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1.
Report on the work of the subproject

1.1
Summary


In general, 1999 showed a clear continuation of the work what had been done in 1998. The most interesting subjects were:

· The growing number of models which are capable of calculating long term averages at an hour-by-hour basis.

· The growing experience in the modelling, next to photo-oxidants, of aerosols.

· The growing number of models which are capable of performing real-time ozone forecasting.

· Further improvement in scale-interaction/nesting, from global to regional to small scale.

· The growing experience in data-assimilation, both adjoint as well as Kalman-filtering, and the permanent improvement of numerical techniques.

· The further evaluation of a number of models versus the German field campaigns FLUMOB and BERLIOZ, as well as modelling for PIPAPO and VOTALP.

· The growing interaction with Saturn, using also the German TFS-experience, in the development of model validation methods, using among other activities, august 1997 as a test-case.

The third GLOREAM workshop was held in September 1999 at Ischia by Naples, and was attended by nearly all principal investigators. Proceedings of this workshop are available.

At the beginning of 1999, GLOREAM had 38 principal investigators and 40 different projects. One project was finalized in 1999, some principal investigators were replaced by others. By the end of 1999, GLOREAM had 37 principal investigators and 39 different projects.

In 1999, most cooperation with other EOROTRAC subprojects was with SATURN and GENEMIS. The cooperation with TOR-2 and CMD has improved.

As has been mentioned in the 1998 annual report, most funding for the different projects was by national funding, with very limited funding by the 4th framework program of the EU. A substantial amount of GLOREAM principal investigators were actively involved in the formulation of project proposals for the 5th framework program of DG XII, especially focusing on the more policy oriented aspects of that program.

1.2 The aims of the period’s work

The general aim of GLOREAM is to investigate by means of advanced and integrated modelling the processes and phenomena which determine the chemical composition of the troposphere over Europe and on a global scale.

The aims for 1999 as formulated in the annual report of 1998 were:

· Further development in the areas of long-term modelling, aerosol modelling, real-time ozone forecasting and data-assimilation.

· Further development in parallel computing and high performance computing and networking.

· Further development in the area of model evaluation and validation.

· Strengthening the cooperation with SATURN and GENEMIS, and improving the cooperation with TOR-2, CMD and BIATEX.

Generally speaking, these aims have been met in 1999, with the exception of a better cooperation with BIATEX.

Although not explicitly stated, a further aim was to increase the number of principal investigators in the central and eastern part of Europe, and to increase the cooperation and interaction between global and regional modelling. It should be admitted that hardly any progress has been made in improving these two relatively weak parts of GLOREAM.

GLOREAM has been split up in 5 working groups:

· Model investigation and improvement

· Global modelling

· Model application and assessment

· Computational aspects

· Model evaluation and validation.

The first three working groups address different research areas of GLOREAM, the last two working groups are more of a generic nature and have connections with all projects. The results over 1999 are presented below according to these 5 working groups.

1.3
Model investigation and improvement

1.3.1
Activities during the year

With respect to the aims of task 1, work has been done in the improvement of input data (landuse data, biogenic and anthropogenic emissions), parameterization of chemical and dynamical processes (e.g. aerosols and clouds) and the investigation of advanced air pollution modeling systems performance and sensitivity. New and highly advanced numerical schemes have been developed for comprehensive air pollution models, e.g. for data assimilation on the basis of adjoint modeling and Kalman filters.

Incorporation of improved input data, sensitivity studies

Emission data used in the modeling systems participating in GLOREAM are in a permanent process of improvement by intensive interaction with the EUROTRAC subproject GENEMIS. These data have been used for source category dependent emission scenarios (Jonson et al.) or modeling of field experiments (e.g. BERLIOZ; Memmesheimer et al.). Specific improvements of input data have been undertaken with respect to land use and topographic information. A Geographic Information System (GIS) has been used for this purpose together with a Relational Databank Management System (RDMBS). The GIS/RDMBS has been used to improve the interface to air pollution models and to investigate the effect of spatial resolution and different numerical methods used to generate land use data for model applications. The uncertainty of biogenic emissions based on landuse data has been investigated (Smiatek). The boundary and/or initial values for chemical transport models have been generated by data assimilation (Kalman-Filter; Builtjes et al., 4DVar, Elbern) or results from global models (Jonson et al.). Coupling to global models allows to estimate the impact of increasing ozone in the global free troposphere on ozone in the planetary boundary layer in Europe (Jonson et al.).

Improvement and investigation of process parameterization

Considerable efforts have been undertaken to include atmospheric particle modeling and multiphase interactions (gas-phase, aerosol-phase and cloud modeling). Highly sophisticated modules have been developed which can be used for air pollution planning e.g. with respect to EU air pollution directives (PM10, PM2.5). A new particulate model to study the impact of traffic emissions on air quality has been developed on the basis of MADE and EURAD (Ackermann et al.) and implemented into several 3D-CTMs (MADE/EURAD, Ackermann et al., Memmesheimer et al.; MADE/LOTOS, Builtjes et al.) The MADE module has been considerably improved with respect to the treatment of secondary organic aerosols, sedimentation and cloud-aerosol interactions. Within 3D-Models it can also be used for the planning of field campaigns using the nesting option (interaction with subproject AEROSOL) and for long term simulations. Comparison of different parameterizations of photolysis rates has been performed for the modeling system REM3 (Flemming et al.). Calculations and analysis of dynamical and chemical processes on the basis of episodic model simulations have been done with the EURAD model, in particular for FLUMOB/BERLIOZ and the alpine region (VOTALP) (Memmesheimer et al.). In order to relate emissions to critical load maps deposition schemes have to be developed and model calculations have to be evaluated. Borrego et al. improved the dry deposition scheme in a photochemistry model and analysed the principal factors governing the deposition fluxes of gases with a particular focus on the deposition of ozone.

Model hierarchy, linking of different scales; operational use

Models in GLOREAM now usually uses the nesting technique to consider regional and local scales (Europe ( urban). Application of the nesting technique has been used to simulate episodes where field campaigns has been done (e.g. EURAD with respect to BERLIOZ, PIPAPO and VOTALP).

Some models have been applied to seasonal/annual time scale or to global modeling systems, e.g. the EMEP Eulerian photochemistry model (HIRLAM-CTM, Jonson). Some models used operationally, e.g. the DMU-ATMI-THOR air pollution forecast system (Brandt), REM3 (Flemming et al.) and the model system of the German weather service (LM coupled with EURAD-CTM and the emission model ECM; Tilmes/Zimmermann/Jacobsen). The Danish system DMU-ATMI-THOR also has been coupled to a street canyon model (OSPM).

Data assimilation and numerical techniques

Several advection schemes have been investigated within the framework of the Bulgarian Air Pollution modeling system with strong emphasis on the application to non-homogeneous grids (TRAP scheme; Syrakov). Considerable work has been undertaken in the further development of data assimilation techniques including adjoint modeling and Kalman filtering (Builtjes et al.; Elbern and Schmitt, 1999). Data assimilation techniques have been used to improve the initial values of models and, with regard to 4Dvar, for the investigation of the sensitivity of air pollution models.

1.3.2
Principal results

Incorporation of improved input data, sensitivity studies

Improved input data, in particular emission data from GENEMIS provided by the IER, have been used for the simulation of field experiments and evaluation purposes (e.g. FLUMOB and BERLIOZ, Memmesheimer et al.; Nester). Emission scenarios developed for the year 2010 have been used for model calculations within the EMEP framework. AOT40 and AOT60 values have been calculated by the EMEP regional scale Eulerian Photochemistry model.

The reference years 1996 and 2010 have been compared with respect to the influence of changing emissions in Europe and the influence of increased ozone in the free troposphere on a global scale. It could be shown that the largest ozone changes in the European boundary layer are due to European emissions and not to the global increase of ozone till the year 2010 in the free troposphere due to increasing emissions outside Europe. Further it could be shown that emissions due to heavy duty vehicles contribute most to the ozone production in the year 2010 (Jonson et al.).

With respect to landuse data a strong influence of spatial resolution could be shown for meteorological parameters as well as for biogenic emissions. The use of different spatial resolution and grid interpolation schemes can cause more than 60% differences in the amount of emitted biogenic compounds (Smiatek).

Improvement and investigation of process parameterization

Improvement of aerosol modeling within regional air pollution models leads to the following results (MADE/EURAD, Ackermann et al.): Sedimentation and re-distribution by clouds is an important process for primary coarse mode particles whereas a comparison of different thermodynamical mechanisms revealed only slight differences in the simulation results. The Bott advection scheme does not seem to be feasible for aerosol particle simulation due to large gradients typically associated with PM modelling. Formation of secondary organic particles of biogenic and anthropogenic origin contributes significantly to the total PM load.

The REM3 model has been used to investigate the impact of diagnostic and prognostic cloud coverage data on photolysis frequencies. It could be shown that the knowledge of liquid water content and data for cloud geometry can be used to formulate a parameterization for the photolysis rates used in the model (Flemming et al.).

The analysis of different contributions to the mass budget of ozone performed with the EURAD model (Memmesheimer et al.) show clearly that the near source regions acts chemically as sink for ozone, in particular in larger cities or highly populated areas as parts of Nordrhein-Westfalen or the Benelux region. This point towards the strong importance of vertical exchange processes within the planetary boundary layer to compensate the losses due to chemical processes and to explain the temporal development of near-surface observations.

Sensitivity studies with the improved deposition scheme implemented in the model UAM (Borrego et al.) showed that results are strongly dependent on the mixing height of the model and that differences between model and observations may be attributed to deficiencies of the mixing height calculations.

Model hierarchy, linking of different scales; operational use

Nesting techniques have been used to couple different scales from Europe to local scales. Applications involve the BERLIOZ field campaign to investigate ozone formation in the plume of Berlin (EURAD, Memmesheimer et al.) and particulate matter in Nordrhein-Westfalen (Ackermann et al.). Typical grid sizes are 1-2 km. Process analysis on the basis of modeling show the impact of dynamical and chemical processes for ozone formation. Ozone formation in urban areas seem to be most effective in an altitude region of several hundred meters. It could be shown that the contribution of different processes to the tendency terms in the mass continuity equation can differ considerably, even if the concentrations are similar. In particular the differences obtained from different nest levels with respect to vertical exchange processes have been found to be large even if the spatially averaged concentrations are similar for the different nest levels. Application to the alpine region show the importance of mountains for vertical exchange of air pollutants. The results of a no mountain case show NOx-concentrations for the 700 hPa level (about 3000 m altitude) which are only in the order of 20% compared to the case with mountains in the alpine region. This also leads to enhanced photochemical production, at least for this height range.

The EMEP model has been linked to the global scale by the use of boundary values, the Danish model includes street canyon modeling and might serve as a link to SATURN.

Data assimilation and numerical techniques
An episode in August 1997 has been selected to test a 4D variational data assimilation scheme with the aim to optimize the initial concentrations used in CTM simulations (EURAD, Elbern and Schmitt, 1999). It could be shown that the initial values obtained by the data assimilation scheme leads to an improved subsequent forecast. Sensitivity runs have been carried out with different data assimilation windows and radii of influence to find an optimal configuration for the application of the data assimilation scheme.

The TRAP advection scheme has been tested for homogeneous and non-homogeneous grids, in particular for cases with steep vertical gradients. Non-homogeneous grids have some problems with regard to numerical dispersion which is too large leading to a faster decrease of profile maximum.

1.3.3
Main Conclusions

Considerable progress has been achieved within 1999 in the handling, quality and uncertainty analysis of input data, development, implementation and investigation of parametrizations for atmospheric models, in the extension of episodic modeling to seasonal or annual applications and the use of complex atmospheric models for operational forecast.

An interface between air pollution modeling systems and biogenic emissions generated within a Geographical Information System has been developed and tested for complex regional model applications. The uncertainties in different grid-interpolation schemes have been investigated. Emission scenarios for different reference years (e.g. 2010) have been developed. This allows to investigate the impact of European emissions on European planetary boundary ozone.

Process analysis allows for the investigation of the contribution of chemical and dynamical processes to the temporal evolution of atmospheric trace gas fields. It can be used to explore the mechanisms for the exchange of atmospheric constituents between the planetary boundary layer and the free troposphere (e.g. vertical turbulent exchange, role of mountains, cloud transport, frontal systems). This leads to direct link to the subproject TOR-2, task 2.

Aerosols have been included in episodic regional modeling including applications to a summer episode. This offers the opportunity to study the source contributions to aerosol load in the atmosphere which is an important and valuable extension of pure photochemical modeling - also with respect to the planned EU directives. The models are now able to perform long-term simulations on a seasonal and annual basis with regard to governmental regulations. On the other hand the modeling systems can be used for the planning and analysis of field experiments as planned within the subproject AEROSOL.

Numerical techniques (advection schemes, data assimilation) have been improved considerably. In particular, advanced data assimilation techniques based on adjoint modeling of CTMs offers the possibility to merge observations and model results. The use of satellite data is of specific interest in the application of data assimilation.

Operational use of CTMs and long term runs are new fields of application of atmospheric models. This offers new possibilities for science and environmental planning due to the large amount of model results generated. But it also points towards the need that new methods have to be developed to analyse the data and to evaluate the results of long-term runs of models with measurements taken on a routine basis for a seasonal or annual scale. The coupling of street canyon models to regional models, which is an additional step in complexity of air quality models, gives a link to the EUROTRAC subproject SATURN.
1.3.4
Policy relevant results

In general the considerable development achieved with respect to input data and progress in process modeling (e.g. aerosols) leads to further improvement of complex models as a tool for the planning of air pollution abatement strategies. In particular the possibility to perform long term runs provides the possibility to estimate AOT40 or AOT60 values and their response on emission reduction scenarios. The recently developed modules for the simulation of atmospheric particulates can be used with respect to the planned EU directives by environmental agencies and industry.
1.3.5
Aims for the following year

Aims for the future are a further improvement of input data (landuse, plant species categories, emission factors; anthropogenic emissions) and the investigation of the impact of uncertainties in input data on air quality model results. This will be achieved by stronger interaction with GENEMIS. In particular, more information is needed with respect to particle emissions (size distribution, composition) with the aim to get more reliable results, in particular for the decision makers.

Chemical process modeling will be continued and supported by sensitivity studies. Interaction with CMD is planned to improve gas phase chemistry as well as heterogeneous chemistry.

Dynamical processes in the planetary boundary layer are planned to be incorporated in a more sophisticated way into the air quality models used in GLOREAM.

Emission data sets that differentiate between source categories will be used  to evaluate source type contributions to the tropospheric aerosol loading and to quantify the contributions of primary and secondary particles to this load.

Process analysis and budget studies will be performed to investigate the importance of different terms in the mass continuity equation for the concentration fields over Europe and polluted subregions.

Some models will be extended from regional to local scales and even coupled with street canyon modeling. Interaction with SATURN will be enhanced in the next years with respect to these activities.

Chemistry-Transport models will be optimized for operational use to perform trace gas forecasts. Longterm runs are planned with respect to EU-directives including atmospheric particles.

1.4
Global Modeling

1.4.1
Activities during the year

Studies with a focus on the global scale make use of CTMs (=chemical transport model) and of GCMs (general circulation models). Within the GLOREAM project the following models were applied: CTMs: Danish Eulerian Hemispheric Model, IMAGES, MOGUNTIA, TOMCAT, TM3; GCM: ECHAM4. Studies during the year 1999 investigated the sensitivity of calculated atmospheric pollution loads against the resolution of anthropogenic emission inventories, developed and tested new parameterisations, and did budget studies with the goal to assess the impact of different sources on air pollution levels.

Brocheton et al. did a sensitivity study investigating the importance of detailed spatial resolution of anthropogenic emissions. Brocheton performed three simulations, one with a fine resolving regional model (0.35x0.35) and with emissions using the GENEMIS data base, a second one with the regional model but with emissions as in the IMAGES model (5x5), and a third one with the grid-size resolution of IMAGES. A comparison of these simulations allows to quantify the effect of emission's dilution and the effect of the horizontal resolution on transport and chemistry.

Christensen developed further the Danish Eulerian Hemispheric Model which will be applied to study air pollution in the Arctic. The model includes a photochemistry scheme predicting 55 chemical species. More recently a scheme to calculate the atmospheric distribution and deposition fluxes of lead was introduced and successfully tested. A new mercury model is under development. Land et al. report results of the model intercomparison model workshop COSAM. The objective of this comparison was to evaluate the performance of large-scale models to predict atmospheric sulfate concentrations and associated precursors. In order to enable model validation on smaller temporal scales, a Newtonian relaxation was applied and the GCM ECHAM was forced to model the episode July 1993 until June 1994.

Law et al. report model simulations with TOMCAT covering the period of the EU MAXOX aircraft measurement campaign. Model results were compared to observed ozone, carbon-monoxide and the first time also to peroxy-radical concentrations. TOMCAT was also used to quantify the impact of transport from the stratosphere on the tropospheric ozone budget. Zimmermann developed a theoretical concept introducing artificial "Numerical Isotopes" in order to mark atmospheric constituents according to their origin and to the physical and chemical processes controlling the atmospheric composition.

Kelder et al. improved the parameterization of turbulent diffusion to a non-local scheme and investigated the impact of aircraft emissions. They also applied data-assimilation with TM3 and GOME observations of total column ozone.

1.4.2
Principal results and main conclusions

Brocheton's et al. study about the influence of spatial resolution of emission inventories on atmospheric species concentrations showed that the dilution of emissions in coarse resolving models leads to significant differences within the PBL but the impact on free troposphere concentrations is relatively small. In particular, the dilution of the emission lead to an underestimate of NOx and nitrogen reservoir species in polluted plumes and to an overestimation far away from the sources. These results suggest to put more efforts to parameterize sub-grid scale processes associated with emissions.

The TOMCAT model was used to explain the build-up of ozone over Europe in spring. The results suggest that 30-40% of ozone has stratospheric origin in winter and early spring but in summer less than 10% of ozone comes from the stratosphere and photochemistry dominates up to an altitude of 9 km.

With the TM3 model it was found that the NOX-concentrations in the North Atlantic flight corridor were for about 50% determined by aircraft emissions, whereas only 10% of the ozone concentrations could be ascribed to these sources. Surface emissions of NOX contribute to about 30% to the ozone at these levels.

1.4.3
Policy relevant results

Numerical simulation is the most efficient tool to relate air pollution concentrations and deposition of harmful substances to specific sources and to develop abatement strategies. Only numerical models can tell us how the oxidation capacity and the chemical composition of the atmosphere changes in a changing climate. Nevertheless, the model parameterisations have to be evaluated by comparison to observations, the sensitivity of the models has to be investigated and state of the art approaches have to be used. Studies of the ozone budgets over Europe and the sources of precursor species contributing to the ozone load can help to define better strategies to avoid high pollution concentrations.

1.4.4
Aim of the coming year

Improvement of the different model components, evaluation and sensitivity studies will be a main topic also in the next year. With the CTM MOZART, operated by the MPI Hamburg, a new global chemistry model will contribute to GLOREAM. Due to increasing computer capacity global models will improve the model resolution from currently  250x250 km to 50x50 km in the very near future. This requires a closer cooperation between groups operating regional and global models. Better resolving global models need emission inventories developed by regional modeller groups and will benefit from model components designed for application in better resolving models. Because spatially and temporally high resolved emissions and observations are only available in certain parts of the world concepts as developed by Berkvens are very promising. Berkvens developed a zooming version of the global CTM TM3 which allows to do the calculations globally and therefore to avoid uncertainties associated with the mass fluxes through the boundaries but to resolve some regions of interest much better.

1.5
Model application and assessment studies

1.5.1
Activities during the year

During the year of 1999, regional models have undergone some improvements and evaluation processes. Concerning the IMUB meteorological model (Eta Model) work has been initiated on model data initialisation in order to get more realistic simulation of constituents transport, and attention was given to modelled trajectories. Sensitivity studies were done on the case of Saharan dust long-range transport and air pollution originated form oil refineries fires under war conditions in Yugoslavia.

Concerning the EUROS model, attention was paid on its development and the implementation for policy support with respect to tropospheric ozone in Belgium. Several tasks were outlined (and performed in close cooperation with RIVM in the Netherlands) to achieve it namely biogenic and anthropogenic emission modelling, implementation of meteorological data (ECMWF and ALADIN) and the optimisation of the chemistry and advection modules in the EUROS model. On the other hand, the preparation of the STAAARTE-TFLUX data set was also theme of concern. This data set includes airborne measurements, ground based measurements (automatic measurement network), grab samples analysed on NMVOC components, and ozone soundings at the RMI Uccle.

Developments into the LOTOS model were taken on the Kalman filter data assimilation technique approach, which can handle non-linear chemistry. The Kalman filter was used for a period of two weeks in august 1997. Further developments were taken into the LOTOS’s aerosol module in cooperation with FORD-Aachen. Simulated hourly concentrations of the secondary sulphate, nitrate and ammonium aerosols were analysed for august 1997 and the year of 1994.

During the year 1999, the Danish Eulerian Hemispheric Model the model performance has been improved by means of a better treatment of physical parameterisations and a higher spatial resolution around Greenland into the meteorological model. The photochemical module has been coupled to meteorology, the EDGAR emissions data on a 1ox1o grid have been used and these emissions are redistributed to the grid used in the model, dry deposition based on the resistance method and wet deposition based on simplified scavenging have been introduced. The model has been run for several years and the validation of the model results has been initiated. Concerning heavy metals, both mercury and lead models are under development to be included in the photochemical model in the future.

In order to go through on setting up a comprehensive modelling system to be used on the analysis of emissions and abatement strategies and critical loads/levels compliance over Italy, preliminary tests were performed over this country with the long-term version of the STEM 3D Eulerian model for acidifying species, including comparison of results with analogous quantities from existing Lagrangian back-trajectory model and with monitoring data. The chemical mechanism used is based on the EMEP-II acid mechanism.

In the frame of the German Tropospheric Research Programme the mesoscale Chemistry-Transport Model System KAMM/DRAIS was under an evaluation process. The episode under consideration occurred during July 26/27 of 1994, during the FLUMOB measurement campaign. The model domain is centred, approximately, in the city of Berlin, with an area of 140 km * 120 km with a horizontal grid resolution of 2 km. Boundary conditions were taken from the simulations results of the European model EURAD and the emission data provided by IER, at Stuttgart.

With the purpose of the environmental assessment of energy systems in Switzerland, air quality simulations were performed using the 3D photochemical dispersion model Urban Airshed Model (UAM). The model was evaluated under winter conditions (dry anticyclone conditions with covered skies) with the meteorological SAIMM pre-processor and air pollutants projected emissions for the year 2030, considering two scenarios: 1) reduction of traffic emissions by 30% in whole Switzerland and 2) replacement of nuclear power plants by fossil fuel plants.

The same approach was undertaken with the model system METRAS-MUSCAT in order to investigate the transport and distribution of sulphur dioxid, ozone and aerosol particles over the Black Triangle area, Germany. Model results have been evaluated in terms of the pollutant situation for past (1996), present (1998) and future (2005) emission scenarios and for different emission source types. Special attention has been paid to the question if the respective EU-guidelines for 2005 will be met or under which conditions they can be fulfilled.

The Municipality of Madrid is also interested in the assessment of ozone concentrations fields based on different emissions scenarios. The ANA model (Atmospheric mesoscale Numerical Pollution model for regional and urban Areas) was applied to study the relative importance of the traffic emissions generated on the city of Madrid and the traffic emissions generated on the surrounding areas over a domain of 80 km x 100 km (5 km spatial resolution). Three emissions scenarios were considered: A, scenario with full emissions (city and surrounding areas), B, scenario without emissions due to traffic in the city domain (those cells associated to Madrid city with 5 km spatial resolution) and C, scenario without the traffic emissions due to traffic in the surrounding areas of Madrid.

1.5.2
Principal results

Concerning the improvements on the Eta model, a “super-Matsuno” style scheme was applied as a filter. The scheme was only applied to the adjustment term of the model time differencing, which was more easy to implement than the original Fox-Rabinovicz method. The super-Matsuno style scheme is found to balance initially unbalanced external and internal modes and to significantly reduce the high-frequency noise during the first 6 time steps.

Trajectory calculations are applied to flow over complex terrain to study a sensitivity of forecast trajectories to wind data inputs during the strong local wind conditions (Lazic and Tosic, 2000). A realistic real data 48 h simulations of a local Bora and Koshawa wind cases are achieved using the model with a 28 km horizontal resolution and 16 layers in the vertical. Forecast reference trajectories and forecast trajectories with different wind data frequency were computed at eight vertical levels using Eta Model. Numerical experiments with different frequencies of wind data in trajectory calculations (90 s - control case, 15 min, 30 min, 1 h, 3 h, 6 h and 12 h) over the Bora and Koshawa wind regions are performed. Mean absolute error (distance between reference and forecast trajectory), mean relative error (mean absolute error divided by mean reference trajectory total transport distance) in both horizontal and vertical directions were computed. The 4515 locations are compared against the control case. The mean relative error for all forecast trajectories in Bora case is about 30%, and in Koshawa case is 20%. Trajectories with wind data frequency of 15 min, 30 min and 1 h are accurate enough, with the mean relative error that is less than 10% in Bora case and less than 5% in Koshawa case. The mean relative error of parcel positions along trajectories shows large values in case of 3 h, 6 h and 12 h wind data frequency, especially in vertical direction. In general, Koshawa case was the less sensitive to the temporal frequency of wind data, while Bora case was the more sensitive. A maximum of the mean relative error (about 200%) is associated with forecast trajectories in vertical direction in case of 12 h wind data frequency of Bora wind. This result suggests that trajectories calculated from the analysed wind data (12 h data frequency), when they are used, are not accurate. This result also indicates the importance of using the vertical velocity for calculating the trajectories. Concerning the Saharan dust transport to Europe, calculated trajectories show that convective storms along particle pathways provided the required uplift in the complex orographic conditions. Despite being less reliable in the simulation of lower level trajectories, the step-mountain Eta coordinate model is very suitable for illustrating air parcel crossing of the emission field from anthropogenic pollutant sources.

Work on regional air pollution originating from oil-refinery fires under war conditions in Yugoslavia has been initiated. The most severe environmental episodes in the area are expected to result from emissions that took place in the first and third weeks of April (4-7 and 12-19). Forward trajectories during the Pancevo and Novi Sad oil-refinery fires episodes based on the 72 h Eta Model forecast with a horizontal grid resolution of 0.5° x 0.5° were calculated. According to the trajectories, the pollutant puff was picked up over the area of oil-refinery fires and moved eastward over Romania, Bulgaria, Moldavia, Ukraine and Black Sea. This long-range transport occurred around level 500 hPa. The lower level trajectories from Pancevo indicate pollutant transport in short-regional and local scales towards the Belgrade area in the first day.

Concerning EUROS application, in 1999 improvements in estimating the mixing height were developed and tested. Various methods to determine the mixing height from the meteorological fields have been applied to two three-dimensional meteorological data sets: one with a coarse resolution covering the whole of Europe (ECMWF data set); and one with a high resolution limited to the Benelux area and the North of France (ALADIN data set). A method combining the usual criterion based on the Richardson Number and a criterion based on the integrated buoyant energy showed to be most adequate. This algorithm allows to strongly improving the results when a thin stable layer is present near the ground.

The data assimilation technique based Kalman-filtering, used in the LOTOS model, gives reliable and interesting results. Preliminary comparison of the aerosols concentrations calculated through the aerosol module indicates right order of magnitude.

Respecting the results obtained for Pb with the Danish Eulerian hemispheric Model were compared with measurements taken at Station Nord and they indicated a very good performance of the model. The model has also been used to investigate the contribution from different sources to the concentration and deposition of lead in the Arctic.

Applications of the Lagrangian back trajectories and the long term version of the STEM 3D Eulerian code to Italy shows that, after comparison with measured data, the STEM in fact predicts in general higher concentrations of primary species, especially near major metropolitan areas, with maximum values in closer accordance with yearly values typically observed in such areas. This can be attributed to the use of multiple layers, allowing a more realistic treatment of vertical gradients especially in proximity of high diffuse emissions. Wet depositions of sulphur and reduced nitrogen have a tendency to be underpredicted by both models, although this is less pronounced for STEM model. A better agreement is in general obtained in the case of oxidized nitrogen.

The application of the KAMM/DRAIS model system for the episode of July 26/27, 1994, shows that the ozone peak occurs in the leeward side of the city, 50 km apart. This is a typical smog episode with a maximum ozone concentration outside the city. Diurnal cycles of ozone concentration were compared with measurements at two stations, Brandenburg and Grunewald (Berlin). The cumulative frequency distribution shows that in 50% of the compared cases the difference between the measured and simulated ozone concentrations is less than 24 (g/m³ and the value of the correlation coefficient (0.8) is also satisfying. On an average the higher ozone concentrations are better simulated than the lower values, which show a larger scatter. A comparison between the ozone concentrations measured with the aircraft METAIR and the simulated values along the flight route provides a good agreement. The frequency distribution of the difference between measured and simulated ozone concentrations based on the METAIR aircraft data gives a better agreement compared to the ground level data. This difference is lower than 7 ppb in about 50% of the compared data and 10 ppb in about 70%, respectively. A corresponding evaluation with data of the ASK-16 aircraft shows a much worse agreement. This discrepancy is not yet explained.

The different emissions scenarios considered in the application of the UAM to Switzerland shows that reducing traffic emissions in winter does not affect the pollutant levels significantly, probably due to the effect of other emission sources such as heating. In summer however, it may decrease or increase ozone concentrations depending on the location. Replacing the nuclear power plants by the oil-driven combined-cycle power plants (as an extreme case) would increase SO2 and NO2 concentrations locally and critical levels for vegetation and limits for public health would be exceeded. Effects of this scenario are predicted to be more significant in winter than in summer. SAIMM, the meteorological pre-processor for UAM-V, computes reasonable data for pressure, temperature, wind velocity and vertical turbulent diffusivity. We found that the use of 68 ANETZ stations and 8 x 5 grid cells of the Swiss forecast model yield the best meteorological input data for UAM-V. Less stations or SM grid cells lead to a significant distortion of the wind field and the vertical diffusivity profile which control the distribution of the pollutants and the mixing height. Mixing ratios calculated by LOTOS were compared with that introduced as boundary conditions, found in the literature, shows some differences.

The METRAS-MUSCAT results for the area of Black Triangle, under different emissions scenarios, shows that a large part of sulfur dioxide originates from power plants and large industrial complexes especially in Northern Bohemia. Lower concentrations are the result of emissions from households and small consumers/industry. The main improvement of the pollution situation has taken place between 1996 and 1998 due to major desulfurization actions in the Bohemian power plants. From the simulations and the estimated emission situation for 2005 it can be concluded that air pollution from SO2 will not be of any importance any more. Especially the respective EU-guideline prescribing a threshold value of 125 µgm-3 (24 hour mean value) for not more than three days per year will most likely be kept. For ozone, the EU-guideline for 2005 prescribes a value of 120 µgm-3 as the maximum 8-hour mean during a day. The simulations here showed, that values would only be below this value for ozone background concentrations smaller than 90 µgm-3. Reducing the local emissions in this limited area would only have a minor effect on lowering the ozone concentrations. Emission reduction strategies have to be performed on a larger scale, at least on the European scale. For aerosol particles the EU-threshold value is 50µgm-3 (24-hours mean value) which may not be exceeded on more than 35 days during one year. From the simulations it can be estimated that this threshold value will mainly be kept. On the other hand, the emission data base is still under discussion. There are high uncertainties in the amount as well as in the size distribution. The specific size distribution of the different emission source types is still not known very well. Also, there is a lack of knowledge in terms of the chemical composition of aerosol particles. Furthermore, the relevant measure in terms of health effects, mass concentration or particle concentration, is still in debate.

The ANA model was applied over Madrid during one of the ozone episodes during 1999. The week of study is July 13-17, 1999. As described earlier, three different scenarios: A) Full Scenario: All emissions in the model domain during 120 hours of simulation. B) The emissions due to the traffic of Madrid Municipality are subtracted from the total emissions in those cells corresponding the Madrid Municipality Area. C) The emissions due to the traffic of the surrounding areas of the Madrid Municipality Area are subtracted from the total emissions. When the modeled results of scenario C are subtracted to model results under scenario B, ozone concentration diminishes about 18% in the city of Madrid and increases around 36% in the surroundings.

1.5.3
Main conclusions

Improvements made on the Eta model has been shown to perform satisfactorily, namely on the transport of constituents along trajectories, diffusion and wet and dry deposition. Also it was proved that correct wind data input in flow over complex terrain is very important on long range transport.

Various methods have been tested to determine the mixing height from the meteorological fields (ECMWF and ALADIN datasets). Based upon our results with the ECMWF meteo data, it appears that the Modified Bulk Richardson Number (MBRN) method is the most adequate. This method combines the usual criterion based on the Richardson Number and a criterion based on the integrated buoyant energy. This algorithm allows to strongly improving the results when a thin stable layer is present near the ground.

The data-assimilation technique included into the LOTOS model is tested and is now operational and can be applied for further studies. Secondary aerosols can be calculated with LOTOS.

The two chemistry models applied to Italy Both models have shown the capability of reproducing the main features of deposition over the region. The Eulerian model, however, is generally more consistent with the observations and is also able to reasonably reproduce the vertical profiles of concentrations. Emissions from neighboring countries and volcanoes, not considered in this preliminary application, need to be explicitly included.

The evaluation of the KAMM/DRAIS using the FLUMOB experiment using statistical methodology show that ozone concentrations in the late morning and the early afternoon are simulated better than in the other period of the day. The comparison of the ozone data from the aircraft with those of the simulation provides the astonishing result, that the agreement with the METAIR data is excellent, whereas it is poor with the ASK-16 data. This effect is not yet explained.

Simulations of a winter episode in Switzerland with the old version of UAM predict higher concentrations of NOx, VOC, SO2 and CO and lower concentrations of ozone than in summer. These differences are caused mainly by additional emission sources due to residential heating, smaller mixing layers and lower solar irradiance and air temperature. These results are preliminary because UAM has very limited possibilities to model the influence of clouds, low radiation or precipitation. The new version UAM-V has been substantially improved to meet these requirements.

Investigations of pollutants concentrations over the Black triangle show that for ozone, local emission reductions of the ozone precursors do not have the desired effect. Here, reduction strategies, at least on the European scale, have to be applied to reduce concentrations in a noticeable way. For aerosol particles, emission reduction strategies seem to be sufficient to keep values under the respective EU-value. On the other hand, this value is based on mass concentration rather than particle concentration that may be the more appropriate measure for human health relevance.

The calculation of ozone concentration fields over Madrid, considering different traffic emissions scenarios, points out that not only the amount of emissions is important but also how these emissions are distributed spatially. The importance of the present results is critical for the Madrid Municipality Environmental Management Department.

1.5.4
Policy relevant results

The results obtained in this task by the teams involved in it, show that fundamental investigation is still necessary to improve model results. This will allow to better calculating pollutant transport between the European countries as well as from other continents to the European continent. Validation of mesoscale model systems permits to calibrate them for studies on air pollutants abatement strategies to be applied over a specific area as well as studies the impacts of the implementation of new EC directives and Countries Governmental Laws concerning air pollutants and human and ecosystems exposure critical levels to them. Also, models may be useful on the evaluation of emissions considering future energetic plans.

1.5.5
Aim for the coming year

On the Eta model, sensitivity studies will continue concerning resolution, advection schemes and diffusion parameterisation (among other parameters) as well evaluation with known case studies. Improvement on the trajectory model is also expected.

The EUROS model will be subjected to the optimisation of several computational aspects, as well as in the user interface. Also, the advection scheme will be validated for the 28th of August 1998. The STAAARTE-TFLUX data set will be collected in CD-Rom for distribution among modellers.

Concerning data assimilation into the LOTOS model, the main aim is to learn how to use and apply the data-assimilation technique to increase our knowledge concerning tropospheric ozone behaviour, and to try to determine the accuracy of the emission input. The aerosol model introduced into the LOTOS model, results on secondary aerosols will be compared with the observations.

The STEM 3D Eulerian model will be applied to a fog episode in the Northern Italy with the gas and aqueous phase of the chemical mechanism, in collaboration with the PROCLOUD sub-project, and will be extended to include an existing aerosol module.

Further validations will be performed with the Chemistry-Transport Model System KAMM/DRAIS. The episode of July 20/21, 1998, will be simulated and the results compared with measured data of the Berlioz experiment.

