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Outline

Introduction

— air pollution modelling
— challenges for ultrafine particles:

Emission factors
— Temperature dependence

Transformation processes
— time scale analysis

Applications / results
— Street scale => OSPM
— urban scale => MAT

e Conclusions
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Air pollution modelling ...

Transport Ambient Impact (health,
Transformation goncentration climate etc.)

Emission

2007

~ L -

well understood and modelled for pollutants as NOx NO2 CO ...
and for all scales (street-urban-regional-global)
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Danish Operational Street Pollution Model: OSPM

« Berkowicz et al. 198x ...2007
 semi-empirical model (plume + box), fast, hour by hour

 worldwide used (incl. IfT Leipzig, soon NRW ...)
Roof level wind

Background pollution /
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Modelling NOx at kerbside

« OSPM and emission factors from inverse modelling

background subtracted modelled

— NOx_Str_Imod
— cNOX_str_obs_2

o NOx_Str_Imod
Linear (NOx_Str_Imod)

» 2007
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Air pollution modelling ...

« The two C’s (challenges)

Ambient Impact (health,

goncentration climate etc.)

~ L -

well understood and modelled for pollutants as NOx NO2 CO ...
and for all scales (street-urban-regional-global)
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Challenge 1. emissions

 for PM: substantial part of the emissions comes from non-
exhaust:

 for PNC: formation during dilution, temperature dependence
e use of “effective emissions”

=
il o

e need for field studies to estimate the emissions
at. road tunnel, street canyon, highway, etc.

 using: NOx / C as tracer or ‘inverse’ modelling
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Traffic Exhaust Particles

 90% of the particle number formed by nucleation followed
by condensational growth during dilution

(Kittelson et al. 1999, Burtscher 2001)

® Nanoparticles (carbon)

0  Sulfuric acid nuclei *solid partiC|eS
= Volatile organic species 0 4 (~ 50- 300 nm)

svolatile particles
(~10-50 nm)

Exhaust pipe
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Average weekly profile of size distribution,

Difference Street - background
period 15-05 to 23-11-2001 ca. 12 weeks of data (1h averages)

continuous measurements

simultaneous measurements at background

working days Saturdays Sundays
+ night time shift —
to smaller sizes 2 o000
— diesel taxi ?? WW o

— nucleation ?!
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-200

12 18

time (* hour of the Week )
Ketzel et al. 2003 Atmosph. Env. 37, 2735
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Factor Analysis Source Profiles

 Average weekly variation of
— NOx
- CO
— Strength of Mode 1-3
(all corrected for background !)

Factor 1 (normal diesel)

(dN/dlogd)/[NO,] (cm™/ppb)

e Possible Solution:
— Factor 1: Mode 1+2: NOx
— Factor 2: Mode 1+3; NOx

10

» 2007

Factor 2 (modern diesel; Taxi)

— Factor 3: - NOx; CO —sumFt

— Model: 63.6 nm, GSD=1.9°
— Mode2: 23.9 nm, GSD= 1.5'
— Mode3: 11.7 nm, GSD= 1.4:
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Ambient temperature influences emission profile

low temp.

—0C<t<5bC
5C<t<10C

—10C<t<15C
15C<t<20C
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Ratios between particle number concentration (versus size)

and the NOx concentration at HCAB (street station). NERI Technical report
no. 460. (2003)
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Temperature dependent Emissions

y = -4.9963x + 240.18
R*=0.928

openhagen

R%=0.9769

Temperature

+ Stockholm m Santiago

Olivares, et al. 2007
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-10™ veh 1 km-1
100 120

Car tunnel: California b
Stockholm

Street: Copenhagen
Zlrich
Zlrich (slope)
Stockholm

Highway: Brisbane
Zirich
Zirich
Minnesota
Stockholm

eLDV
B HDV
A fleet mix

Car tunnel: California
Stockholm

Street: Copenhagen
Zlrich
Zirich (slope)
Stockholm

Highway: Brisbane
Zrich
Zirich 9
Minnesota
Stockholm ®

Fig. 2 Emission factors for particle number. The results from PAPER 1, Il and 111 are shown in
comparison to recently reported factors (for more details and references, see Fig. Table 2,
PAPER 1V)
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Challenge 2: transformation processes

