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EXECUTIVE SUMMARY
This report forms the first deliverable of Working Group 3 of the COST Action 728 on
“Enhancing Mesoscale Meteorological Modelling Capabilities for Air Pollution and Dispersion
Applications”. The purpose of this report is to provide an overview of the current capabilities and
applications of mesoscale modelling systems for describing and predicting air quality and related
meteorological conditions. The applications are discussed from the perspective of meteorology,
which is in line with the main aim of the COST 728 Action.
There are wide ranging combinations of mesoscale meteorological and chemistry-transport
models within Europe and an equally wide range of applications. Consequently, the report focuses
mainly on the modelling systems currently being employed by COST 728 partners. A large number
of applications are included and these reflect to a large degree the overall state of European air
pollution mesoscale modelling capabilities. The report discusses applications from 11 European
countries as well as from Canada. The applications cover a range of topics including
photochemical smog, long range transport of particles, episodes caused by anticyclonic conditions
and effects of complex terrain on atmospheric dynamics and transport of pollutants.
Collectively, the applications demonstrate the extent of capabilities of mesoscale models
including nesting to finer domains with high spatial and temporal resolutions, ability to account for
scale interactions and the potential to simulate a large number of complex processes and
interactions between meteorology, emissions and chemistry.
The report also provides examples of developments in modelling methodology. These
include improved description of the boundary layer characteristics from base meteorological
parameters, diagnosis of the boundary layer with basic synoptic-scale information, development of
methods to analysis air pollution dynamics in complex terrains and the use of phenological
observations as indicators of local climate. The report finally discusses some limitations in the
current mesoscale models for air pollution and dispersion applications.
This phase of the work will lead directly to specific case studies on air pollution problems
affecting Europe. These include examining the impact of wild fires on regional scale air quality,
improving the modelling of particulate matter and developing improved method to evaluate the
performance of mesoscale models.
The WMO Commission on Atmospheric Sciences (CAS) noted in its XV session held in
November 2009 that the WMO GAW Urban Research Meteorology and Environment (GURME)
project has very beneficial collaboration with COST, which has been demonstrated concretely by
the jointly published reports on different aspects of mesoscale meteorological and chemical
transport modelling systems in Europe. The Commission urged for this very beneficial collaboration
to continue. The Commission recommended that WMO Members develop further air quality
forecasting and dissemination skills as part of expanding and improving their service products due
to the demands on National Meteorological Hydrological Services (NMHS) to improve the air
quality-related services to decision makers and the general public. The collaboration on these
activities serves the goals of both GURME and COST.
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1.

INTRODUCTION

There are various air pollution situations that require the use of complex mesoscale models
which comprehensively describe atmospheric processes and dynamics and incorporate chemistry
and emissions in an adequate manner. For both historical and practical reasons, the two strands of
advanced air pollution and meteorological modelling have been developing separately for decades,
namely, atmospheric physics and dynamics with a largest sub-class of numerical weather
prediction (NWP) models, and atmospheric chemistry models (often referred as chemistry-andtransport models, CTM). However, specific features and requirements of assessment and
forecasting of the state and composition of the atmosphere depend on both aspects of the
developments in atmospheric numerical modelling. Therefore, there has been a tendency towards
close linking, one- and two-way interfacing (coupling) and, in some applications, merging of the
NWP and CTM systems over recent years. The motivation for these efforts follows from the fact
that the spatio-temporal distributions of pollutants are driven by meteorological processes at all
scales which, in turn, can significantly affect the atmospheric dynamics and physics, especially at
time scales longer than few days.
The WMO GAW Urban Research Meteorology and Environment (GURME) project is
addressing observational and modelling needs, capacity building related to air quality activities,
and producing air quality and related products for users and has established itself as a globally
unifying activity on air quality questions. It is, on the one hand, participating in and applying the
latest research and developments in air quality, forming good collaboration between research and
operational communities, and on the other hand, building capacity in developing countries, for
instance through pilot projects. GURME provides a very useful link for local and regional activities,
such as COST Action 728, to the global scale.
This report provides an overview of the applications and capabilities of mesoscale models
being employed for air pollution research within Europe. In line with the main aim of the COST 728
Action, the report considers the modelling systems mainly from the meteorological standpoint.
There are a large number of NWPs, CTMs and their combinations which are available in Europe
and it would not be practical to cover all modelling systems. For this reason the report focuses
mainly on the modelling systems currently being employed by COST 728 partners. However, the
range of systems discussed in the report reflects to a large degree the overall state of European air
pollution mesoscale modelling capabilities.
With current modelling systems, the same NWP model output can be used for forcing
several CTM systems. Similarly, one CTM can be capable of utilizing input from several NWPs. For
the purposes of this report, we will consider NWP and CTM models together, as inseparable
systems and each combination of specific NWP and CTM as a unique NWP-CTM pair. Thus the
features of such systems, their performance and capabilities are considered with regard to the
NWP-CTM system along with their coupling. The specific aspects of the coupling methodologies
are beyond the scope of this report and are not discussed here. Furthermore, the report does not
consider explicitly the details of the models, such as numerical and chemical schemes, and
implementation aspects.
This publication has been jointly supported by COST and WMO.
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2.

CAPABILITIES OF NWP – CTM ASSESSMENT AND FORECASTING SYSTEMS
FOR VARIOUS TYPES OF APPLICATIONS

A ‘general’ NWP-CTM modelling system applicable for all tasks on the evaluation of state
and composition of the atmosphere does not exist. The disparate approaches within Europe have
led to a large number of air pollution and meteorological modelling systems. The NWP-CTM
systems as stated above are multi-component and are being applied to a large number of
applications. Although air pollution problems themselves can be varied in their origin, evolution and
impact, they can be categorised into nearly distinct sets of non-overlapping problems displaying
substantially different features.
Given the range of applications, in practice each specific modelling assessment task
usually targets a quantitative description of some phenomenon (or which can be decomposed to a
set of sub-tasks with clearly-identified set of target variables). In particular, the configuration of the
model is geared to include a set of parameters, processes and scales of primary importance, of
secondary importance, and those which can be omitted. Similarly, objective limitations, such as
theoretical, technical or financial, always limit the development and application of modelling
systems and force numerous compromises and shortcuts explicitly and implicitly which can be
embedded into the overall system or approach. Therefore, each model is an a-priori system which
is applicable within certain limits and for certain tasks and governed by the applied compromises
and assumptions behind the model formulations.
As a result, there can be no ‘general’ assessment of a particular model capability and
neither a ‘general’ quality assurance procedure applicable to a specific model. This does not
preclude the need for general principles of model evaluation – it simply emphasises the need to
relate the evaluation process to a particular application or sets of related applications. Experiences
demonstrate that the same modelling system can be applicable to one set of tasks but not to
another.
Given the above discussion, we outline below the criteria and types of applications which
will help to guide the discussion of the modelling systems and their output parameters in this
report.
Spatial scale limits follow from the definition of the current Action and mainly focus on meso-β and
meso–γ scales. These cover the scales from 1 to 200 km, i.e. go down to urban-background
applications (but not to the street-level). Upper limit is not so clear but can extend to 10000s of km
as the scales are strongly connected with the neighbouring regional scale, which often cannot be
excluded from analysis. Therefore, we will also consider, wherever appropriate, applications
covering the area sizes up to the European continent.
Temporal scale of the analysis relevant here normally include two types of the applications: shortterm episodes lasting up to two weeks and long-term assessments covering at least one full
season if not a whole year. These applications usually require principally different target variables,
such as hour-by-hour concentrations for episodes and some cumulative measure (annual means,
total deposition of acidifying species, accumulated dose for ozone above a threshold such as
AOT40 or integrated canopy flux for ozone) for long-term assessments. These differences are
reflected in the corresponding European and UN regulation documents, which set specific
quantitative measures for each type of pollution and the corresponding time scale (see for
example, http://ec.europa.eu/environment/air/cafe, http://www.emep.int).
Applications of air pollution modelling are wide ranging and thus can be difficult to classify.
However, some of the most important ones from the perspective of COST 728 can be highlighted
(sorted along the spatial and temporal scales):
(i)

Urban-background pollution forecasting for short-term mitigation actions;

(ii)

Re-analysis of urban-background pollution episodes, primarily for research purposes;
2

(iii)

Small-scale regulatory modelling tasks;

(iv)
Regional-to-European chemical weather forecasts and re-analysis, mainly for boundary
conditions for urban-background simulations, as well as for general information purposes;
(v)
Regional-to-European long-term chemical weather re-analysis, mainly for assessment of
the load to ecosystems and for human health studies;
(vi)

Various research exercises involving different scales as well as multiple scale applications.

Pollutant species considered in the report are not limited explicitly as they depend on purpose of
the study as well as spatial and temporal scales.
The analyses considered in this report are grouped along three lines:
(i)

Overview of the currently existing NWP-CTM systems and typical case studies presented
in section 3 (derived mainly from COST 728 activities);

(ii)

Examples of representative model applications in section 4;

(iii)

Some on-going developments are discussed in section 5.
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3.

MODEL EXAMINATION, REVIEW, DOCUMENTATION, DATABASES

The COST728 model inventory and database with an outline of model features is available
at www.cost728.org. The inventory is open to models of all scales and allows for flexible NWPCTM pairs. Table 1 presents the CTM mesoscale models available in this inventory (as of October
2007).
Table 1 - Chemistry-transport mesoscale models extracted from COST728, database
(see www.cost728.org)
Chemistry &
transport models
Eulerian models
AURORA
BOLCHEM
CAC
CAMx
CALGRID
CHIMERE
CMAQ
EMEP
Enviro-HIRLAM
EPISODE
LOTOS-EUROS
MARS
MATCH
MC2
MCCM
MECTM
MOCAGE
MUSE
OFIS
OPANA
SILAM
TCAM
TREX
WRF/Chem
Lagrangian
models
DERMA
FLEXPART
FLEXTRAJ
LPDM
Hybrid model
SILAM

Comments
AURORA employs exactly the same grid as its meteorological 'driver' (the
ARPS model)
BOLCHEM can operate using two different gas phase chemistry schemes:
SAPRC-90 and CB-IV.
Meteorology is taken from HIRLAM or ECMWF. Comprehensive chemistry
and aerosol dynamics
Many applications. Several chemical schemes. Optimized numerics. OSAT
and PA. Meteorology with ALADIN or MM5.
Meteorology is taken from CALMET. Simple chemistry.
Meteorology with MM5 and others.
Meteorology with MM5. Several chemical schemes and process (PA).
European applications.
On-line integrated NWP-ACT modelling system.
Combined Eulerian, Lagrangian and Gaussian approaches. Limited area.
Simple linear chemistry. Meteorology from AIRQUIS.
Simple Chemistry. European domain. 4 vertical layers.
Model for the Atmospheric Dispersion of Reactive Species
Basic atmospheric chemistry.
Mesoscale Compressible Community - Air Quality
Mesoscale Climate Chemistry Model
3D Eulerian photochemistry and aerosol chemistry community model;
meteorology from METRAS.
With chemical data assimilation.
Multilayer dispersion model. Photochemistry and PM Meteorology from
MEMO.
Two-layer 2-dimensional Eulerian photochemical model.
Eulerian Chemical model based on MM5-CMAQ. Including EMIMO model
(emission model)
Dual Eulerian & Lagrangian Monte-Carlo modelling system with modular
chemistry and data assimilation options. HIRLAM & ECMWF meteorology
Aerosol chemistry. Limited area model.
Limited area. Simple chemistry.
Weather Research and Forecasting Chemistry model
Lagrangian hybrid stochastic particle/puff model. HIRLAM, ECMWF or
‘ensemble’ meteorology
Particle Lagrangian Model. European domain.
Trajectory Model. European domain.
Lagrangian particle dispersion model
Dual Eulerian & Lagrangian Monte-Carlo modelling system with modular
chemistry and data assimilation options. HIRLAM & ECMWF meteorology
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Through an examination of the modelling studies ongoing within COST728, the major air pollution
problems affecting Europe were classified according to region, season and those involving long
range transport (see Table 2). It is recognised that this is a rather qualitative attempt at
categorising the main European air pollution problems and that there will be other, perhaps more
specific, problems that have not been included. However, this exercise illustrates the extent,
variety and complexity of air pollution conditions affecting Europe. Several of the COST 728
studies used for this analysis are described in the next section.
Table 2 - Types of air quality problems affecting Europe
Summer
Southern Europe:
Portugal, Spain, Southern
France, Italy, Greece

Urban photochemical
smog

Winter

Long range transport

Particulate matter winter
episodes

Dust pollution from Africa
Impact of wild fires on
aerosol loading

Local circulations impact
(complex terrain, sea
breeze)
Western Europe:
France, Belgium,
Netherlands, Germany,
United Kingdom

Regional scale
photochemical episodes

Urban winter smog

Urban photochemical
smog

Transcontinental
transport from north
America
Stratospheric ozone
intrusions
Transport from Western
Europe affecting UK

Central Europe:
Poland, Czech, Hungary,
Bulgaria

Urban winter smog

Regional scale
photochemical episodes

Impact of wild fires in
Eastern Europe on
aerosol loading

Urban photochemical
smog
Dispersion in complex
terrain

Incidental dust transport
from over Africa and
Arabian Peninsula

Biogenic emission during
summer periods
Northern Europe:
Finland, Estonia, Sweden,
Norway

Long range transport
from Western Europe

Forest fires within the
region and around

Urban winter smog

Pollen transport
episodes

Late winter-spring dust
episodes (re-suspension) Long range transport
from Western and
Norway – complex
Central Europe;
terrain flow
episodically – from
Russia
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4.

