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�
Optimisation of Modelling Methods for Traffic Pollution in Streets (TRAPOS)


RESEARCH TOPIC


Automobile transport is now an inherent part of our civilisation, and as has happened with many other technological advancements, the negative aspects are becoming more and more pronounced. One of these is air pollution from vehicle exhaust gases.


The most severe damaging effects related to pollution from traffic can be found in urban areas. It is here that the traffic density is largest and concentrations of car exhaust gases are often orders of magnitude higher than in rural areas. Urban areas can still not be considered as homogeneous entities; the largest pollution levels occur in street canyons where dilution of car exhaust gases is significantly limited by the presence of buildings flanking the street. Air quality in urban areas is, therefore, a major concern of environmental policy. Due to the still increasing use of automobiles it is expected that air quality standards of e.g. NO2, Respirable Suspended Particulate matter (RSP), or specific hydrocarbons will be exceeded well into the next century. The introduction of catalytic converters is not sufficiently effective in urban areas where travel distances are too short to warm up the converter. Moreover, a substantial part of the pollutants originates from heavy vehicles, for which no effective cleaning technology is yet available. Air pollution from traffic in urban areas, and in street canyons in particular, is, therefore, still a major concern of environmental policy.


The research topic for the proposed network concerns improvement and optimisation of the methods that are used for mathematical modelling of this pollution. This topic is not covered by any of the present RTD programmes.


Mathematical models which combine knowledge of pollutant emissions and pollutant dispersion in the atmosphere are necessary tools not only for estimation of present pollution levels but also for prediction of, for example, future trends in air quality or evaluation of abatement strategies. Models, with varying levels of complexity, and covering problems ranging from global effects to pollution from single industrial point sources have been successfully used in environmental policy studies. However, the very special flow and dispersion conditions in street canyons imply that the more traditional modelling methods are hardly applicable in this case and so this subject still remains a challenging problem. In view of the significant efforts that are currently being made to reduce the negative environmental effects of traffic pollution, the availability of efficient and accurate predictive tools for control and evaluation of abatement strategies is timely, important and urgent.


The special focus on street canyon models is also justified by the fact that measurements of urban pollution are usually confined to locations within heavily trafficked streets, where the most severe pollution problems are expected. Such measurements are naturally influenced by very local conditions and their interpretation in terms of dispersion models is a functional way to utilise the data, for example as public information or for warning the population of elevated pollution levels.


Modelling air pollution from traffic in streets is a multi-disciplinary topic requiring research in such areas as, emissions, basic fluid mechanics, meteorology, chemistry, mathematics and computer sciences. Since no modelling work can be done without access to good quality experimental data; both from field measurements and laboratory experiments, this is a crucial aspect. Effective progress on this topic can only be attained by co-operation between specialists from different research disciplines and this makes an European network structure very suitable for achieving the aims of the project. 


�
PROJECT OBJECTIVES


The overall objective of the project is to optimise and improve the modelling methods for traffic pollution in urban streets.


The models should incorporate the present knowledge on the flow, dispersion, deposition and chemical processes within street canyons and must be practical and suitable to assist air�quality decision making.


Based on evaluation of presently available models and study of results from field and laboratory experiments, the major deficits in the description of important processes must be first identified and then addressed.


The research objective includes:


study of the flow and turbulence characteristics within and above urban streets,


study of the wind flow modifications by urban obstacles,


study of the sensitivity of the flow and turbulence characteristics to the architecture of the street and its surroundings,


study of the thermal effects on flow modification within street canyons with special regard to low wind speed conditions,


study of the traffic created turbulence and its influence on dispersion of pollutants in the street,


study of the fast chemical processes with special regard to NO-NO2 conversion,


study of the removal and transformation processes of Respirable Suspended Particulate matter (RSP).


The project does not directly address the problem of emission inventory for car traffic but, rather, will utilise the available data.


The results from these studies will be used:


to systematise and improve the parameterization of engineering street pollution models with special regard to their ability to reveal the dependence of pollution levels on street architecture and the meteorological conditions,


to improve the prediction of pollution concentrations in the case of calm wind conditions, which are known to lead to the most severe pollution episodes,


to improve/develop new methods for estimation of roof-level wind flow characteristics using standard available meteorological observations and taking into account the specific climatological and geographical conditions of European cities,


to improve the calculation methods for formation of NO2 in street canyons including the possible non-ozone oxidation mechanisms,


to develop practical methods for calculation of RSP concentrations in street canyons.


The project is expected to contribute to harmonisation and optimisation of modelling methods used inside the European Community and also to provide guidance for the future modelling work.


�
SCIENTIFIC ORIGINALITY OF THE PROJECT


Dispersion of pollution from traffic in urban street canyons is governed by a complex wind flow structure which can hardly be described by traditional Gaussian models. On the other hand, some simple rules can be used to provide rough estimates of pollution levels, especially when considering the worst-case conditions. The model requirements will, thus, also depend on the particular application and the expectations of the information provided by the model.


Models based on very simple descriptions of dispersion processes, but focusing more on parameterization of traffic emissions, are useful tools for traffic planners. More detailed studies of traffic pollution behav�iour in street canyons require models that can relate the actual pollution concentrations to the prevailing meteorological conditions.


One of the most outstanding features of the street canyon wind flow is the creation of a wind vortex, so that the direction of the wind at street level is opposite to the flow above roof level. The presence of such canyon vortices was demonstrated in early work by Albrecht (1933) and later verified by Georgii et al. (1967). This special form of air flow in street canyons results in large concentration gradients across the street. Concentrations on the leeward side are usually higher than on the windward side.


An “exact” mathematical description of pollutant dispersion in street canyons is practically impossible. The necessary simplifications of the “real-life” conditions often places restrictions on the range of applicability of the models. In spite of the difficulties with model construction, the obvious need for street pollution models has consequently resulted in the development and practical use of such models.


One of the earliest street pollution models is the STREET model by Johnson et al. (1973), (see also Ludwig and Dabberdt, 1972; Dabberdt et al., 1973). Although the model is empirically derived, based on pollution measurements in streets of San Jose and St. Louis (USA), the most essential features of pollutant dispersion in street canyons, such as the leeward-windward concentration gradient are reproduced, at least qualitatively, by the model. With some minor modifications (Benesh, 1978; Sobottka and Leisen, 1980a,b), the model is still widely used, especially for engineering applications. The more detailed features of pollution dispersion in street canyons can not, however, be described by such a simplified model as STREET.


At the other end of the complexity scale are models based on numerical solution of wind flow and scalar dispersion equations. The key problem here is an appropriate parameterization of eddy-viscosity and eddy-diffusivity coefficients. The problem is common for all turbulent flows but treatment of street canyon flows implies specific boundary and initial conditions. Modern numerical methods and the availability of powerful computers have resulted in the development of several such models in recent years (Sievers and Zdunkowski, 1986; Moriguchi and Uehara, 1993; Lee and Park, 1994; Kamenetsky and Vieru, 1995; Schluenzen 1994). The method which has found the widest application in modelling flow conditions in street canyons, and also in the case of other obstacles, is the so called k-e method (Rodi, 1995). From the point of view of street pollution modelling, the k-e model has the advantage that, through the years, it has been extensively tested and calibrated for industrial flows around bluff bodies and structures, where flow separation can occur, which is an important characteristic of the flow in and around street canyons. However, models based on the k-e approach are still very time consuming and are mainly used in specialised studies only (Johnson and Hunter, 1995; Mestayer and Anquetin, 1994).


An innovating modelling approach was applied by Yamartino and Wiegand (1986) in their Canyon Plume-Box Model (CPBM). The concentrations are calculated combining a plume model for the direct impact of vehicle emitted pollutants with a box model that enables computation of the additional impact due to pollutants recirculated within the street by the vortex flow. The performance of CPBM was shown to be significantly better than that of the empirical STREET model, especially considering the broad range of the meteorological conditions for which the STREET model was not specifically designed. 