The new version of the UAM-V will be tested for summer smog conditions and compare the results with those obtained with the previous version. Preliminary boundary conditions will be replaced by the LOTOS data to investigate the transboundary influence on air quality and impacts in Switzerland. Simulations for spring and summer months will lead to estimates of seasonal impacts. The outcome will be partly used as contribution to the EUROTRAC-2 subproject LOOP where air quality simulations with UAM-V will be performed for the Milan area. Finally, we intend to include particulate matter in the emission inventory and to check the use of an aerosol module in the frame of UAM-V modelling.

There is an intent to extent the research on Air Quality Modelling over the area of Madrid, throughout the implementation.

1.6
Computational aspects

1.6.1
General remarks on the computational difficulties
The requirements for obtaining more reliable results from the air pollution models are steadily increasing. It is necessary to get better information both about the pollution levels in different parts of Europe at present and about the pollution levels in the near future. These requirements are forcing the modellers to add more and more modules to their air pollution models as well as to develop new models, in which the underlying physical and chemical processes are more adequately described. More and more modellers are adding to their models data assimilation modules, modules for treatment of particles, modules for better handling of the biogenic emissions, etc. This leads to more complicated models, models in which the computational work is considerably increased.

Mesh refinement, either in a part of the space domain or in the whole space domain, could lead to an improvement of the results. One can obtain more details about the pollution levels in the sub-area of interest by using this approach. This may be very important in the transition from highly polluted areas to rural areas. However, the mesh refinement does lead to an increase of the amount of computations and, thus, also here some computational difficulties have to be overcome.

The general requirement is to develop large mathematical models, in which all important physical and chemical processes are adequately described. Such models can successfully be used to resolve many tasks connected to the preservation of the concentrations and/or the depositions of harmful air pollutants under certain prescribed critical levels. However, the use of large-scale mathematical models, in which all important physical and chemical processes are adequately described leads, after the application of appropriate discretization and splitting procedures, to the treatment of huge computational tasks: in a typical simulation, one has:

· to perform several hundred runs,

· in each of these runs to carry out several thousands time-steps and

· at each time-step to handle numerically systems of ordinary differential equations containing up to several millions of equations.

Therefore, it is often difficult to treat numerically such large-scale mathematical models even when big modern computers are available. One has to select appropriate numerical algorithms, which are both fast and sufficiently accurate. Moreover, the selected algorithms must be tuned for efficient runs on the available high-speed computers. If these two tasks are successfully solved, then the modellers will be able to treat much more efficiently at least the following three important tasks:

· to run their models on longer time-periods,

· to carry out more verifications of the results obtained with the models and

· to implement more advanced and complicated mechanisms in an attempt to describe better the underlying physical and chemical processes.

This short description of the importance of the computational aspects in air pollution modelling explains why these issues were treated, also in this year, in many of the annual reports of the participants in the GLOREAM sub-project of EUROTRAC-2.

1.6.2
Adding more complicated modules to the models

Adding data assimilation techniques to existing models in an attempt to improve the results has been reported by:

· H. Elbern and his co-workers (the particular model to which the data assimilation techniques were applied being EURAD, developed at the University of Cologne, Germany),

· S. Tilmes and his co-workers (the particular module has be used in connection with a version of the EURAD model used for air pollution forecasts at Deutscher Wetterdienst, Offenbach, Germany.

and

· M. van Loon and his co-workers (the particular model to which the data assimilation techniques were applied being LOTOS, developed at TNO, The Netherlands).

Adding modules for studying particles in an attempt to get better results for the contribution from traffic emissions to the pollution levels has been reported by:

· Ackermann and his co-workers (the particular module is MADE; it has been used in connection with EURAD at the Aachen Forschungszentrum, Germany)

and

· J. Feichter and his co-workers (the particular module is applied together with the ECHAM4 model developed the Max-Planck- Institute for Meteorology in Hamburg, Germany).

Adding more advanced modules for studying effects from biogenic emissions has been reported by:

· Z. Zlatev and his co-workers (this module has been applied to the Danish Eulerian Model developed at the National Environmental Research Institute, Roskilde, Denmark).

Improvement of the grid-resolution of regional models by refinement of the mesh has been reported by:

· M. Memmesheimer and his co-workers (local one way refinement on several levels performed in connection with the EURAD model, University of Cologne, Germany)

and

· Z. Zlatev (global refinement over the whole 4800 km x 4800 km space domain, moving from a 50 km x 50 km grid to a 10 km x 10 km grid, carried out in connection with he Danish Eulerian Model developed at the National Environmental Research Institute, Roskilde, Denmark).

1.6.3
Improvement of the numerical algorithms and the computational techniques

One must improve permanently the numerical algorithms and computational techniques in the efforts to make the regional air pollution models to solve bigger tasks and more tasks. Most of the participants of the GLOREAM sub-project of EUROTRAC-2 do make such improvements. The most important results have been reported in the following contributions:

· G. Barone and his co-workers report improvements of both numerical methods and computational techniques in the Air Pollution Model for the Campania Region developed at the Department of Chemistry, University “Federico II” of Naples, Italy. Parallel computations are applied when this model is run.

· P. J. F. Berkvens and his co-workers are reporting results obtained by different kinds of splitting. The major purpose is to identify the splitting procedure which minimizes the error due to splitting.

· The chemical part of a large-scale air pollution model is normally the most time-consuming part when the model is run on computers. Therefore, the task of finding fast and sufficiently accurate chemical mechanisms as well as fast and sufficiently accurate numerical algorithms for handling the chemical schemes on computers is very important. Some interesting results in this direction are presented in the report of P. A. Makar.

· The treatment of some inverse problem is an important issue in air pollution modelling. Inverse problems lead to big computational tasks. These problems are normally very ill-conditioned (in the sense that small perturbation of the input data lead to big differences in the output results). Therefore, the search of efficient numerical algorithms is crucial in this field. The use of inverse dispersing modelling as a tool to derive emission data from measurements is discussed in the report of P. Seibert and her co-workers.

· The use of faster, but still sufficiently accurate, numerical algorithms for the advection sub-model of a large-scale air pollution models is reported by D. Syrakov from the Bulgarian Academy of Sciences (Sofia, Bulgaria).

· Improvements of the numerical algorithms in the Danish Eulerian Model as well as applying efficient parallel techniques when this model is run on modern high-speed computers are reported by Z. Zlatev from the National Environmental Research Institute (Roskilde, Denmark).

1.6.4
Main benefits from successful resolving of the computational problems

The computational issues are well represented in the individual annual reports of the participants in the GLOREAM sub-project of EUROTRAC-2. In many of the reports it is documented that the major computational problems are successfully resolved. When this has been completed, then the following benefits were (or will be obtained in the near future) obtained:

· it is possible to improve the description of the physical and chemical processes in the models,

· it is possible to solve more tasks and bigger tasks,

· it is possible to carry out long simulations with different scenarios in order to study the response of the models to key parameters (anthropogenic and biogenic emissions, meteorological parameters, boundary conditions, etc.),

· it is possible to start to run operationally some of the models in an attempt to predict exceedance of critical levels (as, for example, ozone critical levels) in the next two to three days

and
· it is possible to start development of advanced control strategies for keeping the concentrations and/or the depositions of harmful pollutants under the prescribed critical levels.

1.7
Model evaluation and validation

Model performance, quality assurance/quality control is essential for all models developed and applied in GLOREAM. This activity is not only focused on the model itself, but includes model input as emissions and meteorology, and the evaluation of the observations used in the procedure, their accuracy and especially their representativeness.

Several discussions have been held within GLOREAM, and in cooperation with SATURN to come to a coherent and generally accepted model evaluation methodology and protocol. Although necessary and useful, more important than discussing protocols is the actual carrying out of a model validation. In GLOREAM, august 1997 has been chosen as the test case for model validation studies.

All models in use in GLOREAM have been tested, validated against observations. However, in a number of projects, model validation was the focus of the study.

A study to investigate the adequacy of several statistical indices has been performed by Canepa and Builtjes. It is of importance to use indices which are only dependent on the relation between calculated and observed concentrations, and are not a function of the observed data themselves. Several versions of the 3-D Lagrangian model DACFOS have been extensively tested against measured ozone concentrations in 1998/99 by Gross. The use of Kalman filtering shows an improved performance. In the framework of the German TFS-program, Nester performed validation of the model system KAMM/DRAIS using the data of the FLUMOB experiment. The result was that for ground level ozone 50% of the calculated ozone was within 12 ppb of the observed values. Zimmermann showed in an analysis of the Hohenpeisenberg-ozone observations that the performance of the Lagrangian model is nearly completely determined by the reliability of the calculated trajectories. Similar results are found by Tilmes showing that the meteorological input has a substantial impact on the performance of models to calculate ozone. He also started to make a relation between model-performance analysis and data-assimilation.

Model evaluation and validation will remain an integral part of GLOREAM, in close cooperation with SATURN. Several models in GLOREAM are intended to perform ozone model calculations for the test case august 1997.

1.8
Overview over policy relevant results

As part of GLOREAM models over a wide range of scales, ranging from coarse grid global modelling to local models, are used. Most of the results presented are aiming at improving our understanding and representation of the processes going on in the atmosphere, improving the quality and thus the credibility of the policy relevant results. In this context an important initiative in GLOREAM is a recommendation for common procedure and terminology for model quality assurance. A majority of the contributions focus on ozone, but other species such as sulphur and particulate matter are also addressed. Several contributions focus on the establishing and/or validation of databases that are used as input to models, such as emissions and land use.

Large-scale models have been used to calculate regional budgets and allocate sources. “Numerical isotopes” are used for source allocations, and thus source allocations can be made without the non-linear effects from running the model by excluding one source at a time. Changes in global tropospheric ozone levels have been calculated based on the expected changes in the emissions of ozone precursors, with emphasis on European ozone levels. This work is complemented with similar studies with a regional model centred over Europe. These results indicate that even though ozone in the free troposphere is likely to increase in the northern hemisphere, ozone levels are expected to decrease in the PBL in most of Europe due to local emission reductions.

As a result of global warming the circulation pattern is likely to change in Europe. One study is focusing on how these changes will affect the air pollution budgets in Europe.

Several contributions address the affect of control measures on air pollution or depositions for separate countries or parts of the countries. Model runs are performed in order to define strategies for meeting environmental targets for ozone, sulphur depositions etc. Regional studies have also been made of a wide range of subjects such as investigating the effect of replacing nuclear power plants by fossil fuel power plants, effects of the Balkan oil fires etc.

For PM (particulate matter) the response to emission reductions is strongly non-linear. Significant proportions of the PM are secondary organic particles (both anthropogenic and biogenic origin).

Several contributions describe the development and applications of ozone forecasting systems. Such systems are intended for public warning of ozone episodes and may also be used as a decision making tool for short term regulatory actions. Several partners to GLOREAM apply nesting from coarse to finer grid scale models.

In general all policy relevant issues in GLOREAM are also of industrial relevance. This is specifically true for the automobile industry. Three contributions of this report specifically deal with air quality and traffic.

Jonson et al. made model calculations for 2010 and studied the traffic contribution to ozone formation in more detail. The findings that heavy duty vehicles will be the prominent contributor to ozone in 2010 followed by passenger cars is not surprising given the estimated increase in heavy duty traffic in Europe.

Münzenberg et al.’s model calculations focused on the "Black Triangle", i.e. part of Poland, Czech Republic and the German state Saxony. The 2005 model predictions showed the diminishing part SO2 is playing in the air quality of that region. However, the new EU guideline value for ozone (120 µgm-3) will be exceeded if the background is not substantially reduced. I.e. European wide measures are necessary and for a long time frame.

San Jose et al. performed model calculations for the Madrid area with and without the emissions from traffic. Substantial differences for ozone are found depending in which spatial area traffic emission reductions are introduced: in the city, in the surroundings, .... These findings are important for urban environmental management.

A number of models is now capable of calculating long term averages, over a year or more, on an hour by hour basis. With this capability, these models, provided they are validated against observations, can be used to calculate the concentrations of NO2, O3 and PM10/2.5 (and lead) according to the new EU-directives.

All GLOREAM models can contribute to policy relevant results, and most have done so already. An inquiry using a questionnaire and the PI-reports, is in preparation. It will give an overview of the GLOREAM models and their capabilities to provide policy relevant answers. It will appear on the GLOREAM web site by the end of 2000.

1.9
General aims for the coming year

The following main activities are scheduled for the year 2000:

· Further improvements in aerosol-modelling, including improvements in the primary aerosol emission data base.

· Performance of long term calculations in reply to the new EU-directives.

· Further improvements in data-assimilation techniques and increasing experience in analysing the results of data-assimilation runs.

· Further interaction between global models, including the CTM-MOZART, which will be run on smaller grid scales with regional scale models. Further interaction between regional scale models which will be run on smaller grid scales with local/urban scale models used in SATURN.

· Further development and implementation of models capable of real time ozone forecasting.

· Further model validation against field campaigns as BERLIOZ and against the test case of august 1997.

· Continuation with the good cooperation with SATURN and GENEMIS, and improvement of the cooperation with TOR-2 and CMD.

1.10
Closing remark

The general overview of GLOREAM has been made by the steering committee. The editing of the complete Annual Report has been done by GLOREAM’s scientific secretary, Annette Münzenberg.

Michael Memmesheimer and Adolf Ebel were especially responsible for the chapter on model investigation and improvement. The part on global modelling has been prepared by Hans Feichter. Ana Cristina Carvalho and Carlos Borrego were especially responsible for the chapter on model applications and assessment studies. Zahari Zlatev wrote the chapter on computational aspects and Jan Eiof Jonson, Erik Berge and Heinz Hass contributed to the chapter of the overview of policy relevant results. The remaining text has been written by Peter Builtjes.

References to papers cited in this introduction can be found either in the list of publications in the refereed literature, or in the references listed by individual principal investigators.
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5.
Reports from the principal investigators

5.1
Introduction

GLOREAM-projects are divided into the following 5 tasks:

1. Model investigation and improvement

2. Global modelling

3. Computational aspects

4. Model evaluation and validation

5. Model application and assessment studies.

The different projects relate in the following way to the specific tasks:
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The following remarks have to be made:

· The project: " Boundary-layer and cloud convection in atmospheric chemistry models" by Arthur Peterson was finalized in the beginning of 1999 by a PhD thesis, consequently no report over 1999 was written.

· Ingmar Ackermann has replaced Heinz Hass as PI of the project "Development of a new particulate model to study the impact of traffic emissions on air quality".

· Patrick Berkvens has replaced Jan Verwer as PI of the project " Advanced numerical simulation for photochemical dispersion models".

· Allan Gross has replaced Sissi Kiilsholm as PI of the project "Operational air pollution forecast at DMI".

· Jan Eiof Jonson has replaced Erik Berge as PI of the project " Status on the development of the EMEP regional scale Eulerian photochemistry model".

· No annual report over 1999 has been written by Davies, Kouznetsov, Langmann, Rissmann, Schaller, Stockwell. This means that of the expected 39 annual reports for GLOREAM over 1999, 33 have been written.

5.2
Authors and titles of the individual reports

Ingmar J. Ackermann, Heinz Hass and Benedikt Schell 
Development of a new particulate model to study the impact of traffic emissions on air quality
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A contribution to subproject GLOREAM

Ingmar J. Ackermann, Heinz Hass and Benedikt Schell

Ford Forschungszentrum Aachen GmbH, Süsterfeldstr. 200, D-52072 Aachen,Germany

Summary

In order to be able to quantify tropospheric particle concentrations and to investigate the transport and transformation processes of particulate matter over Europe the Modal Aerosol Dynamics model for Europe (MADE) has been developed. The model includes treatment of primary as well as secondary particles together with the relevant dynamical processes shaping the particle size distribution and is coupled to a gas-phase chemistry transport model.

Applications of this model on the regional to urban scale allow the investigations of tropospheric PM loads with respect to particle mass, surface area and number as well as the prediction of the impact of emission reductions on the future PM concentrations.

Aim of the research

In order to achieve their scientific tasks state-of-the-art air quality models should be capable of predicting particulate matter in addition to the gas-phase concentrations. A suitable aerosol model for the application in complex regional transport models has to:

· provide sufficient information on the chemical composition as well as on the size distribution of the atmospheric particles.

· be coupled to a photochemical model to be able to represent the interactions between the gas phase and the particle phase.

· cover the size range of atmospheric particles, i.e. several orders of magnitude.

· be computationally efficient to keep the combined model system applicable.

The Modal Aerosol Dynamics Model for Europe (MADE) has been developed as such an aerosol model based on the Regional Particulate Model (RPM; Binkowski and Shankar, 1995) and successfully applied within the EURAD model system to the simulation of tropospheric aerosols over Europe (Ackermann et al., 1998). 

Activities during the year

The work throughout the reporting period has been focused on further model development as well as application of the model. With respect to model development a major task has been the full implementation of secondary organic aerosols (SOA) in the model scheme. Two optional schemes have been implemented into MADE. One scheme models the formation of SOA as a condensation process of non-interacting substances and one describes the partitioning between the das phase and the aerosol phase as an absorption process with interacting substances (Schell, 2000). A schematical representation of these two approaches is given in Fig. 1.

[image: image3.wmf]
Figure 1. Schematic description of the secondary organic aerosol module SORGAM.

Another important development was the introduction of surface area as a predicted variable in the model. This extension allows not only a better representation of atmospheric particle size distributions – because of allowing the standard deviations of the modes to vary as a function of time – but also gives the opportunity to obtain a direct measure of the surface area as a model output (Ackermann et al., 1999). Further developments of the model have been made with respect to aerosol-cloud interaction parameterisations and implementing sedimentation processes for coarse mode particles.

Model applications have been performed to test the implementation of the model extensions described above (see section 4) and to investigate impacts of emission reduction measures on the atmospheric aerosol loads.

Principal results

· In order to accurately model the transport of primary coarse mode particles the process of particle sedimentation has to be included in the model formulation at all model layers (see Fig. 2).

· Vertical re-distribution of primary aerosol particles by cloud-mixing has a substantial impact on the long-range transport probability of these particles.

                         [image: image4.wmf]
Figure 2. PM10 concentration at surface in (g/m3 for the daily average on April 05, 1995 for a case with sedimentation (top) and without sedimentation (bottom).

· A Bott advection scheme does not seem to be feasible for aerosol particle simulations due to the large gradients typically associated with PM modelling.

· A comparison between different thermodynamical mechanisms revealed only slight differences in the simulation results.

· Secondary organic particles might comprise a significant portion of the total PM load and thus have to be included in PM air quality models. Moreover it can be concluded that both the anthropogenic as well as the biogenic precursors contribute significantly to the secondary organic aerosol mass.

· The models capability of accurately predicting particle size distributions is strongly enhanced if a variable standard deviation is introduced by predicting aerosol surface area as an independent variable. This should be considered in future model versions.

Main conclusions

First simulations – including sensitivity studies and emission reduction scenario calculations -with a full aerosol system, including primary and secondary particles throughout the whole size range of PM10 have been performed after the model has been extended with the relevant physical and chemical processes. These applications show –as in the case of ozone – a strongly non-linear behaviour of PM to emission reductions that can not be neglected in Air Quality Models for PM.

Aim for the coming year

The major aim will be to perform long-term simulations (covering a whole growing season rather than an episode) in order to investigate the seasonal variations of PM over Europe with respect to the concentration levels and the source distributions. Furthermore predictions of future emission reductions will be used to investigate their impact on Air Quality with respect to particulate matter.

Uncertainties in parametrisations that still exist in the model – e.g. for nucleation processes – have to be investigated further. Measurement data from field campaigns that are becoming available will provide the opportunity to test the model performance in particular with respects to those processes that are associated with high levels of uncertainty.
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Design of an air pollution model for the Campania Region

A contribution to subproject GLOREAM

Guido Barone, Pasqua D’Ambra, Daniela di Serafino, Giulio Giunta, Almerico Murli 
and Angelo Riccio

Dept. of Chemistry, University “Federico II” of Naples, Via Mezzocannone 4, 80134 Napoli, Italy

Summary

In this report we describe the design of a limited-area operational air pollution model. This software has been primarily intended for policy applications on the Campania Region (in Southern Italy). It has been designed to run on heterogeneous parallel systems.

Aim of the research

During the last years, many national and local environmental protection agencies have been developing and testing increasingly complex model to address air pollution problems. The aim of this work is usually to assess, through the use of such models, the cost-effectiveness of environmental regulatory acts. Following that trend, the Office of Scientific Research and the Environment Office of the Campania Regional Board (Campania is one of the 21 Regions of Italy) recently funded a research program for developing an operational model. This model covers some aspects of air pollution modeling application, namely scenario simulations, episodic studies, monitoring and forecasting on a short time scale. Moreover, since recent advances in computer technologies allow the redesigning of air pollution models, there was a strong emphasis by the Regional Offices to encourage the use of advanced parallel computers. Our software has been targeted for a Beowulf parallel computer.

This activity has been carried out at the Center for Research on Parallel Computing and Supercomputers (CPS-CNR), in Naples, by an interdisciplinary team of atmospheric chemists and computational mathematicians.

Activities during the year

During the last years, activities have been mainly devoted to the development of the modeling and computational approach used in our air quality model. Preliminary results have been published elsewhere (Barone et al., 1998, 1999), and will not be reported here.

The modeling system consists mainly of three subsystems: namely the meteorological driver, the emission driver and the chemical-transport model. Such subsystems are embedded in a graphical user interface, to facilitate model intercommunication, user intervention and data display and analysis.

Principal results

As it is widely known, air quality models address a wide range of scales, in order to simulate the interaction of physical and chemical phenomena. Important physical phenomena occur at time scale of minutes to days, while chemical phenomena occur at time scales of seconds to days to weeks. An accurate and detailed description of the distribution of air pollutant over so large scales needs refinement in areas with steep spatial gradients. For example, it is widely known that ozone dynamics occurs also at very long distance from source emission. To more accurately describe air pollution phenomena, it is important to use nested grids, thus achieving better resolution in some regions without refining over the whole domain.

We used the MM5 model (Dudhia et al., 1999) as a meteorological driver. This choice has been mainly motivated by the fact that MM5 allows the use of nested grids and four-dimensional data assimilation. Our typical use of MM5 consists in three levels of nested domains, the coarsest covering the Mediterranean area with an horizontal resolution of 45 ( km, the next finer covers Italy at 15 (15 km resolution and the finest one is a 5 (5 km grid over the Campania Region. MM5 execution is decoupled with respect to the other modeling systems. At the present we are using a sequential version of the MM5-V3, however our aim is to shift towards the use of MPP (MM5 for multiprocessors machines).

Atmospheric data (wind speed, temperature and the parameters for the calculation of eddy diffusity tensor and dry deposition velocities) are fed into the chemical transport model, that we named SPMIAC (System for Monitoring and Forecasting of Atmospheric Pollution over Campania). This software is a more robust version of a research parallel software, PNAM, which has been developed at CPS during the two last years of activity. SPMIAC is based on an Eulerian approach, uses the LCC chemical mechanism, includes a dry deposition module and turbulent transport is described through the use of K-diffusion approach.

The computational framework is based on time splitting, to decouple advection from vertical diffusion and chemistry. It employs the same nested grid from MM5 to achieve a better resolution over the Campania region. Parallelization is obtained by following a Single Program Multiple Data paradigm, based on grid partitioning, equipped with a dynamic load balancing strategy to improve efficiency. As a first experience with load balancing, the strategy used in the MPP parallel regional weather model has also been implemented in SPMIAC. This algorithm has a global decision base, i.e. the decision of remapping the computational grid onto the processor grid is based on a measure of the workload of all the processors, and a local migration base, i.e. units of computational work are moved among neighboring processors. The parallel code is written in Fortran90, thus exploiting memory allocation, pointers, modules, recursion and all other Fortran90 features to enhance flexibility. The Runtime System Library (RSL, Michalakes, 1997) is employed for domain decomposition and refinement, local address space computation, distributed I/O and interprocessor communication. RSL is the interface between PNAM and the low-level message-passing library MPI (Gropp et al., 1999).

The emission model is based on a commercial Geographic Information System (GIS), namely ArcView( 3.1. At the present, no detailed database exists for the Campania Region, so our major efforts have been devoted to the development of such a database. So far we have been working on road traffic emissions for the year 1995, following the Corinair methodology. Copert II has been used to estimate road traffic emissions. Input data to Copert have been gathered from official sources, mainly the Italian Statistical Institute (ISTAT). The output has been re-elaborated using the GIS to carry out spatial and temporal disaggregation.

All the modeling subsystems are embedded in a graphical interface. The aim of this interface is twofold: it manages data exchanges and file format conversions between different components, and visualizes data by means of Vis5D software (Vis5D readme, 1999); moreover a friendly graphical interface has been designed to allow flexibility and easy-to-use for non specialist end-users at the Environmental Planning and Control Office. Within this tool, for instance, the user could design scenarios for “what if” analyses, by changing landuse parameters, emissions factors, initial or boundary conditions, photolysis rates, etc. The user will also be able to store and to retrieve input and output data from large collections of model executions in the system database, as well as the statistics of the related testing process. This is a very important capability, since this software has been primarily intended for policy studies, where various air pollution problems must be rapidly addressed.

Main conclusions

During the last year, activities have been devoted to the implementation of a modeling framework to study air pollution problems over the Campania region. Our strategy has been based on the integration of well-known software for the simulation of meteorological scenarios, and data analysis and visualization. The design of the modeling system includes a meteorological driver (MM5), an emission model and a chemical transport model (SPMIAC). A graphical user interface allows data display and analysis and a rapid “what if” analysis.

The system has been designed to run on advanced, low cost, easy to use, parallel computer, namely a cluster of PC’s, that can be reasonable implemented and operated even at a small, local environmental Office.

Aim for the coming years

We have followed a rather conservative approach in designing the SPMIAC system. Many advanced features will not be included in this system, mainly in the science behind the chemical transport model and the emission model, for instance aerosol chemistry, wet deposition, higher-order closure for turbulent transport, etc.. The very reason for such a choice is that we are aware that there is a serious lack of data for the Campania Region. This prevents a reliable simulation or parameterization of many chemical and physical processes. In the coming years our aim is provide the local environmental Authority and the scientific community with an improved operational tool.
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Advanced Numerical Simulation for Photochemical Dispersion Models

A contribution to subproject GLOREAM
P.J.F. Berkvens

CWI, P.O. Box 94079, 1090 GB Amsterdam, The Netherlands
Introduction and aim of the research

The understanding of physical and (photo)chemical processes in the atmosphere and their influence on tracer concentrations, and therefore also the advices to policy and decision makers depend on the quality and the efficiency of numerical schemes and implementations. Here efficiency is defined as degree of accuracy per work unit. The CWI/NWO-project `Advanced Numerical Simulation for Photochemical Dispersion Models' is aimed at developing efficient techniques for air-pollution models in general, and for the TM3-model (see http://www.cwi.nl/cwi/projects/TM3/ and http://www.phys.uu.nl/~peters/TM3/TM3S.html) used at IMAU and KNMI in particular. This aim is pursued along two directions. One is the development and implementation of innovative numerical algorithms, the other is the development and implementation of new software tools. 

Activities in 1999

Because of spatially and temporally highly varying emissions, depositions, etc. in certain parts of the (boundary of the) atmosphere, high spatial and temporal resolutions are desired there. This is the more true because of the nonlinear nature of the chemistry. On the other hand, in vast regions of the atmosphere the spatial and temporal variations are rather slow, so high resolutions are unnecessary there. Therefore it would be advantageous to have an efficient algorithm which allows for spatial and temporal zooming in certain regions of the atmosphere which can be predefined by the user. For that reason, an efficient zoom method has been developed for two advection algorithms that are used in APM.

Because the numerical solution of all the processes simultaneously with standard numerical methods is too expensive (in terms of CPU time), operator splitting is widely used to solve the processes one by one within a timestep. However, this splitting introduces splitting errors which may be considerable. Therefore we have started research into algorithms which avoid operator splitting as much as possible and which are still cheap enough. Four algorithms have been developed and/or implemented for the processes of vertical mixing (cumulus convection and turbulence) and convective wet deposition, (photo)chemistry, emissions, and dry and remaining wet depositions.

Principal results in 1999

Zoom algorithm

A zoom algorithm for advection with two-way nesting has been developed (Berkvens et al., 1999 a,b) which has the following properties:

· conservation of tracer mass;

· monotonicity of tracer mixing ratio, which implies 

- positivity;

- spatially constant mixing ratio remains constant;

· symmetric directional splitting within the local timestep (except in the interfaces between regions)

if the underlying advection scheme has these properties. These properties are crucial for accuracy. The scheme allows for zooming with arbitrary integer refinement factors in space and in time. Partial overlap of the zoom regions is allowed. The efficiency of the underlying advection scheme is maintained to a high degree by assuring that advection steps in the zoom regions can be made with relative independence on the surrounding regions: the communication and synchronization overhead can be kept small.

The zoom algorithm has been implemented for two advection schemes, namely Slopes (Russell and Lerner, 1981) and Split (Hundsdorfer et al., 1995; Koren, 1993; Petersen et al., 1998). The accuracy has been demonstrated for certain test problems (Berkvens et al., 1999 a, b). The implementation has been passed on to the users of the TM3-model for further testing and combining it with the main code of TM3.

Coupling of several processes

Four algorithms have been applied to the processes of vertical mixing combined with convective wet deposition (T), (photo)chemistry (R), emissions (E), and dry and remaining wet depositions (D). They are briefly named and characterized as follows:

· ORI, with 1st-order operator splitting T-E-R-D;

· SYM, with symmetric (2nd-order) operator splitting P-T-T-P, where P=R+D+E;

· SRC, with 1st-order operator splitting (P+S(T)), S(T) denoting the effect of T alone as a source;

· ROS, without operator splitting, so P+T.

In the above, the processes T, E, R, D, and P are updated with the second-order Runge-Kutta method ROS2 (Verwer et al., 1999), except in the method ORI, where T, E, and D are updated with first-order methods. Roughly speaking, the degree of splitting in the four methods decreases per method in the given order.

These algorithms have been implemented and have undergone preliminary tests.

Conclusions

An accurate novel zoom algorithm has been made available for efficient advection calculations in APM. A study into the efficient coupling of several processes in APM is well underway.

Aim for 2000

First, the project of coupling of the processes described in Section 3.2 will be completed. Second, on the software level, the effort will be directed at creating an efficient parallel version of the TM3-code. On the algorithmical level, the effort will then be directed toward further efficient coupling (unsplitting) of the processes in APM.
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Improvement of dry deposition model for critical loads (levels) assessment

A contribution to subproject GLOREAM

C. Borrego, N. Barros, M.J. Valinhas, A.C. Carvalho, C. Pio and M. Feliciano

Department of Environment and Planning, University of Aveiro, Portugal

Summary

In order to get a better performance on the values of dry deposition velocity obtained with the photochemical mesoscale model UAM, included in the MAR IV system, a sensitivity analysis was done. The parameters under appreciation were the roughness high, emissions from large point source emissions and the air quality imposed as initial conditions. Ozone dry deposition was calculated over two Portuguese coastal regions, Aveiro and Lisbon.

Aim of the research

The development of dry deposition processes for atmospheric chemical models requires parameterisations in their formulation. In order to improve the European critical load maps it is necessary to develop and evaluate model calculations on deposition fluxes into the different countries.

The University of Aveiro contribution to the Gloream project intents to improve the dry deposition routine into the photochemical model and analyse the principal factors affecting gas pollutant fluxes.

Activities during the year

Dry deposition calculations were done with the mesoscale numerical model system MAR-IV as well as a sensitivity analysis to the dry deposition module, over two coastal zones in Portugal, Aveiro and Lisbon (Fig. 1). Comparison of meteorological parameters, fluxes and concentration of ozone, predicted and measured (data acquired on field campaigns designed for the European project MEDFLUX), were done.
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Figure 1. Aveiro and Lisbon simulated domains.

Principal results

A preliminary evaluation of the deposition module, included in the photochemical model, atmospheric hourly ozone concentration values and ozone deposition fields estimated for the two regions under simulation were carefully analysed.

The sensitivity analysis to the MAR IV system was done for the Sarrazola station data varying the air quality impose to the photochemical system module, the roughness high and the inclusion or not of the large point sources. The predicted results indicate an ozone concentration peak at 10H00 (Fig. 2), which is not measured, and very high ozone concentration at the afternoon, with the initial conditions imposed for measured roughness high and ozone background of 40 ppbv.
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Figure 2. Daily evolution of ozone concentration, at Sarazola site.

A new value for air quality (10 ppbv) was adjusted and the roughness high parameter was maintained according to measured data. New results points out for a better agreement with measured data in the afternoon, but the ozone concentration peak in the morning is still present. Roughness high value seems to be only important for high ozone concentration, at 10H00.

The ozone concentration impact is possible to be predicted both in time and space. In this work it was analysed considering the ozone concentration value for one-hour exposure duration (see Table 1), and the ozone concentration values pointed in the current 92-72 EEC directive.

Table 1. Number of cells, into the Aveiro’s domain exposed to ozone concentration above the thresholds of 150, 180 and 360 µg m-3.
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A preliminary comparison with the system predictions and the deposition and concentration data recorded on Baldios (Fig. 3) station show a quite reasonable evolution of those parameters with a compensatory shift between them, i.e. higher ozone concentration values are related with higher values for deposition fluxes (expectable). The predicted deposition time evolution seems to be higher that the Baldios station data and the concentration time evolution, on the contrary, seems to be lower than the recorded data.
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a) Ozone concentration
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Figure 3. Daily evolution of ozone concentration and deposition fluxes over Baldios, comparison between measured and simulated results.

Main conclusions

The sensitivity analysis done to the UAM model shows that the results at Sarrazola are strongly dependent on parameterisation values, namely roughness high and background pollutant concentrations. The ozone deposition flux is overestimated and there is a low influence of point source emissions on the O3-concentration. The huge peak of ozone concentration verified during the morning can be the result of a non-realistic parameterisation of the mixing height on the model. This issue should be object of a detailed study in the future work.

At Baldios, the O3-concentration is underestimated and the O3 deposition flux is over-estimated. This behaviour can indicate a problems on the deposition module and/or a incorrect characterisation of the land cover.

Although the simplicity of the deposition module, it may be very useful within a long range/term model that includes mesoscale circulations, for critical loads calculations purposes.

Possible policy relevance

Critical loads and critical levels have been established reflecting the maximum exposure of ecosystems to one or several pollutants not leading to environmental damage. The reduction of the areas where the critical loads are surpassed is one of the long-term environmental objectives defined on the of the fifth Environmental Action Programme.

Numerical simulation is one of the most efficient tools to define strategies in order to reduce non-attainment areas. Nevertheless the numerical simulation should be as realist as possible. The results obtained on this study can be useful for the increment of the model performance in particular the deposition module and thus increase, at the end, the quality of the critical load abatement strategies.

Aim for the coming year

As it be point out on the conclusions a deep study should be done over the parameterisation used for the mixing height prediction. This study should include a complete revision of the numerical procedure for the mixing height calculation and an evaluation of the numerical model performance for this parameter.

The work over the deposition module will continue in order to increase its performance.
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Modelling of transport, dispersion and deposition: Operational air pollution forecasts on regional and urban scales

A contribution to subproject GLOREAM

Jørgen Brandt

National Environmental Research Institute, Department of Atmospheric Environment, Frederiksborgvej 399, P.O. Box 358, DK-4000 Roskilde, Denmark

Background

The development of a new system for operational forecast modelling of transport, dispersion deposition and chemical transformation was started in 1998. The system is called the DMU-ATMI THOR air pollution forecast system. It is an integrated operational air pollution forecast system on regional scale, urban background scale and urban street scale.
The low-cost operational system integrates urban and regional models in a system for air pollution forecast, monitoring, scenarios, control and management, in support of decision makers and various environmental and energy policy actions. The system will support the accomplishment of the EU directives relating to air pollution limit values for human health and give the foundation for improving the quality of urban and rural life. The system will provide the necessary tool for the authorities to inform and/or warn the public and, in the future, to carry out the needed action (as e.g. restrictions on traffic) during episodes where the air pollution levels are exceeding the critical limit values. Furthermore, the system will be a part of the national monitoring programs at DMU-ATMI, both in urban and rural areas.

