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1. Introduction

Within the framework of the Convention on Long–Range Transboundary Air Pollution (CLRTAP), presently covering the UN ECE region, a new Task Force on Hemispheric Transport on Air Pollution (TF HTAP
) has been set up to develop a better understanding of the intercontinental transport of air pollutants in the Northern Hemisphere and to produce estimates of the intercontinental flows of air pollutants for consideration in the review of protocols under the Convention. A further important aspect of this effort is to establish contact and cooperation with experts in countries not part of the CLRTAP and particularly with experts from countries in Asia and North Africa.

The TF HTAP, under the co-chairs of the US EPA and the European Commission, had a first meeting in Brussels in June 2005.
  Building on the discussions of the Bad Breisig workshop (2002), 
 seven questions of interest to the TF HTAP were formulated and adopted by the TF (Box 1). The first meeting also agreed to work towards an assessment of intercontinental transport over the next three to four years and identified topics for three initial workshops:

· Methods for evaluation and intercomparison of global and regional models of intercontinental transport (January 2006)

· Estimating driving forces for future emissions scenarios (October 2006)

· Use of integrated observation data sets for evaluation of atmospheric models and emissions inventories (January 2007)

Q1 How does the intercontinental or hemispheric transport of air pollutants affect air pollution concentrations or deposition levels in the northern hemisphere for ozone and its precursors, fine particles and their precursors, compounds that contribute to acidification and eutrophication, mercury and persistent organic pollutants?



Q1a What evidence do we have of transport pathways and mechanisms from intensive field studies, observations or model predictions?



Q1b How do the transport pathways differ by pollutant, source region or by season?



Q1c What processes need to be better understood to describe the relative significance of intercontinental transport?  



Q1d How do processes at the intercontinental or hemispheric scale affect processes at the local or global scales?  (Synoptic scale meteorological events/cycles; Hadley circulation; etc.)”

Q2
More specifically for each region in the northern hemisphere, can we define source-receptor relationships and the influence of intercontinental transport on the exceedance of established standards or policy objectives for the pollutants of interest?  



Q2a What observational evidence exists for attributing pollutant concentrations or deposition levels to source regions or countries?  



Q2b Using predictive chemical transport models, what are possible methods for calculating source-receptor relationships?  At what spatial resolution (geographic region, individual countries) can such methods be applied reasonably?  



Q2c How can models with different spatial resolutions be nested within one another to provide an appropriate level of spatial resolution for the entire hemisphere or globe?  



Q2d What improvements are needed to global and regional transport models to better simulate atmospheric processes to enhance source-receptor predictions?

Q3 How confident are we of our ability to predict these source-receptor relationships?  What is our best estimate of the quantitative uncertainty in our estimates of current source contributions or our predictions of the impacts of future emissions changes?



Q3b Do we have a sufficient database of observed concentrations and deposition levels to evaluate the predictions of current models?  How can this observational database be improved for the purposes of evaluating models? Should we develop a set of standard observational platforms and measurements to enhance data consistency globally?

 
Q3c Do we have sufficient observational data bases to track long term progress and change in transport and deposition patterns?


Q3d Do we have sufficient data on emissions and the trends in driving forces needed for making reasonable future projections? How can this data be improved?

Q3e What physical or chemical processes must be better understood to improve our confidence in our estimates of source-receptor relationships?  What is the minimum level of certainty in our understanding of these processes that must be attained before reasonable/useful estimates can be made?

Q4
For each country in the northern hemisphere, how will changes in emissions in each of the other countries of the northern hemisphere change pollutant concentrations or deposition levels and the exceedance of established standards or policy objectives for the pollutants of interest?
 
Q4a Is there a simple relationship between changes in emissions and changes in pollutant concentrations and deposition levels?

Q4b How is the predicted relationship affected by the spatial resolution of the model?
Q5  How will these source-receptor relationships change due to expected changes in emissions over the next 20 to 50 years?  
 
Q5a How might emission quantities and spatial distributions change over the next 20 to 50 years?
 
Q5b How should future emission scenarios be constructed?

 
Q3a What metrics and techniques are most appropriate for evaluating global and regional model simulations with observations and for quantifying uncertainties?

Q6  How will these source-receptor relationships be affected by changes in climate or climate variability?  

 
Q6a How will meteorological changes predicted by climate modeling studies affect major transport or chemical processes? 
 
Q6b Are there significant feedbacks between the transported air pollutants and regional climate and meteorology? 
 
Q6c Are there significant feedbacks between transported air pollution and potential changes in land use, vegetation, or ecosystems, especially with respect to natural emission sources?
 
Q6d Are there predictive relationships between climate system indices  that can be used to estimate the impact of changing climates on hemispheric transport of air pollutants? 

Q7
What efforts need to be undertaken to develop an integrated system of observational data sources and predictive models that address the questions above and leverages the best attributes of all components?
Box 1:  Questions of Interest to the TF HTAP

2.  Objectives of the 1st Workshop 

The objectives for the first of these workshops are:

1. Develop recommendations about the methods and metrics for quantifying intercontinental source-receptor relationships and characterizing the level of confidence in such estimates. Encourage the development and publication of new comparable research results.

