?ﬁ? Rl #
b o AT Y R LR R 2006 £ 0k enim A £ o dod 35 4057 o
AT TR R Y LR R o A & Jop Y B
B ke Bl 240 BB R GRS R S R GRS R S
i 5 68.1% «

i3 P

235 ALP RELRRARNERSLF

£ PNHR| £ F ¢ R P& ix &) A% e
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

Kl 3 23.59 68.10 2.90 24.00 42.80 37.10

7L %k : IMF International Financial Statistics(IFS), Facre T¥ EXR41(F 55 ¢ F4 XL rRR
TR AR FOR(LATP 5 2015/12)
P

Fypa i mp > AT Y R R g g2 Ve T

a. AP P SRRSOk A & e A i\p’”ﬁ - PMy 5, PM,0, BC, OC

Mme oy A iped 3P R RIILG EHT PR RE

£ SCC %45 » > AT 5 GHHRY BIM A pF > it d 4

¥ aerob #TF & cha (r ik - H A 47 0 Wk w EC(BC), OC, PMC(PM,-
PM, ), PMOTHR(PM, s-BC-OC) % = & o

b.d ** Zhang *tHRENFHIE A Ze FRAADLE S ¢ FET 4 V1
B A e - BEIEFRHFZR A FE I RALD Lo, ¥ 4R
$ 48 5 NOJ/SO, > F]pt » i3 fE4 22k i1 NO/SOx 32 » Bhik eh 3D 42
e o F 4 KT B R B S 250me m 1 B YE B B Bk 5 60me
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c.d 3¢ R F 2006 & 3] 102 & 3 Ao g AR £ F 3 i 60% 1 F (Ard
4-6) » 2T B A S EREDIE 0 FP LB R IRAPHERE D
NO/SOx iz fai5 A4~ & 3 F 1.6 cniet F]+ » H s 5 4 4 Pl %45
FREE o F R }g’%&r Shao et al. (2008) ~ Wuetal. (2015) ~ Xing et
al. (2017)%2 Zhengetal. (2018)% - &z 105 & 2_ 3§ o

A2 & PRRREFRF AR TR F RS S RIL -

334 2 iR E g

LR T AR A PR 0 OB IS0 HRER B Y 1995 # ATIE (7 itk
ToALE B 5 &45 > TEDS 8.1 ted@Akisk cnFpLlpF - £ 0¥ & & §0
2005~2006 & efFrh EHRE (74T o d TEDS 8.1 ehf 2 = 2 ¢ & % 3%
AR ALY 0 BEHE S 43%03 = A5 0 H P oux AR
3R & 1R(20%) 2 B EHR(14%) b5+ 7 -

d 2> WRF = f #5587 ¢ ¢ 7 fwhafiplend 2 A FA - 232
FESERIFTH G 102 & K& F o Mﬂz‘;eii%-’% * WRF &2 & 4%

AR KRB FA PR hE o L @ WRF hfFEs

73 42 WRF 04 3 4 “”'JME‘”'MEﬁA\*"T’;é-llf"”f'“*i']ﬁé”'“r%i
Bl Fm VBB AR 3-6 T o AP F

36.6%:11 ] > 2%t 22 TEDS 8.1 eh% AR %R & Hh+F ¥ +5(34%)4p
PR ATEEIRLA T AR 33T T HERAZE AT G EFEL
PEHEG - TRV R o FP o AT B & WRF a9 B I #
Al i R TF L 2 SRt B ik gy o
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% 3-6WRF 2 3 417 2| fi & £ 4L 12 3 3 & f v 6

AR WRF 2. 2
2 3 AR (Km?) i Ff < Fp
LAND17 74,867 Water
LANDO2 12,622| 36.6%|Evergreen Broadleaf Forest ¥ SR E
LANDO5 6,833 19.8%|Mixed Forests etk
LAND13 5,283|  15.3%|Urban and Built-Up B R R
LAND12 4,042 11.7%|Croplands B
LANDO1 2,299 6.7%|Evergreen Needleleaf Forest R F o
: C(RT o~ p R

LAND14 1,293 3.7%|Cropland-Natural Vegetation Mosaic i
LAND10 782 2.3%|Grasslands - 3R
LANDO4 269 0.8%|Deciduous Broadleaf Forest EFEREMR
LANDO7 255 0.7%|Open Shrublands ER1 3 S 4
LAND16 224 0.6%|Barren or Sparsely Vegetated AR 2 R B
LANDO6 197 0.6%|Closed Shrublands PR AR
LANDO8 173 0.5%Woody Savannas EREU R W
LAND11 120 0.3%|Permanent Wetlands AN AR
LANDO9 90 0.3%|Savannas A< & R
LANDO3 0 Deciduous Needleleaf Forest EEAE
LAND15 0 Snow and Ice g
LAND18 0 Wooded Tundra
LAND19 0 Mixed Tundra
LAND20 0 Barren Tundra

K N 109,350
1 #E E| 34484

3-13




TEDS ADS0 AB17 WRF LUFRACOZ

55N fbv 255N

253N 252N
49N 24.9N
46N 24.6N
24 24.3N4
4N 24N
237N 237N

b
34N 234N
23N 231N
228N 228N
225N 225N
LN 223N
219N 219N
119.5€ LRLTC T T T T (T T T T . 3
9 12 15

® 3.3 TEDS A050+A817 2* WRF ¥ $ B EHIF A+ 1L ik

_L*&4#ﬁwwﬂ1+%&’é%&%ﬁﬁaﬁwﬁﬂﬂ;@@%
(2005) gt it > H P F] S g~ BRI R Rengt ek 3 N3F S o SRS
PRRGT R iag S Flt o Mﬂ;g i ¢ SMOKE % ’Wil' 7 WRF 2 3 1
* AR F] S > 2ot TEDS & B enF ol Bk o

d 30 WRF e 3 % 4065w & e ¢ 355 &0 It 2 40k
IR > fd AR 2L 4 8K T 0 3902 WRF eh2 ¥ 4% 4] f #55e TEDS
mi%ﬁﬁﬁﬂ+@ﬁ?ﬁ°

3.4 Models-3/CMAQ H-5\ 5% 3+ i

fﬁ#ﬁﬁw FEkop g K E L 102 £ 2 TEDSO #riaz it
M PS5 T 2E N EATERE > PMys~ SO %2 NO, # 2 &
ap #hpa R ,fémi%/#—/!uttﬁo‘ﬁ & Bl £ (MFB) ~ e $F (5.4 ‘fﬂ?gﬁ%
Z(MFE)2 4p b % #c(R)T 32 4 W) 5 -0.2% ~ 41.2%% 0.75 > @ # & 2
R R A2 R B4 B 5 90.4% - 94.5%2 100% ; PEE%’ L
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§ 2SR %% 0 03 NOy 2 NMHC 7 ¢ 7 & o8 g

0§ Fe¥E Y i L (MNB) fie ¥t 8.8 ¥ ¥ lLa%:rn(MNE) p B uﬁsﬁx(R)
B2tge it @ F kA (MB)2 >4 T A U L 7.6%26.0%0.48 &2
5.3% # & B BRI TR R 2 BRI 1A B 5 69.0%293.0%
76.1%% 77.5% °

AAT G R PR A E 5 105 & 2 TEDS 10 2% 8 Fl - #pe
5 105 # 2 dpdais b 3 T4 12 Models-3/CMAQ Hi3 4 47 105
E L ERZER SRS G Ra ik ~ SO, ~ NO, 22 NMHC 443
PRAMES LFRALEE BREHRL B AL i
102 & 2 WS fhis 3™ BB A 1 A TR FF 24 LML R A
TR R EE RS

-

PRI EF 104 & 2% L S R R L R R
BB LS LR TR A RN R ¢ RS
BEREL PR R AR R AT Bl E R o FORR B BN R
B¢ 0 ¢ FEALH E A~ #ck £ (Mean Fractional Bias, MFB) ~ & ¥} 18
%t 4 #ic #% £ (Mean Fractional Error, MFE) ~ 2t fie $t 9% & 1 i £
(Maximum peak normalized Bias, MB) ~ fie ¥ & % it i £ (Mean
Normalized Bias, MNB) ~ fic %} & % ¥+ % i* 2% 4 (Mean Normalized Error,
MNE) % #p i# % #c(Correlation coefficient, R) & %3t %8 » & S8 T &
AR R

P SR BT fg’:,g;(Maximum peak normalized Bias, MB) :

“MxN ZZ{MM 1) Maﬁ(oi'j*)) .............. (3-8)

k=1 j=1 Ma)ﬂ= (Oi,j,k)

fedt & % 1 # £ (Mean Normalized Bias, MNB) :

MNB = XNZZ[ L~ Oi J ............................... (3-9)

Ao 4t &8 ¥ % 1 2% (Mean Normalized Error, MNE) :
R —Ou 3-10
MNE = — ><sz| o, | (3-10)

k=1 i=1

3-15



fie ¥t (8 4 #c ik £ (Mean Fractional Bias, MFB) :

S N I S S 3-11

MFB= M xN EE;;E;[:R k_F()lkJ ( )
fe ¥t 8 2 3 ¥ 4 #:E £ (Mean Fractional Error, MFE) :

|Rk O« 3-12

MFE_MXN;ZP.k+O.k ........................... (3-12)

fe 4t & % £ (Mean Biased Error MBE) :

MBE = (,k Oie) veooeeoe (3-13)

k=1 i=1

fedt B % $ & i 2 (Mean Absolute Gross Error, MAGE) :

MAGE == O] e, (3-14)
k=1 i=1
4p B % #i<(Correlation coefficient, R) :
( ik _Exoi,k _6) 3_15
MxN;;{ s } ...................... (3-15)
L = 1 N M N 1 MW 2 %
K PzMXNélzlPIk ;Z‘ [MXN;;(PM P)]
1 M 2 %
%= MxN é;(o‘* o) }
H
Pijk= %j2 ~ &% i P~ % kplsbz iR E

Oijk= %jx ~% i/ P % kiplsb2 TplE
Pik= % i -] F(P)% kipl=b2 HHE

OiLk= % i -] PF(p)% kiplzb2 5 R &

N= #r3 fic | P (P ¥

M= 75 Bk ¥k

Max= % j % ~ % kiplzbba /] (L

P= HHR BB F PN 7 RIsb2 9T ) T ORORE

O= Wig®B B P RN 73 Rlsb2 9} I HERE
= WRRH B FFPN TF R T ) PR AL R L
So= HoERF BB FP T Rl rF L BT R E B L
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VIS8 S ST e SR LI S-S NP S R = R I 5 ) el
FphAppEs i Rl g P B LR E 0 T A g Pl
B P ARt R R BT AT mvé«ﬁﬁ'zilimﬁ BEUF A F A
TR AN WL EREE B Y ML AR MR E 2
FEL R EREER E H L BRI REREE A S AT
G FFRBERAEL B RAALME -

W HEEE PMyo 2 PMps BF > 3 Fe Pt dii PMyo & PMys ~ SO, 2 NO,
RRZH SR BRRIE D VRS F B FREFRLY CNO, 2
NMHC k & 2 .5 % S pplE o 2 ¢ JiFaok(PM)2 #03S st
T *ﬂ%&r’%\» 3-7 #77 > B wfd ok fe e A #in £ (MFB) 4 3t -
35%~35%z2 & > Fe¥t e g 4 Bl Z(MFE)R] & -] 2 55% > & Ap B %
B RE X305 m SO NO, 2. fie ¥4 8 4 #ic il £ (MFB) R /i *+-65% ~

65%z_ > fe ¥t B 5 4 fim Z(MFE)R] 5 -]t 85% > ® p B i R &
* 3+ 045

55 (O3)Z o o e 3= o P R 4r & 3-8 #77n » B L. F 2 2Lpe
g @ F L (MB) 4 -10% ~ 10%2 B > fe st ¥ % £ (MNB) 4
$-15% ~ 15% > fedt @28 $HF 1 3L (MNE)R| 5 ] 2% 35%2 48 B (5
R & <+ 045; m NO, ¥ NMHC ﬁa*ﬁ%f‘é ¥ i Z(MNB) 3 -40% ~
50% > et BG HF A MNE)R] 5 ]t 80%F AR fafic R & < 3%
0.35 -

% 3-7 BFAoE N R R R

WP MFB MFE R &
e gl PMz 5, PM1o +35% <55% 0.50
SO2, NO: +65% <85% 0.45

TR KR R AR 105 2 2 BN R EE .

3-8 LF 2 WA HRBA PR AP E

I P MB MNB MNE R i
i3 O3 +10% + 15% 35% 0.45
NO,, NMHC - -40%~50% 80% 0.35

TR &R R EF AR 105 24 2 i R .
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EF R R RS AT R R i%‘KiE'J‘:éi—‘T-'iiﬂé‘*
FREREREE TR S RN B R RS
B2 R EFETEER RS PRI QR EEE A2 D o

PRERGAIEL S4B AaB e B s Bt > B R
b R RREUE B BPTE R A AR P R 22 5 ASB-C-D2 ET B
TR o B R MUF AL R A R AN CERP] S B
T o0 ¢ Miga e 'uqtg‘;vp 5 CH o e MEGRY FER G D w0 LIRSS
PSiERR G E® LT fé“lv\#%l?]&rﬁl34“r—r o T RRA R A G
R A A I :%"LIJE‘ ABRBETERIILIRF B AL ET
o g s LB PN BB EERE v b 20 78 R 2 dpda g o

29

28

27

26

25

o
5
BRI P

24

23

22

21

201 T T T T T T
116 17 118 119 120 121 122 123 124 125

A E

RE IR RETE 23 -
AFE Y 2 4p 403 § 75 AP B 38 G AR IACR] 3.5 AT o FRF IR
PR AR B 8 O 58 BB ALS TR R B4 48 IMO %3
FAFHED 2 IMO %% > it #2248 BIE R4RBAIS F
,ﬁék—ﬁmazhmmL%%.éwﬁ%*““?%“iﬂ%hﬁﬁl%%’
B P A ALY gL - dpda Bor dpid A 51 E S sl
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E i d Y dpda B A dpiE e AIS ALY 2 dpdgdniTi &
B4 da2 f $4(LF) > b PEB 51 B o b 5] EF T 4 4(BF) »
% #(FCF)% § i\‘.lr-g—;ﬁ: s W E Ardg2 F AP ERE o

£

P
=
o

______________________________

> dpdado kA GpdginitiE B €
\ 4 \ 4
LF § §
> 518 5 3 i€ dpdaiEd o R (€
\ 4
Energy
EWATE & R £
EF
>
51 EF BT 4 i
AIS 4 da 5 €
FCF «
> 7
e fe i thdic
\ 4 \ 4

R R L

dpdagn g

W 3.5 #xE oW
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351AIS FHA

XN

AATBAT D w AIS ksE ot 107 & R H X L B R 0 AR Y
EEIE SRS S EA N NEEEEE G B B3 A
fR2 csvAh > TR &3 11 B &AW 5 IMO 5L~ 45 & e
Bk E R LR~ SR BE SR S R S pdangal
L£A~V£Bﬁ%&%@’?ﬁﬁéﬁﬁw39 AT R AIS T
F# 2 IMO 2 MMSI % f§ g5 & & S TR R # 37452 3 8 5 3 B2

2

S S R FIESEE. TAE e

% 3-9AIS FTHF =

Field Description
IMO_Number (IMO Number) B % % F 2.5 S5
Call_Sign (Call Sign)*= 55,
MMSI (MMSI, Maritime Mobile Service
Identities Code) Kk + 7 & H 5338 %] 75
Navigation_Status (Navigation status)#7{7 % i
SOG (Speed Over Ground ° SOG)+#u#
Longitude =R
Latitude R
Ship_and Cargo Type (Type of ship)4; 4a 2F %!

Reference Position A

A+B = 4 &
Reference Position B

Record Time P E e i T pE
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352 ¥ LFHERE

|
k2

[}

RBETHITL SR AT R L VTR L4945 104 # 3 2
ﬁ&4$ﬁ4% | FSe B HFE R TRY
LA73) 106 & 4 7 > HH58 5 Access TR B » b ZF R EH S 3
v Pz 2 2 RSN 0 @ % Fortran $25% 5 (19, Al5, A9, A7, A7, A6,
A10, A12, A6, A7, A8, 2A12, A11,111) » & AIS H P T &E 5 & # 3
AR A S IMO SE s pEEL S SR R~ A A al’f;g;:
cHEiE ~SIEF S A I E AN S B A R Pl Rt B

"’h’?‘/?

L
s e~ S EF YT Tier 22 FFRFZ R (78 E580B o A
PR 4o 3-10 -
% 3-10 FAFTHREHF-F
¥ - A s
1 IMO %, imo_no
2 ak call sign
3 Roep dwt
4 BE loa
5 d A fh main_vesse
6 51 & g engine_num
7 & i# (rpm) engine_rpm
8 FIE 5 4 (kw) engine kw_
9 SIEFfAAE(E - pH - RETE) engine typ
10 B &gk (a) speed
11 LSS teu
12 e sl E e K AE_ENERGY
13 Sap ¥ X AB_ENERGY
14 Tier 2%t due or del
15 KRR MMSI
FHAR  SHPRERF 2 2015 AT B -

3-21



353 dpdaP e o a0

Rppw BT % o d N dpdafasg R S > F iRy CARB(California
AirResources Board) & & » " & B & T A Z A H P - iR RIF R
& A4 4 5 2] (Ocean Going Vessel, OGV) :

1.4, 48 £ & 3% & (Length Overall, LOA) 400 #% (122 = & )ge 12 F oo
2454 £ £ 59 i~ (Gross Tonnage, GT) 10,000 » g% o
34pdgié LW SIE > P T a P g £ iF 300 & o
BoFA g g e e SN 4o
E=Energy x EF X FCF..........cooiiiiiiiiiiiin, (3-16)

HvY E Z351 & a2 (g) ~ Energy #.77% & it £(kW « h) ~ EF
F_$x  #i(g/kW « h)¥E FCF £ (HFO) %L qu_ e x PP HiE o
;\1\:‘ v:’lTr:ﬁ_anéL %ﬁﬂ—r], ’\‘\‘#ELI

Energy =MCR X LF X ACt.....cooiiiiiiiiiiiiiiin, (3-17)

#9 MCR £+ 51884 (kW) LF 2§ 4 thsicsr > Act Bl L%

Fle mipdazip TP bof SFRE 0 - R g S Hdpda E e
BRI EFH T el BApda TN 5 A E mg—,mg 45 FpR ,;‘;;ﬁ_
LAldy & oendpE B A dpi & IR FE TR
B F AT S 2011 & 3 102 £ L4 R5E IR

400 gk M2 aERAR BRI 0 H ER AR E!;,;E\ﬁpﬁ‘*i gy A2 4y
A S BT IDE ok 3-11 - el F 2 plpia b AR ~BIp 2 &ip
AR T 2 FER A F Ao 3-12 2 & 3-13 7T o
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% 3-11 4;4a4% EIER £

A DWT( = =) AR (E) | A IEH F(KW)

= 2 45 (Auto Carrier) 25,048 19.7 12,930
47 %45 (Bulk) 50,582 14.3 8,249
b’ 1% 45 (Container-1000) 14,587 20.1 16,727
%_“ ## 4 (Container-2000) 38,640 22.0 22,576
b 1% 45 (Container-3000) 45,510 22.5 29,424
b’ 1% 4 (Container-4000) 60,853 24.0 40,479
i % 4. (Container-5000) 67,460 25.1 52,364
b 1% 45 (Container-6000) 79,123 25.1 61,214
b’ 1% 45 (Container-7000) 78,704 253 58,355
b’ 1% 4 (Container-8000) 101,000 254 67,547
b’ 1% 4 (Container-9000) 102,725 249 64,818
b 1% 45 (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

— 45 b7 45 (General Cargo) 43,747 15.5 9,903
% X35 45 (ATB/ITB) 798 13.5 7,421
H# i (Miscellaneous) 10,987 15.0 13,129
/% w4 (Reefer) 12,499 19.1 9,350

4 45 (Tanker-Chemical) 26,663 14.8 8,323
7 45 (Tankers-Handysize) 45,728 14.7 8,696
# 45 (Tankers-Panamax) 70,610 14.9 11,573
s 45 (Tankers-Aframax) 105,845 14.9 12,532

FAL KR ¢ Aldrete, G. .et al.(2011~2013) : #F7 7 R & -
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%312 W FREFEKE