MESOSCALE MODEL APPLICATIONS

This section provides brief descriptions of a set of independent studies conducted by
COST 728 members and highlights the main features of current modelling systems and their
capabilities as well as limitations with regard to existing air pollution challenges.
4.1

The importance of meteorological scales to forecast air pollution scenarios on
coastal complex terrain
J. Palau1, M. Millan1
1
CEAM, Spain

Problem statement
What is the impact of applying incorrect meteorological scales when simulating the
behaviour of pollutant concentrations emitted in the lower layers of coastal complex terrain areas?
Results of this study point out the dependence between the simulation of lower-layer pollutant
behaviour and the ability of operational meteorological models to correctly reproduce the daily
cycle of the lower atmosphere (Millán et al. 1992, 2000; Millán, 2002; Palau et al. 2005; Baklanov,
2006). Another non-local process which affects complex terrain coastal regions and is very
relevant for air pollution and dispersion applications (Palau et al. 2005), is the compensatory
sinking of the Planetary Boundary Layer (PBL) during the afternoon (Millán, 2002).
Case description
The availability of experimental measurements of a power plant plume near the Castellón
conurbation (on the Spanish Mediterranean coast) has allowed the use of this plume as a tracer in
the lower atmosphere to check the results of a simulation exercise using the RAMS mesoscale
model coupled to the HYPACT particle model. The results obtained show that on a complex-terrain
coastal site, because of the strong effect of the meteorological interactions between the different
scales on the integral advection and turbulent dispersion of pollutants, using an inadequate scale
to describe the meteorology can result in very large discrepancies in the simulation of lower-layer
pollutant behaviour at urban scales.
Modelling tools
RAMS model application to an air quality episode considering one-way and two-way
nesting.
Main results
Empirical evidence suggests that on a complex-terrain coastal site there are strong effects
of meteorological interactions between the different scales on the integral advection and the
turbulent dispersion of pollutants. Modelling results corroborate (although they still do not
reproduce the compensatory subsidence completely) that using an inadequate scale to solve the
meteorology can result in very large discrepancies in the simulation of lower-layer pollutant
behaviour at urban scales (see Figure 1).
In each simulation the PBL parametrization (TKE scheme) behaviour is different. With
feedback from the two higher resolution domains, a PBL height of 800 m a.g.l. is simulated.
Without any feedback from higher resolution domains, a PBL height of 2100 m a.g.l. is obtained. It
is also important to note the different wind-field structure due to feedback from inner domains
(mainly during the nocturnal hours). These time series were obtained on the vertical of the power
plant. PBL starts at ground level and goes up until the turbulent kinetic energy (TKE) is less than
(or equal to) the specified threshold, 0.001 m2/s2. Current experimental and modelling evidence for
the Mediterranean basin (Millán, 2002) indicate the importance of the following aspects of
compensatory mechanisms and secondary circulations:
(a)

Their role in the aging of pollutants in the mid and lower troposphere;

(b)

Their interaction with the general circulation (studying the mechanisms and strengths
involved);
6

(c)

The daily evolution of the main input/output pathways;

(d)

The thin reservoir layers formation as a consequence of the compensatory subsidences;

(e)

The entrainment mechanisms from the upper troposphere-lower stratosphere to the mid
and lower troposphere.
RAM S

200 - 400 m

Figure 1 - Comparison between (left) a 13.5 km meteorological simulation (Grid G2) that is two-way
nested with inner domain feedbacks (reaching 1.5 km grid spacing in the inner most domain) and
(right) a meteorological simulation within the same grid as G2 but without inner domain feedbacks

4.2

Influence of topography and land use on pollutants dispersion in the Atlantic coast
of Iberian Peninsula
A. Miranda1, H. Martins1
1
University of Aveiro, Portugal

Problem statement
The west coast of Iberian Peninsula, surrounded by the Atlantic Ocean, is characterized by
complex topography and specific synoptical situations that imply mesoscale circulations
development (Borrego et al., 2000; Barros et al., 2003; Monteiro et al., 2005). Frequently, there is
the development of a low thermal pressure region in the centre of the Peninsula, which allows
mesoscale processes enhancement such as land-sea breezes (Martín et al., 2001). In the
presence of complex terrain near coastlines, these mesoscale phenomena may be combined with
anabatic/katabatic winds creating recirculations along shore. The work presented here investigates
how photo-oxidant pollutants formation and dispersion is conditioned by topography and land use
in the Atlantic coast of the Iberian Peninsula (Carvalho et al., 2006).
Case description
A system of models has been used to simulate a selected ozone episode observed in the
Portuguese coastal region under a thermal low-pressure system. The simulated meteorological
fields and concentrations of photo oxidant were then compared with available observations, and
the mesoscale circulations that are developed during the period under study are analysed. The
sensitivity analysis on vertical ozone concentration fields was carried out using the factor analysis
developed by Stein and Alpert (1993). The inner domain topography and land use was modified in
order to evaluate the influence of these two important features on the local to regional flow
patterns. In this study a set of four simulations are performed: simulation 1 (USGS land use and
topography), simulation 2 (USGS land use and null topography), simulation 3 (constant land use –
no water- and USGS topography) and simulation 4 (constant land use and null topography).
Modelling tools
A numerical system combining the MM5 meteorological model and the air quality model
MARS was applied to the North-western part of Portugal mainland. To analyse the photochemical
production inside the domain of interest an interface between MM5 and the photochemical model
MARS was built up, constituting the first attempt to integrate these two models. With this interface
7

all the needed meteorological parameters to calculate photochemical air pollutants advection,
production and removal are fed into the photochemical model with the necessary time-step
resolution. The meteorological variables were interpolated from the MM5 Arakawa B horizontal grid
to the MARS C grid. 2D fields of Monin-Obukhov length and non-dimensional roughness, ln(z/z0),
are also included.
Main results
The meteorological model validation indicates that the MM5 model reproduced the daily
temperature evolution well but wind speed and direction need more attention on model refinements
in future applications. The MARS model follows the measured concentrations for the three air
quality stations, although it overestimates ozone concentrations over night periods and
underestimates ozone peaks at industrial and rural sites. Concerning MM5, a horizontal resolution
higher than 5 km x 5 km would be helpful on a better definition of the coast line benefiting
meteorological simulation over regions semi-surrounded by water, as Aveiro region. Meteorological
data assimilation would also help to simulate, in a more accurate manner, the North-western
border of the Iberian Peninsula Thermal Low, where strong pressure gradients are verified.
Concerning the photochemical model MARS, a major improvement would be the inclusion of
different air quality boundary conditions, on Western and Eastern domain’s boundaries, during
thermal low synoptic conditions based on air quality campaigns data. The Iberian thermal low
creates very intense vertical motion cells that are developed over the Peninsula. As shown in the
isotach fields of the vertical wind component (Figure 2), the performed sensitivity analysis gives the
indication that topography is the main driving force mechanism on air pollutants injection on higher
tropospheric levels in the studied coastal region and for the simulated meteorological conditions.
12 UTC

18 UTC

a)

b)

c)

Figure 2 - Vertical velocities (cm s-1) and vertical potential temperature (K) over the MM5 innermost
domain cross section for 15th June 2000, at 12 and 18 UTC, for a) simulation 1 b) simulation 2 and
c) simulation 3
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The complete study can be found in: A.C. Carvalho; A. Carvalho; I. Gelpi, M. Barreiro, C. Borrego,
A.I. Miranda and V. Pérez-Muñuzuri. Influence of topography and land use on pollutants dispersion
in the Atlantic coast of Iberian Peninsula. Atmospheric Environment 40 (2006) pp. 3969-3982.

4.3

Urban Photochemical Pollution in the Iberian Peninsula: Lisbon and Barcelona
Airsheds
A. Miranda1, H. Martins1
1
University of Aveiro, Portugal

Problem statement
The most frequent summer synoptic meteorological situation over the Iberian Peninsula is
characterized by a slightly high sea-level pressure and almost nonexistent surface pressure
gradients over the domain. This weak pressure gradient is called barometric swamp and is formed
on approximately 70% of the summer days. It is associated with weak winds in the lower
troposphere, cloudless skies, high maximum temperatures, and weak precipitation rates. Under
this weak synoptic forcing, strong insolation promotes the development of prevailing mesoscale
flows associated with the local orography (anabatic and katabatic winds), while the temperature
difference between the sea and the land enhances the development of sea-land breezes. Lisbon
and Barcelona are located respectively at the western and eastern coastal edges of the Iberian
Peninsula (Figure 3). They are the two biggest Iberian Peninsula coastal cities and experience
problems associated with tropospheric ozone under the same summer meteorological context.
Case description
Numerical simulations of photochemical transport were performed for the regions of Lisbon
and Barcelona to study the similarities and differences of the photochemical transport patterns in
two regions subject to high anthropogenic stress during a typical summertime situation from the
synoptic point of view, usually dominated by the Azores anticyclone. Under such synoptic
situations, characterized by a very weak large-scale forcing, Lisbon and Barcelona can be subject
to high values of ozone concentration, often exceeding European Union limit value. The two
regions under consideration are located in the Iberian Peninsula next to large water bodies (the
Atlantic Ocean and the Mediterranean Sea, for Lisbon and Barcelona, respectively) and have
complex topography, leading to the development of mesoscale phenomena, such as sea breezes
and slope and valley winds. However, local specific characteristics lead to a different development
or intensity of these mesoscale phenomena in the case of weak synoptic meteorological
conditions.
Modelling tools
A prognostic 3-D meteorological model, a version of Systems Applications International
Mesoscale Model (SAIMM), was used to generate the meteorological inputs needed by the Urban
Airshed Model (UAM-CB IV) for this research. The modelling system was used to describe the
mesoscale atmospheric circulations in the study of atmospheric dispersion patterns and, in
particular, the analysis of photochemical pollution in the region of Lisbon. The simulations in
Barcelona were carried out with the meteorological non-hydrostatic Mesoscale Model (MEMO) and
the three-dimensional Model for the Atmospheric Dispersion of Reactive Species (MARS) using
the chemical mechanism from the European Monitoring and Evaluation Programme (EMEP).
Main results
The complex wind circulation and, in particular, the ozone formation and transport in the
Lisbon and Barcelona domains were analysed by the application of mesoscale modelling tools
(Figure 4 presents an example of the results). In Barcelona, the sea-breeze circulation is reinforced
and channelled by the main mountain upslope circulations and valley winds, respectively. The
existence of a more complex topography in the Barcelona area, especially as far as the height of
the surrounding mountains is concerned, leads to a very important vertical structure of the
circulatory patterns, leading to the formation of pollutant layers disconnected from the surface,
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especially in the afternoon. In the sea-breeze process in Lisbon, the vertical dimension of the
mesoscale phenomena is less important and does not seem to play a very deterministic role in the
dispersion of pollutants. The dominant circulation pattern in Lisbon exports ozone with an inland
horizontal transport in a southeast direction at sea level in the afternoon.

Figure 3 - Lisbon and Barcelona localizations on the Iberian Peninsula (top), simulation domains for
Lisbon (bottom left) and Barcelona (bottom right)

These results highlight the different circulation patterns between Barcelona and Lisbon,
induced by different topographic conditions under the same meteorological situation. The factors
controlling transport and diffusion in coastal regions are largely local-scale factors. Because these
controlling factors are localized, dispersion conditions are highly complex and site-specific and are
not often amenable to generalization.

Figure 4 - Horizontal wind and O3 concentration simulated for Barcelona (left)
and Lisbon (right) at 1200 UTC

The complete study can be found in: N. Barros, C. Borrego, I. Toll, C. Soriano, J. Jiménez and J.M.
Baldasano. Urban photochemical pollution in the Iberian Peninsula: Lisbon and Barcelona
Airsheds. Air & Waste Management 53 (2003) 347-359.
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4.4

Yearly multiphase simulation using TCAM model over Lombardia region
C. Carnevale1, G. Finzi1, E. Pisoni1, M Volta1
University of Brescia, Italy

1

Problem statement
In the framework of CityDelta project, the Transport and Chemical Aerosol Model, TCAM,
(Carnevale et al., 2005) has been applied and validated over a Northern Italy domain, including the
whole of the Lombardia region as well as portions of surrounding regions. The simulation concerns
both gas and aerosol in the 1999 year. Ozone, nitrogen oxides and aerosol computed and
observed patterns have been compared and analysed by means of statistical indicators like mean,
exceedance, normalised mean square error and correlation.
Case description
The model has been applied to a 300x300 km2 domain placed in northern Italy, centred on
the Milan metropolitan area (Figure 5), including the Lombardia region as well as portions of
Piemonte, Liguria, Veneto and Emilia Romagna. The site is characterized by complex terrain, by
high industrial and urban emission and by a close road net.

Figure 5 - CDII simulation domain

The domain has been horizontally divided into 5x5 km2 grid cells and vertically in 11 varying
levels ranging from 20 to 3900 meters above ground level. The 1999 simulation has been
performed. The input data are provided to the model by meteorological, emission and boundary
condition GAMES pre-processors starting from data shared by JRC-IES for the CityDelta-CAFE
exercise. More details in simulation setup can be found in Carnevale et al. (2005).
Modelling tools
The simulation was made using the GAMES (Volta and Finzi, 2006) modelling system,
including the TCAM (Transport Chemical Aerosol Model) multiphase model (Carnevale et al.,
2005), the meteorological model CALMET (Scire et al., 1990) and a boundary/initial condition preprocessor.
Main results
The results show good agreement with data for both gas and aerosol phase concentrations.
Concerning gas results (Table 3), the model reproduces ozone concentrations in the validation
stations with good performances regarding both normalized mean square error and correlation
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coefficient. The performance is better during the daylight hours, when the highest ozone
concentrations are reached. The model shows a trend to underestimate the high peaks in
measured concentrations and finds it difficult to reproduce the night processes, probably due to a
not completely correct estimation of the circulation phenomena and of the mixing layer height.
Table 3 - Performance indexes for ozone simulation in the validation stations
Correlation

Station

NMSE

0-23

0-23

8-19

Agrate Brianza

0.66

0.37

0.22

Limito

0.69

0.32

0.19

Meda

0.64

0.31

0.20

Vimercate

0.63

0.38

0.20

Magenta

0.70

0.28

0.19

Arconate

0.72

0.34

0.23

Varese Vidoletti

0.55

0.19

0.16

Crema S. Bernardino

0.59

0.34

0.19

Motta Visconti

0.62

0.22

0.15

Urban

Suburban

Rural

The validation of PM10 simulated patterns has been performed processing computed and
measured daily mean concentration during 1999 in 4 stations (Limito, Meda, Vimercate, Magenta)
located in the surrounding of Milano urban area (Table 4). The performance is good both during
winter and summer period, indicating that the detailed representation of particle chemical
composition and dimension, allow the reproduction of aerosol formation and removal processes
during the entire year.