2. Identify activities or analyses that will facilitate access to data and tools that are useful for all TF HTAP participants.  

3. Identify specific coordinated multi-model studies that will explore important differences in model formulations and results.  

4. Develop a plan for performing the identified studies, including identifying individuals responsible for leadership and mechanisms for coordination, and a schedule for producing new research results to feed into a 2009 assessment report. 

This document discusses some past and ongoing model intercomparison and evaluation exercises, poses questions for the development of consensus recommendations about future work, and proposes specific activities or studies for future collaborative work.  The issues and proposals presented here will be discussed and revised at the workshop. 

The plan for collaborative work on model evaluation and intercomparison identified during the workshop (Objective 4) will be incorporated into an overall plan for producing an assessment of intercontinental transport by 2009, which will be presented for consideration at the TF HTAP meeting in June 2006.

3. Lessons from current studies and intercomparisons 

Within Europe, a large experience with the necessary steps to construct country-to-country source-receptor relationships is present at the EMEP meteorological synthesizing centers East and West
. In addition, in the scientific literature nowadays thousands of studies
 on various aspects of hemispheric and intercontinental transport are available.  These studies can be categorized as measurement based studies accompanied with trajectory analysis, large scale 3‑D model studies, and Lagrangian particle dispersion modeling. A further discussion of these is found in Appendix 1.  While there is an expanding literature to draw upon for an assessment report, it is difficult currently to quantitatively compare the results of these various studies due to a lack of consistency in the methods and metrics being used by different researchers to describe or quantify intercontinental transport or to evaluate and characterize model performance.  

One method for developing comparable modeling results is to design a collaborative multi-model study or intercomparison.  A host of model intercomparisons relevant to hemispheric transport issues has been performed in the past (e.g. NASA M&M). Recent intercomparisons include:  For ozone air pollution, “ACCENT-PhotoComp” on a global scale and “EuroDelta” on the European scale;  for aerosol, the global “AEROCOM” , European “Eurodelta”, and Asian MICS-Asia  intercomparisons; for mercury on the European to hemispheric scales, the “Intercomparison Study of Numerical Models for Long-Range Atmospheric Transport of Mercury”; and for POPs on European to global scales, the on-going intercomparison study involving both box and spatially resolved atmospheric and multi-compartment models. Further, we mention the TRANSCOM phase 3 intercomparison
; which focuses on large scale transport issues in global models of the carbon cycle; and the ACCENT experiment A [Gauss et al., 2005], which focused on changes in ozone between the pre-industrial and present day in the troposphere and lower stratosphere. There are also on-going intercomparisons in the WMO-SPARC community. The characteristics of these recent intercomparisons are given in Appendix 2.

Past intercomparisons have differed in complexity and level of scope/ambition, participation, duration, and amount of analysis work. Scale issues also differ: e.g ozone and PM are mostly regional problems that have a significant hemispheric component and are sensitive to transport mechanisms on synoptic scales. Mercury and POPs are fundamentally global problems and involve not only atmospheric transport but also dynamic exchanges with ocean and terrestrial reservoirs.  Nevertheless, aspects of the models can be compared, including transport trajectories or patterns, wet deposition patterns, oxidant fields, etc.

The most complex intercomparison, in terms of scope and diagnostics, was AEROCOM, which evaluated a multitude of aerosol optical and physical/chemical parameters, in a number of world regions exposed to different conditions.  Consequently, the results of AEROCOM were also the most difficult to interpret.  Also the scope of the Eurodelta intercomparison was relatively complex with its simultaneous focus on aerosol and ozone; however the analysis was simplified due to the relatively well constrained anthropogenic emissions leading to similar model responses to emission changes. The relatively straightforward research question in the ACCENT PhotoComp (evaluation of 3 emission scenarios of ozone precursors) yields rather homogeneous answers. In general, the model results for aerosol are more heterogeneous than for ozone due to the uncertainties in the models’ treatment of the hydrological cycle and the coupling with aerosol removal. 

Why do groups participate in formal model-intercomparisons? The main reason seems to benchmark the model status- and in some cases to improve the model. This aspect is unavoidable- however it puts additional work load on the analysis teams.  For the TF HTAP work, it means that modeling groups may be at different stages of developing their model and not able to perform all of the calculations. A sequential approach to allow maximum participation of model groups is important.  A further motivation is to provide policy-relevant results of scientific models. Examples are the contributions of EuroDelta to the Clean Air for Europe (CAFÉ)
 programme and the intercomparisons in the context of IPCC or WMO assessment reports. The successful participation in an intercomparison also gives credibility to the model and to future work based on the model, and may give a peer-reviewed reference for the model performance, which is otherwise difficult to achieve. In seldom cases model groups receive additional funding for participation. Typically between 6 and 20 models participated in intercomparisons.