An empirical approach was used in development of the Dutch traffic pollution model CAR (Calculation of Air pollution from Road traffic) (Eerens et al., 1993). Based mainly on wind tunnel experiments (van den Hout and Baars, 1988; van den Hout and Duijm, 1988; van den Hout et al., 1989) a set of empirical relationships was established between wind direction and concentrations for various street configurations. Results from the wind tunnel experiments were incorporated in a plume type model, called TNO traffic model (van den Hout and Baars, 1988) which formed the basis for finally developing the more operational CAR model in which few most distinguish street configurations with respect to dispersion conditions were categorised. Only annual average concentrations are calculated and other statistical means are estimated based on empirical relationships derived from measurements in the national pollution network.


An approach similar to the CPBM was applied in development of the Danish model OSPM (Operational Street Pollution Model) (Hertel and Berkowicz, 1989a,b,c). OSPM makes use of a simplified parameterization of flow and dispersion conditions in a street canyon. This parameteri�zation was deduced from extensive analysis of experimental data and model tests (Berkowicz et al., 1995a,b). Results of these tests were used to improve the model performance, especially with regard to different street configurations and variety of meteorological conditions.


The most severe pollution episodes are usually associated with calm or very low wind speed conditions. Dispersion of the car exhaust gases in the street will in this case be largely influenced by the turbulence created by traffic itself. However, some thermal effects, such as the modifica�tion of flow regimes due to differential heating of building walls, can also be important as well. Field observations (Nakamura and Oke, 1988) and numerical simulations (Mestayer et al., 1995; Sini et al., 1996) have shown that such differential heating can substantially modify the wind flow in a canyon. Quantification of this effect in the form of relationships between solar radiation and wind flow is necessary in order to incorporate these phenomena into applied pollution models.


Traffic pollution models typically make use of wind flow data related to the roof level. Such data are rarely available and transformation of wind measurements undertaken at some few locations in the city or even outside the city are necessary. Rotach (1995) has shown that the relationship between the roof level wind speed and the speed aloft depends on the atmospheric stability conditions. This can be especially important in the case of stable conditions when the canyon ventilation velocity might be reduced due to attenuation of the roof level speed and perhaps turbulence. Local modification of wind flow and turbulence might also be due to some pronounced building formations near the measuring site. Based on wind tunnel modelling, Kennedy and Kent (1977) have demonstrated that a twofold decrease of CO concentrations observed at a street site in Sydney, Australia, could be explained by such effects.


The surroundings of the street canyon can in general have significant influence on flow and dispersion conditions in the canyon itself. Recent wind tunnel experiments by Meroney et al. (1995) have shown that ventilation of a canyon in an urban environment is less than ventilation of the same canyon but in an open country environ�ment. The shapes of roofs of surrounding buildings were also shown to influence the flow and turbulence conditions, and thereby also the concentration distribution in street canyons (Rafailidis and Schatzmann, 1995; Kastner-Klein et al., 1996).


Due to the very short distances between the sources and receptors, only the fastest chemical reac�tions can have any signifi�cant influence on the transformation processes in the street canyon air. Of special interest here are the oxidation processes that lead to NO-NO2 transformation. In most cases this process can be successfully described by the simple NO-NO2-O3 system, taking into account the residence time of gases in the street (Hertel and Berkowicz 1989b; Palmgren et al., 1995a). Other chemical mechanisms may however be important in some extreme cases. Bower et al. (1994) and Derwent et al. (1995) report on a pollution episode in London in December 1991 where the concentrations of NO2 reached levels which could not be explained by ozone controlled oxidation. A possible reaction mechanism is in this case oxidation of NO by molecular oxygen (Hov and Larssen,1984). As this is a 3rd order reaction, it requires very high concentrations of NO and long residence times to be important. This can take place during stagnant weather conditions when the concentrations remain significantly elevated for a period of a few days. No satisfactory model description of this phenomena is yet available.


In most of the presently available models the particulate pollution is treated in the same way as other exhaust gases, i.e. without explicitly taking into account the particle size distribution (Larssen et al., 1993). Transformation (especially coagulation) and deposition of particles depends on the particle size distribution. These processes, in turn, can significantly alter the initial size distribution of the emitted particles. New measuring techniques, especially optical techniques allowing for detailed size fractionating of particles and short time resolution, provide new material for the study of particle transformation and deposition processes and new model development.


Members of the teams participating in the proposed research network have made significant contributions to advances in the mentioned research topics and they belong to the leading groups in Europe in their field of work.


The main novelty of the proposed project is in combining the different modelling techniques, supported by experimental data. Availability of high quality experimental data, including both wind tunnel and field measurements makes it now possible to perform detailed studies of the important processes and, consequently, to improve the parameterization of these processes in air pollution models (Schatzmann et al., 1997). Concerning the field measurements it is worth noting that the data that are available now cover long term measurements (several years) including simultaneous observations of key parameters, such as pollution concentrations (different relevant components), meteorology and traffic data. Long term measurements ensure the possibility of exploring the model performance under a variety of meteorological conditions, whilst wind tunnel measurements provide the opportunity to extend the model evaluation over a broader range of street architecture conditions. The advanced numerical models provide results that can be used to improve parameterization of the important processes in simpler models suitable for practical use by, for example, local authorities. To our knowledge, no such joint European effort has been undertaken previously. On the national level, a model evaluation study was recently performed in Germany (Schädler et al., 1996). Six more sophisticated flow and dispersion models for built-up areas, currently used in Germany for regulatory purposes, were tested on data from wind tunnel experiments and detailed measurements in a street canyon. Experience gained in this study will be utilised in the present project. 
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�
RESEARCH METHODS


The network will make use of the various expertises and current research programmes of the teams involved in the network. 


The main models involved in the project work are: 


SUBMESO and CHENSI developed by the French group from ECN.


SUBMESO is a fine mesh mesoscale model system used for simulation of the atmospheric boundary-layer with the emphasis on the lowest layers immediately over the roofs and on a geographical domain restricted to the city itself (about 5 km  x  5 km).


CHENSI is a numerical code model based on the Navier-Stokes-Reynolds equation with a k-e type closure. The model is used for simulation of flow and dispersion in street canyons including thermo-convective coupling (differential heating of building walls).


MEMO and MIMO developed by the Greek group LHTEE/AUT in collaboration with the University of Karlsruhe; TASCflow developed by the Advanced Scientific Computing Ltd., Canada.


MEMO is a fully vectorized nonhydrostatic mesoscale model developed for the simulation of the air motion and the dispersion of pollutants over complex terrain. MEMO allows for performing nested grid simulations in the local-to-regional scale.


MIMO is a microscale solver based on the Reynolds averaged conservation equations for mass, momentum, energy and humidity in conjunction with the standard k-e  model of turbulence. MIMO is used for the simulation of flow field and dispersion of pollutants around buildings and in street canyons.


TASCflow is general purpose Computational Fluid Dynamic package developed by the Advanced Scientific Computing Ltd., Canada. TASCflow is especially suited for the heuristic study of complex fluid flow and dispersion of pollutants in street canyons and around buildings. 


MITRAS under development by a consortium of 5 German research groups.


MITRAS is a non-hydrostatic obstacle-resolving urban model which simulates the meteorology and chemistry simultaneously.


CAR and CAR�Special developed by the Dutch group from TNO.


CAR and CAR-Special are empirical street pollution models in which source-receptor relationships were established based on numerous wind tunnel experiments for different street configurations. CAR is currently used in The Netherlands as a national model for surveillance of traffic pollution in cities. An international version of CAR is also available.


OSPM developed by the Danish group from NERI.


OSPM is a street pollution model based on a predefined characteristics of flow conditions in the street depending on the meteorological conditions and the street configuration. Transport and dispersion of pollutants is modelled by a combination of a plume and a box model. OSPM is currently used in Denmark for calculation of traffic pollution in streets and surveillance of the trends in this pollution.


ADMS-Urban developed by the British group from CERC.


ADMS-Urban is an integrated model of traffic, domestic and industrial pollution. It includes modules for treatment of line, area and volume sources. Street canyon pollution is calculated using the Danish OSPM model. The model is coupled to a Geographical Information System (GIS) and emission database.


ALL-STAR and PPM developed by the Swiss group from ETHZ.