Table 4 - Performance indexes for PM10 simulation in the validation stations
Station

Correlation NMSE
Year

Year

Summer Winter

Limito

0.67

0.29

0.21

0.29

Meda

0.52

0.48

0.22

0.53

Vimercate

0.60

0.22

0.11

0.27

Magenta

0.58

0.27

0.15

0.30

The simulated maps show that ozone and PM10 levels (Figures 6 and 7) have very different
spatial distribution. The mean ozone concentration map shows that the highest concentrations are
computed in the valley on the north of the domain, due to breezes that transport the metropolitan
area plumes. The spatial distribution of PM10 yearly mean concentration, instead, shows higher
levels in the Po valley. In this case, the contribution of primary PM10 assumes a key role, leading to
the highest concentration near the cities of Milano, Bergamo and Brescia.
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Gas and aerosol air pollutants analysis over the Mediterranean urban area of Rome
using comprehensive emission, meteorological and chemical transport modelling
C. Gariazzo1, S. Finardi2, C. Silibello2
1
ISPESL, Italy
2
Arianet, Italy

Problem statement
Rome is one of the largest Mediterranean metropolitan areas. The city centre is located
about 25 km inland of the western coast of central Italy. The urbanized area is affected by frequent
air pollution episodes occurring during persisting high pressure conditions. Ozone episodes are
normally observed during summertime, while PM10 exceedances are recorded during winter.
Synoptic meteorological conditions associated with air quality problems are usually characterised
by wide high pressure systems of prevailing African or Atlantic origin, that give rise to very weak
surface pressure gradient associated with weak winds and clear sky. During summer, the strong
solar radiation induces the development of mesoscale and local scale thermal circulation
characterised by the superposition of land/sea breezes, mountain/valley breezes and slope flows
generated by the influence of hill ranges and the Apennines chain. During these conditions, Rome
is usually reached by sea breeze just after mid-day, this SW wind normally lasts until midnight.
During winter the persistence of high pressure systems induces very weak winds and limited daily
growth of the atmospheric boundary layer, causing accumulation of pollutants in the lower
atmospheric layers. This work is part of a project which aims to reconstruct gas and aerosol
concentrations within and around Rome urban area by means of a comprehensive modelling
system, including meteorology, traffic, emissions and atmospheric dispersion and transformation of
air pollutants.
Case description
Chemical transport model simulations of Lazio Region and Rome (Figure 8) were
performed to identify the areas concerned by the highest air pollutant concentrations during
summer and winter severe air pollution episodes.
The modelling analysis was supported by data gathered during meteorological and air
quality field campaigns carried out from June 2005 to June 2006, to enhance routinely available
observations space coverage and to add information on vertical profiles and particle matter
composition. Three episodes were selected for the modelling study. High ozone peaks were
detected during the first two episodes (20-24 June and 25-29 July 2005), related to summer
Mediterranean circulation conditions but associated with different synoptic forcing: the first one was
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characterised by the eastward expansion of the Azores anticyclone in the lower layers and an high
pressure ridge centred on the Iberian peninsula aloft; the second one was dominated by an high
pressure ridge of African origin over central Mediterranean. The third period (9-13 January 2006)
was otherwise characterised by PM10 peaks, mainly induced by stagnant meteorological conditions
with consequent pollutants accumulation, under the influence of a persisting high pressure system
centred over north-eastern Europe.
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Figure 8 - The nested modelling domains (the inner domain is expanded on the right side) and
location of main meteorological and air quality measurement sites

Modelling tools
The emission inventory was developed by combining different sources of information: the
Italian national inventory, largest industrial facilities emissions data, directly estimation of traffic
sources emission from vehicles flows. Emissions for each road link of Rome network were
calculated by means of TREFIC model, based upon the COPERT III methodology. Hourly gridded
emission rates were then generated through Emission Manager/EMMA module, using gridded
proxies for spatial disaggregation and activity-specific time patterns. Sea salt and wind blown soil
surface erosion emissions were calculated by SURPRO interface module.
The mesoscale meteorological model RAMS has been used to reconstruct the atmospheric
flow with three nested domains at 16, 4 and 1 km resolution.
The chemical transport model FARM has been employed to describe pollutant dispersion
and chemical transformation over the two inner domains (Figure 8) using 1-way nesting approach.
FARM is an Eulerian model dealing with multiphase chemistry of pollutants in the atmosphere.
Photochemical reactions are described by means of SAPRC-90 chemical scheme, while the
CMAQ Aero-3 module, based on the modal approach, is employed for particulate matter. The
meteorological and air quality models are connected by means of the interface module SURFPRO.
Main results
The vertical structure and the daily cycle of the atmospheric circulation have been correctly
reconstructed by RAMS (Figure 9). Surface wind speed was correctly reconstructed for stations
exposed to the main flow (e.g. Rome hilltop stations) or located above the urban canopy, while
some overestimation of wind speed and underestimation of temperature has been obtained within
urban canopy, probably due to the lack of a proper treatment of urban meteorology. Local scale
atmospheric circulation description has been enhanced using data assimilation within RAMS
simulation and locally correcting the wind field through the introduction of measured values by
means of the mass consistent model MINERVE. The areas affected by high O3 and PM10
concentrations levels during July episode are shown in Figure 10, where the urban plume track is
clearly detected and the sea breeze cycle dominates pollutant transport. The coastal location of the
city did not show relevant circulation effects on winter episodes.
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Figure 9 - Comparison of SODAR measured (left) and RAMS modelled (right) vertical wind profile on
June 21 2005 at the Villa Pamphili station (Rome)

The overall comparison with air quality measurements showed that the model performed
well in predicting O3 and NO2 concentrations, showing a good reproduction of daily peak values. A
good reproduction of alkanes and aromatics concentrations was obtained at both urban and rural
stations. Tendency to underestimate PM10 concentrations was evidenced particularly during the
summer. This behaviour is mainly due to the Saharan dust contribution that was neglected in this
study, and underestimation of the organic matter fraction.

Figure 10 - Highest ozone hourly ground level concentration (left) and average PM10 ground level
concentration (right) during the July episode

The study has been financed by both ISPESL Institute and the Italian Health Ministry. It has
been managed by ISPESL-DIPIA and involved different institutions: ARIANET, CNR-IIA, CNRISAC and ATAC. The project has been recently concluded and its results were presented at the
6th International Conference on Urban Air Quality Cyprus, 27-29 March 2007: C. Gariazzo, C.
Silibello, S. Finardi, P. Radice, A. Piersanti, A. Cecinato, C. Perrino, F. Nussio, A. Pelliccioni, G. P.
Gobbi and P. Di Filippo, A gas/aerosol air pollutants study over the urban area of Rome using a
comprehensive chemical transport model.

4.6

ESCOMPTE modelling exercise - model evaluation and Intercomparison
J. Struzewska1
1
WUT, Poland

Problem statement
The ESCOMPTE programme was undertaken in order to assemble validation data for
numerical air quality models. The aim was to build a detailed 3-D database of the dynamics and
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chemical composition of the atmosphere together with the primary pollutant emissions during high
pollution episodes. The campaign took place between 4 June and 16 July 2001. During this period,
four photochemical episodes (Intensive Observing Periods, IOPs) were documented.
The measurements were taken in southern France around Marseilles. This region suffers
from a significant photochemical pollution problem caused by industrial, urban and biogenic
emissions. The distribution of pollutants is strongly influenced by complex circulation (land-sea
breeze) and orographic effects (e.g. channelling plumes).
One of the key objectives of the modelling exercise was the evaluation of regional air
quality models, based on the comparisons with observations from the ESCOMPTE database. In
addition, the intercomparison of output from different models brings insights into the current
knowledge. Among twelve air quality models, GEM-AQ/MC2-AQ took part in the ‘free run’ intercomparison (the only constraint was the use of the ESCOMPTE emissions inventory).
Case description
During the IOP2 (21-26 of June) meteorological conditions changed significantly on June
23rd. The episode was divided into two contiguous parts, 2a and 2b. The IOP2a period (21-23
June 2001) corresponds with the end of a Mistral situation with a moderate NW to W wind, clear
skies and high temperature (>30 ºC). Plumes from Marseilles and Berre extended towards the east
and over the sea. The IOP2b (23-26 June 2001) was a typical pollution event. During three
windless days, the temperature exceeded 34 ºC. Surface ozone concentration reached very high
values: 125 ppb around Aix-en-Provence on June 24, 100 ppb over the whole domain, up to 150
ppb in the Durance Valley on June 25 and 115 ppb in the Rhone valley on June 26.
The diversity and complexity of meteorological situations during IOP2 allows for
comprehensive study of the interaction between meteorological and chemical processes in the
atmosphere. The main processes influencing the chemical composition of the boundary layer and
the free troposphere during the ESCOMPTE campaign for the IOP2 were examined:
•
•
•

Photochemical smog formation in complex meteorological situations – IOP2ab
(Struzewska, 2005).
Influence of the sea breeze circulation on the boundary layer structure – IOP2b
(Struzewska and Kaminski, 2006).
The impact of vertical transport on the boundary layer and the free troposphere composition
– IOP2a (Struzewska et al., 2005; Struzewska and Kaminski, 2005).

Modelling tools
Preliminary experiments were undertaken using MC2-AQ. The model was run in cascade
mode, starting from horizontal resolution of approximately 100 km. Output from the base simulation
was used to provide meteorological and chemical boundary conditions for a subsequent run at 10
km resolution. Further domain nesting at horizontal resolutions of 3 and 1 km were done. The
objectives of this work were to test the performance of the MC2-AQ model for different sets of
physical parameterizations and to investigate the sensitivity of the modelling system to the
improved resolution of emission fields.
Further experiments (local circulations and vertical transport) were carried out with the
GEM-AQ model, configured on a global variable resolution grid, centred over Western Europe with
the resolution ~24 km. Hourly output was used as initial and boundary conditions for MC2-AQ
(domain was centred over southern France with 151x151 grid points and with resolution ~3 km
(0.027 deg.)).
Main results
The main objective of this work was to determine the ability of the GEM-AQ/MC2-AQ
modelling systems to reproduce the changes in the chemical composition of the atmosphere
connected with the complex meteorological situation and photochemical production.
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During IOP2a measurements show very complex vertical structure of the PBL and lower
part of the free troposphere. Analysis of numerical model experiments revealed that the structure
of the free troposphere, and probably also of the PBL, was influenced by a stratospheric intrusion
that occurred at 18 of June 2001 over the North Atlantic and moved over the British Isles toward
Europe. Analysis of the evolution of ozone profile has shown ozone-rich layer of stratospheric
origin, descending slowly and reaching the top of the boundary layer on June 21st. High static
stability N2 and a very low specific humidity have been chosen as signatures of the stratospheric
air masses descending over the ESCOMPTE area. The mass exchange processes between free
troposphere and the PBL has been confirmed with the passive tracers study.
During the IOP2b the photochemical processes played a dominant role in the ozone
formation. However, the analysis of chemical composition of the PBL revealed that developed sea
breeze circulation had a significant impact on the distribution of trace species. For better
understanding of the interaction mechanisms between meteorology and chemistry in coastal areas
the intensity and depth of the sea breeze circulation and its inland penetration were examined. The
analysis was based on the modelled wind speed and wind direction, temperature, humidity, PBL
height evolution and PBL mixing properties.
4.7

Findings from the ESCOMPTE experiment about regional transport and dilution
during high pollution episodes in southern France

P. Drobinski1, M. Covre2
1
IPSL/SA, University P&M Curie, France
2
Météo-France, France

Problem statement
The study of the air quality along the coast of the Provence region displays a high
frequency of photochemical pollution events compared to other French regions, especially during
summer. This region is of particularly interest because of the sea-breeze circulation combined with
the presence of the large city of Marseille (1.2 million inhabitants) and its industrialized suburbs
which emit huge amounts of pollutants from refineries and power plants. The complexity of the
topography near this coastal area also perturbs the main see-breeze flow.
Case description
The period (summer 2001, four Intensive Observing Periods, IOPs) and the area of the
ESCOMPTE campaign were particularly favourable to the development of photochemical pollution
events which were monitored with an extensive observation network of aircraft flights, constant
volume balloons, radiosonde systems, remote sensing measurements, conventional and additional
meteorological and chemical surface stations. Cros et al. (2004) provided the most comprehensive
picture of atmospheric dynamics and chemistry in the French Mediterranean area. Among the
ESCOMPTE objectives, the “Mesoscale Transport and Dilution” (MTD) programme was designed
to improve the understanding and forecasting of the life cycle of the sea-breeze, including its
contribution to transport and mixing of pollutants. The “ESCOMPTE modelling exercise” consists of
a comparative analysis of models in order to show the state-of-the-art for dynamical and chemical
3D regional modelling in a complex Mediterranean area.
Modelling tools
Dynamical and chemical models, used to analyse the ESCOMPTE data base are
numerous. For the MTD programme, the main dynamical models are the non-hydrostatic
mesoscale models Méso-NH, MM5 and RAMS. Some of these models are coupled online with
chemistry: Méso-NH includes a chemistry module (then called Méso-NHC) and RAMS is coupled
online with MOCA. The MM5 model has been used to force the chemistry-transport model
CHIMERE and the operational weather forecast models of Météo-France, ARPEGE and ALADIN,
have been used to force MOCAGE.
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For the ESCOMPTE modelling exercise, 18 combinations of models were compared.
Description
of
the
models
and
results
are
available
on
http://medias.obsmip.fr/escompte/exercice/HTML/exe.html.
Main results
The main findings of the five years of research on the physical and chemical processes leading
to summertime pollution episodes in southern France during ESCOMPTE can be summarized by
the following points:
•
Large-scale contribution to local ozone distribution: numerical modelling and Lagrangian
studies were conducted by Dufour et al. (2005), Cousin et al. (2005) and Colette et al.
(2006) for IOP2 during which typical types of weather were observed. They show that long
range transport but also stratospheric intrusions contribute to the high variability over the
whole tropospheric column. For IOP2a (21-22th June), synoptic scale processes above the
Northern Atlantic region drive this variability whereas during IOP2b (23 to 26th June), most
free tropospheric air masses come from the PBL of the Iberian peninsula.
•
Mesoscale horizontal transport by the sea-breeze in the PBL: the horizontal transport is
mainly driven by the sea-breeze and its inland extent by the location of the sea-breeze
front. The pollutant dilution along its horizontal transport is modulated by the PBL depth
which remains shallow near the coast and becomes deeper further inland (Kalthoff et al.,
2005; Brut et al., 2007). The modelling exercise shows that the episodes (Mistral, seabreeze, or coupled sea-breeze situations) are fairly well reproduced by the models with
day-to-day variability of the exact location of the peaks and intensity of the peaks. The
numerical prediction of the exact timing and location of the advected ozone plume in
coupled Mistral/breeze situations is made complex by the strong sensitivity of the
convergence zone location to the balance between sea-breeze and large-scale wind.
•
Vertical transport and mixing: exchanges are predominantly directed from the PBL into the
free troposphere. The dynamical processes that contribute to vertical transport and mixing
consist of:
o
The vertical mixing at sea-breeze front: Bastin and Drobinski (2006) conclude that
the most efficient transport from the PBL to free troposphere is found at the seabreeze front, especially in situations of moderate offshore synoptic flow. Since the
sea-breeze front propagation speed is lower than the sea-breeze intensity, and
because the vertical mass flux at the front is smaller than the horizontal mass flux in
the sea-breeze, the pollutant accumulate just behind the front, part of them being
exported upwards. More locally in the Marseille area, Lemonsu et al. (2006),
Delbarre et al. (2005) show that the southerly shallow sea-breeze south of Marseille
and the westerly shallow sea-breeze north of Marseille converge to form a marked
front over the city centre forcing updrafts which export urban ozone at higher vertical
levels.
o
The entrainment/detrainment processes at the convective PBL top following seabreeze: detrainment at the top of the following breeze within the PBL can not
compensate the vertical export in the free troposphere by combination of upslope
winds and the sea-breeze (Bastin and Drobinski, 2006).
o
The contribution of the slopes to venting/accumulation processes by
anabatic/katabatic flows: the combination of slope winds with the sea-breeze
enhances the vertical export along the slopes by about a factor of two with respect
to the action of slopes winds only. The combination generates oscillating motions
along the slopes similar to gravity waves, with a periodic variation of pollutants
concentrations due to the modulation of the residential time over the emission
sources and by dilution caused by PBL depth oscillation (Bastin and Drobinski,
2005).
Despite the significant progress made in the understanding of sea-breeze modelling and
forecasting, several key issues are still at best only partly understood. These include quantifying
the exchanges of pollutants between the PBL and the free troposphere along the mountain slopes,
modelling the oscillating nature of the combined sea-breeze and anabatic flow and its impact on
ozone variability.
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4.8