The time required to perform past intercomparisons varies widely: e.g. preparation of AEROCOM started in 2001; and presently (end of 2005) results are in the process of being published. Eurodelta ran from 2003-2005, and is currently entering a new phase. The relatively simple PHOTOCOMP experiment was initiated in November 2004; and papers are presently submitted. In most cases, having dead-lines connected to an external event (e.g. December 2005 for the IPCC-AR4 report) stimulated timely delivery. 

Analysis of intercomparison experiments may be approached in different ways:  centralized analysis by a core-group at one institution using standardized software (e.g., AEROCOM) or de-centralized analysis with varying software by different scientists interested in particular subjects (e.g., PHOTOCOMP, which involved analysis by  5 interested scientists affiliated with different institutes).  EuroDelta followed a mixed approach were model datasets were collected and visualized and distributed back to all model participants.

Often a difficulty in the interpretation of model results is to find out what formulizations and parameterizations have been used.  Documenting model codes and input assumptions and making them available on the Internet with the model results, as well as clear recommendations for the content of such meta-data, could help address this difficulty.    

What answers can multi-model calculations give that single model studies could not provide? In most of the intercomparison studies described above; all models performed (almost) all calculations. In general the variability between model calculations was taken as a measure for the uncertainty of the calculated ‘mean’ model. One issue in this discussion is the treatment of so-called ‘outliers’; models that behave distinctly different from most other models. The models maybe outliers for a ‘good’ reason- they include knowledge that most other models don’t; or it may point to an obvious deficiency in a model. If outliers are to be removed- it should be done on an independent ‘measurement’ based criteria; which in many cases is not feasible due to problems in measurement quality or representativity. Further, model results can be good for the wrong reason. In the construction of an ensemble averaged result, one can consider that model results can be ranked using ‘scores’ obtained by hindcasting of results- to choose and weight ensemble members for forecasting of results.

Do all models need to do all simulations? This question is probably not relevant in case of a limited number of models (i.e. 6) and a limited number of simulations (i.e. 4). However, one can also imagine a situation in which 20 models could perform 100 simulations each (i.e. to established source-receptor relationships+uncertainties). Some guidance might come from the numerical weather forecasting community, where there is substantial use of ensemble simulations. Here the adjoint of a single model is used to establish the most sensitive directions of parameter space (e.g. response to magnitude and geographical distribution of emissions). In a next step a multi-model response of the most important processes is assessed.

4. Recommendations for further studies

4.1 The 2009 Assessment Report as a Framework for Future Studies

While there is a clear policy mandate for multi-model regional scale studies, sometimes associated with limited funding, currently most of the LRTAP issues are driven by scientific curiosity.  This means that many participants may have limited motivation to perform extensive sensitivity studies, as they also need to publish their own new scientific results. A strong motivation to participate is to be relevant for scientific assessments that may inform policy development, such as IPCC or WMO reports. The planned 2009 TF HTAP assessment report can provide such an incentive. Like the IPCC assessments, the HTAP assessment should strive for legitimacy with both the scientific community and participating governments. In contrast to IPCC, a lengthy participatory review is not likely, since the assessment is likely to be written by a small number of scientists, in comparison to the IPCC assessments, and reviewed and commented on by a slightly larger group of scientists and government representatives. A transparent writing and review process including scientists from all participating countries is imperative to ensure that all relevant information is correctly accounted for. Consulting with representatives of the IPCC/WMO communities may help to identify where TF HTAP can profit from existing organizational knowledge and where results from the TF HTAP can feed into IPCC/WMO assessments.
There are also possibilities to link the TF HTAP activities to on-going research projects that extend into the coming year. We mention here the EC-funded projects ACCENT, GEMS, and Quantify, all of which have workpackages on model intercomparison.  Other relevant projects are on-going in North America and Asia. If additional funding would become available, there is also scope for more detailed assessments. 

Although the 2009 assessment report will serve as the primary driver for model evaluation and intercomparison and other work under the TF HTAP, it is not the only product or audience for these efforts.  The review of the Gothenburg Protocol may create a demand for intermediate results prior to 2009.  Furthermore, it may not be feasible to complete some of the desired tasks in time to incorporate the results into a 2009 report.  Therefore, as we develop plans for future work, it will be useful to articulate what results may be achievable by when.  

As we plan future work to feed into a 2009 assessment report, a fundamental question to be asked is whether a coordinated multi-model study is needed to provide comparable results for the assessments, or whether it is sufficient to articulate a consensus set of questions, metrics, datasets and methods of interest to obtain comparable results.  If individual members of the modeling community are all generating and reporting comparable information, the results can be more easily combined in a meta-analysis or review summarizing the state of knowledge within the community.  Coordinated multi-model studies can be very useful, or even necessary, in helping to identify why different models give different results.  However, insights from such studies may also be limited by the common assumptions made in the coordinated simulations, whereas a collection of independent studies may provide a more robust characterization of the uncertainty in the current state of science.  Participating in coordinated multi-model studies can also be expensive and not all interested modeling groups may have the resources necessary to participate.  Given limited dedicated resources for TF HTAP activities, it is useful to think about how TF HTAP can leverage investments in existing or on-going coordinated multi-model studies to address issues of interest.  

