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Introduction 
 

1.       At the invitation of the Governments of the United States and Canada 
(EB.AIR/GE.1/2003/2, para. 37 (g)), the workshop on particulate matter measurement and 
modelling was held in New Orleans (United States) from 20 to 23 April 2004.  

2.       The workshop was attended by 60 experts from the following countries:  Austria, Canada, 
France, Germany, Italy, Netherlands, Norway, Sweden, Switzerland, United Kingdom and United 
States. Representatives from the European Commission, the Chemical Coordinating Centre 
(CCC) and the Meteorological Synthesizing Centre-West (MSC-W) of EMEP and the World 
Health Organization’s European Centre for Environment and Health (WHO/ECEH) also 
participated, as did a member of the UNECE secretariat.  
 
3.       Mr. Robin Dennis (United States) and Mr. Keith Puckett (Canada) served as main 
facilitators of the workshop. 
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4.       The presentations made at the workshop can be found on the Internet at:            
www.emep-neworleans-workshop.net. 

I. OBJECTIVES OF THE WORKSHOP 

5.       The objectives of the workshop were to:  

(a) Take stock of the major insights gained so far with regard to particulate matter 
(PM) and its measurement and modelling, and the available tools; 

(b) Review the needs for further work in PM measurement and modelling for an 
adequate assessment of the changing state of the atmosphere and of the effectiveness of 
management and policy actions; 

(c) Define cost-effective ways to improve approaches to PM measurement and 
modelling, as well as promising new directions of investigation to support decision-making in the 
future. 

6.       In addition, the workshop served as a forum for the exchange of information and ideas 
between experts from Europe and North America with regard to the current state of PM 
measurement and modelling and for formulating a common set of recommendations and priorities 
for future work. 

II. PRESENTATIONS 

 
7.       Mr. Juergen Schneider (WHO/ECEH), Mr. William Harnett (United States) and Ms. 
Peggy Farnsworth (Canada) made presentations regarding the policy context within Europe and 
North America. This was followed by presentations describing the status of measurement 
networks within the geographical scope of EMEP, Canada, the United States and the World 
Meteorological Organization’s Global Atmosphere Watch (GAW). 
 
8.       Mr. Kjetil Torseth (CCC) discussed EMEP and its relationship to other major European 
monitoring activities with an emphasis on particulate matter measurements. He reviewed the 
current monitoring strategy (EMEP/CCC-Report/9/2002). Mr. Rich Scheffe (United States) gave 
a brief overview of the ambient measurement programmes in the United States, including the 
number of stations, parameters measured, geographic distributions and general measurement 
results. He noted that the United States programme was based on a tiered approach, similar in 
concept to EMEP. He also discussed network modifications that were under development.  
 
9.       Maris Lusis (Canada) provided information on the measurement programmes in 
Canada, including the number and location of stations, details on the sampling equipment, 
parameters  
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measured and a limited amount of measurement results. Mr. Urs Baltensperger                      
  (Paul Scherrer Institute, Switzerland) provided information on the mission of the GAW 
Aerosol Programme, which had a global spatial scale and multidecadal temporal scale. It 
was currently focusing on suggested measurement parameters (GAW Report No. 153), 
obtaining data from contributing stations and providing easy access to the data through a 
transparent process. Ultimately, it was the hope to provide the requisite data for ground 
truthing of satellite data. 
 

A. Time-integrated sampling 
 
10.       Mr. Jean-Philippe Putaud (European Commission) reported on 24-hour integrated samples 
from a series of natural, rural, near-city, urban and kerb-side stations, and discussed sampling 
artifacts, other potential sampling errors, effects of humidity, and size and mass distributions. Mr. 
John Watson (Desert Research Institute) discussed how additional data may be extracted from 
existing filter samples. He reviewed existing sampling systems and provided information on 
additional data analysis techniques such as characterizing lead isotopes, extracting more 
information on thermally evolved carbon, water-soluble carbon, and light absorption 
characteristics.  
 