4 A% A (kW) ERAN)) 00 (kW) 4ap (kW)
7% @ 45 (Auto Carrier) 503 1,508 838 503
47 %45 (Bulk) 255 675 150 255
f #% 45 (Container-1000) 545 1,058 429 545
b’ 1% 4 (Container-2000) 981 2,180 1,035 981
b’ 1% 45 (Container-3000) 602 2,063 516 602
b’ 1% 4 (Container-4000) 1,434 2,526 1,161 1,434
b’ 1% 4 (Container-5000) 1,725 3,367 900 1,725
b’ 1% 45 (Container-6000) 1,453 2,197 990 1,453
b’ 1% 45 (Container-7000) 1,444 3,357 1,372 1,444
b’ 1% 4 (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
F‘ ## 45 (Container-13000) 1,865 3,085 982 1,865
%, 45 (Cruise) 7,058 9,718 5,353 7,058
— 45 b7 45 (General Cargo) 516 1,439 722 516
% X35 45 (ATB/ITB) 79 208 102 79
H # (Miscellaneous) 72 191 42 72
/% w4 (Reefer) 513 1,540 890 513
4 45 (Tanker-Chemical) 658 890 816 658
7 45 (Tankers-Handysize) 537 601 820 537
# 45 (Tankers-Panamax) 561 763 623 561
4 (Tankers Aframax) 806 1,109 874 806

 Aldrete, G. ,et al.(2012~2014) :

rELRE
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% 3-13 Slpit EEK £

45 fE 5] A (kW) A & (kW) 00 (kW) &aip (kW)
7% @ 45 (Auto Carrier) 253 351 351 351
47 %45 (Bulk) 132 132 132 132
b 1% 45 (Container-1000) 241 241 241 241
b 1% 45 (Container-2000) 325 325 325 325
b 1% 4 (Container-3000) 474 474 474 474
b 1% 4, (Container-4000) 492 492 492 492
b 1% 4, (Container-5000) 545 547 547 547
b 1% 4 (Container-6000) 577 573 573 573
b 1% 4 (Container-7000) 538 551 551 551
b 1% 4, (Container-8000) 650 531 531 531
{ 1% 4. (Container-9000) 475 475 475 475
b 1% 4 (Container-10000) 708 708 708 708
b’ 1% 45 (Container-11000) 600 600 600 600
%f ## 4 (Container-13000) 599 599 599 599
% 45 (Cruise) 1,482 1,482 1,482 1,482
— 45 b 45 (General Cargo) 137 137 137 137
i %45 45 (ATB/ITB) ; ] ] )
H 5 (Miscellaneous) 137 137 137 137
/% w4 (Reefer) 255 255 255 255
¥ 4 (Tanker-Chemical) 371 371 821 371
7 45 (Tankers-Handysize) 371 371 2,586 371
¥ 45 (Tankers-Panamax) 371 371 3,293 371
¥ 45 (Tankers-Aframax) 371 371 3,000 371

TR KR Aldrete, G. ,et al.(2012~2014) © 2 3 R & o
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2.4 i

A5 EF o Al 3| TF i E O 3 AR 2 5 TR el
M B> Adodk 3-14> L3I EF RRIHF PR EE B> 2000 £ 2w d
IMO & A 4531 8 7k BARE > 0t 3 0 931 § (Tier 0) » = 2000 # %
2010 # 4 A sl &F 5 1 51 & (Tierl)> m 2011 & X 104 & 2 & en3l &
Rl 28318 (Tier2) 2% A 53 BHu o« He slFanh g v
T & 5 g MY 130 rpm 0l iE 51 & (Slow Speed Diesel) % ## i + 3%
130 rpm > — 4P 4 3% 400 ~ 2000 rpm 2. B ¢ 3& 51 & (Medium Speed
Diesel) o ¥ *b » 7= % & 5 F #iF # 1 51 & (Gas Turbine) * T F 3l &
(Steam Turbine) & o — & dydgiE * 7 ai € 2.7% 2 £ (HFO)eht 2
il paApAaiEie 2 m Trde M AR S W o PIF R L 2 Tl ¥
GCRRPEAEEE N Pt R R 2 o RV 2
I rliched 3-15 % % 3-16 #1751 o H ¢ Pk =5 gkWho
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F 3-14 4131 &P thii(g/kW-h)

sl | IMO s | DR E R NOx SOx PMio PM2s

s g 2.7% (HFO) €

Mo id 518 Tier 0 < 1999 18.1 10.5 1.50 1.2
vig gl E Tier 0 < 1999 14.0 115 1.50 1.2
M 51 & Tierl |2000 ~ 2010 17.0 10.5 1.50 1.2
Vo g Tier1 2000 ~ 2010 13.0 115 1.50 1.2
oi# 51 8 Tier2 |2011~2015| 153 10.5 1.50 1.2
¢ sl Tier2 |2011~2015| 11.2 115 1.50 1.2
F AR T na all 6.1 16.5 0.05 0.04
s Rl na all 2.1 16.5 0.80 0.64

s 7 £ 0.5% (MDO) ¥ i

i# 51 8 Tier 0 < 1999 17.0 1.9 0.38 0.35
¢ sl Tier 0 < 1999 13.2 2.1 0.38 0.35
g 518 Tierl |2000~2010| 16.0 1.9 0.38 0.35
RN Tier1 2000 ~ 2010 12.2 2.1 0.38 0.35
i# 51 8 Tier2 |2011~2015| 14.4 1.9 0.38 0.35
¢ sl Tier2 |2011~2015| 105 2.1 0.38 0.35
F ARG na all 5.7 3.1 0.01 0.01
EF R na all 2.0 3.1 0.20 0.18

TR KR Aldrete, G. etal. (2013) 1 2F7 7 7 & o
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3 3-15 2051 Bk thli(/kWh)

IMO #p & TR # NOx SOx PM1o PM2s
S F R 2.7% (HFO)
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
57 & 05% (MDO) £
Tier 0 = 1999 13.8 2.3 0.38 0.35
Tier 1 2000 ~ 2010 12.2 2.3 0.38 0.35
Tier 2 2011 ~ 2015 10.5 2.3 0.38 0.35
T % © Aldrete, G. etal. (2013) : *F7 5 & & -
4 3-16 4R $ 2 thik(g/kW-h)
Fuel NOx SOx PMao PM2s
HFO 2.7% Sulfur 21 16.5 0.8 0.64
MDO 0.5% Sulfur 2.0 3.1 0.2 0.18

TR kR Aldrete, G. ,etal. (2013) : 27 7 7 & o

3. W R Tl

pdaslH R * A P HF AP R €L HFL AR H &K
PIREDLR 35 SO, NP g A L omog T2 3 31 E
BRI 2 gl et il B2 U 7 AR 2.7%hE b & 0.5% 8 5
R i MR PE 0 Z Aok R Bl dod 3-17 £ 2.7%
E b (HFO) 5 A A cHi I fadicr 7 % 5 g 2.7%%E W 2 NO, -~ SOy %
PM 25354448 E 9 e Gdss 1.0
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Bt E PR PR P £ (HFO)ehiafic s Bl 7 3% 5 %8 P >
EAR ORI GEA P AAHBORE RE BETT 2 B EER
P fidicd ¥ S0 (MDO)sh o RIEFALZ 21l o Jf L i3 5 3%
LI SR sl s #E"‘Il“@: EENMUZIAmEZRE GEc T AE 1.0%
PTE N5 B e NOc o B4 31 8 2.7%P% 5 14.7 5 0.5%FP% 5 13.8 > R
8 1.0%pF 5 144 SO# B4 518 2.7%PFF 5 1235 0.5%PF 5 2.3 >
P35 1.0%M T 5 4.60 )L R 3 5 R B#E(FCF)2 NOy 5 1.0
SO« R 5 0370 Fr 5 3%dsdai * 1.0%37 Fig 2 3 g o

g §E :

dpda p R TR S A RE R B M - A 20% ~ 80%
i R TR AR FEREE Ay B 3 =3 (B (Propeller

Law) > 2 340 #7575 ¢

N,
o
P

-~

3

LE=(AS/MS ) oo (3-18)

HeY LAS Zdpdg g irg»m MSR|Z 5 rds HE ~355 &o
g e od gy z?xpplial?ﬁﬁaw‘.m@f AT E T

& o

B ALY 20%PF o P ab S fRSN g g PRFEA o R Y M
PEFF AR o - R KRB IIF M ALY F D] i‘ﬁﬁ’
H 51 & »xF 7 2 45 » EEIA(Energy and Environmental Analysis, Inc.) & #
P”ﬁﬁﬂ@ - BFHE R R ERE o Bl
RS L I SR SRS UL ST U 3
PO F AR B R H R f H R R R A i“ﬁ‘?ﬁfﬁf’ﬁ’ e

BT R E L AT A e

l-
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% 3-17 MDO/MGO %% &+ th#k
iR iR
%) NOy SOy PM (%) NOxy 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. ,etal. (2012 ~2013) © 2§ ® & o
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A iEGRER Y ot NG A 1% ~20% 90 £ “,f 1 20%
e o 1 iF G MOp i &k B (LLA, Low-Load Adjustment
foactor) » F "t EpF > DR BEFL R T GETT DT RO
fo B o Mf U Tidicdod 3-18 A7 0 R F]5 A 51 & enf PRI L
2% > Fp o AP WA 2% ~20%2. R Hic o

%318 ®f R fhik

Load NOx SOx PM Load NOx SO«x 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 1.11 5% 1.83 1.00 2.44
14% 1.08 1.00 1.15 4% 2.21 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

TR kiR © Aldrete, G. etal. (2013) 1 A5 5 # & -
5. es s B R R
dpdg2z EASIEF A B N RpREEEER 2 A NI4T A
B buf ARk P RIS T A ERE 2 T4 KR T
‘“ﬂ’l‘“’“'§r SRS N FAV SR 3 U LA EE T 20
R AREEEF AR YR G H e F R ) T l‘hﬁ’»rﬁ o Bt oif Bt
I E R E A g REFER 4 L Bipenpr P RS AR Rl
g %1+ R 4 Aldrete ¥ % *% 2007 # % Puget Sound maritime air
emission inventory % # % }F*J%F‘ B - ARy dg e d 3 EF gk IFE‘ I o
fof R R ke b BRI GO R R f iAo
a8 e 3419 S
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% 3-19 WesslF f PERE

4 85| % ot oA i2p

/& @ 45 (Auto Carrier) 0.15 0.45 0.26
47 # 45 (Bulk) 0.17 0.45 0.1

b 1% 4 (Container) 0.13 0.5 0.18
%, 45 (Cruise) 0.15 0.45 0.32

— 4 b7 45 (General Cargo) 0.17 0.45 0.22
% 45 45 (ATB/ITB) 0.17 0.45 0.22
H i (Miscellaneous) 0.17 0.45 0.22
4 &4 (Reefer) 0.15 0.45 0.32

% 1 % i (RoRo) 0.15 0.45 0.26
45 (Tanker) 0.24 0.33 0.26

T KR Aldrete, A. etal. (2007) @ A 7 R &
36 #ugp B E
3.6.1 gy N

EHBDAT RS LB BL PR ERGEE D 32 ) a7
W2 g el > Ao RSB AR RE TR 2N BEAISE
LR FRB~dp 4 IMO 2 MMSI a5l e “ TR E Y - .ﬁ}a‘n%{?\a’ i
ﬁ_ﬁ R T T N U SRR R R = 2 ﬁ?éal\?ﬂ iﬁﬁféﬁ
Slico BV B4 A e AIS FALY F phapdganiT 24y ﬁ\ﬂw#sw
T 2k ﬁ ZApda g P2 | §Y(LF) b PFaRBs 2 51’_’,5x4 R 1 E R
% Hc(EF) ~ % e & A B(FCE)2 f $0HR » {17 & b dp 4o c g

> A .
\::_L-’g_r A }\‘ S -5' J;EI#E’I‘{ % ©

dpdpinitiE B2 Hix2 &@Knot) HHE =35 % kn & kt> ¥ - B
Emaatt i s dnErom aia ol B E o Ta bS]
a1 A BTl &0 RAROER IS MR FR 1A D
BB FS s p el ook L R IRARIREA R FI A7 B R
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1~ BBt 28 1929 # WU k> $I0E ¢35 > WEL | A ehT
BMER 1,852 &2 (& 6,076.115 = )its | HES2ER > pme %
RIS o v d#Fad oo AR Al 116~125 B2 FF >
AF20~292 F > £ 001 B(1,111.2m > 3 5 RSG5 1km) s —
BEFFE B ¥ @3] 3428901 901 =811,801 B 18> b PrE Bt
TR R0 s b 5 RIRRETE o RRA T ERIDICR 3.6 -

| |
o -
e
°
=)
- &
'*“
= -
T
123 124 125

3.6 £ 4% dis 0
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d B AIS Tk 2 BB TR T N R L Apda g
BRAR g % dpda § B i @ R (SOG) ) ¥ Ik BB~ (B4 da3% £ L e
e PER 0 L ) ~ﬁ%%%ﬁﬁ%%,%?¢iﬁ$;ﬂﬁ%%ﬁm
TR AN dadupr ek BV Vg |

F Ak B Y EreniF A A 4 ’iir%] 3.7; (i 5%]6 L TR R
BELLH - £ FH > PlEX B2 EHEFL(B - A)r #9952
PP AREEREE R AT LD BE . R E2 PR R .

At REELET

26.5

#® 25
B /
24.5

;4 /

23.5

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

W 3.7 AIS #; dg #ug* 4 &7 £ W
FE A A et B g FARE AR AIS L LT
Fliodr AR > 2 SN REL AIS TR P NFEHEFNE
50 Mg e B > 7 AR e g da IMO S L E B0 B PR IR SR TR
¢ IMO #2552 ¥ (2354 < FHE Y IMO %% 4> 100 § 3 1,000 §
2 ) F G FAE 01 & A A T 1,000 F ~ o+ 100 F codicdy o

oA A L F fl@_ﬂﬁﬁtu{&%’d,«;ulxxﬁ&%_@/;% J—F,Q,J,B_LH?
PERAEETA O REF P gz o ,,ugjﬁti;tﬁgxﬁ;io
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AP L 0204 MR ERBAR L (20-0/60=0333; %= L F
KPR 5 0PF26 4 > HiE s AR5 (26-20)60=0.1 BEH R
HEAL AR ZLFTREFRFL 232 4 ZLTREFBRY S
(212-26)/60=3.1 = & § 45 4a 7 15 3P W ALE 3} Bt t > RIARE T
= B L SR s o

@“?\’i%~é§73 A N TR R & E IMO 4pdaz 51
CEhON AR F 0 2 H PR E T b

#E*‘u B VRS N e ¢ LEFRRE T e
Befo W AR R #“’x e ENE el g gk o d

3 AR %ﬁd K E R u g 0 I MMSI(Maritime Mobile Service
Identities Code)#lxﬁ»#r T2 ApAa L o FoiR o A da it &g 2 5N o

AT HETF IMO £ 4r F MMSI & fd 638 = 3824 5 102 & AIS £

Al A B2 A g oo

% iF IMO 4c + MMSI #7638 0 &k 2z dpdadupn - d S0 FARF % Ff
M EE NP E F R SR DN Tl BRIN 2R
s ANB-C-D~E~F~G-H-1-J-K% 11 B%& 4 94E 3.8
Z B 3.9 oo d MdpdadniT i - HFERFA > A AL RB(RE A
B)2 & 3 B8 (F# [ D2 B REF 540 Eerplk fh o #r L4 ‘épﬁ%ﬁé
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3.11.1 ISAM #:5¢ e fi e & % B T &

bo st o ISAM BER R B (R 5 44 5 PMas & Os @ 3
7 el de f(tag) 0 BB CMAQVS.3 554 ¥ (1 ISAM ¥ i i+ 6
ARE G AT B

v SULFATE: ASO41/J, SO2, SULF

v NITRATE: ANO3I/J, HNO3, HNO3, NO, NO2, NO3, HONO, N205,
other mechanism-dependent species

v AMMONIUM: ANH41/J, NH3

v EC: AECI/J

v OC: APOCI, APOCJ, APNCOMI/J

v VOC: mechanism-dependent species participating in ozone chemistry

v PM25 IONS*: ACLI/J, ANAI/J, AMGJ, AKJ, ACAJ, AFEJ, AALIJ,
ASIJ, ATLJ, AMNJ, AOTHRI/J

v CO

v OZONE*: O3, all NITRATE species + all VOC species

ISAM » X @ * F¥ 0L p 7R AT BT i b % et F &
H W p3Tih% Hu(sector) o AT F i@ % TEDSI0 #7dp Tiha 4 - 2 BT
B m RS BEIRE S A T A g R g2 0 ER ek
T BArda i A RE O F ARSI CMAQ-ISAM #-5\ 3 & W ehie
Fis > B F 2P R e TR BT RS 7T AR

v TEDS & 2k

v TEDS & &
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vod R s A B R

v i ! & % 5 (BCON)

v i 4 8§ B(ICON)

VHEE X FRETR

dp CMAQ F 03V 48 & Bicdy 0 3 ILT] ISAM g 7 5 (e
¥ %P5 B u(sectors) & Eie(tag) il ® @ G T A B0 T HEieiake
R o T 8 BRAE T AR TR L R A
AR#HEGN3~4 B2 o AFTRY 9 BRI NPT 29 458
ﬁ%ﬁﬁ%ﬁ?ﬁgﬁuﬁaaﬂ’ﬂ&ﬁ?ﬁ%%ﬁﬁ?ﬁgﬁﬁ
O It o T oA §id SRR TR IR AT Bl AT KT %
WA ot iiimfviﬂuaié g LB RTo M SR R ER 6 e

3.11.2 HVR winde

¥ 7 SRR IR ’%Pia“ﬁ%ﬂﬁﬁﬁwﬁ.%-ﬁ‘%
IBREHER G F WA AR 2 CMAQ-ISAM -5 e °
BT B[ A 2R SRR AR A

Lﬁﬂgkgi%giﬁ“mFi?ﬁ*’ﬁﬁﬁﬁ%*ﬁB§EO%
P AETREF R TR ERETRF LW 1P Of % S
dge i Sl ~ WRE 8P 0 SR 1 p 235 25 p 215
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EHCN A 3 B % % CMAQ-ISAM f58» ak p & + 10 2
I BE T AR R - A WFE TR E R - A e &
v PIFLATE CMAQ-ISAM 4p M » 7 Rl & ¢

4.4 WRF #5803 » B3 MCIP # 2 7 S #5307 @ 20 /O APL
ﬁL‘*é'}k o

5.02 SMOKE #73% » 5 fie p {7 % & 1% Buif W (sectors) » % & A7 MCIP
@\ Lo B gnzt E 9 fhHE Wt B et 2§ o

6. 14 ISAM control file 3% 3+ & 7| % TR T & - 3 2 2] %7 SMOKE #:5¢
WOFALT A F A L ARE e FRISERGFE N E
it o

7. B 438 17 [SAM 2 4850 o

B.FALAANRITRE > 7% CMAQ | 3 2 4+ 5 £ #5% (combine
tools) B 4o i 1t = 5 ISAMready 3% » R {538 (7 PMys 2 4p B 4 48

2 =Rl #
AT E -

0.4 p 4E42 7 (4r perl, PHP & H # 425332 2 357 )fe 29 T (%5 jp| b 4p
Pﬁﬁ‘ﬂfé’;&«iﬁ%’b%}é&%ﬂz’;ﬁ»ﬁ;]ﬂ:ééﬁi%’é;“’#@ 7 TR P AP BE

LR

\
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YR APipdapig

d *> TEDS 9 #2c £ it # 5 102 & » 2 TEDS 10 #3%< £ A &
S105# > Fp o ERES BERMRAP R BHG 2 AR E X iTL P
R IRl o B 102 £ % 105 #E FARFF F AR g AIS F
i SO LRSS g ST SR (VLR '”/w\"v'l?’u
Fl’i_i o

4.1 102 & dpdqa g

YRS E PRI E AN 102 F £ s darda 2 ER
PR B > HP gt s FaE R Pl R Y SmE
2.7%(HFO) 2. %kih » @ >0 B (T2 * BEs31 8 2 Sbp P Pl " 7 A
£ 0.5%MDO)z_ %t » 2 {8 g BB AR 2L ¢ K2 P g i
AV~ e Rl Gle® S 3 E 102 & AIS R B2 dpdaiT 44
£ 2 p 2R w27 o 53 NOx~ SO, %2 PM > & 5 i3 44
Parg %A 5 1803157 ~ 114,513 9% % 16,0109 » @ BB F A v a3
Az R R L 1,052,219 ¥ ~ 675,027 #E 2 95,008 ®f > i % drd 4-1 o

% 4-1 102 & AIS #3c g

R () TERET AR ()
NOy SO« PM NOx SO« PM
Bge 180,315 | 114,513 16,010 | 1,052,219 | 675,027 95,098
p T 500.9 318.1 445 2,922.8 1,875.1 264.2
MR N: 930.8 597.1 83.7 5,283.3 3,511.2 488.6
B B 166.2 79.4 13.5 798.5 460.3 67.7
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H ¥ NOgHa iz 3 43 166.2~930.8 92 F > &5 5 6 7 19
2.9308¥ s Stz 567 18 p2 8875¥E 5= F AL 6% 17 p 2
866.6 ¥ ; SOyt G 2 E 13794 ~597. 192 B > &8 567 19 P
25971 %8> 2% 6% 18 p2 5814w $=FRL 67 17p2
554578 s PM e i 42 8 A3 13.5~83.7 "2 BF > 5B 567 19 p 2
83.7 W k2 % 67 18 p 2 80.1# 5= BR 567 17 p 2 78.1

NO B3 F At ditfp 2 3 430 798.5~5283 3 vz fF » & § &
1% 29pz 52833%F =2 5287 20p 2 49286+ » %= B R 5 8
127 B 2 48050 #F ; SOx R 38 | A v 35 R 43 460.3 ~ 3,511.2
WEZ_ P o BB 2 17 29 pz2 35112% » =tz 52 8% 27 p 2 3,179.5
MR R Z B R E 87 20 P 23,1604 ;PM BB A VG HE A
3677 ~ 488672 B > BB L 1 % 29 p 2 48867 > =tz 3 87 20
P2 4473w %= 3P 5 87 27 p 2 4382w -

PoagrEp TP EHicR 41 2 B 42> H¢ NOi~ SO %
PM ># p T2 fife 238 kA % 500.9 o ~ 318.1 ¥ 2 445 % > &
BEE AR E R S 2922.8 ¥ ~ 1875.1 WE X2 264.2 ¥ o

EINOx ES0x EPM
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s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
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AAHEICE (Vi)
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Lt Sl A B R HEFIER S (0§5)

B NOx

FE1SOx

EPM

3500

3000

2500 .