ALL-STAR is a Lagrangian stochastic par�ticle dispersion model, while PPM is a puff�particle model. Dispersion is simulated by a stochastic process based on the Langevin equation.


Several teams in the network operate specialised Computational Fluid Dynamic (CFD) codes, with special features relevant to dis�persion in urban areas. These codes can be used as advanced predictive models as well as for studying specific phenomena which then can be simplified and included in less computer�demanding engineering models.


Data from field experiments will originate from measurements performed by the teams in the network as well as other available data. The NERI group operates in co-operation with local authorities a national monitoring network where pollution from traffic is measured at several street locations with simultaneous measurements of background pollution, meteorological and traffic parameters. Those measurements have now been conducted for several years. The design of the programme is such that the needs of the local and national authorities to monitor the air quality are satisfied, and the requirements of high quality research data are fulfilled. One year time series of wind and turbulence measurements in a street canyon are also available. The programme is now being extended to include size fractionated measurements of particular matter. Due to national and international contacts, the NERI group has access to data from other monitoring programmes and measuring campaigns. 


Several teams (U. Surrey, MIHU, U. Karlsruhe) operate atmospheric boundary�layer wind tunnels (ABL WTs) which are used for simulation of at�mospheric dispersion on urban and local street scales. Data from these simulations will be used to validate and extend the numerical models. The wind tunnel teams involved in the project are complementary in that they contribute various fields of expertise and experi�mental facilities, such as very local situations (MIHU), convec�tive situations (U. Karlsruhe) and specialised measurement techniques (U.Surrey).


Wind tunnel experiments and field measurements do complement each other, as field measurements have the benefit of representing a broad range of realistic meteorological conditions, while wind tunnel measurements can be conducted under well controlled and user selected conditions and without the many uncertainties that are related to field data. Evaluation of wind tunnel results by comparison to field measurements is, however, required in order to ensure that these results are representative for full-scale “real-life” conditions.


The methodological approach implied in the project will be mainly based on:


evaluation of models on laboratory and field measurements,


inter-comparison between models.


Results of model tests, model inter-comparison and analyses of measurements as well as predictions from advanced numerical models and CFD-codes will be used to identify/remove deficiencies in the street pollution models. The experience gained and methodology developed in previously conducted model comparison and evaluation studies (study of LCE in Germany) will be utilised.


In those cases where it is considered that there is a need for extending the data available for validation of models, new experiments will be designed and proposed. It is the intention that those experiments can be conducted by one or more teams in the network within the frameworks of other current projects or in new, yet to be planned projects.


Links between different elements in the network project are shown in the diagram (Figure 4.1).


� INTEGRER NvgChart  ���


Figure � TYPOHENVIS 1 \n �4�.� SEKVENS Figure \* ARABERTAL \r 1 �1� Schematic illustration of the links between different elements in the network project.








WORK PLAN


The work plan of the network is divided into 4 main tasks which are furthermore divided into several subtasks:


Problem identification and definition of working procedure


selection of the models and modelling methods to be studied


identification of the main unresolved questions


inventory of the available experimental data


Model evaluation and intercomparison


model tests on experimental data (field and wind tunnel)


intercomparison between models


Evaluation of the results


Optimisation of the modelling methods


Task 1 will be performed at the earliest stage of the network operation and mainly by the permanent staff of the network teams. Part of this work can be done by ‘e-mail conferences’, but a joint workshop meeting is planned as well. At this meeting a detailed plan for the research activities and working plan for the visiting scientists will be established. Regular workshop meetings, at least one a year, will be organised during duration of the network. A tentative time schedule for the specified tasks is given in Table 5.1.
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Tasks 2 to 4 will be performed by young visiting researchers in co-operation with the staff members of the network teams. All network teams will participate in the four project tasks, but particular working activities (experiments, modelling) will be performed by the teams which have the appropriate experience in the work in question. This is shown in Table 5.2.


Table � TYPOHENVIS 1 \n �5�.� SEKVENS Table \* ARABERTAL �2� Field of experience of the network teams


Team�
Field 


measurements�
Wind tunnel 


experiments�
CFD and 


numerical 


models�
Applied


models�
�
NERI�
x�
�
�
x�
�
U.Surrey�
�
x�
�
�
�
U.Karlsruhe�
�
x�
�
x�
�
ETHZ�
x�
�
x�
x�
�
ECN�
�
�
x�
�
�
LCE�
�
�
x�
x�
�
LHTEE/AUT�
�
�
x�
�
�
CERC�
�
�
x�
x�
�
TNO�
x�
x�
x�
x�
�
MIHU�
�
x�
x�
�
�






The working programme of the teams, indicating the main activity of the group, is shown in Table 5.3.


�
Table � TYPOHENVIS 1 \n �5�.� SEKVENS Table \* ARABERTAL �3� Research activities and research efforts of the participating teams. The research efforts are in man-month.


�
�
Research efforts�
�
Team�
Research activity�
Visiting 


researchers1)�
Other 


researchers2)�
�
NERI�
Modelling with OSPM, test and evaluation of results: Field measurements (pollution, meteorology). Measurement of RSP, source determination and process studies. Network co-ordination�
24�
12�
�
U.Surrey�
Wind tunnel measurements on model street canyons examining effects of large, external turbulent structures impinging on the cavity and wall/ground heating over a range of Froude numbers.�
24�
8�
�
U.Karlsruhe�
Wind tunnel modelling of traffic pollutant dispersion in street canyons and near street intersections; effects of building geometry, vehicle induced turbulence and thermal stratification�
18�
6�
�
ETHZ�
Development of simple algorithms for length and velocity scales within typical European cities. Dispersion modelling within a street canyon using the Lagrangian stochastic particle model (ALLSTAR).�
24�
9�
�
ECN�
Modelling with CHENSI and SUBMESO: influence of thermal convection, vehicle-induced turbulence, structure of surrounding quarter, canopy-atmosphere exchanges.�
24�
18�
�
LCE�
Modelling with different numerical models and comparison with field measurements�
18�
12�
�
LHTEE/AUT�
Modelling with MIMO for different street canyon configurations with emphasis on the effects of the geometrical details, vehicle induced turbulence, thermal effects and fast chemistry; boundary conditions at the upper boundary of the microscale computations provided by the mesoscale model MEMO; Lagrangian particle tracking with TASCflow.�
30�
12�
�
CERC�
Evaluation and development of ADMS-Urban; intercomparison with other models.  Further development of formalised scientific model evaluation procedures as applied to urban dispersion models.�
24�
6�
�
TNO�
Application of the current models in air quality studies, evaluation of TNO models, benchmarking with other models, improving modelling dispersion of road pollution, extension of the applicability of the current CAR-models, collecting data by a search in the open literature, carrying out field experiments and wind tunnel experiments, and numerical experiments by CFD-models.�
36�
12�
�
MIHU�
Development of a complex micro-scale meteorological model for urban applications. Development and application of validation concepts for urban dispersion models. Generation of validation data for urban models in a boundary layer wind tunnel.�
24�
11�
�
1) financed out of the network contract  


2) financed from other sources





COLLECTIVE EXPERIENCE OF THE RESEARCH TEAMS


Contribution of the National Environmental Research Institute (NERI)


NERI will co-ordinate the networking activities.


NERI is an agency under the Ministry of Environment and Energy and its main responsibility is surveillance and research in the field of environmental problems in Denmark. The team which will be involved in the work of the network belongs to the Department of Atmospheric Environment (ATMI) ATMI is dealing with measurements, data analyses and development of models for practical applications. ATMI is in charge of both the background air monitoring programme and the National Air Quality Monitoring Programme (LMP III) for urban areas. The programme is carried out as a joint effort between the National Environmental Protection Agency (EPA), NERI and counties and municipalities in selected urban areas. NERI designed the programme and is responsible for analysis of the collected data and for reporting the results. The monitoring programme is now being extended to include size fractionating measurements of particular matter. In combination with other pollution measurements and meteorological observations this will allow study of the processes governing emissions, dispersion and transformations of RSP.


