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Topic / Aim

Particle dynamics of vehicle exhaust in street and urban environment has been recently investigated by several groups of the NORPAC network (DMU, SMHI, FMI, UHEL) with different kind of dispersion and aerosol dynamic models. During discussions in the NORPAC meetings in Copenhagen, March 2004 and Stockholm, November 2004 it was decided to arrange a workshop in order to facilitate a model comparison between the approaches of these groups. The workshop aims at the evaluation of the process parameterisation leading towards a harmonisation between the Nordic modelling groups.

Focus of the workshop is the aerosol dynamics of ultrafine particles at local (street), urban and regional level.

We discussed and tried to get a common understanding of the following questions:

1. What aerodynamic processes are important at what scale? What can we learn from measurements, time scale analysis and model studies?

2. How can we model the aerosol dynamics in order to predict total particle number concentration and size distribution? 

3. Can we come to a common Nordic understanding and do our different models more or less give comparable results? Can we define a test case and start a model inter-comparison?

4. Do we find consistent vehicle emission factors and size distributions in our measurements?
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Overview on the workshop program

9:30-12:15 local/street scale session: 

Chairman: Jaakko Kukkonen

The session was started by Matthias Ketzel, who gave an overview on the application of time scale analysis to local scale aerosol process studies. Emission factor dependencies on various parameters were also raised to consideration.

Liisa Pirjola then told about the Sniffer Mobile Laboratory and the LIPIKA measurement campaign. Nucleation mode particles were concentrated on especially. Total number concentration (Ntot) and size distribution data was obtained in the measurement campaign.  Measurement data contained also CO and NOx concentrations. Seasonal variation was studied for Ntot, size distribution and importance of aerosol processes.

Mia Pohjola presented her previous and current work on modeling dilution with aerosol dynamics in road scale. In the current work there has been the possibility of evaluating the model results with measurement data from the LIPIKA campaign. Nucleation has not been considered in the work. The model used in MONO32. Number concentrations both total and in 6 modes have been studied, as well as size distribution evolution.

13:00-14:30 urban scale session: 

Chairman: Ari Karppinen

Hannele Korhonen started the first afternoon session with a short presentation about the University of Helsinki Multicomponent Aerosol model (UHMA).  It is to be used for modeling total number concentration and possibly size distribution for a measurement campaign (SAPPHIRE).

Tareq Hussein presented his work on number concentration dependencies on meteorological factors in an urban region. Based on long-term data analysis, number concentrations were not found to show clear dependencies on the ambient relative humidity and atmospheric pressure. Dependencies on ambient temperature, wind direction and wind speed were considered. He also presented some results regarding the spatial-temporal variation within the Helsinki area.

Matthias Ketzel then spoke about the Multi-plume Aerosol dynamics and Transport (MAT) model for the urban background. This model does not include nucleation.

14:45-16:?? Regional scale session 

Chairman: Liisa Pirjola

Svetlana Tsyro begun the last afternoon session with her presentation about aerosol modeling with the regional EMEP model. The aerosol model used in this work is MONO32. Effect on aerosol dynamics on particle mass was found to be small, within (5%, but for the number concentration and size distribution modelling aerosol processes are important.

Mikhail Sofief then spoke about the SILAM model and regional modeling of primary particulate matter

16:00-17:00 conclusions, future co-operation and the model comparison exercise

During the workshop a table on the effects of the various aerosol processes on aerosol number concentration was compiled. (see below)

Discussion about a NORPAC poster to some forthcoming air quality oriented conference on “Importance of aerosol processes for various scales” led to the resolution that such a poster would be produced in the future.

A model intercomparison test case in the urban scale was discussed. Tareq and Hannele would take part with UHMA model, Matthias Ketzel with ? model, … others? Model evaluation measurement data? Location?

Actions taken after the Workshop:

1) All presentation files were made available to all participants by Email. Done.
2) All presentations should be summarised in 4-10 lines; possibly reusing the statements given in the workshop background document. All presenters please send your contributions to Mia by April 29. (some contributions are still missing, please check and update /extend the section below!!)
3) Mia kindly agreed to compile a draft of the workshop minutes, summarising the discussions based on her notes, the draft will be circulated and should be supplemented by all our comments. Done.
4) Matthias will prepare a draft of the table summarising the contributions on the effects of aerosol dynamical processes on altering the aerosol number and mass at the various scales, which will be circulated together with the workshop minutes. (Draft see below)

    5) Matthias will prepare a short description of a test case setup for a aerosol model intercomparison at urban scale emissions based on the Copenhagen data set. Possible participants for such an exercise: Mono32 (Mia/Liisa), UHMA (Tareq/Hannele), Mono32/MATCH (Camilla/SMHI), MAT/Aero3 (Matthias). Done.

