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SMOKE-Asia (Woo et al., 2012)
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MEGAN

GIS 7—75

+ i
F—5

I " : Community Multiscale Air Quality modeling system

I :E T ) b"b 7—_“_ 9 lGIs: Geographic Information System

| N N IMEGAN: Model of Emissions of Gases and Aerosols from Nature
\K .

' j L1 7 - -[A /)lb;hv ; MIMS:  Multimedia Integrated Modeling System

SMOKE: Sparse Matrix Operator Kernel Emissions modeling system
WREF: Weather Research and Forecasting modeling system
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MEGAN
ver. 2.0.4

MIMS
ver. 3.6

SMOKE
ver. 2.1

WRF
ver. 3.4.1

CMAQ
ver. 5.0.1

Tii#EE S —4 : LAl - PFT(Guenther et al., 2006)
[R5 . WRF OstEER

fEHE GIS 7—4 : A0 - BE - RBEH - FMERE - BERE
BiE GIS 7—4 : GSHHG ver. 2.2.2 (Wessel and Smith, 1996)

ANATRYEE © INTEX-B (Zhang et al., 2009) . TRACE-P (Streets et al., 2003)
BEARES Y : MEGAN DEtER-R

USR5 ¢ NCEP FNL (Final) Operational Global Analysis data (NOAA, 2000)
itz —%~ : USGS (U.S. Geological Survey)

SMEDIEERIG : CB0O5 or SAPRC-99
A58 . WRF DEtE5E
HEH5—4 : SMOKE DitE#ER



MEGAN (Model of Emissions of Gases and Aerosols from Nature)

By :

KBS R 2

Intermediate

e e |

Emission response |

Time
resolved
.| gridded

"l BVOC
emission |
estimates |

Input ; i
calculations i :
. i algorithms
S | SOURCE | Leaf age | Tt o
Y 1] : Y 1] = . e -—EL), .g
HEd = BELREN x BELIEENREN : odel | agorithm
s T Canopy Light and
l:: X viron H
< EEPIIRDEE e i ey
SR A TS X—5 B |ompersres. ] e
T s § [momre |l Roevenent |
EF&‘%%& 2 : Soil moisture
2 |co2 . re algorithm
LAl (Leaf Area Index) il |
i | coz
/P_FT (Plant Functional Type) § m— i__?IETth_m ______
R (KB - T8k - BE - S8 - K8 - EiR) % |Prrand species = --
£ | composition —l—). PR
= | emission factors
LAl . PFT . BEHREI Guenther et al. (2006) ML TH D ENEFIH
I5H Bz Bifi] o B
JRT—¥ WRF O 1#ER% MCIP TRIELZED - -
PFT 2001 &M 6 #@%E (BTR: broadleaf trees . FTD: - HREVAICLDARDA RV KN
fineleaf deciduous trees . FTE: fineleaf evergreen (Kinnee et al., 1997) &
trees . CRP: crops . GRS: grass . SHR: shrub) MODIS3 7—#~X—X (Hansen
et al., 2003)
LAI 2003 FDOKATEDT—4 m?/(1000 m?) Zhang et al. (2004) @ LAl #£5t+
& Hansen et al. (2003) B D
ER T
%% F & (isoprene, methylbutenol, methanol, pg/m son et al.
BEHREX 2000 FEDILZEFE ( thylbutenol thanol /m?/h Ol t al. (2001)

NO, 3-carene, limone, myrcene, ocimene, alpha-
pinene. beta-pinene. sabinene)
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MIMS (Multimedia Integrated Modeling System) Spatlal Allocator
HH: GIS 7—5Z& AN E LT SMOKE D ZERBL D EZE & ERK
HBDELC EWFILGC Y OT —~ (srg) DIEZLUTOR CTEHE

s72(C, GC) = Value of weight attribute in the intersection of county C and grid cell GC
i B Total value of weight attibute in county C

PR ERE L OELR
BSC AND ®&F > srg D&

15 25 157100 | 25/MNQ0

30 | 30 33/1 00 30/1?0

S HBIE A
aC hast: 100

SMOKE-Asia (Woo et al., 2012) TERHI N GIS

I GIS 57— 5
BF GIS 7—5

GSHHG ver. 2.2.2 (Wessel and Smith, 1996)
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SMOKE (Sparse Matrix Operator Kernel Emissions modeling system)
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INTEX-B (Zhang et al., 2009)

TRACE-P (Streets et al., 2003)|-.5"
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Woo et al. (2012)
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WRF-ARW

(Weather Research and Forecasting modeling system-Advanced Research WRF dynamic solver)