ATMI was co-ordinator for the recently completed research project on Air Pollution from Traffic in Urban Areas (SMP-Traffic) which was conducted within the framework of the Danish Environmental Research Programme in co-operation with several other Danish research institutions. The aim of the project was to obtain a more complete knowledge of processes governing air pollution from traffic in urban areas. The project comprised measurements of several pollution compounds in streets, traffic counts, ex�tensive meteorological measurements and model development and evaluation.


ATMI has a long tradition in development of applied air pollution models. Of special interest here is the Operational Street Pollution Model (OSPM). The model is designed for detailed (on hourly basis) calculations of dis�persion and transformation (NO/NO2) of traffic pollution in urban streets. The model has been extensively tested on data from several sites in Denmark as well as in other European countries. The model has been applied in several projects dealing with evaluation of pollution from traffic in Danish cities. OSPM is also implemented in the British model ADMS-Urban, developed by the CERC team.


Large effort was placed upon ensuring the model validity for a broad range of meteorological and chemical conditions. However, new data will be very valuable for improving the performance of OSPM. In particular, CFD-modelling and WT simulations will be assimilated into the next version of the model. The extensive data collected from the field measurements conducted by ATMI will be used for evaluation of other models in the network. This will be an essential aspect of the training programme in the research network. Experience gained in development and application of OSPM will be beneficial for visiting researchers in their work concerning development of practical models.


The modelling group of ATMI has close scientific co-operation with several teams of the network. In recent years the contacts have been especially intensified due to participation in COST- actions COST 615 and COST 710.


The key scientific staff:			man-month


Dr. Ruwim Berkowicz 			6


Dr. Ole Hertel				2


Elisabetta Vignati (Ph.D. student)		2


Dr. Finn Palmgren			2





Recent publications


Berkowicz, R., Palmgren, F., Hertel, O. and Vignati, E. (1995) Using measurements of air pollution in streets for evaluation of urban air quality - meteorological analysis and model calculations, The Fifth International Symposium on Highway and Urban Pollution, Copenhagen, 22-24 May 1995. Sci. Total Environ., (1996) 189/190, 259-265.


Berkowicz, R., Hertel, O., Sørensen, N.N. and Michelsen, J.A. (1995) Modelling air pol�luti�on from traf�fic in urban areas, Proceedings, IMA Conference on Flow and Dispersion Through Groups of Obstacles, University of Cambridge, 28-30 March 1994.








Contribution of Fluid Mechanics Research Group, Department of Civil Engineering,  University of Surrey (U.Surrey)


The expertise of the Fluid Mechanics Research Group (FMRG) is complementary to that of the other Groups participating in the network in that they have a wide experience covering many industrial aerodynamics problems from wind engineering and plume/crossflow interactions, through to cavity flows and supersonic/hypersonic boundary layers. As a result of this work the Group has been involved in the development of instrumentation for turbulent flows, notably; twin-wire pulsed anemometer (for measurements in recirculating flows), miniature surface wire thermal gauges (for skin friction and near-wall flow structure), triangular pressure surface yawmeters (for skin friction and flow direction), digital imaging techniques for quantitative analysis of smoke flow visualisation, and assessment of surface temperatures and shear stresses using liquid crystal coatings in conjunction with video colour analysis. The Group’s laboratory facilities include two large wind tunnels, as well as a specialised flow visualisation tunnel which is fitted with exit filters so that particulate tracers may be introduced into the flow without contaminating the laboratory.





The work at FMRG will involve detailed examination of the wind tunnel flows over and within rectangular cavities, representing urban street canyons. The effects of large-scale turbulent structures in the freestream flow which then impinge upon the separating cavity shear layer will be examined, using a combination of conventional thermal anemometry techniques, for velocity and turbulence data, and thermochromic liquid crystal coatings for assessing building wall and roadway ground temperature distributions. Part of the initial research programme will be to extend the existing capabilities of the liquid crystal technique to permit application to these cavity flows. The experiments will encompass the effects of wall/ground heating with Froude numbers in the range 1 to 100 being examined. The data obtained from these experiments will be utilised in the validation of the numerical codes at the other participating institutions, notably ECN, TNO and ETZH.





The FMRG is currently collaborating with the Group led by Dr P Mestayer at ECN, with part of the work supported by a previous EU Human Capital and Mobility Grant (called DISPURB) awarded to ECN. The research has focused upon assessment of the effects of large-scale, periodic turbulent structures which interact with a separated backward-facing step flow, representing a simplified street canyon geometry. A wind tunnel investigation has indicated the extent of the effects of the perturbation upon parameters such as the mean recirculation length and the turbulent length scales in the recirculation region. The data are currently being used for comparison with turbulence model predictions at ECN. The aim of studying such perturbed flows is to test the effectiveness of the turbulence models and investigate methods by which canyon-scale turbulence models and city-wide mesoscale LES models might be coupled.





Other relevant collaborations include work with the Institute of Hydromechanics, Ukrainian Academy of Sciences in Kiev, supported by the UK Royal Society. This research has focused upon the effects on the flow regimes within basic rectangular urban canyons of internal obstructions, representing vehicles, trees and small buildings. The aim has been to apply a more general theory of turbulence and mixing within easily penetrable roughness layers (previously developed for tree canopy and spray cooling system arrangements) to the urban canopy regime. Work is also taking place with the Shibaura Institute of Technology, Tokyo, Japan, in which some fundamental aspects of the flows associated with fully three-dimensional cavities of rectangular planform are being investigated. The research is examining the unsteady aspects of the cavity flows and wakes, including the effects of flow incidence angle and cavity aspect ratio.





The key scientific staff:			man-month


Eric Savory				6


Norman Toy 				2





Recent publications:


Gayev Y. A. and Savory E. (1997) Influence of street obstructions on dispersion processes within urban canyons, to be presented at 3rd Int Conf on Experimental Fluid Mechanics, Kaliningrad, Russia, June.


Savory E., Abdelqari A., Mestayer P. G. and Sini J.-F. (1997) The interaction between large-scale turbulent structures and a simulated street canyon flow, to be presented at 2nd European and African Conf on Wind Engineering, Genova, Italy, July.








Contribution of the Institute of Hydrology and Water Resources Planning (IHW), University of Karlsruhe (U.Karlsruhe)


During last several years, research activities of the wind�engineering group of the University of Karlsruhe were dealing with wind�tunnel modelling of atmospheric dispersion in urban areas. A classification scheme of building patterns with respect to their aerodynamic properties was developed and flow structure and concentration patterns with different building configurations were investigated. Ongoing research work focuses on validation and verification of numerical models used for regulatory purposes. Typical urban building configurations were studied and wind�tunnel data sets with flow and concentration field parameters were created. The comparison of the experimental and numerical results has shown limits of the numerical model applicability and enabled model improvements. 


In street-canyon and intersection studies roof shapes were found to be an important factor of dispersion pattern modification. The studies will be extended and an approach to take into account slanted roofs in numerical models will be proposed as an output of the co�operation network. Another task will be the study of traffic induced turbulence. An experimental set-up to study their influence on dispersion in street canyons was developed just recently, and the first results of the study are already available. Deeper insights and incorporation of parameterization schemes in numerical models will require further experiments and tense co�operation with other groups participating in the network (MIHU, ECN, NERI, LCE).


Experiments on simulating turbulent flow and dispersion in the atmospheric convective boundary layer capped by a temperature inversion are now conducted in the stratified wind tunnel of U.Karlsruhe. First results of these experiments proved the ability of the tunnel to reproduce typical turbulence and diffusion patterns in the lower atmosphere under convective conditions. Further activities on modelling the convective flow are planned which will incorporate case studies of dispersion from line sources in the unstably stratified boundary layer over aerodynamically and thermally non�uniform underlying surfaces of urban areas (co�operation with U. Surrey).


The wind engineering group of IHW has already established scientific contacts with different teams of the network (MIHU, ECN, LCE). Wind-tunnel data sets compiled at the U.Karlsruhe are widely used for verification of numerical predictions of air pollution in different countries of Europe.