Assessments of the IPCC and WMO tend to rely on both reviews of independent studies in the existing literature and coordinated multi-model studies exploring differences in model results.  The TF HTAP 2009 assessment report, as well, is likely to rely on both a review of independent studies report in the literature and, if available, the results of coordinated multi-model studies organized specifically for the TF HTAP.  The four workshop objectives identified in Section 2 above were designed to encourage the development of new research to inform a 2009 assessment through more comparable but independent research as well as coordinated multi-model studies.  Each of the four objectives is discussed in more detail below.  

4.2 Objective 1:  Consensus Recommendations Concerning Methods and Metrics

As we begin to work towards a 2009 assessment report, it is important to further refine the TF HTAP questions (Box 1) and to articulate a consensus on how best to answer these questions.  In particular, there is a need to develop a consensus about the methods and metrics used to characterize intercontinental transport (Q1) and to estimate source-receptor relationships (Q2 and Q4) and uncertainties (Q3) using global and regional atmospheric models.  Several methodological issues for which consensus recommendations should be developed are listed below:

Issue 1:  What are the air quality concentration or deposition metrics of interest with respect to describing intercontinental transport (Q1) or calculating source-receptor relationships (Q2 and Q4)?  Table 1 presents a list of potential metrics of policy interest. There is an extensive list of scientific supporting metrics that could be useful for issue 1, important ones are: vertical profile information, fluxes, high frequency data, and meteorological data.   

Issue 2:  What are the strengths, limitations, and appropriate uses of various methods for quantifying source-receptor relationships, including emission perturbation or sensitivity analyses, emission pulse experiments, and tagged tracers? (Q2,Q4) What magnitudes of emission changes or pulses are appropriate? (Q2b)

Issue 3:  What are useful definitions for source and receptor regions? (Q1,Q2,Q4) On the European scale, integrated assessment models have used countries to define source regions and 50 km by 50 km grid cells to define receptor regions.  Can current models of intercontinental transport provide useful information at this resolution?  Are more coarse regional definitions more appropriate given the limitations of the models?  (Q2b)
	Table 1:  Metrics of Potential Policy Interest

	Pollutant
	Metric

	Ozone
	Annual Average Concentration

	
	Maximum 8-hr Average Concentration
SOMO35

	
	Accumulated Concentration Above 40 ppb for Growing Season Hours

Ozone deposition fluxes to vegetation

	PM2.5 Mass
	Annual Average Concentration; separated for components (SO4, NO3, NH4, EC+OC, Crustal)

	
	Maximum 24-hr Average Concentration

	PM1.0
	Annual Average Concentration per component

	
	Maximum 24-hr Average Concentration

	Aerosol optical property
	Boundary layer visibility

Aerosol Optical Depth

	S Deposition
	Annual Wet Deposition

	
	Annual Dry Deposition

	N Deposition
	Annual Wet Deposition

	
	Annual Dry Deposition

	Hg Deposition
	Annual Wet Deposition

	
	Annual Dry Deposition

	POPs 
	Annual Wet Deposition

	Deposition
	Annual Dry Deposition


Issue 4:  What is the effect of spatial resolution of the model on estimates of source-receptor relationships?  Is it necessary to nest regional models within global models, and what difficulties must be overcome to perform this nesting?  Is one way nesting sufficient, or is two-way nesting necessary?  (Q2c, Q4b)

Issue 5:  Can an adjoint model or simplified, reduced-form models be used to represent source-receptor relationships?  (Q4a)

Issue 6:  What available observations would be most helpful in evaluating the ability of models to predict intercontinental source-receptor relationships?  Remote surface sites, mountaintop sites, sondes, satellite observations, aircraft observations, ship-based observations, ground-based remote sensing information? If someone were to compile an observational database for to support model evaluation efforts, what should be the priorities with respect to geographical scope, parameters, time period, integration times, etc.? (Q3)

Issue 7:  What parameters, for which observations may or may not be available, would be useful for diagnostic evaluation or comparison of models with respect to used to estimates of intercontinental source-receptor relationships?  Latitudinal gradients, vertical profiles, inert tracers or trajectories, concentrations of indicator or intermediate chemical species (OH, HOOH, NOy, NOz, …)? (Q3)

4.3 Objective 2:  Facilitating Access to Common Data and Tools

In addition to developing consensus recommendations about metrics and methods for evaluating models and estimating source-receptor relationships, there are several discrete tasks that could be performed by one or more groups or collaborative teams that would support broader participation in a meta-analysis or review. Several of such tasks, which may build upon or implement the consensus recommendations developed under Objective 1, are suggested below:

Task 1: Critical review of past or ongoing model intercomparisons. A critical review could be written focused on the TF HTAP questions and examining the published literature and further analysis of the outcomes of past and ongoing intercomparisons. (Q1,Q3).

Task 2:  Quality controlled measurements on global scale.