=2000 -

= =
o U1
=] o
=] =]

500 -

20134 H Y

W42 102 #E R bldny 28 p L5

F iR FRL
EEFTM o Ju 2 FE 365 % 2

Al S ﬂi-ﬂ B i if 5

e B REH T L FRT Y 2 F
EAeR T T, ¥

B

R XAk 425 2P

31.3% » 4pdaBchP] 5 25.6% -

%42 102 # AISFTH LK

R BEGET Y LH|  FRT G

EN S IMO+MMSI| 4 4adic [IMO+MMSI| 45 4 #ic | IMO+MMSI |45 4 #ic

> # $,4r|270,419,135(258,555,890(1,316,965| 77,940,482 |315,394| 30.1% 23.9%
p-Tiz | 751,164 718,211 3,658 216,501 876 31.3% 25.6%

&+~ g | 1,483,846 | 1,387,682 | 7,801 309,885 | 1,151 44.8% |52.7%

B & | 288,849 277,819 1,172 83,918 574 18.4% 13.4%
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Ak

Tk 102 & AIS TR BB FAELE - 4 HiER T Y

FALT k2 & p g

g
S

4y

A4

—

2 itdek 43 2 £ 445 HP AIS FL¥ #
2 o dnda BB S 24.6% ~26.2%2. ¥ o

343 102 & AIS TR Y- 3 1

At

=R

#c

Wooe— E 365 X ¢ 0 cnk B - dkiE
YT, I kBT T BN E - X i AR - B

FR A2 30.8% ~ 31.7%

& & PEEET Y Ak R
¥ |IMO+MMSI| 4 44 #ic IMO+MMSI | 45 48 i | IMO+MMSI | 45 4 #ic
5 #- | 753,340 | 720,650 | 3,861 | 215930 | 891 30.9% | 24.6%
5 # - | 768,359 | 734,403 | 3,810 | 218,875 | 900 30.8% | 24.9%
5 # = | 743301 | 711,017 | 3,570 | 214,746 | 878 31.3% | 26.1%
5 #we | 730,534 | 697,986 | 3,532 | 213,453 | 861 31.7% | 26.1%
587 | 739,094 | 705011 | 3573 | 212,929 | 866 315% |25.9%
5 # > | 751,776 | 719,520 | 3,557 | 215956 | 859 31.4% | 26.2%
B8 p | 772593 | 739,767 | 3,703 | 223,883 | 876 31.4% | 25.3%
% 4-4 102 & AIS 3§ - % i
B g (W) TELEE AR ()
NOx SO« PM NOx SO« PM
5 ¥ - 530.6 336.6 47.2 3,082.3 1,977.7 279.0
D/ 534.6 339.9 475 3,180.7 2,045.6 288.3
5= 501.1 318.0 44.5 2,896.4 1,855.5 261.5
9w 471.0 298.5 41.8 2,688.4 1,717.6 2425
9T 480.9 305.5 42.7 2,816.7 1,806.6 254.4
5 H = 477.9 303.7 42.4 2,852.7 1,835.4 257.9
B8P 509.4 324.1 45.2 2,940.6 1,885.9 265.3
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EINOx E150x EPM
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it Sl A B R HEFIER 2 (0§51)

500 -

e lle A =

EH—- EE— EH= EE E#iR BEDN B8

RESEEESERTTETERTRaRetss:

o

R R R B R R R R

B ea ey

o

R I RRRRRRIRRR

Fl44 102 23%E 580 5 - % 90 M

T

»

5

w0 if 102 £ AIS Fft > & pe okt

PFEEPRRTEFTNOER pE - B 2 B RTT
RIEEXED i Rdodk 45 2 42 460 B¢ AIS FHF * FR)A
26.0% ~38.1%2 B » 4pda#cf] 5 19.6% ~34.1%2 & -

e

J

\-t-
i

’

PP LG AR 45 2 B 4.6 H P NOHm 3% g />
3$8~@9&®a@’&£ﬁ~~z;&96®»aiéAWz.wIW®’
= BR A2 %2 5731 % 5 SO s £ § 4 3 226.4 ~ 409.0 w2
B BB 55— 7240900 > K205~ 2 38120 %= 3R 5 =7
\3&4%:Hdﬁﬁﬁﬁ€f%3w~6fwﬁiﬁ’&$é;91
5719 > 2. 5~ 9 2 533 $Z B8R LA~ 0 2 5119

NO ®e 3 A v ditfp 2 38 430 2362.9~3,742.5 W > 5% 5
AT 2 37425 2 A4 2324109 F = BB 52— 7 2 3,181.8
W SO BB R A e g 43 1,5209~2,396.8 2 [ > BB
A2 23968tz 24 % 2 20665 % = BRI L - ¢ 22,0382
HELPM B3 A VG RRE 430 2129~3369 2 FF o g 5 N
2. 3369%F > 2 54 " 229209 > %= FR5- 2 2883 -
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% 4-5 102 & AIS TR L ik ¥ g1

& &E FEEET Y Lk FoRE

T8 [IMO+MMSI|4; 44 B IMO+MMSI| 45 44 B  IMO+MMSI| 45 4a

- 876,348 | 831,091 | 3,273 | 228,374 841 28.6% 27.5%

= 697,251 | 654,877 | 2,382 | 177,418 730 27.9% 34.1%

= 799,071 | 757,080 | 3,538 | 213,998 864 29.9% 26.7%

z 7 515,235 | 488,768 | 3,680 | 175,498 887 35.9% 25.2%

I 556,427 | 526,627 | 3,654 | 183,608 895 34.9% 24.7%

B 571,533 | 543,911 | 3,024 | 206,199 897 38.1% 30.0%

- 798,648 | 767,106 | 3,481 | 247,497 931 32.8% 27.4%

~ 989,479 | 958,579 | 4,858 | 245,964 921 26.0% 19.6%

17 779,990 | 756,971 | 4,222 | 220,841 904 30.0% 22.6%

-+ 800,355 | 773,375 | 3,871 | 237,254 887 31.0% 23.7%

-+ - % 1851300 | 819,099 | 4,095 | 226,854 869 28.2% 22.0%
-+ = % | 753231 | 714,706 | 3,574 | 226,744 866 32.0% 25.3%

% 4-6 102 # AIS 3§ &9 1L

R (o) FRALEF A F ()

NOx | soc | PM | Nox | soc | Pm

- 434.9 274.2 38.4 3,181.8 | 2038.2 288.3

= 353.8 226.4 31.5 2,712.5 | 1758.3 248.2

= 476.3 302.2 42.2 2,936.9 | 1890.9 265.8

r A 500.3 319.2 44.4 2,518.7 | 1627.1 228.1

I 552.7 353.0 49.3 2,797.8 | 1805.2 253.9

B 573.1 367.4 51.1 2,362.9 | 1520.9 212.9

E 630.6 | 4000 | 57.1 | 28817 | 1852.8 | 250.8

~ 5977 | 38L2 | 533 | 37425 | 23968 | 336.9

1 7 511.9 323.4 45.4 3,241.0 | 2066.5 292.0

-+ 461.6 289.3 40.7 2,923.3 | 1874.0 264.8

- 451.3 284.7 39.9 3,098.3 | 1992.7 281.7
Lo 437.3 274.9 38.5 2,599.8 | 1631.6 230.9
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» H

7

I R Ry

st > 1

/LA‘—_'

a
T
o g A 5 203,128 #F ~ 130,516 = 2 18,325 #g »

g P 5 1,088,681 #f ~ 705,843 w2 99756 ¥ > drdk 4-7 o

4 47 1053 AIS %

NOx~ SO % PM > # it iz 4%

mRER AR

ST g () TR P AR (o)
NOx SO« PM NOx SO« PM
EXN G 203,128 | 130516 | 18325 | 1088681 | 705843 | 99756
pTia 558.0 358.6 50.3 2990.9 1939.1 | 274.1
L 1,015.2 656.8 92.4 5322.0 3474.0 | 494.8
B B 43.2 29.6 3.9 500.7 341.2 45.1

HY NOH BT E A3 432 ~ 10152 W2 F » 5B 597 29
P2 1,015.2@,44;% 1% 14p29167#% » $=805 10 27
B 2. 905.4 ¥ ; SO 42 2 24 B /135 29.6 ~ 6568 Wi2 B » fg 5 9 7
29 p 2 65687 %2 5 117 14 p2 6085w » $=F R 5 67 22
P2 597.9W8 ; PM gz 4R 4 3.9~924w82 F » 53 597 29
P2 924> %2 5117 14p2 840# » $ =205 67 24 p 2
83.9 v o

NO, T 8 A 1L 4 12 2 2 £ 42 500.7~5,322.0 2 ¥ > § & %
119 17 p2 53220 > %2 % 9% 29 p 2 50081 % > 5= 8 0%
8 % 10 p 2 5,030.7 % ;SO T 8 A v 1 3 B3 F 4 3¢ 341.2~3,474.0
WEZ R BB s 110 17 P2 34740 » 25 87 10 p 2 3,440.6
WS Z AR5 90 20p 2 331290 ;PM BB A H B RE 4
% 451 ~494.8 W2 B > BB L 119 17 P 2 494.8%F » 2.5 9 7 29
P2 4TASWE S $Z B PIE 8 10 p 2 471.3 ¢ -

g rap TPt g H-B 47 2 B 480 2 ¢ NOx~ SO 2
PM >#p T332 a3 E & A 5 558.09F ~358.6 =% 503 ¢ > @
VR AV GERER S 29909 @ ~ 1,939.1 MR 2 274.1 wE o
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348 105 % AIS TR L

P& g pEaET Y iE] FHATS

¥ ¥ IMO+MMSI | 4;4a#c | IMO+MMSI | 4; 44 #ic | IMO+MMSI |45 44 #ic

> # $,{r| 393,184,766 | 348,684,957 | 1,950,651 | 108,294,670 |343,189| 31.1% 17.6%

p Lo | 1083,154 960,565 5,374 298,332 945 32.1% 19.1%

B~ B | 1,944,267 | 1,663,890 | 11,759 414,533 1,305 46.2% 38.0%

- 42,445 38,634 976 11,608 232 19.7% 9.2%

- B

fedide H it 105 & AIS T 2B FRLH B L HER 7
T -FTHTPF2EpPRFIFTI - & 366 % 7 975 hh
-~ B ART TS R REART T BN E - I gflE o g - B
2 drd 492 £ 410> ¢ AIS FTHRF * F ] 43 31.2%~32.4%
2 FF s g dadeR] 5 18.6% ~ 19.6%2 FF

- P g HAcB 49 2 B 4100 B P NO iz 3% g 4
3 877.6 ~9558 Wz [ > BB 5 A B w2 9558w w2 LR 2
0544 %F » %= BR) 5 A& ET 2 943.1 w5 SO 3t i 2% 45 5729 ~
6188 Wiz AF » 5B % A Hpw 2 6188 » =t 2 2 AT 2 610.8 #f >
FZBRLEE =2 60837 PM 4t s g 43 80.7~87 42 s
BB rhdpw 2 874 2 F 5 =2 8709 %= BRI EET
2. 86.5 ®f o

NO, ® B A iz 2 #a g 43 29154~3,0749 W2 F » B 3B
LSEYw2 307499 K2 S =2 306769 FZ BRI LAY
T 23,0272 9 ; SO, &3 F A3t m R 43 1,906.9 ~ 1,994.3 ¥
2R BB L AP 2 199438 K2 L EHT 2 1,962.1 > § =
B G EH =2 1,9592 #F 5 PM ®EBF A G E 43 267.0 ~
2816 W2 A » BB 5 B w2 281698 > =2 5 & # =2 2799 = >
Y2 P A EET 2 2777

4-11



%49 105% AIS TR L 8- » 1

Be BLGET Y LH| TR
i #  [IMO+MMSI|4; 48 #ic IMO+MMSI | 4 4a B | IMO+MMSI | 4 Jia B
% #p- 1,074,169 950,307 5,393 294,063 949 32.2% 19.3%
% #p - 1,080,965 958,992 5,333 301,258 942 32.4% 19.1%
% #p= 1,087,498 967,398 5,245 304,751 947 32.4% 19.6%
i d e (1,074,112 954,074 5,319 299,130 954 32.2% 19.5%
5 ¥ 7 [1,063,926| 942,711 5,410 295,180 952 32.1% 18.9%
% #p > 1,109,540 984,505 | 5,512 295,986 937 31.2% 18.6%
58 p 1,092,598 966,538 | 5,406 298,006 936 31.9% 19.0%
£ 4-10 105 AIS % g - B $1
Wt f () TRIE T A F ()
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z 7 965,883 | 871,306 | 4,871 | 295,337 976 34.6% 20.6%
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W () TEAEF A F ()
NO, SO« PM NO, SOy PM
- 443.2 278.1 39.4 2,843.1 1,802.5 257.6
= 435.7 272.3 38.6 2,190.8 1,392.0 198.4
= 532.8 338.4 41.7 2,661.8 1,712.0 242.7
P 599.4 387.6 54.2 2,763.7 1,803.0 253.7
I 553.0 356.9 50.1 2,742.0 1,774.6 250.4
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+ = 506.0 320.8 45.3 2,991.2 1,896.1 270.2
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R 28R 5 0.70-MFE B| 5 38.1% 2 ¢ #3075 5% F fdF 2 B %
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21 >4 MFB % 89% - Ap B 4 #,cR % 0.45° MFE P % 44.2% > # ¢
PN SR G RF 2 %% > 2 MFB 5-10.8% 0 4pR 28 R 5 044>
MFE B % 38.8% ;
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HP By 2 5% RFZE5 4
MFE B 5 42.5%; ~ *
PG 497% H¢ 2 a7 5% 2 %%
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R % 0.76°MFE B 5 48.6% #
%-93% 4aBE %# R 5 0.82> MFE B| 5% 44.5% ;
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H MFB 5 0.5% > 4p i
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L1 >4 MFB &
8%,191%@”«&11,1 075> MFE pl % 44.6% £ ¢ 253 % 5% R
# MFB

-7.1% > 1p B %8R 5 0.64 » MFE B 5 34.7% ;

+ - }_g?; MFB =z 11.5% > #p R %28 R 5 0.75> MFE ] 5 43.1% -
ii Q? rqa :L qu é% P ﬁktiff 4 “L L

MFE B % 34.9% ; + = *
MFE B 5 41.8%> 2 # 2 £,
M B8R 5 065> MFE P 5 32.8% °

B
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H MFB % 3.2% 4p i 28R %
>% MFB 5 49%  pR %8 R 5 0.79 >
A2 %

ZERIHFT
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y_
%m
#

S
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=

0.65>

H MFB 5 -2.7%~

FEL:s &% P ERG2ZH 4
Reod WL THERALFTLIk
DA MR IR E P A A liciE AP YR
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P At =
%E#B%L% ﬂii; FR R I R R A e RN [ N TR T A TR
Ze W  BRHETF FESFLEZHLE 3w EHY ] 52 @
L BEWHTRAFT R o

% 5-12 - 7 PMys it i1
2016/01 MFB | # &bt | R | @ &80 | MFE | 2 & shicvt

AMEEE | 2.5% 96% 0.67 100.0% |44.5% 96%
HW R Ew | -11.2% 83% 0.65 100.0% |41.8% 100%
IR A 3.9% 100% 0.65 100.0% |32.1% 100%
Z2E3 3 &% |-18.5% 91% 0.68 100.0% |30.8% 100%
BHEE &R 8.8% 80% 0.68 93.3% 30.4% 93%
FWEER | 17.1% 50% 0.34 0.0% 57.3% 50%
TAEIERE [-47.8% 0% 0.59 66.7% 53.0% 67%
Ege -1.9% 86% 0.73 94.5% 38.2% 95%
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% 5-13 = ¥ PMys}dit i

2016/02 MFB | # &8t | R | # &8t | MFE | # & 2h#ot
AT 5.1% 96% 0.83 100.0% |39.8% 100%
HruEEER | -1.7% 83% 0.83 100.0% |41.4% 100%
PR EE | -6.8% 91% 0.80 100.0%  |32.0% 100%

Z2E£3375% [-20.6% 91% 0.76 100.0% |36.5% 100%
BERETE%E | -1.8% 100% 0.73 100.0%  |33.4% 100%
FHEEE | 14.9% 50% 0.88 100.0% |50.6% 50%
ThTE®R  [-61.0% 0% 0.81 100.0% | 64.2% 0%

>p -5.5% 89% 0.80 100.0% |38.2% 95%
% 5-14 = ¥ PMas s i®fe

2016/03 MFB | # &kt | R | # &xh#cyt | MFE | 2 & shact
AT 3.6% 100% 0.76 100.0% |38.1% 100%
ur %R | -8.0% 100% 0.69 100.0%  |41.0% 100%
PIRT R 5.1% 91% 0.64 100.0%  |35.1% 100%

Z2E337 5% [-17.7% 100% 0.72 100.0% |31.5% 100%
BELT &SR 8.8% 87% 0.71 93.3% 29.7% 100%
FWESE | 32.3% 50% 0.60 100.0% |57.6% 50%
ThETE®R  [-62.3% 0% 0.70 100.0% | 66.3% 0%

rp -1.2% 90% 0.73 98.6% 36.9% 95%
% 5-15 = ¥ PM,s s 3®6

2016/04 MFB | # &=kt | R | # &xh#crt | MFE | 2 & shact
AT 3.6% 100% 0.67 100.0%  |35.1% 100%

Hw SRR |-18.4% 83% 0.79 100.0% |33.8% 100%
PR EE [-18.5% 82% 0.79 100.0% |34.4% 91%

Z2E£3375% [-33.7% 55% 0.77 100.0% |41.1% 91%
BELT &R 4.4% 73% 0.69 100.0% |38.3% 87%
FWEEE|-20.1% 100% 0.63 100.0%  |40.9% 100%
ThTE%R  [-72.0% 0% 0.78 100.0% | 72.0% 0%

o -10.8% 79% 0.70 100.0% |38.1% 90%
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% 5-16 T ¥ PMasidit %

2016/05 MFB | ¢ £##ct | R | &8k | MFE | & & shdi0t
AMEEE | -1.7% 96% 0.68 96.0% 36.4% 100%
e ER | -8.0% 83% 0.56 83.3% 37.5% 100%
P EE | -5.9% 91% 0.69 100.0%  |33.1% 100%

2E355% |-244% 73% 0.79 100.0% |35.6% 91%
BEZEE | 11.9% 67% 0.66 100.0%  |40.9% 87%
FWEER[-11.7% 100% 0.20 0.0% 44.3% 100%
ThTER|-552% 0% 0.44 0.0% 58.5% 67%

Ege -8.0% 81% 0.68 90.4% 37.9% 95%
% 5-17 & ¥ PMas s i®fs

2016/06 MFB | # &gt | R | # &80 | MFE | # & shiicvt
AmMEEE|29.1% 56% 0.42 60.0% 44.0% 76%

h LR 8.5% 50% 0.46 100.0%  |45.3% 83%
PIEEE(-10.8% 82% 0.44 81.8% 38.8% 82%
ZE3ZT&HF |-21.2% 73% 0.37 36.4% 41.1% 82%
BEI&EE | 15.6% 53% 0.14 6.7% 50.5% 73%
FWE&E® | 45.5% 0% 0.49 50.0% 48.2% 100%
ThETER|-35.1% 33% 0.68 100.0%  |41.0% 100%
> 8.9% 59% 0.45 53.4% 44.2% 79%