Key scientific staff:			man months


Erich Plate				2 


Evgeni Fedorovich				1


Petra Kastner-Klein				2


Johannes Thäter				1





Recent publications:


Kastner-Klein, P., Fedorovich, E. and Plate, R. (1996) Wind-tunnel case studies of atmospheric dispersion in the urban environment, 4th Workshop on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes, May 1996 Oostende, Belgium.


Fedorovich, E., Kaiser, R., Rau M. and Plate, R. (1996) Wind tunnel study of turbulent flow structure in the convective boundary layer capped by a temperature inversion, Journal of the Atmospheric Sciences, 53, 1273�1289.








Contribution of the Swiss Federal Institute of Technology (ETHZ)


Since 1985 research on the flow and turbulence within (full scale) urban environments is performed at ETHZ. In particular, an extensive experimental study was conducted on the vertical  structure of turbulence within and above a street canyon (so-called roughness sublayer). This data set provides one of the very few sources of information on this subject.


Two dispersion models were recently developed at ETHZ: a Lagrangian stochastic particle dispersion model (ALLSTAR, research tool) and a combined puff-particle model (PPM), which can both be applied within the roughness sublayer. The latter model is a novel approach to dispersion modelling, which combines the advantages of both the puff and the particle approaches. In contrast to many other Lagrangian dispersion models, ALLSTAR can explicitly take into account Reynolds stress characteristics (e.g. height variation) and possible skewness of the fluctuating velocities both which appear to be important characteristics of urban roughness sublayer turbulence.


The group's main research focus at present is the question as to what extent the flow and turbulence structure of the roughness sublayer (ranging from the ground up to about 2-5 building heights) influences concentration distributions from known sources.


The group finished a project in 1996 within the framework of COST 615 (CITAIR), wherein the conceptual work in order to develop an operational dispersion model for urban areas was accomplished (note that in contrast to other countries, Swiss research groups may suggest actual research projects within the framework of COST). At present the task of actual model development is finished within a follow-up project, which is financed by the Swiss National Science Foundation (SNF).


The principal researcher will be Dr. M.W. Rotach who has been involved in urban turbulence and dispersion research for the last twelve years. He is also the project leader of the group's COST 615 (CITAIR) contribution and its SNF follow-up, so that the network can benefit from an additional link to another European joint research activity on a related topic. 


ETHZ will contribute in the network through conceptual and numerical modelling. For the first, the available measurements will be used to derive simple algorithms in order to develop expressions for length and velocity scales for the flow within and above a street canyon from information on building geometry and the general meteorological conditions. For this purpose it is planned to gather data from as many as possible locations (full scale, wind tunnel, possibly simulations). 


Secondly, ETHZ will contribute in an effort of detailed numerical modelling of the flow and dispersion within an urban street canyon using the code CHENSI of ECN for the flow and the particle dispersion model (ALLSTAR) for the dispersion part. This will allow for comparison and improvement of the simpler operational models, that can be used for long-lasting studies.





The key scientific staff:			man-month


Dr. Mathias W. Rotach (project leader)		6


Prof. Dr. Atsumu Ohmura (head climatology section)	1


Peter de Haan 			2








Recent publications:


Rotach M.W., Gryning, S.E. and Tassone, C. (1996): 'A Two-Dimensional Lagrangian Stochastic Dispersion Model for Daytime Conditions', Quart. J. Roy. Metorol. Soc, 122, 367-389. 


Rotach M. W and de Haan, P. (1996): 'On the Urban Aspect of the Copenhagen Data Set', preprints 4th Workshop on Harmonisation  within Atmospheric Dispersion Models for Regulatory Purposes',  Oostende (B), May 6-9, 1996, 31-38. 








Contribution of the Ecole Centrale de Nantes (ECN)


The research team DAH (Dynamics of Inhabited Atmosphere) belongs to the Division Energetique & Environnement, Laboratoire de Mecanique des Fluides. It develops and validates numerical models of the dynamics and dispersion of the lower urban atmosphere, at the street scale as well as at the urban scale. It is also the core group of SUB-MESO, the CNRS research cluster of eleven French research groups co-operating in the construction of the French communal model SUBMESO (PG Mestayer is director of SUB-MESO, GdR CNRS 1102).


The SUBMESO model system simulates in detail the turbulent flows of the lower atmosphere over urban area, and the transport, diffusion, and photochemical transformations of the urban pollutants. The scales under consideration range from 100 m to 30 km. SUBMESO dynamic solver (based on ARPS 3.2) is a primitive equations model (presently in GalChen-type co-ordinates, non-homogeneous grids and grid nesting in development). It includes modules of terrain, surface fluxes, turbulence, micro-physics, photo-chemistry, transport-diffusion with chemical transformations.


The group DAH has developed the numerical code CHENSI to simulate the atmospheric small scale flows of the urban canopy. CHENSI.3 is a 3-D Navier-Stokes code in primitive variables, based on the 2-equation k-e turbulence model and including thermal coupling and scalar transport-diffusion. CHENSI and SUBMESO are currently used for heuristic studies of (1) the influence of the geometrical arrangement of buildings and of the wall heating by solar radiation on the flows within the streets and the subsequent transport and diffusion of pollutants; (2) the exchanges of momentum, heat and pollutants between the urban canopy and atmosphere and the structure of the roughness sub-layer immediately over the roofs of infinite quarters, (3) the representation of the urban canopy and surface fluxes in the simulations at the urban scales, (4) closure models of turbulent motion equations of the orders 1, 1.5 and 2. 


Due to computer limitations, numerical simulations of flows and pollutant transport-dispersion over the cities at sub-meso scales imply that the actual city maps have to be replaced by quarters patchworks, where quarters are zones with statistically homogeneous aerodynamic and thermal surface parameters (roughness and heat fluxes). The details of the canopy are simulated by soil models taking into account the structure of these quarters. The group is co-operating with researchers in Architecture and Computer Sciences to develop an interactive software to construct these "aerodynamic maps" from geographic information system, urban data banks, and satellite images, based on statistical analyses of the representative building parameters (density, regularity, alignments, ...).


Finally, the research group DAH is also involved in several co-operative experimental projects to validate the developed models, in wind tunnels (with other French groups, with U. Surrey, ...) and in urban sites (project URBCAP).


The proposed contribution to TRAPOS will focus on quantifying the influence on flows, pollutant mixing and dispersion within streets of the four following factors:


- thermal convection induced by the differential heating of the wall and street surfaces due to (solar) radiation exchanges and heat storages,


- the air motion and the turbulence induced by the vehicles themselves,


- the geometrical structure of the surrounding quarter in non-simple geometries and the presence of horizontal fluxes of pollutants at ground level,


- the exchanges of momentum, heat, and various components of the urban pollution, especially O3, VOC, and nitrogen oxides, at the canopy-atmosphere interface at roof level.


This study will mainly consist of systematic numerical simulations of streets with the CHENSI model, and some simulations of typical city quarter arrangements with the SUBMESO model. CHENSI will be equipped with a simplified model of the NO-NO2 conversion in the presence of O3 and VOC, while a simplified version of the chemical reaction system MOCA included in SUBMESO will be sought to simulate the exchanges between one street and its surroundings.


The numerical simulations will be prepared and analysed on the group's workstations Silicon Graphics IRIS-4D and DEC Alpha and mostly run on the CRAY C98 of CNRS national computing centre (IDRIS).


The group DAH has been co-operating with CSTB since its creation, and with U.Surrey for 2 years. The group is also involved, most often at co-ordination level, in several co-operative initiatives in Europe, including ERCOFTAC (SIG Turbulence and dispersion in urban atmosphere, and Initiative for harmonisation of atmospheric dispersion models for regulatory purpose), EUROTRAC-2 (PGM is deputy co-ordinator of the sub-project SATURN, Studying atmospheric pollution in urban areas) and the COST CITAIR 615 (Management committee), where it co-operates with most other participants in TRAPOS.


All the involved scientists are working in the field of turbulence, numerical simulations and measurements in wind tunnels and on sites since many years. Three students are presently half-way or finishing their doctorate in these disciplines.