HH: [IRGEEE

R —5 O
[ BEOEE ] GEOGRID

METGRID REAL WRF
RERT—5 NGRIB
[ St ] UNG SHF— % IR - BRER DL
RFICPIE DIER,

Az —74 : USGS (U.S. Geological Survey) fgzg XVSSSA i—class simple ice scheme
[&5—% : NCEP FNL (Final) I Sheeme
. . BRI : Noah land-surface model
Operational Global Analysis _
R MM4Monin-Obukhov scheme

data (NOAA, 2000)

EEBE :  rrtm scheme
= :1°x1°, 6 Ik
> REE Wi MY Dudhia scheme

BE . Kain-Fritsch scheme




13

CMAQ (Community Multiscale Air Quality modeling system)
BH . KRUBREEEETE

[URIE
MCIP [ “’ﬁm}f J
H R
[ DR J JPROC
CMAQ CcCcCT™ [ VLA J
FIEASAF
[ DHER J e —
BT
BCON [ DIERR J
[URG WRF OH 1 {tZ2&I5: SAPRC-99 vs. CB05
EREG T70OYIJL: AERO5
EXO0771)L vs. MOZART DR MEFMR: WRF
YHISKE: FIHOHFEETOT 71U IKEFEF : Yamartino
D L\/{BI%(JE\-UEOD§+%%E% \'GEHI\%& . ACM (Asymmetric Convective Model) V. 2
HET—5 : SMOKE DA EF ACM
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CMAQ b=kl SAPRC-99 & CB05
O, DERIC BB REIE R TIXS VRILARE ZORBE EF L
> VOC (L2 EOED IRV REES

SAPRC-99

(Statewide Air Pollution Research Center mechanism version 1999)
- RIGDPITULS VOC & F &, AXRILHEKA TR
AL 72

- RIGTUVEY @ 214

CB05

(Carbon Bond mechanism version 2005)
- RALKZDI/B O DETO/LUIENS VOC & F & 6 TXRIA
- AL RES 51
- RIGTVET @ 156
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CMAQ OEtRT—X
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Prefecture

Hokkai-do

Miyagi-ken

Tokyo-to
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Osaka-fu
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Kagoshima-
ken

City
Sapporo-shi
Chuo-ku
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Chiyoda-ku
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Osaka-shi
Nishiyodoga
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Longitude
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18

Latitude
43.04

38.26

35.69
35.18

34.70

34.37

33.81

31.60
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Observation and Meteorology Output for Daily Temperature
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Yearly MEGAN emission ETHENE
on surface at 2012
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NO. CO. NO,. SO . PM ISOPRENE . TFL~V

2 2 10
Monthly SMOKE 0utput Monthly SMOKE VOC Output [moles/s]
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Monthly Observatoin and CCTM Output PM2.5 [ug/m3]
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Monthly Dbseruatuln and CCTM Qutput O3 [ppmV]
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Industrial Contribution for Monthly CO
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Industrial Contribution for Monthly PM2.5
on Surface at 2012-01
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WHO JETCHE

Global Health Observatory (GHO)
Mortality and burden of disease from outdoor air pollution
http://www.who.int/gho/phe/outdoor_air_pollution/burden_text/en/index.html
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WRF DERBEEERE

L1+ n [UE[Pa] SE [m] LA VYEZ [m]
- 0.00 100.00  9132.50 -
27  0.02 11827  8949.85 182.65
26 0.04 136.53  8767.20 182.65
25 0.06 154.80  8584.55 182.65
24 0.09 182.19  8310.58 273.98
23 0.12 209.59  8036.60 273.98
22 0.15 236.99  7762.63 273.98
21 0.18 264.39  7488.65 273.98
20 022 300.92  7123.35 365.30
19 026 33745  6758.05 365.30
18 031 383.11  6301.43 456.63
17 036 42877  5844.80 456.63
16 042 483.57  5296.85 547.95
15 048 53836  4748.90 547.95
14 055 60229  4109.63 639.28
13 0.62 666.22  3470.35 639.28
12 0.70 739.28  2739.75 730.60
11 0.74 775.81  2374.45 365.30
10 0.79 821.47 1917.83 456.63
9 0.83 858.00  1552.53 365.30
8 0.88 903.66  1095.90 456.63
7 091 931.06  821.93 273.98
6 093 94932  639.28 182.65
5 095 967.59  456.63 182.65
4 097 085.85  273.98 182.65
3 098 99499  182.65 91.33
2 099 1004.12 91.33 91.32
1 1.00 1013.25 0.00 91.33
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Land Use Description

Urban and Built-up Land
Dryland Cropland and Pasture
Irrigated Cropland and Pasture
Mixed Dryland/Irrigated Cropland and Pasture
Cropland/Grassland Mosaic
Cropland/Woodland Mosaic
Grassland

Shrubland

Mixed Shrubland/Grassland
Savanna

Deciduous Broadleaf Forest
Deciduous Needleleaf Forest
Evergreen Broadleaf
Evergreen Needleleaf