Existing quality controlled long-term datasets for ozone, NOx, CO, aerosol, mercury, POPs, and depositions to be used for evaluation of large scale models could be updated to include necessary meta-data, integrated, and/or made more accessible.  It is not necessary to develop a single reference data base for all models to be evaluated against.  However, improving access to available data and developing a consensus about how different data can be used would be helpful.  Multiple projects may contribute to this task.  As discussed at the first Task Force meeting, the EMEP CCC (NILU) has already begun to compile meta-data for a variety of available datasets.  The discussion of Issue 6 above will help to focus further investments where they will be most useful in the short term by developing a consensus regarding the observational data that will be most useful for model evaluation, including the geographical scope, parameters, time period, integration times, etc.  Note that the TF HTAP has tentatively scheduled a workshop on the use of integrated observation data for evaluation of atmospheric models and emissions inventories for January 2007.

Task 3:  Emission inventories

Evaluate, compile, document and distribute recommended emission datasets for concerted present and future simulations of aerosol and ozone precursors, Hg, and POPs, suitable for use in large scale models. It is not necessary to establish a single set of emissions inventories for use by all modeling groups.  However, it would be helpful to compile meta-data and improve access to relevant emissions data for use by the community.  Furthermore, it would be useful to develop some consensus about the quality of different data sets and recommendations about how to treat some of the less well-characterized sources, such as natural emissions. We note here the on-going work in the context of ACCENT and GEIA to compile global emissions inventories.  Note that the TF HTAP has scheduled a workshop on projecting future emissions scenarios for October 2006.  

Task 4:  Model data analysis

Develop software framework for data visualization and comparison.  The EC Joint Research Centre has offered to modify the software used for the Eurodelta intercomparison for HTAP problems to facilitate the analysis and to stimulate interaction between participants.

4.4  Objective 3:  Organizing Coordinated Multi-Model Studies

In addition to facilitating a consensus review or meta-analysis, the January workshop can go further by organizing collaborative “special study” teams to investigate specific questions or conduct specific experiments, building off the consensus recommendations developed under Objective 1.  Some of the possible experiments or tasks that may be pursued as special studies are identified below.  

The feasibility of performing these studies, priority and the time schedule depends on participation and funding(see section 3.1). There are some suggestions to start with studies that can be performed by every model (like Study 1) and continue with more specific studies for ozone, aerosol, mercury or POPs in a second stage. The challenge presented by a model intercomparision is to establish whether and by how much different models give the same answer to a defined perturbation, and to understand the differences. Long-term timescales (at least one year) and the short-term (events on days to week scale) should be explored.

Study 1: Isolate and quantify the impact of LRTAP transport processes in models using tracer studies. Analysis of the role of continental scale mixing and frontal transport.  We propose a well constrained model experiment with artificial tracers; loosely representing ozone and aerosol formation. Contributes to Q1a,Q1b,Q1c. The studies can be performed by Lagrangian particle dispersion models, as well as 3D hemispheric/global models. It can gap the bridge between ozone, aerosol, mercury and POP models.

1a:
inert tracers

1b:
2 tracers with lifetime of 1 day and 20 days. Tracer 2 (“O3”) is formed with a production efficiency dependent on the concentrations of Tracer 1 “NOx”. For further details; see [Krol et al., 2005]. Prescribed anthropogenic “NOx” emissions. 

1c:
2 tracers representing ‘SO2’ and ‘SO4’. Using a prescribed SO2 emission inventory, SO4 is formed on timescales representing gas phase and aqueous phase SO2 oxidation (tbd). SO4 is removed according to the wet deposition parameterization included in the model. 

1d:
CO type of tracer constrained by OH fields.

Study 2: Intercomparison of various methods for ozone source apportionment.

2a:
define one case study (e.g. anthropogenic emissions from Europe) to assess the results for the various methods of coloring/tagging ozone and comparison with a delta-emission method. To what extend are results for source apportionment similar (Q1a; Q2b).

2b:
A regional scale analysis using delta emissions (e.g. ±10%). Comparison of monthly 3‑D fields of ozone (precursors), aerosols; and daily fields for two specified months linking to existing aircraft campaigns. (Q1a,b,c). Estimate the uncertainty of the models from the model variability and comparison with measurements (Q3) 

2c:
To assess the impact of regional NOx (reductions) on decadal scale atmospheric chemistry: pulsed NOx experiments in various seasons and regions, e.g. [Berntsen et al., 2005; Stevenson et al., 2004; Wild et al., 2001]. (Q1d, Q4)

Study 3: The role of natural emissions and climate change.

3a:
An assessment of the contribution of natural versus anthropogenic emissions in and outside of  main source regions, e.g.North America, North Africa, EU25; Several Asian regions, (Q1c) 

3b:
Climate model studies assessing the role of changing climate and changing natural emissions on air-quality (Q1d)

Study 4:  Source receptor relationships and uncertainties.

4a:
Use one or a limited amount of models (to avoid excessive amounts of work) to establish the most important source-receptor relationships. Investigate the possibility to use adjoint models for this.