The mesoscale circulation in the central part of the Iberian Peninsula
R. San José1, J. L. Pérez1, R. M. González2
1
UPM, Spain
2
UCM, Spain

The mesoscale circulation in the central part of the Iberian Peninsula is characterized by
typical continental climatic patterns. These patterns are represented by very cold and dry winters
and hot and dry summers. Rainy seasons are mainly during spring and autumn periods. The
coastal mesoscale circulation is characterized by the mountain and sea breeze flows which are
very well known. However, the Atlantic Ocean coastal flow forces a different mesoscale pattern as
compared with that flow produced in the Mediterranean flow. This synoptic patterns produces a
specific mesoscale circulation in the central part of the Iberian Peninsula which is mainly present
during the winter and summer periods. On the other hand, the central part of the Iberian Peninsula
is surrounded by different mountain ranges which help to insolate the mesoscale circulation in the
central part of the Iberian Peninsula when compared with the circulation flow in the coastal areas.
The different characteristics of the mesoscale circulation in the central part of the Iberian Peninsula
are clearly enhanced during the summer and winter periods. Two typical meteorological scenarios
can be mentioned which are representative of the above mesoscale circulation patterns: a)
summer low thermal pressure and b) high pressure synoptic pattern.
The scenario a) is mainly due to a very strong heating of the continental areas during the
summer period. The scale is mainly sub-synoptic although it can be viewed in some detailed
synoptic maps. The mixing height can reach up to 4 km during the convective period – at the same
time a strong coastal surface flow is present.
The scenario b) is produced when high pressures are present over the Iberian Peninsula
and the situation is quite stable which forces the zonal flow to be moved to the higher latitudes.
Clear skies without rain, weak wind and smooth temperatures are the main meteorological features
during these periods. An inversion layer at surface is produced during this scenario which favours
the stagnation of the different pollutants at surface level. The pollutants above the inversion layer
are transported due to the advection flow at synoptic scale.
In this contribution we present two examples of the above mesoscale circulation patterns:
A) July, 8, 2005 and B) January, 22, 2005.
In Figures 11 and 12 we show two 3D examples with the mesoscale circulation patterns
showing a clear distinction between the coastal areas and the central part of the Iberian Peninsula.

Figure 11 - A typical high pressure situation
over the Iberian Peninsula – January, 22, 2005
- which shows the mesoscale circulation in
the Portugal coast and the Mediterranean
coast with opposite wind directions and a
classical inversion layer at surface level in
the central part of the Iberian Peninsula
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Figure 12 - A typical summer low thermal
pressure over the Iberian Peninsula –
July, 8, 2005 – which shows a similar
pattern to the Figure 4.8.1 but during
summer time. The mesoscale circulation
flows
over
the
Atlantic
and
Mediterranean coasts are clearly defined
with opposite wind direction and a clear
convective pattern is show in the central
parts of the Iberian Peninsula which
produces a stagnation of the pollutants
in that areas and a clear recirculation in
the coastal areas

4.9

Some cases of extreme air pollution in the city of Stara Zagora, Bulgaria
K. Ganevi1
1
GPhI, NIMH, Bulgaria

Problem statement
Stara Zagora is one of the biggest towns in Bulgaria (300000 inhabitants) located in the
middle of the country. In the summer of 2004 two very high level SO2 pollution events affected the
area and led to serious discontent among the population. Analogous events also happened in
2005.
Case descriptions
An attempt for numerical study of one of these episodes – from 8 to 11 of July 2005 is the
subject of the present paper. The most characteristic feature of the surface concentrations in the
city during the period is that sharp SO2 peaks (about and over the alert threshold of 350 μg.m3
(0.131 ppm)) appear in the afternoon hours on a background of low concentration (under 10 ppb).
Keeping in mind that the high SO2 pollution covered an area of several squared kilometres, it is
easy to estimate that tones of sulphur were released over the town. As far as all this happened in
summertime and the domestic heating can not be the reason for such pollution, the only sources
can be the three thermal power plants disposed at 40 km southeast of the town. The “MaritzaIztok” TPPs are the main sulphur polluters not only in Bulgaria but in SE Europe. The total SOx
emission from the TPP is about 700 000 tones per year, i.e. about 2000 tones daily.
Modelling tools
The Model-3 system (Dudhia, 1993; Grell et al., 1994; Byun et al., 1998; Byun and Ching,
1999) was applied for simulation and analysis of the episode with a sequential downscaling to a
horizontal resolution of 1 km.
Main results
The main analysis of time and space variation of the simulated wind fields during the period
showed that calm and non-oriented winds were prevailing. There were very fast changes of wind
directions in the different points from the region and at different levels.
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As a whole, the calculated SO2 concentration fields exhibited a reasonable behaviour from
physical point of view. In night hours, in relatively stable PBL the pollution released from elevated
sources (gases with high temperature and release velocity) stays aloft and the whole 1-km domain
is not polluted at all. In the day hours the fast development of turbulent mixing drains the pollution
to the surface at distances not far from the stacks, so forming well expressed plumes with high
concentrations. This is quite reasonable for summer time and is discussed by many authors (Palau
et al., 2005; Luhar, 2002; Luhar and Young, 2002; and others).
The modelling system, however, was not able to capture some of key characteristics of the
measurements. A suitable direction of the wind from TPPs to the town of Stara Zagora is simulated
each afternoon. These flows form pollution spots in different places around the town, but not over
it. Obviously the meandering of the plume is not simulated precisely enough in this episode with
small and none-oriented winds. Study of the surface concentration plots showed that deviation of
the wind direction by several degrees or changes of the wind speed by several ms-1 could form
hotspots over the town in the right periods. Small changes in the PBL height and turbulent mixing
could lead to the same results. The initial analysis showed that the modelling difficulties were
associated with the MM5 simulations. Several reasons, which could have been responsible for the
disagreements between modelled and observed values, were identified.
The episode is characterized by weak and unstable winds. The small wind speed makes
the use of PBL parameterization very uncertain – the geostrophic wind is, possibly, the most
important parameter in every PBL scheme. The lack of synoptic forcing leads to the fact that the
PBL properties are determined mainly by the other local parameters. These parameters change
their values from grid point to grid point, thus forming different winds in neighbouring points. In
such a way false divergence and convergence fields appear. The adaptation ability of the model
eliminates this discrepancies but at the price of modification of wind and turbulent properties of the
PBL that can lead to deviations from their real values.
The unstable winds can also lead to high uncertainty in the simulation of the real variables.
It is clearly seen from the meteorological and concentration graphs that the wind direction changes
rapidly from almost all points of the compass during a day. As far as the PBL parametrization
schemes present stationary state of the PBL, the achievement of this steady state needs some
time after the governing parameters has been changed. When the wind changes its characteristics
rapidly there is not enough time for full adaptation and this is an additional source of discrepancies
between the simulated and real fields.
Finally, it is quite possible that the used vertical resolution of MM5 is not high enough to
reproduce accurately the complex character of the local ABL, with its layers, complex stability
profiles and their evolution.
The applied MM5/CMAQ model system is quite complex and needs more thorough
validation for each area of simulation. Therefore, when important air pollution management
decisions are needed, not only modelling but measurements of the vertical structure of the
atmosphere are crucial at least for short periods.
In general, it can be concluded that the results from the modelling exercise were reasonable
but at this stage they do not explain quantitatively the observed SO2 episode in the summer of
2005. Although further developments are necessary to validate the meteorological model, these
results are relevant to city and regional authorities to help their air quality management strategies
for the region of Stara Zagora.
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4.10

Impact of synoptic scale circulation patterns on distribution of pollutants over the
Central Europe
J. Struzewska1
1
WUT, Poland

Problem statement
Large-scale horizontal transport over Europe depends mostly on circulations governed by
the types and locations of pressure systems. Central Europe is a transitional region between the
maritime-type climate of Western Europe and the continental climate of Eastern Europe. It is
characterised by variable weather patterns related to polar front activity.
The modelling studies focused on long-range and vertical transport processes that
influence distribution of ozone and particulate matter over Central Europe. The following types of
processes were investigated: pressure and circulation patterns favourable to generation of
photochemical episodes, transport processes within cold front zones and long range transport of
particulate matter from biomass burning in Eastern Europe.
Case description
The aim of this study was to investigate the influence of synoptic scale meteorological
conditions on the air quality over Central Europe.
1.

2.

3.

The occurrence of photochemical smog episodes were analysed for a 3-year period with
respect to meteorological situations and circulation patterns. A regional air quality model
MC2-AQ was applied for three selected cases. Based on the simulation results, an effort
was made to identify the most important meteorological factors influencing spatial and
temporal evolution of the high ozone concentration episodes over Poland (Kaminski et al.,
2002).
In central-eastern Europe, due to frequent passages of atmospheric fronts and changes of
air masses, transport and transformation of ozone in frontal zone deserves special
attention. Numerical simulations with the MC2-AQ model were performed for three
episodes of cold front passage over Europe in the year 2000 (Zdunek et al., 2005). Main
transport mechanisms leading to changes of ground level ozone were identified. Also, the
importance of uplift of ozone in warm conveyor belt and the stratospheric ozone intrusion
due to tropopause fold were examined with respect to ozone distribution and concentration
near the surface (Struzewska et al., 2005).
Wild fires have an important impact on air quality. During the two week period of August 25
– September 10, 2002, numerous fires occurred in Ukraine, Belarus and Western Russia.
During the first week the smoke plume was transported eastward, while during the second
it extended to Central Europe, affecting air quality in Poland. Long-range transport and
transformation of particulate matter emitted from the biomass burning was investigated
using the on-line global tropospheric chemistry model GEM–AQ. The model was run on a
global, variable resolution grid with high resolution (0.4 deg x 0.4 deg) core grid over
central-eastern Europe (Cesari et al., 2005).