% 5-18 = % PM,s it i1

2016/07 MFB | # &bt | R | @ &8 | MFE | 7 & shiicvt
AMEEE | 17.6% 76% 0.67 100.0% |37.8% 92%
R 3.6% 83% 0.60 83.3% 42.5% 83%
P EE(-12.5% 82% 0.72 100.0% |37.2% 91%

ZE3Z&HF |-14.4% 82% 0.68 100.0% |36.6% 91%
BELTEEF | 332% 60% 0.35 80.0% 55.8% 73%
TWE&E® | 374% 50% 0.58 100.0% | 45.0% 50%
TRZI&ER|-38.9% 33% 0.65 100.0%  |44.3% 67%

Ege 8.6% 73% 0.56 94.5% 42.1% 85%
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% 5-19 ~ % PMysidiat %

2016/08 MFB | # &8t | R | # &8t | MFE | # & 2h#ot
HIMEEE | 35.5% 48% 0.76 100.0%  |47.6% 72%
AuEE%R | 40.7% 33% 0.71 100.0%  |50.4% 67%
L e 11.6% 73% 0.62 100.0% |46.3% 91%

Z2E355% | 0.5% 100% 0.72 100.0%  |40.8% 100%
BERET &% |46.1% 33% 0.57 100.0% | 63.2% 47%
FHEEE | 51.9% 50% 0.71 100.0% |57.8% 50%
TLZ2E% | -5.7% 100% 0.74 100.0% |37.0% 100%

>p 28.0% 58% 0.66 100.0%  |49.7% 74%
% 5-20 14 7 PMas it 37w

2016/09 MFB | # &kt | R | # &xh#cyt | MFE | 2 & shact
AT 2.5% 80% 0.73 100.0%  |45.9% 84%
R 6.6% 50% 0.73 100.0%  |49.7% 67%

P =% | -7.1% 91% 0.80 100.0% |47.1% 82%
Z2E375% | -93% 100% 0.82 100.0%  |44.5% 100%
FETEER|29.7% 53% 0.76 100.0%  |55.8% 67%
FHEEE | 23.9% 50% 0.67 100.0%  |53.6% 50%
ThE &% [-37.8% 33% 0.56 66.7% 52.0% 67%
rp 3.9% 74% 0.76 98.6% 48.6% 79%

% 5-21 L% PM,s it i

2016/10 MFB | # &=kt | R | # &xh#crt | MFE | 2 & shact
HIMEEE | -5.5% 88% 0.85 100.0%  |45.5% 88%
R 9.0% 83% 0.68 100.0% |54.1% 50%
L e A 8.9% 91% 0.77 100.0% |36.2% 100%

Z2E375% | -1.1% 100% 0.64 90.9% 34.7% 100%
BERET &% |26.9% 47% 0.57 93.3% 49.7% 80%
FWESE | 53.4% 0% 0.79 100.0% | 61.0% 50%
ThEE%R  [-33.3% 67% 0.58 33.3% 47.5% 100%

o 4.8% 78% 0.75 94.5% 44.6% 86%
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% 5-22 L - 3 PMysit i

2016/11 MFB | ¢ £##ct | R | &8k | MFE | & & shdi0t
AMEEE | 4.8% 92% 0.64 96.0% 46.9% 88%
PR LR 7.2% 83% 0.76 100.0%  |46.9% 67%
P EE | 25.7% 73% 0.80 100.0%  |39.9% 82%
Z2E33&% | 32% 100% 0.65 100.0%  |34.9% 100%
BEIEE29.1% 67% 0.66 93.3% 39.4% 87%
FWE&EF [ 38.9% 50% 0.52 100.0% | 54.2% 50%
ThETER|-51.0% 0% 0.50 33.3% 56.4% 33%
Ege 11.5% 79% 0.75 94.5% 43.1% 84%

% 5-23 L - % PMystidae 36

2016/12 MFB | # &bt | R | # &80 | MFE | # & zhiicvt
AL EE | -2.0% 88% 0.78 100.0%  |49.2% 80%
B LR 1.7% 83% 0.76 100.0%  |52.1% 67%
P EE | 193% 91% 0.76 100.0%  |35.1% 100%
ZESZHEE | -2.7% 100% 0.65 100.0%  |32.8% 100%
BAELTEE | 21.4% 80% 0.68 100.0% |33.1% 87%
FWE&ER | 153% 50% 0.82 100.0% |51.4% 100%
ThTER|-45.1% 0% 0.75 100.0% | 54.1% 67%
> 4.9% 84% 0.79 100.0% |41.8% 86%

55 CMAQ-ISAM £ ¥

AETEHEY 109 £ EHATCMAQ v5.3.1 54 » plamAh e B L&
& paih 4~ et 2 (Integrated Source Apportionment Mothod, ISAM) >
7R &Y L CMAQ L A250 S o o » JHIE IR TR
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# cd S$CMAQ HOME/CCTM/scripts
# vim bldit cctm.csh.isam

set ISAM CCTM # pIE P 7 & fad |

# ./ bldit cctm.csh.isam

Jopt T Erds CMAQ 7 ISAM fic i 3L 32 o ke 2K 4oyt
Wedi@h g @ L B8 LA g gl i*uw i Iy
PR PR L RPN R AR X I FRRY B E
NetCDF % # & IO APL #25% el 21y + 4ot = 7 i€ (72— % b -

03] ~27~9 22 R H-# T B CCTM B ikt

b ‘f«;i'ﬂ‘*—“*—*il DR T L T R S R e

PR R RELEARERI IR CRAFRSZ 2T F &

’%‘r/}ali‘.;}"%% 2 s PR Rt R e A e e o e

AP Tk RARS > Ry B Refal A uBdp k = B

i R R AR B B 2 T - R RO dost B F U

FEF RN R e R m e BN B T T L 4
¥ TR 5.18:

TH4EE CCTMAE fE

HUfS =42 R A

QIS - HLRREBI | AR A SR | s - R
U BIHTMERe MCIP #;H2} ENCE IR D U

A

et P E A RHER
SMOKE g0kt

A

|| REBRECCTMIs
U = e 22 S R

W 5.18 epfpimpR BV Eivipiid
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8l et r 27 2 2wtz BFenR 25 B AT Y R 81
SRR S EE LR RRCEE D E EEE Y T = SR SR R

Bz kR e 2 15 1 WRF et § 45558 01 5% 4 8 17 MCIP
Bt TR B R Bk T L g M] CREFTHEQEEF %
Boo b PR 1127 22 R A RIE PR K B Ak B B
R e B SMOKE HE5% ehfi 318 & » % % x 27 2 2 lmige f e
Ry P oo

d 3t ISAM #53¢ enfhie# e (tag) i & i 47 % FE#?’?Q‘.:‘)%IE‘?TEJ*J% ’
FHERxs 2 ap %ﬁmiﬁr'{?‘}ﬁ{-:}ﬁﬁ% s Pl i ISAM e Ft > A
hE R At E R > WA RIN27 9 DB R DFRT 0 WY B
FICMAQ B Bt M8 7 BTl Ak B dn B R g A
ERZ R T o

Flab o R R s ar g chP B U S8 - o A
CMAQ ¢hCCTM i* & @ 538 § - > /8 SMOKE ¥ - #j » #;(emission
@m%ﬁMGP%7*ﬁ’ﬁﬁF§?%~?%ﬁﬁ@’%?@ﬁﬁﬁ
g > BB ¥ I F Ak (gas)¥ F i (particulate) eh=t iR PFE R o
®81 279 = T P RAGR-PTE RJIL ]

AFTHRES cREBALF % s Jle b B %k
EFHE AFTARRY B FHRERRE

L4 % % EDGAR # %8 TR > 25 101 & A% > 5

e B ReNEAS R SR e I LR g o
PEREE Rip A A D R AP T e L e T

> AR T % TEDSIO R g FRE S aE FREX § 4
m BER OSSR GRS B B EREUR)R R SRR
TR G ORISR A RE R o
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AT PP THRES ~ SMOKE #o3  #i# » B~ =
PREpERERE T HECCTM HeiEE 2 * o

@3 o ¥ LR

o2 RRAEEMTEY ~ ISAM e 0 AT Y Ry H ek
Mo A REAEF ’fwéa(tag)ﬁﬂ#% IR R ’ﬁ

» TEDS ¥ Tk

» TEDS & /&

» TEDS # # /h

>k R FOR W RI EALA T 2 Bk
> TEDS i# ¥ # &

> b i R gk

fiﬁ > it e AR e 2 18 B As iR T ROV HOER o d TR O
FEXIERA SA L ER R DPEE F o ISAM 3 B k17 4
B ikzeerpt 2o g 2 ¢t ”’Hgécé?%] m&pm CH B AR 2 BT
Bengiacifikie > Flpt M e @ el 67 N3 B > N S 17
AR TRl i R Rt R - B W O R Lk 0 [SAM € 4 H]
ferifhie o RHCAE TR 157 Fanfkse Rk RATA A g
P Ris b B R R R

W

ZF & B TR ) S PMas TR RR 0 @ e PMos
E R AT Y et R BIE T B 3§ &R i i AR
AR ’ng B ixeak R @ e o [SAM T /J»}ij:“’”"l‘)im‘%\'l)v‘?rg
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x

I

¥

> -4 EC/OC i Aiken j %8 » # (71 T f£ 5 14 % )2 Accumulation
A E (TG )R F R

P AR R Y o 4 SO A F M R PR
TR L jRAE LS TR R R E TR

>€f‘l"§‘]‘@3ﬁ§§- 31"—-;73‘:1 ’ gf‘l' ’J’l_]/ﬁ»'lé p) 7 f& /kﬁ;. g Z:Q
ﬁ”}:;‘g F },@ E‘ﬁNO, NOQ, HNO3, NO3, HONO, N205 :TL- 5}7’ 7%_@ 7 7"{-"7 ’

PAEYER RS D B A H NH f 2 LA B ERE
(i

I LF g Rie 0 BILR G TR A

> 11 CBOS e a2 o £ 5 14 48 VOC = »Agtk3e 0 bl4r ALD2,
ALDX, ETH, ETHA, ETOH, FORM, IOLE, PAR, ISOP, MEOH,
OLE, TERP, TOL, XYL % ;

> 11 CBOS shdlm 2 0 £ 5 948 NOAp M = P4k &3 > &4 NO,
NO,, NOs-, N,Os, HONO, PAN, PANX, PNA, NTR % #+ f& ;

i§ % 71 CMAQ-ISAM Ho58 38 (Eiifg st 8§ MR F o A R 4o
T (Kwok, 2013) :
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TEDS_Mobile_03 TEDS_Area_O3 TEDS_Point_O3

BCON_ 03 |«

|
CCTM-ISAM
W QR R IR
\

Y

ICON_O3

W 5.20 CMAQ-ISAM 05t % % ] 41 -2

O [SAM #-3% 4~ % %

A % CMAQVS.3 27 ISAM 5\ %55 » ¢ * CB6r3 #4412
EAARE O B P 65 1058 18 o A h RS Sk 524

el B2
% 5-24 CMAQ-ISAM 8 2% ﬁ.—] L~ S
2016/01 S04 NO3 NH4 JEAEMEOC EC NA MRTE EEH Fith PM2.5
KIEERES 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.04%
B 15.24% 16.80% 2.00% 0.82% 1.06% 0.25% 0.62% 0.15% 5.10% 42.05%
AR+ AR 0.00% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.09%
ETHE 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05%
Hith 0.03% 7.16% 0.00% 0.00% 0.00% 0.11% 0.01% 0.02% -0.01% 7.32%
TEDS [ 1.84% 0.35% 14.74% 0.11% 0.41% 0.00% 1.53% 0.22% 8.50% 27.70%
TEDS B#5 0.11% 4.29% 0.02% 0.58% 3.63% 0.01% 0.20% 0.02% 0.59% 9.44%
TEDS &5 4.03% 1.50% 0.00% 0.07% 0.11% 0.03% 3.19% 0.50% 1.66% 11.11%
AL AEHERL 0.59% 0.22% 0.00% 0.00% 0.06% 0.00% 0.00% 0.00% 0.00% 0.88%
2016/01 NO NO2 03 SO2 HNO3 FORM maxO3  avg 8hr O3
KIERES 0.06% 0.16% 0.37% 0.01% 0.18% 0.03% 0.93% 0.68%
B 4.84% 44.10% 87.66% 58.86% 59.21% 23.65% 82.59% 84.30%
AR+ AR 0.25% 0.45% 0.42% 0.00% 0.33% 6.59% 1.04% 0.76%
ETHE 0.07% 0.21% 0.47% 0.00% 0.25% 0.05% 1.15% 0.84%
Hth 1.77% 4.94% 3.83% 0.00% 13.11% 8.65% 7.69% 6.13%
TEDS [HiF 5.24% 3.39% 0.66% 11.81% 1.53% 16.64% 1.95% 1.24%
TEDS B#5 76.13% 37.34% 4.03% 0.17% 17.29% 24.51% 11.69% 7.23%
TEDS %55 10.55% 8.60% 2.08% 27.61% 7.17% 18.90% 5.48% 3.60%
ABRAHERL 0.32% 0.53% 0.56% 1.36% 0.92% 0.98% 1.46% 1.02%
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5 313 6 0 319
L% 3 #g 1,252 705 5 0 1,962
% 0 141 49 11 201
(YT 20.0% 0.7% 0.0% 0.0% 12.9%
oA =& 80.0% 82.7% 9.3% 0.0% 79.0%
% 0.0% 16.5% 90.7% 100.0% 8.1%
ERE (S 1,565 852 54 11 2,482
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% 526 H iy AP BT O 6

A% B % C% D% E %

T o | ek | ) Blrpl T38| Bor | o] (B APl T3 Boh | B (B BlEE T3 B A B B RlEE| T B | B B R B
2020/10/08/0.00%|0.00%|0.00% - 0.51%|2.15%0.08%| = % |0.07%]|0.43%]|0.00%| 4 & 0.10%|0.76%0.00%| F* 2 .11 |0.05%]| 1.80% [0.00%| =%
2020/10/09/0.00%6|0.00%|0.00% - 0.33%|1.81%0.01%| +++ |0.10%]|0.36%]|0.00%| 4 & |0.15%|2.31%0.00%| +kF |0.17%] 6.14% (0.00%| =%
2020/10/10{0.00%|0.00%|0.00% - 0.42%|1.64%0.00%| % = |0.15%]|0.56%]|0.00%| =% |1.00%|8.17%0.00%| = £ |0.20%]| 4.27% [0.00%| % &«
2020/10/11]0.00%0.00%|0.00% - 0.15%0.91%0.02%| % & |0.20%]|0.75%]|0.00%| & *' |1.05%|5.14%|0.00%| +kF |0.12%]| 1.13% (0.00%| =%
2020/10/12{0.00%0.00%|0.00% - 0.64%]|4.35%0.03%| = 1& [0.10%|0.34%|0.00%| +£F] |1.21%|5.34%]|0.00%| < i* |0.05%] 0.79% |0.00%| =%
2020/10/13]0.00%0.00%|0.00% - 0.18%2.19%0.00%| £ > |0.17%](0.51%|0.00%| 4 = [2.15%|7.08%]|0.00%| 4% k& |0.09%| 1.37% [0.00%| B L
2020/10/14/0.00%0.00%|0.00% - 0.44%|3.25%0.02%| #7i#& |0.05%]|0.22%|0.00%| * 2 .11 0.92%]5.14%]|0.00%| & ' |0.06%| 1.50% [0.00%| =%
2020/10/15]0.00%0.00%|0.00% - 0.15%]0.93%0.03%| 7-i& |0.03%]|0.24%|0.00%| 4 & |0.18%1.20%|0.00%| * 2 .11 |0.05%| 2.01% [0.00%| =%
2020/10/16]0.00%0.00%|0.00% - 0.19%]0.79%0.02%| < = ]0.02%0.11%|0.00% @ ]0.29%]2.18%]|0.00%| kB |0.05%| 2.21% |0.00%| =%
2020/10/17{0.00%|0.00%|0.00% - 0.35%|2.59%0.02%| 1+ |0.02%0.30%|0.00% @ |0.05%]|0.34%0.00%| ++F |0.02%]| 0.82% |0.00%| =%
2020/10/18]0.00%|0.00%|0.00% - 0.18%0.88%0.04% @ 10.05%]0.57%0.00% & |0.04%]|0.25%|0.00%| # & |0.01%|0.75% |0.00%| =%
2020/10/19/0.00%6|0.00%|0.00% - 0.19%|1.66%(0.01%| =% |0.02%]|0.31%0.00% @ 0.00%|0.04%|0.00%| * 2 .11 |0.26%10.84%]|0.00%| 1= %
2020/10/20{0.00%|0.00%|0.00% - 0.07%]0.84%0.01%| =% |0.00%]|0.10%0.00% @ ]0.00%]0.00%0.00% - 0.04%| 1.35% (0.00%| ¥ 2 L
2020/10/21/0.00%|0.00%|0.00% - 0.42%|1.75%0.02%| 51 |0.00%|0.01%]|0.00%| B v |0.21%|2.96%0.00%| +kF |0.04%]| 1.91% (0.00%| =%
2020/10/22{0.0096|0.00%|0.00% - 0.77%]|5.46%0.04% & 10.01%]0.08%)]0.00% % |1.23%]|7.38%]|0.00%| k@] |0.09%|5.67% |0.00%| =%
2020/10/23]0.00%0.00%|0.00% - 0.19%]|1.00%(0.04%| +++ |0.04%|0.14%]|0.00%| +&F] |1.77%8.07%]|0.00%| +k&F |0.06%] 2.03% |0.00%| =%
2020/10/24{0.00%0.00%|0.00% - 1.46%|7.03%|0.06%| = % [0.06%|0.21%]|0.00%| =¥ |0.98%|6.08%|0.00%| i ' |0.05%]| 1.79% [0.00%| =%
2020/10/25]0.00%0.00%|0.00% - 0.50%|2.98%|0.07%| % & |0.06%|0.19%|0.00%| =¥ |0.45%2.78%]|0.00%| ' |0.10%|3.21% [0.00%| =%
2020/10/26]0.00%0.00%|0.00% - 1.47%6.53%|0.02%| <= |0.03%0.17%]|0.00%| # & [0.13%|1.00%|0.00%| & “*' |0.04%]|2.12% [0.00%| =%
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A% B % C% D% E %

Tio | ek | ) Blrb| T3 Boh | Bo] (B Pl T3 Boh | B) (B BlEE| T3 B S | B BN BIEE| T3 B | B BB
2020/10/27{0.00%|0.00%|0.00% - 0.36%]|1.66%0.01%| < % |0.00%]|0.02%|0.00%| # & |0.06%|0.53%]|0.00%| % & |0.01%| 0.54% [0.00%| =%
2020/10/28|0.00%|0.00%|0.00% - 0.22%|1.75%0.01%| 4 # |0.00%/0.01%|0.00%| %+ & |0.52%]|2.81%]|0.00%| ++& |0.01%]| 0.49% |0.00%| =%
2020/10/29(0.0096|0.00%|0.00% - 0.80%|6.67%0.06%| % & |0.029%|0.12%]|0.00%| +£B |0.95%|5.28%|0.00%| +kF |0.03%]| 1.62% (0.00%| 1= %
2020/10/30| - - - - - - - - - - - - - - - - - - - -
2020/10/31| - - - - - - - - - - - - - - - - - - - -
2020/11/01]0.00%0.00%|0.00% - 0.09%0.53%0.01%]| B 1+ |0.00%]|0.03%|0.00%| * 2 .1 |0.75%]5.36%|0.00%| +£F [0.01%| 1.01% [0.00%| =%
2020/11/02{0.00%0.00%|0.00% - 0.16%]0.67%0.01%| B 1+ 0.02%|0.12%|0.00%| 4 & |0.84%4.65%|0.00%| % k& |0.01%| 0.75% [0.00%| =%
2020/11/03]0.00%0.00%|0.00% - 0.55%11.94%|0.07% @ |0.25%]|1.71%0.00%| 4 & |0.46%3.37%|0.00%| =% |0.18%| 4.53% [0.00%| %+ &
2020/11/04/0.00%|0.00%|0.00% - 0.49%|1.67%0.00%| = @& |0.18%]|0.95%|0.00%| 4 & 0.02%|0.17%0.00%| =¥ |0.65%]|13.57%(0.00%| % &«
2020/11/05/0.00%6|0.00%|0.00% - 0.22%|1.58%0.01%| & ' ]0.02%]|0.15%]|0.00%| 4 & |0.01%|0.21%0.00%| F* 2 .1 |0.21%] 5.09% (0.00%| 1= %
2020/11/06{0.0096|0.00%|0.00% - 0.13%]0.80%0.01%| % % |0.01%]0.15%|0.00%| * 2 .11 0.01%0.11%]|0.00%| * 2 .. |0.05%| 1.91% [0.00%| =%
2020/11/07{0.00%|0.00%|0.00% - 0.12%]|2.04%0.01%| =i |0.00%]|0.03%[0.00%| 4% & |0.00%|0.00%]|0.00% - 0.09%| 3.38% |0.00%| =%
2020/11/08/0.00%6|0.00%|0.00% - 0.14%]|1.34%0.02%| =i |0.00%]|0.03%|0.00%| * 2 .11 0.05%0.72%]|0.00%| +£F |0.07%| 2.57% [0.00%| 1= %
2020/11/09/0.00%|0.00%|0.00% - 0.41%|2.63%0.04%| #7i& |0.00%]|0.07%]|0.00%| 4 & |0.26%|1.95%|0.00%| +kF |0.02%]| 0.93% [0.00%| =%
2020/11/10{0.00%0.00%|0.00% - 0.46%|1.97%|0.07%| #7#& |0.00%]|0.04%0.00%| 4 & |0.00%0.02%|0.00%| & & |0.10%| 4.24% [0.00%| =%
2020/11/11]0.00%|0.00%|0.00% - 0.28%|2.72%0.02%| % % |0.00%|0.04%|0.00%| 4 & [0.11%1.76%]|0.00%| +&F |0.04%| 2.33% [0.00%| =%
2020/11/12{0.00%0.00%|0.00% - 0.56%]3.09%0.03%| < = |0.06%]|0.96%|0.00%| 4 & [1.85%|7.47%]|0.00%| &' |0.05%|2.04% [0.00%| =%
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5.6.5 B r 4 i BE F &R

