2.1

] (Air Pollution)
3 (Source)
, (Receptor), (Meteorology)
(Atmospheric
Stability)
2.2 (Atmospheric Structure)
Planetary Boundary Layer (PBL)  Atmospheric Boundary Layer (ABL)
Troposphere
(Arya, 1999)
PBL
(Mixing Depth, Mixing Height) ~ (Arya, 2001)
PBL 21 Surface

Layer 10 Boundary Layer (Jacobson,



1999) PBL (Time) (Space)

PBL 10 12
PBL
100 1
PBL
(Diurnal Cycle of Heat) PBL
(Land  Use)
(Surface Roughness), (Temperature), (Moisture Content),
(Radiation Property)
(Physical Property)
(Momentum)
: (Albedo),
(Emissivity)

(Thermal Property) PBL

Height (m)
Inversion Rase
1000

100

Troposphere

Outer Layer

Boundary Layer
10

Surface Layer
/// / ’ Roughness Layer
e 17 / /
21 Planetary Boundary Layer (PBL)

*Arya, 1999
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mnTtitndy
23
2
1)
)
231 (Radiation and Radiation Balance)
2311
(Electromagnetic Wave)
1) (Short Wave)
4
)) (Long Wave)
4 ( ,2539)
0.1
0.1 Gamma Ray, X-Ray, Ultraviolet
Gamma Ray ~ X-Ray
15 &
Tropopause , 2535)

(Sensible Heat)



2312

40
(Albedo)

(Radiation Balance)

(Short Wave Radiation Balance, Ry

R m—R FRE() (2-1)
Rl —(I"N)R () (2.2)
0.3-

(Long Wave Radiation Balance, R k)



Riwbdl R )- Rl ( (2.3)

Rz
RM )
RC )
(Terrestrial Radiation) ( , 2547)
2313 (Net Radiation, Rn)
( , 2547)
R —Rswhal + R Iwbal (24)
( , 2535)

Rn=LE+H+G+PS+M+S (29)
Rn (Net Radiation)
LE 1 (Latent Heat)
H (Sensible Heat)
G (Soil Heat Flux)
PS (Photosynthesis)
M

(Metabolism)
(Storage)



(2%

24 (Turbulence)
2.3 (Turbulence)
(Eady) (Jacohson, 1999)
(Random) (Unpredictable)
Surface Layer
PBL
(Millisecond)
(Kinetic Energy)
(Arya, 1999)
2

(Mechanical Turbulence)
(Thermal Turbulence)



g (W)

24.1 (Mechanical Turbulence)

Forced Convection

(Jacobson,  1999)

2.2

600 - Urban area Suburbs Level country

Gradient wind

400 ‘ Gradient wind

2.2
- Tunner, 1994 : cited in Surat Bualert, 2001

24.2 (Thermal Turbulence)

(Conduction)



10

Free Convection
(Jacobson, 1999)

25 (Atmospheric Stability)

(Vertical Direction)
(Horizontal Direction)

Adiabatic Lapse Rate

251 1 (First Law of Thermodynamics)

1

( ;2547
1
(Jacohson, 1999)
1
4Q" =du* Fow" bs)
dQ* Y
du* )
dw*
dQ* >0

(Endothermie)  dQ* <0
(Exothermic)  dw* >
0 dw* <0



(Diabatic)
(Adiabatic)
~dQ* 4, . du- _dw*
dQ = ,du / dw AT 2.7)
Ma= Md + Mv (Md
(MY 1 ( k)
dQ = dU +dw (2.8)
Q" 0
dw = W POV oy 29)
dv
€ = (2.10)
Pa
dv (Specific Volume of Air)
dv >0
dv<0
1
(1) (Isobaric Process, dpa= 0)
2) (Isothermal Process, dT = 0)
(3) (Isochoric Process, 00Q = 0)
(4) (Adiabatic Process, dQ = 0)



(Jacobson, 1999) (Lapse Rate)

1

) (Dry Air)
(Dry Adiabatic Lapse Rate, Y q) 100

10 1 '
) (Moist Air)

0.36-0.84 100 05

100 5 1
(Wet Adiabatic Lapse Rate, YW ( , 2547)

252 (Atmospheric Stability)

(Ambient Temperature Lapse Rate)

1) (Unstable Condition)

Superadiabatic



Heigh

23

)