The key scientific staff:			man-month





Patrice G. Mestayer			5


Jean-François Sini			6


Isabelle Calmet			5


Jean-Michael Rosant			2





Recent publications:


Sini, J.-F., S. Anquetin and P.G. Mestayer (1996), Pollutant dispersion and thermal effects in urban street canyons, Atmospheric Environment  30, 2659-2677.


Mestayer, P.G., M. Bottema, J.-P. Costes, J.-F. Sini (1996), Modelling urban canopy and terrains for transport-diffusion simulations at sub-mesoscales, Fourth Workshop on Harmonization within Atmospheric Dispersion Modelling for Regulatory Purposes, 6-9 May 1996, Oostende, Belgium, preprints. pp. 337-346.








Contribution of Ingenieurbüro Lohmeyer, Radebeul (LCE)


The Lohmeyer Consulting Engineers (LCE) are working in the field of air quality problems in cities. The work is done mainly for planning engineers in the consulting business or in the local communities. In order to always apply the best tools for solving the above mentioned problems, LCE also works in the scientific community by doing research. Recently three pro�jects were completed:


- A project that had the objective to compare five sophisticated models for calculating the dispersion of traffic induced air pollution. 


- A project in which 4 screening models were compared for regulatory purposes in the German state of Hessen. 


- A project which was dealing with sensitivity studies concerning the input data for models to calculate the statistical values of traffic induced immissions which are needed for comparison with the regulatory limits. 


The team has strong contacts to expert groups of the German Engineering Society (VDI), six staff members are working in different expert groups.


Studies dealing with air pollution in streets are the main field of activity. Dr. Lohmeyer is the chairman of an expert group for "Modelling the dispersion of Traffic Emissions in Streets". This group establishes in this field the national code of Germany, defining numerical models, which are to be used for calculating concentrations in built up areas induced by car emissions. Depending on the building structures and on the quality require�ments of the results different types of models are recommended.


For the purposes of "European Harmonisation" the visiting researcher should carry out calculations with different national models by varying the building geometry around a street. Within the scope of the programme "Training and Mobility of Researchers" this aim will be realised as follows:


The Lohmeyer Consulting Engineers (LCE) offer two young researchers to get some practice in dealing with air quality problems in cities, especially in the field of pollution by car exhausts. Emphasis is put on the German code. The work will be completed by specific studies and questions, arising frequently with projects in the consulting business. These are, for example, comparing new results of field measurements with the results of mathematical models, NO-NO2-conversion-problems, or how to determine (in consulting quality) roof level wind distributions in a city from measurements obtained outside the city.


On the other hand a young researcher of LCE will visit different other institutions of the network for  6 months per year in total. He will come into contact with the new methods developed in these institutions. The exchange of the young researchers should be supplemented by direct contact (visits) of other staff members of the different institutions.


The key scientific staff:			man-month





Dr. Achim Lohmeyer			1


Dr. Wolfgang Baechlin			1


Dr. Gerd Schaedler			3


Dr. Ingo Duering			7





Recent publications:


Schädler, G., Bächlin, W., Lohmeyer, A., van Wees, T. (1996) Vergleich und Bewertung derzeit verfügbarer mikroskaliger Strömungs- und Ausbreitungs�modelle. Forschungsbericht Forschungszentrum Karlsruhe (FZKA) Förderkenn�zeichen: 2 93 001 (PEF).


Flassak, Th., Bächlin, W., Bösinger, R., Blazek, R., Schädler, G., Lohmeyer, A. (1996) Einfluß der Eingangsparameter auf berechnete Immissionswerte für Kfz-Abgase - Sensitivitätsanalyse. Forschungsbericht Forschungszentrum Karlsruhe (FZKA). Förderkennzeichen: 2 95 003 (PEF).








Contribution of the Laboratory of Heat Transfer and Environmental Engineering, Aristotle University Thessaloniki (LHTEE/AUT)


The Laboratory of Heat Transfer and Environmental Engineering (LHTEE) is part of the Energy Section, Department of  Mechanical Engineering of the Aristotle University Thessaloniki. The LHTEE has undertaken manifold research activities, most of them related to the atmospheric environment, both at the national and international level. In the frame of these activities, LHTEE has had a major contribution to the development of a series of air pollution models and their applications for the description of the transport and chemical transformation of air pollutants in a local-to-regional scale. The most important among them are the microscale model MIMO, the nonhydrostatic mesoscale model MEMO and the photochemical dispersion model MARS. MEMO and MARS form the core of a comprehensive model system, the so-called European Zooming Model (EZM), especially suited for urban air quality studies and analyses of atmospheric transport phenomena. Available at LHTEE are also two general purpose Computational Fluid Dynamic packages, namely the FAST-3D code developed at the Institute of Hyrdomechanics, University of Karlsruhe, Germany and TASCflow developed by the Advanced Scientific Computing Ltd., Canada. The two computer codes are especially suited for the heuristic study of complex fluid flow and dispersion of pollutants in street canyons and around buildings.


In the last 18 months LHTEE is contributing to the work of the European Topic Centre on Air Quality of the European Environment Agency. The Director of LHTEE is acting as the task leader for modelling in this Topic centre. Among other major contributions, LHTEE is participating at the preparation of key products of the Agency, as for example the Air Report and the Dobris+3 Report. In addition, the Director of LHTEE is also responsible for the WWW-based Model Documentation System which is currently under development. Finally, LHTEE’s Director is the designated co-ordinator of the subproject SATURN, aiming at detailed studies of urban air pollution in the frame of EUROTRAC-2.


The training ability of the institution is well established by its rich experience in educational activities: 14 PhD's (6 of them already completed), 3 pre-graduate level courses, dozens of diploma theses and hundreds of prime theses.


In the proposed network LHTEE will contribute to all the  sub-tasks related to the modelling activities of the work plan. Street canyon configurations will be studied with MIMO, with emphasis to the effects of the geometrical details, vehicle induced turbulence, thermal effects and fast chemistry (NO-NO2-O3 cycle). Appropriate boundary conditions at the upper boundary of the microscale computations will be provided by applying the mesoscale model MEMO. Lagrangian particle tracking will be studied with TASCflow. The results of the simulations will be compared with the results of relevant models and measurements within the network. 





Key scientific staff:			man months


Prof. Dr. Nicolas Moussiopoulos		2


Dr. Georgios Theodoridis			6


Dr. Sofia Papalexiou			2


Peter Sahm				2





Recent publications:


Power H. and Moussiopoulos N., eds (1996). Urban Air Pollution, Vol. 2, Computational Mechanics Publications, Southampton, pp. 260.


Moussiopoulos, N., Sahm, P., Karatzas, K., Papalexiou, S. and Karagiannidis, A. (1997), Assessing the impact of the new Athens airport to urban air quality with contemporary air pollution models. Atmos. Environ. 31, in press.








Contribution of the Cambridge Environmental Research Consultants (CERC)





CERC is an SME with expertise, enhanced by its close links with Cambridge University, in all aspects of environmental fluid mechanics.  The Company specialises in both research and model development in the general field of air quality and currently provide advice on air dispersion modelling to both the Department of the Environment and the Environment Agency in the UK.  It also has close links with many large industrial companies.


CERC is the principal developer of the urban version of the Atmospheric Dispersion Modelling System (ADMS-Urban).  This model is designed for practical use running interactively with Geographical Information Systems and it includes such features as the effects of complex terrain and buildings and allowance for short term fluctuations.  Application to the urban environment has been achieved by inclusion of algorithms to estimate traffic emissions from traffic flow details, a street canyon model based on OSPM developed by NERI and a chemistry model.  The model provides a very flexible platform for validation of a range of model parameterisation and improvements arising as a result of the study (eg more complex street architecture, calm wind conditions, roof level flow).


Although significant effort and considerable funding has been and is being expended in the development of models for urban dispersion and in the obtaining of experimental data sets to improve and validate the models, far less effort has been expended on providing formalised procedures for model validation and thus frequently the validation becomes an unstructured and arbitrary comparison of disparate bits of information.  This gives little or no guidance to users including regulatory authorities on the quality (fitness for purpose) of the models.  CERC will further develop formalised procedures for the evaluation of the quality of urban dispersion models in an objective and quantitative manner.  Urban dispersion models come in many forms with different applications and the protocol development will take this diversity into account.  Use will be made of current contacts with similar developments in the USA and the International Standards Organisation (ISO).





