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Institute for Meteorology and Climate Research

Atmospheric processes Atmospheric aerosol research
in the troposphere (IMK-TRO) (IMK-AAF)

Atmospheric trace gases Atmospheric Environmental
and remote sounding (IMK-ASF) Research Division (IMK-IFU)
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Air Quality in Metropolitan Areas and Sensitive Regions
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Interactions between urban/suburban/rural regions and their feedback
mechanism to the air quality

Impact of regional climate change on air quality

Developing and validation of innovative measuring techniques for the
assessment of the air quality (e.g. Megacities, airports)

Coupling of models (e.g. MCCM, WRF-Chem, micro scale models)
Real-time forecast of gas and particle phase pollutants
Assessment of emission strategies (e.g. source attribution)

Project "Risk Habitat Megacity” with the topic "Air Quality and Health";
anchor city Santiago de Chile in co-operation with Universidad de Chile
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Tools

> Measurements
. Ultra light aircraft

. in situ
. FTIR- Spectroscopy
= DOAS
= LIDAR
» Models

NEMO (traffic emission modeling)

GRAL (emission dispersion in the micro scale)

MM5 (meteorological transport model and regional climate model)
MCCM (online coupled climate chemistry model)

WRF (meteorological transport model and regional climate model)
WRF/chem (online coupled chemistry model)

> Methods

inverse modeling

source attribution

source receptor analysis
regional-climate simulations
remote sensing
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ity Measurements:







CEILOMETER RASS
optical backscatter temperature
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Emeis, S., Chr. Miinkel, S. Vogt, W.J. Miiller, K. Schdfer, 2004: Afmospher'it.: bour'udar'y-layer structure
from simultaneous SODAR, RASS, and ceilometer measurements. Atmos. Environ., 38, 273-286.




Modeling network / -coupling IMK-IFU

Global climate model (GCM)

Emission modeling




Meteorological part

= Based on MM5

= Non-hydrostatic

= Nesting capability

= Soil and snow model

Chemistry part

RADMZ2 / RACM chemistry

KPP preprocessor for chemical
mechanisms

Photolysis model

Aerosol module (MADE/SORGAM)

Biogenic emission module




Mesoscale-Climate-Chemistry-Model (MCCM)

Orography

Global
Climate Models

Anthropogenic Global Weather

Observations Land use L
Emissions forecast models

Soil Texture
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Bio-Geo-Chemistry
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Applications

»  Evaluation studies about chemical schemes and numerical methods (=
Bavaria)

»  Short time simulations, validation, comparison, strategies and scenarios of
air quality studies
(= Mexico City, Santiago de Chile, Munich, Augsburg, Berlin)

»  Long time simulations with the background on annual thresholds
(= Alpine region)

»  Operational forecast for O; and PM,,
(= Southern Germany, Bavaria, Southern Austria)

»  Climate-chemistry simulations for present and future climate
(= Southern Germany, Mexico)
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Chemistry Mechanisms

> RADM2 (Stockwell et al. 1990)
63 chemical species, 21 photolysis reactions and 136 chemical

reactions of higher order

> RACM (Stockwell et al. 1997)
77 chemical species, 23 photolysis reactions and 214 chemical

reactions of higher order

> RACM-MIM (Geiger et al. 2003)
84 chemical species, 23 photolysis reactions and 221 chemical

reactions of higher order
(based on MIM-Isoprene-Mechanism; this mechanism reflects an

advanced description of the chemistry of biogenic ozone precursors
like isoprene and others

IAP/CAS - Presentation
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Setup: 18-6-2 km grid
days period
Mexico City




Setup: 27-9-3-1 km grid
4 days period
Southern Germany




Biogenic sources
Solvents
Agricultural
other industrial sources
B others incl. domestic heating
Point sources
M Traffic

Setup:

54-18-6-2 km grid
5 days period
Southern Germany




BE000C0

60-15 km grid
3 days forecast
Germany




54-18-6 km grid
15 years time slices
Near East /Mediteranean
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Difference of simulated yearly mean values between _
the future ECHAM4 scenario B2 (2070-2099) and Setup:  54-18 km grid

the ECHAM4 control run (1961-1990) based on a 30 years time slices
grid size of 18km resolution Near East /Mediteranean




Days with Threshold Exceedance Jun-Aug

60-20 km grid
2x10 years period
Southern Germany




Summary (I)

> Meso-scale Climate-Chemistry Model (MCCM) ......

v based on a well known and validated meteorological model (= MMB)
v' performs with validated chemistry mechanisms
v short- and long term simulations, assessment of emission strategies,
forecast, climate impact assessment
v" Regional and urban areas (e.g. alpine environments; urbanized
conglomerations)
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Remarks and Outlook

» Modeling tools are only a part of a integrative description of the air quality
» Models results are only as good as its input data

> Model diversity against community model

> Focus on climate-chemistry simulations with emphasis on urban
conglomerations

> Model coupling within the compartments of the bio-, hydro- and
atmosphere
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Co-operations

> Division of Hydrological & Meteorological Forecasting Bureau of Hydrology
Changjiang Water Resources Commission /Ministry of Water Resources
Commission, Wuhan

Health Study (Beijing/Leipzig)

» Prof. Pan (Professor and vice director, Dept. of Occupational and
Environmental Health Peking University, School of Public Health,

“Short-term health effects of fine and ultrafine particle pollution in
Beijing, China"
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