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Executive Summary

The Operational air quality model system report firstly presents the air quality issue and the need for air pollution models for long term strategic planning that is being applied for the scopes of the SUTRA project. It then proceeds to introduce the operational OFIS model and its modules, and the components used for project purposes. Finally, particular points of interest and adaptations to facilitate and enable the best model performance in the frame of the SUTRA project are presented.

Keywords: air quality modelling

Contents

41.
Urban Air pollution: basic principles

2.
Assessing and managing urban air quality: The use of models
5
3.
The Ozone Fine Structure model OFIS
7
Introduction
7
The conceptual basis of OFIS
7
OFIS operational components
7
OFIS operational environment
9
4.
Towards an operational OFIS SUTRA model
9
5.
Model integration issues
11
6.
Conclusions
11
References
12


1. Urban Air pollution: basic principles

Major air pollutants in urban areas or the so called “classical pollutants” are: Sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO) and particulate matter (PM). Other pollutants may also be important, for example, the volatile organic compounds (VOC), characterised through the concentration of, for example, benzene or polycyclic aromatic hydrocarbons (PAH), known to have adverse effects on human health such as cancer, or the less dangerous for the health alkanes and aldehydes, extremely important though since they contribute to the formation of photo-oxidants. Lead also used to be one of the most commonly emitted pollutants but its significance has declined due to the reduced lead contents of gasoline and the introduction of unleaded gasoline in most European countries. Last not least is the ground-level ozone, produced secondarily via chemical reactions of nitrogen oxides and of non-methane volatile organic compounds in the presence of sunlight.

During the last decades the dominating sources of air pollution have changed in many cities and populated areas from the combustion of high-sulphur coal and oil (causing for example elevated SO2 and smoke concentrations) and from industrial processes to motor vehicles and the combustion of gaseous fuels. In many Central/East European cities, however, this shift is rather recent, and in some cities SO2 and smoke levels are still high.

The ambient concentration of air pollutants varies very much in time (daily, weekly and seasonally, following the temporal profile of human activities resulting to air pollutant emissions) and in space. It depends, apart from the morphological and meteorological characteristics of the area concerned, upon the distance from dominating sources and the location within a city. It is made up of the following contributions:

· The natural background contribution;

· The regional background contribution: Long-range transport of anthropogenic emissions, as well as emissions from the cities themselves, leads to a regional increase in the concentration levels of many pollutants and their chemical transformation products;

· The city background contribution: Concentration levels of a number of pollutants are higher in cities than in the surrounding rural areas. This refers to the concentration of pollutants at places within cities not directly influenced by sources such as industry or traffic;

· The traffic and industrial contribution: In busy streets and near industrial sources, the concentration field is further elevated through nearby emissions. Traffic and industrial concentrations refer to the concentration of pollutants at places directly influenced by traffic or industry, the so called hot-spots.

High concentration levels (the so called air pollution episodes), with a life-time of a few days, are usually observed in urban areas when the large-scale synoptic weather situation is unfavourable for dispersion and deposition, especially in case of enhanced regional concentrations. Winter-type smog episodes occur during spells of cold winter weather when a high pressure system persists for several days. Dispersion is limited due to low wind speeds and a marked subsidence inversion. Winter-type air pollution episodes are generally characterised by high concentrations of sulphur dioxide (SO2) and particulate matter (PM), mainly due to increased use of, and subsequent emissions from, fossil fuels for space/domestic heating [1]. Summer-type smog episodes occur during warm and sunny weather in the summer season. Under the influence of sunlight, ozone is formed from nitrogen oxides and volatile organic compounds. At the same time the concentrations of other secondary formed compounds are increased as well as those from primarily emitted compounds such as traffic emissions [1].

The actual occurrence and frequency of increased air pollution concentrations depends primarily on the magnitude and the distribution of emission sources, on local topography (e.g., flat terrain, basin or valley) as well as on the local meteorology (e.g., average wind speed, frequency of calm weather conditions, occurrence of inversion layers) which determines the degree of pollutant dispersion and mixing with cleaner air after the emission took place; in Southern Europe, systems of local air circulation (such as land-sea breezes) are particularly influential. Continental-size weather patterns (cyclones and anticyclones), usually lasting a few days, can suddenly increase pollution loads on the regional scale, resulting in air pollution episodes.