Schematics of a urban particle size distribution with major sources
and transformation processes

Chemical
transformation

Low VOIatIIIty Re-suspension
Condensation vapor Sea spray

Emissions

Primary particles Nucleatlon Pollen
Coagulatlon ondensatlon etc.
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Ultrafine Fine Coarse
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Aitken nuclei Accumulation Mechanic

(adopted from Whitby and Cantrell, 1976)
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Atmospheric Aerosol Processes
Effect on number and mass Concentrations

Particle

Number, tT_';affiC Sea
(tai —plpej)f__ Spray

Primary

Original Emissions

Concentrations
Dry ' Soil Dust

- Deposition—

e

Particle
Mass
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Time scales for various processes

. oC

T C=—
ot

C| .
rocessX — [A| 7
P C

process X

Nb DR2

dN| D
Tdilution, plume (t) =N (t)/‘dt - D_R i m | D T dilution, street —
R E b R ’

?? Which processes are important to model ??
- depends on metric:
number (PNC), size distribution (PSD), mass (PM)

- depends on scale/location
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Time scale in s

1.E+06

1.E+05 -
1.E+04 |
1.E+03 -
1.E+02 -
1.E+01 |
1.E+00 -
1.E-01

1.E-02
1.E-03

D

road tunnel

urban

—e—tau_coag mono
A tau coag poly

= Dilution
—=- Exhaust plume
——tau_dilu_wbg

e tau dep

~_05
~

exh

0.1 8

aust plume

b

1.E+04 1.E+05 1.E+D6 1.E+07 1.E+OE} 1.E+09

Vignati et al. 1999



Application street scale - OSPM
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Modelling at kebside for NOx and total particle number

fal

« OSPM and emission factors from inverse modell

o NOx_Str_Imod
Linear (NOx_Str_Imod)
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OSPM for NOx and PM10 at JGTV, 2003

—e— PM10_str_obs —=— PM10_str_mod

‘—0— NOX_str_obs —s— NOX_str_mod NOX_b ‘

//Am“’*::%

5 7 9 11 13 15 17 19 21 23

NOXx in pg/m3

Hour of day

Modelled
Modelled

gRied. Major Axis: Y= (0.783 +- 0.017) *X g o e Auds: v= (0,521 +- 0.021) X
+(8.477 +-1.686) ; R"2= 0.839 X 5% (X893 +- 0.196) ; R™2= 0.539

100 200 300 10 20

Observed =
Observed
daily ave Y
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urban scale — multi-plume model (MAT)
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westerly winds: LVBY=background

National Environmental Research Institute, university ot Aarhus
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Modelling of the urban background

‘multi-plume’ model for vertical dispersion
background from measuremeljis
emission factor + size distrib.

————— EmDi; no removal

from kerbside measurements ————= +Coagulation
. $© +Deposition+Coa.
sectional model for aerosol s——s—— +Dep.+Coa.+Cond.

HCOE_W
Y——*——% LVBY near-city

dynamics including
processes modelled:

— background S Y /) N
— emission 5
— vertical dilution §
— deposition =
— coagulation =
S ANON . YL - X N N

— condensation

S =S
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Main Conclusions:
e particle emission factors and size distribution estimated
 time scale analysis
o street level:

— In general very high correlation particle number - NOx

— dilution is the dominant process

— coagulation is too slow to alter the particle size distribution

— OSPM (without particle dynamics) can be applied also for
particle number using temperature depending emission
factors

e urban scale:

— the two L’s

— 15-30% reduction in particle number compared to NOXx
— shift of particle size distribution to larger sizes

— Multi-plume Aerosol dynamics and Transport (MAT) model is
able to reproduce this

UFIPOLNET conference - 24 October 2007
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