Chemical Weather Forecasting
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The GUEME project arose in response to the recquests for assistance by many MNational IMeteorological
sernces(IM3s) dealing with urban issues, and in recognition that the management of urban enwironments
requires special attention. The genesis of the project began i the Twellth Wotld Meteorslogical Congress
{1293) where it was determined that meteorological and climatelogical aspects of urban environments should

BrVICES Was convened in
izsues and needs and to plan for future WO activities related to urban envirenments.



Why Forecast Air Quality?

* Provide information to the public
operationally to help them better manage
their health and welfare (heat stress,
comfort, pollen, flight operations, large
scale pollution/fire events, safer more
effective conditions to apply chemicals)



Why Forecast Air Quality?

« Strategic 1ssues — 1f weather services don’t
do 1t others certainly will !

e Weather infrastructure 1s invaluable —
measurement, models, assimilation

expertise.
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Forecasting in Support of Field
Experiments

TRACE-P EXECUTIO + #9%

¢
Stratospheric
intrusions
FLIGHT
Long-range transport from PLANNING

Europe, N. America, Africa

ASIAN 3D chemical model
OUTFLOW forecasts:
Boundary layer - ECHAM
chemical/aerosol ‘ - GEOS-CHEM
processing - ITowa/Kyushu
I %P-?’ Meso-NH

Emissions
ASIA -Fossil fuel
-Biomass burning
-Biosphere, dust




Ace-Asia April/May 2001




CFORS/STEM Model Data Flow Chart
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Normal meteorological variables:

wind velocities, temperature, pressure,
water vapor content, cloud water
content, rain water content and PV et al

Dust and Sea Salt
emissions

Biomass Emissions

Biogenic Emissions

Large
Point
Sources

d

Volcanic SO, Emissions

Anthropogenic Area Emissions

Satellite Observed total

O, (Dobson Unit)




March 9 --forecast
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Flight Tracks Along the Asian Pacific Rim
During the TRACE-P Mission




Results from Trace-P Intercomparison Study

Table 3. Mean difference of CO, RMS difference, correlation, and slope for the combination of
DC-8 Flights 7 — 17. Units for mean difference and RMS difference are ppbv.

Model Mean Difference RMS Difference Correlation Slope

FRSGC/UCI -36.9 70.1 0.65 0.37x +64.5
GEOS-CHEM -20.6 69.5 0.56 0.41x+73.5
Meso-NH -49.7 87.1 0.44 0.23x +74.2
RAQMS — Global -67.3 04.4 0.75 0.22x + 55.4
RAQMS — Regional -56.3 91.4 0.48 0.16x + 75.3
STEM 4.6 70.6 0.61 0.62x +75.4
UMD CTM -34.3 70.9 0.62 031x+77.1
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The CFORS forecast (upper left) of the two dust systems are shown above. The dust plume (plnk) represents the
region with dust concentrations greater than 200 pgrams/m?3. White indicates clouds. The SeaWifs satellite image
(upper right) also clearly shows the accumulation of dust spiraling into the Low Pressure center. Also note the strong
outflow of dust in the warm sector “ahead” of the front over the Japan Sea. The two systems are clearly seen in the
satellite derived TOMS-AI (aerosol index) (lower right). The dust event is clearly seen in the China SEPA air
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These dust outbreaks caused severe problems in China

From P. Westphals web site:

http://www.nrlmry.navy.mil/acrosol/Case_studies/20010413 epac/
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Accurate Calculation of Photolysis Rates is a Critical Element

+*NOAOD:

STEM simulation without aerosol optical properties, but with

in Air Quality Forecasting

cloud impacts.

For TRACE-P all DC-8 and P-3 Flights:
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Table 2. Observed and STER-5S5imulated Mean Valwes and Their

1
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Added Considerations for Air
Quality Forecasting

System designed for synoptic scale meteorology.
Air quality needs pbl info, cloud fluxes

Deficiencies in met models — different
requirements on transport, preservation of mass,
etc.

Sources needed at smaller scales, some sources
intimately linked to meteorology

Meteorological measurements for air quality
(may) need to be designed differently (idea of
urban:rural pairs)



The Future - Integrating Models and

_ Measurements .
+ Test forecasting skill - more emphasis on

verification

- Test model resolution effects - for which

problems is resolution critical?

Data assimilation/sensitivity analysis in large
models is "expanding” - great opportunity to
think about how these experiments can help
accelerate the science

Data assimilation - satellite, surface obs....

- Characterize errors....., and co-variances, and
species/species correlations and other ways of
filling in data for use in assimilation

How to best link measurements in space & time
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Jverse Modeling for Improved

Emission Estimates Emission Estimates Irproved Ar Quality
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Thoughts on Forecasting
and Modeling

* Roles of models are expanding

* Challenge: How to make the best use of
having a suite of forecasting products AND
modelers in the field

* Challenge: How best to use the models to
meet the mission objectives

» Challenge: How to optimally integrate
measurements and model data



Final Thoughts on
Priorities/Objectives

* Achieve improvements in met forecasts by
considering air pollution elements.

* Add operational information to help protect public
health and welfare, and to support more detailed
air quality studies.

* Focus on the tools to facilitate the integration of
measurements and models that are needed to
support operational air quality forecasting
systems.



