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Ensemble Air Quality system
Framework
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Land use
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D1 covers East Asia with 83x65 grids; D2 with 61x58
grids includes North China; D3 with 79x70 grids consists
of Beljing and its surrounding cities. D4 with 73x64 grids
covers Beijing Municipality.



Meteorological field
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Weath
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Trajectory analysis
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Emission Process
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 The same meteorological field and the
same emission will be used for the system



BC and IC

 Boundary Condition:

— NAQPMS model: two-way nested
« BJ81's BC is cold start, GEO-chem will be used soon
e 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

— CAMXx model: two-way nested
 BJ0O9's BC is from CMAQ-BJ27
« BJ09<->BJO03

e [|nitial Condition:

— Use the previous day’s 24-h forecast as initial condition, in near
future, observations will be assimilated into the initial condition
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The output of CMAQ
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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 BJO9
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Model3/CMAQ
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APl in Obs,NAQPMS,CMAQ,CAMx and Model Ave
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Data assimilation with Lidar data

EnKF data assimilation technique

Experimental Configuration
e Considering model uncertainty by perturbing the emission

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

e Observations assimilated every 3 hours
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Model uncertainty analysis

uncertainty

Inputs Alr Quality Model\
| Emissions } Advection 4
) \ Diffusion Outputs
Meteorology
) )- Wet Deposition - Pollutant
Initial condition Dry Deposition pistributions
[Boundary condition} [ CBM—2 ] \ )

\ /> To qwh%%x(emr@mﬂédel output uncertainty

» To identify the sources of model output uncertainty




Methodology: Mente Carlo Method

Advantages

v no tangent-linear and adjoint model

v Easy to deal with a set of about 100 or more input
parameters (Hanna,1998)
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Preliminary Result

« Ensemble modeling (50 members of ensemble ) VS observation
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€4 Our efforts on global modeling

——Radiative Forcing by Tropospheric Aerosol
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Methods

(To Obtain the Images\
of the Global
Distribution of
Aerosols

e = e

Model Simulation Surface Observation Network
Dust Column of GEATM: 2006-04-01
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) Development Model Design
: - B
s EATM
Advection
In Air

Meteorologic
Input Data

Quasi-static Model

Source System

Chemistry
Deposition

On Earth

Real-time Deposition




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)

F:Cl.CZ.E.u*Z. 1_ui . l_RH 2m
u RH ,

Sea salt (Gong et al. 1997)

9F 1373 ud*r (1 +0.057 r% )10 ew (5%)

dr
5 - 0.380 —log r
0.65




AOD of GEATM

R of GEOS-CHEM

Comparison: AERONET

(1) Mean AOD: Annual
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AQD at 500 nm AOD at 500 nm

AOD at 500 nm

(1) AOD at Hamburg (10.0, 53.6): 115 (2) AOD at Mainz (8.3, 50.0): 172

A — S —
20} ope= 015 GEATM=0.15, GEOS-CHEM=0.24 20F 5bs—0.20, GEATM=0.19, GEOS-CHEM=0.27
16 F GEATM: R=0.51, RMSE=0.11, AVRMSE=0.11 1.6 b GEATM: R=0.33, RMSE=0.13, AvRMse=0.13 AERONET
" [ GEOS-CHEM: R=0.64, RMSE=0.13, AVRMSE=0.11 g "~ [ GEOS-CHEM: R=0.46, RMSE=0.17, AVRMSE=0.16 GEATM

- S 12F | , GEOS-CHEM

E [Te] - il -

[ = - !

- o 08[

C Q C

B <T L

o 04

e [ o F S ie . Sttt il 4 e i . R 0‘0 AL i |

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

(3) AOD at Fontainebleau (2.7, 48.4): 106
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(5) AOD at Ispra (8.6, 45.8): 200
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AQD at 500 nm AOD at 500 nm

AOD at 500 nm
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(1 ) AOD at Toravere (26.5, 58. 3) 139
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(3) AOD at IFT-Leipzig (12.4, 51.4): 129
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AQD at 500 nm AQOD at 500 nm

AQOD at 500 nm

(2) AOD at Belsk (20.8, 51.8): 150
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(4) AOD at Moldova (28.8, 47.0): 190
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(6) AOD at FORTH_CRETE (25.3, 35.3): 272
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2.24

GEATM at FORTH_CRETE (25.3, 35.3): 272
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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
w o = = o s Validations will be presented

In the near future

(1) GEATM: Anual, 2004




1. 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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