Heiph

24

, 2543

Environmental lapse rate

Adiabatic lapse rate

Temperature

2543

Subadiabatic

Environmental lapse rate

Adiabatic lapse rate

Temperature



Y

(Subsidence Inversion)

(Inversion)
3

(

(Radiative Inversion)

1 , 2543)
(Subsidence Inversion)
1,000

2543)

(Surface  Inversion)

(Inversion  Aloft)
(Frontal Inversion)

14



( , 2536)
3) (Neutral)
Heich
Environmental lapse rate
Adiabatic lapse rate
Temperature
25 (Environmental Lapse Rate
Adiabatic Lapse Rate)
, 2543
2.6
26.1 (Atmospheric Stability Categories)
2
(Class)
(Pasquill-Gifford Stability
Categories) Boundary Layer
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1) (Neutral Condition)

D (D class)
2) ( table Condition)
(1) (Very  Unstable)
A (A class)
(2) (Moderately Unstable)
B (B class)
(3) (Slightly Unstable)
¢ (C class)
3) (Stable - Condition)
2
(1) (Moderately  Stable)
E (E class)
(2) (Very Stable)

F (F class) (Tumer, 1994)

26.2 - (Pasquill-Gifford)

10 ( 2.1)
Flux Richardson Number
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21 Pasquill-Gifford

Surface Day Night
Wind Speed Insolation Cloudiness
(mis) Thinly
Strong Moderate Slight overcastor>  Clear or < 3/8

418

<2 A A-B B -

2-3 A-B B C E F

35 B B-C C D E

5-6 C C-D D D D

>6 C D D D D

+ Gifford, 1976: cited in Hanna, 1982

(Modified
Turner) (Net Radiation)
( ) (Total Cloud Cover)
(Celling Height), (Solar Radiation/ Delta-T (SRDT) Method)

10
. (Sigma-E Method)
(Elevation Angle) , (Sigma-A Method)
(Wind Direction)
(US.EPA, 2000)

26.3 Monin-Obukhov

Monin-Obukhov



(Thermal and Mechanical Turbulence) (Srinuan Sunthi, 2001)
3 (Wind Component)
(u-Direction), - (v-Direction) - ( -Direction)

(USEPA, 1999)

L= k‘;HP T 2.1
L Monin-Obukhov Length (m)
Ut (Friction Velocity) (ms )
k Von Karman Constant 04
0 (Acceleration due to Gravity)
981 ms1

T (K)

Cp 1004 Jkg' deg 1

P 12kgm'3

(Wm2)
Monin-Obukhov Length
(Colls, 2002)
2.2
2.2 Monin-Obukhov Length
Monin-Obukhov Length
Small Positive Om<L<10m. Very Stable
Large Positive 10m. <L< 105m. Stable
Very Large L >10s Neutral
Large Negative -105m. <L<-100 m, Unstable
Small Negative 100 m. <L<0m. Very Unstable

+ Seinfeld, 1998



211
(Horizontal Wind)

Vertical Wind Shear ~ Wind Shear
, , Aerosols
1 1 1 1 Wind Shear
(Ellis and Micdleton, 2002)
M=[( )2+( [)2]U4 (2-12)
w' 1 Covariance ’ ’
wV Covariance 7/ M
% ' (Fluctuation)
2.13
S S (213)
X il
X
X
H 211
2.14
Rn=LE+H +X (214)



2

Rn (Wm'2
LE (Wm?9
" (W2
A (Wm? 215
X =Q.\*Rn (2.15)
Rn 214 216

(USEPA, 1999)

an = [(1-9)i7g +¢iT6-CrogT 4+ CAN]

1+ (2.16)

Rn (Net Racliation) (Wm'2
Rg (Global Radiation) (Wm'2
T (K)
a (Albedo)
018 014
<38 Stefan-Boltzmann 0.67*108( m2K4
N (Clound Clover)
cl (Empirical Constant) 5.31*10'8
m2K'6
@ (Empirical Constant) 60 12
c, (Empirical Constant) 0.12
LE 2.14

217 (Oke, 1978)

LE =pLwq (217)



LE (Wml

p 12 (kgm’)

Lv (Latent Heat of Vaporization) (Wm2

2.44* 105) kg'
w'q' Covariance ,
(Fluctuation or
The Deviation from the Mean of Vertical Wind Component)
q’ (Fluctuation of Specific Humidity)
2.18 (Arya, 2001)
4'=0-¢ (218)
0.622e,1 (2.19)
P
(Oke, 1978)

q (Specific Humidity)

P (mb.)