Key scientific staff:			man-month





Dr Rex E Britter			1


Dr David J Carruthers			3


Dr Christine A McHugh			2





Recent publications:


R.E. Britter. (1993). The evaluation of technical models used for major-accident hazard installations.  Report to CEC DGXII/E-I.  Report No EUR-14774-EN.


D.J. Carruthers and C.A. McHugh. (1996). ADMS-URBAN - a model of traffic, domestic and industrial pollution.  Presented at the 4th Workshop on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes, Oostende, May 1996.








Contribution of the TNO-Institute of Environmental Sciences, Energy Research and Process Innovation (TNO)


The main research activities of TNO Institute of Environmental Sciences, Energy Research and Process Innovation aim at developing sustainable production processes and efficient treatment and sanitation methods, developing and implementing sustainable production chains and minimisation of energy consumption, establishing sustainable use of materials by prevention, re-use and processing waste products, and determining the effects on the environmental quality and safety due to industrial activities and products, and transport.


The department Environmental Quality developed a family of so-called CAR-models from which two are within the scope of this project. The TNO Traffic Model (called also CAR Special) is a detailed model for calculating air pollution concentrations including percentiles along roads in built-up and rural areas. The model describes the dispersion of the emissions by traffic, influenced by buildings, trees, traffic noise screens and barriers, elevated and sunken roads, etc. The model is based on general dispersion theory and aerodynamics, a large number of wind tunnel simulations of roads in combination with a variety of obstacles, and on field measurements of roadside air pollution. 


CAR-International is an easy to use model that calculates air pollution concentrations from traffic and street characteristics. The dispersion parameters were derived from the TNO-Traffic Model. It has been developed for estimating local concentration and percentiles in cities and is valid for 5 to 30 meter from the road axis, for various road types, including the street canyon. 


The CAR-models in their current state will always be starting point for ongoing and new research activities.


The experimental data the models were based upon, will be available for research activities of the visiting young scientist in the framework of this project. 


TNO will contribute with their experience in modelling dispersion of road pollution and provide the necessary guidance for visiting scientists in verification, validation and improving the current models. The research activities of the visiting scientists will be carried out in ongoing research at the time of his stay. Improvement of the CAR-International model and the TNO-Traffic model takes place continuously during the application of these models in studies carried out for mainly authorities, and lead to ad-hoc solutions. At the moment we are planning additional research projects in order to improve and to extend our models according to a systematic approach. TNO will provide access to the following models for the dispersion of air pollution by traffic developed by TNO: TNO-traffic model, and CAR-international. The TNO models will be compared with models developed by the other participating institutes of the network and tested on experimental data. The required improvements of the TNO-Traffic model are focused on a better description of the effect of traffic noise screens and barriers, buildings near the road, and deepening and elevation of roads, on the concentrations of pollutants near roads. 


The required improvements of the CAR-International model are focused on a better description of the traffic induced turbulence, on a better method to estimate the regional background concentrations, and to extend the distance to the road for which the predictions are valid, and to incorporate more aspects related to other foreign countries (emission factors, climate, etc.).


Although the existing traffic pollution models are available in operational form, there is a need to adapt the models for describing the dispersion of pollutants in cities as a whole. This requires the scale of application to be extended from about 30 meters to several kilometres, and to tune the models to existing traffic and building related databases. A large project is momentarily running to cope among other with this problem in the next 2 years.


Data will be collected by a search in the open literature, by exchanging data between the participants of this project, carrying out field experiments and wind tunnel experiments, and numerical experiments by CFD-models. More advanced numerical models (CFD) may provide additional information on how to improve parameterisation of the applied models.





The key scientific staff:			man-month





Ir. C.J.H. van den Bosch			6


Dr. K.D. van den Hout			3


Dr. W.A.M. den Tonkelaar			3





Recent publications:


Duijm N.J., Van Melle A., (1992) Development of CAR-special (TNO-traffic model), part 2 Model description, Report R92-305, TNO-IMET, Apeldoorn, The Netherlands.


Den Boeft, J., Eerens, H.C., den Tonkelaar, W.A.M. and Zandveld, P.Y.J., (1996) CAR International: a simple model to determine city street quality. The Science of the Total Environment 189/190, 321-326.








Contribution of the University of Hamburg (MIHU)


The group from the Meteorological Institute of Hamburg University (MIHU) concentrates its efforts on the local scale. In co-operation with other German research institutes, a complex obstacle-resolving 3-d-numerical model (MITRAS) is under development which will be applied especially to urban air pollution problems. On the experimental side, wind tunnel studies have been and will be carried out within which the effect of building clusters or street canyons on pollutant dispersion is studied. These investigations include low wind situations in which dispersion is dominated by vehicle induced turbulence.


The Meteorological Institute is prepared to open its research facilities for young European postdocs or postgraduates who would like to participate in our research activities. The general objective of their work would be: 


to gain more insight in the complex physics involved in the dispersion of car emissions in city environments,


to contribute to the development of a complex non-hydrostatic micro-meteorological model for urban applications,


to generate a data base for model validation purposes and


to evaluate models they are familiar with or, alternatively, more sophisticated modern codes.





The Meteorological Institute of Hamburg University is one of the leading centres for atmospheric research in Germany. It has a permanent staff of 13 scientists and employs in addition about 35 research workers funded by external sources. Together with the Max-Planck-Institute for Meteorology and the German Computer Center for Climate Research (with which we share the building), the institute is equipped with most up-to-date computers ranging from the CRAY 960 to ordinary PCs. As the only meteorological institute in Germany, MIHU operates a laboratory with several boundary layer wind tunnels equipped with advanced instrumentation (Laser Doppler Velocimetry, Image Processing, Fast Flame Ionisation Detectors etc.). 


As a university, we offer access to all lectures and seminars the graduates might like to attend in order to broaden their professional skills. The young trainees will work in a team of about 10 scientists engaged in air pollution meteorology. The team has already established strong relationships with other research institutions in the European Union through numerous joint projects. The project leader is presently chairman of the management committee of COST-action 615 'Better Air in European Cities - Databases, Monitoring and Modelling' and member of an expert group in the German Engineering Society (VDI) which works on national guidelines for modelling the dispersion of car emissions in urban areas.





The key scientific staff:			man-month





Prof. Dr. Michael Schatzmann		1


Dr. Heinke Schluenzen			2


Dr. Stilianos Rafailidis			2


Dr. Frank Mueller			2


Dr. Joachim Liedtke			2


Dr. Bernd Leitl			2





Recent publications:


Pavageau, M., Rafailidis, S. and Schatzmann, M. (1997) A comprehensive experimental databank for the validation of urban car emission dispersion models. Intl. J. Environment and Pollution (in print).


Schluenzen, H. (1997) On the validation of high-resolution atmospheric mesoscale models. J. Wind Eng. and Ind. Aerodyn. (in print).








COLLABORATION BETWEEN THE TEAMS


The teams in the network will collaborate by exchanging experiences, methods and results from their research activities defined in Chapter 5. Experimental data from wind tunnel experiments and field measurements will be used by the modelling groups for testing and optimisation of the modelling methods. The different modelling techniques will be compared and combined in order to reach overall objectives of the network.


Although all of the teams in the network represent the most experienced European groups in their field of research, none of the teams cover all of the necessary different aspects of air pollution modelling by themselves. However, as indicated in Section 6, most of the network teams have already been collaborating with one or more of the others and this familiarity will greatly assist the rapid consolidation of the network at the commencement of the project. 


All of the data and results obtained by the network teams will be available for the other teams and used in the work, primarily by the visiting scientists.


The study implies model validations against experimental data. These validations are expected to be realised with the experimental data obtained by the other teams in the network, either at full scale (NERI, ETHZ) or in wind tunnels (U.Surrey, MIHU, U.Karlsruhe). Also a large effort of cross-validations will be undertaken by running comparative simulations with different numerical models and model combinations, e.g., the use of the Lagrangian particle model ALLSTAR (ETHZ) in combination with CHENSI (ECN) for dispersion within street canyons.