RIS 5 R B - S - i’a:ﬁiﬁ’;ﬁéﬁ Ho P
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2020/10/08 | 2.60% 1.26% 2.96% 0.03% 0.02% 1.35% 0.02% 0.73% 1.67% 4.90% 4.69%

2020/10/09 | 2.60% 1.76% 5.00% 0.04% 0.06% 1.77% 0.06% 3.44% 6.73% 8.39% 6.76%

2020/10/10 | 1.20% 0.80% 1.45% 0.95% 0.57% 1.72% 0.64% 3.54% 6.32% 8.43% 7.52%

2020/10/11| 0.61% 0.19% 0.53% 1.44% 0.79% 2.11% 1.17% 2.05% 3.71% 5.57% 4.74%

2020/10/12 | 0.35% 0.69% 0.89% 1.63% 1.44% 1.85% 1.37% 1.49% 3.29% 5.42% 2.85%

2020/10/13 | 0.04% 0.81% 0.48% 1.85% 1.72% 1.62% 1.38% 3.03% 4.12% 5.43% 6.82%

2020/10/14 | 1.61% 0.18% 0.47% 0.51% 0.04% 0.50% 0.32% 3.26% 4.75% 5.64% 8.77%

2020/10/15 | 2.09% 0.57% 1.00% 0.13% 0.02% 0.99% 0.08% 0.58% 2.01% 5.58% 6.71%

2020/10/16 | 0.51% 0.23% 0.69% 0.15% 0.01% 0.97% 0.07% 1.51% 3.12% 5.71% 6.05%

2020/10/17 | 2.75% 0.52% 1.80% 0.04% 0.00% 1.57% 0.03% 2.65% 4.63% 6.10% 5.46%

2020/10/18 | 3.97% 0.80% 1.65% 0.03% 0.00% 1.55% 0.01% 0.73% 1.11% 3.44% 3.74%

2020/10/19 | 8.91% 0.22% 0.35% 0.00% 0.00% 1.21% 0.00% 0.22% 1.10% 4.83% 5.26%

2020/10/20 | 2.73% 0.42% 0.56% 0.00% 0.00% 1.16% 0.00% 0.05% 0.38% 3.36% 2.16%

2020/10/21 | 0.62% 0.14% 0.71% 0.00% 0.00% 0.36% 0.00% 1.73% 2.84% 5.37% 4.48%

2020/10/22 | 1.20% 0.48% 1.93% 0.13% 0.08% 1.09% 0.10% 1.95% 3.16% 4.73% 6.43%

2020/10/23 | 0.70% 0.42% 1.69% 0.80% 0.94% 1.95% 0.84% 3.71% 5.35% 6.87% 9.83%

2020/10/24 | 0.76% 0.43% 1.55% 0.58% 0.85% 1.11% 0.66% 1.08% 1.90% 3.41% 5.29%

2020/10/25 | 0.79% 0.91% 2.00% 0.75% 0.44% 1.13% 0.58% 0.96% 1.98% 4.75% 5.11%

2020/10/26 | 0.77% 0.15% 0.49% 0.14% 0.02% 0.55% 0.09% 1.12% 3.12% 5.81% 7.61%
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2020/10/27 | 0.58% | 0.08% | 0.11% | 0.00% | 0.00% | 0.19% | 0.00% | 1.09% | 1.98% | 452% | 3.66%
2020/10/28 | 0.59% | 0.22% | 0.82% | 0.09% | 0.03% | 0.43% | 0.05% | 1.41% | 249% | 3.79% | 2.36%
2020/10/29| 0.76% | 0.88% | 1.94% | 058% | 1.23% | 0.73% | 0.82% | 3.77% | 3.98% | 4.30% | 4.82%
2020/10/30 - - - - - - - - - - -
2020/10/31 - - - - - - - - - - -
2020/11/01| 0.35% | 0.15% | 0.32% | 0.08% | 0.01% | 0.23% | 0.04% | 3.66% | 6.84% | 6.49% | 4.11%
2020/11/02 | 2.29% | 0.43% | 153% | 0.28% | 0.18% | 1.00% | 0.34% | 1.20% | 153% | 3.08% | 3.72%
2020/11/03 | 2.86% | 2.43% | 4.74% | 051% | 0.23% | 2.77% | 0.40% | 047% | 058% | 3.77% | 0.75%
2020/11/04 | 3.17% | 2.39% | 5.60% | 0.00% | 0.00% | 1.91% | 0.01% | 2.34% | 434% | 6.99% | 8.71%
2020/11/05| 1.64% | 0.10% | 0.12% | 0.00% | 0.00% | 0.95% | 0.00% | 0.11% | 0.67% | 4.23% | 4.64%
2020/11/06 | 1.30% | 0.36% | 0.36% | 0.01% | 0.00% | 0.74% | 0.00% | 0.26% | 1.00% | 5.92% | 7.79%
2020/11/07 | 0.45% | 0.26% | 0.59% | 0.00% | 0.00% | 0.69% | 0.00% | 0.14% | 1.07% | 4.60% | 5.00%
2020/11/08 | 0.82% | 0.18% | 0.89% | 0.00% | 0.00% | 1.12% | 0.00% | 1.13% | 2.38% | 3.78% | 3.43%
2020/11/09| 1.58% | 0.21% | 1.52% | 0.05% | 0.02% | 0.98% | 0.04% | 1.42% | 3.01% | 6.57% | 8.69%
2020/11/10| 1.78% | 0.35% | 1.64% | 0.04% | 0.09% | 6.73% | 0.03% | 0.12% | 0.38% | 4.00% | 5.70%
2020/11/11| 1.00% | 0.26% | 1.03% | 0.08% | 0.04% | 1.42% | 0.07% | 2.07% | 437% | 7.98% | 4.93%
2020/11/12| 1.02% | 2.74% | 2.45% | 0.79% | 091% | 0.85% | 0.81% | 542% | 7.05% | 4.91% | 4.01%
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i 2018 174 153 34 2
2019 216 131 14 3
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2019 176 162 23 4
% 533 TR 614%2 8%F 2 B 5
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Formation Pathways for the Atmospheric Aerosol

Airborne Particles
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Pritary partides,
NaCl, dust ete.

Sunrinc

Noon Sunnce

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 O; 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/scram)

Physical Processes Chemical Processes ‘ Biological Processes
|I)i|'fmmli«| Eauation |
ac .
—_— 4+ V- (CiH)=TV-(KVOC)+ S

Diurnal Variations

15 K O3 event day 2
Mixing t PR A %
Height + [
Ozone ‘fi’ [ERRES
Vertical {
Profile .|
; ’ -




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

PR ERLE AR

Air Quality Models

Dispersion Modeling - These models are typically used in the
permitting process to estimate the concentration of pollutants at
specified ground-level receptors surrounding an emissions source.

Photochemical Modeling - These models are typically used in
regulatory or policy assessments to simulate the impacts from all
sources by estimating pollutant concentrations and deposition of both
inert and chemically reactive pollutants over large spatial scales.

Receptor Modeling - These models are observational techniques
which use the chemical and physical characteristics of gases and
particles measured at source and receptor to both identify the presence
of and to quantify source contributions to receptor concentrations

Gaussian Plume

fective stack height
polktart release height

&= phme rise
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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E = Energy x EF x FCF
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— Dispersion Madling —|
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Photochemical

AOM

ATRMOD Moeling
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CATPUFF Modeling
Suslem
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b Alteruative Models ler el

— Relatedl Program

—CMAQ

f—CAMy

f—REMSAD

—ram v
—CMB

— Receptor Modeling —— Unmiix

—PNF

Gaussian

[x]= 10°R e~

Plume Model
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Pasquill Dispersion Classes : o e e

Surface Wind Speed (m/s)

Insolation/Cloud Cover <20 2t0 <3 Jo <5 Sto <6 26 w |
Swrong Insolation A A-B B c c

Day Moderate Insolation A-B B B-C c-D D
Slight Insolation B < c D D

Day

o Overcast D ) D o D

Night
Thin overcast or

Night § 20.5 cloud cover - E D D D Mavimum Dy Mean Conceatration

504 eloud cover - F E D D )

Notes: 1. i i ore above

the harizon. Slight insolation eorresponds to a solar elevation angle of 15*

035"

2. Pollutants emitied under elear nighttime skies with winds less than 2.0 ms,
more recently defined to be class G, may be subject 10 unsteady meandering
which renders the prediction of concenirations af downwind locations
uneliable

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

Box Model Lagrangian Model
EKMA approach

Forward-trajectory analysis
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Three-dimensional Grid Model Horizontal Coordinates
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Time Independent Terrain-
Influenced Coordinates

> Terrain-influenced Height coordinates

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

> Terrain-influenced Reference Pressure

o

PPy
Carers Sigma-z with logarithmic transformation
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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

ALD2: other aldehyde

ISOP: isoprene

NR

Species names for the CBO5 core mechanism.

Number of
Description Carbons
Nitric oxide
02 itrogen dioxide
03 Ozone
5] Oxygen atom in the O (F) electronic state
1D Oxygen atom in the O'(D) elecironic state
OH Hydroxyl radical 0
HO2 radical 0
H202__| Hydrogen peroxide 0
03 Nitrate radical 0
[N205 [ Dinitrogen pentoxide 0
[ HONO | Nitrous acid
[ HNO3 itric acid
NA Peroxynitric acid (HNO.)
co Carbon monaxide
FORM Fi
ALD2 A
€203 | Acetylperoxy radical
PAN Peroxyacetyl nitrate
ALDX and higher aldehydes
CXO3__| C3 and higher acylperoxy radicals
PANX__| C3 and higher peroxyacyl nirates 2
X02 NO to NO2 conversion from alkylperoxy (RO;) radical 0
XO2N NO to organic nitrate conversion from alkylperoxy (RO,) radical 0
NTR Organic nitrate (RNOy) 1
ETOH Ethanol 2

Chemical Mechanisms

. 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 organies into four classes based
on their chemical bonding:
1. Single-bonded carbon atoms (e.g.
PAR.
2. Fast doubly bonded atoms (e.g., olefins, except ethylene )
represented as OLE
3. Slow doubly bondcd atoms (c.g., aromatics and cthylenc )
represented as ARO.
4. Carbony1 carbon atoms ( i.e., aldehydes and ketones )
represented as CAR.

alkanes ) represented as

A Portion of the Carbon Bond Mechanism

Rate Constant
Reaction (ppm " min~')
NO; + hw — NO + O ke
o-u,pm-o,(—m 2.08 x 107
0y + NO = NO, 252
(nno,anne,n, 1.34 x 10°
0y + NO; = NO + 0y 5 %1072
NO, + NO = NO, + NO, 2.5 x 10*
NO + NO; + H,0 = 2HNO, 20 x 107
HNO, + h» = NO + OH 0.1k
NO, + OH —~ HNO, L4 % 10°
NO + OH » HNO, 14 % 10
€0 + OH % €0, + HO, 45 % 10°
OLE + OH } CAR + CH,0; 38 % 10°
PAR + OH 2 CH,0, + H0 1.3 % 10*
ARO + OH * CAR + CH,0, B x i0*
OLE + 0 2 HC(0)0; + CH,0; 53 % 10°
PAR + O WCH_,DK-#O“ 20
ARO + 0 =2 HC(0)0; + CHO, 3
ARO + NO, — products (aerosol 1.0 x 100
OLE +D,-a|HC(G)G,‘| + HCHO + OH 1.5 % 1077
(‘AR*OR*HLY H:0 1.0 % 10t
CAR + s % uuccopo. + aHO; + (1 - @)CO 60 % 107k,

Source: Whitten and Hogo, 1977; Whien et al., 1980,
“Varies with Hght ntensity

CBO05

The core CB05 mechanism has 51 species and 156 reactions.

«Updated rate constants based on recent (2003 - 2005) IUPAC and SA
evaluations.

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

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

« Explicit organic chemistry for methane and ethane.

« Explicit methylperoxy radical, methyl hydroperoxide and formic acid.

« Lumped higher organic peroxides, organic acids and peracids.

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

« Higher aldehyde species ALDX making ALD2 explicitly acetaldehyde.

* Higher peroxyacyl nitrate species from ALDX called PANX.

* Lumped terpene species called TERP.

+ Optionalmechanism extension for reactive chlorine chemistry.

= Optionalextended mechanism with explicit reactions for air-toxics

Species Number of
Name Carbons
CH4 ethane
MEQ2 radical
MEOH ethanol
MEPX y
FACD | Formic acid
ETHA | Ethane
ROOH_| Higher organic peroxide
AACD | Acetic and higher carboxylic acids
PACD and higher acids
[PAR Paraffin carbon bond (C-C)
ROR__| Secondary alkoxy radical
ETH Ethene
OLE Terminal olefin carbon bond (R-C=C)
10LE Internal olefin carbon bond (R-C=C-R)
ISOP__| Isoprene
ISPD__| Isoprene product (lumped  methyl vinyl ketone, etc
TERP erpene 1
TOL oluene and other monoalkyl aromatics 7
XYL iylene and other polyalkyl aromatics B
CRES | Cresol and higher molecular weight phenols 8
T02 Toluene-hydroxyl radical adduct 7
OPEN__| Aromatic ring opening product 4
CRO___| Methylphenoxy radical 7
MGLY and other aromatic products 3
$02 ulfur dioxide 0
SULF__| Sulfunic acid (gaseous) 0
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What is the Meteorological Modeling System?
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= Forecasting ( integrated in time domain)
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= The Most Important is : Applications

Air
Quality
y e

Climate
Change'

Meteorological Modeling Systerﬂs

Global Models

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

Mesoscale Models

= MM5 (Mesoscale Modeling System, 5t ), Penn. S
tate/NCAR
= WRF (Weather Research & Forecasting), /NCAR
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WREF ( Weather Research & Forecasting )
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CMAQ-ISAM %

CMAQ/ISAM # X, fa#

Air Quality Models

Dispersion Modeling - These models are typically used in the
permitting process to estimate the concentration of pollutants at
specified ground-level receptors surrounding an emissions source.

Photochemical Modeling - These models are typically used in
regulatory or policy assessments to simulate the impacts from all
sources by estimating pollutant concentrations and deposition of both
inert and chemically reactive pollutants over large spatial scales.

Receptor Modeling - These models are observational techniques
which use the chemical and physical characteristics of gases and
particles measured at source and receptor to both identify the presence
of and to quantify source contributions to receptor concentrations

AERMOD Modeling
Sysyem

CALPUFF Modeling

Preferred/Reconmended ¢
— System

Mdoels

|— Alteruative Models Otter Models

— Dispersion Modeling —{
{— Screening Models

L Related Program
CMAQ

—CAMx
Photochemical

AL ling

[—REMSAD

L—uaw v

—CMB

L— Receptor Modeling

— Unmix

—puF

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/scram)

’ Physical Processes Chemical Processes Biological Processes

Differential Equation

+ V- (Cif) = V - (KVC) + S,

One Atmosphere Approach

VOC + 0l —> PM2.5__S0x [or NOx| + NHls + Ol

Orgainic PM, \NM:\"' Jor NHaNOs|
ptmog,

Fine PV Vigibility 0 Ozone

(Nitrate, Sulfate, ;~="pS" - NOx +1V0C+0H
Organic PM) ® hy—>0s
Y]
Water 2 m*\“@ Acid Rain

Gmrosh e
Quality Vemosy 502 +0H —> H:504
NOx +50x +OH + NH. NO: +OH —> HNO3

(Lake Acidification,
Eutrophication) Al Toxi

CMAQ# R % & X
@ E

Vertical Layer 4 13 45
OridSize 91 %01
FDDA Yes Yes
Land use 20 20 o

Resohion  81km 27im 2km é‘]ﬂ f’i‘. % ﬁ

Nertical Layer B 15 15
GrdSize  T0%80  TOXE0 700
AsrosolMod  Aeros Asres Aeros

Formation Pathways for the
Atmospheric Aerosol

Airborne Partidles

507 [ 1030%

Tavpiioass
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POA | 5-10%
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Formation Pathways of Sulfate

Ground Surface




& T bm B SRR 2 5 48 (%)

Atmospheric Nitrogen ChemiStry e Agw AN #N  RhAE  EALRE BERITE
12.7

EC 544 715 13 152 10.1

s et e W oc 146 151 128 193 359 242

T | Na' 0.92 105 162 L69 149

RONO ROzNOy b‘ﬂ NHi 137 143 136 3.06 389 9.04

L — % K 053 0.62 0.69 L13 Lo3 108

N\ Mg* 0.09 044 032 0.57 0.2

1=.% ca® 043 091 155 572 0.67
| /

' 4/ sooms woy | o 019 0.2 024 0.1 0.04

‘%‘ NO NOp [ _ Noy [ N20s NOy 123 183 124 3 1.09

v D N S04 30.0 383 385 238 329

0\ NN ’ Llans 56.1 576 518 395 465

- Fe 0.32 0.4 0.6 0.65 0.4

Al 0.1 0.13 0.4 0.54 0.08

Mun 0.02 0.02 0.08 0.04 0.03

Ca 015 024 026 295 0.06

Pb 0.04 0.08 0.07 0.07 0.05

Zn 022 038 04 0.36 033

Ni 0.02 0.02 0.03 0.01 0.04

v 0.05 0.05 0.09 0.03 0.12

m ND ND 0.01 0.02 ND

EMetals 093 131 165 4.65 L1

1
WHRE: ST REs (2015) B

Q 4
KAABZRE N S
1£ 7 1.Type of model # 2 &, Three-dimensional grid model = # # £ &

|2 Meteorological data # % % # Simulated by mesoscal model (WRF)
Spatial scale % 14 R & Three dimensional =& % k)

; 3. Emission data 4 # % #
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i | & * EEYREI LS
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T e ® i U 9 1 B (A B85 e 8)
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- . aerosol. aqueous phace reaction, heterogenic
b reaction) ISORRAPIA