11.       In discussing time-integrated particle measurements in Canada, attention was drawn to 
long-term trends in PM mass measurements and the usefulness of these data to analyse spatial 
patterns, urban-rural differences and temporal patterns. A recent report on particulate matter, 
prepared by the United Kingdom’s Air Quality Expert Group presented information about the 
United Kingom’s time-integrated measurement programme, sea salt episodes and local pollutant 
increments induced by road traffic.  
 
12.       Data from the United States Speciation Trends Network (STN) illustrated the spatial 
distribution of the network, mass measurements and annual composition (e.g. sulphate, nitrate, 
ammonium and total carbon fractions). Additional seasonal and spatial variability data from some 
New York stations were also provided.  
 
13.       In relation to the issues surrounding the measurement of elemental (or black) carbon and 
organic carbon, major differences in the current sampling methods in the United States were 
discussed. Attention was drawn to sampling issues associated with semi-volatile organic 
compounds (SVOC) and advances in the characterization of the previously unaccounted mass, 
especially the so-called humic-like substances (HULIS). The instrument system that was used to 
measure size distributions in the 3 nm - 10 µm range at the St. Louis supersite station, to track 
nucleation events and to measure additional properties of particles (e.g. density, light scattering, 
mobility, surface characteristics, hygroscopicity) showed that particle growth could be very 
seasonal.  
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14.       Advances in the measurement of organic molecular markers in urban particulate matter 
and challenges with the integrated measurements of organic carbon and black carbon (or 
elemental carbon) were also discussed. Other issues that were discussed included the hygroscopic 
properties of aerosol particles and a comparison of data obtained from a Moudi vs. an aerosol 
mass spectrometer (AMS).  
 

B. (Semi-)continuous measurements 
 
15.       A series of presentations focusing on the availability and the performance of different 
instruments, as well as their inter-comparability, were made. The need for good time-resolved and 
size-resolved particle data was stressed and problems with existing manual collectors were 
highlighted. Different instruments were presented, including the steam jet aerosol collector, which 
provided online wet-chemical analysis of composition in a number of size classes, the real-time 
ambient mass sampler (RAMS) for total mass, which measured semi-volatile nitrate and organic 
material but not water, and the filter dynamics measurement system – tapered element oscillating 
microbalance (FDMS TEOM). Field study comparisons of RAMS, FDMS TEOM, differential 
TEOM and other instruments had also been carried out.  
 
16.       Advantages in data collection that could be achieved using continuous measurements and 
some of the issues influencing PM2.5 mass measurements were highlighted. Presentations on 
various measurement programmes were made, such as: the results of hourly measurements of 
sulphate, nitrate and PM2.5 during an intensive field campaign, illustrating how hourly data could 
be used to identify different sources of sulphate; continuous carbon measurements using a variety 
of instruments including an aethalometer and a Sunset Labs particulate carbon analyser; 
measurements of NHy; lidar measurements in western Canada, and a comparison of sulphate and 
nitrate measurements from an intensive field campaign in New York using a suite of instruments. 
 

C. New directions 
 
17.       Information was presented on sampling with the particle-into-liquid sampler (PILS), 
which could measure a suite of anions and cations, with an emphasis on the measurement of 
organic carbon. Data from PILS and AMS for samples taken both on the ground at an urban site 
and in airborne applications were compared. The Texas Tech University gas particle analysis 
system could also measure a suite of gases and particles. Data from this instrument were 
compared to measurements from other types of instruments. Innovative methods for obtaining 
size-dependent aerosol absorption characteristics were also discussed.  
 
18.       A number of presentations were made on the Aerodyne AMS and measurement data 
taken with it, including ground measurements, aerosol size-resolved composition 
measurements,      airborne-based aerosol sampling, car chasing and cloud particle  
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measurements. Measurements using AMS were compared to a standard TEOM and a FDMS 
TEOM. Current and future uses for AMS and data needs to improve sampling with AMS 
were discussed. Attention was drawn to data analysis techniques, such as analysing long-
range transport and temporal trends, which could lead to source identification and eventually 
source apportionment. 
 

