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Air pollution

« Sources:
< Anthropogenic
- Biogenic from vegetation
+ Natural (e.g. sea salt and dust)
+ Wildland fires

+ Important facts:

« Marine traffic: 40% of NOx and 50% of SOx of total-European
anthropogenic emission

+ Wild-land fires: on average contribute 10-50% of European
anthropogenic emission of PM and some gases (e.g. CO)

- AQ problems can have a regional/local or transboundary origin

« Transport-related air pollution is increasingly contributing to
environmental health risks in many countries.
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Air quality forecast & assessment

- Goals:

information to public and authorities

AQ forecast: decision support for short-term abatement

AQ assessment: analysis for long-term decision-making

+ Main regulated species: O3, NO,, SO,, PM, ¢, PM,,

+ AQ forecasting/assessment: numerical models applied from

global to national level
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European AQ service chain

Global (Reactive and Greenhouse Gases, Aerosol)
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FMI AQ assessment & forecasting platform
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20080219: anth. black

SILAM is NEEEN
suitable from =
global to
smaller scales
(1-2 km)
simulations

@ FINNISH METEOROLOGICAL INSTITUTE

SILAM system is a joint effort of
Finland: FMI, University of Helsinki, University of Turku, VTT Energy
Russia: Main Geophysical Observatory, Hydrometeorological University
Estonia: University of Tartu
Austria: Medical University of Vienna
Israel: Ben Gurion University

SILAM algorithms in:
sea salt emission: EURAD (Germany), WRF-Chem (US), CAMx (Greece)

pollen emission: GMES MACC modelling ensemble (CHIMERE, EMEP, EURAD, LOTOS-
EUROS, MATCH, MOCAGE)

SILAM users (open-code system)
Available from Web: ~40 downloads, over 15 countries
Known working installations: Estonia, Russia, Lithuania, Spain (2), FYR Macedonia
Finland: Helsinki Metropolitan Area Council, University of Turku (forecasts)
Estonia: University of Tartu (boundary conditions)
Lithuania: EPA (forecasts), Vilnius city (boundary conditions)
European Aeroallergen Network (forecasts)
FYR Macedonia: Macedonian Environmental Information Center (forecast/assessment)
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SILAM application types

Short-term forecasting and re-analysis

atmospheric chemical composition

allergenic air pollution

plumes of wild-land fires
Emergency preparedness

nuclear
volcanic

Observational campaign analysis

Source apportionment studies

anthropogenic sources
natural sources: allergenic pollen, volcanoes, fires

Risk assessment
chemical
nuclear

Climate change forcing and impact
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Air Quality forecasting

Concentration, ugN/m3, 05Z25MAR2013
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- from European to Helsinki city-scale

- open for public

- AQ Index for Helsinki, predictions for

monitoring sites

- anthropogenic and natural emission

- smoke from forest fires
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Short-term forecasting and
re-analysis

Forecast for PM10. Last analysis time: 20130217_00

MODIS AOD, 08_aug_2010

Concentration, ugPM/m3, 10Z17FEB2013

Forecast for PM_m_50 from forest fires, FRE—based.
Last actual FRP map: 2010 & 7 © 0 0.0 UTC

Virolahti,
8.8.2010
Predicted
(+24hrs):
120 ug
PM2.5/m3
Observed:
140 ug
PM2.5/m3

Concentration, ugPM/m_’t, 20Z08AUG2010

\
Natural allergens: pollen |
» Allergy prevalence: ~30% of Example of forecast for:
European population « birch, grass, olive: 14.05.2011 12:00 UTC
* Hyper-sensitivity to tree and » ragweed for 28.08.2011 12:00UTC
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Ground-breaking forecast: Pollen

Vegetation map + pollen productivity
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30-years modelled trends

Trend for: total_olive, year—1 Trend for: total_grass, year—1

Trend for: tota birch, year—1 Trend for: total_ragweed, year—1

grass, olive:
mainly increase

birch, ragweed:
- mixed, mainly
decrease



* Regular phenomenon, among
the most-powerful sources of

air pollutants

» Affected by anthropogenic

activities

» Strong air quality and climate

forcing

MODIS-Terra observed total optical

thlckness 5.07. 2012
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Fire-induced PM,, emission, 5.07.2012