Modelling tools
To improve the understanding of interactions between dynamics and chemistry in polluted
troposphere a number of model studies with an advanced on-line air quality modelling system have
been undertaken. Numerical experiments were carried out with the Global Environmental
Multiscale Model (GEM-AQ) (Côté et al., 1998). Results from GEM-AQ were used as initial and
boundary conditions for a regional on-line air quality model, MC2-AQ (Mesoscale Compressible
Community – Air Quality) (Kaminski et al., 2002; Plummer, 1999).
Main results
Large scale meteorological situations play an important role that determines the distribution
of pollutants in Central Europe. The periods associated with slowly moving or quasi-stationary
anticyclones situated over central-eastern Europe seem to be essential for the formation of
22

photochemical episodes leading to very high concentration of ground level ozone. However, ozone
episode development and smoke plume transport depend on circulation types and flow directions.
Synoptic scale factors also determine a number of vertical transport processes such as
stratospheric-tropospheric exchange (STE), transport with conveyor belts and the exchange
between free troposphere and atmospheric boundary layer in the frontal zones.
Application of advanced numerical air quality models over the domain covering the entire
European continent ensures that the main processes connected with the development of synoptic
situations can be captured. Such an approach helps to quantify the import and export of
atmospheric pollution (oxidants, precursors, and aerosols) over Central Europe and to establish
transport pathways of polluted air masses.
4.11

Multiscale Air Quality Modelling for the Health Effects - Air Pollution Integrated
Project in Krakow, Poland 2005
J. Struzewska1
1
WUT, Poland

Problem statement
Krakow is located in the Vistula River Valley Basin. The topography favours atmospheric
stagnations with weak ventilation, stable equilibrium, and the trapping of moisture and fog. It is
believed that the local sources are a dominant cause of the poor air quality, but distant sources,
located at the prevailing inflow direction in the industrial region of Silesia also contribute to the air
pollution problems in Krakow agglomeration. The PM levels continued to exceed air quality
standards. Observations, taken at heavy traffic areas, show exceedances of nitrogen oxides
thresholds.
There has been a need for establishing air quality improvement plans (in terms of the Air
Quality Framework Directive 96/62/EC) initiated for Krakow agglomeration since 2004. A detailed
diagnosis is necessary along with estimation of the health effects, better recognition of individual
source contributions, and the development of objective tools to evaluate emission reduction
scenarios.
Case description
An integrated project, addressing the assessment of the impact of urban air quality on
human health was carried out in Krakow, Poland, in 2005. The project was organized and
coordinated by the Joint Research Centre, Ispra. It started with a one-month measurement
campaign during the winter of 2005, and was supplemented by a detailed emission inventory,
source apportionment analysis, epidemiological studies and air quality modelling.
Modelling tools
The GEM/LAM-AQ on-line tropospheric chemistry modelling system has been used in this
study. Two alternative configurations were used:
•

•

Initially, model simulations were undertaken in a cascade mode. The GEM-AQ model was
run on a global variable resolution grid, centred over Europe with the resolution of ~24 km
(0.22 deg). Expanded core domain allowed the development of pressure systems at
synoptic scale and long range transport of atmospheric pollutants across Europe to be
reproduced. Output from base simulation was used to provide meteorological and chemical
boundary conditions for a subsequent run of the LAM-AQ model at 10 km resolution (0.09
deg). Further nesting was applied for the domain with a horizontal resolution of 3 km (0.027
deg) (Lobocki et al., 2006).
At present, simulations are conducted with GEM-AQ run on a global variable grid, with the
resolution of ~10 km in the core (0.09 deg).
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Main results
The GEM/LAM-AQ model was run for two intensive observation periods of the campaign:
15–17 and 18–20 of January 2005. During the first period a high pressure system was centred
over south-eastern Poland causing stagnant conditions over the region. The GEM-AQ model
reproduced correctly the synoptic situation with prevailing southerly winds over Poland (Lobocki et
al., 2006).
Ongoing work focuses on improvements of the boundary layer processes over the Krakow
agglomeration. The development of a stable boundary layer and its impact on air quality leading to
the accumulation of pollutants over the city is being examined. The surface fluxes and evolution of
temperature and wind profiles are being analysed with respect to the vertical distribution of air
pollutants. A comprehensive comparison of modelled results with available meteorological and air
quality measurements, collected during the campaign, is being undertaken.
4.12

GEM-AQ: Long term global simulation – model evaluation
J. Kaminski1
1
York University, Canada

Problem statement
The primary objective of this study was to evaluate the performance of the GEM-AQ model.
The evaluation was carried out for different spatial and temporal scales, ranging from long term
global integrations to urban pollution episodes.
Case description
GEM-AQ has been exercised with a 5 year run (2001-2005) on a global uniform 1.5°x1.5°
resolution domain (240 x 120 grid points) and 28 hybrid levels extending to 10 hPa. The objectives
of this simulation were to derive a multi-year model climatology, to examine seasonal variation and
regional distribution, evaluate global emissions, and provide chemical initial and boundary
conditions for high resolution model simulations.
Modelling tools
The GEM model is an operational weather prediction model. It was augmented by
implementing air quality chemistry, including the gas phase, aerosol and cloud particles, emission,
deposition and transport processes. The integrated model, which is called GEM-AQ, serves as a
test bed for performing scientific studies on processes and applications.
In addition to providing a unified platform for performing Air Quality Modelling development
and studies on various scales, the integrated model provides a consistent framework between the
meteorological and Air Quality aspects of the atmospheric system, thus simplifying the use of the
model as well as improving the accuracy of the predictions. In addition, the use of GEM framework
permits the incorporation of data assimilation techniques into the model validation and application
studies in a unified fashion.
Main results
Results from GEM-AQ simulations are consistent with GOME tropospheric column ozone,
MOPITT and AURA-MLS column CO, Logan (1999) ozonesonde climatology, and aircraft
observations during TRACE-A.
One of the means of characterising the general properties of an atmospheric model is via
its OH oxidation capacity and for this two gases are generally useful, CH4 and CH3CCl3 as their
lifetimes can be characterised by other means. We have calculated their global chemical lifetimes.
Using reaction rate data from JPL 2003 we obtained τ CH4 = 8.6 years and τ CH3CCl3 = 5.3 years to
be compared with 8.4 and 5.0 years respectively from the IPCC report. We note that during the
model development we have found the lifetimes to be quite sensitive to the influx of ozone from the
stratosphere.
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The results of the model evaluation indicated that the quality of GEM-AQ simulations were
comparable with other established large scale models i.e. GEOSCHEM, Mozart, WRF, and
LMD/INCA.
One of the basic species which drives tropospheric chemistry is ozone and so it is essential
for a model to provide a reasonable spatial and temporal representation of the 3-D ozone field.
Thus we have compared seasonally averaged GEM-AQ model ozone profiles from 2001-2005 with
ozonesonde data compiled by Logan (1999) for the 1980s and 1990s (shown in Figures 13 and
14). Figure 13 shows seasonally averaged vertical profiles for two stations, Churchill and
Hohenpeissenberg.
The comparison of northern hemisphere high and mid-latitude ozonesondes with model
results in the winter/spring time consistently showed good agreement with the observations,
although the region between 300 and 100 mb tends to be under-predicted in most areas of the
globe for all seasons. This height range is where the ozonesonde measurements show the most
variability. Interestingly, we have found that use of sigma coordinates caused an excess of ozone
influx in regions of high topography such as over the Himalayas and Greenland. This resulted in
too much upper tropospheric ozone in the northern hemisphere. Switching to the hybrid coordinate
produced improved results.

Churchill - DJF

Churchill - MAM

Hohenpeissenberg - DJF

Hohenpeissenberg - MAM

100

100

100

100

150

150

150

150

200

200

200

200

300

300

300

300

400

400

400

400

500

500

500

500

700
850

700
GEM-f7_f7a
Logan

1000

850

700
850

GEM-f7_f7a
Logan

1000
20 40 60 80 100 120 140 160 180 200

1000
20 40 60 80 100 120 140 160 180 200

Churchill - JJA

700
GEM-f7_f7a
Logan

850

Churchill - SON

20 40 60 80 100 120 140 160 180 200

Hohenpeissenberg - JJA

Hohenpeissenberg - SON

100

100

100

100

150

150

150

150

200

200

200

200

300

300

300

300

400

400

400

400

500

500

500

500

700
850

700
GEM-f7_f7a
Logan

1000

850

700
850

GEM-f7_f7a
Logan

1000
20 40 60 80 100 120 140 160 180 200

700
GEM-f7_f7a
Logan

1000
20 40 60 80 100 120 140 160 180 200

GEM-f7_f7a
Logan

1000
20 40 60 80 100 120 140 160 180 200

850

GEM-f7_f7a
Logan

1000
20 40 60 80 100 120 140 160 180 200

20 40 60 80 100 120 140 160 180 200

Figure 13 - Seasonal comparison of GEM-AQ (red) and ozonesonde climatology (black) for Churchill
and Hohenpeissenberg stations (first set up to 10 hPa, second to 100)
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Figure 14 - Time series at 250 mb for Alert, Kagoshima, Ny Alesund and Resolute showing the slight
phase shift in the spring peak

4.13

Assessment of industrial stationary source contribution to surface pollutant
concentrations using Models-3/CMAQ
Y. Yu1, N. Kitwiroon1, R. S. Sokhi1, B. Fisher2
1
CAIR, University of Hertfordshire, UK
2
Environment Agency, Reading, UK

Problem statement
Conventionally stationary source emissions are evaluated using dispersion models in the
near-field, with background concentrations provided from measurements. Long-range deposition
from stationary sources is treated by assuming the stationary source makes up part of the
emissions within a grid square. More strict emission controls are already in place, or will be in
place for most major European stationary sources, which would tend to focus attention on the
interaction of stationary sources, in combination with other sources, rather than the behaviour of a
single source on its own. The complex nature of the problem which is governed by multipollutant
and multiscale interactions and coupling between atmospheric chemistry and dynamics suggest
that improved methods are needed. The main aim of this study is to demonstrate the possible use
of the 3-D Eulerian air quality model, MM5/CMAQ, as a tool for regulating secondary pollutants,
such as ozone and nitrogen dioxide, and the uncertainty related to model resolutions.
Case description
The Community Multiscale Air Quality (CMAQ) model (Byun and Ching, 1999) was applied
to a summer high O3 and NO2 episode during the period of 22 - 28 June 2001 for the Southeast of
England, UK. Model performance and its dependence on model resolution were evaluated by
comparing model predictions with observations from 22 monitoring stations for the finest grid
model domain, namely, the region overlapping the 9 km and 3 km domains (see Figure 15). The
impact of industrial sources was evaluated using a sensitivity analysis approach. Firstly
concentrations were estimated for a base-case (Run A), which uses real emissions. Then
concentrations from a sensitivity run (Run B) with adjusted emissions were calculated, where
emissions from all UK point sources were removed. The contribution of point source emissions to
ambient pollution levels is defined as the difference between the base case simulation (Run A) and
the sensitivity simulation (run B) at the first model level. The dependence of point source
contributions to meteorological conditions was analyzed.
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Figure 15 - The nested CMAQ modelling domain used in this study. Note that the MM5 domain is at
least five grid cells larger than the CMAQ domain

Modelling tools
CMAQ model is a comprehensive Eulerian grid model designed to support air quality
modelling applications ranging from regulatory issues to scientific research on atmospheric
processes. The model can address tropospheric ozone, acid deposition, visibility, fine particulate
and other air pollutant issues in the context of “one” atmosphere perspective where complex
interactions among multiple atmospheric pollutants and between regional and urban scales are
confronted (Dennis et al., 1996, Byun and Ching 1999). In this case study, the model was
configured to have four nesting levels, 81 km, 27 km, 9 km and 3 km (see Figure 15).
Meteorological fields, including wind speeds and directions, temperature, humidity, pressure, and
solar radiation, were obtained from the Fifth generation Mesoscale Model (MM5) (Grell et al.,
1994). The Sparse Matrix Operator Kernel Emissions Modelling System (SMOKE) (Carolina
Environmental Programmes, 2003) was used to process the annual emissions from EMEP
(Vestreng et al., 2005) and NAEI (http://www.naei.org.uk/) to generate gridded, hourly, speciated
emission inputs for the CMAQ. It is the first time the SMOKE is used to process emissions using
Europe data sources. Temperature-dependent biogenic emissions of isoprene and monoterpenes
were estimated following the method of Guenther et al. (1995) and Sanderson (2002), using the
100-m resolution CORINE Land Cover data and the hourly temperature and solar radiation values
from MM5.
Main results
CMAQ model was able to reproduce the observed temporal and spatial variations of O3 and
NO2. Statistical parameters indicate satisfactory overall model performance. For most stations the
model performs better for ozone than for primary pollutant such as NO2. In the case of O3 it is
found that the 9-km and the 3-km resolution simulations give comparable model performance. For
NO2, generally the 3-km resolution gives better predictions than the 9-km resolution.
The overall contribution of point source emissions to ground level O3 is very low and
negative (showing ozone titration) on most of the simulation days. Generally point source
emissions contribute more to near surface pollutant concentrations under episodic conditions (see
Figures 16 and 17). No significant difference was found in the calculated contribution of point
source emissions to near surface O3 and NO2 concentrations when different model resolutions
were used (see Figure 18).
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Figure 16 - Difference field of daily maximum 8-hr running mean O3 concentration on episode day
(left) and after the episode day (right)
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Figure 17 - Difference field of daily maximum 1-hr NO2 concentration on episode day (left) and after
the episode day (right)
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Figure 18 - Percentage contribution of point source emissions to near surface O3 (left) and NO2 (right)
concentrations averaged for the finest model domain for 9-km and 3-km resolution simulations on
different simulation days. The dates shown in the figure are the start date for the calculation of the
daily maximum 8-hr running mean or daily maximum 1-hr concentrations
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4.14

Application of MM5/CMAQ to predict ozone over the London area
N. Kitwiroon1, R. S. Sokhi1, Y. Yu1
1
CAIR, University of Hertfordshire, UK

Problem statement
Ozone (O3) is a secondary pollutant which results from the photochemical reactions
involving nitrogen oxides (NOx), volatile organic compounds (VOCs) and sunlight. It is important to
understand the causes of high pollution levels under episodic conditions not only for improving our
scientific understanding of air pollution but also for policy reasons. Mesoscale models are
comprehensive tools which can be used to address urban scale air pollution problems. Several
third generation mesoscale models have been developed in the past decade. These models help
to increase our understanding of the causes of episodes for both primary and secondary pollutants
such as PM10 and O3 (e.g., Jiang et al., 1998; Hanna et al., 2001). CMAQ is a new generation
model that has been applied for the first time to predict O3 episode over the Greater London. The
question is how well does this model perform under an episodic condition?
Case description
From UK national air quality monitoring network, elevated levels of O3 were detected by
several urban background and suburban monitoring stations at several periods within July and
August 2003. There was an increase of deaths according to an increase of O3 level (Stedman,
2004). For the London area, the longest O3 season (as moderate O3) and highest O3
concentrations in 10 years were measured during these periods (King’s College London, 2005).
Synoptic scale, mesoscale and urban scale meteorological features play a key role in
developing an air pollution episode such as that over London area in summer 2003. The
performance of the MM5 in predicting synoptic features were examined by comparing with the UK
Meteorological Office’s synoptic chart and with the forecasts from AVN global meteorological
model. The predictions of the mesoscale and urban scale meteorology were compared with
surface monitoring data. These data, including measured air quality data, have been used to
evaluate the performance of the CMAQ/Models-3 over London area. The modelling period for this
work discussed here covers 11-18 July 2003.
Modelling tools
The 3-D mesoscale models, the Fifth- Generation Penn State/NCAR Mesoscale Model
(MM5) and Community Multiscale Air Quality (CMAQ) modelling system were employed to
examine the causes of O3 episode over London area and hence to develop tools for air quality
study and control. CMAQ is a photochemical modelling system allowing the investigation of various
air pollution problems, such as, tropospheric ozone, acid deposition, fine particulates, visibility, and
others air pollutants and allows predictions at fine temporal (hourly) and horizontal spatial (1 km)
resolution (Byun and Ching, 1999). The study domains included domain resolutions of 81 km, 27
km, 9 km, 3 km, and 1 km grids with 23 variable thickness vertical layers (up to 100 mb pressure
level). The outermost domain (domain 1) with 81 km grid spacing covers almost the whole of
Europe while the innermost domain (domain 5) with 1 km grid spacing covers the entire Greater
London area. Cloud Radiation, MRF PBL, 5-layer soil model, and simple ice schemes are used in
MM5. CB-IV with aerosol and aqueous chemical extensions are employed in CMAQ.
Main results
The performance of MM5 for predicting the synoptic scale features compared well with the
synoptic charts produced by the UK Meteorological Office (Figure 19) and the forecasts from the
AVN model (not shown here). Moderately high pressure with circulating low speed wind, including
warm air condition, was responsible for the elevated O3 level during the study period.
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(a)