D. Emissions-based air quality models 
 
19.       Information was presented on the unified regional air quality modelling system 
(AURAMS) which was currently being used in Canada, as well as a comparison between 
AURAMS model predictions and an August 2001 PM and ozone “measurement intensive” on 
Canada’s west coast. Attention was drawn to inexpensive non-technical actions that could be used 
to improve source-based modelling. The findings of a source apportionment and external mixture 
modelling for the South Coast Air Basin and the San Joaquin Valley were also presented. 
 
20.       A presentation on the EMEP model and the measurements used to compare with the 
modelled emissions focused on the secondary organic aerosol research module of the model and 
an evaluation of how well each of its components was performing.  
 
21.       A variety of applications of three-dimensional models of particulate matter in the United 
States and the performance of the various models and/or model versions for each of the 
applications were presented. The need to conduct diagnostic evaluations was emphasized. The 
relative confidence of the model predictions for several components of PM or contributing to PM 
in these models was also presented.  
 
22.       A presentation on the progress of modelling of secondary organic aerosols over the past 
decade stressed the importance of primary and secondary organic aerosols in predicting PM 
concentrations using three-dimensional emissions-based models. The progress in modelling 
secondary organic aerosols over the past decade was described. Additionally, it was hypothesized 
that the newly studied phenomenon of acid-catalysed chemistry might be important to include in 
these models.  
 
23.       Finally, the use of the Lagrangian dispersion model to address questions about PM in the 
United Kingdom was presented. This included modelling results from the United Kingdom and 
the model to monitoring performance metric that had been used to judge model performance.  
 

E. Receptor air quality models 
 
24.       A series of presentations on receptor modelling was made under this item. 
The aerosol time-of-flight mass spectrometer, which could be used to measure the 
composition of individual particles, was presented, along with some examples of its  
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measurement results. Attention was drawn to the benefits of receptor modelling for 
source apportionment and different approaches when source profiles were unknown, 
such as factor analysis and eigenvector analysis. Receptor modelling results and 
source apportionment techniques to events monitored in the United States were 
presented, as well as the use of a non-parametric method of source apportionment 
and a new way to perform source apportionment using the Lomb-Scargle method. 
Data needs to improve emissions-based and receptor modelling were stressed. 
Finally, a new pseudo-deterministic receptor model that could be used for source 
apportionment was presented. 
 

F. Measurement needs for air quality and other models 
 

25.       The range of the types of information that should be used for model comparisons - 
laboratory studies, monitoring networks and measurement intensives - was discussed. Although 
some monitoring networks were sufficient to describe overall model performance, they could be 
used to investigate the causes of the model’s performance. A presentation on the EMEP aerosol 
model and its performance outlined measurement needs to improve and further validate the 
model. In a presentation on the community multi-scale air quality (CMAQ) model performance 
compared with preliminary supersite data for summer and winter periods, specific measurement 
data needs were highlighted, especially for the inorganic species, to better evaluate and 
understand the model’s predictions. The use of high time resolution data was emphasized. 
Attention was drawn to the data needed to evaluate CMAQ model performance in estimating 
carbonaceous aerosol, specifically the carbonaceous fraction of PM2.5, primary versus secondary 
carbonaceous aerosol fractions, source contributions to primary carbon, and the fractions of 
secondary aerosol that were biogenic and anthropogenic. Aerosol sampling data from the 
Aerosols Air Quality and Climate group, which was within the European ACCENT network of 
excellence, were also presented.  
 

III. CONCLUSIONS AND RECOMMENDATIONS 

 
26.       The workshop came to the following conclusions and recommendations: 
 

(a) Over the past five years significant progress has been made in understanding the 
sources, transport, transformation, air concentrations and deposition of particulate matter in the 
atmosphere. This acceleration in progress has come about as a result of substantial investment in 
monitoring and model development programmes. More insights will be gained from continued 
data analysis, model evaluation, interpretation and reporting. There is a need for sustained 
investment as significant uncertainties still remain; 
 

