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PM, modelling

Source apportionment of urban airborne particles and polycyclic
aromatic hydrocarbons in Europe — SAPPHIRE, 2002 — 2005. EU,
City of Tomorrow. (www.gees.bham.ac.uk/research/sapphire)

Health Effects caused by Urban Air Pollution for the Transport System
Plan Scenarios in Helsinki Area — HEAT, 2002 — 2004. Research
programme TERVE (www.fmi.fi/research_air/air_18.html )

An integrated model for evaluating the emissions, atmospheric
dispersion and risks caused by ambient air fine particulate matter -
KOPRA. 2002 — 2005. Research programme FINE.
(www.fmi.fi/research_air/air_47.html)

Ari Karppinen, NMR Kick-Off meeting, Copenhagen, 29/3/2004
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SAPPHIRE -WP 3 (modelling)

Source apportionment of PM based on
analysis of datasets produced in WP’s 1

and 2.

Include:

> seasonal and spatial variation,
> inter- and intra-city variation,
> chemical composition,

> in five European cities.
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SAPPHIRE -WP 3

http://www.gees.bham.ac.uk/research/sapphire/

> Receptor modelling (resp. U. Hertfordshire)
>  Principal Component Analysis
>  Multiple Linear Regression Analysis
>  (supplemented by) e.g., cluster analysis
> Inverse modelling (resp. NERI)
> Differential Mobility Analyser (DMA) data
>  Operational Street Pollution Model (OSPM)
> Deterministic modelling (resp. FMI)

> Emission inventories, modelling vehicular PM
emissions

> Dispersion + aerosol process modelling (in
cooperation with U. Helsinki)
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SAPPHIRE -WP 3 /deliverables

> A readily transferable protocol for conducting data
analysis of particle size distribution and its use in
the determination of direct traffic emissions of
particles of different sizes: yearly 2005

> A readily transferable protocol for conducting
source apportionment of size-fractionated airborne
particulate matter and its individual chemical
constituents : late 2005
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M. Pohjola, L. Pirjola, J. Kukkonen and M. Kulmala
(2003). Modelling of the influence of aerosol processes
for the dispersion of vehicular exhaust plumes in street
environment. Atmos. Environ. 37, pp. 339-351.

- simple plume model was combined with MONQO32

- condensation of insoluble organic vapour is important if
vapour concentration exceeds 1010 or 1011 cm-3

- coagulation important if dilution is neglected

- after 25 s and at 75 m distance from the plume source, the
particle population has reached quasi-steady state




ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Health Effects caused by Urban Air Pollution for
the Transport System Plan Scenarios in Helsinki
area - HEAT (2002 - 2004)

Health Promotion Research Programme (TERVE)

Emission Atmospheric Exposure Health
inventories "| dispersion | and dose effects

http://www.fmi.filresearch_air/air_18.html

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Responsible institutes

YTV FMI KTL, YTV KTL
FMI FMI, UKU
_EmiSSiOI} | Urban scale | Exposure and | Health effects
Inventories dispersion dose
Models
Emission models Urban and Population Dose -
for mobile and local scale exposure models, response models
stationary sources dispersion source apportionment
models models
Datasets
L - FMI Datasets of
Emission coefficients
of VTT meteorological EXPOLIS and dD 0SE -response
- database ULTRAI ata,
YTV traffic network, ’ i i
EMI emission database YTV background YTV population YTV population

concentrations statistics dataset statistics database
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HEAT:

deteministic modelling
system

for local/urban scale
concentration &
exposure calculations

uuuuuuuu

The integrated modelling system

Geographical information ‘

Emission characteristics ‘

Measurements

Meteorology, traffic, pollution

Emission Weather
_Traﬂi.c inventories || prediction, met.
simulation VIT, LIISA pre-processing
Macro- Corinair HIRLAM, MPP-
EMME/2 M
(Gen Dispersion of pollutants
* stationary sources: UDM-FMI
Micro- « roadside: CAR-FMI
HUISIM « street canyon: OSPM (NERI)
(TKK) « forecasting air quality: API-FMI
Activity Model GIS
Statistical Maplnfo
Exposure Analysis Visualisation
model
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[ he aeros o process moael indluaes !

v¢ chemicd reactions in the gos phase,
v¢ dry deposition of partides ond goses,
¢ homogenous binary H,S O,-H,0 -

or ternary H,S O,-H,O-NH; - nucledtion,
v¢ condensation of H,SO,, H,O, HNO;, NH; ond organic

vapors to portides,

v¢ coagulation befween and within the size dasses and
v¢ dilution of the gases by lbbackground air.