4b:
Use multi-models to establish the uncertainty connected to the most important source-receptor relationships.

4c:
Currently SR relationships are based on country-to-country transports. Analyze whether for the large countries of the Northern Hemisphere (e.g. USA; China, Germany) a ‘regionally’ resolved emission reduction approach would give a substantially different result in pollutant level in other parts of the world. 

4d:
Analyze whether downscaling of grid-based results on various resolutions yields substantially different results for country-wise source-receptor relationships. Evaluate one way coupling as opposed to 2-way nesting.

Study 5: Process understanding from models and measurements.

Choose and analyze a limited amount of field campaigns that can provide a snapshot intercomparison for intercontinental transport modeling; focus on NOx and NOy budgets. (Q1a, Q1b).

4.5 Objective 4:  A Work Plan for Generating New Results

In addition to reaching a consensus about the types of work that should be conducted over the next several years to feed into a 2009 assessment report, we also need to develop a plan for getting the work completed.  For an assessment report to be submitted by the TF HTAP to the EMEP Steering Body and passed through the CLRTAP structure, the report will need to be completed by June 2009.  Thus, new analysis and research that will be incorporated into this report will need to be completed by the middle of 2008 to provide enough time for synthesis and review.  
Topic 1:  What tasks or studies identified in Objectives 2 and 3 should receive priority?  Given constrained resources and time, we are unlikely to be able to complete all of the tasks or studies that have been or will be identified under Objectives 2 and 3.  Therefore, we will need to prioritize these tasks and studies, taking into account the interests of participants, available funding, the ability to leverage other work (such as that being performed for IPCC or ACCENT), and the ability to produce results before 2008.  
Topic 2:  What priority tasks will require a coordinated effort to secure necessary funding?  I.e., what tasks will require funding beyond what can be secured by the participating groups?  The TF HTAP does not have resources of its own and is dependent on work being funded by participating countries.  The lead parties, the United States and European Commission, have responsibility for organizing meetings and workshops and contribute to funding.  The Co-chairs have been working to secure modest resources to fund some tasks that will provide broad benefits, such as those discussed under Objective 2 in Section 4.3.  It would be helpful to identify potential sources of funding that may be pursued to fund work contributing to the 2009 assessment.  Given the long lead times associated with research grants, some sources of new funding may not be available in time to be useful in preparing a report by 2009, but may be helpful in funding future work.  

Topic 3:  Who will coordinate the work?  To make sure that the work identified under Objectives 2 and 3 moves forward in a timely fashion, there needs to be some mechanism for coordination.  We propose to identify a task/case study leader and supporting collaborators responsible for each of the identified studies. The task/study leader should be willing to devote a substantial amount of time for setting-up experiments, organize the participation, and analyzing and publishing results.  The identified task/study leaders could comprise a steering committee that could keep in contact via email or periodic teleconferences.  In future meetings or workshops, other task/study leaders may be identified for collaborative work not related to model intercomparison or evaluation that will support the 2009 assessment and added to the steering committee.  As we get closer to 2009, the steering committee could be expanded to include lead authors for sections of the assessment report.  
Topic 4:  What future workshops will be useful?  Task Force meetings and workshops can be used as milestones leading up to the 2009 report, providing opportunities to discuss progress, synthesize findings, and adjust plans for future work.  Each year, the Task Force will have an official meeting in June to discuss the state of science and agree upon its work plan for the next year.  These meetings are likely to include a) scientific overview presentations about various topics relevant to the Task Force and b) discussions of the work feeding into the 2009 assessment and how this work is coordinated with the work of the EMEP Centres and other Task Forces.  In addition, the Task Force can schedule workshops for in-depth discussions of specific topics.  The Task Force has already scheduled 2 workshops for 2006 and one for 2007.  This schedule sets up a pattern of three meetings a year:  a January workshop, a June Task Force meeting, and an October workshop.  Can this schedule be maintained, taking into account that not all participants will need or want to attend every meeting, but some will?  What topics may be pursued in future workshops?

Table 2:  Potential Schedule for Future Meetings

	Date
	Meeting
	Potential Topic(s)

	Jun 2006
	2nd TF Meeting
	Arctic, Hg/POPs, Methane, IGACO?

	Oct 2006
	Workshop
	Future Emissions 

	Jan 2007
	Workshop
	Model Comparisons to Integrated Observations

	Jun 2007
	3rd TF Meeting
	?

	Oct 2007
	Workshop
	?

	Jan 2008
	Workshop 
	?

	Jun 2008
	4th TF Meeting
	?

	Oct 2008
	Workshop
	?

	Jan 2009
	Workshop
	?

	Jun 2009
	5th TF Meeting
	adoption of 1st Assessment Report

	Oct 2009
	?
	?

	Jan 2010
	?
	?