The models create huge amounts of output data from a single run. These data are impossible to comprehend without fast and advanced visualization and animation techniques. Four times a day, nearly 1000 visualizations are produced automatically and systemized so they can be seen with the use of an Internet browser. A demonstration of the system can be seen at the web-address: http://www.dmu.dk/AtmosphericEnvironment/thor.

Progress in 1999

Currently, the system consists of a coupling of a numerical weather forecast model, ETA, a long range air pollution transport model, DEOM, covering the whole of Europe, an urban background model, BUM, and an operational street pollution model, OSPM. The system produces operational 3 days air pollution forecasts for the most important air pollution species, four times every day, on European scale, on urban background scale for the city of Copenhagen and for a single street in Copenhagen. The weather forecast model is initialized with global data from the National Centers for Environmental Prediction, NCEP, USA. The single model has been optimized to run on parallel powerful SGI workstations with 4 processors.

The 3 layer DEOM model was developed during 1999. The model is based on the DEM model. The urban models were implemented including additional air pollution species and the whole system tested against measurements in 1999. The operational forecasts for Denmark and Copenhagen are now available to the public on the Internet address: http://luft.dmu.dk (full address: http://www.dmu.dk/1_viden/2_Miljoe-tilstand/3_luft/4_udsigt)

Future work

The DREAM (the Danish Rimpuff and Eulerian Accidental release Model) is a comprehensive, high-resolution three-dimensional tracer model, which has been developed for studying short and large scale atmospheric transport, dispersion, and deposition (wet and dry) of radioactive air pollution caused by a single but strong source, as e.g., the Chernobyl accident. This model will be implemented in the system in the future.

Furthermore, a new model, REGINA, is under development. The model is a state of the art Eulerian long-range transport/chemistry model with nesting capabilities, which will replace the DEOM model. The model will have several domains covering the northern hemisphere, Europe, Denmark, and the Øresund region (Copenhagen).
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Regional differences in tropospheric ozone

A contribution to subproject GLOREAM and TOR-II

Peter J.H.Builtjes1, Maarten van Loon1 and Arjo Segers2
1TNO-MEP, P.O. Box 342, 7300 AH Apeldoorn, The Netherlands

2Delft Univ. of Technology, Faculty of Information Technology and Systems,
P.O.Box 5031, 2628 CD Delft, the Netherlands

Summary

The 3-D Eulerian grid model LOTOS (LOng Term Ozone Simulation) has been used to study the ozone patterns over Europe for the month of august 1997. The reliability of the modelled results depends on the possibility to prove that modelled concentrations are in agreement with observations. However, the associated uncertainties will lead to differences between modelled and observed concentrations. There are external uncertainties of the input of the model, like meteorological fields and emissions. There are internal uncertainties like the dry deposition process and the reaction rates; and also the observations have an uncertainty because of measurements errors and especially the representativeness of the observations. To create a more consistent and reliable ozone field, a data-assimilation technique has been further developed and applied.

Because there is a strong interaction between ozone and aerosols, and because aerosols are of great importance both for air quality and climate, first attempts have been made to extent the LOTOS-model with an aerosol module. Preliminary results have been obtained for august 1997, and for the complete year of 1994.

Aim of the research

The primary aim is to determine the processes, and their strength, which determine the differences in ozone patterns over Europe. A second aim is the combination of model results with observations to come to a more reliable result. For a complete picture, aerosols have to be included as well.

Activities during the year

A data-assimilation technique which can handle non-linear chemistry has been further developed and applied for august 1997.The technique is the extended Kalman filter approach with the reduced rank square root implementation. The Kalman filter is used with the LOTOS model for a period of two weeks in august 1997. To test the system, noise parameters have been given to the NOx and VOC emissions. The result shows that with data-assimilation there is a substantial decrease in the differences between modelled and observed ozone concentrations for the stations which have been used in the assimilation. More important, there is also an improvement for stations which have not been used in the data-assimilation.

In a cooperation with FORD-Aachen, an aerosol module has been incorporated in the LOTOS model. Calculations have been performed for august 1997, and for the year 1994 of hourly concentrations of the secondary aerosols sulphate, nitrate and ammonium.

Principal results

The data-assimilation technique based on Kalman-filtering is in principal working, and gives reliable and interesting results.

The aerosol module is incorporated in LOTOS, and a preliminary comparison with observations shows calculated concentrations in the right order of magnitude.

Main conclusions

The data-assimilation technique is tested and is now operational and can be applied for further studies. Secondary aerosols can be calculated with LOTOS.

Aim of the coming year

The main aim is to learn how to use and apply the data-assimilation technique to increase our knowledge concerning tropospheric ozone behaviour, and to try to determine the accuracy of the emission input.

Concerning secondary aerosols, the aim is to compare in detail observed with modelled concentrations.
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Summary

During 1999 the focus has been on the analysis and application of appropriate statistical indices for the comparison between calculated and observed concentrations. Also work has been performed, in cooperation with the subproject SATURN, to come to a model validation protocol and a model quality assurance terminology. Finally, observations have been collected for the month of august 1997 to come to a data-base and a core-period for model testing in GLOREAM.

Aim of the research

The aim of the research is to contribute to the establishment of a general accepted methodology for model testing, and to perform model testing studies with a specific focus.

Activities during the year

A study has been performed about the adequacy of some of the current statistical indices used in model evaluation. The study shows that it would be useful to add the weighted normalised mean square error of the normalised ratios-WNNR- and the normalised mean square error of the distribution of normalised ratios-NNR- to the commonly used indices. Furthermore, the use of NNR and the FA2 -fraction within a factor 2- is recommended because these indices solely depend on the ratios between simulated and measured concentrations, and not on the observed data set itself.

A draft model quality assurance terminology has been proposed. The month of august 1997 has been selected as the test-period for model validation in GLOREAM.

Principal results

See under activities

Main conclusions

There is a growing interest in the modelling community to come to a harmonised way of model validation.

Aim of the coming year

The main aim is to perform model testing using the month of august 1997 as a test-case. Further, in cooperation with SATURN a model validation protocol will be established.
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Summary

A comprehensive air pollution modelling system has been set up, with long-term capabilities realised combining diagnostic meteorological pre-processors, an emission processor and two chemical transport models: a Lagrangian back-trajectory code and a 3D Eulerian code, both based on the same chemical mechanism. The system has been applied to simulate acid depositions over the Italian region for a selected year (1994). Results have been then compared against measurements, evidencing the possibility of reproducing the main features of deposition over the region, but also the greater potential of the Eulerian approach. Further improvements to the system are envisaged.

Aim of the research

The final goal of the project is to set up a comprehensive modelling system to be used to analyse emission abatement strategies and critical loads/levels compliance over the Italian region.

Activities during the year

The activities performed by the research operational unit during 1999 have been focused on the preliminary test over the Italian area of the long-term version of an Eulerian model for acidifying species, including the comparison of results with analogous quantities from and existing Lagrangian back-trajectory model and with monitoring data.

The chemical transport models are part of a modelling system developed to investigate the chemical-physical processes related to the production of acidifying species and their budgets. The meteorological pre-processing system is based on a diagnostic wind field model (MINERVE - Geai, 1985), coupled with a turbulence and deposition processor (TURBANTE). The first is used to adjust ECMWF fields to local topography by using ground-level SYNOP reports, combining large-scale circulation features with more local effects revealed by ground-level measurements. The second is able to diagnose PBL scaling parameters (from surface energy budget and vertical profiles of temperature and wind speed), diffusivities and deposition velocities according to a resistance-based model (adapted from Wesley, 1989 and Erisman et al., 1994), starting from land-use and standard meteorological fields. An emission pre-processor provides spatial and time disaggregation of emissions from CORINAIR inventories of SOx, NOx and NH3 (area and large point sources).

Pollutants behaviour is then simulated by means of two chemical transport models: a Lagrangian back-trajectory code (ARES; Calori et al., 1997) and a long-term version of STEM 3D Eulerian model (Carmichael et al., 1991). For the long-term application on a national scale, both models include the EMEP-II acid mechanism (Hov et al., 1988). The main differences between the two models lie in the treatment of the vertical term: a uniform vertical mixing in the Lagrangian model and vertically resolved structure in the Eulerian one (11 layers, in this application). In both models, wet removal is parametrized by means of scavenging ratios; the Eulerian code makes use of ASM (Advanced Scavenging Module; Hales, 1982) to diagnose the main properties of cloud layers, allowing to distinguish between below-cloud washout and in-cloud rainout.

The modelling system has been preliminary applied over the Italian region to estimate concentrations and depositions fluxes over the country for year 1994. The domain under study covers an area between 35° and 50° N and between 5° and 20° E, with a horizontal resolution of 0.5°. Boundary conditions have been assigned on the basis of concentrations computed by the EMEP Lagrangian acid model.

Principal results

The preliminary comparison with monitoring data (ground-level concentrations and precipitation chemistry) has evidenced some peculiarities of the two transport-chemistry models. STEM in fact predicts in general higher concentrations of primary species, especially near major metropolitan areas, with maximum values in closer accordance with yearly values typically observed in such areas. This can be attributed to the use of multiple layers, allowing a more realistic treatment of vertical gradients especially in proximity of high diffuse emissions. Wet depositions of sulphur and reduced nitrogen have a tendency to be underpredicted by both models, although this is less pronounced for STEM model. A better agreement is in general obtained in the case of oxidized nitrogen.

Main conclusions

Both models have shown the capability of reproducing the main features of deposition over the region. The Eulerian model however is generally more consistent with the observations and is also able to reasonably reproduce the vertical profiles of concentrations. This is done at the expenses of an increase in the computational time by about a factor of three, respect to the Lagrangian model.
Further arguments for the analysis of models capabilities could be given by the extension to a different period and a thoroughly comparison with monitoring data. Also emissions from neighbouring countries and volcanoes, not considered in this preliminary application, need to be explicitly included.

Aim for the coming year

The activities planned for year 2000 concern a wider validation of the system for acidifying species as well as its extension and application to other air quality issues.

The emission database will be extended to include neighbouring countries and volcanoes (particularly important for sulphur in Southern Italy), and will be also updated to a more recent year, to give a broader base for model comparison and evaluation against measurements.

Furthermore, a version of the Eulerian model with a more detailed chemical scheme (gas and aqueous phase) will be applied to a fog episode in Northern Italy. A box model has been used to preliminary check the adopted gas-aqueous phases chemistry mechanism against data collected during a fog chemistry campaign in the Po Valley (1994). The same event will be studied by means of the full-3D version of the modelling system. This activity will be performed in collaboration with PROCLOUD sub-project (S. Fuzzi).

Finally, the 3D Eulerian model will be extended to include an existing aerosol module.
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Model studies of the air pollution in the Arctic by using the Danish Eulerian Hemispheric Model

A contribution to subproject GLOREAM 

Jesper Christensen

National Environmental Research Institute, Department of Atmospheric Environment, Frederiksborgvej 399, P.O. Box 358, DK-4000 Roskilde, Denmark

Background

The Danish Eulerian Hemispheric Model is a three dimensional air pollution model, which has been under continuous development since 1990 at the National Environmental Research Institute (NERI). The model has been used to study long-range transport of pollution on the Northern Hemisphere. The model is based on set of coupled full three-dimensional advection-diffusion equations. The horizontal space of the model is defined on a regular 96x96 grid that covers most of the Northern Hemisphere with a grid-distant of 150 km at 60oN, and the vertical space is defined on an irregular grid with 12 grid-points up to ( 7km. Meteorological parameters are from the European Centre for Medium-range Weather Forecasts (ECMWF) on a 2.5ox2.5o grid with a time resolution of 6 and 12 hour are used in the present version as input. The present version of the model includes the long-range transport of sulfur dioxide (SO2) and particulate sulfate (SO42-). The chemistry in the model is described by a simple linear oxidation of SO2 to SO42- and the wet deposition of SO2 and SO42- is estimated by using the amount of precipitation, which is calculated from the contents of liquid cloud water. The model has been used to study the air pollution in the Arctic for a period of more than 14 years from 1987 to May 2000. The model development is a contribution to the Danish part of the International Arctic Monitoring and Assessment Programme, AMAP.
Progress in 1999

In 1999 the work with the coupling of hemispheric model with a state-of-the-art weather prediction model to the model system has continued. This has improved treatment of the physical parameterizations. It has also made it possible to do more detailed model calculations around Greenland with a higher spatial resolution, e.g. taking into account the influence of the orography of Greenland on both the wind and precipitation pattern. The performance of the model has clearly been improved considerably.

The work with the new hemispheric model with a photochemical scheme consisting of 55 species, more than 94 chemical reactions and 17 photolyse reactions have continued in 1999. The model has been coupled to meteorology, the EDGAR emissions data on a 1ox1o grid have been used and these emissions are redistributed to the grid used in the model, dry deposition based on the resistance method and wet deposition based on simplified scavenging have been introduced. The model has been run for several years and the validation of the model results has been initiated.

A new mercury model is under development. Currently, it is a simplified mercury model with a simple 1. order oxidant rate (( = 1 year) of elemental mercury (Hg0) to oxidized mercury (Hg (II)). The mercury chemistry will in the future be extended and included in the photochemical model.

A new model for lead has been developed. The GEIA Global Lead Emissions Inventory, Version 1, for 1989 on a 1ox1o grid has been used. These emissions are redistributed to the grid used in the model. The results for Pb have also been compared with measurements at Station Nord, and the results indicate a very good performance of the model. The model has been used to investigate the contribution from different sources to the concentrations and depositions of Lead in the Arctic.

Publications in 1999

Christensen, J.; An overview of modelling the Arctic mass budget of metals and sulphur: Emphasis on source apportionment of atmospheric burden and deposition. In: Modelling and Sources: A Workshop on Techniques and Associated Uncertainties in Quantifying the Origin and Long-Range Transport of Contaminants to the Arctic, Report and extended abstracts of the workshop, Bergen (1999).
Barrie, L. A., Y. Yi, U. Lohmann, W.R.Leaitch, P. Kasibhatla, G.-J. Roelofs, J. Wilson, F. McGovern, C. Benkovitz,  M.A. Meliere, K. Law, J. Prospero, M. Kritz, D.Bergmann, C. Bridgeman, M. Chin, J. Christensen, R. Easter, J. Feichter, A. Jeuken, E. Kjellstrom, D. Koch, C. Land and P. Rasch; A comparison of large scale atmospheric sulphate aerosol models (cosam): overview and highlights, Submitted to Tellus (1999).

Lohmann, U., W.R. Leaitch, K. Law, L. Barrie, Y. Yi, D. Bergman, C, Bridgeman, M. Chin, J. Christensen, R. Easter, J. Feichter, A. Jeuken, E. Kjellstrom, D. Koch, C. Land, P. Rasch and G.-J Roelof; Vertical distributions of sulphur species simulated by large scale atmospheric models in cosam: Comparison with observations, Submitted to Tellus (1999).
Roelofs, G.J., P. Kasibhatla, L. Barrie, D. Bergmann, C, Bridgeman, M. Chin, J. Christensen, R. Easter, J. Feichter, A. Jeuken, E. Kjellström, D. Koch, C. Land, U. Lohmann and P. Rasch; Analysis of regional budgets of sulfur species modelled for the COSAM exercise, Submitted to Tellus (1999).

Brandt, J., J. Christensen,, L.M. Frohn, and Z. Zlatev; Numerical Modelling of Transport, Dispersion, and Deposition - Validation Against ETEX-1, ETEX-2 and Chernobyl. Accepted by Environmental Modelling and Software (1999) 19pp.

Brandt, J., J. Christensen and Z. Zlatev; Real time predictions of transport, dispersion and deposition from nuclear accident, Environmental Management and Health 10 (1999) 216-223.

Brandt, J., J.H. Christensen, L.M. Frohn and Z. Zlatev; Operational air pollution forecast modelling by using the THOR system, accepted in Physics and Chemistry of the Earth (1999) 6pp.

Brandt, J., J.H. Christensen, L.M. Frohn, F. Palmgren, R. Berkowicz and Z. Zlatev; Operational air pollution forecasts from European to local scale, Atmos. Environ. (2000) To appear.

Brandt, J., J.H. Christensen, L.M. Frohn, R. Berkowicz and Z. Zlatev; Optimization of operational air pollution forecast modelling from European to local scale. Special issue on Global and Regional Atmospheric Modelling, Istituto Universitario Navale Napoli. Annali, Faclota Di Scienze Nautiche, Napoli 2000, G Barone, P.J. Builtjes and G. Giunta (Eds.), Proceedings from the 3rd GLOREAM workshop, Ischia (Napoli), Italy (2000) 269-279.

Frohn, L.M., J.H. Christensen, J. Brandt, and O. Hertel; Development of a high resolution model for studying air pollution. Special issue on Global and Regional Atmospheric Modelling, Istituto Universitario Navale Napoli. Annali, Faclota Di Scienze Nautiche, Napoli 2000. G Barone, P.J. Builtjes and G. Giunta (Eds.), Proceedings from the 3rd GLOREAM workshop, Ischia (Napoli), Italy (2000) 3-13.

Regional air quality studies using EURAD

A contribution to subproject GLOREAM

M. Memmesheimer, H. Elbern, H.J. Jakobs, C. Kessler, J. Tippke, H. Feldmann, G. Piekorz, H. Schmidt, E. Friese, A. Ebel, M.J. Kerschgens

Universität zu Köln, Institut für Geophysik und Meteorologie, EURAD-Projekt, 
Aachener Strasse 201–209, 50931 Köln, Germany

Summary

The EURAD modeling system (European Air Pollution Dispersion Model) has been further developed in close cooperation with other groups within GLOREAM and other subprojects in EUROTRAC-2, in particular AEROSOL, GENEMIS, TOR-2, CMD, and LOOP. Emphasis in the model system development has been laid on the interface with emission data, application of nesting to episode simulations, data assimilation methods, including of aerosols and clouds, budget calculations, updates of chemical mechanisms and improvement of numerical schemes. The development of strategies for the evaluation of air quality models was an important issue. EURAD participated in a model evaluation carried out for July 26 and 27, 1994 for Nordrhein-Westfalen and the Berlin area (FLUMOB-experiment). Further applications of EURAD aims on the support of field experiments (BERLIOZ, VOTALP, PIPAPO) and forecast of ozone concentrations in close cooperation with the German Weather Service, the IER, University of Stuttgart, and the IMK, University of Karlsruhe. Data assimilation methods based on 4D-Var methods have been applied to an episode in August 1997. These activities have been performed within the framework of research programmes funded by the BMBF (Federal Republic of Germany), DG XII, European Commission, MWF of Nordrhein-Westfalen and in close cooperation with the Ford Research Centre, Aachen.

Aim of the research

The general aim of the research is the better understanding of dynamical and chemical processes in the troposphere over Europe using a highly sophisticated modeling system. Special emphasis is on the support of field experiments and the evaluation of the model based on quality assured observations to improve the parameterizations of processes in the model. Further model development includes the improvement of the aerosol and cloud modules, the development of advanced data assimilation methods using adjoint modeling techniques, the improvement and application of nesting techniques, deposition, gas phase chemistry and numerical methods.
Activities during the year

The EURAD modeling system has been evaluated on the basis of observations obtained during a summer smog episode in July 1994. The regions considered for evaluation have been Nordrhein-Westfalen and Berlin (FLUMOB) (Ebel et al., 2000). In both cases July 26 and 27 have been selected as days of specific interest. The episode of the BERLIOZ field experiment (July/August 1998) also has been selected for evaluation within TFS (Memmesheimer et al., 2000). Application to the Milano area and the nearby Alps has been undertaken within the EC-project VOTALP (valley experiment, foehn episode) and for PIPAPO in close cooperation with LOOP (Feldmann et al., 2000; Seibert et al., 2000). The nesting capabilities of the modeling system have been extended to consider regional and local effects with horizontal resolutions from 54 km down to 2 km (e.g. Berlin) (Ebel et al., 2000; Memmesheimer et al., 2000).

Budget calculations (Memmesheimer et al., 1997) have been performed on the European scale for a summer smog episode in July/August 1990 (EUMAC-TOR episode) on the European scale, for the Berlin region on the basis of a photosmog episode in July 1994 (Ebel et al., 2000) and for the VOTALP campaigns (Feldmann et al., 2000). The effect of the nesting on the processes involved in the budget calculations have been studied for the area of Berlin (Ebel et al., 2000).

Advanced data assimilation methods have been developed on the basis of adjoint modeling (Elbern et al., 1999) within the TFS and the EC-project RIFTOZ. These methods have been applied to an episode in July/August 1997. They are used to improve initialization of air quality models, chemical state analysis, for sensitivity studies and for parameter optimization such as emission rates. It allows for a better understanding of chemical and dynamical processes governing the chemical state of the atmosphere on the basis of observations.

Concerning model development, major efforts have been undertaken to improve the parameterization of aerosols and clouds (Ackermann et al., 1998; Friese et al., 2000). Relations with the subproject AEROSOL have been established to use the EURAD modeling system for the analysis of measurements and to get further ideas for model development by a close cooperation between modelers and experimentalists. The work performed with respect to the aerosols has been done in close cooperation with the Ford Forschungszentrum, Aachen.

The interface to the emission data bases available within GENEMIS has been improved considerably. GENEMIS data provided by the IER, University of Stuttgart, has been used to simulate the oxidant formation from the European scale to the urban scale of Berlin; landuse data generated for Europe by the IFU, Garmisch-Partenkirchen, has been used to calculate biogenic emissions (VOCs and NOX) for the BERLIOZ episode (Memmesheimer et al., 2000).

The effect of stratosphere-troposphere exchange has been studied for several episodes and with different methods within the framework of the EC-projects TOASTE-C and VOTALP.

Principal results

The nesting capabilities of the EURAD model has been applied to zoom from the European Scale into highly populated, industrialized regions with high emission rates. Regions of specific interest are located in Nordrhein-Westfalen (Ebel et al., 2000), the Milano area (Feldmann et al., 2000) and in particular Berlin (Memmesheimer et al., 2000; see also Fig. 1). Process analysis has been carried out for the urban area of Berlin to investigate the effect of nesting on the processes which control temporal development and spatial variations of photo-oxidants and their precursors in the Berlin plume (see Fig. 1 and Fig. 2).

Aerosol dynamics and chemistry has been included into the model. First results have been obtained for a summer smog episode in July 1994 including nesting for Nordrhein-Westfalen (details can be found in the annual report to the subproject AEROSOL).

Data assimilation based on adjoint modeling has been tested for an episode in August 1997 (Elbern et al., 1999). It could be shown that the model results can be improved considerably (see Fig. 3).

Main conclusions

The EURAD modeling system has been applied successfully to various scales using its nesting capabilities. The tools available within the EURAD modeling system has been developed further to improve the understanding of dynamical and chemical processes which control the atmospheric concentration fields (graphical tools, budget analysis). Highly advanced data assimilation using adjoint modeling has been developed and successfully applied. The implementation of aerosol dynamics and chemistry into a 3D Eulerian modeling system allows for applications including the analysis of field experiments aiming on the characterization of aerosol patterns in different regions of Europe. EURAD is under a permanent process of evaluation which improves the knowledge of the range of uncertainty in the model results and points to possible improvements in the modeling system. The interface to GENEMIS, which has been established now allows for the calculation of emission scenarios for Europe and smaller areas of particular interest on the basis of sophisticated and permanently improved emission data. The range of applicability of EURAD has been extended and allows for the preparation and analysis of field experiment (including aerosols) as well as for the calculation of emission scenarios for air quality regulation policy on different scales.
Aim for the coming year

The EURAD modeling system will be further applied to analyse the results of the BERLIOZ episode (July/August 1998). Analysis include budget calculations, data assimilation and process oriented evaluation on the basis of observations. Further development of data assimilation schemes will be tested for the episode in August 1997.
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Figure 1. An example for the temporal development of ozone in the Berlin plume is shown together with the net chemical production rates for the first intensive measurement phase of BERLIOZ (July 20/21). The upper row shows the ozone concentration for July 20, 11 UTC (13 CEST) and 12 UTC (14 CEST) as simulated with the EURAD model for the lowest layer (about 40m thick). Evidently ozone increases within one hour in the order of 5 ppb, in particular in the Berlin plume. The lower row shows the net chemical production of ozone integrated over one hour (11-12 UTC) as calculated with the EURAD model again for the lowest layer (right) and, in addition, for layer 7 (altitude range 310 - 430 m). The net chemical production in the plume is in the order of 4 - 8 ppb/h. The BERLIOZ measurement sites are indicated by abbreviations, as e.g. PH for Pabstthum.
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Figure 2. Comparison of observations (crosses) and model calculations with EURAD (solid lines) and CALGRID (dashed lines) at Pabstthum for July 20, 1998. The analysis has been done by Heiner Geiß, ICG2, FZ Jülich. CALGRID data have been provided by Bernhard Scherer, FU Berlin.
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Figure 3. Scatter plot with observed data (x-axis) and modeled data (y-axis) of 8 simulations for August 7, 0600-1200 UTC (crosses) and 1210-1600 UTC (diamonds). Diagonal lines denote reference position (solid) and 10 ppbv error margins (dashed). a: FG run, b: OI run, based on influence radius L = 54 km (OI1), c: 4D-var assimilation within the time window 0600-1200 UTC and without radius of influence (L0), d: as for c, but with radius of influence L = 54 km (L1), e: as c, but with radius of influence L =162 km (L3), f: 4D-var assimilation with extended assimilation window 0600-1500 UTC and with radius of influence L = 54 km (L1-9), g: not assimilated stations other than depicted, no radius of influence (L0-o), and h: as for g, but with radius of influence L = 54 km.
Aerosol modelling with ECHAM4 and its evaluation

A contribution to subproject GLOREAM

Christine Land, Johann Feichter, and Erik Kjellström

Max-Planck-Institute for Meteorology, Bundesstr. 55, D-20146 Hamburg, Germany

MPI Hamburg in cooperation with the Meteorological Institute, Stockholm University, participated in a “Comparison of the Performance of Large Scale Models in Simulating Atmospheric Sulphate Aerosols (COSAM)”, which is a program of WCRP/WGNE and IGAC/GIM. The objective of this comparison was to examine the design of large scale models of atmospheric sulfate aerosols and evaluate their performance in predicting atmospheric sulfates and associated precursors (e.g. dimethylsulfide (DMS), sulfur dioxide (SO2), and methanesulfonic acid (MSA)) in the troposphere by comparison with observational data. Eleven modelling groups, renowned in this research area, took part in this exercise. While seven groups employed chemical transport models (CTM) and three parties used their chemistry general circulation models (GCM) in climatological mode, the results presented here have been achieved with the general circulation model ECHAM4 forced by a Newtonian relaxation technique to simulate the requested time period (see below).

The simulation is performed with ECHAM4 (Roeckner et al., 1996) at a horizontal resolution of spectral T42, which is associated with a Gaussian transform grid of approximately 2.8x2.8 degrees in longitude and latitude. The trace species are advected by a new transport scheme (Rasch and Lawrence, 1998). This scheme is superior to the previously applied semi-Lagrangian advection scheme, because it is strictly mass conserving. In order to force the model to simulate the period July 1993 to June 1994, a Newtonian relaxation technique has been applied, i.e. surface pressure, the three-dimensional wind, and the temperature field have been adjusted to the respective ECMWF analyses (Jeuken et al., 1996). This technique allows to integrate the model over time intervals long enough that the initial conditions do not affect the distribution of chemical species and it enables model validation on smaller temporal scales and comparison with short-term observational data. This method has already been applied successfully in evaluating clouds and sulfur species modelled by ECHAM4 (Feichter and Lohmann, 1999). This special period of time was chosen, because there were many high quality routine observations of sulfur compounds at remote stations in the Arctic and North Atlantic and in the eastern North America and Europe as well as numerous intensive field campaigns.

The sulfur model is described comprehensively by Feichter et al. (1996). The gas-phase chemistry presented there is complemented in this evaluation exercise by an oxidation pathway of DMS to MSA. In the present experiment DMS emissions from the oceans are calculated according to Liss and Merlivat (1986) using sea surface concentrations of DMS (Kettle et al., 1996) and model generated winds. DMS is emitted at a rate of 18.6 TgS per year, anthropogenic and volcanic emissions of SO2 add up to 75 TgS/yr (Benkovitz et al., 1996; Spiro et al., 1992).

To give an overview of the geographical distribution of sulfur at the surface, the seasonal mean distribution of the sum of SO2 and SO42- at the surface is presented for boreal summer (JJA) and boreal winter (DJF) (Fig. 1).
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Figure 1. Seasonal mean surface mixing ratio of SO2 plus SO42- in units of ppbv as simulated by ECHAM4 for DJF and JJA.

The highest concentration of the sum of SO2 and SO42- coincides with the main source regions of SO2, namely the industrialized regions on the northern hemisphere, i.e. the eastern part of the United States, Europe, and South East Asia. The lowest amount is found in the ITCZ, because there the emission rate of SO2 is zero over the oceans and low over land and SO42- is effectively removed by wet deposition. The concentration is also low in the midlatitudinal atmosphere of the southern hemisphere in JJA, because the SO2 emission is generally lower on the southern than on the northern hemisphere, and the DMS emissions are strongest on the respective summer hemisphere. In JJA the concentration of SO2 plus SO42- is lower over the continents of the summer hemisphere, because the sulfur species are effectively transported upward by convection. These general features have been captured by all models, however, differences occur due to differing transport and chemistry schemes as well as parametrized physical processes.

The performance of the model ECHAM4 in capturing the atmospheric sulfur cycle is depicted in Fig. 2, which shows a comparison between modelled and observed SO42- concentration at surface stations in the North Atlantic region.
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Figure 2. Modelled (straight line) and observed (dots) SO42--concentration in units of ppbv at surface stations in the North Atlantic region for DJF, MAM, JJA, and SON. The surface stations are listed in Table 1 (after Barrie et al. (1998)).

The model is able to simulate the meridional concentration gradient between Alert (ALT) and Ragged Point (BAR) in all season. The values to the north of and at Heimaey (HEI) are observed to be lower than those at Kejimkujik (KEJ) and Bermuda (BER); this is captured by the model. Also the strong decrease in the SO42--concentration observed to the south of Bermuda is present in the model data. The overall agreement is very good. The vertical structure of SO2 and SO42- has been compared to observations measured in 1993 from August, 12 to September, 8 during the North Atlantic Regional Experiment (NARE, Fehsenfeld et al., 1996). The model is able to capture the concentration increase of SO42- of about 1 ppbv from the surface up to 1 km altitude and the subsequent decrease with height. However, the maximum concentration at 1 km is overestimated by a factor of 2 (Fig. 3, red line). The latter is also true for SO2 (Fig. 4, red line).

The comparison of model results with observational data was very successful on a regional scale. It could be shown that the ECHAM4 model configuration captures to a very high degree the SO42- surface mixing ratio at surface stations in the North Atlantic region. However, it is also necessary to evaluate the modelled atmospheric sulfur cycle on a global scale. This will be done by comparison with satellite data.

Table 1. List of surface stations in the North Atlantic region.




Location

Station name
Country
Stat. ID
latitude [deg]
longitude [deg]

Alert
Canada
ALT
82.47N
62.50W

Nord
Greenland
NORD
81.43N
17.50W

Spitzbergen
Norway
NO42
78.90N
11.88E

Heimaey
Iceland
HEI
63.25N
20.15W

Kejimkujik
Canada
KEJ
44.43N
65.20W

Bermuda
UK
BER
32.32N
65.27W

Ragged Point
Barbados 
BAR
13.17N
59.43W
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Operational Air Pollution Forecast at DMI in 1999
A contribution to subproject GLOREAM
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and Alexander Baklanov

Danish Meteorological Institute (DMI), Lyngbyvej 100, DK-2100 Copenhagen Ø, Denmark
Summary

At DMI the Danish Atmospheric Chemistry FOrecasting System (DACFOS) is at present used to forecast surface ozone (Kiilsholm et al., 2000; Chenevez, 2000a and b; Chenevez and Jensen, 2000). In this paper we present validation and verification results of DACFOS without (this model will in the following be called DACFOS1) (Kiilsholm et al., 2000) and with a statistical after-treatment by a Kalman filter (in the following called DACFOS1_KF) (Chenevez, 2000a and b; Chenevez and Jensen, 2000) for 1999 season. Moreover, a new version of DACFOS has be developed, DACFOS2, (Gross, 2000; Gross et al., 2000a and b). This new version uses a more accurate solver (GEAR solver, in DACFOS1 QSSA is used) and more comprehensive chemical mechanism (the RACM mechanism, in DACFOS1 the EMEP mechanism is used). Only few results from this DACFOS2 will be given here, a more detailed validation and verification of DACFOS2 is presented by Gross (2000) and Gross et al. (2000a, b and c).

The general trend of all the results are:

· DACFOS1_KF is in better agreement with measurements than DACFOS1, and

· DACFOS2 is in better agreement with measurements than DACFOS1.

Aim of the research

The aim of DMI’s activities in GLOREAM are to improve, validate and verify the different versions of DACFOS for operational air pollution forecasts of photochemical oxidants.

Activities during the year

In 1999 DACFOS1 has been excessively verified against the 1998 and 1999 seasons (Kiilsholm et al., 2000; Chenevez, 2000a and b; Chenevez and Jensen, 2000). Furthermore, a new solver and chemical scheme have been implemented in DACFOS (DACFOS2), and preliminary tests of this new system have been performed (Gross, 2000; Gross et al., 2000a, b and c). In this paper we present in brief the outcome of these results, more details are given by Kiilsholm et al. (2000), Chenevez (2000a and b), Chenevez and Jensen (2000), Gross (2000) and Gross et al. (2000a, b and c).

Principal results

Three versions of DACFOS are presented herein. The similarities between these models are that they are all 3-D Lagrangian models, they use meteorological data from DMI-HIRLAM, they use the same physical parameterizations of dry and wet deposition, and they use the emission inventory of EMEP. The differences among them are illustrated in Table 1.

Table 1. Schematic view over versions of DACFOS used in this paper.


DACFOS1
DACFOS1_KF
DACFOS2

Chemical mech.
EMEP
EMEP
RACM

Photolysis
Parameterized
Parameterized
Modeled

Chemical solver
QSSA
QSSA
Gear

With Kalman filter
No
Yes
No

Principal results from DACFOS1_KF versus DACFOS1

Every six hours DACFOS1 produces 48 hours surface ozone forecasts for 36 locations in Europe. These forecasts are available to the public on http://www.dmi.dk/vejr/ozon/smog.html. The statistical after-treatment of the DACFOS1 with a Kalman filter (DACFOS1_KF) is at presently done for only three Danish stations: Jægersborg, Keldsnor and Lille Valby since it requires real time surface ozone measurements.

In Table 2 forecast skills for DACFOS1_KF’s and DACFOS1’s ability to model the daily maximum ozone concentration in Jægersborg, Lille Valby and Keldsnor for 1999 are presented, and contingency tables for exceeding the 60 ppbV threshold at these sites are given in Table 3.

Table 2. Forecast-skill for the daily maximum ozone concentration for Jægersborg, Keldsnor and Lille Valby within the uncertainty interval [0; 10] ppbV. Calculations are based on DACFOSx, where x=1_KF and 1. The forecast-skill for Jægersborg covers 1999. Keldsnor covers the second half of 1999. Lille Valby covers the third quarter of 1999.

Jægersborg
Lille Valby
Keldsnor


x=1_KF
x=1
x=1_KF
x=1
x=1_KF
x=1

1st day
74%
65%
80%
67%
64%
60%

2nd day
65%
64%
75%
63%
53%
57%

Table 2 and 3 show that DACFOS1_KF has a higher forecast-skill and a higher frequency of correct threshold above the 60 ppbV alarms than DACFOS1
 (Chenevez, 2000b). However, DACFOS1_KF has a tendency to give some more false alarms than DACFOS1 (Chenevez, 2000b). In general, both models have a slight tendency to underestimate the daily maximum ozone concentration at all the three locations. However, this bias is more pronounced for DACFOS1 than for DACFOS1_KF.