¥ AL (R B AR R RS, R A
Bk RV~ UERE B S BORYE SURAOR RE)
Three Modal distributions (lognormal distributions for
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p g R E (V) BB AR ()
(/7 /p) NOx SOy PM NOx SOx PM
2013/01/01 - - - - - -
2013/01/02 | 324.9 206.5 28.7 2661.0 1720.6 239.8
2013/01/03 | 324.4 188.0 27.4 1983.1 1159.2 170.4
2013/01/04 | 323.7 194.8 27.7 3702.6 2250.3 324.1
2013/01/05 | 336.1 215.3 29.4 1826.3 1175.9 163.1
2013/01/06 | 370.6 231.7 32.4 2178.3 1374.0 194.7
2013/01/07 | 395.7 247.2 34.6 2491.4 1579.2 223.4
2013/01/08 | 388.6 240.1 33.8 2175.7 1360.1 192.6
2013/01/09 | 355.5 215.9 30.8 1959.3 1211.6 173.0
2013/01/10| 317.0 191.4 27.2 2056.3 1236.0 177.7
2013/01/11| 392.6 245.1 34.5 3046.3 1918.9 275.4
2013/01/12 | 422.3 265.0 37.4 3042.1 1939.8 276.9
2013/01/13 | 4455 281.6 39.2 3033.0 1936.1 274.3
2013/01/14 | 428.8 264.8 37.6 2945.9 1840.8 262.7
2013/01/15 | 449.1 277.3 39.2 3524.0 2205.1 315.2
2013/01/16 | 563.1 354.9 49.7 3658.4 2353.0 3324
2013/01/17 | 377.1 233.4 33.2 2201.6 1383.0 198.1
2013/01/18 | 366.9 221.2 31.9 2394.9 1499.8 214.1
2013/01/19 | 395.3 256.6 35.1 3511.3 2306.4 322.7
2013/01/20 |  597.2 383.2 53.0 4118.2 2666.6 374.2
2013/01/21| 604.0 378.9 53.9 4285.0 2766.2 393.7
2013/01/22 | 539.9 348.6 47.6 3382.4 2239.7 307.2
2013/01/23 | 428.5 272.8 38.3 3377.8 2185.1 309.9
2013/01/24 | 4335 285.1 38.8 3829.7 2536.7 354.2
2013/01/25| 400.4 253.7 35.8 3031.1 1940.5 277.1
2013/01/26 |  464.3 299.4 42.0 3986.7 2596.2 366.8
2013/01/27 | 424.1 272.2 37.9 3161.2 2033.2 288.8
2013/01/28 | 414.3 258.7 36.9 3469.6 2197.1 316.1
2013/01/29 | 576.2 375.2 51.7 5283.3 3511.2 488.6
2013/01/30 | 575.7 371.7 51.9 4424.7 2920.4 409.9
2013/01/31| 610.9 395.9 54.8 4714.0 3102.2 433.0
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Py B g (v) ®EP A F ()
(/7 /p) NOx SO« PM NOx SO« PM
2013/02/01 | 591.0 383.3 53.2 3976.2 2649.4 366.3
2013/02/02 - - - - - -
2013/02/03 - - - - - -
2013/02/04 |  299.0 192.4 26.6 2741.1 1768.5 250.7
2013/02/05 |  444.9 284.4 39.8 3770.2 24445 346.3
2013/02/06 |  409.7 264.2 37.0 2712.8 1790.4 251.8
2013/02/07 | 379.4 241.9 33.9 2647.2 1700.8 242.6
2013/02/08 |  290.4 176.4 25.4 1714.3 1056.6 151.5
2013/02/09 |  293.0 187.8 25.9 1896.6 1207.2 171.3
2013/02/10 | 317.1 203.1 28.2 1975.5 1276.8 178.7
2013/02/11 | 280.6 181.3 24.9 1901.4 1243.8 174.2
2013/02/12 | 316.1 199.9 28.0 2224.3 1428.6 203.6
2013/02/13 | 302.3 192.5 26.8 1910.8 1223.2 175.0
2013/02/14 | 335.6 217.5 29.9 2602.7 1718.6 238.5
2013/02/15 | 347.9 224.6 31.1 3016.7 1959.1 275.9
2013/02/16 |  290.1 185.5 255 2109.8 1350.1 192.1
2013/02/17 | 419.4 266.2 37.0 3703.1 2396.1 338.6
2013/02/18 | 359.1 230.0 32.1 3690.5 2415.3 338.5
2013/02/19 | 316.5 208.3 27.8 2246.3 1458.5 203.6
2013/02/20 | 239.5 148.6 21.0 1708.4 1072.0 155.4
2013/02/21 | 313.7 204.3 27.8 2398.2 1548.2 217.7
2013/02/22 | 338.3 215.6 30.0 2301.0 1495.4 209.4
2013/02/23 | 336.8 211.7 29.6 2509.7 1593.0 226.8
2013/02/24 | 334.9 211.2 29.7 2606.5 1670.9 237.2
2013/02/25 | 457.3 289.7 40.8 4186.6 2710.7 382.8
2013/02/26 | 488.9 316.5 44.1 3680.2 2414.9 341.2
2013/02/27 | 327.1 210.7 29.4 2966.8 1933.8 274.1
2013/02/28 |  369.2 238.0 334 3329.0 2189.7 310.5