Finally, close co-operation will be needed to translate the results of the numerical simulations and intercomparisons into parameterisations to be included in operational models (NERI, LCE, CERC, TNO).


Teams having their experience in advanced computational methods or laboratory techniques used in engineering problems will benefit from the experience of the teams working in the field of atmospheric turbulence and air pollution.


Of particular importance will be the exchange of experience and working contacts between the groups operating mainly in the field of research (universities) and the teams having their experience in regulatory applications of air pollution models (consulting companies, governmental agencies).


Definition of the main working roles of the participating teams is shown in Figure 7.1
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Figure � TYPOHENVIS 1 \n �7�.� SEKVENS Figure \* ARABERTAL \r 1 �1� Definition of the main working roles of the participating teams.





ORGANISATION AND MANAGEMENT OF THE NETWORK


The exchange of the results and data will mainly take place by electronic means. Evaluation and utilisation of the results will be discussed at workshops organised on a regular basis. Two workshops are planned for the first year and one workshop per year for the two subsequent years.


A co-ordination group consisting of leading senior scientists from each of the participating teams will be established. This group will be responsible for implementation of the research results and co-ordination of the work performed by the visiting scientists.


Publications and working reports concerning results obtained in the frames of the network will be evaluated by the co-ordination group.


The proposed network co-ordinator will be Dr. Ruwim Berkowicz from the National Environmental Research Institute, Denmark.


R. Berkowicz has been working in the field of air pollution modelling since 1976. He has participated in the development of modelling methods ranging from global-scale modelling to local-scale street pollution models and in general research concerning atmospheric turbulence and dispersion.


He was in charge of the group developing the Danish regulatory air pollution model for industrial sources - the OML model. This work was conducted in co-operation between engineering consulting companies, Danish Power Plants Association and the National Environmental Protection Agency. After that he lead several projects on the application of the OML model for mapping of air pollution in Danish cities and for the purpose of licensing large power plants.


Since 1988 he has mainly been working in the field of air pollution from traffic and, especially, the development of the Operational Street Pollution Model (OSPM). In the last four years he has acted as a co-ordinator of the project on Air Pollution from Traffic in Urban Areas, conducted within the framework of the Danish National Environmental Research Programme. In this project, several Danish institutions covering such fields as: chemical measurements, meteorological measurements, traffic analyses and model development, were participating. Besides the administrative co-ordination he was responsible for synthesis of the collected data and implementation of these data for model evaluation and development.


TRAINING NEED


Several initiatives have been taken within Europe during the past few years concerning the management of dispersion models for regulatory purposes. A great deal of knowledge and experience is documented in the scientific literature and the role of models is to generalise this information into sets of rules and procedures which can be used in practice. However, at present, new scientific developments do not seem to be transferred to the user community as efficiently as they should be. This statement is valid for air pollution models in general, but modelling of traffic pollution and pollution in urban areas requires special care due to the diversity of the disciplines involved.


Bringing together European scientists representing the different disciplines and giving them the opportunity through the work in a research network to combine their efforts for improvement of the modelling methods has an obvious advantage.


The network will provide the young academic researchers, who have shown a high degree of scientific skill in their field of research, with the opportunity to utilise their knowledge in the field of practical implementation of air pollution modelling tools. It is anticipated that, not only will the researchers utilise their existing expertise within the network, but they will also gain new skills from working within a different institution and from working closely with other network researchers who have backgrounds in other disciplines.








TRAINING PROGRAMME


The training programme will mainly consist in participation of the visiting researchers in the work of the networking teams. The university teams can provide specialised courses in the field of interest for the network objectives. The researchers will be strongly encouraged to attend the specialised training courses run by many of the participating institutions in order to assist the development of new skills. Within some of the institutions further opportunities for continuing professional development are available in the form of more general courses covering aspects such as personnel management, time management, research skills and finance.


The tentative training programme is outlined in Table 10.1.








Table � TYPOHENVIS 1 \n �10�.� SEKVENS Table \* ARABERTAL \r 1 �1� Tentative training programme.


Team�
Visiting researchers


(in man-month)�
Likely scientific 


speciality of visiting 


researchers�
Specialised courses 


offered�
�
NERI�
24�
Meteorology, experimental data analysis, numerical modelling, computational fluid dynamics, wind tunnel modelling�
�
�
U.Surrey�
24�
Wind tunnel modelling, instrumentation development�
Wind Engineering, Fluid Flow and Pollutant Dispersion in the Environment�
�
U.Karlsruhe�
18�
Meteorology, experimental data analysis, numerical modelling, computational fluid dynamics, wind tunnel modelling�
�
�
ETHZ�
24�
Atmospheric scientist specialised in boundary-layer physics/meteorology�
Courses on Applied Climatology: Air Pollution Modelling�
�
ECN�
24�
Computational fluid dynamics, numerical modelling, experimental data analysis�
Training/courses in vectorized and/or parallel computational techniques at IDRIS, and in the management and development of very large simulation model systems�
�
LCE�
18�
Numerical modelling�
�
�
LHTEE/AUT�
30�
Numerical modelling, computational fluid dynamics�
�
�
CERC�
24�
Fluid dynamics, meteorology�
Fundamentals of air pollution modelling�
�
TNO�
36�
Physics or chemical engineering degree, preferably: meteorological or atmospheric dispersion background or experience in computational fluid dynamics; experience in software development�
�
�
MIHU�
24�
Computational fluid dynamics, atmospheric chemistry, physical simulations in boundary layer wind tunnels, model validation.�
University lectures in the 


following subjects:


Hydrodynamics, Turbulence, Atmospheric chemistry, Environmental meteorology, Numerical modelling.�
�



The network vacancies will be published on the home page on the CORDIS World Wide Web and through contacts between network teams. Young researchers associated with the participating teams will be preferred. Several young researchers are currently preparing a doctorate within the participating teams: they will be the most probable candidates to the post-doctoral positions open in the other teams of the network.





CONNECTIONS TO INDUSTRY


The connection of the proposed network with industry is related to the exploitation of the results in environmental protection and policy. Public and private organisations have an interest in air quality survey networks, to assess city sensor representativeness and to analyse their measurements.


The obvious interest of the automobile industry in better methods to predict the effectiveness of the measures designed to control atmospheric pollution from road transport was demonstrated in the collaborative programme between the Commission, the European Automobile Industry and The European Oil Industry - the Auto Oil I programme. A new Auto Oil II programme is being initiated. Members of the proposed network, being leading specialists in air pollution modelling, are potential contributors to this programme.


Two of the proposed network teams (LCE and CERC) are from SME organisations





FINANCIAL INFORMATION


Table � TYPOHENVIS 1 \n �12�.� SEKVENS Table \* ARABERTAL \r 1 �1� Requested funding. The amounts are in kECU


No�
Team�
Visiting 


researchers


(A)�
Networking 


costs


(B)�
Other direct


costs


(C)�
Overheads





(D)�
Total�
�
1�
NERI�
90�
25�
20�
27�
162�
�
2�
U.Surrey�
69�
16�
16�
20�
121�
�
3�
U.Karlsruhe�
108�
20�
48�
20�
196�
�
4�
ETHZ*�
(120)�
(13)�
(0)�
(10)�
(143)*�
�
5�
ECN�
94�
24�
22�
28�
� =SUM(left) �168��
�
6�
LCE�
99�
21�
21�
18�
159�
�
7�
LHTEE/AUT�
84�
24�
20�
26�
154�
�
8�
CERC�
90�
20�
20�
26�
156�
�
9�
TNO�
140�
21�
15�
34�
210�
�
10�
MIHU�
100�
20�
40�
32�
192�
�
�
TOTAL�
� =SUM(ABOVE) �874��
� =SUM(ABOVE) �191��
� =SUM(ABOVE) �222��
� =SUM(ABOVE) �231��
� =SUM(ABOVE) �1518�**�
�
* funding will be provided by the Swiss government


** without the contribution from the Swiss contractor


Optimisation of Modelling Methods for Traffic Pollution in Streets  (TRAPOS)
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