Mixed Forest

Water Bodies

Herbaceous Wetland

Wooden Wetland

Barren or Sparsely Vegetated
Herbaceous Tundra

Wooded Tundra

Mixed Tundra

Bare Ground Tundra

Snow or Ilce
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Toporography Height [m MSL]
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S[SKRZOSAEDLEE (LEBHER)

Observation and Meteorology Output for Daily Velocity

Observation and Meteorology Output for Daily Temperature _ U _
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MEGAN OA7IT 71

I5H
ST —
PFT

LA
EF

A% JE B
WRF Ot 73#&R % MCIP TAUEL7<H D

2001 £ 6 #¥&$F (BTR: broadleaf trees . FTD: fineleaf -
deciduous trees . FTE: fineleaf evergreen trees . CRP:

crops . GRS: grass . SHR: shrub) Z{#F (Guenther et al.,
2006)

2003 EDE B TEDFT—4 (Guenther et al., 2006) m2/(1000 m2)

2000 FEDbLZ7& (isoprene, methylbutenol, methanol, NO, 3- ug/m2/h
carene, limone, myrcene, ocimene, alpha-pinene, beta-
pinene, sabinene) M7 —% (Guenther et al., 2006)
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MEGAN DAHNT 7

: — 50! d 50
P JU - IV
./ .
5 40 40
30 30
on [sYal
VU f4v)
!v 10N 10
Methylbutenol o ” 10]
’ . Myrcene '
[ug/m2/h] i
=0 N ym 3 ol |[ug/m2/h] 0
m 20 N ilnec L ‘ '“_‘}.\ =m0
—80 s R N = 10
=380 ' - . =60 -
=100 | = 80 k!

Ocimene | ' i .| |sabinene| ' i .
&% » 10 X D 0

[ug/m2/h] ; [ug/m2/h] o ™ |

=m0 =m0 b, * d

m 50 = 0 =15 & ; 0

=L o L

(=) (=

=200 =10 |=60 -10

=250 =t 3

= 300 ) =90 4




MEGAN DA 7r)L ( PFT)

53

a
@]

.
o

w
(@]

N
(@]

g0 | Ja)
U ouU
40! AD
40U Sh
20 Yo
oU) oU
20) 20
[4Y) zU
10! 10|
(B9 (89
0 0
Y 9]
10 10
1Y EAY)
4 %
I
“~
I ~al
U
40
40
20
oU)|
&
20
L 20
Needleleaf tree fraction .
[=]
=m0 0
=20
140
1.0
=60 -10
=80




MEGAN DA 7-rJL ( LAI)

[m2 /(1000 m2)]
=m0

=1000
012000
13000
014000

= 5000

= 6000

~

a
o

LAV 2003 Jan |

n
o

—_
o

LAlv 2003 Feb |

[m2/(1000 m2)]
=m0
=1000
012000
13000
04000

= 5000

= 6000

50
40
30
20 |7
10 LAlv 2003 Mar |
| [m2 /(1000 m2)]
=m0
0 =1000
2000
33000
-10 =4000
'y = 5000
k! = 6000

54

al
o

n
[e]

[m2 /(1000 m2)]
=m0

=1000
012000
£13000
4000

= 5000

= 6000

|,
LAlv 2003 Apr |

50
40
30
on
[49) r/
10 LAlv 2003 May
[m2 /(1000 m2)]
=m0
0 = 1000
2000
33000
R -10) 34000
L v = 5000
£ | = 6000

. y

LAlv 2003 Jun

[m2 /(1000 m2)]
=m0

=1000
012000
13000
4000

= 5000

= 6000

n
(@]

-
[e]

(o]




55

MEGAN DA 7-rJL ( LAI)
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S[IRIZD 2012 EOFEFNE (MFRKJE - [E - EFA - FiE)

Yearly MCIP output PRSFC
on surface at 2012 [Pascal]
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CMAQ DOEtEIER (PM, D 2012 F£OTHIHE

early CCTM SAPRC-99 PM2.5 with MEGAN with MOZART Yearly CCTM SAPRC-99 PM2.5 without MEGAN with MOZART Yearly CCTM CBO5 PM2.5 without MEGAN with MOZART
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CMAQ DEtEHER (O, M 2012 FDFIE

Yearly CCTM SAPRC-99 O3 with MEGAN with MOZART

on surfaceat 2012- {]1 to 2012 12 _[ppmv]
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CMAQ MEtEER ( CO M 2012

Yearly CCTM SAPRC-99 CO with MEGAN with MOZART
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FNFIE

Yearly CCTM CBO5 CO without MEGAN with MOZART
[ppmV]

on surface at 2012-01 to 2012-12
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CMAQ DOEEER ( NO, 2012 FDFIIE

Yearly CCTM SAPRC-99 NO2 with MEGAN with MOZART
on surface at 2012-01 to 2012-12
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Yearly CCTM SAPRC-99 S02 with MEGAN with MOZART
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