	Jun 2010
	6th TF Meeting
	[If desired by the EB]
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APPENDIX 1: Overview of typical studies found in the literature

As mentioned in section 3, thousands of studies deal with various aspects of long-range transport. Most studies are based on measurements taken for a limited time at one or more stations, ship or aircraft campaigns; often accompanied by trajectory analysis. Typically these studies demonstrate the long-range transport of aerosol or gases by linking elevated concentrations to specific meteorological events. A recent development is the use of satellite data (e.g. CO, NO2, aerosol optical thickness) to demonstrate the spatial extend of long range transport. These studies demonstrate the mechanisms and impacts involved with this episodic transport- however they generally do not provide the long-term significance of specific transport routes [Damoah et al., 2004; Huntrieser et al., 2005]). Furthermore these studies cannot be used to estimate indirect effects of long-range transport on background concentrations, nor assess weather and climate change related to aerosol-cloud-radiation interactions. 

On the other hand large scale 3‑D models explore a range of techniques to demonstrate the impact of long-range hemispheric scale transport on air pollutant concentrations in specific regions. The focus of these studies is mostly on long-term averaged concentrations and less on specific events or mechanisms. One of the factors precluding detailed mechanistic studies was the relatively coarse resolution of current hemispheric-global models that often use horizontal resolutions around 2° to 4°. To demonstrate the role of intercontinental transport, models use simulations with ‘changed’ emissions; colored tracers; and to demonstrate long term effects on decadal timescales also ‘pulsed NOx emission’ experiments. [Auvray and Bey, 2005; Wild et al., 2004] . In the last decade, however, also 3‑D models are increasingly used to perform studies on specific meteorological situations in the frame of large measurement campaigns (PEM-TROPICS, TRACE-P, INDOEX, CONTRACE, etc.).

A third promising approach is Lagrangian particle dispersion modeling combining trajectory information with dispersion to describe the long-range transport of pollutants in the atmosphere; a widely used tool is FLEXPART
, used by 28 groups from 17 countries. Tracer age spectra from particle dispersion models can be used to determine the chemical age of air masses and help to interpret chemical transformations during transport, and backward simulations enable detailed source-receptor analyses of polluted air masses [e.g. Stohl et al., 2003]. The abilities of particle dispersion models can complement 3‑D model simulations and assist in estimating the effect of long-range transport on background pollution concentrations.

Further relevant for HTAP is the current build-up of capacity on regional and global chemical weather forecast systems; they include a systematic presentation of satellite products and chemical forecasts as in the European GMES PROMOTE
, and the improvement of medium range weather forecast by inclusion of aerosol and ozone chemistry such as in the ECMWF model (GEMS).

Appendix 2: Overview of recent intercomparison studies

1. ACCENT-PhotoComp

Aim: In this study a variety of models (CTMs and CCMs) calculate atmospheric chemistry changes between 2000 and 2030. The study is in support of the IPCC AR4 report. Emphasis is on the synergetic effect of air quality and climate gas emission reductions; with focus on human health and vegetation exposure 

Simulations: Five simulations 1. year 2000; 2. 2030 Current Legislation 3. 2030 Maximum Feasible Reduction 4. 2030 SRES A2 and 5. 2030 Current Legislation in a changed climate.

Emissions: Global annual anthropogenic emission/scenarios were provided by IIASA, JRC, SRES, and RIVM on a 1°x1° grid. Fire emissions on monthly basis. NetCDF. Recommendations for natural emissions.

Meteorology: ECMWF, NCEP, GEOS-DAO, several GCMs

Participation: 25 models; 15 model families.

Output : Model information (grid spacing, vertical information, surface pressure, surface area). Hourly ozone. Daily (10:30) NO2, CH2O and O3 vertical columns. Monthly deposition NOy, HNO3, NO3p, SO2, SO4, NH3, NH4, O3. Monthly mean O3, CO, CH4, NO, NO2, OH. CH4+OH destruction. 3-D O3 chemical production and destruction. O3 flux through chemical tropopause. 

Analysis: Output requested as NetCDF; NCO; Matlab, IDL. Data storage on SRB server, ca. 1 Tb. 5 analysis groups; Estimated analysis time 4 persons half a year.

Main results: Estimates of changes in surface and free tropospheric ozone, air quality indices, model variability, some process understanding.

Remarks:  Despite stringent specification of output; still rather heterogeneous submissions. Several iterations were necessary.

Publications: Stevenson et al. [2005] ; 4 manuscripts in preparation.

2. Eurodelta

Aim: European scale analysis of the ability of regional atmospheric dispersion models to reproduce chemical nonlinearities in response to emission changes (i.e. source receptor relationships). Evaluation of the performance of different regional models against an identified set of observations and quantify their performance in terms of agreed quality criteria. Policy relevant input to the RAINS model and the Clean Air for Europe Programme.

Simulations: 26 simulations using 2 meteorological years 1999 and 2001. Scenarios for 2020 considered current legislation; and component wise reductions of anthropogenic emissions by 25 or 50 % for Italy, Germany France and North-Mediterranean Sea.

Emissions: European scale emission/scenarios were provided by EMEP-West on a 50kmx50km grid. Regridding by participant to desired grid. ASCII input files; tables with recommendation on hourly, daily and monthly distributions for 11 sectors.