€ (Vapor Pressure) (mb.) 2.20

RH = — *100 (2.20)

RH (%)
" (mb.)
es (

) ( 2539)



2.1
2.11

Penn State

2546)

2111
)
Coordinate, G-p) MMb

Coordination)

Pa
Pa,top
Pa,surf

MM5

MM5 (The Fifth-Generation Mesoscale Model)

(Mesoscale)

(National Center for Atmospheric Research, NCAR)

()

Pa - Pa, top
Pa,surf- Pa,top

, = Pa-Patop
d

MM5
(Sigma-Pressure

2.6
(Vertical

(2.20)

(2.21)

(mb)
(Model Top Pressure) (mb.)
(Model Surface Pressure) (mb.)
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Pa =Pa,top +on0 (22)

1

0 1 Pa,top
G 0 Pa,surf
a 1 Pa,surf Pa Tl ,
(Jacobson, 1999)
(Northward, v), (Eastward, ), (Temperature,
1), (Pressure, p) (Heat Capacity, 0)

(Half-Sigma) (Vertical

Velocity, ) (Full-Sigma)

; - -/\
o o A
11 0.89 ’/\
12 093 i

B A
16 1.00

26 16 U
1 G 0
The PSUINCAR, 2005
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Arakaw

2.1

B-grid

Arakawa

)
MM

(Scalar)

- (M VY

WAX 1)

X X X X X X

X X X X X X

X X X X X X

Arakawa B-grid

2.1

: The PSU/NCAR, 20052
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J) MM5 Non-Hydrostatic
X, y (- Pressure

dt-p09w+ypV-V=-y“P'+Ty Y (223)

Momentum (x-component)

du dp' (T dp* dp™

- dm
dthxP*WM'””“V“ﬂwWw ewcosa - uw *D.

(2.24)

Momentum (y-component)

dv (dp" a dp*dp .oodmodm

dt P ody Prdyda VYT feugy vig CBInE— D
(2.25)

Momentum (z-component)

dw _p0g dp'\gp’ POT __RAD' oLicosa- vsinals - 2412

T TP PE g, I-yp V.Vw+g P i ey P tefucosa - vsina) + = 121
(2.26)

Thermodynamic

0

- il - .
d/tO r.vr pé +V.Vp'~plgw +-Cp+~d9e (2.27)
Advection term
dA dA dA
V.VA muEX+mvEy+a&1 (2.28)
Where

* d
s m e &



Divergence term

d( ™ madprdu 2d

V.V = m?2

ox p* dx &7 dy\m)

2.1.1.2 MM5
5 28
MM5 4
Additional Capability. ~ Main Proframs Data Sets
TERRESTRIAL
I
Old. USGS and old. andUSES  Other LSM
SiB Landuse Terrain Data
GLOBAL REGIONAL ANALYSIS
-.\msTERP | {g:\cﬁx\ ] NNRP ETA
rrf_\\!rmpg? . ETCCI)VIGV\/_/\F ERA  AVUN
NESTDOWN
OBSERVATIONS
Surface  Rawinsonde
INTERPB
Yode=—
NESTDOWN f
28 MM>5

: The PSUINCAR, 2005a

2

mo dp* dv pQy dw
dy do do (23)
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1) TERRAIN

1 - (Grid)
: (Map
Projection) MM5 3
Lambert Conformal 1 (Mid-
Latitude), Polar Stereographic (High Latituce)
Mercator (Low Latitude)
MM5 TERRAIN
6 1 AV7/148 NG 2 30 23
2.8 (Resolution), (Data  Source),
(Coverage) (Size)
(Land-Use Categories) 3 1316 24 2.9
TERRAIN
2.3 (Vegetation/Land-use) ~ Global 25-category
data from . . Geological Survey (USGS)
Resolution Data Source Coverage Site (bite)
1deg. (1110 km,) USGS Global 1,620,000
30 min. (55.0 km) USGS Global 6,480,000
10 min. (185 km.) USGS Global 58,320,000
5 min. (9.25 km.) USGS Global 233,280,000
2min. (3.70 km,) USGS Global 1,458,000,000
30 sec. (0.925 km.) USGS Global 933,120,000

: The PSUINCAR, 2005b



24 (Sil)