(b)

Figure 19 - Sea level pressure at 0 UTC on 12 July 2003 the peak concentration day: (a) UK Met Office
synoptic chart, (b) MM5 prediction

The model predicts well the mesoscale and urban scale meteorological parameters. The
model, using the land cover from USGS, captured most of meteorological features especially
relative humidity, atmospheric pressure and ambient temperatures (Figure 20).
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Figure 20 - The scatter plots between modelled and observed (a) RH (%), (b) temperature (º C), (c)
atmospheric pressure (hPa) and (d) wind speed (m.s-1) during 11 - 18 July 2003 at Heathrow, Northolt,
and London W C weather monitoring stations in London. Land cover was derived from USGS

The limitations to this work in terms of meteorological factors were also identified. In urban
area such as London, the model constantly predicts low wind speeds during daytime. This may be
caused by parametrization scheme, the M-O similarity theory and MRF scheme, used in the
model. Similar results were observed by Liu et al. (2004). The formulation used to calculate the
convective velocity in MRF is identified as the main problem. In situations where there is a large
difference between soil skin temperature and first lowest model temperature, the convective
velocity scale will increase and enlarge the surface friction velocity hence giving low surface wind
speeds. Further sensitivity tests for parametrization schemes applied over urban area within MM5
are recommended.
Figure 21 depicts the comparisons between modelling results at the surface layer (14 m
height) and observations at the urban background stations in London area. According to the model
results, the production of O3 depends strongly on the change of NOx according to the NOx limitation
condition. The model predictions follow the observation trends of O3 during 11-14 July 03 but
shows slight underprediction. Under warm conditions in that particular period, the production of
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VOCs from biogenic sources such as isoprene is increased resulting in the generation of VOC
radicals through the photolysis reaction and the reactions with OH, HO3, O, NO3 and O3. Under
high NOx level condition, these VOC radicals influence the conversion of NO to NO2 which
undergoes photolysis during day time and increasing O3 levels in London area.
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Figure 21 - Comparisons between modelled and observed hourly O3 concentrations during 11 – 18
July 2003 at the urban background stations in London: (a) Hackney, (b) Lewisham, (c) N Kensington,
(d) Teddington, (e) Wandsworth, and (f) Westminster

Kent (2003), using the back trajectory model to identify the sources of O3, showed that O3
precursors from Europe enhanced the domestic levels from 15 July onward. The CMAQ model
failed to pick the magnitude of O3 level when the episode occurred due to the distant sources
during 15-17 July 2003 as shown in Figure 21. Under low NOx level conditions, the O3 level can be
reduced by direct reactions with radicals (Jacobson, 1999; Sanderson, 2002). This particular case
was observed from the model results. Further investigations on emission inventories and impacts
of boundary conditions on model predictions are needed in order to improve the performance of
the model.
4.15

Multi-scale numerical modelling of fine particulate matter distribution over Europe
and Finland
M. Sofiev1, L. Kangas1, A. Karppinen1, J. Kukkonen1, N. Karvosenoja2
1
FMI, Finland
2
SYKE, Finland

Problem statement
Atmospheric pollution by particulate matter is one of the key problems of air quality in
Finland (due to Nordic cold climate the ozone problem is not of primary importance in the country).
On the average, a large fraction of PM originates outside the Finnish territory: even in Helsinki the
urban-background concentrations usually contain about half of foreign aerosols (the value may
strongly vary from species to species and from episode to episode) thus significantly reducing the
ability to mitigate the pollution levels and even to forecast them.
An overall goal of the project was to evaluate the whole cycle of aerosol air pollution in
Finland including emission of particulate matter and its pre-cursors, their dispersion, transformation
and deposition, resulting contamination patterns and their impact to public health, as well as
possible ways to reduce the aerosol atmospheric concentrations.
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Case description
For the assessment three sequential years 2000-2002 have been taken in order to cover
the main reference year 2000 for several legislation documents and to provide a limited multiannual overview of the present pollution situation. An expansion of the period until 2006 is in plan.
The evaluation has been performed at three scales: hemispheric background for wind-blown dust,
European background for all other species, Finnish local contribution and Helsinki urban-scale
simulations. The species considered were: primary fine and coarse aerosols PM2.5 and PM10,
sulphur oxides, sea salt, desert dust (hemispheric scale only), and nitrogen oxides (city-scale only).
Modelling tools
The main modelling tool used for regional- and meso-scale simulations was the Finnish
Emergency and Air Quality Modelling System SILAM (Sofiev et al., 2006). The simulation setup
used a well-mixed boundary layer assumption and fixed turbulent diffusion coefficients in free
troposphere. Exchange between them is mainly driven by temporal variation of the top of boundary
layer. The system accepts an arbitrary definition of the particle size spectrum described in the
current study via a set of bins, which allowed 5-bin consideration for Finland. Chemical
transformations of SOx follow the scheme of DMAT model (Sofiev, 2000). A local-scale model
CAR-FMI (Kukkonen et al., 2001a,b) was used for evaluation of Helsinki city-scale pollution levels.
A specific model, simulation setup, and input data were needed for evaluation of the desert dust
pollution. Due to highly episodic character of this phenomenon as well as its strong inter-annual
variability, computations over a single or a few years would be insufficient to catch even an order of
magnitude of its contribution to aerosol concentrations over Finland. Therefore, we utilized a
simplified but computationally efficient model DMAT (Sofiev, 2000), which was forced by preprocessed NCAR 22-years long meteorological re-analysis over the Northern Hemisphere. More
information on this study can be found in Hongisto and Sofiev (2004).
Main results
The list of computed species and years for each scale is shown in Table 5. An example for
PM2.5, and example for 3-scale computations (semi-manual off-line nesting) is shown in Figure 22.
One of important outcomes of the simulations was that the pollution situation over Finland is
largely determined by the long-range transported plumes from Scandinavia, Central and Eastern
Europe, Central and North-Western Russia. Therefore, the local meteorological conditions are not
the only driving factor for the air quality – large-scale wind patterns and precipitation also strongly
affect the levels of pollutants.
Table 5 - A list of computed substances and years for the study
Substance
PM2.5
PM2.5-10
PM > 10
SOx, sulphates
NOx, nitrates
Sea salt
Desert dust

Helsinkiurban
2002
SIA: 2002
-

Finland-meso
2000-2002, 3 bins:
PM0.1, PM 0.1-1, PM 1-2.5
2000-2002
2000-2002
2000-2002
-
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Europeregional
2000-2002

Northern
Hemisphere

2000-2002
2000-2002
2000-2002
1967-1988

Figure 22 - Annual mean for primary PM2.5 for Europe (2000, μg m-3), Finnish contribution
(observations different scale, 2000, 0.1 μg m-3) and Helsinki urban-scale simulations

4.16

Re-analysis of ETEX and Chernobyl cases using current SILAM-HIRLAM and SILAMECMWF modelling systems
M. Sofiev1
1
FMI, Finland

Problem statement
The motivation of this research was to evaluate the new developments of both
meteorological drivers and dispersion core of the current Finnish emergency and air quality system
SILAM. The key mechanisms to be verified are: (i) advection and diffusion mechanisms of the
dispersion core, (ii) wet deposition mechanism (Chernobyl case only). The second goal was to
evaluate the progress in the meteorological drivers and quantify the sensitivity of the results to a
set of meteorological variables.
Case description
The case has been described in ETEX (1998), and Klug et al. (1992). ETEX case is a
nearly ideal short-term test of the CW model dynamics considering both meteorological and
dispersion. A passive tracer and somewhat complicated meteorological situation provide good
challenges to these systems without being overshadowed by other processes.
Chernobyl case additionally requires proper precipitation representation and wet deposition
parametrization as the bulk of the observations are the soil samples evaluating the deposition.
Observations with high time resolution in air or at the surface are practically absent.
Modelling tools
Three NWP-CTM pairs were employed for the exercise. The CTM model was the SILAM
system (Sofiev et al., 2006), while NWP systems were the ECMWF and HIRLAM model output
sets for the considered periods, and modern HIRLAM system rerun for the specified periods. In all
cases the one-way off-line coupling was used. These combinations represent the operational setup
of the SILAM system and also allow for evaluation of gains due to model developments conducted
during the last years.
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Main results
The SILAM modelling system (version 3.5) at both cases showed stable and very good
performance, with the previous model version being outperformed on all criteria. Such stability
allowed consideration of specific internal parametrizations and input data features using the
dispersion core as a post-processing tool for verification of the other modules. Sensitivity analysis
with regard to NWP drivers and the CTM setup showed the optimal settings currently used for the
operational simulations. However, the model tends to over-estimate the concentration peaks inside
the pollution plume, with simultaneous under-estimation of the horizontal plume size, partially
missing the low-concentration areas. The effects are believed to originate from the simplified
approach to the random-walk computations.
The sensitivity runs showed that high spatial and temporal resolutions do not automatically
lead to better results. Thus, the SILAM runs with the new HIRLAM 5.2.1 do not show scores better
than those obtained using the HIRLAM 2.6 or the ECMWF model, despite the twice-better spatial
and 6-times better temporal resolutions of the former model. On the contrary, the 1-hour resolution
data suffer from the spin-up problem, while the other advantages were offset by an incorrect deep
night-time ABL at the release site (Figure 23).
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Figure 23 - Comparison of different ABL height estimates for ETEX-1 for HIRLAM-2, HIRLAM-5 and
ECMWF meteorological data

4.17

Influence of meteorological driver to the model reproduction of an air pollution
episode in Finnish Lapland
M. Kaasik1, M. Prank1, M. Sofiev2
1
University of Tartu, Estonia
2
FMI, Finland

Problem statement
The quality of input meteorological fields is critical for air pollution forecast. A particular
case is the narrow meso-scale plume from point source, which can reach or miss the receptor
point depending on the precise wind direction. In such a case, the small discrepancies in predicted
wind field may result in total failure to predict a pollution event at a particular site. The idea of this
case study was to check the sensitivity of air quality modelling results to differences in commonly
used meteorological forecast fields.
Case description
This case study was based on the aerosol measurement campaign carried out during April
28 – May 11, 2003 in Värriö monitoring station, Finnish Lapland, 67º46´ N, 29º35´ E (Ruuskanen
et al., 2004). The Värriö station is located in complex terrain, less than 10 km from the Russian
border. Strong point sources of pollution from the metallurgical industries in Nikel and
Monchegorsk are located respectively 200 km to North-North-East and 140 km to East from the
station. The closest anthropogenic pollution source is local sauna, about 2 km South-West and the
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nearest village is located at 30 km from the station. Aerosol spectra in the size range of 10 nm to
10 μm, as well as several gaseous components, including ambient levels of SO2, were measured
during the campaign. The strongest registered aerosol event (peak level 30 µg.m-3 of total aerosol
lasted about 12 hours) was the focus of this work.
Modelling tools
The SILAM model (Sofiev et al., 2006), version 3.7.2, was used for air pollution transport
modelling. The horizontal grid resolution was 20 km and air pollution transport was modelled in the
layer up to 3150 m. The average concentration of lower 150 m was compared with the groundbased measurements. Two sets of 6-hour forecasts were comparatively used as meteodrivers:
ECMWF and HIRLAM (FMI). The EMEP emission data of SO2 from 2000 were used, with a
correction of position of the Nikel metallurgy factory (erroneously positioned 100 km eastwards in
EMEP databased). SILAM calculates the SO2 to SO4 conversion.
Main results
The model run with ECMWF data resulted in a plume from Nikel passing directly south,
missing the Värriö station just by one grid cell. Only a very small increase of concentration over the
background level was predicted. The HIRLAM-driven model run gave a plume passing first to
south-west and then, after the turn of wind, moving from west to east over Värriö (Figure 24). That
time the wind directions predicted by ECMWF and HIRLAM were different by nearly 30 degrees
both in the surface layer (approximately 75 m) and at higher levels (up to 3000 m). Both the time of
the peak and concentration of sub-micron aerosol (assuming that sulphate was its main
constituent) were almost perfect. High concentration of sulphur dioxide and even its two-peak
shape was represented as well (Figure 25). The coincidence between the measured and modelled
concentrations is better with HIRLAM meteorological fields in general. The ECMWF-driven run
underestimates the concentrations in Värriö severely.

b)

a)

Värriö

+

Värriö

+

Figure 24 - Modelled concentrations of sulphate at the top of coarse aerosol peak (May 3, 00 UTC): a)
applying ECMWF meteorological fields, b) applying HIRLAM meteorological fields. Unit: μg/m3.
Surface layer wind is indicated by arrows
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Figure 25 - Comparison of measured concentrations with model calculations, applying different
meteorological data: a) sulphate ion, b) sulphur dioxide

4.18

Evolution of benzene concentrations over Finland: evidence of broad-scale
distribution patterns
M. Sofiev1, J. Soares1, H. Hellen1
FMI, Finland

1

Problem statement
Benzene is a carcinogenic substance, largely emitted from transport sources. As it is
regulated by EU legislation, its measurements are compulsory and modelling/forecasting efforts is
important for policy makers and regulatory bodies. However, there are no “official” emission
estimates for Europe and the extent of observations is very limited. Observations in Finland have
shown highly varying time series, not evidently correlated with local or regional processes (such as
night-time peaks and surprisingly high levels).
Case descriptions
Two arbitrarily selected time periods were taken into forward and inverse model analysis by
means of SILAM model: 11-12.03.2001 and 16-21.11.2001. Both periods had certain unexplained
features and have not been analysed previously with modelling tools (however, detailed
observation-analysis was available, including Principal-Component Analysis). The March case has
shown strong night-time peak of benzene over Helsinki. November case showed several peaks
and lows seemingly not connected with the local diurnal cycles at Helsinki. Both peaks and lows
were surprisingly high for the “clean-sector” northern wind prevailing during the observed period.
Modelling tools
The SILAM CTM model (Sofiev et al., 2006) was forced by the ECMWF output. No special
arrangements have been made for the run; benzene was represented by the fine-PM tracer
(PM2.5).
Main results
The SILAM modelling system (version 3.8.1) was first applied in adjoint mode in order to
delineate the sources of the contamination. It turned out that peaks during the March episode were
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caused by rush hours in the UK, Northern France and Sweden (Figure 26). The low concentrations
correspond to the same source areas but result from mid-day or night-time decrease of the traffic
intensity, which correlated with evolution of the boundary layer. For instance, pollution from the
morning rush hour in the UK was brought over the cold sea without much dilution to southern
Sweden where it was enriched with evening rush-hour pollution and finally arriving to Finland
shortly after midnight.