Table 3. Contingency tables for exceeding the threshold of 60 ppbV in Jægersborg, Keldsnor and Lille Valby calculated on the basis of DACFOSx, where x=1_KF and 1. For Jægersborg the table covers 1999. Keldsnor covers the second half of 1999. Lille Valby covers the third quarter of 1999.
Jægersborg
x=1_KF
Observed


Forecast
[O3]>60ppbV
[O3]<60ppbV
Total

[O3]>60ppbV
10
20
30

[O3]<60ppbV
12
1281
1293

Total
22
1301
1323

x=1
Observed


Forecast
[O3]>60ppbV
[O3]<60ppbV
Total

[O3]>60ppbV
3
12
15

[O3]<60ppbV
19
1289
1308

Total
22
1301
1323

LilleValby

x=1_KF
Observed


Forecast
[O3]>60ppbV
[O3]<60ppbV
Total

[O3]>60ppbV
9
18
27

[O3]<60ppbV
   19
671
690

Total
   28
689
717

x=1
Observed


Forecast
[O3]>60ppbV
[O3]<60ppbV
Total

[O3]>60ppbV
1
5
6

[O3]<60ppbV
27
684
711

Total
28
689
717

Keldsnor

x=1_KF
Observed


Forecast
[O3]>60ppbV
[O3]<60ppbV
Total

[O3]>60ppbV
10
16
26

[O3]<60ppbV
23
308
331

Total
33
324
357

x=1
Observed


Forecast
[O3]>60ppbV
[O3]<60ppbV
Total

[O3]>60ppbV
10
12
22

[O3]<60ppbV
23
312
335

Total
33
324
357

Principal results from DACFOS2 versus DACFOS1

A recently developed model, DACFOS2, has been run for 25 location every third hour over a two week period from August 11 to August 25, 1995. The results from these runs have been compared with DACFOS1 and with measurement data. The general results from this work show that DACFOS2 better models the daily maximum ozone concentration, AOT0, AOT40 and AOT60 values than DACFOS1 (Gross, 2000; Gross et al., 2000a, b and c). As illustrated in Table 4 the forecast-skill for DACFOS2 is therefore higher than that obtained by DACFOS1 (Gross et al. 2000c).

Table 4. Forecast-skill for 19 of the 25 locations in Europe grouped into four classes for the period August 11 to August 24, 1995. Class 1: “high” photochemical activity and “high” ozone concentration. Class 2: “high” photochemical activity and “low” ozone concentration. Class 3: “low” photochemical activity and “low” ozone concentration. Class 4: both “high” and “low” photochemical activity and “high” and “low” ozone concentration.
Uncertainty

Interval
Class 1
Class 2
Class 3
Class 4

[0; 5] ppbV
21.8%
29.3%
18.9%
21.7%
17.8%
27.9%
21.0%
22.0%

[0; 10] ppbV
42.8%
56.3%
35.3%
39.4%
38.1%
49.4%
43.0%
47.2%

[0; 15] ppbV
60.2%
71.3%
50.3%
55.2%
52.6%
71.1%
53.7%
67.3%

[0; 20] ppbV
72.5%
82.4%
60.8%
68.5%
64.3%
80.9%
62.1%
79.4%

In addition, we found that DACFOS2 is a numerically more robust model than DACFOS1 (Gross 2000; Gross et al., 2000b), and since we use a highly vectorized Gear solver in DACFOS2 this model can be used as surface ozone forecasting model at DMI (Gross 2000; Gross et al., 2000a and c).

Main conclusions

We have seen that the quality of DACFOS1_KF forecasts for ozone concentration is generally satisfying. Indeed, by looking globally at the performances of DACFOS1_KF during the respective forecast periods for each of the three monitoring stations concerned here, one can see that most of the daily ozone levels were correctly predicted and that the forecasts are most often better than those of DACFOS1.

The general trends from the comparison of DACFOS1 and DACFOS2 with the different measurement stations in Europe (Gross, 2000; Gross et al., 2000a, b and c) show that DACFOS2 in general predicts higher surface ozone concentrations than DACFOS1. This trend is in much better agreement with measurement data as illustrated in Table 4.

In conclusion, comparing the global performances of DACFOS1_KF with DACFOS1 and DACFOS1 with DACFOS2 show that

· DACFOS1_KF outperforms DACFOS1 in forecasting surface ozone (Chenevez, 2000a and b; Chenevez and Jensen, 2000), and

· DACFOS2 outperforms DACFOS1 in modeling surface ozone (Gross, 1999; Gross et al., 2000a, b and c).

This indicates that a combination of DACFOS1_KF with DACFOS2 to a new system, DACFOS2_KF, significantly can improve the operational air pollution forecasting system DACFOS at DMI.

Aim for the coming year

The objectives of DMI’s activities in GLOREAM the coming year are three fold – the number of stations that are applied to the Kalman filter will be continuously extended (very soon with Lyon and Prunay, station near Paris), further validation and verification of DACFOS1 versus DACFOS2, combine DACFOS1_KF with DACFOS2 to DACFOS2_KF, and develop a new version of DACFOS (DACFOS3). DACFOS3 will be an Eulerian model fully integrated into the DMI-HIRLAM numerical weather prediction model.
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Status on the development of the EMEP regional scale Eulerian Photochemistry model.
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Introduction

In 1999 major changes are made in the treatment of emissions. Assumptions about the temporal variability of the emissions are improved, with diurnal, weekly, and annual variability in the source strengths. Apart from this, only minor changes are made in the program code. In 1999 the EMEP Eulerian Photochemistry model has been used in calculating the effects of future reductions in the emissions of ozone precursors in Europe.

Progress in 1999: Effects of emission reductions

Model calculations using emission estimates for 1996 and 2010 have been made with a global model (Oslo CTM2) and a regional model (EMEP Eulerian Photochemistry model) where concentrations from the global model are used on the lateral boundaries in the regional model calculations. All the calculations are made with 1996 meteorology. The global model calculations are described in Jonson et al. (2000). In the regional model calculations emission estimates from EMEP are used for 1996, whereas two different emission scenarios have been used for 2010. The first emission scenario for 2010 is based as far as possible on the UN-ECE projections for the individual countries, whereas the second scenario is based on the so-called IIASA (International Institute for Applied Analysis) G5/2 scenario, allowing for more stringent control options. A detailed description of the emissions is given in Jonson et al. (1999a).

In Jonson et al. (2000) global and regional calculations with the global and regional model are made using emission estimates for 1996 and 2010 (UN-ECE projections), and in Jonson et al. (1999b) parts of this study is repeated with the G5/2 scenario for the regional model. Compared to 1996 levels, calculated ozone in the boundary layer decreases in almost all parts of Europe in the summer months, and in particular in the Mediterranean area, with both 2010 emission scenarios. The calculated decrease in boundary layer ozone leads to substantial reductions in AOT40 and AOT60 values. In Fig. 1 AOT40 and AOT60 are shown for 1996 and for 2010 (G5/2 emission scenario).

Whereas future emissions of ozone precursors are likely to decrease in Europe and in North America, they are expected to increase in most other parts of the world. In the Global calculations (Jonson et al., 2000) this results in a further increase of ozone in the free troposphere in the Northern Hemisphere as a whole. Running the regional model with lateral boundary concentrations representative for both 1996 and 2010 indicates that the increase in free tropospheric ozone will affect boundary layer ozone in Europe. However, our calculations indicate that the largest ozone changes in the European boundary layer are brought about by changes in European emissions.
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Figure 1. Top: Calculated AOT40 in ppb hours in 1996 (left) and in 2010 (right), with G5/2 scenario (see text). Bottom: Calculated AOT40 in ppb hours in 1996 (left) and in 2010 (right), with the G5/2 scenario (see text).
As part of the DGXII Project INFOS (Assessment of Policy Instruments for Efficient Ozone Abatement Strategies in Europe) model calculations for 2010 have also been made studying the effects emissions from traffic (Reis et al.,1999), where the traffic emissions have been split into several sectors (passenger car exhaust, light duty vehicles, heavy duty vehicles, etc.). Calculations were performed omitting one sector at a time. In 2010 the sector contributing the most to ozone production is likely to be heavy duty vehicles, followed by personal cars (exhaust and evaporation).

Policy relevance

Our results obtained in 1999 provide an assessment of the efficiency of planned or already implemented control measures for ozone precursors. We conclude that significant reductions in boundary layer ozone can be achieved by reducing European emissions of ozone precursors. European ozone levels will be affected by an expected increase of ozone in the free troposphere, but this increase is for most of Europe much smaller than the expected decrease resulting from European control measures. In the future the largest contributing sector of traffic emissions is likely to be heavy duty trucks followed by emissions from personal cars. However, it should be noted that significant exceedances of ozone threshold values are calculated also with 2010 emissions.
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Introduction

TM3 off-line chemical tracer transport model originates from the TM2 model developed by Heimann (1995). In the last few years improvements and extensions have been implemented and the model is used for a variety of applications. The most important changes are (1) the introduction of a background photochemistry scheme with photolysis rates directly coupled to model ozone and clouds, (2) the introduction of a hybrid vertical coordinate system with 19 layers and (3) an increased horizontal resolution up to 2.5 degrees. As meteorological input 6 hourly fields produced by the ECMWF model are used. The model has been applied in long-term trend studies, in studies of the impact of aircraft emissions and it has been applied in studies of the global sulfur cycle, including sulfate aerosols. Recently we focussed on four main aspects: the impact of a new vertical diffusion parameterization; the impact of aircraft emissions using a special labeling technique, the interaction of mixing and chemistry and using the tracer model for assimilation of GOME ozone columns.

Improved parameterizations

The parameterization of turbulent diffusion is changed from the old Louis scheme (Louis, 1979) using only local quantities, to a new, non-local scheme that uses the boundary-layer height as a separate length scale. When the TM3 model was used to simulate atmospheric radon a small improvement of the vertical profiles was found due to the increased vertical mixing in the new scheme. The impact of vertical diffusion on the simulation of the sulfur cycle is more complex, since it also affects the in-cloud oxidation of SO2. Moreover, there are some indications that vertical mixing is still underestimated (Jeuken, 2000). It is hypothesized that a further increase of vertical mixing would lead to a better agreement with SO2 observations, and to enhanced sulfate aerosol concentrations. The latter was found to be underestimated by the current model, when compared to aerosol optical depths derived from satellite observations (Jeuken, 2000).

Labeling Techniques

A labeling technique is developed to estimate the impact of different source categories on e.g. tropospheric ozone, retaining all nonlinear effects that are caused by atmospheric chemistry (Meijer et al., 2000). This tool is applied to estimate the contribution of different sources to tropospheric concentrations of ozone and NOx. Model values of O3 and NOx were compared with airborne measurements during POLINAT 2, SONEX and EULINOX. In general a reasonable agreement was found, although the high variability of NO was not resolved by the model. The sources that were distinguished by the model were aircraft emissions, surface emissions and lightning induced sources of NOx, as well as a stratospheric influx HNO3. It was found that the NOx concentrations in the North Atlantic flight corridor were for a large part (50%) determined by the aircraft emissions, whereas only 10% of the ozone concentrations could be ascribed to these sources. Surface emission of NOx contributes to roughly 30% of the ozone concentrations at these levels.

Mixing-Chemistry Interactions

Two simplifications are generally made in regional and global atmospheric transport and chemistry models: (1) turbulent transport can be parameterized as if the tracers are inert, and subgrid concentration covariances are negligible. It is relatively easy to show that these assumptions produce large errors for certain well chosen source configurations and reaction rates (e.g. Verver et al., 1997). In order to test whether in more realistic circumstances the errors involved are still significant, a one-dimensional model was developed (Verver et al., 2000) that includes a comprehensive set of chemical reactions (32 chemical species, 80 chemical reactions). This model describes the photochemical breakdown of isoprene and solves equations for the mean concentrations, the turbulent flux as well as the concentration covariances, all including chemistry terms that are usually neglected. Several different chemical regimes were studied, and significant effects were found for the turbulent fluxes of moderately reactive tracers, such as NO and NO2. However, in no case a significant effect was found for the mean concentrations of all moderately and slowly reacting species.

Data Assimilation

Data assimilation provides a powerful tool to interprete observations that have a limited coverage in both space and time. An optimal estimation of trace gas distributions is made from a combination of model results and irregular observations, mostly from satellites. The data assimilation technique described in Jeuken et al. (1999) uses TM3 as a chemical transport model and observed total ozone columns from the TOVS instrument. Recently the assimilation package was extended and is now able to assimilate also GOME total ozone columns (see: http:\\www.knmi.nl/gome_fd/index.html). The improved procedure includes a prediction of the model errors, which accounts for transport and growth of the error. With this assimilation technique it was possible to ascribe the extremely low ozone values (less than 200 Dobson units) over northwestern Europe on 30 November 1999 to atmospheric transport from the tropics (see Fig. 1).

Conclusions and Outlook

It is found that a new non-local vertical diffusion scheme improves the results of the TM3 transport model in the lowest layers. However, when these changes are introduced in a simulation of the sulfur cycle indications are found that some underestimation of vertical transport is still present over the continents. These discrepancies must be further investigated, in combination with the wet scavenging parameterization and the emission database that is used.

The labelling technique will be used to improve the parameterization of NOx production by lightning.

There are no indications that in the current transport models the introduction of higher order chemistry effects (i.e. chemical effects on the vertical diffusion coefficient and the effect of concentration covariances) will improve the model results significantly. However, these effects might still be relevant for dry deposition parameterizations.

The work on data assimilation will continue. More specifically, GOME ozone columns will be assimilated on a routine basis. Another development is the assimilation of aerosol optical depths observed by satellites and surface instruments.
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Figure 1. Example of data assimilation product of GOME total ozone observations and the TM3 chemistry/transport model, showing very low ozone values over western Europe on November 29, 1999.
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Environmental Impacts of Air Pollutants from Swiss Energy Systems
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Summary

For the investigation of the impacts of air pollutants on ecosystems, air quality simulations were performed using the 3-dimensional photo-chemical dispersion model UAM (Urban Airshed Model). The results are intended to be used in the frame of environmental assessment of energy systems in Switzerland. In previous years, air pollution conditions for the short term impacts on vegetation have been studied for summer smog conditions. In 1999 the air quality for winter conditions (covered sky, different meteorological and boundary conditions) was simulated and the results were compared with those from summer calculations. Dry winter days (covered sky, no precipitation) in January 1998 were chosen. Model results were compared with ground-level measurements. Some scenario calculations were carried out for 2030. For this year a significant deficit in the electricity supply is predicted, the main reason being the decommissioning of the Swiss nuclear power plants and the expiration of electricity import contracts. Potential exceedances of short-term critical levels for vegetation and of limits to protect the public health in winter and summer were estimated.

The latest version of the air quality model, the Urban Airshed Model with Variable grid (UAM-V) and the meteorological pre-processors have been implemented. First experiences show that for the complex topography of Switzerland both the pre-processors and the air quality model yield results which must be very carefully checked. There are some strange features which are not yet fully understood.

For the estimation of the influence of the transboundary air pollution on the Swiss air quality, species concentrations computed by the European model LOTOS for a summer smog period in 1994 were provided by TNO Apeldoorn. These data are intended to be used as preliminary boundary values for UAM-V. As a next step, LOTOS data will be calculated for the whole year 1998 and for different emission scenarios in Europe.

Aim of the research

The objective is to estimate the impacts of air pollutants on the ecosystems in Switzerland. Particular interest is devoted to emissions due to conversion processes in energy systems (e.g. power plants, vehicles, etc.). The influence of emissions in Switzerland as well as in neighbouring countries are addressed.

Activities during the year

Air quality simulations with UAM were performed for two dry anticyclonic winter days with covered sky. The horizontal resolution was 5 km x 5 km and there were 5 vertical layers. For the base case calculations, projected emissions for the year 2030 were used for the following reason: The long-term prospect of the Swiss electricity demand and supply indicates that there will be a significant deficit (4 GWe in summer, 6 GWe in winter) in 2030 mainly due to the decommissioning of the Swiss nuclear power plants. The meteorology was the same as on January 13-14, 1998. Two future scenario calculations were carried out: 1) reduction of traffic emissions by 30 % in whole Switzerland, 2) replacement of nuclear power plants by fossil fuel plants. In this scenario, the electricity deficit was assumed to be covered by 4 mainly oil-driven combined cycle plants (an extreme case, not necessarily realistic) placed at the same sites where the nuclear power plants located today. The two scenarios are the same as those selected for the summer cases simulated in the previous years.

The features of the UAM used until today are rather limited in terms of vertical spacing, cloud and precipitation, etc. Hence, we bought the current version of the model code, the UAM-V which has variable grid capability. Two senior scientists and a PhD student are currently involved in implementing and running the meteorological preprocessors (SAIMM) and the UAM-V code. A substantial amount of difficulties in procuring and running the program has been encountered. The meteorological pre-processors yield now reasonable results for the complex topography of Switzerland. Monitored data of the meteorological network ANETZ operated by the Swiss Meteorological Institute (SMI) and forecast data from the Swiss mesoscale model (SM) were used as surface and sounding inputs for SAIMM. The number of surface and sounding data was optimized. The output of UAM-V, however, showed some strange features which has not yet been understood.

Typical concentrations at the domain boundaries of UAM-V were originally taken from the literature. In the nearest future these values will be delivered by the European dispersion model LOTOS (Long Term Ozone Simulation) developed by TNO Apeldoorn. This model is based on the Chemical Bond Mechanism (CBM) IV, the same as implemented in UAM-V. A preliminary data set is available for summer 1994. This data was compared with the values taken from the literature and the differences were identified. A full year simulation of LOTOS for 1998 will be available in 2000.

Principal results

The calculations using the old version of UAM for a winter situation in January 1998 in Switzerland predict higher concentrations of NOx, VOC, SO2 and CO and lower concentrations of ozone than in summer. These differences are caused mainly by additional emission sources due to residential heating, smaller mixing layers and lower solar irradiance and air temperature. Critical levels for the short-term impacts on vegetation and the limits to protect the public health, however, are not yet exceeded. Reducing traffic emissions in winter does not affect the pollutant levels significantly, probably due to the effect of other emission sources such as heating. In summer however, it may decrease or increase ozone concentrations depending on the location. Replacing the nuclear power plants by the oil-driven combined-cycle power plants (as an extreme case) would increase SO2 and NO2 concentrations locally and critical levels for vegetation and limits for public health would be exceeded. Effects of this scenario are predicted to be more significant in winter than in summer.

SAIMM, the meteorological pre-processor for UAM-V, computes reasonable data for pressure, temperature, wind velocity and vertical turbulent diffusivity. We found that the use of 68 ANETZ stations and 8 x 5 grid cells of the Swiss forecast model yield the best meteorological input data for UAM-V. Less stations or SM grid cells lead to a significant distortion of the wind field and the vertical diffusivity profile which control the distribution of the pollutants and the mixing height.

The comparison between the LOTOS mixing ratios and the boundary data of  the UAM model on the basis of literature values reveals the following differences: ozone and aldehydes are in good agreement. The UAM boundaries of NOx and ethene, however, are overestimated by factors of about 4 and 2, respectively. The significant differences between the two datasets for NOx and Ethene are not completely understood and may result partly from different mixing layer heights and different grid sizes in the two models.

Main conclusions

Simulations of a winter episode in Switzerland with the old version of UAM predict higher concentrations of NOx, VOC, SO2 and CO and lower concentrations of ozone than in summer. These differences are caused mainly by additional emission sources due to residential heating, smaller mixing layers and lower solar irradiance and air temperature. These results are preliminary because UAM has very limited possibilities to model the influence of clouds, low radiation or precipitation. The new version UAM-V has been substantially improved to meet these requirements.

The LOTOS mixing ratios of ozone and aldehydes are in good agreement with the UAM boundary values which are based on the literature. Conversely, NOx and ethene taken from LOTOS are substantially lower. Sensitivity tests will reveal how much these discrepancies will affect the UAM mixing ratios of the various species in the model domain.

We substantially underestimated the effort of implementing the new version of UAM (UAM-V) and its pre-processors. Until the end of 1999 we encountered significant computational difficulties. Although the package is commercially available, it is far from being a “plug and play” software.

Aims for the coming year

We will test the new version UAM-V for summer smog conditions and compare the results with those obtained with the previous version. Preliminary boundary conditions will be replaced by the LOTOS data to investigate the transboundary influence on air quality and impacts in Switzerland. Simulations for spring and summer months will lead to estimates of seasonal impacts. The outcome will be partly used as contribution to the EUROTRAC-2 subproject LOOP where air quality simulations with UAM-V will be performed for the Milan area. Finally, we intend to include particulate matter in the emission inventory and to check the use of an aerosol module in the frame of UAM-V modelling.
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Air quality in the Black Triangle Area: Numerical investigation with the coupled model system METRAS-MUSCAT
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Summary

Numerical air quality studies have been performed for the area of Saxony and the Black Triangle (Southern Saxony, Northern Bohemia, Western Poland) using the coupled meteorology-chemistry transport model system METRAS-MUSCAT (Schlünzen et al., 1996, Knoth and Wolke, 1998). Transport and distribution of sulfur dioxide, ozone and aerosol particles have been investigated under typical meteorological conditions where high concentrations of the respective species could be observed. The model results have been evaluated in terms of the pollutant situation for past (1996), present (1998) and future (2005) emission scenarios and for different emission source types. Special attention has been paid to the question if the respective EU-guidelines for 2005 will be met or under which conditions they can be fulfilled. The work has been done in the framework of the project OMKAS, funded by the State of Saxony.

Aim of the research

Until recently the Black Triangle has been one of the most polluted areas in Central Europe. Also because of political changes the situation has changed drastically in the last years. Significant improvement has been achieved especially for sulfur dioxide and aerosol particles. On the other hand, emissions of ozone precursors have increased considerably in the last years as well as ozone concentrations in the troposphere. The project OMKAS has accompanied and monitored these changes in air pollution for the Black Triangle area. Whereever possible, specific suggestions for emission reducing actions have been proposed.

Activities during the year

The Black Triangle consists of the “Erzgebirge” and surrounding areas (Fig. 1). The model simulations have been performed for horizontal resolutions 2 km (sulfur dioxide) and 4 km (ozone and aerosol particles). Meteorological conditions have been introduced in a conceptual way. They have been chosen to represent typical conditions for high concentrations of the respective species (e.g. winter inversion situation and winds from the east to south-east for SO2 and aerosol particles, hot summer conditions with weak winds for an ozone scenario). Several sensitivity studies in terms of meteorological conditions have been carried out.

Emission values for SO2, VOC, NOX and aerosol particles for different source types have been provided using a dynamical model based on GIS/ArcInfo (Göldner et al., 1998). Data has been permanently updated. Future scenarios have been estimated using development factors and information about future developments e.g. in power plants.
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Figure 1. Black Triangle area, topography with 4 km horizontal resolution (height in m).

The simulations have been carried out over 48 hours. The results for SO2, O3 and aerosol particles have been analysed monitoring the development of air pollution situation and in terms of the relevant EU-guidelines. Furthermore, the influence of the different emission source types has been investigated.

Principal results

Some basic results for the species SO2 are shown in Fig. 2. A large part of sulfur dioxide originates from power plants and large industrial complexes especially in Northern Bohemia. Lower concentrations are the result of emissions from households and small consumers/industry. The main improvement of the pollution situation has taken place between 1996 and 1998 due to major desulfurization actions in the Bohemian power plants. From the simulations and the estimated emission situation for 2005 it can be concluded that air pollution from SO2 will not be of any importance any more. Especially the respective EU-guideline prescribing a threshold value of 125 µgm-3 (24 hour mean value) for not more than three days per year will most likely be kept.

For ozone, the EU-guideline for 2005 prescribes a value of 120 µgm-3 as the maximum 8-hour mean during a day. The simulations here showed, that values would only be below this value for ozone background concentrations smaller than 90 µgm-3. Reducing the local emissions in this limited area would only have a minor effect on lowering the ozone concentrations. Emission reduction strategies have to be performed on a larger scale, at least on the European scale.
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Figure 2. SO2-concentrations in the lowest model layer in µgm-3 (24 hours mean value) for 1996, 1998 and 2005 and for the most important emission source types.

For aerosol particles the EU-threshold value is 50µgm-3 (24-hours mean value) which may not be exceeded on more than 35 days during one year. From our simulations it can be estimated that this threshold value will mainly be kept. On the other hand, the emission data base is still under discussion. There are high uncertainties in the amount as well as in the size distribution. The specific size distributions of the different emission source types is still not known very well. Also, there is a lack of knowledge in terms of the chemical composition of aerosol particles. Furthermore, the relevant measure in terms of health effects, mass concentration or particle concentration, is still in debate.

Main conclusions

From the investigations for the Black Triangle area in the framework of OMKAS it can be concluded that air pollution via the “classical” pollutant SO2 which is responsible for the name “Black Triangle”, is more or less history. For ozone, local emission reductions of the ozone precursors do not have the desired effect. Here, reduction strategies, at least on the European scale, have to be applied to reduce concentrations in a noticeable way. For aerosol particles, emission reduction strategies seem to be sufficient to keep values under the respective EU-value. On the other hand, this value is based on mass concentration rather than particle concentration which may be the more appropriate measure for human health relevance.

Aim for the coming year

Activities have been finished at the beginning of 2000 due to the end of the project OMKAS.
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Annual report of the contribution from the Swedish Meteorological and Hydrological Institute to GLOREAM
A contribution to subproject GLOREAM
Joakim Langner and Robert Bergström
Swedish Meteorological and Hydrological Institute, SE-601 76 Norrköping, Sweden
Summary

To study the potential impact of changes in climate on the regional distribution and deposition of air pollutants a regional transport/chemistry/deposition model has been set up using meteorological output from the dynamical downscaling experiments made at the Rossby Centre at the Swedish Meteorological and Hydrological Institute (SMHI). The set up is based on the MATCH (Multi-scale atmospheric transport and chemistry) model developed at SMHI (Robertson et al., 1999) using meteorological data from the Rossby Centre climate model version one (RCA1) (Rummukainen et al., 1998). RCA1 produce regional climate scenarios by performing dynamic downscaling of GCM simulations using a high-resolution regional climate model. MATCH includes a comprehensive air chemistry scheme (Langner et al., 1998). A thorough evaluation of European scale simulations using MATCH with this type of chemistry is presented in Langner et al. (1998). Here preliminary results from July simulations with MATCH using results from RCA1 integrations at 88-km resolution are presented. The simulations indicate substantial impact of climate change on both deposition of sulfur and nitrogen and concentrations of surface ozone.

Model improvements in the treatment of dry deposition, using more detailed information on landcover, the description of cloud and precipitation processes including aqueous phase chemistry as well as improved treatment of radiation and calculation of photolysis rates are underway.

Aim of the research

· Develop models for real time and long-term simulation of tracer transport, chemistry and deposition over Europe

· Analyse the sensitivity of such models to input data and model formulation

· Evaluate and validate models using available observed data

Activities during the year

The main activity during 1999 has been to investigate the impact of climate change on regional air pollution budgets. This has been done by utilising meteorological data from dynamical downscaling experiments carried out at the Rossby Centre as a part of the Swedish Regional Climate Modelling Programme (SWECLIM). Some preliminary results are presented below.

Work on updating the model descriptions of dry deposition and wet scavenging, including aqueous phase chemistry of sulfur, is underway.

Policy relevant findings

Preliminary results from model calculations indicate that climate change may significantly impact air pollution budgets over Europe during the next 50 years. There are however substantial uncertainties connected to these results mainly due to uncertainties in prediction of regional climate change.

Principal results

Model set-up

To get a first impression of the potential impact of climate change on regional air pollution budgets MATCH was set up to run in a perpetual July mode using meteorological input from the 10 July months simulated by RCA1 in sequence. Two sets of July months were utilised; one from RCA1 simulations using meteorological boundary conditions from a 10-year control time slice of the Hadley Centre Ocean-Atmophere GCM (HadCM2 OAGCM) and one from a 10-year scenario time slice. The scenario time slice represents conditions for the period 2040 to 2050 assuming an increase in greenhouse gases equivalent to a 150% increase in CO2 since preindustrial times. Regarding other input data MATCH was set up in an almost identical way as described in Langner et al. (1998) for European scale simulations at 55 km resolution using operational HIRLAM data. The only change was that emission data for 1996 was used instead of data for 1994. For the runs presented here the intention was to study only the impact of changes in meteorology. Consequently there were no trends assumed in emissions or boundary concentrations.

The chemistry scheme used in the simulations includes 56 prognostic components coupled through more than 150 chemical reactions. The scheme is focused on tropospheric conditions, in particular the middle and lower troposphere. Therefore only the nine lowest model levels were used resulting in a vertical extension of the MATCH model domain from the surface to about 7.5 km.

Results

It should be stressed that so far the results are preliminary. Further analysis and reruns of MATCH, also for other months, will be necessary before firm conclusions can be drawn.

Fig. 1-3 shows results from the perpetual July simulations. Fig. 1 shows the relative change in sulfur deposition between the control and scenario simulation. Increase in deposition is simulated over large parts of the Baltic and surrounding land areas as well as over the North Sea while decrease in deposition is simulated over southern and western Europe, over most of northern Atlantic, Norway and central Sweden. The relative positive changes exceed 40% in a large area in the south-eastern Baltic region. The results for deposition of oxidised nitrogen, Fig. 2, is very similar, but with somewhat larger both positive and negative relative differences. The simulated changes in deposition are mainly related to the differences in precipitation between the RCA1 control and scenario simulation. Statistically significant (compared to internal variability) increase in precipitation is found over south-eastern Baltic region and over the North Sea for June/July/August in the RCA1 simulations. Results for only one month is clearly limited when looking at deposition. However, the RCA1 simulations show statistically significant changes in precipitation of the same order and in the same location also on an annual basis. Therefore similar changes in deposition as for July can be expected also on an annual basis.

Fig. 3 shows the relative change in the daytime, surface concentration of ozone expressed as relative change in AOT0, where AOT stands for the time integrated concentration over a threshold, in this case 0 ppb(v). The time integration is done for 06-18 UTC. AOT40 is often used when relating crop loss due to elevated ozone concentrations. Here we use AOT0 because AOT40 is very sensitive to small systematic errors in the model simulations since 40 ppb(v) is very close to the average surface ozone concentration. The simulations shows an increase of AOT0 over large parts of central and north-eastern Europe including the Baltic and decrease over parts of the North Atlantic, central and northern Sweden. Relative positive changes exceed 8% in central Germany and in several smaller areas in the Baltic. The relation between these changes and the changes in the meteorology is not as clear as for deposition and requires further study.

It should be stressed here that the changes in the regional climate predicted by RCA1 are very sensitive to the climate of the forcing global GCM, in this case the Hadley Centre GCM. A change to another GCM would most likely result in substantially different changes in air pollution budgets.

Conclusions and future work

First results of simulations of the impact of possible regional climate changes on regional air pollution budgets using output from a regional climate model (RCA1) have been presented. The results are preliminary but indicate potentially large changes in deposition of sulfur and oxidised nitrogen with increased deposition over large parts of the Baltic and surrounding land areas as well as over the North Sea. Changes are also simulated in the concentration of surface ozone with the largest positive relative changes of AOT0 in central Germany and in several smaller areas in the Baltic.

Further analysis and additional runs, also for other months, are required to fully interpret the connection between changes in meteorology and changes in air pollution budgets and to establish the sensitivity of the results to assumptions and set-up of the dispersion model as well as to the meteorological data from the downscaling experiments.

Aim for the coming year

· Compare model calculations from several models for 1996 and evaluate differences.

· Update parameterisations of dry deposition, wet scavenging, aqueous-phase chemistry and radiation in the MATCH model.

· Evaluate the sensitivity of the MATCH model calculations to changes in parameterisations and chemical boundary data.

· Evaluate the sensitivity of the predictions of future air pollution budgets to different GCM forcing of the regional climate model (RCA).

· Experiments with higher horizontal and vertical resolution including nesting.
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Figure 1. Relative change in total sulfur deposition for July based on the MATCH model and meteorological data from RCA1 (HadCM2 OAGCM). Positive values indicate increased deposition in the scenario simulation compared to the control. Units: %.
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Figure 2. Relative change in total oxidised nitrogen deposition for July based on the MATCH model and meteorological data from RCA1 (HadCM2 OAGCM). Positive values indicate increased deposition in the scenario simulation compared to the control. Units: %.
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Figure 3. Relative change in AOT0 for surface ozone for July based on the MATCH model and meteorological data from RCA1 (HadCM2 OAGCM). Positive values indicate increased values in the scenario simulation compared to the control. Units: %.

Study of photochemical oxidant budget variability in relation to dynamics, chemistry and climate change
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Kathy Law, Nick Savage, Fiona O'Connor, Paul-Henri Plantevin, Maurette Cobb, 
C. Giannakopoulos and J. Pyle

Centre for Atmospheric Science, Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, CB2 1EW, UK

The Cambridge chemistry transport model, TOMCAT, is an off-line grid point model using winds, temperatures, and humidity from the European Centre for Medium-Range Weather Forecasts (ECMWF) meteorological analyses. It uses an accurate non-diffusive advection scheme together with a mass flux scheme for the convective transport of trace gases. Atmospheric boundary layer (ABL) processes are treated using a realistic non-local vertical mixing scheme based on the scheme developed for the National Center for Atmospheric Research (NCAR) Community Climate Model (CCM2). A more extensive description of the TOMCAT model dynamics can be found in Stockwell et al. (1998) and Stockwell and Chipperfield (1999). The model also includes full treatment of tropospheric chemistry emissions, wet/dry deposition, boundary layer mixing and stratospheric fluxes. The model includes 50 chemical species and, in addition, tracers of stratospheric O3 and NOy.

The TOMCAT model has been improved with the implementation of new wet and dry deposition schemes. The new wet deposition scheme computes scavenging using the convection mass flux operator. This new scheme has been tested and validated, and simulates realistically the seasonality and episodic variability of wet removal processes leading to improvements in the distributions of soluble species (Giannakopoulos et al., 2000). The new dry deposition scheme uses diffusion coefficients and height of the boundary layer calculated on line. Again, this has improved model performance. The new schemes are described in Giannakopoulos et al.(1999). A budget scheme has also been developed to calculate the change in species concentration by each physical and chemical process in the model. In this manner, key reactions governing the production and loss processes of O3 have been examined for an annual cycle and for periods when aircraft data were available such as during summer 1997. TOMCAT was also used to diagnose the budget of O3 in the Northern Hemisphere and globally. Overall, the results lie within those calculated by other chemistry transport models (e.g. see Kanakidou, et al., 1999). This work is summarised in Cobb (2000).

TOMCAT was also run for the period covering the EU MAXOX (Maximum Oxidation Rates in the Troposphere) aircraft measurement campaigns from January to August 1999. The model was run at T42 horizontal resolution (2.5 x 2.5 degrees) and with 31 vertical levels (every ~0.6-1.0 km) from the surface to 10 hPa (~30 km). The initial distributions of chemical species were taken from a previous 1.5 year integration. The model fields were again output along flight tracks and compared with available chemical data. Modelled distributions of trace gases such as O3 and CO compare well to data along the flight tracks. In addition, the modelled and measured concentrations of soluble species (e.g. H2O2) are in much better agreement compared to previous integrations. Also, for the first time, model results could be compared to measured values of peroxy radicals (RO2) and derived in-situ O3 production rates (k[RO2][NO]). This data was collected on board the UKMO C-130 aircraft during the summer campaign in July and August 1999 by scientists from the Univerisity of East Anglia (T. Green, N. Brough).

In general, the measured concentrations of RO2 lie between the modelled organic peroxy radical and total peroxy radical concentrations (including HO2). In fact, the measured RO2 may contain some fraction of HO2 although the dominant radical is thought to be CH3O2 (T. Green, U. East Anglia, pers. comm.). TOMCAT may also underpredict the concentration of radicals produced from the oxidation of short-lived hydrocarbons but this would primarily lead to the production of additional oxygenates downwind from source regions. Interestingly, the RO2 radical concentrations measured in polluted air in the lower troposphere were only slightly higher than those produced in the free troposphere. In the spring, modelled RO2 concentrations are smaller and correspondingly O3 production rates lower than in the summer when production rates are higher, particularly in polluted airmasses. TOMCAT agrees well with the measurements partly because low modelled organic RO2 is compensated by high modelled NO. Measured and modelled RO2 concentrations and production rates during MAXOX are comparable to those found at the Weybourne Atmospheric Observatory on the north Norfolk coast of East Anglia, UK. Penkett et al. (1999) found measured values of RO2 between 1 and 10 pptv in June 1995 and derived O3 production rates of 0 to 4 ppbv per hour.