Following the above, it is apparent that the problem of air quality management should be dealt with in a way capable of addressing the complexities of interactions between the various physical, ecological, socio-economic and political aspects, components and actors related with urban air quality, thus posing a considerable challenge to planners, policy and decision makers and the general public. Moreover, there should be a distinction between the problems that urban air quality management is dealing with and between problems of a more generalised scale like climatic change. Climatic change, resulting from global warming (a problem resulting from the emissions of the so-called greenhouse gases), is a global environmental problem that is related to, but certainly not covered by, urban air quality management.

2. Assessing and managing urban air quality: The use of models

In air pollution assessments information on all parts of the cause-effect chain have to be collected. Not only a physical/chemical description of ambient air has to be presented in such a way so as to compare it with threshold values, but also the relationship between threshold values and the atmospheric emissions from sources (e.g. source categories, countries, regions, economical sectors) should be quantified. For an optimal abatement strategy to be developed it is essential that all three elements, (threshold or critical values, ambient parameters and emissions) are available. Three types of instruments are used in assessment studies: emission inventories (as a prerequisite for linking anthropogenic activities with air emissions), air quality field measuring programmes and atmospheric dispersion and transport models.

Field measurements form an important aspect of a system aiming at the description of air pollution patterns in a given domain. Yet, observations are made at a limited number of locations which are not necessarily representative for the entire area of interest. Mathematical models may therefore prove useful for establishing consistent mass budgets of emission, transport, transformation, and deposition of pollutants.

There are several examples for previous numerical simulations of air pollutant transport and transformation in the local-to-regional scale which, broadly speaking, corresponds to the mesoscale [2].In this context, it has already been recognized that urban scale problems can only be treated successfully by the aid of mesoscale air pollution models if either a large enough domain is considered or accurate boundary conditions are established. Air pollution models require at input considerable meteorological information. In the last years, two different approaches were followed in this respect: Diagnostic wind field calculation, in conjunction with an empirical parameterization for turbulence quantities, and prognostic calculation of both wind fields and turbulence quantities. The former approach presupposes the availability of very detailed observed data which would allow an accurate wind field reconstruction [3]. This, however, is under normal circumstances not feasible. Therefore, the latter approach, i.e. the numerical simulation of the wind and turbulence patterns in the area of interest, is nowadays widely preferred.

Both Eulerian and Lagrangian model types are being employed to describe the dispersion of inert pollutants. Eulerian dispersion models predominate in the case of reactive pollutants, typically ozone and its precursors [4]. Here it is usual practice to apply the wind model first and the (photochemical) dispersion model subsequently.

In prognostic mesoscale models the large scale (temporal and spatial) distribution of all problem variables is assumed to be known and is used to define initial and boundary conditions. Major aim of these models is to describe how the problem variables are affected by mesoscale influences (e.g. those associated with orography and inhomogeneities in the surface energy balance). As a minimum requirement for a realistic simulation of air pollutant transport in the local-to-regional scale, a prognostic mesoscale air pollution model should include a reasonable parameterization with regard to the dynamics of the atmospheric boundary layer. The latter depends on the turbulence characteristics which may vary with both height and time.

Prognostic mesoscale models differ with regard to the treatment of pressure. If the characteristic horizontal length scale (roughly corresponding to the grid spacing) is larger than 10 km (which is not the case in the majority of urban air quality management systems), nonhydrostatic effects (and thus also dynamical vertical accelerations) may be neglected. In models adopting this approach, the so-called hydrostatic models, pressure can be simply obtained from the hydrostatic equation. On the contrary, in nonhydrostatic models the elliptic differential equation for pressure has to be solved, a fact usually resulting in higher demands in computational resources. Nowadays efficient elliptic solvers are available, and so the overall computational demand of a nonhydrostatic model is not much higher than that of a hydrostatic model.

In most of the contemporary prognostic mesoscale models a transformation to terrain-influenced co-ordinates is performed to avoid difficulties in the formulation of the boundary conditions at surface. Regarding the impact of the surface on wind flow and dispersion characteristics, special care has to be taken to describe urban scale processes. Such processes are in general much more complex than those at larger scales: Buildings and other obstructions lead to very complex wind flow patterns in an urban area, while the presence of large concentration gradients within cities makes it extremely difficult to find representative locations for air quality monitoring stations. Additional difficulties may arise from the typical intermit-tency of air pollutant concentrations in an urban area and from the strong impact that concentration fluctuations may have with regard to chemical reactions occuring in an urban airshed. Details on the overall structure of prognostic mesoscale models are given in several previous articles and books [5], [6], [7].