Summary of work performed by different groups 
(mostly as presented at the workshop)

The Models used are:

MONO32 in several combinations with plume model, CFD model or MATCH, EMEP

UHMA, 

AERO3/MAT, 

please add...
FMI:

Mia has in close co-operation with Liisa Pirjola (formerly of Univ. Helsinki, now Helsinki Polytechnic) made model runs only on road side scale, and using different dispersion factors retrieved from CAR-FMI runs together with MONO32.
In regional scale modelling, Mikhail and Leena have tried to link together MATCH and Mono32 models.

Mia, Liisa and Mikhail please extend this part reflecting your presentations.
DMU:

Matthias / time scales

A time scale analysis of aerosol dynamics processes with respect to particle number has been performed in order to estimate the relevance of different aerosol dynamics processes and dispersion at local and urban scale. The derived formula framework allows the estimation of approximated time scales based on a given particle size distribution for the processes dilution with background air, coagulation, deposition and condensation. In agreement with previous studies (Pohjola et al., 2003; Vignati et al., 1999) we conclude that coagulation is too slow (by ca. two orders of magnitude) to alter the size distribution in the direct exhaust plume and dilution is the dominating process. Also deposition is irrelevant. A similar conclusion can be drawn for near highway dilution and kerbside locations. Apart that there deposition is more likely to play a role. At urban rooftop level and inside an urban plume the dilution and transport is sufficiently slow that coagulation, deposition and condensation are likely to alter the size distribution and probably have to be considered in urban scale models.

(Ketzel, M. and Berkowicz, R. (2004): Modelling the fate of ultrafine particles from exhaust pipe to rural background: an analysis of time scales for dilution, coagulation and deposition. Atmospheric Environment 38, 2639-2652.)

Matthias  / urban plume model

At DMU the AERO3/MAT model includes both aerosol dynamics and a simple (urban) dispersion scheme. The range of changes in particle concentration including all processes compared to an inert treatment of particles lies between 13% and 23% of loss in total number concentration and 2% loss and 8% gain for the total volume concentration. This agrees well with measurements in Copenhagen that indicated ToN losses in the range of 15-30% between kerbside and urban rooftop level. The model also reproduces the shift of the maximum in the size distribution to slightly larger diameters between street and urban rooftop level. Because of the uncertainties in the parameters describing the different processes and their similar influence on the particle size distribution, it is possible to obtain similar results with different parameter combinations. More research and model validation is needed to narrow the range of possible input parameters and model assumptions for this type of modelling.

The data set from Copenhagen that is used in this work will serve as a test case for a model intercomparison within NORPAC. (Test case will be described by Matthias in a separate document.)

(Ketzel, M. and Berkowicz, R. (2005): Multi-plume aerosol dynamics and transport model for urban scale particle pollution. Atmospheric Environment in press.)

SMHI:

Lars Gidhagen coupled in his PhD MONO32 with a CFD model for applications at local level (road tunnel, street canyon, and highway) he also coupled MATCH and Mono32 for an application in Stockholm at urban level.

UHEL:

Based on the Ph.D: thesis by Hussein, at the University of Helsinki we have analyzed the particle number size distribution with respect to the traffic and meteorology. Recently we introduced a theoretical approach on predicting the number concentrations of different size classes as a function of other weather conditions (e.g. temperature and wind speed). This theory seems to be very important in the dispersion modeling currently being developed by the University of Helsinki and FMI. The future work is to utilize the aerosol dynamic model UHMA in the dispersion models.

On the other hand, wet deposition affects the number concentrations, as shown by Hussein et al. 2005 and 2004. In the local scale, the wind sector analysis is very important in order to distinguish the effects of nearby local sources. Nevertheless, wind speed is a major factor in that respect. The higher the wind speed is the lower the number concentrations are, especially ultrafine particles.

Based on long-term data analysis of particle number size distributions, the wind direction and speed and ambient temperature are the most important factors. However, based on short-term analysis, the relative humidity shows clear effects.

New particle formation events and long-range transport effects are being classified and analysed for Helsinki. 

METNO:

Svetlana / regional EMEP model

The regional EMEP Aerosol model was presented. The model incorporates MONO32 to calculate aerosol dynamics processes (except for nucleation). In the last years, work on model development has been focused on achieving the mass closure of PM2.5 and PM10 in the model. Implementation in the model of sea salt aerosols and most recently wind-blown and Saharan dust has considerably improved the model performance with respect to PM2.5 and PM10. Further improvement of the model results has been achieved by accounting for particle-bound water when comparing calculations with gravimetrically measured PM. Aerosol dynamics (nucleation, coagulation, condensation) appear to make a relatively little effect on the calculated PM2.5 and PM10 (e.g. the difference in PM10 calculated with size resolving aerosol dynamics model and “bulk” mass model was within 5-7%). Dry deposition is the dominating removal process for coarse particles, but it is much slower for fine particles. Wet scavenging is an important particle sink, depends on the hygroscopicity. With respect to particle number, the comparison of model results with Nordic measurements shows that adequate model description of nucleation and further particle growth can be important for accurate calculation of Aitken particle number (which determines the total number). Still, the largest uncertainty in modelled particle numbers is related to particle emissions (at present, only PM2.5 and PM10 mass emission data is available; rather coarse assumptions are currently used in the model to derive particle number emissions).