Deterministic and statistical modelling of PM,
Contributions to urban PM, . concentration

PM25 - PM2O5tr’e + PMZOSU',II-C ke PM2_SSt ar

PM2_5bg’urb 1 PM2_5bg’lrt + PMz.SWind

Primary traffic + non-exhaust traffic + stationary
sources + urban BG + long-range BG + suspended
material from other sources than traffic.
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Using the experimental relation
PMz.Sbg’m =b G,

the above-mentioned equation can be written as

PM25 — (1 + a) PM2.5tI',e = b CiOIl + PM2.SSt 4G

where G, is the so-called ion sum, a and b
are constants and c the the contribution of other
sources except for local traffic, LRT and stat. sources
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University of Kuopio

Evaluation of the
PM, ; model :
Kuopio, 1999
(Tiitta et al, 2002)

T he meas uring units ond their environment.
The sampler locations = #1, #2, #3, #4.
The drdes (o) denote troffic flow meos urements.,
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Evaluation of the <«
PM, ; model :
Kuopio, 1999
(Tiitta et al, 2002)
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Statistically correlated (ugm-3)

Measured (ugm'3)

A scatter plot of the statisticdly correlated and meos ured
oconcentrations of PM, &.

T he figure dso shows meacs urement looations downwind
(Aws) ond upwind (Uws) with res pect 1o the rood.




PM source apportionment &
probabilistic exposure modelling in
the HEAT project

KTL, Kuopio

ug m”

PM, . microenvironment concentrations and exposure
by source categories

EXPOLIS-Helsinki 1996-1997
- Koistinen et al. (2003)
12.00 Salt
Detergents
10.00 |
Soil
8.00
5.00. 4.67 Inorganic
: secandany
4.00
Combustion
2.00 and other
0.00

Outdoor Residence Workplace Exposure




Microenvironment model

Outdoors

*h .20
Other places 30 min ~2%

1h~4%

Classification of
locations into
‘microenvironments’

Work
9h30° ~ 40%

Simulation of indoor concentrations

2-parameter Microenvironments
- . lognormal fits Home/Sources in the model
1-year time series Lognorm(pgy,64;)
ambient 1-h PM2.5 1-year time series Binomial(1,;)
concentration data nighttime (17-07)-5 Home/Ambient Simulated
=°S .
(8760 hours) PM2.5 Logn Orm("’}l’;lb Pelgletranon/Horr e '\ﬂ—’ Home Conc.
eta(,,%,n)| Work/Sources
Lognorm(pyy,6y)
1-year time series Binomial(1,/y
daytime (7-17) i » Work/Ambient Penetration/Work Simulated
enetration/Worl
PM2.5 Lognorm(jiy, o) Beta(i, v.0.) Work Conc.
PWEPWA Other/Sources
LOgnorm(Hso’ﬁso)
Binomial(1,/)
\]
i Simulated
> gi?i?ﬁ?;en::(b Penetration/Other Other Conc
o Beta(i,0,9,0) ’




Exposure level [ug m’]

Comparison of observed and simulated exposures.
The filled grey areas represent the observed
exposure distributions.
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An integrated model for evaluating
the emissions, atmospheric dispersion
and risks caused by ambient air fine
particulate matter — KOPRA

http://www.tmi.fi/research_air/air_47.html




The processes evaluated 1n

KOPRA

Elilerei el Emission
reduction =P )
scenarios
technology
A /
Energy and
activity
scenarios

Emission
reduction |«
estimation

Source: Matti Johansson, SYKE

Emission scenarios: primary PM

120

TSH

W Dust & other sources
OIndustrial processes

W Power plants and ind. combustion
O Domestic combustion
@ Traffic and machinery, exhaust

Baseline

2020
Kyoto-gas Kyoto-nuclear




Spatial distribution of emissions

Mg(NOx)/a
0 <400
O 400-800
O 800-1600
B 1600-3200
B >3200

Mg(SO2)/a
0 <100

E 100-200 B 100-200
0 200-400 O 200-400

B 400-800 H 400-800
H >800 B >800

Mg(PM2.5)/a
0 <100
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The dispersion and transformation of fine particles

Urban scale modelling
»urban dispersion modelling system extended to mass fractions of PM

»PM computations have been performed for the Helsinki Area in 2002.

Regional scale modelling

»MATCH testing continued
» An interface to Finnish meteo input data completed and tested.

» An interface to emission data is under development.
» A MATCH version implementation at CSC is in progress.
» Input meteorological data generation for 2000

» Chemistry + aerosol dynamics module

» A gas phase chemistry module from SMHI was extended to
aqueous phase by internal MATCH routines. Preliminarily tested.

» A chemistry pre-processor KPP code has been downloaded.
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Average annual PM,  concentrations [ pg/m?]
in the Helsinki Metropoilitan Area 2002

Direct traffic emissions only Both direct and indirect traffic emissions

Kilometres
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The diurnal variation of PMig & PM> 5 in
Vallila in 1998, working days

20 50 —— Spring
_ 1998 PM2.5 . 1998 PM10 —=— Summer
‘e 'E 40 —-—Au'tumn
o o —=— Winter
= =
s S 30 -
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P —=—Summer 2 40
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Time of day Time of day

Source: Helsinki Metropolitan Area Council (YTV)
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Regional dispersion model MATCH

Eulerian 3D regional-scale dispersion model
S-N-O3 chemistry available

Developed at SMHI (Swedish Meteorological and
Hydrological Institute)

Source: Mikhail Sofiev,
Leena Kangas
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° °
Numerical testing

of the MATCH
model at the FMI

Daily mean mixing
ratios (ppbv) of

ppbi(y)
Y 7

NO, NH,SO,
0, SO,

during one selected day,
2’7 March 1999
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