it 4 6-2




p g R E (V) BB AR ()
(/7 /p) NOx SOx PM NOx SOx PM
2013/03/01 | 439.2 279.2 39.1 3373.8 2154.8 305.1
2013/03/02 | 312.4 186.2 26.6 1994.9 1176.3 171.6
2013/03/03 | 413.1 255.6 36.0 2417.4 1525.6 214.9
2013/03/04 | 573.1 358.7 51.0 3851.0 2460.7 351.2
2013/03/05 | 611.8 389.7 54.6 3959.3 2559.6 361.9
2013/03/06 | 568.2 361.1 50.6 4078.8 2622.0 369.0
2013/03/07 | 649.5 412.0 57.9 4131.6 2666.9 372.2
2013/03/08 | 831.4 530.9 74.7 4184.7 2692.1 379.3
2013/03/09 | 661.3 420.3 59.2 3845.8 2458.9 3475
2013/03/10 | 561.4 355.7 49.4 3007.3 1912.1 268.5
2013/03/11 | 432.7 269.4 37.9 2397.9 1533.7 215.3
2013/03/12 | 643.8 404.0 57.2 3678.8 2351.3 333.9
2013/03/13| 515.8 334.7 46.0 3477.4 2248.7 317.6
2013/03/14 | 293.1 180.0 25.8 1928.4 1200.8 172.8
2013/03/15| 384.0 247.7 34.4 3296.7 2179.5 301.3
2013/03/16 | 416.3 268.2 37.6 4000.7 2652.7 371.0
2013/03/17 | 526.5 340.2 47.1 3649.1 2395.4 334.0
2013/03/18 | 467.3 300.5 41.6 3141.5 2035.6 288.0
2013/03/19 | 456.8 291.4 40.2 3132.1 2033.4 283.9
2013/03/20 |  498.9 315.5 43.7 2470.4 1580.6 221.3
2013/03/21| 347.4 213.5 30.3 1746.3 1080.0 155.8
2013/03/22 |  466.9 302.7 41.7 2601.6 1703.6 238.0
2013/03/23 | 476.1 3114 42.4 3421.5 2247.0 311.6
2013/03/24 | 501.7 324.2 44.3 2401.0 1589.2 214.4
2013/03/25 | 363.6 231.0 31.7 1906.2 1235.6 172.0
2013/03/26 | 395.4 245.9 34.5 2251.4 1419.6 202.0
2013/03/27 | 388.8 246.8 34.1 2124.8 1374.6 190.4
2013/03/28 | 429.8 272.6 38.2 2492.1 1609.8 227.1
2013/03/29 | 380.5 238.7 33.6 2186.4 1402.2 198.6
2013/03/30 | 345.9 223.7 30.8 1889.4 1253.3 172.3
2013/03/31| 412.3 256.8 36.3 2006.0 1261.5 178.8
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p g R E (V) BB AR ()
(/7 /p) NOx SOx PM NOx SOx PM
2013/04/01 |  409.6 264.3 36.2 2427.5 1554.4 216.5
2013/04/02 |  498.0 320.4 44.3 2398.7 1548.2 215.6
2013/04/03 | 457.6 287.3 40.3 2074.4 1304.0 184.4
2013/04/04 |  419.3 261.3 37.2 2102.6 1333.9 189.2
2013/04/05 |  436.9 281.2 38.5 2175.0 1421.3 197.0
2013/04/06 | 396.3 2445 34.6 1726.1 1062.7 152.1
2013/04/07 | 323.9 200.1 27.7 1722.9 1083.9 149.9
2013/04/08 |  479.3 306.0 42.6 2740.9 1795.5 248.5
2013/04/09 |  560.4 360.1 49.9 2550.4 1658.8 231.7
2013/04/10 | 452.1 287.0 40.0 2135.0 1388.9 194.4
2013/04/11| 415.1 262.1 36.5 1962.1 1248.3 175.6
2013/04/12 | 478.7 308.0 42.4 2267.1 1464.0 205.2
2013/04/13 |  412.7 264.3 36.6 2189.9 1426.3 198.2
2013/04/14 |  626.6 402.9 55.9 2649.7 1729.0 238.7
2013/04/15| 667.2 428.6 59.9 2335.0 1507.4 212.5
2013/04/16 | 554.9 362.9 49.6 2622.1 1731.5 237.9
2013/04/17 | 544.4 350.1 48.4 2456.2 1591.2 223.9
2013/04/18 | 555.5 355.9 49.4 2175.3 1398.8 198.1
2013/04/19 | 449.8 291.1 40.1 2205.9 1433.8 202.0
2013/04/20 | 467.4 304.5 42.0 2527.2 1686.4 234.6
2013/04/21 | 443.1 273.4 38.8 2519.0 1584.6 224.7
2013/04/22 | 466.6 295.9 41.4 2849.8 1835.8 258.5
2013/04/23 | 544.1 349.6 48.6 3711.7 2428.4 339.6
2013/04/24 |  570.9 362.7 51.0 3591.1 2308.4 327.8
2013/04/25 | 540.7 346.8 48.1 2688.7 1732.4 243.0
2013/04/26 |  680.2 430.7 60.9 2492.1 1597.1 225.8
2013/04/27 | 504.9 319.7 44.7 2988.5 1929.3 270.1
2013/04/28 | 503.7 326.2 45.1 3033.1 2018.5 279.3
2013/04/29 |  639.5 408.3 57.3 3421.3 2219.2 312.1
2013/04/30 | 508.9 320.8 45.2 2821.1 1789.9 255.9
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Py B g (v) ®EP A F ()
(/7 /p) NOx SO« PM NOx SO« PM
2013/05/01 | 475.5 296.6 41.8 2156.7 1362.1 194.0
2013/05/02 | 518.9 326.9 45.9 2592.3 1652.3 233.9
2013/05/03 | 553.6 355.3 49.6 2713.7 1776.6 248.7
2013/05/04 |  499.3 315.6 44.8 3023.1 1969.5 276.1
2013/05/05 |  461.3 296.5 40.7 2869.1 1866.7 261.1
2013/05/06 | 522.7 332.6 46.7 3044.7 1973.7 278.1
2013/05/07 | 534.2 338.0 47.6 3216.4 2089.5 295.3
2013/05/08 |  499.2 319.0 44.4 2571.5 1657.6 233.3
2013/05/09 | 563.5 363.1 50.5 2815.1 1815.1 256.0
2013/05/10 | 582.7 366.2 51.9 2794.9 1768.5 251.7
2013/05/11 | 510.9 325.4 45.7 2369.2 1508.9 214.0
2013/05/12 | 560.5 359.8 50.1 2877.1 1854.5 262.5
2013/05/13 | 521.0 340.4 46.6 3102.9 2041.3 283.1
2013/05/14 |  618.2 392.2 55.3 3242.9 2101.8 297.9
2013/05/15 | 526.2 333.7 46.8 2587.1 1650.3 233.9
2013/05/16 | 510.8 321.5 455 2457.8 1578.9 223.3
2013/05/17 |  490.4 309.7 43.7 2464.2 1595.5 225.8
2013/05/18 |  580.0 369.8 52.1 3100.4 2012.4 283.6
2013/05/19 | 546.0 347.9 48.8 2907.5 1869.9 264.2
2013/05/20 | 570.5 363.7 50.7 3143.7 2029.0 285.4
2013/05/21 | 577.6 364.5 51.5 3406.7 2182.9 310.7
2013/05/22 | 519.5 342.9 46.1 2903.2 1924.2 262.9
2013/05/23 | 512.5 331.8 45.6 2716.2 1753.0 245.6
2013/05/24 |  486.9 3135 43.1 2753.6 1791.9 247.6
2013/05/25 |  626.5 402.5 56.1 3180.7 2056.5 287.9
2013/05/26 |  634.9 411.8 57.0 3099.3 2014.4 281.5
2013/05/27 | 564.6 352.1 49.9 2610.8 1631.5 232.1
2013/05/28 | 612.4 386.1 54.6 2529.9 1597.4 228.2
2013/05/29 |  675.2 4285 60.3 2292.3 1449.5 205.7
2013/05/30 | 585.7 381.3 52.5 2409.7 1577.8 217.3
2013/05/31 | 692.4 452.9 62.2 2780.4 1809.3 251.1
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o A g () TEP A F ()
(#/7/p)| NOx SO« PM NOx SOx PM
2013/06/01| 799.8 511.6 71.6 25775 1642.2 231.6
2013/06/02 | 663.6 428.0 59.1 2851.1 1837.1 255.2
2013/06/03 | 497.2 320.7 44.4 2783.0 1792.3 250.9
2013/06/04 |  495.6 315.7 43.9 27825 1766.6 248.8
2013/06/05| 496.2 315.1 44.4 2397.1 1527.8 216.1
2013/06/06 | 536.0 340.8 48.2 2274.5 1448.9 205.4
2013/06/07 | 651.7 418.4 58.3 2432.3 1561.7 219.4
2013/06/08 | 588.6 368.5 52.1 2342.9 1476.5 210.1
2013/06/09| 510.8 329.2 45.6 2227.7 1447.2 200.5
2013/06/10| 486.2 308.1 43.4 2582.1 1659.7 234.4
2013/06/11| 489.4 312.9 43.4 2634.7 1718.5 238.2
2013/06/12| 4445 282.6 39.0 2073.9 1316.0 184.3
2013/06/13| 401.9 254.1 35.3 1825.8 1166.2 163.1
2013/06/14 | 433.1 275.8 385 2026.1 1313.1 182.8
2013/06/15| 584.8 372.6 52.4 2404.2 1570.7 219.9
2013/06/16 |  650.1 421.0 58.4 2359.9 1535.8 215.7
2013/06/17 | 866.6 554.5 78.1 2504.3 1606.0 2285
2013/06/18| 887.5 581.4 80.1 2591.0 1717.2 236.1
2013/06/19| 930.8 597.1 83.7 2977.8 1938.5 270.3
2013/06/20| 370.7 235.7 33.2 1534.8 994.5 138.9
2013/06/21| 231.8 149.7 20.9 1091.6 713.9 99.3
2013/06/22 - - - - - -
2013/06/23 - - - - - -
2013/06/24 | 333.1 207.0 29.4 1697.1 1065.5 151.8
2013/06/25| 5435 348.5 48.5 25475 1626.4 228.6
2013/06/26 | 555.7 352.5 49.0 2643.5 1665.9 232.8
2013/06/27 | 622.8 397.4 55.4 2211.9 1397.1 198.2
2013/06/28| 634.5 408.6 56.1 2304.6 1493.8 206.5
2013/06/29| 591.1 386.5 52.9 2678.3 1748.4 241.7
2013/06/30| 749.1 493.6 66.8 2802.9 1837.7 251.3
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Py B g (v) ®EP A F ()
(/7 /p) NOx SO« PM NOx SO« PM
2013/07/01 |  800.0 519.4 71.8 2912.3 1886.5 263.8
2013/07/02 | 645.5 412.6 58.1 2845.0 1828.8 258.6
2013/07/03 | 764.8 488.5 68.7 2490.4 1611.1 225.5
2013/07/04 |  669.4 432.9 60.1 2233.9 1441.3 201.9
2013/07/05 | 677.3 430.6 61.1 2479.6 1594.1 2255
2013/07/06 |  646.7 413.4 58.0 2447.7 1576.2 220.9
2013/07/07 | 587.6 370.6 52.0 2542.8 1600.8 225.8
2013/07/08 | 679.4 434.8 60.9 2811.9 1819.4 256.0
2013/07/09 | 677.7 439.5 61.1 2582.7 1703.8 235.7
2013/07/10 | 672.1 431.4 60.1 2834.8 1816.8 256.1
2013/07/11 | 677.8 432.1 60.9 3303.0 2154.5 302.9
2013/07/12 | 407.8 250.1 35.8 2192.9 1375.6 195.6
2013/07/13 | 258.8 153.4 22.0 798.5 460.3 67.7
2013/07/14 | 579.9 366.9 51.1 2572.3 1632.6 229.9
2013/07/15| 613.9 393.1 54.5 3611.7 2322.3 328.0
2013/07/16 |  559.6 361.2 49.7 3818.1 2490.8 345.4
2013/07/17 | 525.0 342.9 47.1 3256.3 2172.9 297.4
2013/07/18 | 577.0 364.0 51.3 2911.8 1848.2 263.6
2013/07/19 | 563.8 362.2 50.1 3279.1 2130.8 296.9
2013/07/20 |  676.9 429.3 60.5 3672.9 2352.2 330.1
2013/07/21 | 661.3 420.6 59.1 3473.8 2202.7 312.3
2013/07/22 | 667.8 419.7 59.0 3466.2 2164.1 308.1
2013/07/23 | 737.7 470.5 66.2 3161.4 2021.5 285.7
2013/07/24 |  757.8 483.5 67.8 2973.4 1906.9 266.4
2013/07/25 | 726.1 466.6 64.7 3032.7 1953.2 269.7
2013/07/26 | 523.2 335.8 46.6 2903.5 1861.1 260.1
2013/07/27 | 615.8 395.4 55.0 3030.1 1952.9 271.1
2013/07/28 |  706.2 465.7 63.3 2922.8 1914.4 262.6
2013/07/29 | 801.5 517.5 715 3142.4 2038.4 283.6
2013/07/30 |  709.0 452.5 63.5 2847.9 1815.6 257.3
2013/07/31| 658.8 422.5 59.1 2779.8 1785.6 250.9
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p g R E (V) BB AR ()
(/7 /p) NOx SOx PM NOx SOx PM
2013/08/01 | 638.3 407.6 57.0 3152.4 2001.9 283.5
2013/08/02 |  480.2 305.8 42.7 3330.4 2127.7 298.9
2013/08/03 | 576.1 368.6 51.3 3243.9 2071.8 289.2
2013/08/04 |  780.8 504.6 70.3 3130.9 2028.1 282.2
2013/08/05 | 811.0 516.4 72.9 3645.6 2282.2 326.0
2013/08/06 | 674.7 428.4 60.4 3538.2 2252.7 319.6
2013/08/07 |  795.8 509.6 71.6 3855.3 2475.9 349.9
2013/08/08 |  820.0 529.4 74.0 3949.8 2550.7 361.1
2013/08/09 | 857.5 553.9 76.9 3295.5 2141.1 298.0
2013/08/10 | 725.4 464.6 65.2 4133.2 2649.8 371.1
2013/08/11| 630.7 399.6 56.3 4769.6 3035.6 431.6
2013/08/12 | 631.5 399.8 56.0 4183.6 2652.9 375.0
2013/08/13 | 563.8 355.2 49.7 3600.7 2275.2 319.7
2013/08/14 |  450.4 279.1 39.5 3084.6 1908.8 273.4
2013/08/15 | 420.6 263.4 37.2 2823.7 1749.4 250.6
2013/08/16 | 455.3 302.7 40.5 3874.6 2550.6 349.2
2013/08/17 | 548.9 360.2 49.2 3907.2 2599.6 354.0
2013/08/18 |  760.3 484.9 68.5 4476.5 2862.9 406.5
2013/08/19 |  696.0 440.8 62.1 42335 2676.7 379.6
2013/08/20 | 547.8 347.4 48.7 4928.6 3160.4 447.3
2013/08/21 | 360.1 219.8 31.3 2415.6 1487.4 212.3
2013/08/22 |  408.9 248.7 35.4 2390.2 1423.4 206.1
2013/08/23 |  497.9 316.4 44.0 4038.8 2577.9 363.1
2013/08/24 | 539.8 346.3 48.4 4592.6 3001.9 418.6
2013/08/25| 601.8 387.1 53.7 4179.4 2722.8 379.2
2013/08/26 | 691.4 444.3 61.6 4537.1 2941.9 410.5
2013/08/27 |  702.9 455.9 62.7 4805.0 3179.5 438.2
2013/08/28 | 545.6 351.7 48.1 4746.6 3121.3 429.1
2013/08/29 | 434.1 267.3 38.1 3072.5 1917.1 272.6
2013/08/30 |  466.5 295.7 41.4 3059.9 1957.1 277.1
2013/08/31 | 413.9 262.6 36.4 3020.3 1917.6 269.6
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Py B g (v) ®EP A F ()
(/7 /p) NOx SO« PM NOx SO« PM
2013/09/01 | 504.6 312.1 445 3928.3 2461.5 350.9
2013/09/02 | 597.3 381.0 53.0 4382.6 2788.8 393.5
2013/09/03 |  479.7 300.3 42.3 3963.3 2490.2 352.7
2013/09/04 |  451.8 289.0 40.1 3269.4 2097.3 292.7
2013/09/05 | 533.3 338.0 47.3 3577.4 2300.1 321.9
2013/09/06 |  643.7 415.7 57.3 4006.7 2587.3 360.3
2013/09/07 | 583.2 371.4 52.0 3206.4 2057.0 285.6
2013/09/08 |  544.9 355.5 48.7 3932.3 2518.1 353.7
2013/09/09 |  569.0 361.2 51.2 4022.4 2578.2 366.2
2013/09/10 | 592.6 382.6 53.3 3975.5 2584.9 361.0
2013/09/11 | 633.5 401.2 56.4 4097.9 2604.8 368.2
2013/09/12 | 493.1 313.9 43.7 3449.6 2212.8 310.7
2013/09/13 | 599.5 381.5 53.8 3976.3 2562.5 362.6
2013/09/14 |  550.1 360.8 49.3 3861.3 2541.3 353.1
2013/09/15 | 540.3 345.4 48.2 3338.8 2175.7 307.1
2013/09/16 | 507.6 320.8 45.1 2835.5 1822.8 256.9
2013/09/17 |  465.3 292.8 41.0 3076.3 1966.4 278.4
2013/09/18 | 519.6 332.1 46.0 2653.4 1702.9 238.9
2013/09/19 | 523.4 337.6 46.7 2375.5 1544.2 2155
2013/09/20 | 378.0 239.1 33.3 1888.9 1217.7 167.8
2013/09/21 | 166.2 79.4 135 1125.4 557.5 93.4
2013/09/22 | 307.1 170.3 26.3 1513.1 823.9 129.8
2013/09/23 |  636.0 394.3 56.6 3130.4 1950.0 281.0
2013/09/24 | 687.5 437.0 61.8 3688.4 2379.3 335.9
2013/09/25 | 560.3 350.2 49.3 3266.0 2053.6 292.7
2013/09/26 |  400.3 245.1 34.8 2255.2 1416.1 201.6
2013/09/27 | 4135 257.5 36.3 2777.0 1755.6 250.6
2013/09/28 | 539.6 345.7 48.1 3497.8 2300.4 321.3
2013/09/29 | 494.4 319.2 43.7 3479.0 2260.4 314.4
2013/09/30 |  440.4 271.7 38.7 2678.8 1684.9 242.1
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p g R E (V) BB AR ()
(/7 /p) NOx SOx PM NOx SOx PM
2013/10/01| 565.3 358.3 50.4 3352.2 2148.0 304.5
2013/10/02 | 547.1 343.6 48.6 3331.7 2136.4 302.8
2013/10/03 |  420.6 262.3 36.9 2594.3 1652.4 235.2
2013/10/04 |  403.6 257.5 35.2 2236.2 1455.7 202.3
2013/10/05 | 424.8 264.0 36.7 2416.2 1543.5 215.8
2013/10/06 | 382.7 225.7 32.6 1416.0 833.1 122.2
2013/10/07 | 570.8 358.7 50.4 3053.6 1935.5 274.3
2013/10/08 | 641.6 412.0 57.6 4334.6 2826.5 398.2
2013/10/09 | 505.3 318.9 44.9 3787.3 2420.4 343.6
2013/10/10 | 499.8 323.8 45.0 3058.3 1984.8 278.7
2013/10/11| 558.7 358.7 50.1 2913.7 1883.1 265.4
2013/10/12 | 405.5 249.6 35.9 1928.8 1222.8 174.9
2013/10/13| 387.4 243.0 33.9 2120.6 1362.7 191.7
2013/10/14 |  468.3 296.5 41.1 3222.7 2117.4 291.1
2013/10/15| 484.3 299.6 42.8 2895.2 1825.1 262.7
2013/10/16 | 390.9 231.9 33.6 2204.8 1352.6 196.5
2013/10/17 | 401.0 254.5 34.8 2458.5 1579.2 220.7
2013/10/18 | 394.9 253.0 34.6 2744.2 1778.5 249.0
2013/10/19 | 436.8 279.8 38.8 3167.9 2060.3 288.7
2013/10/20 | 424.7 263.0 37.4 2650.6 1691.3 241.4
2013/10/21| 414.8 267.0 36.8 2332.2 1561.2 214.4
2013/10/22 | 456.8 290.3 40.4 2739.9 1807.0 250.4
2013/10/23 | 431.2 263.1 37.8 3287.2 2062.2 297.8
2013/10/24 | 418.9 255.9 36.7 2542.3 1572.1 228.1
2013/10/25 | 459.7 269.6 39.8 2718.4 1618.8 239.5
2013/10/26 |  466.7 288.1 40.7 3187.7 2020.5 285.6
2013/10/27 |  400.6 248.5 35.4 3626.7 2303.8 326.9
2013/10/28 | 510.4 328.5 45.5 4344.9 2913.0 397.3
2013/10/29 |  500.1 314.8 44.6 3716.5 2411.8 342.6
2013/10/30 | 484.5 306.0 42.8 3515.7 2264.2 320.8
2013/10/31| 452.1 282.3 39.8 2722.6 1749.3 244.6
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Py B g (v) ®EP A F ()
(/7 /p) NOx SO« PM NOx SO« PM
2013/11/01 | 434.3 272.9 37.7 2471.1 1582.2 219.2
2013/11/02 | 421.2 258.5 36.9 3089.4 1955.3 279.4
2013/11/03 | 472.4 303.8 41.7 3173.3 2043.3 287.5
2013/11/04 | 482.4 300.0 42.7 2575.5 1632.5 234.2
2013/11/05 | 379.7 235.2 33.2 2665.6 1664.3 235.9
2013/11/06 | 518.8 326.1 46.2 3992.3 2566.0 363.8
2013/11/07 | 447.6 286.9 39.8 3013.6 1951.8 272.4
2013/11/08 |  469.9 297.3 41.8 3619.6 2316.7 330.4
2013/11/09 | 533.6 340.0 47.6 3554.8 23155 326.3
2013/11/10 | 587.4 376.4 52.3 3385.2 2204.7 310.6
2013/11/11 | 390.5 236.1 33.7 2052.7 1288.8 183.4
2013/11/12 | 404.5 250.5 35.4 2214.6 1419.2 201.5
2013/11/13 | 291.8 186.8 25.9 1576.2 1016.6 142.8
2013/11/14 | 316.4 205.9 28.4 2492.9 1661.8 230.9
2013/11/15 | 433.0 272.0 38.2 3771.0 2418.1 340.6
2013/11/16 | 508.5 325.5 45.2 3594.5 2352.4 330.9
2013/11/17 | 476.4 298.9 42,5 2983.6 1930.2 274.8
2013/11/18 | 457.7 284.9 40.5 3089.8 1988.8 283.5
2013/11/19 | 439.7 275.5 38.9 3650.0 2334.3 3335
2013/11/20 | 421.4 266.8 37.3 3668.0 2396.8 334.9
2013/11/21 | 459.7 293.9 40.8 4125.0 2693.7 376.0
2013/11/22 | 497.6 311.1 44.5 3500.4 2237.9 322.3
2013/11/23 | 564.1 363.8 50.3 3619.7 2382.6 331.9
2013/11/24 | 568.3 358.1 50.7 4030.1 2576.8 365.6
2013/11/25 | 504.2 313.4 44.6 2921.3 1860.3 264.6
2013/11/26 | 391.4 249.9 34.4 2791.8 1791.5 252.2
2013/11/27 | 431.7 271.6 38.4 3048.9 1917.9 273.8
2013/11/28 | 417.7 256.4 36.9 2481.5 1544.8 223.7
2013/11/29 | 403.6 255.2 35.5 2605.7 1664.2 235.0
2013/11/30 | 415.4 266.4 36.8 3190.1 2073.1 290.9
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Py B g (v) ®EP A F ()
(/7 /p) NOx SO« PM NOx SO« PM
2013/12/01 | 459.7 295.8 40.5 33725 2184.0 304.6
2013/12/02 | 516.8 331.0 46.0 2911.5 1877.5 263.7
2013/12/03 | 570.1 365.7 50.9 3038.3 1996.9 274.3
2013/12/04 | 527.9 340.5 46.8 2189.4 1398.9 192.8
2013/12/05 | 376.8 240.4 33.2 1687.6 1036.6 145.5
2013/12/06 | 396.8 250.9 35.4 1806.0 1135.2 160.2
2013/12/07 |  365.0 229.5 32.1 1499.0 937.9 131.2
2013/12/08 |  405.7 257.6 35.8 2200.3 1389.2 196.9
2013/12/09 |  602.6 385.9 54.4 3047.6 1999.5 279.7
2013/12/10 | 379.3 227.4 33.1 2141.7 1295.4 190.4
2013/12/11 | 367.9 231.9 32.4 2601.0 1637.8 232.3
2013/12/12 | 457.5 296.7 40.8 3269.2 2149.3 297.3
2013/12/13 | 445.7 282.6 39.3 3207.1 2043.3 289.2
2013/12/14 | 432.6 272.4 37.7 2621.7 1646.6 230.7
2013/12/15 | 385.1 238.6 33.6 2134.8 1323.4 186.0
2013/12/16 | 471.2 289.0 41.3 2605.7 1559.5 228.3
2013/12/17 | 436.3 260.1 37.9 2781.2 1632.1 241.6
2013/12/18 | 399.2 241.0 34.7 2723.2 1626.1 235.8
2013/12/19 | 352.9 211.8 30.8 2284.5 1352.7 197.9
2013/12/20 | 382.3 236.8 33.3 2269.5 1407.1 199.2
2013/12/21 | 393.3 247.1 34.4 2321.1 1455.3 204.2
2013/12/22 | 4243 268.9 37.3 2848.8 1817.0 255.3
2013/12/23 | 417.4 264.0 36.7 2645.2 1661.2 235.3
2013/12/24 |  358.9 224.9 31.1 2136.0 1302.4 184.5
2013/12/25 | 398.8 253.5 34.8 2574.3 1625.9 226.1
2013/12/26 |  415.0 254.6 36.5 2709.4 1647.0 238.2
2013/12/27 |  406.9 246.2 35.2 2173.2 1323.4 190.1
2013/12/28 |  376.0 234.0 32.8 2765.1 1718.7 2435
2013/12/29 | 397.0 253.7 34.7 2653.1 1680.0 235.4
2013/12/30 | 541.0 347.9 48.4 3629.7 2337.6 329.3
2013/12/31| 697.5 440.1 62.5 3744.9 2383.2 339.1
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/01/01 | 466.8 294.9 41.1 3141.2 2022.6 284.4
2016/01/02 |  606.7 390.4 55.1 3989.0 2607.0 369.5
2016/01/03 | 563.7 368.9 50.8 3966.0 2627.1 364.6
2016/01/04 | 574.6 370.1 51.7 3727.9 2404.0 342.0
2016/01/05 | 539.4 333.5 48.0 3835.0 2430.5 349.5
2016/01/06 | 462.7 283.8 40.7 3456.6 2127.9 309.3
2016/01/07 | 4486 275.0 39.7 2738.6 1703.3 246.4
2016/01/08 | 436.9 272.1 38.6 3018.9 1911.2 272.5
2016/01/09 | 391.6 242.3 34.9 2893.8 1835.3 263.7
2016/01/10 | 468.6 299.3 42.0 3592.3 2338.1 329.8
2016/01/11 | 4281 263.8 37.7 3227.0 1995.0 286.9
2016/01/12 | 431.9 265.6 38.3 2559.2 1594.2 229.6
2016/01/13 |  409.5 246.8 36.0 2652.0 1614.2 236.7
2016/01/14 | 417.2 259.6 37.0 3239.5 2075.8 293.0
2016/01/15 | 4685 301.4 41.4 3764.4 2414.2 340.6
2016/01/16 | 361.8 229.3 32.3 1598.8 1008.6 143.0
2016/01/17 |  400.1 246.7 35.4 1559.6 946.0 136.7
2016/01/18 | 427.8 271.3 38.0 2188.4 1386.0 197.2
2016/01/19 | 466.3 296.7 42.2 2971.8 1900.8 273.4
2016/01/20 | 4286 264.9 38.4 2506.7 1550.3 226.5
2016/01/21 | 463.8 286.8 41.6 2999.7 1879.4 273.6
2016/01/22 | 4115 258.0 36.2 2411.1 1522.5 214.4
2016/01/23 | 367.7 215.2 32.3 1866.8 1079.2 165.0
2016/01/24 | 329.6 193.1 28.3 1890.7 1118.9 164.2
2016/01/25 | 298.9 182.7 26.2 1997.9 1253.1 178.6
2016/01/26 |  406.0 261.5 35.9 2995.4 1929.3 273.3
2016/01/27 | 484.1 308.5 43.6 3290.8 2116.7 301.2
2016/01/28 | 544.3 350.2 49.3 3578.2 2322.2 330.7
2016/01/29 |  490.2 322.1 445 2763.1 1827.6 255.9
2016/01/30 | 381.3 237.2 33.4 1791.0 1107.3 158.1
2016/01/31 | 363.8 228.1 32.1 1923.7 1228.9 174.8
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/02/01 | 3733 221.7 32.5 1843.6 1116.2 164.1
2016/02/02 | 362.6 209.3 31.3 1730.8 1017.2 153.8
2016/02/03 |  457.0 286.2 40.5 2185.0 1396.2 199.0
2016/02/04 | 4343 273.8 38.7 2277.6 1441.9 204.9
2016/02/05 | 407.5 250.1 36.1 2034.0 1284.5 186.0
2016/02/06 |  404.0 255.4 35.5 1917.0 1242.5 172.8
2016/02/07 | 457.3 289.1 40.6 1995.7 1298.0 182.8
2016/02/08 | 563.2 357.0 50.3 2196.8 1414.3 199.3
2016/02/09 |  606.0 389.1 53.9 2340.2 1517.0 210.4
2016/02/10 | 592.3 374.0 53.2 2584.9 1655.4 2345
2016/02/11 | 472.2 299.4 41.9 2780.5 1798.7 251.8
2016/02/12 | 392.3 248.6 34.8 2403.1 1549.9 219.7
2016/02/13 | 4338 276.8 38.7 2137.5 1393.5 197.0
2016/02/14 | 4126 254.8 36.0 1981.7 1248.2 176.4
2016/02/15 | 345.2 203.8 29.5 1634.8 976.0 142.5
2016/02/16 | 375.8 234.8 335 2318.9 1479.4 210.4
2016/02/17 | 435.3 273.3 38.9 2946.5 1881.6 268.0
2016/02/18 |  461.0 298.1 41.6 2495.0 1637.1 230.9
2016/02/19 | 446.8 285.4 40.1 2341.7 1494.9 214.6
2016/02/20 | 387.0 247.9 345 1858.0 1203.8 169.6
2016/02/21 | 398.9 254.8 35.4 1795.6 1182.6 164.1
2016/02/22 |  417.2 259.4 37.0 2382.1 1527.9 218.5
2016/02/23 |  409.9 248.2 35.7 1894.6 1162.7 167.7
2016/02/24 |  302.7 169.5 26.0 1451.8 831.8 127.4
2016/02/25 | 359.1 210.4 31.2 1903.1 1143.7 169.1
2016/02/26 | 398.2 245.9 35.3 2445.9 1534.5 220.8
2016/02/27 | 438.1 280.8 39.3 2912.0 1886.6 265.8
2016/02/28 |  657.0 425.8 59.9 2554.0 1659.1 234.6
2016/02/29 | 543.4 341.0 48.4 2097.0 1313.9 187.4
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/03/01 | 436.7 268.4 38.4 2286.4 1413.3 204.6
2016/03/02 | 565.9 355.7 50.7 3128.7 1988.6 284.9
2016/03/03 | 645.6 405.3 58.1 3472.5 2219.6 319.4
2016/03/04 | 685.2 435.1 62.4 3380.3 2188.8 311.2
2016/03/05 | 587.8 377.9 53.3 3099.5 2053.1 288.3
2016/03/06 | 541.8 347.8 49.1 2511.9 1632.2 233.1
2016/03/07 | 504.2 322.9 45.3 3376.8 2190.7 311.0
2016/03/08 | 439.4 277.2 39.1 2892.5 1862.1 263.1
2016/03/09 | 484.6 299.3 42.8 2434.8 1485.4 219.5
2016/03/10 | 428.2 253.3 36.9 1808.3 1072.4 158.5
2016/03/11 | 423.4 260.2 37.2 2088.2 1307.3 187.3
2016/03/12 | 493.1 321.6 43.9 2723.6 1823.4 249.1
2016/03/13 | 584.4 376.3 52.4 2831.8 1847.0 256.4
2016/03/14 | 419.7 254.4 36.9 1947.7 1184.8 173.0
2016/03/15 | 451.2 282.5 40.2 2194.8 1385.0 198.8
2016/03/16 | 584.4 367.9 52.9 3633.7 2294.4 333.9
2016/03/17 | 548.1 350.1 49.0 3185.3 2058.6 291.8
2016/03/18 | 508.4 328.7 45.6 2509.3 1627.7 229.6
2016/03/19 | 541.1 357.3 48.4 2195.4 1493.7 201.6
2016/03/20 | 6455 420.4 58.5 2110.5 1402.3 194.8
2016/03/21 | 551.3 354.0 50.1 2419.1 1576.5 224.2
2016/03/22 | 522.4 339.3 46.8 2985.0 1968.5 274.2
2016/03/23 | 496.1 312.9 44.4 2591.3 1639.7 236.5
2016/03/24 | 4376 262.8 38.0 1897.3 1151.8 166.2
2016/03/25 | 507.4 314.8 455 2310.0 1462.3 212.4
2016/03/26 | 536.7 337.6 48.0 2502.4 1597.2 228.4
2016/03/27 | 4945 321.0 43.9 2849.3 1864.3 257.0
2016/03/28 | 521.8 343.6 47.1 3011.6 2035.6 275.4
2016/03/29 | 746.4 485.2 67.8 2963.4 1923.5 271.3
2016/03/30 | 640.8 416.9 58.6 3078.4 2006.6 282.1
2016/03/31 | 544.1 354.1 49.2 2638.5 1714.0 241.7
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/04/01 | 556.5 363.3 50.0 2490.2 1655.3 228.1
2016/04/02 | 556.4 375.4 50.5 2399.3 1632.4 220.4
2016/04/03 | 616.3 400.0 56.3 2468.0 1619.9 228.4
2016/04/04 | 680.4 4439 61.7 1796.3 1176.2 165.0
2016/04/05 | 593.7 385.1 53.8 1714.9 1131.9 157.4
2016/04/06 | 761.2 486.4 69.2 2511.4 1610.5 2315
2016/04/07 |  797.9 519.8 73.0 2845.6 1887.3 264.7
2016/04/08 | 595.9 389.5 54.0 2291.5 1528.6 212.1
2016/04/09 - - - - - -
2016/04/10 - - - - - -
2016/04/11 | 2445 151.8 21.7 966.2 602.4 87.4
2016/04/12 | 550.7 348.4 49.0 2581.6 1663.4 233.9
2016/04/13 | 547.7 3455 49.2 2833.6 1786.3 258.0
2016/04/14 |  650.0 419.6 58.6 2315.8 1469.8 209.6
2016/04/15 | 472.4 302.5 41.5 2570.2 1651.4 231.0
2016/04/16 | 606.7 393.3 54.2 2836.4 1885.3 261.0
2016/04/17 | 603.1 386.0 54.1 2608.8 1697.6 238.8
2016/04/18 | 537.4 344.4 47.7 2397.0 1550.4 216.7
2016/04/19 | 555.6 355.5 49.4 2907.1 1901.3 264.1
2016/04/20 | 601.4 384.9 54.0 3113.3 1992.1 283.2
2016/04/21 | 695.8 446.8 62.8 3766.2 2510.6 353.0
2016/04/22 | 757.8 500.0 69.7 3608.8 2426.8 341.1
2016/04/23 |  709.9 466.7 64.9 4115.9 2731.9 385.9
2016/04/24 | 5885 375.5 53.0 3182.4 2022.1 289.8
2016/04/25 | 533.7 346.2 48.5 2741.0 1775.9 248.7
2016/04/26 | 551.3 354.7 50.0 3178.1 2032.4 288.2
2016/04/27 | 555.4 363.9 51.3 3760.3 2434.1 349.1
2016/04/28 |  633.0 410.1 57.2 3761.2 2452.5 343.1
2016/04/29 | 686.5 439.7 62.2 2983.9 1942.7 271.7
2016/04/30 |  639.0 416.3 58.7 2420.4 1577.4 223.3
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/05/01 180.7 115.9 16.5 796.1 518.0 73.8
2016/05/02 |  605.5 393.8 54.9 2418.2 1583.9 221.4
2016/05/03 | 7136 461.8 64.8 2803.9 1816.6 258.1
2016/05/04 |  644.0 418.9 59.0 2780.8 1793.6 256.6
2016/05/05 | 663.5 430.4 60.2 3488.7 2276.4 320.5
2016/05/06 | 509.2 329.3 46.4 2187.5 1431.1 202.5
2016/05/07 51.3 32.6 4.6 549.1 341.2 49.8
2016/05/08 43.2 29.6 3.9 500.7 348.0 45.1
2016/05/09 | 410.9 274.3 37.4 1919.5 1318.3 177.9
2016/05/10 |  655.0 420.5 59.7 3134.3 2029.6 289.6
2016/05/11 | 655.2 417.8 59.4 2969.5 1904.5 270.3
2016/05/12 | 613.4 397.4 55.5 3153.6 2073.9 288.8
2016/05/13 | 624.9 404.0 56.6 3148.4 2018.4 286.3
2016/05/14 | 530.9 343.9 48.5 2609.4 1689.7 239.1
2016/05/15 | 643.1 414.9 58.8 2698.7 1739.6 247.8
2016/05/16 | 4295 272.1 38.6 2048.1 1274.1 185.2
2016/05/17 | 529.6 329.9 47.3 2540.3 1599.6 228.8
2016/05/18 | 653.6 417.3 59.0 3402.6 2213.7 310.0
2016/05/19 | 652.4 424.8 58.9 3635.7 2418.4 331.9
2016/05/20 |  696.7 446.2 63.0 3914.9 2512.2 358.9
2016/05/21 | 573.0 3714 51.8 2899.1 1867.7 263.4
2016/05/22 |  462.1 292.3 41.3 2234.5 1395.7 199.6
2016/05/23 | 515.6 330.0 45.7 3219.1 2059.5 287.7
2016/05/24 |  620.7 394.7 55.8 3670.8 2329.1 332.7
2016/05/25 |  669.2 434.2 61.1 3870.0 2475.8 3515
2016/05/26 | 715.4 469.7 65.8 3132.2 2082.2 289.8
2016/05/27 | 702.3 451.6 63.4 3799.6 2447.7 345.7
2016/05/28 | 558.3 360.2 50.3 2972.2 1918.4 269.8
2016/05/29 | 564.6 363.5 51.2 2943.6 1897.5 268.7
2016/05/30 | 616.3 403.8 56.2 3141.3 2060.5 289.0
2016/05/31 |  705.7 454.4 64.1 3171.1 2032.2 290.0
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p ¥ B (v) T it P A K (9)
(/7 /p) NOx SO« PM NOx SO« PM
2016/06/01 | 665.5 425.0 60.3 2418.4 1519.6 219.2
2016/06/02 | 608.5 398.8 55.2 3552.5 2319.8 324.7
2016/06/03 | 621.3 404.5 56.6 3206.4 2072.8 295.4
2016/06/04 | 657.5 430.0 60.1 2984.1 1959.5 275.3
2016/06/05 |  692.0 448.2 62.8 2805.2 1835.2 258.3
2016/06/06 | 542.2 359.7 48.6 2983.1 1997.9 271.2
2016/06/07 |  709.4 466.3 64.3 3143.5 2103.2 288.2
2016/06/08 |  740.4 478.9 67.2 3294.4 2128.2 3015
2016/06/09 | 654.7 434.3 59.6 2939.7 1988.4 270.9
2016/06/10 | 670.6 428.4 60.8 3410.0 2195.8 312.2
2016/06/11 | 514.6 332.6 46.6 2785.5 1808.5 256.1
2016/06/12 | 533.1 3425 47.9 2541.3 1641.3 231.5
2016/06/13 | 508.1 320.1 45.0 2453.8 1566.6 220.2
2016/06/14 | 598.5 378.9 53.4 3080.4 1976.2 279.6
2016/06/15 |  643.9 423.6 58.2 2673.1 1757.8 242.4
2016/06/16 | 597.6 389.1 54.4 2838.8 1838.9 262.2
2016/06/17 | 580.5 385.1 52.5 2927.8 1952.7 267.6
2016/06/18 | 672.3 441.6 61.5 2800.1 1875.8 259.2
2016/06/19 | 774.6 518.5 71.0 2873.7 1941.3 266.3
2016/06/20 | 720.1 486.1 65.9 2482.4 1723.7 230.2
2016/06/21 | 766.27 504.4 70.13 2510.3 1650.6 232.3
2016/06/22 | 904.61 597.91 83.52 2621.8 1724.8 243.8
2016/06/23 | 870.8 582.7 80.2 2382.8 1616.9 221.5
2016/06/24 | 901.6 597.6 83.9 2528.2 1688.5 235.9
2016/06/25 | 712.5 466.5 65.6 2548.3 1664.5 236.8
2016/06/26 | 599.1 394.5 54.6 3114.7 2093.2 286.6
2016/06/27 | 741.2 499.3 67.8 2830.8 1944.7 259.9
2016/06/28 |  690.8 456.3 63.0 2840.8 1872.7 260.4
2016/06/29 | 611.5 392.3 55.8 3106.2 2015.7 285.3
2016/06/30 |  660.7 444.0 60.2 3236.7 2189.2 297.4
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/07/01 | 7405 485.3 67.9 3364.5 2228.8 3115
2016/07/02 | 7428 490.5 67.6 2906.9 1911.3 263.9
2016/07/03 |  753.9 492.1 68.5 2935.4 1904.5 267.2
2016/07/04 | 707.3 464.7 64.1 3265.9 2161.7 297.3
2016/07/05 | 714.8 467.5 65.5 3754.6 2475.0 347.0
2016/07/06 | 693.2 455.0 63.7 3570.5 2384.3 3335
2016/07/07 | 554.6 369.6 50.6 2834.3 1941.9 264.3
2016/07/08 | 110.1 64.7 9.1 593.2 342.9 47.9
2016/07/09 | 495.4 314.4 44.8 1827.2 1166.5 169.1
2016/07/10 |  720.8 464.1 65.7 3094.9 2035.4 289.5
2016/07/11 | 610.6 393.9 55.0 2993.1 1941.9 273.8
2016/07/12 | 594.9 379.1 53.0 2820.0 1810.9 254.0
2016/07/13 | 667.5 4235 60.4 3069.8 1960.3 279.8
2016/07/14 | 671.2 429.6 60.5 2788.9 1749.9 251.8
2016/07/15 | 772.3 497.6 70.5 3041.2 1950.8 280.4
2016/07/16 | 812.8 530.4 73.8 2792.9 1841.1 255.3
2016/07/17 | 721.7 464.6 65.6 3240.8 2108.8 298.5
2016/07/18 | 698.5 456.8 63.5 3190.5 2111.3 295.2
2016/07/19 | 693.2 4423 63.5 3383.1 2158.8 312.5
2016/07/20 | 855.1 551.8 78.7 3045.0 1970.4 283.1
2016/07/21 | 862.7 567.2 79.2 2669.9 1767.9 2475
2016/07/22 |  664.7 442.7 61.9 1947.3 1290.3 181.7
2016/07/23 | 886.4 590.0 82.3 2703.2 1810.5 251.9
2016/07/24 | 808.3 524.2 74.1 3027.7 1973.4 280.4
2016/07/25 | 682.4 451.1 62.6 3099.1 2082.2 287.9
2016/07/26 |  860.9 555.2 78.8 3053.4 1971.0 281.0
2016/07/27 | 849.6 559.0 78.0 2909.0 1890.1 268.0
2016/07/28 | 885.8 584.7 81.7 2934.7 1966.3 274.3
2016/07/29 | 845.9 551.6 78.0 2878.9 1914.1 272.0
2016/07/30 | 6735 435.1 61.8 2857.3 1885.4 268.5
2016/07/31 | 515.3 329.9 46.3 2860.3 1847.8 263.6