1200

Modelled optical thickness of fire plumes
5.07.2012
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Fire emission data
Vertical Injection profiles
Fire plume forecasts

Meetings (intra)

e Documents (intra)
Research and publication
plans
Participants
Models
Related projects
Useful links
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AN INTEGRATED MONITORING AND MODELLING SYSTEM FOR WILDLAND FIRES
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Forecast for PM_2_5_ FRP. | a=t analysis time: 20130828_00
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Risk assessment

Impact on ecossystems (deposition) human health (concentration)

Impact of an
uncontrolled release
on the surroundings

of the stack
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Concentration (ug/m3) difference between 2040-2060 and 1990-2010 month:03
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Relies on the availability of MACC 2 and PASODOBLE products
related to different pollutants for assessment and decision
making

Boundary condition

Emissions

Ground and remote sensing data
Forecast & reanalysis:

Boundary conditions

Concentrations, emissions
AQ assessment:

long-range pollution transport impact on AQ in remote areas, for local
level decision makers

Impact of AQ policies
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Note: New European standard for AQ modelling

Scope
*Describe the methodology to define and calculate the Model Quality Objective
(MQO) and ModelPerformance Indicators (MPI). The MPI (bias, correlation,
standard deviation) together with the MQO constitute the Benchmarking report.
«In the frame of this methodology, fulfilment of the MQO is essential whereas
fulfilment of the MPI is not(the latter are provided as support information).
Flexibility is left to select the appropriate tool to apply the methodology.
*The Air Quality Directive identifies different potential uses for modelling:
Assessment, Planning, Forecast and source apportionment. The scope of the MQO
and MPC is here restricted to assessment purposes in the context of the Air Quality
Directive.
*Pollutants covered PM2,5, PM10, NO2, O3
*Concentration range ( no limits )
*Time average (pollutant specific)
*Scale (regional, urban, street)
*Methodology Restrictions (Pollutants concerned)

FIRST meeting of the WG: October 2015 ( ->2-3 years)
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Inversion of emissions

# General idea
# Some examples
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The aerosol emission estimates for anthropogenic sources are obtained with
a 4D-Var based optimization

find an emission distribution minimizing a quadratic cost function of the observation-model
discrepancy

Atmospheric dispersion: SILAM CTM
Emission, formation, transport, sink
0.5° x 0.5° resolution, ERA-Int meteodata
Included aerosol species:
primary OC, BC (MACCITY)
sulfates from SO2 oxidation
nitrates (not adjusted)
sea salt
desert dust
PM2.5 from wildfires
Assimilated: MODIS 550 nm AOD; monthly 4D-VAR window

2R
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AOT: AQUA.ASIABGR4+TERRA.ASIABGR4 2008 ~ AOT: AQUA+TERRA 2008
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1e9 OC: total a priori: 7.8e+09 kg, a posteriori 1.5e+10 kg
Asia, OC in PM1 ‘ : i — A posteriori
T e — A prior |
Patterns for BC are : - ‘ ‘
similar but more i |
moderate :
Seasonality is affected ; ]
by availability of :
MODIS data Z |
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Emission scaling, OC, 2008 __a posteriori - a priori, kton
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applied

* L-curve criterion for
stopping optimization:
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So far performed only emission inversions in VAST:

use 4D-Var method to evaluate source term, then perform
regular forecast

What about traditional 4D/3D-Var

no source term adjustment, but concentration field updated at
start of each assimilation window

Pros/cons
+ no information needed on eruption site or timing
+ assimilation can correct for transport errors
+ 3D-Var computationally cheap
- eruption location/time not used as a priori information
- no information gained about source term

15
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Column densities, DU, 23.5.2011

Valid time: 2011-05-23 01:36:00
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Comparing statistics: correlation
4D-Var analysis vs inversion

1.0 T T T T . C e
: | Dark lines: score within
assimilation/inversion window

Lighter lines:
- scores for forecasts,
24 h steps

Correlation

0.3 H H H H
May 22 2011 May 23 2011 May 24 2011 May 252011 May 26 2011 May 27 2011

e—e 4D-Var, conc. «—= 4D-Var, conc. e—e Inversion —e Inversion]
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websites:

http://silam.fmi.fi/

http://atmosphere.copernicus.eu/

http://macc-rag-op.meteo.fr/

Tesekkur ederim !
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