The TOMCAT model has also been used to investigate whether O3 is being produced photochemically in the spring months or whether the downward flux from the stratosphere is a more important factor. The model was run with a stratospheric O3 tracer which was destroyed chemically in the troposphere for the year 1995 (Plantevin, 1999). Results suggest that between 30 to 40% of O3 has stratospheric origin in the lower troposphere over Europe in the winter and early spring. This is in contrast to the summer when less than 10% of O3 originates from the stratosphere and photochemistry is dominant up to around 9 km. In fact, a maximum in the contribution from photochemistry can be seen in the mid to upper troposphere in the summer months. These results suggest that the build up of O3 in the springtime is due the flux from the stratosphere together with photochemistry. However, the results from MAXOX suggest that, certainly in the flights that have been examined, O3 production is fairly limited in the spring. It is likely that the contribution from the stratosphere and photochemistry will vary significantly from year to year over Europe. If the meteorological situation is dominated by westerly flow with a series of low pressure systems passing over the UK and western Europe then the contribution from the stratosphere from intrusions associated with frontal activity is likely to be larger than years when more blocking anticyclones form over Europe.

In summary, the TOMCAT model has undergone further improvements which has led to better simulation of tropospheric trace species. The model is now being used to quantify the budget of ozone over Europe and globally through a combination of budget calculations, use of tracers and comparison with available measurements.
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Summary

The work of the Institute of Meteorology, University of Belgrade (IMUB) group in 1999 consisted of efforts in three main directions. One was addressed to the continued improvement the Eta Model and its initialization, suitable for application to problems of the long-range transport of air pollutants. The second main direction was model trajectory calculations. It had included work on the implementation and testing trajectory calculations based on the Eta Model in case of complex terrain. The third main direction was application of the resulting model on the cases of Saharan dust transport to Europe and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia.

Aims of the research

Aims of the research were, in the first place, development of the meteorological part of the transport model in terms of the implementation of trajectory calculation based on the Eta Model. Studies of the requirements needed, in terms of sophistication of the representation of various atmospheric processes (mountain representation, boundary layer, land-surface processes, moist processes) needed for high-quality results in impact study situations (transport simulations with time-scale of 2-3 days). The second principal aim was the application and verification of the resulting code on the various sensitivity studies as well as to studies of chosen European long-range transport of air pollutant problems.

Activities during the year

Regarding the IMUB meteorological module (Eta Model) (Mesinger et al., 1988; Janjic, 1990, 1994), work has initiated on model data initialization (Lazic, 2000) as candidate for important contribution to realistic simulation of constituent transport. Considerable attention was given to study the model trajectory calculations (Lazic and Tosic, 2000). The model has applied for various sensitivity studies as well as to studies of chosen European long-range transport of air pollutant problems (the Saharan dust transport case and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia) (Vukmirovic et al., 1999; 2000a).

Principal results

One of this year works is the continued improvement the Eta Model and its initialization. Following a recent approach of Fox-Rabinovicz an iterative Matsuno or a "super-Matsuno" style scheme is applied as a filter in the Eta Model (Lazic, 2000). In contrast to Fox-Rabinovicz, we however apply the scheme not for all of the model's time differencing but for its adjustment terms only. These distinctions compared to the original Fox-Rabinovicz’ method are made easy to implement by the split time differencing approach of the Eta, and at the same time would appear clearly appropriate for the "initialization" purpose. In addition, while Fox-Rabinovitz emphasizes the use of the method within a long time-scale data assimilation framework, we are focusing on the impact of the method in a short-range forecasting environment/time-scale. After a short one hour "initialization" procedure is completed, standard model integration is continued, now very much free of noise. The super-Matsuno style scheme is found to balance initially unbalanced external and internal modes and to significantly reduce the high-frequency noise during the first 6 time steps. In a control case noise also reduces in amplitude as integration proceeds, but at a much slower rate. The model integration results with and without "initialization" after 6 h are however very similar. Even so, it is to be expected that small differences, given that they have resulted from the removal of spurious initial noise, have to be beneficial.

The second of this year work was the testing trajectory calculations in case of complex terrain. Trajectory calculations are applied to flow over complex terrain to study a sensitivity of forecast trajectories to wind data inputs during the strong local wind conditions (Lazic and Tosic, 2000). A realistic real data 48 h simulations of a local Bora and Koshawa wind cases are achieved using the model with a 28 km horizontal resolution and 16 layers in the vertical. Forecast reference trajectories and forecast trajectories with different wind data frequency were computed at eight vertical levels using Eta Model. Numerical experiments with different frequencies of wind data in trajectory calculations (90 s - control case, 15 min, 30 min, 1 h, 3 h, 6 h and 12 h) over the Bora and Koshawa wind regions are performed. These are motivated by theoretically based expectations that a certain intermediate wind data frequency is required for accurate forecast trajectory. Three-dimensional forecast trajectories over real mountains with various wind data frequencies are calculated and analysed. The total number of trajectories is 280 in each data set. Mean absolute error (distance between reference and forecast trajectory), mean relative error (mean absolute error divided by mean reference trajectory total transport distance) in both horizontal and vertical directions are computed. The 4515 locations are compared against the control case. The mean relative error for all forecast trajectories in Bora case is about 30%, and in Koshawa case is 20%. Trajectories with wind data frequency of 15 min, 30 min and 1 h are accurate enough, with the mean relative error which is less than 10% in Bora case and less than 5% in Koshawa case. The mean relative error of parcel positions along trajectories shows large values in case of 3 h, 6 h and 12 h wind data frequency, especially in vertical direction. In general, Koshawa case was the less sensitive to the temporal frequency of wind data, while Bora case was the more sensitive. A maximum of the mean relative error (about 200%) is associated with forecast trajectories in vertical direction in case of 12 h wind data frequency of Bora wind. This result suggests that trajectories calculated from the analysed wind data (12 h data frequency), when they are used, are not accurate. This result also indicates the importance of using the vertical velocity for calculating the trajectories.

The third of this year work was application of the resulting model on the cases of Saharan dust transport to Europe and air pollution originating from oil-refinery fires under war conditions. The Balkan Peninsula is situated in the impact zone of Saharan dust storms. The case of Saharan dust transport to Belgrade in the period of 14-17 April 1994 is analyzed using the Eta Model (Vukmirovic et al., 1999; Vukmirovic et al., 2000a). To improve visualization of the vertical structure for the simulated wind, air back trajectories are calculated from 347 m up to 5129 m with horizontal grid resolution of 1° x 1° and high grid resolution of 10' x 10'. Calculated trajectories show that convective storms along particle pathways provided the required uplift in the complex orographic conditions. Despite being less reliable in the simulation of lower level trajectories, the step-mountain eta coordinate model is very suitable for illustrating air parcel crossing of the emission field from anthropogenic pollutant sources. According to the analysis of the three lowest trajectories, transport of trace metals from Macedonia and south Serbia might be dominant in the observed episode. Turbulent flow enhanced the coagulation process of initially clean dust particles with particles containing Pb and Cd. The coagulation and scavenging processes below and in clouds increased deposition rates of Pb and Cd in Belgrade in the course of wet removal, and consequently through resuspension processes. Dry deposition samples contained characteristic particles up to 30 µm in diameter with Fe content and significant ratio Si/Fe of 3 to 5, determined for selected single particles by the SEM/EDX method. Following dry and wet deposition of Cd and Pb, a residual effect of dustfall is noticed throughout the vegetational period.

Work on regional air pollution originating from oil-refinery fires under war conditions in Yugoslavia has initiated (Vukmirovic et al., 2000b). During the 77-day period of air-strike, a large number of industrial and military facilities have been destroyed in this country. Of those facilities the most notable and of importance as to their effects in the environment. The most severe environmental episodes in the area are expected to result from emissions that took place in the first and third weeks of April (4-7 and 12-19). This is because during the 3-day period 4-7 April targets of oil storage, refineries and other plants were hit at a large number of cities. On April 18 at 1:00 AM the installations for VCM and PVC production in Pancevo, near Belgrade, were hit. A spherical reservoir with 1200 tons of VCM was destroyed and 6 train cisterns of 30 tons of VCM each. All VCM contents in the reservoir burned out for several hours. During the Pancevo incident large amounts of airborne toxic gases and aerosols are estimated to have been transported and deposited in Romania, Bulgaria, Moldavia and Ukraine. Forward trajectories during the Pancevo and Novi Sad oil-refinery fires episodes based on the 72 h Eta Model forecast with a horizontal grid resolution of 0.5° x 0.5° were calculated. Starting points in the vertical were from the middle of the eta layers, with approximate heights of 434 m, 1023 m, 1505 m, 2370 m, 3416 m, 4664 m and 6142 m. According to the trajectories, the pollutant puff was picked up over the area of oil-refinery fires and moved eastward over Romania, Bulgaria, Moldavia, Ukraine and Black Sea. This long-range transport was occurred around level 500 hPa. The lower level trajectories from Pancevo indicate pollutant transport in short-regional and local scales towards the Belgrade area in the first day. Under oxidizing conditions in plume, a significant fraction of Hg(II) from the petrochemical plant in Pancevo might be adsorbed to elemental carbon particles. Relatively high concentrations of soot and polycyclic aromatic hydrocarbons (PAHs) are predicted in the air and compared with the available measurements in Novi Sad, Pancevo and Belgrade.

Main conclusions

· The performance of the meteorological synoptic/mesoscale Eta Model used by the IMUB group, in particular with regard to the realism of trajectory calculations, is now at a high state-of-the-art level;

· The preliminary version of the system including initialization, constituent transport along trajectories, diffusion and wet and dry deposition code, has been shown to perform satisfactorily;

· A sensitivity study of forecast trajectories to wind data inputs in the flow over complex terrain has shown it to be very important for correct simulations of the transport and diffusion of tracers, and possibly also for long range transport of constituents;

· The application of this system on the Saharan dust transport to Europe and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia gave reasonably results.

Aims for the coming year

· Sensitivity tests will be performed on the Saharan dust transport case and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia in order to assess the effects of various modeling options on the transport/deposition results. Examples of options to be considered are the choice of horizontal resolution; representation of mountains (terrain-following vs. the step-mountain system); choice of the constituent advection scheme; effects of transports by convection; and parameterization of horizontal and vertical diffusion.

· The effects of the initial subgrid scale diffusion on the overall quality of the long range constituent transport simulations will be studied. This sensitivity study will be based on results for the Saharan dust transport case and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia.

· Work on other cases will be initiated.

· Further development of trajectory model and continued improvement of the Eta Model and model verification.
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A brief paragraph explaining results from the EUROTRAC-2 work:

(Application of Synoptic/Meso Scale Eta Model in Long Range Transport Processes

Principal Investigator: Lazar Lazic, Institute of Meteorology, University of Belgrade)

Initial attention of this contribution was given to add trajectory calculations to the Eta Model, and to apply the model for various sensitivity studies (Lazic and Tosic, 2000) as well as to studies of chosen European long-range transport of air pollutants problems (the Saharan dust transport case and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia) (Vukmirovic et al., 1999; Vukmirovic et al., 2000). Space scale IMUB primarily has in mind is several thousand kilometers, with the mesh-size of the order of 30 km. Dynamical topics were studied include initialization (Lazic, 2000); effects of mountains and sensitivity study of forecast trajectories to wind data inputs (Lazic and Tosic, 2000) in long-range transport of air pollutants from the point of view of the resolution and dynamical treatment required for realistic results.

A list of theses which have resulted from the EUROTRAC-2 work:

(Application of Synoptic/Meso Scale Eta Model in Long Range Transport Processes

Principal Investigator: Lazar Lazic, Institute of Meteorology, University of Belgrade)

· The continued improvement the Eta Model and its initialization, suitable for application to problems of the long-range transport of air pollutants.

· The model trajectory calculations. It had included work on the implementation and testing trajectory calculations based on the Eta Model in case of complex terrain.

· Application of the resulting model on the cases of Saharan dust transport to Europe and the air pollution originating from oil-refinery fires under war conditions in Yugoslavia.
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Summary
The first part of the subproject (Part A: Tropospheric Mechanism Numerics) has been accepted for publication (Makar, 2000a), with the development and testing of a method to compress the differential equations of gas-phase reaction mechanisms. The following report deals with the second part of the project (Part B: Lumping of Emissions for Pollution Models). A portion of the work was presented at the European Geophysical Society’s annual Congress in Nice (Makar et al., 2000).

Aim of the research
The study has two components, both dealing with ways of improving the accuracy or computation time of portions of regional and global pollution models. The first component (Part A, completed) was an examination of the system of differential equations used for tropospheric chemistry modelling, to determine methods for the reduction of the number of variables used in numerical integration. The second component of the study (Part B) examines a related issue: the methods used to create simplified emissions databases from highly detailed, speciated emissions datafiles.

Emissions processing systems typically make use of source profiles that split a total annual Volatile Organic Compound mass emission into hundreds of speciated VOCs. For example, the Canadian Emissions Processing System used in the current work is capable of speciating 822 different gas-phase chemicals. The gas-phase mechanisms designed for regional and global models typically have more severe restrictions as to the number of VOCs which may be retained in memory. This is due in part to the available data upon which to base reaction mechanisms, and in part to memory space and processing time requirements for regional air quality codes. These mechanisms and previous emissions processing work (e.g. Middleton et al., 1990) have largely been designed with the aim of providing accurate simulations of tropospheric ozone formation. For this problem, the reactivity of the organic compounds is the key property for ensuring an accurate prediction, and hydrocarbon lumping in both mechanisms and emissions processing has been designed to preserve the net reactivity of the detailed, speciated, emissions.

More recently, particulate matter has also become an issue of importance in terms of impacts on human health, and many efforts are underway to improve regional models to allow for the prediction of particulate mass and composition. For organic compounds, other factors in addition to reactivity come into play when particulate matter formation is of interest. The structure has a greater role, and the species’ vapour pressures and solubilities become of key importance. Emissions processing speciations that preserve reactivity instead of these other properties may therefore lose crucial information for particulate forming potential.

The work performed to date under the current component of the study has been focussed on creating a revised emissions speciation that preserves both reactivity and structural detail sufficient to resolve particulate forming potential. The effects of different techniques of lumping hydrocarbons will also be examined as part of this project.

Activities during the year 1999-2000
An extensive review was made of the 822 VOCs of the detailed speciation of the Canadian Emissions Processing System (CEPS). The latter is an extensively revised and expanded regional (North American domain) set of emissions processing codes based on the Emissions Processing System 2.0 (EPS2, Gardner et al., 1992). The latter was developed for use with the Urban Airshed Model; the original code was altered (via contract to Canadian Ortech Environmental prior to the start of the current work) to allow for the use of regional scale emissions data and polar stereographic coordinates.

A table of properties for the 822 compounds was constructed using the available literature. The tabulated properties include OH reactivity (kOH(298K)), Chemical Abstract Service (CAS) registry codes (which allow links to other databases), Simplified Molecular Input Line Entry System (SMILES) molecular structure codes, experimental or estimated freezing and boiling points, solubilities in parts per million by weight and moles, and the vapour pressures with respect to the pure liquid at 298K, 273K and 253K.

These properties were then used to group the compounds into 80 VOC classes (plus one extra class for species for which insufficient information was available for classification). These species are intended to replace the 32 classes of the National Acid Precipitation Assessment Program (Middleton et al., 1990), and will be used in the Environment Canada regional model AURAMS (A Unified Regional Airquality Modelling System). A table of these species is given below.

Table 1. 81 AURAMS Emitted VOCs.

Num-ber
Name
Description
Representative species

1
METH
Methane
CH4

2
ETHA
Ethane
C2H6

3
PROP
Propane
C3H8

4
NI4A
"C4-5 n, iso Alkanes"
n-Butane

5
TE4A
C4-5 tert Alkanes
"neo-C5H12 rate, C4 mass"

6
TE7A
C6-8 tert Alkanes
"Heptane mass, 224 Trimethyl Pentane rate (C7 similar)"

7
NI7A
"C6-8 n, iso Alkanes"
n-Heptane

8
C9AL
C9-10 Alkanes
n-Nonane

9
C14A
C11-19 Alkanes
n-Tetradecane

10
C20A
C20+ Alkanes and Alkenes
Eicosane (hexadecane rate)

11
ETHE
Ethene
Ethene

12
PRPE
Propene
Propene

13
E4AL
End C4-5 Alkenes
Methylpropene

14
I4AL
Internal C4-C5 Alkenes
Trans-2-Butene

15
E7AL
End C6-8 Alkenes
2-Ethyl-1-Butene

16
I7AL
Internal C6-8 Alkenes
3-Ethyl-2-Pentene

17
E9AL
End C9-19 Alkenes
1-Decene

18
I9AL
Internal C9-19 Alkenes
E-C3H7C(CH3)=C(CH3)C2H5

19
C4DI
C3-4 Dialkenes
"1,3-Butadiene"

20
ISOP
Isoprene
Isoprene

21
C5DI
C5+ Dialkenes (non-isoprene)
Pentadiene

22
BENZ
Benzene
Benzene

23
TOLU
Toluene
Toluene

24
MALK
C2+ Monoalkyl Aromatics
n-Propylbenzene

25
ALAR
Alkene-Aromatics
Styrene

26
DIAR
Dialkyl Aromatics
p-Xylene

27
TRIR
Trialkyl Aromatics
"1,2,4-Trimethylbenzene"

28
NAPT
Napthalene
Naphthalene

29
HICP
High C Number Alkyl Phthalates
Dibutyl Phthalate (p-Xylene rate)

30
LOCP
"Low C Number Alkyl Phthalates, Phthalic Anhydrides"
Phthalic Anhydride (p-Xylene rate)

31
HIPA
High Reactivity PAH
Anthracene

32
LOPA
Low Reactivity PAH
Flourene (Napthalene rate)

33
BIPH
Biphenyl
Biphenyl

34
HLPA
High reactivity low vapour pressure PAH
"Chrysene, Anthracene rate"

35
PHEN
Phenol
Phenol

36
CRES
Alkyl Phenols
o-Cresol

37
HCHO
Formaldehyde
Formaldehyde

38
MCHO
Acetaldehyde
Acetaldehyde

39
ACET
Acetone
Acetone

40
PALD
Propionaldehyde
Propionaldehyde

41
C4AD
C4-5 Aldehydes
Isobutyraldehyde

42
C6AD
C6+ Aldehydes
Isovaleraldehyde

43
ARAD
Aromatic Aldehydes
Benzaldehyde

44
GLYX
Glyoxal
Glyoxal

45
MGLY
Methyl Glyoxal
Methyl Glyoxal

46
FURN
Furans
Ethyl Furan

47
C4KT
C4-5 Ketones
Methyl Ethyl Ketone

48
C6KT
C6+ Ketones
Methyl Amyl Ketone

49
FMAC
Formic Acid
Formic Acid

50
ACAC
Acetic Acid
Acetic Acid

51
C3AC
C3 Acids
Propionic Acid

52
C4AC
C4+ Acids               
"C7 Acid, Heptane rate"

53
DIAC
Diacids
Adipic Acid (rate from Hexane)

54
C2H2
Acetylene
Acetylene

55
C3YN
C3+ Alkynes
1-Butyne

56
MEOH
Methanol
Methanol

57
ETOH
Ethanol
Ethanol

58
PROH
Propanol
Iso-propyl Alcohol

59
C4OH
C4+ Alcohols
n-Butyl Alcohol

60
DMET
Dimethylether
Dimethyl Ether

61
C5ET
C3-7 Ethers
Ethyl-tert-Butyl Ether

62
C8ET
C8+ Ethers
Dibutyl Ether

63
DTOH
Di and Tri Alcohols
Propylene Glycol Mass (Middleton et al rate)

64
LEST
Low Reactivity Esters (<5E-12)
Dimethylbutanedioate

65
HEST
High Reactivity Esters (>=5E-12)
Methyl Cellosolve

66
LAMN
Low Reactivity Amines and Amides (<5E-11)
Acrylonitrile

67
HAMN
High Reactivity Amines and Amides (>=5E-11)
Dimethylamine

68
THOL
Thiols
Ethyl Mercaptan

69
APIN
Alpha-Pinene
Alpha-Pinene

70
BPIN
Beta-Pinene
Beta-Pinene

71
TPL1
Low Reactivity Terpenes (<1E-10)
Camphene

72
TPG1
High Reactivity Terpenes (>1E-10)
D-Limonene

73
EPOX
Epoxides
Propylene Oxide

74
LHAL
Low Reactivity Halocarbons (<1E-13)
Dichlorotetraflouroethane

75
MHAL
Medium Reactivity Halocarbons 

(1E-13)
1-Chlorobutane

76
HHAL
High Reactivity Halocarbons 

(>=5E-13)
"1,1-Dichloroethene"

77
HARO
Halo-Aromatics
o-Dichlorobenzene

78
CREO
Petroleum Distillation Spirits
Creosote (rate from n-C8H12)

79
FURD
Furandiones and related compounds
"2,5 Furandione (sim. to furfural)"

80
ALAD
Alkene-Carbonyls
Acrolein

81
UNKN
Unknown species; insufficient information to class.
 

The new speciation was run with CEPS on a 21.66x21.66 km polar stereographic grid covering the industrialized region of eastern North America. The emissions data from the system are broken into four source types; Non-Mobile Area emissions, Mobile Area emissions, Minor Point sources, and Major Point sources. An example of the daily spring emissions for propane from Non-Mobile Area emissions is given in Fig. 1.
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Figure 1. Spring Non-Mobile Area Source Emissions for Propane, Eastern North America.

Total summer emissions for the entire grid by mass are given in Fig. 2. The histogram breaks the total emissions down by source type as indicated by the key on the right.
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Figure 2. Summer VOC Anthropogenic VOC Emissions, OME 127/6 Grid.

By mass, the five greatest emission categories are C4,5 n- and iso-Alkanes, C6-8 n- and iso-Alkanes, Toluene, and Dialkyl Aromatics. Mobile area and Non-Mobile area sources tend to contribute the bulk of the mass for most species.

The total RO2 production from the VOCs for the grid was estimated by: (1) converting the total daily emitted mass values to mixing ratios (net daily emissions at each gridpoint were assumed to mix into a box the size of the gridsquare and 500 m high at standard temperature and pressure), (2) multiplying the result by the VOC’s OH rate constant (3) multiplying by an OH concentration of 4.08x10-5 ppbv (106 molecules cm-3). The resulting values are the species’ total RO2 production (ppbv/s) which might be expected if the OH concentration were maintained at the given value for 24 hours, and are useful for comparing the relative importance of the first oxidation reaction for the different hydrocarbons. The histogram for this comparison appears in Fig. 3, below.
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Figure 3. Total Daily Summer RO2 Production (ppbv/s): OME 127/6 Grid.

The above figure shows that the five most important species classes in terms of their ability to produce organic radicals from OH reactions are the Internal C4-5 Alkenes, the Internal C6-8 Alkenes, Ethene, the High Reactivity Amines and Amides, and the C6-8 n- and iso-Alkanes. The High Reactivity Amines and Amides group is of particular interest, since these species are not resolved in current reaction mechanisms, and apparently play a significant role in the net reactivity of anthropogenic VOC emissions.

Principal results
In addition to suggesting alterations to the current speciation used in regional chemistry mechanisms as noted above, the new speciation allows estimates of organic mass which may form particulate matter to be made. Many of the species in the new groups have been observed in particulate matter. Fig. 4, below, shows the relative amounts of these species in the spring non-mobile area source stream. The figure subdivides the total emitted mass into species known to be secondary organic aerosol precursors, species with very low vapour pressures that have been observed in particulate matter, and the di/tri alcohol group, which has a very high solubility and may therefore contribute significantly to particulate matter. It should be noted that only a fraction of the “SOA precursor” mass will actually end up in the particulate phase; condensable mass yields are usually on the order of 10% or less of the precursor gas.
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Figure 4. Spring Non-Mobile Area Source Emissions by Compound Type.

Main conclusions
A more detailed emissions speciation is required to capture the low vapour pressure, high molecular weight and the high solubility compounds which may partition significantly to particulate matter. The new speciation has also suggested that some groups of chemicals which have a significant impact on ozone formation have been ignored in existing chemical mechanisms, and probably warrant their explicit inclusion.

Aim for the coming year

The work is ongoing; Pankow’s (1994) model is being used to estimate total organic particulate formation that would be expected from the daily emissions as speciated here. Further work will return to the issue of reactivity lumping in the context of the new emissions speciation. A paper on the work will be submitted for journal publication in the Fall of 2000.
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Development and implementation of the EUROS model 
for policy support in Belgium

A contribution to subproject GLOREAM

Clemens Mensink and Laurent Delobbe

VITO, Boeretang 200, B-2400 Mol, Belgium

Summary

The EUROS (EURopean Operational Smog) model is a regional atmospheric model developed and implemented to simulate photochemical smog situations on a long-term base. EUROS can provide policy support by modelling the impact of emission reduction strategies and emission reduction measures on ozone formation. The model has originally been developed at the National Institute of Public Health and Environmental Protection (RIVM, Bilthoven, The Netherlands) (van Loon, 1996). Its implementation for Belgium requires an adaptation of the input data (emissions, meteorology, geography) and a modification of some intrinsic features of the model. The objectives for 1999 were the construction of a dynamic emission inventory and the implementation of meteorological data.

A dynamic emission inventory was compiled for the European countries that are covered by the EUROS domain. The inventory provides the spatial and temporal variations in anthropogenic emissions for six source categories and the spatial distribution of biogenic emissions varying with temperature. The emission inventory is supported by various sets of input data from different sources. Emission modelling techniques were used to complete the inventory and to make it homogeneous. Also the implementation in a GIS (Arcview) environment was very helpful in this context.

For the implementation of the meteorological data, two data sets were available for the period May-September 1997: the ECMWF and the ALADIN datasets. The data sets were used to determine the meteorological forcing applied to the EUROS model, in particular the mixing height, since this is an important and driving parameter in EUROS. Several methods were implemented to estimate the mixing height from the meteorological data sets. The results of these methods were presented and compared with results obtained from observed vertical soundings. Simulations with the MAR model (Gallée and Schayes,1994) have also been carried out to provide another intercomparison of the various methods, and to compare with the boundary layer height deduced from the turbulent kinetic energy field.

The results from the TFLUX measurement campaign (Transboundary Flux Measurements for Photochemical Model Validation in Flanders) were processed, analysed and presented in a database. The TFLUX measurement campaign was carried out on the 28th August 1998 in the framework of STAAARTE (Scientific Training and Access to Aircraft for Atmospheric Research Throughout Europe). The database contains airborne measurements of O3, NOx, NO, NO2, CO and meteorological parameters along the borders of Flanders, measurements of O3 and NOx at the groundbased stations overflown during the circuits, grab samples of NMVOC analysed by the Flemish Environmental Agency and balloon soundings (O3, temperature, humidity) performed at the Royal Meteorological Institute in Uccle.

Aim of the research

As a principal investigator, VITO will further contribute to GLOREAM by further development, validation and application of the regional scale model EUROS. Proposed research activities for this model are:

· further development of adaptive or local grid refinement techniques (to be applied near strong solution gradients, near strong sources, in specific user defined areas); sensitivity studies on grid refinement,

· further development and extension of the existing chemistry modelling routines,

· model validation (episodic modelling) by means of comparisons of model results with measurements obtained from a measurement network as well as from aircraft measurement campaigns,

· model intercomparisons from which model sensitivities and further model improvements can be evaluated, and

· evaluation of abatement strategies from emission scenario computations.

Activities during the year

1) Development and implementation of the EUROS model for policy support with respect to tropospheric ozone in Belgium, with the following specific tasks:

· biogenic and anthropogenic emission modelling,

· implementation of meteorological data (ECMWF and ALADIN), and

· optimisation of the chemistry and advection modules in EUROS.

These tasks were performed in close cooperation with RIVM in the Netherlands.

2) Preparation of STAAARTE-TFLUX data set, which contains:

· airborne measurements,

· ground based measurements (automatic measurement network),

· grab samples analysed on NMVOC components, and

· ozone soundings at the RMI Uccle.

Principal results

In the framework of a federal research programme on sustainable development, EUROS is now being upscaled and improved to serve as the standard evaluation tool for all policy levels within Belgium. In 1999 improvements in estimating the mixing height were developed and tested. Various methods to determine the mixing height from the meteorological fields have been applied to two three-dimensional meteorological data sets: one with a coarse resolution covering the whole of Europe (ECMWF data set); and one with a high resolution limited to the Benelux area and the North of France (ALADIN data set). A method combining the usual criterion based on the Richardson Number and a criterion based on the integrated buoyant energy showed to be most adequate. This algorithm allows to strongly improve the results when a thin stable layer is present near the ground. As an example Fig. 1 shows the results for the standard Bulk Richardson Number (BRN) method, as described by e.g. Sorensen et al. 
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Figure 1. Mixing layer heights (m) derived from the ECMWF data set using the standard Bulk Richardson Method (left panel) and the Modified Bulk Richardson Method (right panel). The upper, middle and bottom panels correspond respectively to July 11, 12 and 13, 1997 at 12OO UT. 

(1997), Sorensen and Rasmussen (1997), Van der Auwera (1992), Vogelezang and Holtslag (1996) and the method based on a Modified Bulk Richardson Number (MBRN) as described by Delobbe et al. (2000). Over the domain represented in Fig. 1, one ECMWF grid point located in the North of France is characterized by an extremely low value of the mixing height on July 11, which is not realistic for a day time summer situation. The ECMWF atmospheric profile exhibits on this grid point a thin and slightly stable layer near the ground and above this layer a relatively deep unstable layer. This causes the BRN algorithm to strongly underestimate the mixing height. The MBRN algorithm aims to remedy to this deficiency. The right panel on Fig. 1 shows the results obtained with the MBRN method. As expected, this method allows to significantly improve the estimate of the mixing height.

Main conclusions

Various methods have been tested to determine the mixing height from the meteorological fields (ECMWF and ALADIN datasets). Based upon our results with the ECMWF meteo data, it appears that the Modified Bulk Richardson Number (MBRN) method is the most adequate. This method combines the usual criterion based on the Richardson Number and a criterion based on the integrated buoyant energy. This algorithm allows to strongly improve the results when a thin stable layer is present near the ground.

Aim for the coming year

Further development and implementation of the EUROS model for policy support with respect to tropospheric ozone in Belgium, with the following specific tasks:

· development of a user interface for the EUROS model,

· development of a multilayer version of EUROS with variable mixing height,

· improvement and optimisation (with respect to computational aspects) of the chemistry module in EUROS,

· determination of optimal strategies for parallelisation of the EUROS model: design and implementation, and

· validation and intercomparison for ozone episodes in 1997.

Model validation using the STAAARTE-TFLUX data set:

· preparation of a CD-Rom with the dataset for distribution to interested modellers,

· detailed validation of emission inventory for Flanders and Brussels, and

· validation of the advection part in the EUROS model for 28th August 1998.
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Evaluation of the Model System KAMM/DRAIS

A contribution to subproject GLOREAM

Klaus Nester, Franz Fiedler, Walburga Wilms-Grabe and Tianliang Zhao 

Forschungszentrum Karlsruhe, Postfach 3640, 76021 Karlsruhe, Germany

Summary

The evaluation activities in the frame of the German Tropospheric Research Programme for the Chemistry-Transport Model System KAMM/DRAIS during the last year are focused on the FLUMOB case, a summer smog episode in July 1994 in the area of Berlin. An evaluation concept guarantees that the evaluation of all contributing models is accomplished in the same way. The main measure of quality for a certain variable is the percentage of values, which fall into a predefined range of difference between measured and simulated data. Although a great number of species concentrations are simulated, the presented results are restricted to ozone.

In about 50% of the compared data of the FLUMOB case the difference between the measured and simulated ozone concentrations is lower than 12 ppb, if ground level values are considered. The direct comparison of the measured and simulated ozone concentrations shows a smaller scatter for the higher concentrations than for the lower concentrations. This result indicates that the simulated midday ozone concentrations agree best with the observations. The comparison with the aircraft measurements provides strongly different results in dependence on the type of aircraft. An excellent agreement of the measured ozone concentrations with the corresponding simulated values is found with the METAIR data. Whereas, the agreement with the ASK-16 data is rather poor.

Aim of the research

The model system KAMM/DRAIS consists of the meterological model KAMM and the dispersion model DRAIS. It is designed to simulate the transport, diffusion, deposition and chemical transformation of the relevant species in a mesoscale area. The main objective of the evaluation is the estimation of the reliability of the model system KAMM/DRAIS to predict the air pollution distribution, especially that of the ozone concentration. Up to now the model evaluation is based on data from the TRACT experiment 1992 and from a summer smog episode in July 1994 in Northrhine-Westfalia and Berlin (FLUMOB). The results of such a model evaluation shall not only indicate how realistic the simulations are but also where there are still weak points in the model approaches or in the input data.

Because the model evaluation was carried out in a joint project together with other groups, an evaluation strategy has been developed, in order to have a common basis for the evaluation (Ebel et al., 1997).

Activities during the year and principal results

During the last year especially the FLUMOB case (Lutz, 1995) has been evaluated. The episode took place in July 26/27, 1994. The model domain encloses the city of Berlin, which lies nearly in the centre of the domain. The area comprises 140 km * 120 km with a horizontal grid resolution of 2 km. The external forcing for the KAMM model and the initial- and boundary conditions for the species concentrations in the DRAIS model have been determined from the results of the European scale model EURAD. The emission data for this episode have been provided by IER, Stuttgart. The results of the simulation are stored as half an hour averages. These data are sent to the University of Cottbus, where a common evaluation of all model results is carried out. This evaluation is based on the aircraft measurements during the FLUMOB experiment. Additionally, the Karlsruhe group carried out its own evaluations. These evaluations are focused on ozone and include the ground level data. These results are presented in the following.

The ozone concentration distribution near ground level at 15 UTC of July 27, 1994 shows a pronounced ozone peak south-east of the city of Berlin (Fig. 1). The maximum ozone concentration value of about 140 ppb occurs in the leeward side of the city at a distance of about 50 km. In contrast to the NRW case, this is a typical smog episode with the maximum ozone concentration outside the city.
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Figure 1. Wind- and ozone concentration distribution near ground level for July 27, 1994.

The diurnal cycles of the ozone concentration at two stations are presented in Fig. 2. At both stations the simulated ozone concentrations fit quite well to the measurements. A statistical evaluation with the data from the ground level stations is also carried out in a similar way as it is done for the aircraft measurements by the Cottbus group. The cumulative frequency distribution shows that in 50% of the compared cases the difference between the measured and simulated ozone concentrations is less than 24 (g/m³ (Fig. 3). The scatter diagram (Fig. 4) shows that the data are well grouped around the agreement line. This is confirmed by the regression line, which has a slope of 0.9. The value of the correlation coefficient ( 0.8) is also satisfying. On an average the higher ozone concentrations are better simulated than the lower values, which show a larger scatter.

A comparison between the ozone concentrations measured with the aircraft METAIR and the simulated values along the flight route provides a good agreement (Fig. 5). The frequency distribution of the difference between measured and simulated ozone concentrations based on the METAIR aircraft data gives a better agreement compared to the ground level data (Fig. 6). This difference is lower than 7 ppb in about 50% of the compared data and 10 ppb in about 70%, respectively. A corresponding evaluation with data of the ASK-16 aircraft shows a much worse agreement (Fig. 6). This discrepancy is not yet explained.
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Figure 2. Diurnal cycle of the ozone concentration at ground level for the stations Brandenburg und Grunewald (Berlin).

Figure 3. Cumulative frequency distribution from stations data.
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Figure 4. Ozone scatter diagram from stations data.
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Main conclusions

The results of the statistical evaluations based on the simulations with the KAMM/DRAIS model system show that in about 50% of the compared cases the difference between the measured and simulated ozone concentrations is lower than 12 ppb, if ground level data are considered. The direct comparison of the measured and simulated ozone concentrations shows a smaller scatter for the higher concentrations than for the lower concentrations. This result indicates that the ozone concentrations in the late morning and the early afternoon are simulated better than in the other period of the day. The comparison of the ozone data from the aircraft with those of the simulation provides the astonishing result, that the agreement with the METAIR data is excellent, whereas it is poor with the ASK-16 data. This effect is not yet explained.

Aims for the coming year

The forth episode, July 20/21, 1998, will be simulated also in the area of the city of Berlin. The results will be compared with measured data of the BERLIOZ Experiment. The evaluation will be carried out in the same way as in the other cases.
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Model Network for the Simulation and Forecast of the Air Pollution - Mesoscale Simulation 

A contribution to subproject GLOREAM

Klaus Nester, Franz Fiedler, Walburga Wilms-Grabe and Tianliang Zhao

Forschungszentrum Karlsruhe, Postfach 3640, 76021 Karlsruhe, Germany

Summary

A parallel version of the model system KAMM/DRAIS has been established by modifying the serial version. It is designed for a restricted number of modern vector processors. First tests have shown that a speed up factor of 5 compared to the serial model can be reached with 8 processors.