Figure 26 - Sensitivity distribution for March episode, 2001. (Relative units)

Observations during the November episode were not straightforward to explain: the source
area shown by SILAM was firmly localized in central and northern Finland. An attempt of forward
run with available Finnish benzene emission inventory failed with a model-measurement difference
exceeding an order of magnitude. However, it was clearly shown that observed concentration
variability very well correlates with the modelled time series (Figure 27). This suggested
meteorology as the main driving force behind the concentration evolution but the problem of severe
underestimation of the observed concentrations by the model simulations was not resolved.
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Figure 27 - Modelled and observed time series of benzene concentrations
at Helsinki observational site

Possible hypotheses for this underestimation are:
•

Incomplete emission inventory: total numbers are wrong.
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•
•
•

One of main sources of benzene in Scandinavia is wood burning, which is strongly driven
by temperature – a factor, largely missing from time variation coefficients.
Incorrect model setup (PM2.5 might be a bad tracer for benzene).
A lack of some key driving processes that influence the actual concentration levels.

4.19

Air quality simulation for a hot spot in northern Germany
H. Schlünzen1
UHH, Germany

1

From the several applications performed with M-SYS only results of an operational
integration are discussed in the following section since this marks a new step for applying M-SYS.
Problem statement
EC framework directive 96/62/EC and its daughter directives allow the use of models to
evaluate ambient air quality. According to the EU directives, concentration information is necessary
in different detail, reaching from at least 1000 km2 (protection of ecosystems and vegetation) to
‘several square kilometres’ (protection of human health) at urban-background sites and ‘no less
than 200 m2’ (traffic-orientated sites). Since statistical quantities derived from traffic orientated sites
are only of local representativeness (Schlünzen et al., 2003), these measurements can hardly be
used as representative values for 200 m2. To overcome the discrepancy between the limited
number of stations and the requirement of an area-wide air quality assessment, the model system
M-SYS has been developed and applied.
Case description
The model system was applied in an operational model to simulate 40 selected days of 10
periods in the year 2000. These periods were chosen with respect to high measured NO2concentration values in the agglomeration Hanover-Brunswick. These include winter as well as
summer days and days with and without precipitation. No specific adjustment was made for the
runs to receive a “best performance” per day, but M-SYS was applied “as it is”.
Modelling tools
The Model SYStem M-SYS (Trukenmüller et al., 2004) employs a hierarchy of mesoscale
(METRAS, Schlünzen, 1990; MECTM, Lenz et al., 2000; Müller et al., 2000) and microscale
(MITRAS, Schlünzen et al., 2003; MICTM) models for both, meteorology and chemistry, to
calculate air quality metrics corresponding to the limit values of the EC daughter directives. The
models use consistent grids, equations and approximations for the simulation of flow, transport and
chemistry. They can be used for the assessment of mesoscale concentration fields with a
resolution of several square kilometres and for traffic-orientated sites (resolution of meters). Figure
28 displays the nested domains. The outermost model domain is nested in in-house re-analyzes
data.

Figure 28 - Model domains of M-SYS used in the current study
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Main results
M-SYS results show for meteorology an overall sufficient performance. Figure 29 displays
the overall performance (Table with Figure 29) and the performance of meteorological values for
selected days. The hit rates are calculated in the same way as in Schlünzen and Katzfey (2003)
with the allowed differences taken from Cox et al. (1998). The performance for selected days
differs and can vary from very bad (e.g. hit rate for wind speed for 17.10.2000 only 22%) to quite
acceptable (due point temperature for the same day is 80%). Detailed investigations on reasons
for performance differences including classifications of the meteorological situations are currently
being performed. The model results also depend on resolution and mostly improve when resolution
is higher.

Figure 29 - Average model performance (left, Lit corresponds to Cox et al. (1998) results for 36 hours
forecast) and hit rates for selected days (right)

For concentrations of SO2 and NOx the agreement is good; for most days hit rates are
100%, corresponding to nearly all of the simulated values being within the allowed discrepancy to
the measured ones (Trukenmüller et al., 2004). However, ozone is less well simulated and for
almost all days is underestimated. Very large differences occurred in February, when very high
values were measured but not simulated. This is probably not a measurement artefact since it was
found in the whole area of Lower Saxony, but is probably connected with a stratospheric intrusion,
a process not accounted for in the model system. For the other days M-SYS quite often showed
lower O3 concentrations than measured. A probable reason is the assumed relation of NO2/NO at
the sources. As has been found from detailed studies of the urban canopy, the exhausts included a
larger NO2 fraction than assumed and, furthermore, local chemical reactions within the urban
canopy increased this relation to even larger values. Detailed studies within the urban canopy layer
will help to evaluate and improve the NO2/NO relationship.
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5.1

A procedure of re-stating the ABL characteristics from the basic meteorological
variables

M. Sofiev1, E. Genikhovich2
1
FMI, Finland
2
MGO, Russia

Problem statement
One of the most important sets of variables crucial for dispersion modelling applications but
not directly used by meteorological models consists of scaling parameters for the atmospheric
boundary layer (ABL). These variables including Obukhov length scale L, friction velocity u*,
temperature scale T* and humidity scale q* should be computed during pre-processing the
meteorological data for dispersion applications. They can be obtained either directly from
momentum, sensible and latent heat fluxes or indirectly from vertical profiles of wind, temperature
and humidity. The heat fluxes are often not in the standard output of the NWP models and not
routinely verified for operational weather forecasting. That is why the profile-based approach
seems to be more reliable.
Purpose of the study
To develop a non-iterative scheme re-stating the boundary layer characteristics from wind,
temperature and humidity profiles; test the scheme and implement it in the Finnish emergency and
air quality modelling system SILAM.
Methodology outline
The full description of the approach is subject to separate publications but the earlier
versions are presented by Genikhovich and Sofiev (2003), and Groisman and Genikhovich (1997).
The ABL parameters are evaluated in two steps. Firstly, the value of eddy diffusivity is computed at
a reference height near surface, such as 1 m using the profiles of wind and temperature and
assuming their exact logarithmic shape very near the surface:
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Secondly, all scaling parameters are evaluated from the eddy diffusivity (all derivatives are still
computed from the logarithmic assumption for very-near-surface profiles):

cpρ
∂θ
∂U
ερ
∂q
(zK ) , H S = −
K z (zK ) (zK ) , H L =
K z ( zK ) ( zK )
Pr
∂z
∂z
Pr
∂z
3
c p ρ (u* )
HL
HS
L=−
, T* = −
, q* =
κβ H S
ε κ ρ u*
c p ρ u*
Here Kz is the eddy diffusivity, U is wind, θ is potential temperature, T is absolute temperature, z is
height above the ground, HS and HL are sensible and latent heat fluxes, Pr is Prandtl number, β is
u* = K z ( z K )

a buoyancy parameter, L is the Obukhov length scale, k is von-Karman constant, u*, T*, q* are
friction velocity, temperature and humidity scales, respectively, and ρ is an air density.

Target applications
Such an approach is useful for practically all types of dispersion applications. The
methodology can serve as (i) a way to get the ABL scaling parameters if they are not available
from meteorological driver, (ii) provide the parameters with “known quality” based on the bestverified variables of NWP models; (iii) a future application requiring extra developments is a
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diagnostic downscaling of synoptic-level meteorological data without rerunning the underlying
NWP model.
Methodology limitations
The methodology is so far entirely based on Monin-Obukhov similarity theory thus inhibiting
all the corresponding assumptions.
Methodology verification
The approach has been verified through a long-term comparison with data from
meteorological masts at Cabauw and Hyytiälä (Figure 30). The algorithm compatibility and
consistency with weather prediction model HIRLAM was also checked as this model is routinely
used by SILAM as a meteorological driver. The comparison with Cabauw mast data showed a
good quantitative agreement between observed and re-stated heat and momentum fluxes:
temporal correlation coefficient was ~0.8, bias was less than 10% of the absolute flux levels and
regression slope deviated from unity for less than 20% with intercept being less than 10% of the
absolute flux values. In case of complex surface features (Hyytiälä mast in the forest) the scheme
proved to be robust with large deviations appearing only if the input profile data were taken outside
the constant-flux layer.

Figure 30 - Verification of the methodology for Cabauw: sensible (panel a) and latent (panel b) heat
fluxes; scheme robustness check for Hyytiala (panel c)

Methodology inter-comparison with other scheme(s)
The output of the scheme was compared also with the regional NWP model HIRLAM,
which provided both the basic profiles and the diagnosed flux data for comparison (see Figure 31).
The results showed qualitatively good agreement (quite high temporal correlation coefficients,
practically always coinciding directions of the fluxes, etc.) but also highlighted several differences
between the goals, standards and methodologies of meteorological and dispersion models
(including limited surface-dependent systematic deviations of the diagnosed fluxes).
SILAM sensible heat flux percentiles vs HIRLAM flux
600

Perc. of SILAM sens. hflux, W/m2

500
400
300
5%
16%
50%
84%
95%

200
100
0
-300

-200

-100

0

100

200

300

400

500

600

-100
-200
-300
HIRLAM sens. hflux, W/m2

41

Figure 31 - Comparison of the
new scheme with that of NWP
HIRLAM. Sensible heat flux, all
grid cells, whole 2000. Percentiles
of re-stated heat flux vs HIRLAM
native value

5.2

Pollution measurement and air quality diagnosis in complex terrain
J. Palau1, M. Millan1
1
CEAM, Spain

Problem statement
Complex-terrain air pollution studies must take into account the main processes and
relevant scale interactions in the monitored airshed because air quality is the result of coupling
between local and non-local processes. The prevailing type of process is different depending on
the meteorological conditions and evolves throughout the year, thus seasonality is an additional
component to be considered when studying the atmospheric processes driving air pollution in a
particular airshed (Figure 32).
Seasonality

processes

Air
pollution
dynamics in
complex terrain
Non-local processes

Local processes
Feedbacks

Meso-scale
Forcing

Synoptic scale
Interactions

scales

Local scale

Regional AQ

Figure 32 - Scheme of the coupling between the different processes and scales relevant to air
pollution dynamics in complex terrain. The synergy of all these components (processes plus
meteorological scales) is what we call “Regional Air Quality”

In complex terrain, the two aforementioned types of processes interact by feeding-back
onto each other at the meso-scale because of topographically-driven forcings in the troposphere.
Thus, the resulting tropospheric flow within a particular airshed, considering feedbacks among the
different meteorological scales, depends on a set of functions of weighted spatial and temporal
meteorological scales. The weights depend on the prevailing meteorological conditions and the
airshed being considered.
Consideration of these mechanisms and forcings (Figure 32) gives rise to the question of
how the different meteorological scales contribute to air pollution dynamics in complex terrain
regions, and this question gives rise to two more preliminary questions: What are the relevant
processes and scales?, and to what extent do we understand and/or parametrize them?
Purpose of the study
The main purpose is to identify air pollution dynamics in complex terrains. When monitoring
(and surveying) air quality in complex terrain, the need to explain the temporal evolution and
spatial distribution of pollutant concentrations on the ground (and, in many cases, also aloft) calls
for an analysis of the meteorological processes driving the advection and diffusion of pollutants in
the region.
Target application
The application relates to the identification and disaggregation of local and non-local
processes.
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Local processes
One of the (historically) first observed, and best-known, local processes affecting the
atmospheric dispersion of air pollutants on complex terrain is the aerodynamic wakes leeward of
obstacles (such as mountains and buildings). In topographically-complex areas, this effect must be
accounted for because it drastically affects ventilation conditions within an airshed, changing the
advective conditions of air pollutants and causing the pollutants being advected aloft (pollutants
emitted, for example, from tall stacks) to have important ground impacts.
Another well-documented local forcing (also very relevant for air quality studies) is the
vertical wind directional shear due to surface drag (mechanical and convective). A characteristic
behaviour of pollutants advected aloft over complex terrain is an anticyclonic (clockwise) directional
shear with increasing height (seen upwind or from the emission source). This “classic” local effect
results in ground concentrations that are shifted to the left of the highest concentrations aloft
(Portelli, 1982).
Non-local processes
In many cases pollutant dynamics in complex terrain areas cannot be fully explained from a
local point of view and require the use of larger scales features. These meso and synoptic scale
forcings superimpose and interact with the local processes (such as those mentioned above). In
complex terrain areas, meso-scale forcings mostly drive tropospheric flows in mid-latitudes from
the late spring to the early autumn (Millán, 2002); and, under weak synoptic isobaric gradients, in
higher latitudes (mainly during summertime).
Methodology limitations
A current limitation is the lack of significant air quality measurements in complex terrains. To
deal with the important issue of monitoring air quality in complex terrain regions, it is necessary to
bring up questions such as: what are the relevant processes driving pollutant dynamics in the
specific airshed of interest, or what are the essential tasks/studies to be undertaken?
Previous experiments have shown that monitoring air quality in complex terrains requires
both “optimised” fixed ground-level stations and “customised” models (optimised with experimental
measurements) to complement the specific meteorological and air quality information obtained
from monitoring stations.
Thus, in order to optimise the number and distribution of fixed ground-level monitoring
stations in each complex-terrain airshed, there is a need for systematic and/or intense field
campaigns that simultaneously measure meteorological and air quality parameters at ground level
and aloft, enabling the statistical identification and characterisation of the main dispersive
scenarios in each airshed.
Methodology verification
A wide variety of intercomparison procedures between experimental and simulated airquality results have been found to be useful (Fox, 1981; Willmott, 1981; Weil et al., 1992; Seaman,
2000). These procedures, strongly determined by the number of available experimental data (data
with a significant spatial-temporal resolution), generally focus on aspects such as the
intercomparison of deviations in maximum values, first-order statistical momentum and frequency
distribution of concentration values (Carvalho et al., 2002; Fast, 1995; Uliasz, 1994).
In this particular case (“Els Ports” case study, Palau et al., 2006) the available data from the
air quality network in the region have a good temporal resolution but a coarse spatial resolution.
But the database from the “Els Ports” study is the product of extensive field campaigns carried out
over the whole study area (using terrestrial remote sensors of SO2 and NO2) and thus has a very
good spatial distribution although its temporal resolution is much coarser. The availability of
surface information from the Air Quality Network, and of both surface and systematic tracking of
the power plant plume aloft, permits a detailed validation of the skills of the aforementioned models
(MM5+FLEXPART; run in a high-resolution mode) in the simulation of pollutant behaviour. Thus,
the ability of the coupled models to simulate the two main physical processes driving air pollutant
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dispersion1 (advection and turbulent dispersion) can be evaluated. To do this, we need to make
(Palau et al., 2006) a direct comparison between the polluted plume aloft and the model results, a
comparison of the simulated and measured transversal dispersion aloft and finally a comparison of
spatial biases between measured and simulated ground-level SO2 concentrations.
New technology/approach
From present experience, this new technology for monitoring natural and anthropogenic
emission sources must be based on the integration of the different areas of knowledge involved in
the surveillance of atmospheric pollutants: Instrumental Technology, Software Engineering,
Meteorology and Air Pollution Dynamics. As an example, the TVIFOCO project (a Spanish national
pilot project) aimed to integrate all these areas of knowledge in a coupled system capable of
measuring and tracking the temporal evolution of three-dimensional dispersive conditions of
pollutants on very complex terrain under a wide range of meteorological conditions. The availability
of measurements aloft, obtained by means of a remote sensor (COSPEC) enabled the direct
comparison between the experimental dispersion parameters and the simulated ones following a
new methodology developed by Palau et al., (2006). This represents a clear advantage over the
information provided by fixed ground-level monitoring stations for atmospheric pollutant control.
The new technology we have developed has been successfully applied to different air pollution
scenarios (or case studies) as, for example, the Etna Volcano (EU-funded experimental campaign,
project DORSIVA) and the NO2-plume around the Valencia/Castellón conurbation. The integration
of the improved remote sensing experimental data with validated numerical systems can provide a
complementary view for the interpretation of meso-meteorological processes and for the
monitoring and surveillance of air pollutants in complex-terrain regions.
5.3