3. The Ozone Fine Structure model OFIS
Introduction

What precursor emission reductions are needed in order to reduce sufficiently and cost-effectively tropospheric ozone levels has to be addressed with suitable photochemical models. Until recently, urban photochemistry was analysed either crudely (with simple box models) or by the aid of sophisticated 3D photochemical dispersion models. The computational effort of the latter limits their applicability to episodic simulations which only exceptionally can be considered as representative for longer time periods. 
In contrast to these previous approaches, the OFIS model allows an adequate description of urban photochemistry at a very low computational effort: This newly developed Eulerian model is capable of simulating transport and photochemical transformation processes in an urban plume. Thus it may be used for calculating urban scale ozone levels and for detecting exceedances of ozone threshold values, based on large scale anemological and long range transport information, over a longer time period (typically six months). 

The Ozone Fine Structure (OFIS) model belongs to European Zooming Model system (EZM), a comprehensive model system for simulations of wind flow and pollutant transport and transformation [8]. It is directly related to the photochemical dispersion model MARS and makes use of the nonhydrostatic prognostic mesoscale model MEMO [9].

The conceptual basis of OFIS 

The OFIS model was derived from well-tested full 3D models, and hence it retains all elements necessary to achieve a realistic statistical evaluation of urban scale ozone levels. The conceptual basis of OFIS is a 2D approach: 

· Background boundary layer concentrations are calculated with a three-layer box model representing the local-to-regional conditions in the surroundings of the city considered. This model uses at input non-urban emission rates, meteorological data and regional scale model results for pollutant concentrations (e.g. EMEP model results [10], [11]).

· Pollutant transport and transformation downwind of the city (along the prevailing wind direction) is calculated with a substantially refined version of MARS-1D [12]. 

OFIS operational components

The OFIS model can be separated into 3 modules: PREP OFIS, PCOFIS and POST OFIS

PREP OFIS

The purpose of the PREP OFIS program is to provide PCOFIS with all the required input data. The function of PREP OFIS can be resolved down to three major operations:

1) Domain definition

2) Emissions extraction

3) Meteorological and background concentration data extraction

In the first part the programme uses all the necessary information, such as locations, geographical coordinates, areas etc., so as to generate the simulation field. 

In the second part all the emissions are distributed into categories regarding the type of their sources (industrial, road transport, natural etc.), the type of the pollutants (NOx, SO2 etc.), their distance from the cities (urban, suburban, rural) and the height of their sources (surface, elevated). Furthermore, the diurnal profile of the emissions in the simulation field is calculated. 

In the third part all the required meteorological data, such as temperature, wind velocity etc., are gathered and used for the calculation of certain parameters such as temperature gradients and concentrations.

All the required data for PREP OFIS are provided by CORINAIR90, Corine Land Cover databases and EMEP MSC-W model results [13 and references herein]. 

· CORINAIR90 contains the emissions of SO2, NOx, CO and VOC that come from eleven characteristic emission sources (SNAP1) at prefectural scale (NUTS3) of each country. 

· From the EMEP MSC-W model input and results, emissions are provided for each grid cell (50x50 km2) of the EMEP grid for NOx, SO2, CO, NH3, NMVOC for surface and elevated sources, as well as background concentrations for all the EMEP species.
· Corine Land Cover database provides landuse and urban area information for many cities through Europe.

PCOFIS

This is the core of the model which simulates the ozone dispersion. The output of PCOFIS consists of three files with suffices ppb, ueg and ave. 

· The ppb and ueg files contain the ground level ozone amounts in the box-model and in each of the 2D boxes, for every hour of every day of the considered period of time, the difference between them being that the first contains mixing ratios in ppb, while the second concentrations in μg/m3.

· The ave file contains the averaged over the mixing height ozone concentrations in the box-model and in each of the 2D boxes, for every hour of every day of the considered period of time.

POST OFIS

The next step involves the post-processing of the ppb, ueg and ave files. In this direction the post-processor of OFIS is applied, which separates the domain into a grid of 150x150 grid cells (i.e. each grid cell size = 1kmx1km). Then it calculates the following variables for each one of these cells:

· the Average Over Threshold values –for the threshold of 60ppb (AOT60)– for both ground level and boundary layer averaged ozone concentrations, 

· the Maximum occurring concentration Cmax at ground level and 
· the number of days with maximum 8hour running average ozone concentration exceeding 120μgr/m3 (IND120), the number of hours with hourly averaged concentrations exceeding 180 μg/m3 (IND180) and 240 μg/m3 (IND240).
OFIS operational environment

· Programmed in Fortran 90

· Uses Fortran 90 compiler

· Runs in Linux/Unix environment

· Needs at least Pentium 333 MHz

· Memory requirements more than 10 Mbytes

· Required disk space: around 10 Mbytes is sufficient

· CPU time: For a typical case of 6 months around 10 CPU-hours are required (depending on the processor).