The main activity in 1999 was the performance and evaluation of real-time air pollution predictions with the model network. The DWD carried out the predictions on the European scale and the IMK for the subregion Southwest Germany and Alsace. As far as possible, the predictions have been performed simultaneously. The results of the simulations have been compared with the corresponding ozone concentration measurements at the stations of the air pollution control network of Baden-Württemberg. A statistical evaluation of the data of 11 days shows that the model predicts the higher ozone concentrations rather well. In the time period between 11 UTC and 16 UTC the deviation between the measured and simulated ozone concentrations is less then 8 ppb in 50% of the cases. Improvements are still necessary in the simulation of the spatial distribution of the ozone concentrations. For most of the days the observed variation is remarkably greater than the simulated one. It may be that this improvement can be realised by using a better grid resolution in future simulations, especially with the parallel version of the KAMM/DRAIS model.

Aim of the research

In the frame of the German Tropospheric Research Programme (TFS) a model network has been established. The purpose of the co-operation of four groups in a network is the prediction of the air pollution, especially the ozone concentration, from the European scale down to the smallest mesoscale in different regions. The emission data will be provided by the „Institut für Energiewirtschaft und Rationelle Energieanwendung“ (IER) of the University Stuttgart. The „Deutsche Wetterdienst“ (DWD) in Offenbach provides the routine meteorological data and uses additionally a chemical transport model based on that of the EURAD group. The „Institut für Geophysik und Meteorologie“ (IGM) at the University of Cologne contributes with the EURAD model, which runs on the European scale with nesting options. At the „Institut für Meteorologie und Klimaforschung“ (IMK) in Karlsruhe the model system KAMM/DRAIS is applied in the mesoscale ( range.

Aim of this project is the disposition of a network version of the mesoscale model system KAMM/DRAIS in order to perform real-time predictions of the relevant air pollutants in mesoscale areas. This new model version will be especially applied to predict the ozone concentration distribution during summer smog episodes. The main purpose of the predictions will be to find out the best measures to avoid an excess of the ozone concentration limits.

Activities of the year

The network version of the model system KAMM/DRAIS has been applied to simulate the FLUMOB case, the third model evaluation period. It took place on July 26/27, 1994. The model domain comprises an area of 140 km x 120 km around the city of Berlin. The results and the comparison with the measured ozone concentrations are described in the annual report of the GLOREAM Project “Evaluation of the Model system KAMM/DRAIS”.

[image: image98.wmf]In order to improve the run time of the model system KAMM/DRAIS a parallel version has been prepared. The parallel version is designed for an application on a modern vector computer with an available number of processors of less than ten for one job. The parallelisation is realised by running the KAMM model on one processor and the DRAIS model on the other processors. In order to run the DRAIS model on N processors the model domain was divided into N boxes. At the beginning of the run and after each time step an exchange of the data between the boxes and between the KAMM and the DRAIS model takes place. First tests have shown that a speed up factor of 5 compared to the serial version can be reached with 8 processors of our VPP300 vector computer. To achieve this factor it was necessary to improve the code of the advection part of the DRAIS model, because the compiler did not vectorise the original code in an optimal way. With the beginning of the next summer period the parallel version of the model system KAMM/DRAIS will be also applied for the predictions.

Figure 1. Scatter diagram of the measured and simulated ozone concentrations at the network stations in the period of 11 UTC and 16 UTC.

The main activities in 1999 are related to the performance of the prediction simulations with the serial version of the KAMM/DRAIS model system. Especially in August and September 1999 real-time predictions of the air pollution in Southwest Germany and Alsace have been carried out. The predictions have been restricted to days with nice weather conditions, where higher ozone concentrations can be expected. For these days the DWD carried out predictions of the air pollutants on the European scale with their chemistry-transport model. The grid size in these simulations was about 21 km. In the mesoscale subregion the KAMM/DRAIS model run with a grid resolution of 5 km. The emission data for the mesoscale simulations have been provided by IER via internet, usually before the beginning of the simulation. The whole procedure from the initialisation of the emission calculation up to the transfer can be managed only by IMK. The large scale meteorological and species concentration data for the mesoscale simulations are delivered by DWD during their simulations. The hourly DWD results in the mesoscale model area are transferred to IMK. At IMK a local network program manages all external data, so that they can be used as input for the model system runs.

Principal Results

[image: image99.wmf]For 11 days the simulated and measured ozone concentrations at about 60 stations in Baden-Württemberg have been compared and analysed. Fig. 1 shows the scatter diagram between the measured and simulated ozone concentrations for the time period between 11 UTC and 16 UTC. During this period usually the highest ozone concentrations occur. Most of the points are close to the line of agreement. The statistical analysis gives as result, that in 50 % of the cases the predicted and measured ozone concentrations differ less than 8 ppb from each other (Fig. 2). Nevertheless it can be seen that on an average the higher ozone concentrations are underestimated and the lower ozone concentrations are overestimated by the simulation. This effect is still more pronounced if individual days are considered. This means, the spatial variation of the ozone measurements is greater than that of the simulations. These results indicate that the horizontal grid resolution of the model simulations is still too coarse. Therefore, future simulations should be carried out with resolutions of 2 km or less.
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In order to check, if the diurnal cycles of the ozone concentrations are realisti-cally simulated the average diurnal cycle of the measured and simulated ozone concentrations are evaluated and compared. The result is shown in Fig. 3. From this figure it can be stated that the mean diurnal cycle of the 

measured ozone concentration is well predicted by the simulation. Only the simulated increase of the ozone concentration in the morning begins too early. Different reasons for this discrepancy are possible: 

· The increase of the mixing height begins in the simulation too early in the morning and rises too fast.

· The peak emissions occur later in the morning.

· The local concentrations of the emitted species at the stations are much higher than the grid values in the model.

Further studies are necessary to find out, which is the dominant effect.
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[image: image102.wmf]Brandenburg, 26./27.7.94
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Main conclusions

First applications of the model network to predict the air pollution on the European scale and in a subregion have been successfully carried out. The statistical evaluations show that the model simulations in the subregion Southwest Germany predict the ozone concentrations rather well. In the time period between 11 UTC and 16 UTC, where the highest ozone concentrations occur, the deviation between the simulated and measured ozone values was less than 8 ppb in 50% of the cases.

The spatial distribution of the ozone concentration in the mentioned period for the individual days is still insufficiently simulated. The scatter of the measured ozone concentrations at the different stations is remarkably greater than the simulated one at the same locations. The increase of the mean ozone concentration in the morning begins in the simulation earlier than in the measurements. In general, the average diurnal cycle of the ozone concentration is quite well predicted. Future simulations will show, how far smaller horizontal grid sizes improve the results.

Aim for the coming year

In the next year new prediction calculations will be carried out. The results again will be compared with the measured data. In order to perform the predictions faster, the parallel version of the model system KAMM/DRAIS will also be applied. With this version it should be also possible to improve the grid resolution in the model.
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Checking the parameterisation of the influence of clouds on photolysis frequencies in REM3

A contribution to subproject GLOREAM

Johannes Flemming, Andrea Östreich and Eberhard Reimer
Freie Universität Berlin, Institut für Meteorologie, Carl-Heinrich-Becker-Weg 6-10, 12165 Berlin, Germany

Introduction

Several studies to improve the accuracy of cloud data for CTM calculations (REM3, LOTUS) by use of synoptic and satellite observations with special emphasis on 3D structures have been carried out at the FU-Berlin (Östreich et al., 2000). Cloud information are needed for the boundary layer modelling, for determination of photolysis frequencies and when the formation of aerosols is studied.

It is well acknowledged that correct cloud data are vital for long term ozone modelling and real time ozone forecast because the model has to describe the spatial and temporal development of the atmospheric species under cloudy conditions. The CTM REM3 (Regional Eulerian Model with 3 chemistry schemes) is used for both applications at the FU- Berlin (Flemming, 2000).

In most CTMs the effect of clouds on the photolysis frequencies is parameterised and not calculated explicitly. This is due to fact that radiation transfer calculation are computationally expensive. Beside the computationally cost, the required input data for the radiative transfer models like liquid water content (LWC) or the vertical depth of the cloud are not known with a decent accuracy.

The current parameterisation of the influence of clouds on photolytic processes in REM3 is based on total cloud cover values (Maul, 1980), because this type of information is obtainable from synoptic or satellite observations. However, the total cloud coverage seems to be not sufficient enough to determine the influence of the clouds on photolytic active radiation.

Aim of the research

The current parameterisation of the cloud influence on the photolysis frequencies in REM3 has been compared with the calculations of the 1D-radiation transfer model STAR  (Ruggaber, 1994). Comparisons of the photolysis calculation in the EURAD - model and STAR have been done already (Hass and Ruggaber, 1995). The aim of our research was the attempt to parameterise the STAR calculations in order to improve the current parameterisation of the photolysis frequencies in REM3. The dependent variable is the ratio between the photolysis frequencies with and without clouds and can interpreted as a measure of transmissivity in respect to the photolytic radiation. The reliability and the availability of the cloud data input for STAR has been given special attention. As a parameterisation is a statistical approach, the validity of it depends on the underlying assumption of the statistical properties of the cloud data.

Principal results

The whole methodology and the results of the comparison are documented comprehensively in Flemming (1999). For reasons of simplicity here only the photolysis frequencies for NO2 near ground with and without clouds are considered. The basis for the comparison are calculation by STAR near ground for 20 species (CBM4) at 150 meteorological observation stations (Enke, 1997).

The required input data from the STAR model (LWC and geometry of up to 4 cloud layers) were derived from synoptic observations of the cloud type and some available measurements of the lowest cloud base. Climatological knowledge about the liquid water content of certain WMO cloud types was used (Baur and Linke, 1960). The model STAR is a 1D-model which can not consider horizontally fractured clouds. Therefore a reduction of the LWC with the third power of the cloud cover was introduced. It turned out that the way to prepare the input data for STAR is a major source of uncertainty for the model result.

Fig. 1 shows the dependency of transmissivity from the total cloud cover in the current parameterisation of REM3 and Box - Jenkins plots of the transmissivity as it was calculated by STAR. It is obvious that for the total cloud cover larger then 4 octa there is a large spread in the calculated data which reflect the different vertical depth of the cloud layers and the differences in the liquid water content. The median for those values is above the parameterisation which leads to the conclusion that the reduction of photolysis frequencies in REM3 by cloud is too high. However, the large spread of the calculation does not allow a straightforward correction of the parameterisation. It could be shown that when the LWC and the data for the cloud geometry are known a measure for the optical depth can be derived. It can be applied to formulate a parameterisation of the model, i.e. a robust statistical relationship between the input values and the result. This kind of information can be obtained from numerical weather prediction, however the reliability of the data is not well known.
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Figure 1. Jenkins Box Plot for the transmission (=FAKTOR), i.e. the ratio between the photolysis rates with and without clouds, for different values of the total cloud cover (NNGOBS) as it was calculated by the radiative transfer model STAR. The bold line indicates the respective parameterisation in the CTM REM3. NNGOB = -1 means missing data.

Aim for the coming year

Preparation of a one year (1997) 3D cloud data set from satellite observation for calculations with REM3.
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A Sensitivity Analysis study on the impact of traffic (city and surrounding areas) on the ozone air concentrations during 1999 ozone episode in Madrid (Spain)

A contribution to subproject GLOREAM and SATURN

R. San José, I. Salas and R.M. González(2)

Environmental Software and Modelling Group, Computer Science School
Technical University of Madrid, Boadilla del Monte, 28660 Madrid, Spain

(2)Department of Geophysics and Meteorology, Faculty of Sciences
Complutense University of Madrid, Ciudad Universitaria, 28071 Madrid, Spain

Summary

In this contribution we have used the ANA model (Atmospheric mesoscale Numerical Pollution model for regional and urban Areas) to study the relative importance of the traffic emissions generated on the city of Madrid and the traffic emissions generated on the surrounding areas over a domain of 80 x 100 km. We have defined three scenarios: A, scenario with full emissions (city and surrounding areas), B, scenario without emissions due to traffic in the city domain (those cells associated to Madrid city with 5 km spatial resolution) and C, scenario without the traffic emissions due to traffic in the surrounding areas of Madrid.

The results show that ozone concentrations are strongly related to spatial distribution of primary emissions (NOx and VOC’s) and in spite of a strong increase on O3 concentrations over the city domain when city traffic is taken out, the overall increase in O3 concentrations is much larger when surrounding city traffic emissions are subtracted from the total emissions. These results show that spatial distribution of traffic emissions are an important issue for urban ozone management policies.

Aim of the research

In this contribution we have focused on the impact of reducing traffic emissions in different areas over a model domain (Madrid, Spain). The final objective is to provide to the Municipality of Madrid City support on the Environmental Management.

Activities during the year

The Laboratory has been working on improving the Operational Version of the ANA model (OPANA) for further applications. The model has been applied over Madrid City based on a study funded by the Municipality of the City of Madrid, Bilbao (Spain) and Leicester (United Kingdom) domains into the EQUAL project (DGXIII, Information Society, 4th Framework Programme).

Principal results

The ANA model has been applied over a domain of 80 x 100 km with 5 km spatial resolution during one of the ozone episodes during 1999. The week of study is July, 13-17, 1999. We have defined three different scenarios: A) Full Scenario: All emissions in the model domain during 120 hours of simulation. B) The emissions due to the traffic of Madrid Municipality are subtracted from the total emissions in those cells corresponding the Madrid Municipality Area. C) The emissions due to the traffic of the surrounding areas of the Madrid Municipality Area are subtracted from the total emissions. Fig. 1 shows the model domain with the Normalised Differential Vegetation Index (NDVI) from the NOAA/AVHRR global data. Fig. 2 shows The Air Quality Network of the Madrid Municipality which is accessed by the citizen through the Web services.
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Figure 1. Model domain with two different spatial resolutions for the NDVI global AVHRR/NOAA data.
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Figure 2. Madrid Air Quality Network through the WWW.

Fig. 3 shows the ozone air concentrations spatially averaged for the Madrid domain and when the scenario C and scenario B are subtracted (C-B=(C-A)-(B-A) for the period starting on July, 13, 1999. And Fig. 4 shows the ozone air concentrations temporally averaged for the Madrid domain for the C-B scenario. The results show that surrounding areas get increases about to 36 % in ozone concentrations and central areas of the domain obtain decreases of ozone up to 18 %.
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Figure 3. Ozone air concentrations spatially averaged over the whole Madrid domain for 13-17, July, 1999. Scenario: C-B=(C-A)-(B-A).
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Figure 4. Ozone air concentrations temporally averaged over the whole Madrid domain for 13-17, July, 1999. Scenario: C-B=(C-A)-(B-A).

Main conclusions

From the results of the present experiment we observe that the impact of traffic with origin in Madrid Municipality over the ozone concentrations and the impact of traffic with origin in the surrounding areas of the Madrid Municipality is quite different. The ozone concentrations are only increased on average on about 5 % when traffic from Madrid Municipality domain is subtracted which is compared with an increase of about 35 % in ozone concentrations when traffic from surrounding areas is reduced. The consequences of the present results are that not only the amount of emissions is important but also how these emissions are distributed spatially. The importance of the present results is critical for the Madrid Municipality Environmental Management Department.

Aim of the coming year

The laboratory is intending to extent the research on Air Quality Modelling over Urban Areas by implementing a Canyon Street Model into the System to evaluate the local impact of street environment on local air pollution concentrations.
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Inverse Dispersion Modelling as a Tool to Derive Emission Data from Measurements

A contribution to subprojects GLOREAM and GENEMIS-2

Petra Seibert and Helga Kromp-Kolb

Institute of Meteorology and Physics, University of Agricultural Sciences Vienna, 
Türkenschanzstr. 18, A-1180 Wien, Austria 

Summary

The main achievement of the year was the development of a new method to derive source-receptor matrices from backward runs of a Lagrangian particle dispersion model. As this type of model is more accurate than a Lagrangian box model, it will be used for all our future work. The method has been applied to the first tracer release of the European Tracer Experiment ETEX, and in combination with previously developed inversion methods proved capable of localising the source either in time or in space.

Aim of research

This contribution aims at the development of inverse modelling methods to derive information on emissions from measurements in the regional scale. Such methods shall be applied to suitable data sets and results be compared with conventional emission estimates. In addition, recommendations on the optimum monitoring network design shall be made.

Activities during the year

· A new method has been developed for the derivation of source-receptor matrices from backward simulations with Lagrangian particle dispersion models. The method was used with the model FLEXPART for the first release of the European Tracer Experiment ETEX. The source-receptor matrix was then inverted in a reduced form to derive either the horizontal location or the temporal evolution of the release. The inversion method developed previously (Seibert, 1999) was used.

· Results were presented at the 3rd GLOREAM Workshop (Seibert and Stohl, 2000).

· The precipitation fields from ECMWF and from the ATMES data base (analysed fields from the KNMI) have been merged in preparation for the calculations aimed at reconstructing the source term of the Chernobyl nuclear disaster.

· Contacts were made with the Comprehensive Test Ban Treaty Organisation (Preparatory Commission) in Vienna, and project team members participated in the Working Group B of national technical experts. This organisation, whose task includes the monitoring of the nuclear weapons test ban, is a potential user for the methods developed.

Principal results

It has been shown that a Lagrangian particle dispersion model (LPDM), e.g., the model FLEXPART which is used in the project (Stohl et al., 1998), can be employed in backward mode to derive source-receptor relationships. One just needs to release a unit emission during each measurement interval from each measurement site, trace it back with a negative time step, and evaluate concentrations on the spatio-temporal grid of potential source elements. There is no need to modify the code if the backward time step is already implemented. The only modifications made to FLEXPART were a possibility to switch off the recently introduced density correction (Stohl and Wilson, 1999) because the formulation requires mixing ratios rather than mass concentrations, and some technical changes so that each emission is associated with a separate species which makes the calculations more efficient. The theoretical derivation so far is limited to the case without sinks of the substance under consideration but it should not be too difficult to extend it to cases with sinks that are proportional to the mixing ratio, such as dry and wet deposition or a chemical decay with a rate that is independent of the substance's concentration.

This method is more efficient than forward calculations if the number of potential source elements is larger than the number of measurements. In addition, it has the advantage that the measurement sites can act as real point sources/receptors, which is neither possible in the forward mode of a LPDM nor in a forward or backward (adjoint) mode of a Eulerian model. This should improve the accuracy.

The method has been successfully applied to the first release of ETEX (see the special issue of Atmospheric Environment [Vol. 32, Issue no. 24, 1998] for more background on ETEX). So far, either the temporal evolution of the release has been reconstructed with the location given, or the location was reconstructed with the temporal evolution given. Results are shown in Figs. 1-3.

      [image: image41.wmf]
Figure 1. True and reconstructed temporal evolution of the first ETEX release, based on a 3-hourly source resolution. (Reproduced from Seibert and Stohl, 2000).

                 [image: image42.wmf]
Figure 2. True and reconstructed temporal evolution of the first ETEX release, based on 1-hourly source resolution, with different types of regularisation used in the inversion. (Reproduced from Seibert, 2000, to be published by Plenum Publishers, New York).

[image: image43.wmf]
Figure 3. Reconstruction of the spatial distribution of the first ETEX release, based on a inversion with 1-hourly source resolution, and a regularisation requiring a smooth field. The true source location is marked by a black dot in a white circle, and measurement sites are marked by small black dots. (Reproduced from Seibert, 2000, to be published by Plenum Publishers, New York).

Figures 1 and 2 show that the evolution of the release was reasonably well reconstructed, especially the beginning, whereas the end is not as sharp as it should be. This is probably due to observations remaining longer above the background than explained by the forward simulation. Outliers (e.g., the station Mannheim) can have a visible impact on the result. Moving to a better source resolution (1 h instead of 3 h, Fig. 2 instead of Fig. 1) helps to increase the accuracy (e.g. in terms of bias of the total release amount) but brings a clearer tendency for the reconstructed source to be divided into two separate releases. Applying an additional constraint in the inversion, namely not only minimisation of its variance but also of its roughness (second derivative), yields a rather realistic shape though of course the sudden on/off of the true release cannot be reproduced. This would require a more sophisticated regularisation. This effect is also visible in Fig. 3 with the spatial distribution of the reconstructed source. The source is smeared out over several grid elements. However, the maximum comes quite close (about 2 grid cells, or ca. 150 km) to the true source location.

For more information, please check the project web page at

http://boku.ac.at/imp/envmet/invmod.html.

Aim for the coming year

· Expansion of the theoretical basis of source-receptor matrix derivation from particle dispersion models to the case including sinks.

· Refinement of the regularisation schemes, including non-linear schemes to accommodate rectangular and peak-shaped emission patterns.

· Participation in a test for the Comprehensive Test Ban Treaty verification using the radionuclide monitoring network.

· Application to other tracer experiments (CAPTEX, ANATEX) and the release from the Chernobyl nuclear disaster 1986.

· Application to air pollution data.

· All applications shall be carried out with FLEXPART and not with the box model IMPO as originally foreseen.
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Results of possible policy relevance

A possible area of application arose during the reporting year: the newly developed method would be well suited for finding source areas in the context of the Comprehensive Test Ban Treaty, applying it to the radionuclide monitoring network.

More policy-relevant applications are expected with the work planned for the following year.
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Geographic Information System (GIS) Methods in Land Use Mapping for Air Pollution Models
A contribution to subproject GLOREAM
Gerhard Smiatek 

Institute for Atmospheric Environmental Research, Kreuzeckbahnstr. 19, 82467 Garmisch-Partenkirchen

Summary

Land use, topographic information and elevation data are very important input parameters when modeling transport of air pollutants and biogenic VOC emissions. The available data, however, are often very heterogeneous. The geometrical resolution of the land use data used in numerical modeling can have a substantial influence on the results. Estimation of the biogenic VOC (BVOC) emissions from forest showed differences of more the 60% when in modeling of the meteorological data land use at coarse geometrical resolution is used.

Aim of the Research

The aim of the research is the development methods based on geographical information systems (GIS) and relational data base management system (RDBMS) for compilation and processing land use and plant species-specific data for use with meteorology -chemistry models.

Activities during the year 

During the year several sensitivity studies have been performed. Here, land use data at different geometrical resolution ranging from 10 arc minutes to 30 arc seconds were used to model meteorological data needed in the estimation of BVOC emissions. With several runs of the MCCM model a set of meteorology data have been created for a domain covering the state Rheinland-Pfalz, Germany. Then the meteorology data was used to model biogenic emissions.

Principal results

The results of the sensitivity studies show a large influence of the geometrical resolution on the estimation of meteorological parameters, such as temperature (see Fig. 1). Also, it was found that model preprocessors, i.e. TERRAIN in MM5 , calculate wrong majority categories when interpolating coarse resolution land use data into model grid cells (Smiatek, 2000). Estimation of the biogenic VOC (BVOC) emissions from forest showed differences of more the 60% when in modeling of the meteorological data land use at coarse geometrical resolution is used.

Main conclusions

User of land use data should examine the land use data finally used in the model run to avoid adverse effects on the results. The author recommends the use of tailored  data for each domain and nest of a modeling system calculated from the highest available resolution.
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          b)
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Figure 1. Temperature.(a) Modeled with 1 arc minute land use data and (b) modeled with 10 arc minutes land use data.

Aim for coming year

The major aim of the further work is the improvement of the plant species database, especially for forests and the biogenic emissions modeling system. Another aim is to perform sensitivity studies on how quality and resolution of other geo-data, such as Leaf Area Index (LAI) influence the results of atmospheric modeling.
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The activities of Bulgarian group continued to be in the field of creation, improvement and modification of numerical schemes for description of the process of advection. In the last year, variants of the very effective TRAP scheme able to perform over non-homogeneous (non-equidistant) grids were created and tested.

For many applications the troposphere and the Atmospheric Boundary Layer (ABL) are considered horizontally homogeneous. That is why a big deal of atmospheric models use discretizations with constant horizontal grid step. Because of the specific structure of ABL such a grid in vertical direction is used very rarely. The specific profiles of meteorological elements in ABL - big gradients near to the ground and decreasing variability with height - require similar way of discretization for their optimal description. This is the reason why the atmospheric models (pollution dispersion models, in particular) use non-homogeneous discretization in vertical direction.

It was well known that no numerical scheme can describe adequately the advection process even over homogeneous grid because of the discretization. The problem grows up for non-homogeneous grids where the resolution changes along the distance. Special measures have to be taken in this case as to keep the scheme properties good enough. For the simplest advection schemes an improvement can be reached by sophisticated discretization of the derivatives. The flux schemes are much more complex. Polynomial fitting among the grid values surrounding the current cell must be performed, a procedure which is not very efficient in case of non-equidistant points.

There are two types of non-homogeneous grids - regular and non-regular ones. In the regular grids the distance between points (the grid step) obeys some functional law - very often similar to the typical profiles of the meteoelements in the ABL. For the non-regular grids the model levels are set on the base of other considerations (synoptic base pressure levels, for example). Both types of grids are treated stressing on the regular non-homogeneous grid.

Omitting the detailed description of the non-homogeneous variants of the TRAP scheme, the main hint have to be mentioned - this is the transition from concentration to mass-in-layer profiles in the beginning of calculation and the opposite transformation after one time step. This action together with the special way of determining of Courant number in dependence on flux direction permit to keep all other operations the same as in case of homogeneous grid. Here, the results of comparative tests of these variants are presented.

A proper shell for testing non-homogeneous variants of TRAP is created permitting different initial concentration and vertical velocity profiles to be set as well as different periods of integration and output moments. A log-linear grid is build up according to the ABL profiles

(1)


Z = ln(z+(z,

where (,( [m-1] are user defined constants. Here, (=0.1 and (=0.001. The nondimensional height Z varies from 6 to 12 with step 0.25. The respective grid has 24 points starting from about 50 m and ending to about 2000 m. The smallest grid step at the beginning of the grid is 11.5 m and the biggest one - 168.5 m.

As to compare the performance of homogeneous and non-homogeneous variants of TRAP, a similar shell is built with a regular grid over the same distance (50-2000 m). The grid contains 80 points with constant step of 25 m. A constant velocity field of 0.01 m/s (upward and downward) is set for all runs of this part; Courant number changes from 0.954 to 0.062 for the non-homogeneous grid and is 0.4 for the homogeneous one. Three different initial profiles are examined - Gaussian shape, single disturbance (point source) and triangle. The mass center is set at height 300 m. The Gaussian ( as well as the triangle semibase are set to 250 m.
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Figure 1. Performance of TRAP advection scheme over homogeneous grid (upward velocity).

In Fig. 1 the evolution of the three different initial concentration profiles during the upward advection is shown as described by TRAP scheme over homogeneous grid. The Gaussian form is moving best, almost without deformations. The movement of the instantaneous point source is described worst. During the first several time steps the single disturbance is transformed to a shape close to Gaussian one which is moved further on without essential deformations. The triangle is a case between the above two ones.

The same initial profiles moved over non-homogeneous grid are shown in Fig. 2. It can be noticed that the quality of description gets worse. This decrease of the description quality is due not only to the disadvantages of the numerical scheme but also to the fact, that the object goes to areas with worse and worse resolution during its movement.
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Figure 2. Performance of TRAP_N advection scheme over non-homogeneous grid (upward velocity).

The non-regular non-homogeneous variant of TRAP is tested on the same non-regular grid. It gives almost the same results as the regular variant and is not shown graphically. The differences are due mainly to the different way of determining of layer boundaries. This leads to an increase of movement velocity and numerical dispersion in comparison with the regular case.

As to estimate quantitatively the properties of the advection over non-homogeneous grid some parameters are determined in the course of main calculations. These are:

Pm(t) = Cmax(t)/Cmax(0)
estimates the relative decrease of the concentration maximum; 

M(t) = (C(z,t)dz
total mass in- and out-area as to keep an eye on conservativity;

Cm(t) = (zC(z,t)dz/M(t)

center of mass as to watch the transport ability;

Dm(t) = [((z-Cm)2C(z,t)dz/M(t)]/Dm(0)
relative dispersion as to estimate the effect of the numerical viscosity.

Table 1. Estimates for simulation quality of TRAP scheme over different grids. Gaussian (G), point (P) and triangle (T) initial profiles.

st
Para
Homogeneous grid
Non-homogeneous grids

e
me

regular
non-regular

ps
ters
G
P
T
G
P
T
G
P
T


Pm %
99.98
27.56
94.41
99.22
20.61
87.02
101.35
21.57
89.18

50
(Cm m
500
492
500
496
467
496
523
495
521


Dm %
101
-
101
112
-
137
107
-
149


Pm %
99.97
23.63
93.43
91.51
15.04
68.24
93.62
15.28
57.94

100
(Cm m
1000
991
1000
991
952
985
1033
995
1023


Dm %
101
-
102
139
-
218
128
-
261

Note: The initial dispersion of the single dispersion (P) is zero.

The total mass keep constant all the time including moments at the end of integration when part of it goes out of the grid. This shows that TRAP schemes are fully conservative which is a very good property of theirs. The other parameters are given in Table 1. These are the values after 50 and 100 time steps. Having a time step of 1000 s and velocity of 0.01 m/s, a single particle must had passed a distance (Cm=Cm(t)-Cm(0)= 500 and 1000 m, respectively (the exact advection distances). It can be seen from Table 1 that all schemes keep this distances quite well. As to the numerical dispersion, it is rather bigger in case of non-homogeneous grids.
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Figure 3. Performance of TRAP_N advection scheme over non-homogeneous grid (downward velocity).

The change of description ability of the grid itself shows that, in case of such a non-homogeneous grid, the direction of the movement does also matter. As to prove this consideration the same experiments are repeated but for downward velocity, results shown in Fig. 3. The initial center of mass is set at height 1700 m; all other parameters kept the same. In this case, where the object moves from areas with bad to areas with better resolution the quality of description seems better especially for the point source - slower decrease of maximums with time, lower numerical dispersion. But still description is worse in comparison with the homogeneous case because of the fact that the initial profiles are described very bad by the low resolution grid in these heights.

Conclusion

It can be seen from Figures and Table 1 that TRAP scheme describes the advection of pollution forms without steep gradients pretty well. The transition to non-homogeneous grid get the description worse in three directions: faster decrease of profile maximum, increase of numerical dispersion and slow decrease of the movement velocity of the shape as a whole. In spite this decrease of description quality the non-homogeneous TRAP in both cases of regular and non-regular grids demonstrates a very good performance and can be recommended for use in pollution dispersion models.

References

Syrakov, D.; On the TRAP advection scheme - Description, tests and applications, in: Geernaert G., A.Walloe-Hansen and Z.Zlatev (eds), Regional Modelling of Air Pollution in Europe. Proceedings of the first REMAPE Workshop, Copenhagen, National Environmental Research Institute, Denmark (1996) 141-152.

Syrakov, D., M. Galperin; On a new Bott-type advection scheme and its further improvement, in: H. Hass and I.J. Ackermann (eds), Proc. of the first GLOREAM Workshop, Aachen,, Ford Forschungszentrum Aachen, Germany (1997) 103-109.
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Summary

Last year we operated and evaluated a comprehensive system for air pollution forecasting consisting of the Lokal-Modell (meteorological forecasts, DWD), CAREAIR-ECM (emission forecasts, Univ. Stuttgart) and the EURAD-CTM (chemistry-transport forecasts, Univ. Köln). Basing on this valuable data set the model climate and the error behavior of the model and of observation data were examined in view of a profound description of error characteristics necessary for data assimilation.

Aim of research

A thorough description of the error characteristics in observations and modeled data is the basis of any sophisticated data assimilation system. Since the “truth” is never known – especially the truth that corresponds to the certain resolution of the analysis grid – one has to evaluate statistically large data sets of modeled and observed data to get an idea of the model climate, biases and other errors and of the climate and representativeness of observations and their errors. Our aim was to work into this direction, to get a data set of air quality data – modeled and observed – with best achievable quality and as much information on this quality as possible. Due to the availability of observation data we concentrated on ground level ozone.

Activities during the year

In summer 1999 at the DWD a comprehensive system for the forecasting of air pollution over Central Europe was routinely operated. A main emphasis was put on the routine verification and seasonal evaluation of the forecasted ground level ozone concentrations with observations from the official monitoring networks.

The climatological investigations lead to valuable information on the model climate, magnitudes and temporal development of forecasting errors and reasons for them as well as information on the monitoring networks and the quality of the observation data.

Principal results

· The main source of error in most of the individual forecasts are still errors in the meteorological forecasts. The length of the meteorological forecasts has a pronounced negative effect on the performance of the ground level ozone predictions.

· The seasonal evaluation clearly indicate the importance of seasonally varying boundary data for the CTM on a European scale.

· From the overall evaluation estimates can be derived on special regions in which for example the emissions are likely to be uncertain.

· Additionally, information on the observation data and networks could be gathered. These are for example information on observation procedures, regional differences in observation strategies and information about single sites.

· Relative to the uncertainties in the modeled data the observations from rural sites are more reliable than data from urban sites and data from the time of the diurnal maximum (about 14 – 15 UTC) are much more reliable than the early morning data (about 5 – 6 UTC). This includes observation errors and the representativeness of the data.

Policy relevant results

· The modeling system is suitable for policy relevant applications, especially as an additional tool to support decisions on the necessity of taking short-term regulatory measures and for public information.

· Comparisons show that the present monitoring networks are not suitable for the monitoring of AOTs due to a serious lack of representativeness.

Main conclusions

· Though the comprehensive forecasting system is computationally expensive, it is nevertheless well suited for a routine operation. The evaluation of the results are very promising.

· In terms of data assimilation it is of great importance to consider diurnal variations and spatial inhomogeneities in the calculation of the covariances in the model and observation errors.

· It is also of importance to establish a system for the quality control of the utilized observation data.

Aim for the coming year

In 2000 we intend to run the modeling system for another summer season. Further developments of the system include new meteorological boundary data from the operational global model of the DWD and the inclusion of the present meteorology in the calculation of the emission data.

Within GLOREAM a comparison of the ozone forecasting capabilities of different European Eulerian models is planned with the data from 1999 at hand (DWD, FUB, NERI, NILU and SMHI will be contributing to this exercise).
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Sensitivity Study to the Representation of the Anthropogenic Emissions in Global CTM Models: On the importance of a detailed spatial 
resolution of the emissions

A contribution to subproject GLOREAM

F. Brocheton1, B. Aumont1, G. Toupance1 and C. Granier2

1LISA, UMR CNRS 7583, Université Paris VII & Paris XII, Créteil, France

2SA, UPR CNRS 3501, Université Paris VI, Paris, France

Objective of the ongoing work

Nitrogen oxides (NOx) are the limiting precursors for the ozone production throughout most of the troposphere. Thus, precise simulations of the global ozone budget require an accurate simulation of the NOx distribution which is one of the most difficult to achieve in the current global models.

In the northern hemisphere, the main NOx sources are anthropogenic emissions which contribute in the range of 30 to 60% of the NOx load in the middle troposphere. This long range transport of NOx occurs mainly through secondary nitrogen species which constitute the NOx reservoirs (PANs, RONO2s, …). These secondary species are produced close to the NOx sources and are strongly dependent on the Volatile Organic Compounds (VOC) and NOx mixing ratios.

Due to computational limitations, global CTMs use a coarse grid-size resolution (from 1°*1° to 10°*10°) much larger than the size of the major urban sources (typically 0.1°*0.1°). Such grid-sizes induce a dilution effect of the emissions. This may lead to a significant computational errors on the total amount of nitrogen reservoirs and then on the impact of man-made activities on the global atmosphere. Moreover, global CTMs use simplified chemical schemes which also may lead to some important errors on the simulated chemical transformation. This second aspect have been discussed previously (Brocheton et al., 1998).