4 77




p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/08/01 | 449.2 282.8 39.8 2178.8 1438.0 199.0
2016/08/02 | 510.0 321.9 46.3 3777.3 2426.3 352.6
2016/08/03 | 697.1 449.4 64.0 4196.2 2760.7 393.9
2016/08/04 | 791.9 529.4 72.7 4445.9 2976.9 416.1
2016/08/05 |  740.9 483.1 68.4 3669.8 2429.6 345.0
2016/08/06 | 662.3 437.6 61.1 4587.6 3092.3 430.6
2016/08/07 | 514.6 337.7 47.2 3966.6 2622.9 372.1
2016/08/08 | 562.4 362.0 51.2 3843.5 2536.3 356.1
2016/08/09 | 632.1 404.5 57.8 4685.6 3063.5 439.3
2016/08/10 | 578.2 385.8 52.9 5030.7 3440.6 471.3
2016/08/11 |  497.0 322.8 44.9 4028.7 2652.8 374.0
2016/08/12 | 546.5 354.8 50.0 3775.5 2504.4 353.5
2016/08/13 |  465.6 304.9 42.1 3815.6 2573.0 356.8
2016/08/14 | 549.1 355.2 49.9 4384.0 2875.9 4111
2016/08/15 | 515.4 340.4 46.8 3577.6 2423.5 331.4
2016/08/16 | 568.1 363.9 51.0 4048.2 2653.4 372.8
2016/08/17 | 362.2 230.9 32.4 2904.5 1865.8 265.8
2016/08/18 | 199.8 128.1 18.0 1261.5 814.3 116.7
2016/08/19 | 562.7 363.9 50.5 3841.3 2518.0 353.9
2016/08/20 |  602.7 396.1 54.6 3785.8 2545.5 350.3
2016/08/21 |  600.9 398.6 54.6 3680.2 2453.1 343.1
2016/08/22 | 6915 448.8 63.2 4159.5 2765.6 390.9
2016/08/23 |  696.5 456.4 63.6 3855.4 2555.5 359.2
2016/08/24 | 735.8 481.3 67.1 4642.7 3062.2 433.2
2016/08/25 | 843.7 548.0 76.7 4213.6 2788.5 392.8
2016/08/26 | 837.6 552.5 76.6 4196.9 2791.7 391.2
2016/08/27 | 545.1 364.2 49.9 4166.1 2799.1 392.6
2016/08/28 |  440.6 283.4 39.3 3164.1 2055.0 289.6
2016/08/29 |  450.3 296.5 40.5 2978.0 2038.1 274.0
2016/08/30 | 564.7 367.0 51.2 3657.1 2417.2 338.3
2016/08/31 | 715.2 460.0 64.3 3791.0 2464.1 347.1
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p ¥ B (v) T it P A K (9)
(/7 /p) NOx SO« PM NOx SO« PM
2016/09/01 520.0 343.2 46.7 3512.3 2367.3 323.6
2016/09/02 529.3 341.6 475 3565.6 2321.8 325.8
2016/09/03 664.1 429.6 60.6 3479.1 2260.3 322.2
2016/09/04 582.0 387.2 52.6 4284.2 2892.8 394.3
2016/09/05 537.3 354.9 48.7 4122.0 2766.9 383.3
2016/09/06 633.1 407.2 57.8 4350.4 2827.3 404.5
2016/09/07 486.1 310.9 43.4 4481.2 2860.0 409.4
2016/09/08 548.1 362.0 49.5 4007.9 2722.5 373.6
2016/09/09 524.3 342.0 47.7 4024.3 2648.0 374.6
2016/09/10 518.1 335.2 47.4 3773.3 2497.7 354.8
2016/09/11 621.0 420.1 57.0 3888.5 27315 366.1
2016/09/12 617.1 399.5 56.1 3119.2 2065.4 291.0
2016/09/13 458.8 292.7 40.9 2736.2 1826.6 253.5
2016/09/14 212.4 110.3 17.7 1346.4 743.6 118.1
2016/09/15 643.1 408.0 58.3 2282.4 1456.8 209.3
2016/09/16 716.7 464.5 65.5 3022.8 2011.2 285.6
2016/09/17 390.4 239.2 34.8 2047.6 1282.3 187.5
2016/09/18 449.3 279.4 40.1 2825.5 1771.5 258.8
2016/09/19 426.9 270.0 38.4 3524.5 2288.2 325.9
2016/09/20 536.6 338.0 48.5 3455.0 2252.0 323.8
2016/09/21 534.2 337.9 47.9 3255.2 2086.6 298.6
2016/09/22 557.7 354.7 50.4 3806.7 2507.5 354.5
2016/09/23 605.1 386.3 54.9 3855.9 2513.8 360.1
2016/09/24 673.7 433.7 61.2 3816.2 2489.0 354.7
2016/09/25 758.4 502.8 69.0 4021.5 2713.4 376.2
2016/09/26 471.0 319.1 42.8 2790.2 1959.1 261.1
2016/09/27 88.4 48.8 7.3 707.3 401.9 61.9
2016/09/28 505.1 334.0 45.9 1935.1 1250.5 177.3
2016/09/29 1015.2 656.8 92.4 5098.1 3312.9 4745
2016/09/30 559.3 358.4 51.0 3354.3 2205.9 314.6
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/10/01 | 735.8 482.0 66.4 4346.8 2951.2 403.4
2016/10/02 | 696.8 454.7 63.0 3815.0 2522.9 355.1
2016/10/03 | 707.7 463.1 63.7 3887.7 2615.5 358.5
2016/10/04 | 649.8 418.3 58.3 3932.4 2602.1 362.9
2016/10/05 | 588.9 371.5 52.6 3487.9 2208.4 318.0
2016/10/06 | 469.2 297.3 41.2 2952.3 1950.7 265.5
2016/10/07 | 582.4 371.7 52.1 3009.9 1952.4 275.1
2016/10/08 | 452.2 289.3 40.1 2793.1 1778.2 254.8
2016/10/09 | 391.0 233.8 34.0 1711.6 1012.6 148.1
2016/10/10 | 366.6 224.8 31.7 1701.4 1030.0 147.9
2016/10/11 |  468.0 293.1 41.5 2557.3 1586.7 228.7
2016/10/12 | 519.7 338.1 46.6 2811.5 1792.1 253.8
2016/10/13 | 478.9 305.0 42.9 2596.8 1664.5 236.6
2016/10/14 | 514.4 319.6 455 2921.5 1856.9 265.4
2016/10/15 | 469.5 298.6 41.5 2706.5 1762.5 245.7
2016/10/16 | 5775 376.8 52.6 3162.6 2078.9 294.3
2016/10/17 | 530.3 346.9 47.9 2834.8 1907.7 263.3
2016/10/18 | 620.8 408.6 56.3 2999.4 1984.4 277.9
2016/10/19 | 564.5 374.5 50.5 2747.6 1813.5 248.9
2016/10/20 | 439.2 262.0 38.3 2174.6 1330.5 194.7
2016/10/21 | 471.2 276.4 41.2 2527.3 1493.4 225.4
2016/10/22 | 603.8 392.3 54.8 3409.1 2243.9 314.3
2016/10/23 | 7215 4755 65.4 44343 2951.8 407.1
2016/10/24 | 471.2 301.6 42,5 3811.2 2449.3 348.7
2016/10/25 | 654.1 4225 58.9 4060.3 2598.9 368.6
2016/10/26 | 791.4 512.9 71.3 4582.1 2951.3 416.2
2016/10/27 | 905.4 589.4 82.4 4439.9 2913.1 405.5
2016/10/28 |  792.0 517.8 72.8 3800.7 2495.3 352.3
2016/10/29 | 425.0 264.0 38.4 2196.8 1347.9 200.0
2016/10/30 | 321.3 194.9 28.1 1634.6 1009.7 145.7
2016/10/31 |  409.7 261.1 36.7 2176.7 1379.7 197.7
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p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/11/01 | 4121 250.8 36.2 1946.8 1205.4 174.2
2016/11/02 | 426.0 257.4 37.2 2202.0 1347.5 197.5
2016/11/03 | 399.9 241.9 35.2 2528.1 1554.5 226.2
2016/11/04 | 507.4 3245 45.3 4231.4 2727.6 380.3
2016/11/05 | 552.7 365.6 50.3 4294.4 2860.4 396.3
2016/11/06 | 577.7 377.7 52.4 4591.3 3010.9 422.4
2016/11/07 | 682.8 446.5 62.1 4741.3 3111.3 438.4
2016/11/08 | 573.6 364.8 51.8 3490.6 2205.1 316.1
2016/11/09 | 420.1 242.0 36.3 2361.8 1374.0 205.6
2016/11/10 | 501.0 313.5 44.4 3753.0 2343.8 335.2
2016/11/11 | 568.6 374.1 51.9 4583.2 3036.6 424.4
2016/11/12 | 538.6 354.3 49.4 4545.0 2986.0 420.0
2016/11/13 | 679.9 449.4 62.0 4284.1 2830.1 394.6
2016/11/14 | 916.7 608.5 84.0 4930.3 3293.2 458.7
2016/11/15 | 655.7 422.9 59.3 3449.4 2242.6 317.0
2016/11/16 | 543.0 348.6 49.1 3968.7 2584.6 366.2
2016/11/17 | 635.4 409.7 58.0 5322.0 3474.0 494.8
2016/11/18 | 781.2 510.0 71.7 4992.4 3272.3 462.5
2016/11/19 | 874.2 575.3 80.1 4807.2 3200.4 448.2
2016/11/20 | 603.3 395.6 55.3 4563.4 3005.8 424.9
2016/11/21 | 557.0 366.5 51.1 4432.2 2948.6 415.8
2016/11/22 | 557.9 354.9 50.5 3092.1 1969.3 284.2
2016/11/23 | 4341 259.8 38.3 2248.3 1342.6 200.6
2016/11/24 |  369.0 218.2 32.3 2183.7 1296.6 192.9
2016/11/25 | 461.7 287.8 40.9 3282.9 2084.3 300.0
2016/11/26 | 4711 302.1 42,5 3356.4 2190.0 311.8
2016/11/27 | 431.9 269.1 38.2 2381.9 1505.3 214.0
2016/11/28 |  409.4 250.5 36.2 2156.4 1345.9 195.3
2016/11/29 | 397.4 243.3 35.1 2572.7 1614.9 234.2
2016/11/30 | 545.2 348.3 49.0 3604.5 2319.6 330.5

it 7-11




p g B (v) T E A R ()
(#/1/p) NOx SOx PM NOx SOy PM
2016/12/01 | 491.8 309.9 44.2 2824.3 1797.1 260.0
2016/12/02 | 466.4 286.9 41.2 2708.1 1694.2 2443
2016/12/03 | 507.5 323.4 45.7 3697.0 2401.3 342.2
2016/12/04 | 727.7 469.8 65.9 4483.2 2909.4 410.5
2016/12/05 | 602.5 387.6 54.6 3530.9 2270.9 322.3
2016/12/06 |  459.0 280.1 40.2 2441.9 1503.2 216.6
2016/12/07 | 541.1 336.1 48.1 3978.0 2472.3 357.9
2016/12/08 | 501.6 3225 45.2 3459.0 2233.4 317.1
2016/12/09 | 683.7 437.9 62.0 3530.0 2308.8 325.4
2016/12/10 |  465.0 291.5 41.6 2550.1 1597.9 228.9
2016/12/11 | 4105 263.3 36.2 2526.3 1615.9 224.7
2016/12/12 | 521.1 341.9 47.1 3570.2 2382.2 326.8
2016/12/13 | 796.6 518.1 72.7 3730.8 2399.2 341.3
2016/12/14 | 4441 278.3 39.3 2357.8 1489.1 211.1
2016/12/15 | 4156 248.2 36.2 2535.2 1509.7 222.8
2016/12/16 | 345.4 213.8 30.1 1851.9 1122.5 160.6
2016/12/17 | 416.1 264.9 37.3 3086.3 1937.1 278.4
2016/12/18 | 537.8 349.2 49.1 2944.8 1900.0 268.1
2016/12/19 | 680.0 4415 62.3 3868.2 2481.8 349.8
2016/12/20 |  695.2 448.3 63.6 3862.6 2445.9 351.7
2016/12/21 | 615.5 391.8 55.4 4134.6 2560.1 373.9
2016/12/22 | 5425 360.9 49.3 3093.3 2031.5 281.9
2016/12/23 | 391.9 238.5 34.0 1865.3 1146.0 163.6
2016/12/24 | 3715 229.7 32.5 2150.9 1341.4 191.6
2016/12/25 | 452.9 292.9 40.8 2751.2 1768.4 248.8
2016/12/26 | 552.8 357.6 50.3 3669.2 2375.6 335.3
2016/12/27 | 4125 247.9 36.1 1956.2 1130.4 168.0
2016/12/28 | 342.8 205.1 29.9 1555.5 940.5 136.3
2016/12/29 | 340.8 204.5 29.5 2081.5 1235.9 181.2
2016/12/30 |  409.0 254.3 35.8 2329.0 1457.5 204.3
2016/12/31 | 4805 308.9 42.8 2719.3 1754.6 246.1
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