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Domain Setup

• D1 covers East Asia with 83x65 grids; D2 with 61x58 
grids includes North China; D3 with 79x70 grids consists 
of Beijing and its surrounding cities. D4 with 73x64 grids 
covers Beijing Municipality. 
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MM5

NCEP-AVN
(Grib2 0.5X0.5)

• Version: V3.6; MPP is used 
for parallel

• Update land-use data (for 
Beijing)

• Parameterization schemes: 
Simple ice for explicit moisture schemes; 
Grell cumulus schemes; MRF for PBL 
schemes; cloud scheme for atmospheric 
radiation.

• Future: WRF may be used
Weather Chart



Weather Chart



Station forecast

Time series (for T/P/Rh/Rain/U-V) Sounding



Trajectory analysis

• 24-\48-\72-hour 
trajectory analysis

• Future: 3-D 
trajectory (with 
Vis5D, not finished 
for real-time forecast)
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Emission Process

• SMOKE is used to prepare 
emission for all the model

• Source inventory includes 3 
parts

• LandScan and road network 
data are used in SMOKE for 
spatial distributing emission
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• The same meteorological field and the 
same emission will be used for the system
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BC and IC
• Boundary Condition:

– NAQPMS model: two-way nested
• BJ81’s BC is cold start, GEO-chem will be used soon
• BJ81<->BJ27<->BJ09<->BJ03

– CMAQ model: one-way nested
• BJ81’s BC is cold start, GEO-chem will be used soon
• BJ81->BJ27->BJ09->BJ03

– CAMx model: two-way nested
• BJ09’s BC is from CMAQ-BJ27
• BJ09<->BJ03

• Initial Condition:
– Use the previous day’s 24-h forecast as initial condition, in near 

future, observations will be assimilated into the initial condition



The output of NAQPMS

香河点

Output analysis



The output of CMAQ



Stations used for valuation 
model performance
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Output analysis

• The spatial distribution of air pollutant 
concentration (for real-time 
NAQPMS/CMAQ/CAMx, other models 
(Polyphemus, WRF-Chem) haven’t 
finished for real-time)

• Ensemble forecasting with EnKF method



Ave PM10 in BJ09
NAQPMS                                                          Model3/CMAQ

CAMx



PM10

PM10 Ensemble Results 
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SO2

SO2 Ensemble Results 
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O3

O3 Ensemble Results 
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NO2

NO2 Ensemble Results 
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May 23-29, 2007Data: NIES Lidar data  from Dr. Sugimoto

Data assimilation with Lidar data

Experimental Configuration
• Considering model uncertainty by perturbing the emission 

intensity, deposition velocity, wind speed and wind direction using 
the Monte Carlo methods

• Observations assimilated every 3 hours

EnKF data assimilation technique



Observation
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Without assimilation
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Model uncertainty analysis

Emissions

Meteorology

Initial condition

Boundary condition

Inputs

Advection 
Diffusion

Wet Deposition
Dry Deposition

CBM－Z

Air Quality Model

Pollutant
Distributions

Outputs

uncertainty uncertainty
uncertainty

To quantify the extent of model output uncertainty
To identify the sources of model output uncertainty



Methodology: Mente Carlo Method

Advantages
no tangent-linear and adjoint model
Easy to deal with a set of about 100 or more input 
parameters (Hanna,1998)

Output
Samples

Statistic method

Relationship
Input 

Variables
Samples

Random SamplesProbability distribution
function Uncertainty 



20
06

-6
-1

0 
00

20
06

-6
-1

0 
06

20
06

-6
-1

0 
12

20
06

-6
-1

0 
18

20
06

-6
-1

1 
00

20
06

-6
-1

1 
06

20
06

-6
-1

1 
12

20
06

-6
-1

1 
18

20
06

-6
-1

2 
00

20
06

-6
-1

2 
06

20
06

-6
-1

2 
12

20
06

-6
-1

2 
18

4 0

6 0

8 0

1 0 0

1 2 0

1 4 0

1 6 0

1 8 0

2 0 0

2 2 0
 E n s e m b l e  M o d e l i n g

O
3 

(p
pb

v)

 O b s e r v e d

Preliminary  Result
• Ensemble modeling ( 50 members of ensemble ) VS observation



Global Aerosol Index:
Total Ozone Mapping Spectrometer

Our efforts on global modeling

Regional Global
? Global Change

Global Regional
? Regional Environment

Direct Effect

Indirect Effect

IGAC,2004

IPCC,2001

Low

Global
Distribution



Methods

Model Simulation Surface Observation Network

To Obtain the Images To Obtain the Images 
of the Global of the Global 

Distribution of Distribution of 
AerosolsAerosols

Satellite Images

AERONET,2006

MODIS,2006



Development                Model Design



Development                Model Setting

Meteorological input: NCEP data (2003.09 ~ 2004.12)

Quasi-static source: basic on EDGAR, GEIA …

Real-time source:

Dust (Luo and Wang, 2006)

Sea salt (Gong et al. 1997)
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Comparison: AERONET

The different colors 
represent the different 
regions with the same 
color in the global 
region division



Sites: West Europe
AERONET
GEATM
GEOS-CHEM



Sites: East Europe
AERONET
GEATM
GEOS-CHEM

?



AOD at FORTH_CRETE

Sulfate      Carbon
Sea Salt    Dust

Dust from 
Sahara can 
significantly 
impacts the 
AOD at 
FORTH_CRETE 
in spring time, 
however, 
GEOS-CHEM 
seems highly 
estimate this 
impacts  



Global AOD

GEATM model can well 
simulate the global 

distributions of aerosol optical 
depth. It fully considers the 
contributions from sulfate, 

black carbon, organic carbon, 
sea salt and dust. Further 

validations will be presented 
in the near future



III. Comments on MICS-Asia Phase 3

• To perform all the models running at the 
same platform (hardware and software) 
with same emissions, same grids system

• To focus on the sources of the model 
uncertainties with EnKF method and its 
impacts on the source-receptor matrix
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