Results

In 1999, we have focused on the estimate of the influence of use a coarse grid-size resolution of the anthropogenic emissions on the simulated fluxes of ozone, nitrogen oxides and nitrogen reservoirs species exported from the Planetary Boundary Layer (PBL) to the free troposphere. To address this question, the natural method will be to introduce a finest spatial resolution of the emissions in a global CTM. Except nesting methods, this could not be done, and we have decided to study this problem using a 3D regional model (A3UR model; Jaecker-Voirol, 1998) in a given area. The key point of this study is then to run this regional model as a global model in order to quantify the impact of the spatial resolution of the emissions in global CTM. Thus, all simulation data, such as meteorological data or boundary conditions, are taken from a global CTM (IMAGES model; Muller, 1995), as well as the emission fluxes or the representation of the different physical processes (cloud convection, wet and dry deposition, …). Comparisons of the mixing ratios profiles simulated with A3UR and IMAGES (using of course the same spatial resolution: 5°*5°) have shown a quite good agreement which allow us to consider that the regional simulations used are representative to those simulated by a global model.

Three simulations have been performed with the regional model for each month and selected area:

· A first one with a fine grid-size resolution and with localized emissions. For the European region, the resolution used is 0.35°*0.35° and the localization of the anthropogenic emissions was done using the GENEMIS database (Friedrich, 1997).

· A second one with the same grid-size resolution but with homogeneous emissions as in the IMAGES model.

· A third one with the grid-size resolution of the IMAGES model (5°*5°).

The comparison between the two first simulations allow us to quantify only the effect of the dilution, whereas the comparison between the simulation 2 and 3 quantify the effect to introduce a coarse grid-size compare to a fine ones but with the same spatial resolution of emissions.

Effect of the grid-size:

Our results show that use a ”global” grid-size instead of a fine ”regional” grid-size have some effect on the simulated concentrations, specially for the secondary species. For example, for the exported fluxes of nitrogen reservoir species, difference of about 5% is computed for all regions and seasons studied.

Effect of the dilution of emissions:

Results observed in the PBL are in quite good agreement with those of previous studies (Sillman et al., 1990) with effects which can reach up to 40%: the dilution of the emission lead to an under-estimation of NOx and nitrogen reservoir species in the anthropogenic plumes (and specially an under-estimation of the simulated maxima), and an over-estimation of these species are observed in the area far away from the urban sources. But, the differences observed on the total fluxes exported from the PBL to the free troposphere (for the whole region which cover these under-estimation and over-estimation areas) are very small: near to 2-5%.

Conclusion

On a regional scale, the dilution of the emission in a global CTM leads to significant differences on the computed concentrations in the PBL. But the impact, on the total exported fluxes from PBL to the free troposphere is relatively small (below 5%). These small impact result from the counterbalance of the underestimation observed in the urban plume by the overestimation observed around them. Moreover, it appears that change the grid-size resolution without changing the spatial resolution of the emission have an effect at least as important as the dilution of the emissions.

To conclude, it seems that the dilution of the emissions in global CTM is a problem of second order. The development of specific parameterization in order to correct this is not necessary, specially compare to the others uncertainties in global CTM, such as on the NOx emissions from lightning or the representation of the cloud convection.
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Investigation of Trace Gas Variability for Use in Model Evaluation

A contribution to subproject GLOREAM

Jörg Zimmermann and Simone Tilmes

Deutscher Wetterdienst, FE25, Frankfurter Str. 135, D-63067 Offenbach, Germany

Due to changes in the TFS program in Germany research in the project was reduced to minor activities. One focus was on simulations with a trajectory box model in order to discuss measurements at the Hohenpeißenberg meteorological observatory.

For this purpose simulations of 3 days length for every hour on 40 days were conducted with a trajectory box model (Zimmermann et al., 1998) on backward trajectories from the observatory. The trajectories were calculated on constant pressure levels. The time series of the results at the observatory were compared with measurements of nitrogen oxides, ozone, H2O2 and the sum of organic at the meteorological observatory Hohenpeißenberg for a period of two months in the summer 1998.

The measurement site is situated on a summit with an altitude of 985 m 20 km north of the Alpes and 60 km south west of Munich (München). The measurements are part of the global atmosphere watch program. Data for ozone, nitrogen oxides, peroxides, CO, dust and several meteorological parameters were analysed for a period of June to August 1998 (non-published data communicated by Fricke, Berresheim, Gilge, Kaminski, and Plaß-Dülmer). However, only for the time from July 6 to August 17 model results and measurements were compared.

The results of the comparison between simulated and measured data was inconclusive, because days with good agreement in ozone and peroxide concentrations were interrupted with many days with differences up to a factor of 2 in ozone concentrations and up to one order of magnitude in peroxide concentrations. For CO concentrations the model showed good agreement, while NO and NO2 were in general underpredicted. There was no clear explanation, why the model sometimes showed good results and sometimes not. It didn’t depend on the origin of air masses or concentrations of any compound. However, a comparison of the trajectories for the box-model with those from three-dimensional calculations revealed, that the trajectory box model showed bad results in all those cases, where the different ways of calculating trajectories resulted in strong differences of the geographical paths of the trajectories.

Because of the interuption of the research program on this stage it was not possible to come to conclusions about how to improve the box model in view of this result. Hopefully with the start of new funding in 2001 it will be possible to re-exam the data and to elaborate the conclusions of this project.
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Introduction

The aim of the MOGUNTIA-GLOREAM contribution is to provide an interpretation tool for ongoing and coming satellite observations and laboratory studies. Numerical CTMs are designed to simulate the most important processes in the complex system of positive and negative physical and chemical fluxes which result in observed stages of the chemical constitution of the atmosphere.

Anthropogenic sources at present day deserve rising attention because of increasingly ongoing industrial activity. Under regional aspects the air around emission sources is polluted as a result of atmospheric mixing processes, which are subsumed as turbulent diffusion in the frame of global modelling. However, in the case of trace constituents with lifetimes sufficiently long to escape the source region, also large scale horizontal transport contributes to their local budgets. This fact complicates the interpretation of measurements.

Sometimes isotopes of a substance help to discriminate the molecules by their origin. If nature does not provide isotopes of a species under investigation, models might help by marking emissions with respect to their sources, thus providing “numerical isotopes”. The MOGUNTIA Model by its design can trace the way of molecules emitted from various kinds of sources (the isotopes) as well as the path of their (photo)chemical products separately and thus can identify each molecule within an air parcel by its chemical or physical origin. Preliminary results trying an evaluation of the European tropospheric ozone budget were presented briefly in the GLOREAM-Report 1998.

The theoretical concept how to define “numerical isotopes” and how to proceed in order to absolutely preserve mass continuity of the artificially flagged trace constituents has been further developed in the report year 1999 and will be resumed in the following.

Summary of the model dynamics

The model transport is based on the - adequately to the grid resolution - ensemble averaged continuity equation of partial masses of air in the spherical pressure coordinate system.
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where


ρ
air density (g m-3),


μ
mixing ratio of trace substance (mol fraction),


t
time (s),


ν
wind velocity vector (m s-1),
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turbulent diffusion tensor (m2 s-1),
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3D divergence


Q
source term Δμ s-1),


S
sink ( s-1),

DSYMBOL 223 \f "Symbol" 
deposition efficiency field (s-1).

For more details about advection and convection parameterization cf. Zimmermann et al. (1989) and Feichter and Crutzen (1990).

In context with tropospheric ozone studies the transport simulation of the reactive species such as CH4, CO, {NOx} = {NO SYMBOL 217 \f "Symbol" NO2 }, HNO3, O3, H2O2, and CH3O2H is required while shorter lived species (e.g. OH) are assumed in photochemical steady state.

Summary of the ozone photochemistry

d(O3)/dt = k1 (HO2) (NO) +  k2(CH3O2) (NO) + FSYMBOL 223 \f "Symbol"
              - [ k3 (HO2) +  k4 (OH) + kh (NO2) + DSYMBOL 223 \f "Symbol"] (O3) -  k5 (O'D) (H2O). 

where


kx (x = 1 ... 5) are temperature dependent reaction coefficients. 


kh is parameterised and contains information on cloud distribution.


FSYMBOL 223 \f "Symbol" is seasonal dependent stratospheric influx and


DSYMBOL 223 \f "Symbol" stands for sea / land dependent deposition velocity.

The following time dependent ordinary differential equation summarises the ozone budget of the entire troposphere. 

More details about the background air chemistry as well as the heterogeneous night time reaction schemes are described in Crutzen and Zimmermann (1992), Dentener and Crutzen (1993), Lelieveld et al. (1989).

Definition of numerical isotopes

The molecules in consideration 
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We define 
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molecule in the course of methane oxidation initiates the formation of the products 
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The only original source for tropospheric ozone is downward cross tropopause flux and is flagged be 
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Isotope transport simulation

The Galerkin Finite Difference formulation was applied to the parabolic partial differential equation to set up the Jacoby matrix (Varga, 1962) and simplifies the integration into an itera​tive linear equation system. This characteristic property allows in MOGUNTIA the nu​merical simulation of the transport even of subdivisions of atmospheric constituents and their chemical or decay products.

Isotope–photochemistry

The chemical differential equation system at every time step is solved (by predictor correc​tor method) with the sum of the subspecies. Gain/loss terms of ozone are evaluated in pro​portionality to the NOx/ozone segregation respectively.

Production and Loss Terms:
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where
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at each grid interval. Splitting of production an destruction terms:
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Isotopes after Chemistry:
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Mass conservation:
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With 
[image: image81.wmf]NO

x

, 
[image: image82.wmf]HNO

3

, 
[image: image83.wmf]O

3

 as well as 
[image: image84.wmf]O

X

3

; X =(T,L,A, I, B, S), 
[image: image85.wmf]HNO

X

3

, 
[image: image86.wmf]NO

x

X

;  X =(L,A, I, B, S)

go to next transport step.

Outlook

The concept of subdividing atmospheric trace constituents in numerical isotopes can be applied to various families of chemicals. First results have been produced for tropospheric ozone (Zimmermann, GLOREAM Report, 1998; Zimmermann, 1997). The concept was theoretically fully developed and mathematically closed during the reporting period. A proposal to extend the number of "numerical isotopes" was accepted as EUROTRAC-2 subproject.
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Comprehensive Air Pollution Studies by the Danish Eulerian Model

A contribution to subproject GLOREAM

Zahari Zlatev

National Environmental Research Institute, Frederiksborgvej 399, P.O. Box 358, DK-4000 Roskilde, Denmark

Summary

The protection of our environment is one of the most important problems in the modern society. The importance of this problem was steadily increasing during the last two-three decades. Studying health effects as well as other damages caused by high pollution levels is a task which must be urgently resolved. Reliable and robust control strategies for keeping the pollution caused by harmful chemical compounds under certain safe levels have to be developed and used in a routine way. Large mathematical models, in which all important physical and chemical processes are adequately described, can successfully be used to solve this task. The use of  the Danish Eulerian Model is discussed in this report.

Aim of the research

The Danish Eulerian Model is described in Alexandrov et al., (1997), Bastrup-Birk et al., (1997), Zlatev, (1995), Zlatev et al. (1996a, 1996b). Its space domain covers the whole of Europe together with parts of Asia, Africa and the Atlantic Ocean. The domain is discretized by a (96x96x10) grid. This means that (50 km x 50 km) grid squares are used in the horizontal planes. A variable mesh is applied in the vertical direction. The CBM IV scheme (Gery et al., 1989, Zlatev, 1995) with 35 chemical species is used in the chemical part of the model. The main objective is to use the model in studying relationships between emission sources and high levels of concentrations and/or depositions of certain chemical species in different parts of Europe (and first and foremost in Denmark and in the region surrounding Denmark). The model is used to study both episodic and long-term variations of the concentrations and depositions. It should be mentioned here that the two-dimensional version of the model is still used when long-term variations (over a time-period of up to ten years) are studied. It should be mentioned here that some experiments by using a finer resolution grid, (480x480x10), have also been carried out. The grid squares in the horizontal planes are (10 km x 10 km) when the finer resolution grid is used.

Activities during the year

The main activities in the work on the project “Comprehensive Air Pollution Studies by the Danish Eulerian Model” were concentrated in the following six directions during 1998: 

(a) Improving the chemical and physical mechanisms used in the model. Experiments with several chemical schemes have been carried out (this is a continuation of the work reported in Alexandrov et al., 1997). Seasonal variations in the deposition mechanisms have been introduced.

(b) Improving the presentation of the output results. Better and faster visualization and animation routines were developed and used. The use of efficient graphical tools is very important for the validation procedures and for the dissemination of model results among interested specialists.

(c) Work on better validation of the model results. Different tests have been carried out to verify the reliability of the results computed by the numerical algorithms applied in the model. The chemistry-advection rotation test (Hov et al., 1989), which is an extension of the well-known and commonly used advection rotation test (Molenkampf, 1968 and Crowley, 1968), was used to verify the algorithms used to describe the transport and the chemical reactions. Measurements, taken in EMEP stations located in different European countries, were also extensively used in the experiments.

(d) Incorporating better and faster numerical algorithms which will allow us to run the model efficiently on different high-speed computers. It is still rather difficult (and even impossible when the time-interval is too long) to run the three dimensional version of the Danish Eulerian Model in long-term simulations. Efforts to improve the performance of the model, when it is run on the available high-speed computers, have systematically been carried out. The final aim is to prepare a flexible version of the model based on an extensive use of object-oriented software. This aim has not been achieved in 1998, but some very promising results have been obtained. Several easily exchangable modules have been developed and attached to the model. The model was run on several high-speed computers, including parallel computers with distributed memory. A standard tool, MPI (the Message Passing Interface, Gropp et al., 1994), has been used in the latter case. This will allow us to achieve easily good results on different computers with distributed memory.

(e) Running the model over a very long time period. The Danish Eulerian Model has been run over a time period of nine years (from 1989 to 1998). It was possible to perform these simulations only with the two-dimensional version of the model. This emphasizes the great importance of obtaining good results in the efforts described in the previous paragraph.

(f) Studying ozone episodes during the summer months of 1989-1998. Ozone episodes, in which several critical levels were exceeded in different European regions, have been studied. It has been shown that in many West European and Central European countries the levels of 90 ppb and 120 ppb have been exceeded in many summer days. Also the AOT40 (accumulated over a threshold of 40 ppb) values were exceeded in many parts of Europe; this being true both for the AOT40 values for crops and for AOT40 values for forest trees.

(g) Economical evaluations of losses of crops due to high ozone levels. Algorithms for calculating evaluations of losses of crops have been derived and tested. These algorithms have been used to calculate some evaluations of the losses of crops in the Danish counties for the period from 1989 to 1998.

Principal results

The major results obtained in the six major directions that are discussed in the previous section are listed below. 

(a). The introduction of more advanced chemical schemes and deposition mechanisms tends to improve the results (this is especially true for the seasonal variation of some species).

(b). The improvement of the visualization techniques allows us to perform in a more efficient way different checks of the reliability of the output results; this is demonstrated in Fig. 1; see more results in http://www.dmu.dk/AtmosphericEnvironment/DEM. 

(c). The combined check of the accuracy of the numerical algorithms and the reliability of the output results (tested by comparisons with measurements) increased the confidence in the model, but it should be emphasized here that much more work is needed in this direction.

(d). The improvement of the numerical algorithms resulted in performance which is five times better than the performance of the model in the beginning of 1998. This allows us to solve now much bigger tasks and much more tasks. However, much better performance is still needed.

(e). Runs over period of many years allowed us to study some trends concerning pollution levels in different European regions.

[image: image87.wmf]
Figure 1. Averaged (over a period of ten years) losses and prices of losses in the Denmark.
(f). The studies of episodes with high ozone concentrations in the summer periods of 1989‑1997 indicates that the critical levels of 90 ppb and 120 ppb are exceeded in the most polluted areas in Europe. The critical levels for AOT40 values (both for crops and for forest trees are exceeded in nearly the whole of Europe (excluding the Northern and central parts of Scandinavia and Russia). In some parts the critical levels are exceeded by a factor greater than seven. Moreover, in many regions this happens every year.

Results representing different aspects of this project have been reported at ten international meetings (as invited addresses on some of these meetings). The research is documented in several papers in international journals and proceedings.

Aim for the coming year

There are still many open questions and many modules of the model can be further improved. Increasing the performance of the model, so that the three dimensional version can be applied in more and more cases is one of the most important tasks. This is a difficult task (see Peters et al., 1995 and Zlatev, 1995), but the computers are becoming faster and faster, which indicates that some progress in this direction can be achieved. The attempts to run the model on more refined space grids will be continued. Intercomparison with other models could gives some ideas for improving some parts of the model.
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Figure 3. Average diurnal cycle of the ozone concentration.
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Figure 5. Comparison of measured and simulated ozone concentrations along the flight route





Figure 6. Cumulative frequency distribution of the ozone concentration difference (aircraft data)





Figure 2. Cumulative frequency distribution of the difference between �measured and simulated ozone concentrations at ground level for 11 days











� This work has been done within the NWO project no. 613-302-040.


� Note that the population information and population warning thresholds of EU are 90.2 ppbV and 180 ppbV, respectively (EEC, 1992).
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				O3		O3 Depo		O3 simul				NO		NO2		Nox				NO2 Simul				Obs		Mod

		0.25		55.6015		-0.0633		53.5439		-0.2816157		0.14816		6.74352		6.89168		1		3.0708153		0.25		0.0633		0.2816157		1

		0.5		63.8652		-0.0992		50.54498		-0.2381676		0.07795		5.37657		5.45452		2		2.7059697		0.5		0.0992		0.2381676		2

		0.75		66.5271		-0.0912		48.09338		-0.21693								3		2.3559795		0.75		0.0912		0.21693		3

		1		66.6781		-0.0709		46.53116		-0.2080834		0.10683		4.96114		5.06797		4		2.0770911		1		0.0709		0.2080834		4

		1.25		68.3719		-0.0653		44.76074		-0.2038133		0.12963		5.29557		5.4252		5		1.9450179		1.25		0.0653		0.2038133		5

		1.5		67.6609		-0.084		49.53306		-0.28201		0.11164		6.19948		6.31112		6		1.971459		1.5		0.084		0.28201		6

		1.75		65.3308		-0.0864		48.3848		-0.27689		0.12435		7.42195		7.5463		7		1.615737186		1.75		0.0864		0.27689		7

		2		66.5668		-0.0666		52.50558		-0.28119		0.11202		7.20343		7.31545		8		1.172680929		2		0.0666		0.28119		8

		2.25		67.4244		-0.0716		64.25596		-0.33471		0.12138		6.87219		6.99357		9		0.807410646		2.25		0.0716		0.33471		9

		2.5		67.0544		-0.0634		69.4123		-0.39857		0.12468		6.78595		6.91063		10		0.146557971		2.5		0.0634		0.39857		10

		2.75		66.1309		-0.0685		69.18512		-0.42359		0.10333		6.87867		6.982		11		0.0163511649		2.75		0.0685		0.42359		11

		3		65.4884		-0.0619		68.84204		-0.4219		0.12866		7.22448		7.35314		12		0.0133079247		3		0.0619		0.4219		12

		3.25		64.5704		-0.0853		70.44698		-0.42873		0.12966		7.31343		7.44309		13		0.0142788744		3.25		0.0853		0.42873		13

		3.5		67.1166		-0.0854		74.48496		-0.45613		0.15471		6.73733		6.89204		14		0.0119766843		3.5		0.0854		0.45613		14

		3.75		70.5699		-0.104		80.102		-0.4804		0.09093		6.23095		6.32188		15		0.020341125		3.75		0.104		0.4804		15

		4		73.6782		-0.0856		83.9205		-0.5199		0.10587		5.89562		6.00149		16		0.022798692		4		0.0856		0.5199		16

		4.25		75.8791		-0.0498		83.26662		-0.5237		0.11176		4.87429		4.98605		17		0.0188651862		4.25		0.0498		0.5237		17

		4.5		75.9028		-0.086		84.77456		-0.54184		0.12272		4.50662		4.62934		18		0.089431209		4.5		0.086		0.54184		18

		4.75		77.873		-0.0952		82.48534		-0.53116		0.12414		4.1181		4.24224		19		0.167880573		4.75		0.0952		0.53116		19

		5		82.3851		-0.0439		76.10064		-0.49324		0.15528		3.91529		4.07057		20		0.765720081		5		0.0439		0.49324		20

		5.25		83.2765		-0.114		68.67066		-0.43576		0.11556		3.28124		3.3968		21		2.5272513		5.25		0.114		0.43576		21

		5.5		80.9326		-0.0682		64.4335		-0.39294		0.11678		3.10648		3.22326		22		2.7110727		5.5		0.0682		0.39294		22

		5.75		80.0849		-0.0624		60.11808		-0.3705		0.11909		3.1831		3.30219		23		0.946093365		5.75		0.0624		0.3705		23

		6		81.2295		-0.0514		50.64108				0.0992		2.99348		3.09268		24		1.381776543		6		0.0514		0		24

		6.25		83.8514		-0.0897						0.1396		2.83333		2.97293						6.25		0.0897		0

		6.5		85.6117		-0.0698						0.11257		2.39819		2.51076						6.5		0.0698		0

		6.75		86.9376		-0.0701						0.123		2.09129		2.21429						6.75		0.0701		0

		7		86.2597		-0.0667						0.12295		2.34786		2.47081						7		0.0667		0

		7.25		85.5		-0.0552						0.09399		2.27586		2.36985						7.25		0.0552		0

		7.5		84.0046		-0.0737						0.13429		2.52838		2.66267						7.5		0.0737		0

		7.75		82.3578		-0.0822						0.14523		2.61429		2.75952						7.75		0.0822		0

		8		80.6641		-0.077						0.12655		3.05867		3.18522						8		0.077		0

		8.25		80.3683		-0.0911						0.14177		2.64343		2.7852						8.25		0.0911		0

		8.5		83.6437		-0.0869						0.13559		2.25076		2.38635						8.5		0.0869		0

		8.75		82.6322		-0.0667						0.13074		2.47014		2.60088						8.75		0.0667		0

		9		80.5248		-0.0673						0.23154		3.95567		4.18721						9		0.0673		0

		9.25		82.1624		-0.0694						0.16609		2.70162		2.86771						9.25		0.0694		0

		9.5		81.3605		-0.0702						0.27467		3.79305		4.06772						9.5		0.0702		0

		9.75		82.7894		-0.0749						0.28283		3.79186		4.07469						9.75		0.0749		0

		10		82.0387		-0.103						0.30453		3.79262		4.09715						10		0.103		0

		10.25		82.0511		-0.0769						0.27638		3.42614		3.70252						10.25		0.0769		0

		10.5		82.0744		-0.0865						0.34809		3.758		4.10609						10.5		0.0865		0

		10.75		81.8499		-0.1048						0.34955		4.21238		4.56193						10.75		0.1048		0

		11		81.3867		-0.0667						0.40143		4.32695		4.72838						11		0.0667		0

		11.25		82.0467		-0.0635						0.44011		4.42129		4.8614						11.25		0.0635		0

		11.5		81.9845		-0.0842						0.42081		4.91719		5.338						11.5		0.0842		0

		11.75		85.5706		-0.1129						0.38317		4.09371		4.47688						11.75		0.1129		0

		12		86.8648		-0.1002						0.44636		4.28586		4.73222						12		0.1002		0

		12.25		88.862		-0.0752						0.42524		3.73367		4.15891						12.25		0.0752		0

		12.5		91.8008		-0.1653						0.3715		3.71457		4.08607						12.5		0.1653		0

		12.75		92.5521		-0.1281						0.33766		3.67214		4.0098						12.75		0.1281		0

		13		92.7348		-0.1142						0.30078		3.68567		3.98645						13		0.1142		0

		13.25		94.0872		-0.1407						0.29915		3.63729		3.93644						13.25		0.1407		0

		13.5		94.7982		-0.1876						0.26484		3.74005		4.00489						13.5		0.1876		0

		13.75		96.5297		-0.1484						0.23555		3.54929		3.78484						13.75		0.1484		0

		14		96.6702		-0.1202						0.14019		3.56329		3.70348						14		0.1202		0

		14.25		97.5452		-0.1573						0.17145		3.34343		3.51488						14.25		0.1573		0

		14.5		98.3526		-0.1842						0.18648		3.27357		3.46005						14.5		0.1842		0

		14.75		98.9722		-0.1923						0.17332		3.44743		3.62075						14.75		0.1923		0

		15		100.1329		-0.121						0.26687		3.49957		3.76644						15		0.121		0

		15.25		101.5705		-0.1349						0.1305		3.77648		3.90698						15.25		0.1349		0

		15.5		103.3108		-0.1488						0.13338		3.90895		4.04233						15.5		0.1488		0

		15.75		104.2739		-0.141						0.20305		3.90219		4.10524						15.75		0.141		0

		16		106.9514		-0.1513						0.13625		4.02948		4.16573						16		0.1513		0

		16.25		110.1024		-0.1394						0.17047		4.258		4.42847						16.25		0.1394		0

		16.5		110.9119		-0.1579						0.18093		3.78333		3.96426						16.5		0.1579		0

		16.75		112.0999		-0.1795						0.12091		4.04638		4.16729						16.75		0.1795		0

		17		116.1586		-0.272						0.18577		4.89557		5.08134						17		0.272		0

		17.25		122.7679		-0.0565						0.26803		6.30714		6.57517						17.25		0.0565		0

		17.5		122.7181		-0.1263						0.33412		7.00819		7.34231						17.5		0.1263		0

		17.75		121.4326		-0.1091						0.37116		7.75514		8.1263						17.75		0.1091		0

		18		121.1779		-0.0023						0.49258		7.68495		8.17753						18				0

		18.25		121.2063		-0.1461						0.34312		6.92433		7.26745						18.25		0.1461		0

		18.5		118.6806		-0.1039						0.17184		4.83267		5.00451						18.5		0.1039		0

		18.75		114.1021		-0.0494						0.23124		3.8261		4.05734						18.75		0.0494		0

		19		111.5861		-0.1079						0.17357		3.95457		4.12814						19		0.1079		0

		19.25		110.5171		-0.0495						0.2238		4.11062		4.33442						19.25		0.0495		0

		19.5		107.9262		-0.044						0.17654		4.24257		4.41911						19.5		0.044		0

		19.75		105.8453		-0.0779						0.18476		4.54805		4.73281						19.75		0.0779		0

		20		103.7849		-0.0632						0.16681		4.34781		4.51462						20		0.0632		0

		20.25		102.9735		-0.0567						0.146		4.1761		4.3221						20.25		0.0567		0

		20.5		100.8533		-0.0824						0.13905		4.22838		4.36743						20.5		0.0824		0

		20.75		100.849		-0.0322						0.17189		4.26333		4.43522						20.75		0.0322		0

		21		100.6059		-0.0609						0.08414		3.88995		3.97409						21		0.0609		0

		21.25		99.0101		-0.0536						0.09727		4.19376		4.29103						21.25		0.0536		0

		21.5		95.3621		-0.0491						0.13676		4.55238		4.68914						21.5		0.0491		0

		21.75		93.6917		-0.0449						0.09595		4.54971		4.64566						21.75		0.0449		0

		22		89.2156		-0.0587						0.06036		4.78962		4.84998						22		0.0587		0

		22.25		86.4024		-0.0666						0.121		5.04162		5.16262						22.25		0.0666		0

		22.5		87.479		-0.0575						0.06336		4.53567		4.59903						22.5		0.0575		0

		22.75		89.371		-0.0752						0.14015		3.96862		4.10877						22.75		0.0752		0

		23		90.5957		-0.0822						0.09425		3.35576		3.45001						23		0.0822		0

		23.25		89.86		-0.055						0.12926		3.68505		3.81431						23.25		0.055		0

		23.5		86.5588		-0.059						0.09922		4.27414		4.37336						23.5		0.059		0

		23.75		87.3418		-0.0719						0.12472		4.06319		4.18791						23.75		0.0719		0

		24		85.2661		-0.0789						0.12095		3.24143		3.36238						24		0.0789		0
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		Data		Hora Local		Ubar				Winddir				U*				L		Trho				RHrho		O3fastCal				O3fastFlx		O3fastFlx		SO2		GlobRad		RainGauge		VdO3		Ra		Rb		Rc																		DEP		DEP		DEP

						m s-1								m s-1				m		ºC				%		µg m-3				µg m-2 s-1		µg m-2 s-1		µg m-3		W m-2				cm s-1		s m-1		s m-1		s m-1								O3fastFlx		O3fastCal		rug=0.02		rug=0.1		rug=0.02		rug=0.02		rug=0.02		rug=0.1

		8/20/97		0:00:00		2.328				325				0.123				17.63044		17.71				97		25.90				-0.04540				1.23956		1.30		0		0.1752895753		143.4278514833		51.5566131271		375.5001168874						hora		µg m-2 s-1		µg m-3		QA=40ppb		QA=40ppb		QA =10ppb		QA =10ppb		QA =40ppb		QA =40ppb

		8/20/97		0:15:00		2.426				321				0.115				15.967833		17.7				97.3		25.40				-0.03790				2.58286		1.30		0		0.1492125984		156.974738068		55.1431601273		458.0667983747						1		-0.0207175		23.7		1.48E-06		1.48E-06		1.48E-06		0		0		0

		8/20/97		0:30:00		1.722				333				0.089				11.190763		17.57				97.5		24.70				-0.02730				-8.25E-02		1.00		0		0.1105263158		223.7094244497		71.2523979172		609.800082395						2		0.0004975		15		1.48E-06		1.48E-06		1.48E-06		0.00002		0.00061		0.00106

		8/20/97		0:45:00		1.221				326				0.064				7.843918		17.58				97.8		23.50				-0.01440				4.40496		1.20		0		0.0612765957		352.5018850149		99.0853658537		1180.3571935759						3		0.00160975		8.9485		1.48E-06		1.48E-06		1.48E-06		0.00002		0.00022		0.00022

		8/20/97		1:00:00		1.093		1.61550		313		323.25000		0.009		0.06925		0.081277		17.69		17.63500		97.9		21.20		23.70000		-0.00327		-0.02072		4.66697		1.80		0														4		-0.000115325		3.308656		1.48E-06		1.48E-06		1.48E-06		0		0		0

		8/20/97		1:15:00		0.997				322				0.025				4.517855		17.61				98.2		18.60				0.00076				5.43571		2.50		0														5		-0.00007143		3.20505		0.4353975		0.4177458		1.48E-06		0		0		0

		8/20/97		1:30:00		1.112				337				0.024				0.959576		17.54				98.3		15.20				-0.00111				6.60611		1.80		0														6		-0.00009442		2.62134625		2.53798		2.30664		0.36573		0		0		0

		8/20/97		1:45:00		0.978				111				0.025				0.326239		16.28				98.1		12.90				-0.00188				4.10704		1.90		0														7		0.00048435		3.498312		20.69251		19.23682		5.19536		0		0		0

		8/20/97		2:00:00		1.204		1.0727500		153		230.7500000		0.054		0.0320000		-5.991323		15.49		16.7300000		99		13.30		15.00000		0.00422		0.0004975		2.41661		4.00		0														8		-0.00461575		5.84440675		41.52686		40.94986		18.60505		0		0		0

		8/20/97		2:15:00		0.86				186				0.023				-0.649289		15.81				99.4		12.40				0.00281				2.47114		3.20		0														9		-0.02145		11.825		93.42006		93.76471		68.56059		0		0		0

		8/20/97		2:30:00		0.372				221				0.046				-5.433312		15.47				99.5		7.56				0.00282				1.38586		5.80		0														10		-0.031925		18.2		162.5		154.8589		142.7755		0.60654		0.87456		1.05135

		8/20/97		2:45:00		0.904				125				0.042				-3.071426		15.33				99.5		9.19				0.00015				1.53615		7.00		0														11		-0.04665		28.825		130.5948		127.6259		98.19983		0.57396		0.67732		0.75442

		8/20/97		3:00:00		1.29		0.85650		130		165.50000		0.04		0.03775		1.383602		15.68		15.57250		99.6		6.65		8.94850		0.00066		0.00161		2.70921		4.70		0														12		-0.062275		38.825		91.86661		92.80183		51.71117		0.29726		0.46475		0.52566

		8/20/97		3:15:00		0.956				150				0.033				1.626061		15.83				99.6		3.25				0.00006				1.58935		6.40		0														13		-0.0464275		54.15		99.093		98.84215		58.57201		0.24053		0.42559		0.47687

		8/20/97		3:30:00		1.129				114				0.017				0.643308		16.26				99.5		3.38				-0.00023				1.45768		6.00		0														14		-0.016775		58.05		100.3958		100.1725		60.5086		0.26979		0.45218		0.50189

		8/20/97		3:45:00		1.412				98				0.075				259.770618		16.68				99.6		3.11				0.00009				2.77571		5.60		0														15		0.031245		72.85		98.80563		98.70621		58.76338		0.27213		0.45625		0.50578

		8/20/97		4:00:00		1.085		1.14550		99		115.25000		0.106		0.05775		80.996089		16.62		16.34750		99.5		3.49		3.30866		-0.00039		-0.00012		5.05134		5.10		0		0.0110199209		137.3352635535		59.8251265532		8877.3149345687						16		0.0056		61.375		97.99648		98.00176		56.47425		0.26753		0.45896		0.50915

		8/20/97		4:15:00		1.35				89				0.058				4.291885		16.6				99.5		3.35				-0.00031				4.99415		3.40		0		0.0092031561		515.4027746428		109.3355761144		10241.0993115805						17		-0.06215		60.45		96.73049		96.86742		53.32457		0.25596		0.45469		0.50833

		8/20/97		4:30:00		1.528				76				0.058				10.671902		16.06				99.5		3.15				0.00001				3.724		2.90		0														18		-0.114		55.35		90.01276		90.37263		44.58161		0.23277		0.44498		0.50097

		8/20/97		4:45:00		0.857				81				0.048				10.100539		15.9				99.5		2.88				0.00002				3.06964		2.50		0														19						58.06635		60.1841		19.60349		0.11458		0.27093		0.33925

		8/20/97		5:00:00		0.492		1.05675		79		81.25000		0.017		0.04525		9.655923		15.78		16.08500		99.4		3.44		3.20505		-0.00000		-0.00007		2.93398		4.40		0														20		-0.13065		64.775		39.89931		42.3212		4.1885		0.03633		0.15251		0.206

		8/20/97		5:15:00		0.64				24				0.014				0.450613		15.93				99.5		3.10				0.00000				2.71719		3.70		0														21		-0.1315		64.55		24.61701		26.66287		1.55676		0.00679		0.09688		0.1363

		8/20/97		5:30:00		0.898				103				0.036				3.254687		15.8				99.5		2.33				-0.00004				3.31835		3.10		0														22		-0.115375		54.55		9.7618		9.75519		0.4462797		0.00223		0.04265		0.05816

		8/20/97		5:45:00		0.963				142				0.02				0.772544		15.55				99.5		2.49				-0.00020				3.41544		3.90		0														23		-0.10175		49.15		3.7688		3.89369		1.48E-06

		8/20/97		6:00:00		0.811		0.82800		134		100.75000		0.024		0.02350		1.2256		15.65		15.73250		99.5		2.56		2.62135		-0.00014		-0.00009		4.39964		3.60		0														24		-0.1114		46.65

		8/20/97		6:15:00		0.836				132				0.024				2617.453726		15.64				99.5		2.49				-0.00005				5.06464		2.80		0																-0.978505325										3.17644		5.27308		6.07541

		8/20/97		6:30:00		0.355				108				0.028				28.119771		15.18				99.6		3.04				-0.00027				5.7589		4.10		0

		8/20/97		6:45:00		0.527				115				0.017				-4.482007		15.06				99.5		4.56				0.00030				6.40528		5.70		0

		8/20/97		7:00:00		0.873		0.64775		132		121.75000		0.028		0.02425		-0.297333		13.7		14.89500		99.3		3.90		3.49831		0.00196		0.00048		5.66048		11.00		0

		8/20/97		7:15:00		1.071				174				0.05				-12.931648		13.94				99.5		3.15				0.00125				4.31186		24.40		0

		8/20/97		7:30:00		0.987				166				0.037				-105.332763		14.86				99.5		4.36				-0.00023				3.37687		36.30		0

		8/20/97		7:45:00		1.183				151				0.088				-20.952783		15.29				99.5		6.45				-0.00718				2.93132		78.70		0		0.1113251131		128.4581019056		72.0620842572		697.7497302718

		8/20/97		8:00:00		1.215		1.11400		135		156.50000		0.105		0.07000		-11.282126		15.92		15.00250		99.5		9.42		5.84441		-0.01230		-0.00462		3.64154		86.30		0		0.1305677041		98.9859527961		60.3948896632		606.5053364025

		8/20/97		8:15:00		1.595				150				0.132				-16.856094		16.03				99.4		12.20				-0.02710				5.62989		90.20		0		0.2221311475		83.3393244067		48.0413895048		318.8037879335