Resolution Data Source Coverage
1deg. (111.0 km.) FAO+STATSGO Global
30 min. (55.0 km) FAO+STATSGO Global
10 min. (185 km.) FAO+STATSGO Global
5min. (9.25 km.) FAO+STATSGO Global
2min. (3.70 km.) FAO+STATSGO Global
30 sec. (0.925 km.,) FAO+STATSGO Global

: The PSUINCAR, 20050

25 (Vegetation Fraction)
Resolution Data Source Coverage
10 min. (185 km.) AVHRR Global

: The PSU/NCAR, 2005b

26 (Soil Temperature)
Resolution Data Source Coverage
1deg. (111.0 km.) ECMWF analysis Global

: The PSUINCAR, 2005b

28

Site (pite)
1,101,600
4,406,400
39,657,600
158,630,400
991,440,000
933,120,000

Site (bite)
27,993,600

Site (pite)
129,600



2
Resolution
1deg. (111.0 km,)
30 min. (55.0 km)
10 min. (18.5 km.)
5min. (9.25 km.,)
2min. (3.70 km.)
Tiled 30 sec.
(0.925 km.)

30 sec. (0.925 km.)

(Terrain Height Data)

Data Source Coverage
USGS Global
USGS Global
USGS Global
USGS Global
USGS Global

GTOPO30by ..  Global (33 tiles: 40°

Geological Survey’s
EROS Data Center in

late 199
USGS

: The PSU/NCAR, 2005h

28

USGS Vegetation data

Resolution
1deg. (111.0 km,)
30 min. (55.0 km)
10 min. (185 km.)
5min. (9.25 km.,)
2min. (3.70 km,)

30 sec. (0.925 km.)

(Land-Water Mask)

Data Source
USGS Vegetation
USGS Vegetation
USGS Vegetation
USGS Vegetation
USGS Vegetation
USGS Vegetation

: The PSU/NCAR, 20050

lon.*50° lat. or 60°
lon.*30° lat.)

Global

Site (bite)
129,600
518,400

4,665.600

18,662,400

116,640,000

57,600,000

or 51,840,000 for
each of tile

1,866,240,000

Global land-water mask flies derived form

Coverage
Global
Glohal
Global
Global
Glohal
Global

Site (pite)
64,800
259,200

2,332,800

9,331,200

58,320,000

933,120,000
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2.9 (Lists of Landuse/Vegetation and Soil Categories)
Description of 25-category (G ) vegetation categories and physical parameter for N.H.
summer (15 April - 15 October) and winter (15 October -15 April )

Landuse Landuse Albedo(%) Moisture avail. Emissivity Roughness Thermal inertia
integer description (%) (% at9 (.m) length (cm) (calem k' 1)
identification Sum  Win  Sum  Win  Sum  Win  Sum  Win  Sum  Win
1 Urban 18 18 10 10 88 88 50 50 0.03 0.03
2 Drylnd Crop. 17 23 30 60 92 92 15 5 0.04 0.04
Past.
3 Irrg. Crop. Past. 18 23 50 50 92 92 15 5 0.04 0.04
4 Mix. Dryl 18 23 25 50 92 92 15 5 0.04 0.04
Irrg.p.c.
5 Crop./Grs. 18 23 25 40 92 92 14 5 0.04 0.04
Mosaic
6 Crop./Wood 16 20 35 60 93 93 20 20 0.04 0.04
Mosc
1 Grassland 19 23 15 30 92 92 12 10 0.03 0.04
g Shrubland 22 25 10 20 88 88 10 10 0.03 0.04
9 Mix Shrh./Grs. 20 24 15 25 90 90 1 10 0.03 0.04
10 Savanna 20 20 15 15 92 92 15 15 0.03 0.03
i Decids. Broadlf. 16 7 30 60 93 93 50 50 0.04 0.05
12 Decids. NeedIf. 14 15 30 60 94 93 50 50 0.04 0.05
13 Evergm Broadlf. 12 12 50 50 95 95 50 50 0.05 0.05
14 Evergm Needlf. 12 12 30 60 95 95 50 50 0.04 0.05
15 Mixed Forest 13 14 30 60 94 94 50 50 0.04 0.06
16 Water Bodies 8 8 100 100 98 98 0.01 0.01 0.06 0.06
17 Herb. Wetland 14 14 60 75 95 95 20 20 0.06 0.06
18 Wooded Wetland 14 14 35 70 95 95 40 40 0.05 0.06
19 Bar. Sparse Veg. 25 25 2 5 85 85 10 10 0.02 0.02
20 Herb Tundra 15 60 50 90 92 92 10 10 0.05 0.05
pal Wooden Tundra 15 50 50 90 93 93 30 30 0.05 0.05
22 Mixed Tundra 15 55 50 90 92 92 15 15 0.05 0.05
23 Bare Gmd. 25 70 2 95 85 95 0.01 5 0.02 0.05
Tundra
24 Snow or Ice 80 82 95 95 95 95 0.01 0.01 005 0.05
25 No data