(b) Time-integrated and continuous measurement methods have different strengths 
and weaknesses. Monitoring programmes should seek a balance between the approaches in a  
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tiered system in which these methods are co-located. The design of monitoring programmes 
should include consideration of the ability to describe the initial chemical regime and the 
environmental response to control strategies; 
 

(c) Time-integrated monitoring methods have been valuable in characterizing spatial 
patterns and temporal trends, and in evaluating control strategies. Continued use of these methods 
is important for continuity as well as providing unique insights that can be gained from such 
approaches. Nonetheless, improvements are needed in the spatial coverage of existing networks, 
the characterization of carbonaceous aerosols, the simultaneous measurement of gases and 
particles, and the comparability of methods across existing networks; 
 

(d) Continuous and semi-continuous monitoring methods have proven invaluable for 
deciphering the roles which atmospheric processes (meteorological, physical, chemical) and 
emissions (specific sources and/or source areas) have in influencing particle concentrations. 
Continuous methods for many parameters of interest are or soon will be available for deployment 
in routine measurement networks; 
 

(e) To sustain the progress to date and build upon emerging insights, a plan is needed 
to: coordinate near-term and long-term work to address the remaining challenges in measurement 
methods; facilitate the deployment of new techniques and evaluate their cost-effectiveness in 
achieving measurement objectives; develop assessments of precision, accuracy and 
representativeness; and improve comparability of methods and networks; 
 

(f) In the future, the use of emerging measurement technologies (e.g. single-particle 
and ensemble-particle mass spectrometry, and semi-continuous ion chromatography-based gas- 
and particle-in-liquid samplers) will offer even greater potential for understanding atmospheric 
processes, apportioning PM mass, distinguishing between the extent of internal vs. external 
mixing, as well as determining particle number and size distribution as a function of composition;  
 

(g) Recent comparisons of emissions-based models with North American and 
European data are encouraging, considering the size of domains, the complexity of meteorology 
and uncertainties in emissions. However, to improve acceptability and performance, further work 
is needed to improve model inputs, to characterize atmospheric processes and in the use of 
receptor-based modelling results to complement emissions-based model evaluation; 
 

(h) With respect to atmospheric process formulations within models, improving the 
representation of natural and anthropogenic secondary organic aerosol formation is the most 
significant need at this time. There is also a need for improvements in the representation of 
aerosol interactions with clouds and precipitation; 
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(i) With respect to other PM components, the model performance is frequently limited 
by the availability and quality of input data. Source testing and targeted ambient measurements 
are needed to improve emissions inventories of PM and PM precursors (especially primary 
particles by size and species, VOCs, SVOCs and ammonia) and to develop source profiles for 
both emissions-based and receptor-based modelling. Meteorological and chemical input data for 
the surface and “aloft” need to be improved through special campaigns and routine monitoring of 
“aloft” conditions through surface-based and satellite measurements; 
 

(j) For evaluating overall model performance, a critical suite of simultaneous chemical 
and meteorological measurements is needed at existing network locations, eventually on an 
hourly resolution. For more detailed diagnosis of model performance, an expanded suite of 
continuous measurements is needed at strategically located sites to cover a variety of chemical 
climates, including all seasons of the year. Such detailed ambient measurements (including 
indicator species) are needed to evaluate whether current models adequately describe the chemical 
regime under current and expected future conditions; 
 

(k) Receptor models are currently available to provide reasonable estimates of source 
contributions that can be useful in developing control strategies, assessing emissions inventories 
and improving inputs to deterministic models. Receptor model application is frequently limited by 
a lack of suitable measurements being routinely generated and by out-of-date source profiles; 
 

(l) To provide greater confidence in evaluating control strategies, multiple emission-
based and receptor-based models, along with extensive additional analysis of appropriate 
measurements, should be integrated in a “weight of evidence” approach. Model evaluations and 
model intercomparisons are key elements for improving the level of confidence in the guidance 
provided by models; 
 

(m) To facilitate progress, address common interests and further the development of 
multiple-pollutant strategies, greater interaction and improved information exchange are needed 
between the measurement and modelling communities, between North America and Europe, and 
between the air quality research community and the climate, health effects and environmental 
effects research communities.  