Representativeness of point-wise phenological observations as indicators of local
climate
P. Siljamo et al.1,2
1
FMI, University oh Helsinki, Finland
2
University of Tartu, Estonia

Problem statement
Utilization of biosensors for an integrated description of local meteorological conditions is
not a very new approach. It is plausible to expect that biological processes determining e.g. leaves
unfolding of trees or start and intensity of flowering tend to average out the stochastic parameters
of the atmosphere and highlight the systematic tendencies of the biologically-important
meteorological parameters. Such parameters often have connections with air quality. However,
one of the problems of biosensors is that they inherit their own uncertainties connected with
uniqueness of each tree or other living organism. Such uncertainties can significantly undermine
the applicability of some biosensors.
Purpose of the study
The main purpose is to quantify the spatial representativeness of the main phenological
phases of birch (leaves unfolding and first flowering day) observed by the European phenological
networks.
Methodology outline
The evaluation of the station representativeness is based on a European-scale database of
phenological observations collected from 15 countries and including the data from more than 6500
stations. The analysis included structure functions built for the whole Europe and for its individual
regions with sufficient number of stations, computation of average dates for the phenological
phases and their spatial variability for a wide range of spatial resolution: from 1 km to 1000 km.

1

Within this text, advection is considered the sum of integral transport and differential transport. Turbulent dispersion is
considered as differential transport plus turbulent diffusion.
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The main result is illustrated in Figure 33 that shows the structure function for Europe. Figure 34
presents the mean dates of the leaves unfolding for different parts of Europe (left-hand panels) and
their spatial variability at the right-hand panels.
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Figure 33 - Structure functions for the whole Europe. Series represent the sectors with regard to
longitudinal direction (00 is along west-east parallel)

Figure 34 - A map of median date of leaf unfolding and its variability for the ERA-40 grid
(resolution 1.1250 × 1.1250), mean 1970-2003

The main result of the analysis is that the spatial representativeness of a point-wise
phonological observations is very limited: the uncertainty can easily exceed one week. In marine
climate it exceeds 10 days and only in Nordic countries and continental climates it appears at a
level of 2-3 days. Increasing resolution does not bring about improvements: the resolutions up to 1
km were investigated with very limited gain.
It is therefore shown that this specific type of biological sensors should be used with a high
care in analysis of regional meteorological features.
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Target applications
The main target application was forecasting the allergenic air pollution at a European and
regional scales during spring flowering. The results are of high importance also for regional climate
studies as they quantify the internal uncertainties of biosensors sometimes used for monitoring the
climate change.
Methodology limitations
The analysis has included only one type of trees and only two types of phenological dates:
leaf unfolding and first flowering day. The results for different plant taxa and for different
phenological phases can differ from the above conclusion.
Methodology verification
The ways to cross-verify the results are all indirect because the analysis covered practically
all phenological observations in Europe. However, it is known that all of phenological models,
whatever complexity and processes are built-in, reach approximately the same level of uncertainty
as shown by the above-outlined analysis. None of these models appeared able to describe the
phenological phases better than the above uncertainty, so that they are tend to be accepted as
“objective” uncertainty of all existing phenological models. The above analysis shows, however,
that the same level of uncertainty is seen if one station is used as a predictor for the neighbouring
site – even if the distance between them is just few kilometres.

5.4

Revised similarity theory for the atmospheric boundary layer and formulations for its
main characteristics relevant for air quality modelling
S. Zilitinkevich1
FMI, University of Helsinki, Finland

1

Problem statement
Characteristics of the atmospheric boundary layer, such as temperature and velocity
scales, ABL height, and Obukhov length scale, play a key role in dispersion simulations and largely
determine the near-surface concentrations of pollutants. The strongest episodes of poor air quality
often happen under stably stratified ABL, while convective ABL is largely responsible for uplift of
pollutants. However, classical theory is not directly applicable for such cases, being confined to
near-neutral stratifications. Current contribution presents a review of the classical formulations for
the needs of NWP and air quality models.
Purpose of the study
The key purpose is to provide formulations useful for 3D models of atmospheric dynamics
and composition that would allow the ABL diagnosing with basic synoptic-scale information used
as an input.
Methodology outline
The methodology includes several parts that derive, analyze and verify the new
formulations for the profiles of basic turbulence characteristics within the ABL, the ABL height and
main scaling parameters near the surface. A detailed presentation of the new theory is given by
Zilitinkevich and Baklanov (2002), Zilitinkevich and Esau (2002, 2003, 2005), Zilitinkevich et al.
(2002), and Zilitinkevich et al., (2007ab).
Target applications
The methodology is made for existing atmospheric dynamics and composition models
including air quality models and their meteorological pre-processors. It is applicable for all scales
as long as the grid cells can be considered independently (except for the dynamic equation for the
ABL height, which does include the advection term but inherits other difficulties).
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Methodology limitations
The methodology provides a deeply revised formulation for the basic ABL parameters and it
is therefore not clear (and not verified) whether it can be applied in only part of the modelling
system – only in meteorological driver or only in chemical transport model. Possibility to re-analyze
the ABL within e.g. CTM model using the conventional NWP model as input data provider is yet
unclear.
Methodology verification
The methodology has been extensively verified in the above-quoted works against the LES
and a large set of meteorological observations.
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6.

CONCLUDING REMARKS - REGIONAL SPECIFIC AND COMMON FEATURES
OF EXISTING NWP-CTM COUPLED SYSTEMS

The current section summarises some of the outcomes of the case studies presented in
this publication. It also highlights common problems and processes valid across regions and types
of applications.
6.1

Complex terrain conditions

A large group of model applications refers to complex-terrain problems, particularly strong
in the Mediterranean region. Corresponding findings are summarized in the current section.
Non-local processes
On complex-terrain coastal sites, the strong effect of the meteorological interactions
between the different scales on the integral advection and turbulent dispersion of pollutants is
important. The use of an inadequate scale to solve the meteorology of these types of regions can
result in inadequate simulation of lower-layer pollutant behaviour at urban scales. Modelling results
point out the dependence between the simulation of lower-layer pollutant behaviour and the ability
of operational meteorological models to correctly reproduce the daily cycle of the lower
atmosphere. Another non-local process that is very relevant for air pollution and dispersion
applications is the compensatory sinking of the PBL during the afternoon.
Local processes
Sensitivity analysis indicated that topography is the main driving force mechanism on air
pollutants injection on higher tropospheric levels. Local characteristics lead to a different
development or intensity of the mesoscale phenomena, especially in case of weak synoptic
forcing. Modelling results highlight that different circulation patterns in different locations are
induced by different topographic conditions under similar synoptic situation. The factors controlling
transport and diffusion in coastal regions are largely of local-scale nature.
Iberian Peninsula thermal low
The west and east coasts of Iberian Peninsula, surrounded by the Atlantic Ocean and the
Mediterranean, respectively, are characterized by complex topography and specific synoptical
situations that imply mesoscale circulations development. Frequently, there is the development of
a low thermal pressure region in the centre of the Peninsula, which allows for enhancement of
mesoscale processes such as sea breezes. In case of complex-terrain coastlines, these
phenomena may be combined with anabatic/katabatic winds creating recirculations along the
shore. High horizontal resolution is then important for meteorological simulations over such
regions. Mesoscale meteorological data assimilation is another useful tool for an accurate
simulation of the north western border of the Iberian Peninsula Thermal Low, where strong
pressure gradients are verified.
6.2

Main common challenges to mesoscale NWP-CTM modelling systems, and strengths
and weaknesses of the existing tools and methodologies

Increasing spatial and temporal resolution of both dynamical (meteorological) and chemical
parts of the NWP-CTM modelling systems has provided opportunities for new research and policy
orientated tasks, such as high-resolution air quality forecasting and detailed assessment of loads
on specific ecosystems. These applications require very accurate representation of atmospheric
flows and precipitation patterns – both in time and space. They also pose new challenges
regarding the quality of input data such as emission inventories, land cover and land use and
atmospheric observations.
Air quality modelling involves the treatment of multiscale processes and interactions with
regard to both meteorological and emission forcing. Mesoscale atmospheric processes, such as
sea breeze circulations, terrain modified flows, urban heat island, strong convective cells and lee
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waves depend on local hydrodynamic effects and inhomogeneities of the surface energy balance.
They are also driven by synoptic circulations and development of frontal zones. During periods with
weak synoptic forcing and poor ventilation, the thermal effects are particularly important. These
mesoscale processes affect dispersion characteristics also at local and regional scales.
At every specific scale, non-resolved parts of physical processes are parametrized using
various semi-empirical statistical relationships, which are scale-dependent. Thus, a selection of a
scale-specific coherent set of physical parametrizations is imperative for a proper physical
representation for a given resolution.
Although finer, smaller grid scales might in principle lead to improved model results, this
holds true only in the case where the input data for an air quality model, like meteorology or
emissions, are also provided on the smaller grid scale. Stern et al. (2006) showed in a study over
Berlin that the model performance improved considerably by going from coarser to finer resolution
provided that the emission input was also available on this finer grid.
Mesoscale problems are commonly solved via nested simulations starting from regional,
hemispheric or global computations and going into mesoscale for the inner domains. However, the
growing resolution of the inner domains does not automatically lead to a better reproduction of
mesoscale phenomena and local specifics of air pollution patterns. The direct model-measurement
comparison can also deteriorate with increasing resolution. The structures produced by highresolution simulations may not be always real and/or correctly attributed in space and time. In
many cases the growing resolution and accuracy requirements cannot be fulfilled in principle, due
to natural stochasticity of the atmosphere and human activity (and related emission fluxes). Even a
“perfect” deterministic model will not reproduce processes affected by strong natural fluctuations.
In particular, the mesoscale phenomena, such as wind meandering or convective precipitation, can
be considered only in probability terms.
Stochasticity of natural phenomena, which is becoming more visible with finer resolution,
can make the “classical” direct model-measurement comparison at a few sites nearly useless.
Indeed, very similar patterns, for example of precipitation intensity, can result in completely chaotic
scatter plots due to random spatial placement of precipitation cells. Evaluation of the model’s ability
to reproduce them requires observations that are rarely available. For instance, the spatial
resolution of monitoring stations is almost never sufficient for mesoscale model evaluation. Spaceresolving observations, such as radars, satellites and other remote-sensing tools, can be useful,
but they do not cover all varieties of chemical pollutants and have other limitations. Stochasticity
resulted in the new quickly developing direction of the mesoscale air quality modelling: ensembletype simulations aiming at statistical characteristics of pollution rather than at its mean value. For
such tasks all components of the problem, including model type, setup and output configuration,
observational networks, and comparison methodology, should be compatible with each other. In
particular, they should represent the same parameters and statistical characteristics.
Specific problems highlighted by several model applications in various parts of Europe are:
(i)
Uncertain diurnal evolution of the ABL, which can strongly vary between even similar
models and which is very sensitive to the type of diagnostics used in the NWP models and NWPCTM interface. Influence of the ABL height to the air quality characteristics can be very strong due
to other mutually correlated processes, such as diurnal cycles of temperature and humidity and
changes in the wind along the vertical.
(ii)
Comparatively small displacement of the low- and high-pressure systems can result in
significant redirection of the mean wind, which in turn, can decide whether the specific source
affects the considered receptor or not. The problem is particularly worsened by wind meandering.
(iii)
Potentially advantageous and cost-efficient ensemble simulations can be based on a single
CTM model but involve several meteorological drivers. Or, vice versa, output fields of a single
NWP model can be used by several CTMs. With all the limitations, this approach can still provide
useful uncertainty estimates at comparatively low costs. It requires, however, robust and universal
NWP-CTM interfaces.
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