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Lagrangian Box Models
Eulerian Grid Models Air Quality
Modeling System (Modlels-3)
( ) Lagrangian Box Models (1970s 1980s)
Lagrangian Approach

(Box Model)
1
EKMA
1970 1980 EKMA
( ) Eulerian Grid Models (1980s 1990s)
Eulerian Approach (field)
(Grid Model)
2
1980 1990 UAM

ROM RADM



(Smog chamber)

1
Air Quality Model (1990s 2000s)
UAM ROM RADM
1998
M odels-3
Models-3 (One Atmosphere)

Community Modeling”

M odels-3

(Models-3)

Open Access



Models-3

( )Models-3
1998
6 Models-3 Models-3
Thrird-Generation Air Quality Modeling System
EPA
Models-3 Community Multiscale Air Quality
(CMAQ) Modeling System CMAQ
CMAQ
PM
CMAQ
urban
air quality  regional air quality Models-3
/0 API
Cvs Models-3
Models-3 Models-3
PAN

Models-3

Net CDF I/ O API



models-3 Models-3 Input/Output Application Program

Interface (1/0 API NetCDF )
Models-3
Models-3
Models-3 CVS (Concurrent Version
System) CVS
source code
Models-3
Multi-scale
Models-3 3-D Air Quality
M odel Grid model
Multi-scale 3 3  Models-3
D4
4* 4km D3 12*12km D4
D3 D2 36*36km
D3 D2
1:3 3 D4 4 D3
12 D2 36 D1 108 Models-3



D4

4* 4km
CPU
> Sun
Models-3 Sun
Sun M odels-3
Sun
CMAQ
<> MM5 > MCIP
2 MEPPS SMOKE
2 CCTM

> MM5

Models-3



MM5

MM5

Models-3 MM5 MM5

Models-3 Models-3 MM5

Models-3 MM5
MM5 Models-3 MCIP Meteorology- Chemistry
Interface Processor
» SOMKE
Models-3 MEPPS Models-3

Emission Processing and Projection System
Sun SAS
Arc/info 2001
05 US-EPA 2001 8 SMOKE
SMOKE Sparse Matrix Operator Kernel Emission System
SAS  Arc/info

SMOKE

IDA Inventory Data Analyzer
TEDS4.2

> CCTM
Model s-3
CMAQ CMAQ
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A

CCTM

CCTM

Initial Condition: ICON

Boundary Condition: BCON
Photolysis module: JPROC
CMAQ Chemistry-Transport Module:

Plume-in-grid

MM5

Models-3

TEDS4.2

Models-3

1

JPROC

CCTM

CCTM



stand alone Models-3 Sun

Sun

® System Sun Ultra 60 Model 1360 system (or higher)
® CPU 1X360-MHz UltraSPARC-II CPU (or higher
CPU )
® Hard Disk 18.2 GB of hard disk with SCSI interface X 2 (

® RAM 512 MB RAM ( )
® VGA Creator 3D Graphics
® Others tape device (

case grid domain

10GB

® OS( ) Sun Solaris 2.7
® Compiler Sun Fortran 90

() Models-3
( )

1. NetCDF Network Common Data Format

2. CVS Concurrent Versions System

o Sparse Matrix Operator Kernel Emission

12



Modeling (SMOKE)

® Models-3

Community Multi-scale Air

Quality Model (CMAQ)

photolysis

(JPROC) initial condition

(ICON) boundary condition (BCON) CMAQ
Chemical -Transfer Model (CCTM)

US-EPA

Package for Analysis and Visualization of Environmental data

(PAVE)

fortran 90

PAVE

( )Models-3

Models-3

M odels-3

Sun Solaris
NetCDF CVS SMOKE CMAQ

Models-3
Models-3

MM5

MM5
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120 ppb 3

MM5
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MM5 MCIP 1/0 API

3.
M odel s-3
TEDS4.2
Models-3 /O API
VOCs
CBIV RADM2
4.
Models-3 TEDS
SMOKE
IDA /0 API

SMOKE

Biogenic Emission Inventory System Version 2 (BEIS2.0)
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5. ICON BCON JPROC