		8/20/97		8:30:00		1.284				167				0.117				-9.719918		16.4				99.5		10.70				-0.01480				9.0174		99.90		0		0.138317757		86.7863520727		54.2005420054		581.9860788948

		8/20/97		8:45:00		1.166				155				0.109				-8.379291		16.69				99.6		11.10				-0.02490				11.00176		119.80		0		0.2243243243		90.9054247571		58.178563437		296.6991443361

		8/20/97		9:00:00		0.481		1.13150		84		139.00000		0.111		0.11725		-5.028216		16.86		16.49500		99.6		13.30		11.82500		-0.01900		-0.02145		11.43401		159.40		0

		8/20/97		9:15:00		0.789				264				0.13				-6.79055		17.15				99.6		14.70				-0.03520				11.45529		153.00		0

		8/20/97		9:30:00		0.759				308				0.075				-1.772568		17.27				99.5		17.40				-0.02230				11.80109		197.50		0

		8/20/97		9:45:00		0.793				31				0.15				-7.807039		17.48				99.6		19.40				-0.04250				12.4621		260.90		0

		8/20/97		10:00:00		0.48		0.70525		359		240.50000		0.034		0.09725		-0.103201		17.7		17.40000		99.6		21.30		18.20000		-0.02770		-0.03193		12.96351		275.70		0

		8/20/97		10:15:00		0.477				242				0.086				-0.98998		18.16				99.7		23.40				-0.02270				13.02336		395.90		0

		8/20/97		10:30:00		0.692				349				0.185				-5.62988		18.85				99.8		28.50				-0.05940				14.17115		625.60		0

		8/20/97		10:45:00		1.151				308				0.022				-0.007843		19.56				98.3		31.10				-0.06400				19.55366		640.90		0

		8/20/97		11:00:00		1.435		0.93875		312		302.75000		0.127		0.10500		-1.75231		21.04		19.40250		89.9		32.30		28.82500		-0.04050		-0.04665		24.97341		672.40		0		0.1253869969		55.521223087		49.9327827924		692.0768583181

		8/20/97		11:15:00		2.795				292				0.247				-8.506076		21.69				85.8		33.40				-0.06420				26.89925		759.60		0		0.1922155689		40.217842287		25.6739409499		454.3574379468

		8/20/97		11:30:00		3.718				304				0.217				-4.534839		22.74				80.5		38.30				-0.06510				21.9982		833.20		0		0.1699738903		40.7069715914		29.223333708		518.3953475424

		8/20/97		11:45:00		3.47				322				0.278				-10.376838		23.34				76.5		40.30				-0.06410				16.23132		821.00		0		0.159057072		36.9063932391		22.8110194771		568.9877354898

		8/20/97		12:00:00		4.494		3.61925		318		309.00000		0.262		0.25100		-8.871814		23.72		22.87250		74		43.30		38.82500		-0.05570		-0.06228		11.51514		865.90		0		0.1286374134		38.1827017706		24.2040588345		714.9920544757

		8/20/97		12:15:00		4.999				304				0.361				-18.820358		23.62				74.5		47.40				-0.07690				17.68501		913.40		0		0.1622362869		30.9056642634		17.56638065		567.9128705613

		8/20/97		12:30:00		5.123				311				0.33				-13.176174		22.88				77.1		51.10				-0.00981				22.9957		941.20		0		0.0191976517		32.2275843446		19.2165558019		5157.5262981817

		8/20/97		12:45:00		5.282				299				0.423				-23.180944		22.88				77.4		55.60				-0.03810				20.75332		962.40		0		0.0685251799		27.0418784726		14.9916392781		1417.2840675511

		8/20/97		13:00:00		5.974		5.34450		299		303.25000		0.425		0.38475		-26.302832		22.56		22.98500		76.8		62.50		54.15000		-0.06090		-0.04643		18.36597		975.90		0		0.09744		27.2956263093		14.9210903874		984.0558613001

		8/20/97		13:15:00		5.408				303				0.444				-27.809522		22.74				77.7		62.50				0.01750				20.51924		985.70		0

		8/20/97		13:30:00		5.299				304				0.406				-22.600413		23.16				76.8		56.10				-0.05290				13.0207		988.80		0		0.0942959002		28.0920874819		15.6193680163		1016.7800378855

		8/20/97		13:45:00		5.755				309				0.437				-26.002559		23.59				74.6		55.40				0.02860				5.76821		991.90		0

		8/20/97		14:00:00		6.376		5.70950		304		305.00000		0.419		0.42650		-25.018554		23.48		23.24250		75.8		58.20		58.05000		-0.06030		-0.01678		4.46481		989.10		0		0.1036082474		27.5353397364		15.1347575528		922.504032064

		8/20/97		14:15:00		6.879				309				0.453				-30.352026		22.73				77.8		64.10				0.00508				4.12034		987.00		0

		8/20/97		14:30:00		6.028				314				0.473				-28.649121		22.99				77.6		69.30				0.01730				6.33878		973.50		0

		8/20/97		14:45:00		6.593				314				0.467				-33.113057		22.91				79.1		76.90				0.04260				12.10832		959.20		0

		8/20/97		15:00:00		5.608		6.27700		312		312.25000		0.507		0.47500		-30.10638		23.06		22.92250		79.6		81.10		72.85000		0.06000		0.03125		11.33559		935.10		0

		8/20/97		15:15:00		5.515				315				0.395				-18.663454		22.75				80.4		70.20				0.11400				3.93414		921.30		0

		8/20/97		15:30:00		6.237				312				0.414				-24.265099		22.25				82.8		58.50				-0.01110				0.77672		894.00		0		0.018974359		27.7731570791		15.3175444798		5227.1795687114

		8/20/97		15:45:00		5.653				313				0.433				-22.593278		22.01				84.2		57.70				-0.03470				0.46816		882.20		0		0.0601386482		26.3394247001		14.645412043		1621.8393707496

		8/20/97		16:00:00		6.055		5.86500		314		313.50000		0.372		0.40350		-17.94864		21.92		22.23250		83.9		59.10		61.37500		-0.04580		0.00560		0.30324		835.00		0		0.0774957699		29.8127643791		17.046944663		1243.5333040583

		8/20/97		16:15:00		6.084				316				0.322				-20.872795		21.25				86.2		63.50				-0.02590				0.23541		597.20		0		0.0407874016		35.0905046881		19.6939857597		2396.9529612896

		8/20/97		16:30:00		5.374				328				0.359				-27.846867		21.05				87.2		62.90				-0.06800				0.1197		419.10		0		0.1081081081		32.5110875863		17.6642434948		874.8246689189

		8/20/97		16:45:00		5.023				329				0.288				-14.875945		21.55				84.9		61.30				-0.06570				1.46E-02		587.80		0		0.107177814		37.5627304365		22.0189701897		873.4472187041

		8/20/97		17:00:00		4.444		5.23125		342		328.75000		0.298		0.31675		-23.031973		21.84		21.42250		82.4		54.10		60.45000		-0.08900		-0.06215		4.26E-02		425.90		0		0.1645101664		38.3566059474		21.2800785726		548.2284840193

		8/20/97		17:15:00		4.82				330				0.331				-16.805372		22.76				77.8		52.90				-0.12500				4.79E-02		578.10		0		0.236294896		33.22191707		19.1584997421		370.8195831879

		8/20/97		17:30:00		4.966				337				0.362				-23.349864		23.19				76		54.20				-0.11100				0.12502		533.40		0		0.204797048		31.6248759815		17.5178547366		439.1455575703

		8/20/97		17:45:00		5.975				342				0.445				-47.195399		22.83				76		56.50				-0.10900				8.25E-02		484.10		0		0.192920354		27.5445310329		14.2504795834		476.5536132368

		8/20/97		18:00:00		6.251		5.50300		339		337.00000		0.376		0.37850		-36.497883		22.47		22.81250		76.5		57.80		55.35000		-0.11100		-0.11400		5.85E-02		435.00		0		0.1920415225		31.8822153469		16.8655941879		471.9729111859

		8/20/97		18:15:00		5.539				342				0.415				-44.996673		22.49				78		60.10				-0.14200				9.58E-02		387.50		0		0.2362728785		29.4206604468		15.2806347341		378.5381414388

		8/20/97		18:30:00		6				343				0.41				-60.316802		22.03				80.3		62.80				-0.09040				6.38E-02		328.60		0		0.1439490446		30.4543356828		15.4669839381		648.7689458658

		8/20/97		18:45:00		5.683				342				0.352				-53.040267		21.78				81.8		63.70				-0.09110				0.10374		249.00		0		0.1430141287		35.1412873911		18.0155210643		646.074805156

		8/20/97		19:15:00		5.851				349				0.442				-195.942586		21.09				85.5		62.50				-0.26400				0.25935		99.50		0		0.4224		29.9278447081		14.3472022956		192.4673772388

		8/20/97		19:30:00		6.832				348				0.447				-393.614824		20.89				85.9		64.80				-0.06900				0.10108		82.60		0		0.1064814815		30.0853829045		14.1867190484		894.8583328297

		8/20/97		19:45:00		5.928				345				0.399				-422.547908		20.66				86.5		65.70				-0.06560				0.2394		87.60		0		0.099847793		33.7448670441		15.8933920166		951.8861311832

		8/20/97		20:00:00		5.115		5.93150		348		347.50000		0.333		0.40525		-1662.15415		20.6		20.81000		87.8		66.10		64.77500		-0.12400		-0.13065		0.30324		45.50		0		0.1875945537		41.1394645694		19.0434336776		472.881617882

		8/20/97		20:15:00		5.437				347				0.401				1662.874251		20.54				88.7		67.50				-0.12500				0.47481		28.00		0		0.1851851852		34.1631962634		15.8141232285		490.0226805081

		8/20/97		20:30:00		4.816				343				0.256				116.538824		20.12				89.6		66.30				-0.11900				0.57722		7.60		0		0.1794871795		55.8430875492		24.7713414634		476.5284281302

		8/20/97		20:45:00		4.191				348				0.308				130.472142		19.94				90		64.00				-0.14000				0.39767		2.50		0		0.21875		46.2082505107		20.5891669306		390.3454397015

		8/20/97		21:00:00		4.332		4.69400		347		346.25000		0.302		0.31675		93.528768		19.69		20.07250		89.5		60.40		64.55000		-0.14200		-0.13150		0.2261		1.40		0		0.2350993377		47.8230286593		20.9982232273		356.5308607895

		8/20/97		21:15:00		4.559				346				0.244				55.492113		19.54				89		57.70				-0.09480				7.18E-02		1.40		0		0.1642980936		61.2783437992		25.9896041583		521.381841072

		8/20/97		21:30:00		3.761				344				0.28				93.494476		19.44				89.3		54.70				-0.14200				3.99E-02		1.30		0		0.2595978062		51.5815257673		22.6480836237		310.9816582146

		8/20/97		21:45:00		3.906				349				0.259				69.575196		19.31				89		53.80				-0.13300				5.72E-02		1.50		0		0.2472118959		56.7505635911		24.4844147283		323.276299876

		8/20/97		22:00:00		3.026		3.81300		345		346.00000		0.192		0.24375		70.650741		19.21		19.37500		89.1		52.00		54.55000		-0.09170		-0.11538		8.38E-02		0.90		0		0.1763461538		76.474940013		33.0284552846		457.5631259675

		8/20/97		22:15:00		3.043				340				0.178				45.742207		19.06				89.5		50.80				-0.10900				4.26E-02		1.10		0		0.2145669291		85.4993231231		35.6261989586		344.9295237899

		8/20/97		22:30:00		2.427				320				0.147				40.350869		19.01				90.9		48.50				-0.08920				-6.52E-02		0.80		0		0.1839175258		104.9108421843		43.1392069023		395.6719240076

		8/20/97		22:45:00		2.537				314				0.188				160.833081		18.72				92.6		47.30				-0.09880				-0.16758		1.00		0		0.2088794926		75.1679888131		33.7311883757		369.8457620824

		8/20/97		23:00:00		2.582		2.64725		315		322.25000		0.177		0.17250		72.438612		18.6		18.84750		92.6		50.00		49.15000		-0.11000		-0.10175		-0.19285		1.30		0		0.22		82.8186917698		35.8274769188		335.8992858568

		8/20/97		23:15:00		2.664				323				0.143				48.166461		18.48				92.9		48.60				-0.08020				-0.20748		1.30		0		0.1650205761		105.890944577		44.3458980044		455.7481948251

		8/20/97		23:30:00		2.323				326				0.187				66.730501		18.53				93.2		45.50				-0.12900				-9.84E-02		1.20		0		0.2835164835		78.8287753877		33.9115690622		239.9728338447

		8/20/97		23:45:00		2.766				331				0.161				42.935271		18.37				93.4		45.00				-0.09240				-9.84E-02		1.30		0		0.2053333333		95.1441880289		39.3879715195		352.4808274646

		8/21/97		0:00:00		3.273		2.75650		338		329.50000		0.212		0.17575		55.908809		18.47		18.46250		92.8		47.50		46.65000		-0.14400		-0.11140		-0.19152		1.30		0		0.3031578947		70.4838727623		29.9125632766		229.4646750723
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		1		323.25		1.6155		17.635						3		325.6786		1.00576		17.14932

		2		230.75		1.07275		16.73						4		328.3765		0.967123		16.59521

		3		165.5		0.8565		15.5725						5		332.7779		0.9328758		16.34875
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		6		100.75		0.828		15.7325						8		340.9061		0.5755873		16.34589

		7		121.75		0.64775		14.895						9		328.7054		0.7945511		18.09991

		8		156.5		1.114		15.0025						10		327.2629		2.04128		20.23953

		9		139		1.1315		16.495						11		321.5575		2.70334		21.69965

		10		240.5		0.70525		17.4						12		316.5079		3.3675		22.72278

		11		302.75		0.93875		19.4025						13		312.9577		4.14136		23.27026

		12		309		3.61925		22.8725						14		313.3176		4.72197		23.47693
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		21		346.25		4.694		20.0725						23		329.8012		1.86385		18.63022

		22		346		3.813		19.375						24		325.844		1.67299		18.32761

		23		322.25		2.64725		18.8475						25		313.8828		1.40576		18.07211

		24		329.5		2.7565		18.4625						26		305.536		1.14569		17.96277
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Sheet1

				O3		O3 Depo		O3 simul				NO		NO2		Nox				NO2 Simul				Obs		Mod

		0.25		55.6015		-0.0633		53.5439		-0.2816157		0.14816		6.74352		6.89168		1		3.0708153		0.25		0.0633		0.2816157		1

		0.5		63.8652		-0.0992		50.54498		-0.2381676		0.07795		5.37657		5.45452		2		2.7059697		0.5		0.0992		0.2381676		2

		0.75		66.5271		-0.0912		48.09338		-0.21693								3		2.3559795		0.75		0.0912		0.21693		3

		1		66.6781		-0.0709		46.53116		-0.2080834		0.10683		4.96114		5.06797		4		2.0770911		1		0.0709		0.2080834		4

		1.25		68.3719		-0.0653		44.76074		-0.2038133		0.12963		5.29557		5.4252		5		1.9450179		1.25		0.0653		0.2038133		5

		1.5		67.6609		-0.084		49.53306		-0.28201		0.11164		6.19948		6.31112		6		1.971459		1.5		0.084		0.28201		6

		1.75		65.3308		-0.0864		48.3848		-0.27689		0.12435		7.42195		7.5463		7		1.615737186		1.75		0.0864		0.27689		7

		2		66.5668		-0.0666		52.50558		-0.28119		0.11202		7.20343		7.31545		8		1.172680929		2		0.0666		0.28119		8

		2.25		67.4244		-0.0716		64.25596		-0.33471		0.12138		6.87219		6.99357		9		0.807410646		2.25		0.0716		0.33471		9

		2.5		67.0544		-0.0634		69.4123		-0.39857		0.12468		6.78595		6.91063		10		0.146557971		2.5		0.0634		0.39857		10

		2.75		66.1309		-0.0685		69.18512		-0.42359		0.10333		6.87867		6.982		11		0.0163511649		2.75		0.0685		0.42359		11

		3		65.4884		-0.0619		68.84204		-0.4219		0.12866		7.22448		7.35314		12		0.0133079247		3		0.0619		0.4219		12

		3.25		64.5704		-0.0853		70.44698		-0.42873		0.12966		7.31343		7.44309		13		0.0142788744		3.25		0.0853		0.42873		13

		3.5		67.1166		-0.0854		74.48496		-0.45613		0.15471		6.73733		6.89204		14		0.0119766843		3.5		0.0854		0.45613		14

		3.75		70.5699		-0.104		80.102		-0.4804		0.09093		6.23095		6.32188		15		0.020341125		3.75		0.104		0.4804		15

		4		73.6782		-0.0856		83.9205		-0.5199		0.10587		5.89562		6.00149		16		0.022798692		4		0.0856		0.5199		16

		4.25		75.8791		-0.0498		83.26662		-0.5237		0.11176		4.87429		4.98605		17		0.0188651862		4.25		0.0498		0.5237		17

		4.5		75.9028		-0.086		84.77456		-0.54184		0.12272		4.50662		4.62934		18		0.089431209		4.5		0.086		0.54184		18

		4.75		77.873		-0.0952		82.48534		-0.53116		0.12414		4.1181		4.24224		19		0.167880573		4.75		0.0952		0.53116		19

		5		82.3851		-0.0439		76.10064		-0.49324		0.15528		3.91529		4.07057		20		0.765720081		5		0.0439		0.49324		20

		5.25		83.2765		-0.114		68.67066		-0.43576		0.11556		3.28124		3.3968		21		2.5272513		5.25		0.114		0.43576		21

		5.5		80.9326		-0.0682		64.4335		-0.39294		0.11678		3.10648		3.22326		22		2.7110727		5.5		0.0682		0.39294		22

		5.75		80.0849		-0.0624		60.11808		-0.3705		0.11909		3.1831		3.30219		23		0.946093365		5.75		0.0624		0.3705		23

		6		81.2295		-0.0514		50.64108				0.0992		2.99348		3.09268		24		1.381776543		6		0.0514		0		24

		6.25		83.8514		-0.0897						0.1396		2.83333		2.97293						6.25		0.0897		0

		6.5		85.6117		-0.0698						0.11257		2.39819		2.51076						6.5		0.0698		0

		6.75		86.9376		-0.0701						0.123		2.09129		2.21429						6.75		0.0701		0

		7		86.2597		-0.0667						0.12295		2.34786		2.47081						7		0.0667		0

		7.25		85.5		-0.0552						0.09399		2.27586		2.36985						7.25		0.0552		0

		7.5		84.0046		-0.0737						0.13429		2.52838		2.66267						7.5		0.0737		0

		7.75		82.3578		-0.0822						0.14523		2.61429		2.75952						7.75		0.0822		0

		8		80.6641		-0.077						0.12655		3.05867		3.18522						8		0.077		0

		8.25		80.3683		-0.0911						0.14177		2.64343		2.7852						8.25		0.0911		0

		8.5		83.6437		-0.0869						0.13559		2.25076		2.38635						8.5		0.0869		0

		8.75		82.6322		-0.0667						0.13074		2.47014		2.60088						8.75		0.0667		0

		9		80.5248		-0.0673						0.23154		3.95567		4.18721						9		0.0673		0

		9.25		82.1624		-0.0694						0.16609		2.70162		2.86771						9.25		0.0694		0

		9.5		81.3605		-0.0702						0.27467		3.79305		4.06772						9.5		0.0702		0

		9.75		82.7894		-0.0749						0.28283		3.79186		4.07469						9.75		0.0749		0

		10		82.0387		-0.103						0.30453		3.79262		4.09715						10		0.103		0

		10.25		82.0511		-0.0769						0.27638		3.42614		3.70252						10.25		0.0769		0

		10.5		82.0744		-0.0865						0.34809		3.758		4.10609						10.5		0.0865		0

		10.75		81.8499		-0.1048						0.34955		4.21238		4.56193						10.75		0.1048		0

		11		81.3867		-0.0667						0.40143		4.32695		4.72838						11		0.0667		0

		11.25		82.0467		-0.0635						0.44011		4.42129		4.8614						11.25		0.0635		0

		11.5		81.9845		-0.0842						0.42081		4.91719		5.338						11.5		0.0842		0

		11.75		85.5706		-0.1129						0.38317		4.09371		4.47688						11.75		0.1129		0

		12		86.8648		-0.1002						0.44636		4.28586		4.73222						12		0.1002		0

		12.25		88.862		-0.0752						0.42524		3.73367		4.15891						12.25		0.0752		0

		12.5		91.8008		-0.1653						0.3715		3.71457		4.08607						12.5		0.1653		0

		12.75		92.5521		-0.1281						0.33766		3.67214		4.0098						12.75		0.1281		0

		13		92.7348		-0.1142						0.30078		3.68567		3.98645						13		0.1142		0

		13.25		94.0872		-0.1407						0.29915		3.63729		3.93644						13.25		0.1407		0

		13.5		94.7982		-0.1876						0.26484		3.74005		4.00489						13.5		0.1876		0

		13.75		96.5297		-0.1484						0.23555		3.54929		3.78484						13.75		0.1484		0

		14		96.6702		-0.1202						0.14019		3.56329		3.70348						14		0.1202		0

		14.25		97.5452		-0.1573						0.17145		3.34343		3.51488						14.25		0.1573		0

		14.5		98.3526		-0.1842						0.18648		3.27357		3.46005						14.5		0.1842		0

		14.75		98.9722		-0.1923						0.17332		3.44743		3.62075						14.75		0.1923		0

		15		100.1329		-0.121						0.26687		3.49957		3.76644						15		0.121		0

		15.25		101.5705		-0.1349						0.1305		3.77648		3.90698						15.25		0.1349		0

		15.5		103.3108		-0.1488						0.13338		3.90895		4.04233						15.5		0.1488		0

		15.75		104.2739		-0.141						0.20305		3.90219		4.10524						15.75		0.141		0

		16		106.9514		-0.1513						0.13625		4.02948		4.16573						16		0.1513		0

		16.25		110.1024		-0.1394						0.17047		4.258		4.42847						16.25		0.1394		0

		16.5		110.9119		-0.1579						0.18093		3.78333		3.96426						16.5		0.1579		0

		16.75		112.0999		-0.1795						0.12091		4.04638		4.16729						16.75		0.1795		0

		17		116.1586		-0.272						0.18577		4.89557		5.08134						17		0.272		0

		17.25		122.7679		-0.0565						0.26803		6.30714		6.57517						17.25		0.0565		0

		17.5		122.7181		-0.1263						0.33412		7.00819		7.34231						17.5		0.1263		0

		17.75		121.4326		-0.1091						0.37116		7.75514		8.1263						17.75		0.1091		0

		18		121.1779		-0.0023						0.49258		7.68495		8.17753						18				0

		18.25		121.2063		-0.1461						0.34312		6.92433		7.26745						18.25		0.1461		0

		18.5		118.6806		-0.1039						0.17184		4.83267		5.00451						18.5		0.1039		0

		18.75		114.1021		-0.0494						0.23124		3.8261		4.05734						18.75		0.0494		0

		19		111.5861		-0.1079						0.17357		3.95457		4.12814						19		0.1079		0

		19.25		110.5171		-0.0495						0.2238		4.11062		4.33442						19.25		0.0495		0

		19.5		107.9262		-0.044						0.17654		4.24257		4.41911						19.5		0.044		0

		19.75		105.8453		-0.0779						0.18476		4.54805		4.73281						19.75		0.0779		0

		20		103.7849		-0.0632						0.16681		4.34781		4.51462						20		0.0632		0

		20.25		102.9735		-0.0567						0.146		4.1761		4.3221						20.25		0.0567		0

		20.5		100.8533		-0.0824						0.13905		4.22838		4.36743						20.5		0.0824		0

		20.75		100.849		-0.0322						0.17189		4.26333		4.43522						20.75		0.0322		0

		21		100.6059		-0.0609						0.08414		3.88995		3.97409						21		0.0609		0

		21.25		99.0101		-0.0536						0.09727		4.19376		4.29103						21.25		0.0536		0

		21.5		95.3621		-0.0491						0.13676		4.55238		4.68914						21.5		0.0491		0

		21.75		93.6917		-0.0449						0.09595		4.54971		4.64566						21.75		0.0449		0

		22		89.2156		-0.0587						0.06036		4.78962		4.84998						22		0.0587		0

		22.25		86.4024		-0.0666						0.121		5.04162		5.16262						22.25		0.0666		0

		22.5		87.479		-0.0575						0.06336		4.53567		4.59903						22.5		0.0575		0

		22.75		89.371		-0.0752						0.14015		3.96862		4.10877						22.75		0.0752		0

		23		90.5957		-0.0822						0.09425		3.35576		3.45001						23		0.0822		0

		23.25		89.86		-0.055						0.12926		3.68505		3.81431						23.25		0.055		0

		23.5		86.5588		-0.059						0.09922		4.27414		4.37336						23.5		0.059		0

		23.75		87.3418		-0.0719						0.12472		4.06319		4.18791						23.75		0.0719		0

		24		85.2661		-0.0789						0.12095		3.24143		3.36238						24		0.0789		0
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Tabelle1

		0.4756944444		0.4756944444		0.4756944444

		0.4763888889		0.4763888889		0.4763888889

		0.4770833333		0.4770833333		0.4770833333

		0.4777777778		0.4777777778		0.4777777778

		0.4784722222		0.4784722222		0.4784722222

		0.4791666667		0.4791666667		0.4791666667

		0.4798611111		0.4798611111		0.4798611111

		0.4805555556		0.4805555556		0.4805555556

		0.48125		0.48125		0.48125

		0.4819444444		0.4819444444		0.4819444444

		0.4826388889		0.4826388889		0.4826388889

		0.4833333333		0.4833333333		0.4833333333

		0.4840277778		0.4840277778		0.4840277778

		0.4847222222		0.4847222222		0.4847222222

		0.4854166667		0.4854166667		0.4854166667

		0.4861111111		0.4861111111		0.4861111111

		0.4868055556		0.4868055556		0.4868055556

		0.4875		0.4875		0.4875

		0.4881944444		0.4881944444		0.4881944444

		0.4888888889		0.4888888889		0.4888888889

		0.4895833333		0.4895833333		0.4895833333

		0.4902777778		0.4902777778		0.4902777778

		0.4909722222		0.4909722222		0.4909722222

		0.4916666667		0.4916666667		0.4916666667

		0.4923611111		0.4923611111		0.4923611111

		0.4930555556		0.4930555556		0.4930555556

		0.49375		0.49375		0.49375

		0.4944444444		0.4944444444		0.4944444444

		0.4951388889		0.4951388889		0.4951388889

		0.4958333333		0.4958333333		0.4958333333

		0.4965277778		0.4965277778		0.4965277778

		0.4972222222		0.4972222222		0.4972222222

		0.4979166667		0.4979166667		0.4979166667

		0.4986111111		0.4986111111		0.4986111111

		0.4993055556		0.4993055556		0.4993055556

		0.5		0.5		0.5

		0.5006944444		0.5006944444		0.5006944444

		0.5013888889		0.5013888889		0.5013888889

		0.5020833333		0.5020833333		0.5020833333

		0.5027777778		0.5027777778		0.5027777778

		0.5034722222		0.5034722222		0.5034722222

		0.5041666667		0.5041666667		0.5041666667

		0.5048611111		0.5048611111		0.5048611111

		0.5055555556		0.5055555556		0.5055555556

		0.50625		0.50625		0.50625

		0.5069444444		0.5069444444		0.5069444444

		0.5076388889		0.5076388889		0.5076388889

		0.5083333333		0.5083333333		0.5083333333

		0.5090277778		0.5090277778		0.5090277778

		0.5097222222		0.5097222222		0.5097222222

		0.5104166667		0.5104166667		0.5104166667

		0.5111111111		0.5111111111		0.5111111111

		0.5118055556		0.5118055556		0.5118055556

		0.5125		0.5125		0.5125

		0.5131944444		0.5131944444		0.5131944444

		0.5138888889		0.5138888889		0.5138888889

		0.5145833333		0.5145833333		0.5145833333

		0.5152777778		0.5152777778		0.5152777778

		0.5159722222		0.5159722222		0.5159722222

		0.5166666667		0.5166666667		0.5166666667

		0.5173611111		0.5173611111		0.5173611111

		0.5180555556		0.5180555556		0.5180555556

		0.51875		0.51875		0.51875

		0.5194444444		0.5194444444		0.5194444444

		0.5201388889		0.5201388889		0.5201388889

		0.5208333333		0.5208333333		0.5208333333

		0.5215277778		0.5215277778		0.5215277778

		0.5222222222		0.5222222222		0.5222222222

		0.5229166667		0.5229166667		0.5229166667

		0.5236111111		0.5236111111		0.5236111111

		0.5243055556		0.5243055556		0.5243055556

		0.525		0.525		0.525

		0.5256944444		0.5256944444		0.5256944444

		0.5263888889		0.5263888889		0.5263888889

		0.5270833333		0.5270833333		0.5270833333

		0.5277777778		0.5277777778		0.5277777778

		0.5284722222		0.5284722222		0.5284722222

		0.5291666667		0.5291666667		0.5291666667

		0.5298611111		0.5298611111		0.5298611111

		0.5305555556		0.5305555556		0.5305555556

		0.53125		0.53125		0.53125

		0.5319444444		0.5319444444		0.5319444444

		0.5326388889		0.5326388889		0.5326388889

		0.5333333333		0.5333333333		0.5333333333

		0.5340277778		0.5340277778		0.5340277778

		0.5347222222		0.5347222222		0.5347222222

		0.5354166667		0.5354166667		0.5354166667

		0.5361111111		0.5361111111		0.5361111111

		0.5368055556		0.5368055556		0.5368055556

		0.5375		0.5375		0.5375

		0.5381944444		0.5381944444		0.5381944444

		0.5388888889		0.5388888889		0.5388888889

		0.5395833333		0.5395833333		0.5395833333

		0.5402777778		0.5402777778		0.5402777778

		0.5409722222		0.5409722222		0.5409722222

		0.5416666667		0.5416666667		0.5416666667

		0.5423611111		0.5423611111		0.5423611111

		0.5430555556		0.5430555556		0.5430555556

		0.54375		0.54375		0.54375

		0.5444444444		0.5444444444		0.5444444444

		0.5451388889		0.5451388889		0.5451388889

		0.5458333333		0.5458333333		0.5458333333

		0.5465277778		0.5465277778		0.5465277778

		0.5472222222		0.5472222222		0.5472222222

		0.5479166667		0.5479166667		0.5479166667

		0.5486111111		0.5486111111		0.5486111111

		0.5493055556		0.5493055556		0.5493055556

		0.55		0.55		0.55

		0.5506944444		0.5506944444		0.5506944444

		0.5513888889		0.5513888889		0.5513888889

		0.5520833333		0.5520833333		0.5520833333

		0.5527777778		0.5527777778		0.5527777778

		0.5534722222		0.5534722222		0.5534722222

		0.5541666667		0.5541666667		0.5541666667

		0.5548611111		0.5548611111		0.5548611111

		0.5555555556		0.5555555556		0.5555555556

		0.55625		0.55625		0.55625

		0.5569444444		0.5569444444		0.5569444444

		0.5576388889		0.5576388889		0.5576388889

		0.5583333333		0.5583333333		0.5583333333

		0.5590277778		0.5590277778		0.5590277778

		0.5597222222		0.5597222222		0.5597222222

		0.5604166667		0.5604166667		0.5604166667

		0.5611111111		0.5611111111		0.5611111111

		0.5618055556		0.5618055556		0.5618055556

		0.5625		0.5625		0.5625

		0.5631944444		0.5631944444		0.5631944444

		0.5638888889		0.5638888889		0.5638888889

		0.5645833333		0.5645833333		0.5645833333

		0.5652777778		0.5652777778		0.5652777778

		0.5659722222		0.5659722222		0.5659722222

		0.5666666667		0.5666666667		0.5666666667

		0.5673611111		0.5673611111		0.5673611111

		0.5680555556		0.5680555556		0.5680555556

		0.56875		0.56875		0.56875

		0.5694444444		0.5694444444		0.5694444444

		0.5701388889		0.5701388889		0.5701388889

		0.5708333333		0.5708333333		0.5708333333

		0.5715277778		0.5715277778		0.5715277778

		0.5722222222		0.5722222222		0.5722222222

		0.5729166667		0.5729166667		0.5729166667

		0.5736111111		0.5736111111		0.5736111111

		0.5743055556		0.5743055556		0.5743055556

		0.575		0.575		0.575

		0.5756944444		0.5756944444		0.5756944444

		0.5763888889		0.5763888889		0.5763888889

		0.5770833333		0.5770833333		0.5770833333

		0.5777777778		0.5777777778		0.5777777778

		0.5784722222		0.5784722222		0.5784722222

		0.5791666667		0.5791666667		0.5791666667

		0.5798611111		0.5798611111		0.5798611111

		0.5805555556		0.5805555556		0.5805555556

		0.58125		0.58125		0.58125

		0.5819444444		0.5819444444		0.5819444444

		0.5826388889		0.5826388889		0.5826388889

		0.5833333333		0.5833333333		0.5833333333

		0.5840277778		0.5840277778		0.5840277778

		0.5847222222		0.5847222222		0.5847222222

		0.5854166667		0.5854166667		0.5854166667

		0.5861111111		0.5861111111		0.5861111111

		0.5868055556		0.5868055556		0.5868055556

		0.5875		0.5875		0.5875

		0.5881944444		0.5881944444		0.5881944444

		0.5888888889		0.5888888889		0.5888888889

		0.5895833333		0.5895833333		0.5895833333

		0.5902777778		0.5902777778		0.5902777778

		0.5909722222		0.5909722222		0.5909722222

		0.5916666667		0.5916666667		0.5916666667

		0.5923611111		0.5923611111		0.5923611111

		0.5930555556		0.5930555556		0.5930555556

		0.59375		0.59375		0.59375

		0.5944444444		0.5944444444		0.5944444444

		0.5951388889		0.5951388889		0.5951388889

		0.5958333333		0.5958333333		0.5958333333

		0.5965277778		0.5965277778		0.5965277778

		0.5972222222		0.5972222222		0.5972222222

		0.5979166667		0.5979166667		0.5979166667

		0.5986111111		0.5986111111		0.5986111111

		0.5993055556		0.5993055556		0.5993055556

		0.6		0.6		0.6

		0.6006944444		0.6006944444		0.6006944444

		0.6013888889		0.6013888889		0.6013888889

		0.6020833333		0.6020833333		0.6020833333

		0.6027777778		0.6027777778		0.6027777778

		0.6034722222		0.6034722222		0.6034722222

		0.6041666667		0.6041666667		0.6041666667

		0.6048611111		0.6048611111		0.6048611111

		0.6055555556		0.6055555556		0.6055555556

		0.60625		0.60625		0.60625

		0.6069444444		0.6069444444		0.6069444444

		0.6076388889		0.6076388889		0.6076388889

		0.6083333333		0.6083333333		0.6083333333

		0.6090277778		0.6090277778		0.6090277778

		0.6097222222		0.6097222222		0.6097222222

		0.6104166667		0.6104166667		0.6104166667

		0.6111111111		0.6111111111		0.6111111111

		0.6118055556		0.6118055556		0.6118055556

		0.6125		0.6125		0.6125

		0.6131944444		0.6131944444		0.6131944444

		0.6138888889		0.6138888889		0.6138888889

		0.6145833333		0.6145833333		0.6145833333

		0.6152777778		0.6152777778		0.6152777778

		0.6159722222		0.6159722222		0.6159722222

		0.6166666667		0.6166666667		0.6166666667

		0.6173611111		0.6173611111		0.6173611111

		0.6180555556		0.6180555556		0.6180555556

		0.61875		0.61875		0.61875

		0.6194444444		0.6194444444		0.6194444444

		0.6201388889		0.6201388889		0.6201388889

		0.6208333333		0.6208333333		0.6208333333

		0.6215277778		0.6215277778		0.6215277778

		0.6222222222		0.6222222222		0.6222222222

		0.6229166667		0.6229166667		0.6229166667

		0.6236111111		0.6236111111		0.6236111111

		0.6243055556		0.6243055556		0.6243055556
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y = x

 - - - -      y = 0.9x + 5.6
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y = x

 - - - -      y = 0.9x + 5.6
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