: The PSU/NCAR, 2005h
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TERRAIN
RAWINS ~ INTERPOLATION (INTERPF)
Objective ~ Analysis
Input  Data
Pregrid ~ Regridder

Thinking of REGRID as a package:

TERRAIN I—"-

Analyses

REGRID

LITTLE_RI

TERRBAIN

29 REGRID
The PSU/NCAR, 2005¢

Pregrid
Pregrid
NON-GRIB MM5
Pregrid

Regridder

3) INTERPF
Mesoscale  Model

GRIB
Regricder



Input Data
2.10

REGRID |

LITTLE_R
RAWINS

R

A N B INTERPF

= |

,,.‘___. B A3 e NESTDOWN
b
2.10 INTERPF
: The PSU/NCAR, 2005d
4) MM5

MM5
(Numerical Weather Prediction) 1

MM5

FDDA ( , 2546)
2.12 GAMMA

Gaussian Model for Managing Air Quality (GAMMA)
(Dispersion  Model)
GAMMA 4
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1) GAMMA
2) GAMMA-MET

3) GAMMA-L
(Long Term Prediction)
4) GAMMA-ST
(Short Term Prediction)
GAMMA-MET
GAMMA
2121 GAMMA-MET
GAMMA-MET
(Boundary Layer Parameter) GAMMA-MET
(Urban), (Sub-Urban), (Rural)
, (Bowen Ratio),
(Anthropogenic Heat Flux)
Monin-Obukhov Length
Monin-Obukhov
GAMMA-MET
6 1) l 1 1
2) 3) 4) 5) 6) (Surat
Bualert, 2001)
2.12.2 Monin-Obukhov Length
GAMMA-MET 2

Monin-Obukhov Length



1)
Monin-
Obukhov Length 0 (US.EPA, 1999)
= (231)
In(—5) -y +v,
(s}
k Von Karman Constant
(ms)
1] Anemometer (m)
20 (m)
i/ = 2In(liE) + - 2tan'l(/)) +y (232)
0=2In(--yA) + 1 ( +=~° m)- 2tam ‘() +y (233)
=" ) 234)
Mo=(}~ )" 4 (2-35)
(N (US.EPA, 1999)

H = (10' e X (236)



Bn
Rh

2)
Monin-Obukhov Length

9. (Temperature Scale)
(US.EPA, 1999)

C,,Y (L+(1-2 2

Dimensionless Constant 47

(

- =0.09(1-0.5N2)

H=-pCp @

(US.EPA, 1999)

35

231

(2.39)

(239

(2.40)

041)
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Sharan, Singh  Yadav (1996)

(

(Inversion Condition)
Cirillo Poli (1992)
(Stable)

Po Valley

(25%)

Zhang (2002)

.. 1991-2000
(Precursor)

(Mixing Height)
Season)
Convergence Zone (ITCZ)

Youhua  (2002)

36

)
30-45%

(Light Wind)

(Photochemical Reaction)

(Dry Season)

(Wet
(Unstable) Inter

RCTM (The Three-Dimensional Eulerian Regional Chemical Transport

Model) RCTM

Non-
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Hydrostatic Sigma Coordinate MM5
MM5
Nashville Tennessee
1,800*1,800 3 20,4 1R
0j, 502 CO, NO, NO,  NOy
(Aircraft Observation)
(Surface Observation)
4 13
20
NOx 03 20
(Underestimate)
133
133

Martilli et a (2003)
Model
(Soil Characteristic)

Zolghadri et. al. (2004)
Bordeaux

Savas (1997)

Mesoscale
(Surface Roughness)

(Turbulent Kinetic Energy, TKE)
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2 (Meteorological Prediction)
(Air Quality Prediction)

(2547)

Counihan
Counihan

Civerolo et. al (2000)
MM5
331 %
1% 29.3 %
40%
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