(Tsyro, S (2004) Model assessment of particulate matter in Europe in 2002 .In EMEP Status report 4/2004.Transboundaryparticulate matter in Europe. Available on http://www.emep.int)
Summary and table developed during the workshop

The discussion about the relevance of the different aerosol dynamics and other processes is separated in the local/urban and regional scale. As processes are discussed: condensation, coagulation, dry deposition, wet deposition, nucleation, dilution and emission.

In common for all scales it was agreed that emission and dilution are very significant processes and have to be modelled with detail. Great uncertainties still exist regarding the emission inventory for ultrafine particle number emissions despite the progress in getting consistent vehicle emission factors.

The presentations and discussion during the workshop with respect to the importance of various aerosol dynamic processes at different scales are summarised in the table below.

Local and urban scale

Based on PhD work from Lars and Matthias (Ref 1-5) it can be concluded the ultrafine particles particle dynamic is probably not significant at local and urban scale for ‘standard applications in Nordic countries’ i.e. under average meteorological conditions and under normal traffic emissions in street canyon and near highways. This is more certain for coagulation and deposition less certain for condensation / evaporation, since a large gaps exists in both composition measurements for the organic fraction of the ultrafine particles and gas phase measurements of condensable species in traffic exhaust. Large-scale nucleation events were not regarded at local scale. The importance of such particles for health effects is not yet investigated. Nucleation plays probable a role during the rapid dilution in the plume directly after the exhaust pipe (range of a few centimetres). This initial nucleation process is likely to depend on the ambient temperature and might be responsible for the observed temperature dependence of the emission factors.

Regional scale

At regional scale aerosol dynamics (nucleation, coagulation, condensation) appear to make a relatively little effect on the calculated PM2.5 and PM10. Dry deposition is the dominating removal process for coarse particles, but it is much slower for fine particles. Wet scavenging is an important particle sink, depends on the hygroscopicity. 

With respect to particle number, the comparison of model results with Nordic measurements shows that adequate model description of nucleation and further particle growth can be important for accurate calculation of Aitken particle number (which determines the total number). Dry deposition is the dominating removal process. Still, the largest uncertainty in modelled particle numbers is related to particle emissions.

Table: Summary of the presentations and discussion during the workshop with respect to the importance of various aerosol dynamic processes at different scales. The legend below the table explains the used symbols, references are listed below. The values in percent give the estimated change in particle number (ToN) or particle mass (PM) that is caused by the given process(es). 

scale
local

case study / REF
tunnel, rush hour (1)
street canyon (2)
open road (3)
time scale analysis (4)
open road (5) 

process \\ ToN or PM
ToN
ToN
ToN
ToN
ToN

condensation
n.s.
n.s.
n.s.
shift to larger pt. diameters, no loss
x (p.i.)

coagulation
80% loss for part < 10nm 

40% loss for part 10-29 nm
<15% loss (<30% for low w.s.)
(
( (except for road tunnels)


(

dry deposition


10%

n.s.

wet deposition
(
(
(
n.s.
n.s.

nucleation
(s,td)
(s,td)
(s,td)
(s,td)
(s,td)

dilution
X!
X!
X!
X!
X!

Emission
x
X!
X!
X!
X!

Legend:

( 
not important

x 
important

X! 
very important / dominating

n.s.
not studied

(s,td)
important as source term directly after the vehicle exhaust pipe, later probably not, probably responsible for the observed temperature dependence of emissions

w.s.
wind speed

(p.i.)
possibly important, but data for the condensing vapour are not available

ToN
Total particle number

PM
Particle mass

scale
urban
regional

case study / REF
Stockholm (6)
Copenhagen

(7)
Helsinki

(10-13)
EMEP

(8)
EMEP

(8)
FMI

(9)

process \\ ToN or PM
ToN
ToN
ToN
ToN
PM
PM

condensation
n.s.
minor shift to larger pt. sizes
p.i.
n.s. 
( 5-7 % (diff. between aer. dyn. and mass model)
(

coagulation
<5% (<10% for low w.s.)
15 % - 30% loss


p.i.
n.s.

(

dry deposition
<25% (<50% for low w.s.)

x
X! 
X! – coarse particles

x – fine part.
X!

wet deposition
(
n.s.
x

X! 
X!

nucleation


X!
x
( 
(

dilution
x
x
x
x
x
x

Emission
X!
X!
X!
X!
X!
X!
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