MM5 /0 API
BC IC
6.
Models-3
7.
ncdump Models-3
PC 1/0
API
CMAQ 6
CMAQ CMAQ
7
BCON ICON JPROC CMAQ LUPROC

ECIP MEPPS
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Models-3

(Thermal NOXx)

(1)

FBN
0.3%

Fortran 90

(Fuel NOx)

(Prompt NOX)

1.5% 0.8% 0.2%
0.1%
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40 60%
40 85%

(2)
15 30%

30 50%
(3)

( 10 30%

50%
(4)

70%
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220 240ppm

(1) (SCR)
SCR
250 400
250
400
SCR
90%
2 5
(2) (SNCR)

926 1038
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SNCR 60%
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vVOC

(NMHC) N Ox NMHC
NOx VOC
NOx
Models-3

Models-3
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Features of USEPA’s first- and second-generation Air Quality Models

ROM RADM UAM OZIPM/EKMA
Model Structure  3-D Eulerian  3-D Eulerian ~ 3-D Eulerian Lagrangian
Grid Model Grid Model Grid Model  Trajectory (Box)
Model
Simulation Regional Regional Urban Urban
Objective oxidants Oj oxidants & oxidants O3 oxidants Oy
acid deposition
Grid Resolution ~18 km 20 ~ 80 km 4 ~8 km 1-D box
Vertical 3 layers 6~ 15layers 5 ~ 8 layers Box height
Structure o-coordinate change with
PBL
Chemistry CB4 RADM2 CB4 CB4, RADMZ2
Mechanism
Meteorological Objective MM4 DWM, Local
Inputs analysis SAIMM observation
Advection Lagrangian  Smolarkiewicz Smolarkiewicz Advected along
Scheme polynomial scheme scheme wind trajectory
scheme
Family SAQM, UAM-V
Models TAQM

N s Lagrangian Model

/< P s :
7 i
/ \ s Sl
Y ~ / / ’ . . ‘
., Wind Trajectory :
74 :
/ -/—f '
. o / \
Entrainment Dilution ,
ya /
+ A 7‘ /
L} e 7/ +
¥ H P A -
— - e N
! - :
- - L
- \ ;
—> Chemistry ot :
S W i
Emission Depostition

Moving Box or Plume

1 Lagrangian Box Models
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Eulerian

A. The Area to Be Modeled

B. Specification of the Grid

Grid Model

-
— -
-
-

Transport <=

Transport

Transport -e»

Transport <«

Transport <

Diffusion
Fy
¥ —
Diffusion Chemistry
3 -
Diﬂ'klsion Chemistry
¥
: Chemistry
t
Diffusion
:
Diffusion Chemistry
4
' *
Chemistry
! Py
v i

Deposition Emissions

==+ Transport

= Transport

-~ Transport

<4~ Transport

- Transport

C. Atmospheric processes treated in a column of grid cells

2 Eulerian Grid Models
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All Four MMS Domains

3 Models-3
MMS5v2 Emiasion
Meteorological Madeling Svst
M.:,d,:-;iqg S}gtﬂn ._,M
Terrain MEFPRO
Dritngrid MEPPS
] . IBA
BT [NFRO
MM Sv2 EMPRO
Muhikia
- BEISTH
QLITPRO
X CMAG Community Multi-Seale
i / | Air Quality Modeling Systen
« MO » LUPROC
2514 +  RCIP
s JPROC
= |[DON
+  BOON
PROCAM
H BT
+ CTM
4 Models-3
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5 Models-3
Meteorological Emissions Analysis
Modeling System Modeling System Packages
~ %
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i Chemical-Transport Modeling System “\\
Chemistry Advection Diffusion ™.
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Meteorology Emission

Modeling System Modeling System
™~ b
Options Selected |~ A \ """""" -
Case 1 LUPROC ——» MCIP ECIP ‘
Grid (Domain and Siza]: \ * PING
Projection JPROC .. X

Vertical Structure

Chemical Mechanism

e
ICON ~~--_(/ CMAQ

chemical transport model |
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