4. Towards an operational OFIS SUTRA model

As not all cities are included in the databases that OFIS normally uses in order to obtain the necessary input data, since these contain mostly EU-15 or European city data (CORINAIR and EMEP), the data were provided by each of the city partners. The partner cities prepared the input data for the OFIS model according to the user manual. Communication between partners has been ongoing since the start of the project and various explanations have been given in the process of preparing the data files. These additional “guidelines” that ensure best model performance can be summarized as follows:

Meteorological and Boundary concentrations data file 
Ideally a complete set of data for the 6-month period must be available. However, if for example wind speed or wind direction data are missing, these days should be ignored as average wind speed and wind direction for a day characterise the day. If concentrations for certain species are not available, instead of disregarding the whole day, one could:

i) Insert zero values 

ii) consider the concentrations to be equal to those of a (meteorologically) similar day. 

Urban area

As an erroneous estimation of the urban area could cause inaccuracies in emission fluxes attention must be paid in obtaining this datum. 

Neighbouring cities

Concerning neighbouring city data, in some case studies there were large point sources that did not correspond to a city, but had to be taken into account. Therefore in such a case it is appropriate to artificially increase the number of neighbouring cities, in order to describe the distribution of e.g. industrial sources.

There is however no limit concerning the number of neighbouring cities that can be taken into account by the OFIS model.

Surface and elevated emissions

Surface and elevated emission data are separated taking into account that elevated emissions are typically emissions above 20m.

Temperature gradient

The average by height potential temperature gradient corresponding to synoptic conditions should be provided for each day, of simulation.

Background concentration data: the choice of an appropriate station 
The background station must be far from major sources, since its data are considered to be representative of the background pollution – essentially a station outside the city far from any industry or motorway. If no such station can be found, one could probably consider the background concentration to be for example the minimum concentration recorded in a “city” station on a windy day. 

Background concentrations of many pollutants can be provided to the model. However, it is difficult to have all species; the most essential species for OFIS are (not in the order of appearance in the emissions file or importance):

NO

NO2

O3
CO

SO2
C8H10 (o-xylene)

C5H8 (isoprene)

C2H6 (ethane)

HCHO (formaldehyde)

C3H6 (propene)

Wind direction:

In the meteorological and boundary concentration data file, 0o corresponds to wind blowing from North to South, 180o corresponds to wind blowing from South to North, always clockwise. Unrealistically low wind speed values for the prevailing wind (<1 ms-1) fall out of the model’s specifications and causes the model to crash.

Large part of the area falls into the sea. 

The urban area is always set in the middle of the domain (150x150 km2), therefore, if the urban area is near the sea, a large part of the domain will be in the sea. This can cause inaccuracies in the OFIS model input and consequently in the results as well, as rural emissions are distributed evenly in the whole domain. In most of the cases rural emissions are not expected to play a key role in the ozone plume formation, compared to urban and suburban emissions, thus a small input error can be ignored. If rural emissions are of comparable rate to urban and suburban emissions and a large portion of the studied area is covered by sea, the user is advised to distribute the rural emissions as Neighbouring Cities emissions in their corresponding locations around the city and nullify rural emissions. 

5. Model integration issues
In order to integrate the OFIS model system with other model applications, one has to take into account

1. the nature of OFIS and the scope that it serves and
2. the input requirements of OFIS
As OFIS was designed to describe transportation and photochemical transformation of atmospheric pollutants in areas including urban conurbations, aiming at estimating exceedances over a long time period, it is evident that short term phenomena (e.g. in the order of magnitude of days) should not be treated with OFIS. In addition, and under the assumption that the meteorological profile of the scenario studied remains the same (which is the realistic assumption), emissions alterations are the only ones that can be treated with OFIS. For the latter to happen, such alterations should take under consideration the overall change of the sum of emissions (it should be considered meaningless to study emission alterations of, e.g., 5%), and the photochemical potential of the area studied (NOx vs, VOC sensitiveness). Overall, the only way to integrate OFIS with other model applications, is to provide to the former input data at the appropriate format, as described in the present deliverable.
6. Conclusions

The OFIS model system is capable of performing long-term strategic planning air quality assessments. The system can be tailored to serve the needs of various urban domains. OFIS can operate in low-cost machines and produce high value results.
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