Meteorology: MM5, ECMWF, HIRLAM

Participation: 6 models.

Output : One year, hourly surface concentrations of O3, NO2,HNO3, H2O2,NO,HCHO; daily surface concentrations of PPM2.5, PPM10, PM2.5,PM10,ammonium, sulfate and nitrate, black and organic carbon, daily and monthly depositions of SOx, NOx, NHx (separated for forests).

Analysis: Output requested as NetCDF.  Central pre-processing of data; and redistributed to participants of a selected set. Common visualization tool (IDL based Analysis during workshops- and further analysis in small working groups, work load ). 4 persons ca. half a year.
Main Results: Estimate of model variability and of sensitivity to emission reduction in 2020 (CLE/MFR).

Remarks:  More stringent harmonization of boundary conditions and of natural emissions would be desirable; better description/and knowledge of what is included in each model; source code + documentation.

Publications: 3 manuscripts in preparation
3.  AEROCOM

Aim: Improvement of aerosol modeling capacity with emphasis on climate; quantitative process understanding of aerosol formation and removal processes. Systematic use of current satellite measurement programmes, and surface based network data. Participation from CTMs and GCMs nudged with meteorological data for the period 1996-1997-2000-2001.

Simulations : 3 experiments:  1) AEROCOM-A models as they are, meteorology nudged for years 1996/1997/2000/2001; 2) AEROCOM-B using year 2000 prescribed sources and nudged to year 2000 meteorological fields or climatological mode 3) AEROCOM PRE using pre-industrial prescribed sources (y 1750)  and nudged to year 2000 meteorological fields and/or in climatological mode
Emissions : 1°x1° emission datasets from various groups: OC-BC (Tami Bond); SO2 (IIASA) (annual average); SO2 volcanoes (GEIA/update); Simplified SOA source function.

Recommendations on height distributions; no temporal distribution, except biomass burning.

Meteorology:  ECMWF, GCMs (??)

Participation: 14 global GLOBAL CTMs and GCMs AND CLIMATOLOGICAL MEAN MODELS

Output: Components Dust, seasalt, BC, POM, SO4, Aerosol mass and number. Daily and monthly output of wet and dry deposition (turbulent+sedimentation); emission flux, size segregrated mass (e.g. <0.5 μm and 1.25 μm), aerosol water, RH, cloud fraction, monthly statistics of meteorology, AOD.

Analysis: Centralized analysis team; NCO scripts, and IDL software; continuous update of model results on public web address
. Several updates of models during the intercomparison. Full time 4 person for 1.5 year.

Remarks: Large variations in models’ removal processes were established; still relatively good agreement with various remote sensed products (e.g. AERONET, MISR, MODIS) of the ‘average’ model. 

Publications: [Kinne et al., 2005; Textor et al., 2005]

5. MICS-Asia
  

Aim: The MICS-Asia model intercomparison study in Phase II aims at understanding transport and deposition of sulfur, nitrogen compounds, ozone and aerosols in East Asia

Simulations: Four specified months in 2001 representative different chemical/meteorological conditions are studied.

Emissions: Provided on request (no details given)

Meteorology:  ??
Participation: 15 groups (?) 

Output: Requested output is monthly averaged concentrations of SO2, NO, NO2, HNO3, PAN, NH3, O3, sulfate, nitrate, and ammonium (air,precipitation). Dry and wet deposition and rain fluxes. Daily average SO2, NO, NO2, HNO3, O3, sulfate, nitrate+ some vertical profiles. ASCII format.

Analysis:

Remarks:

Publications:

5. Mercury Intercomparison Study

Aim: A comprehensive analysis of different approaches to simulate mercury dispersion, transformations and removal from the atmosphere; improvement available approaches. Organized in 3 stages: I - comparison of chemical modules; II – modeling of short-term highly resolved episodes; III – modeling monthly and annual means and comparison of source-receptor relationships. Participation of regional to global CTMs. Focus on the tasks prioritized within CLRTAP. 

Simulations: Depends on the stage: I – one 48-hours simulation and 5 sensitivity runs; II – two double-week episodes (1995 and 1999) related to the measurement campaigns; III – 5 annual simulations for 1999 to evaluate atmospheric budgets for 3 countries (contribution of national, European and global sources)

Emissions: European scale (50kmx50km) Hg emissions for regional models and 1ºx1º dataset for global models based on [Pacyna et al., 2003]. Hg forms speciation; height distribution; no temporal variation. ASCII data files; regridding by participants to desired grid. Natural emission datasets prepared by EMEP/MSC-E. 

Meteorology: NCEP, ECMWF, pre-processing (MM5); GCM

Participation: 7 models (regional, hemispheric and global scale) 

Output: I stage – 10 min concentrations of Hg species in aqueous and gaseous phase in an isolated “box”; II stage – hourly air concentrations of Hg0, Hg(II)gas and Hg(II)part for 2 double-week episodes; III stage – monthly Hg concentrations and depositions (wet and dry) for one year, atmospheric budgets for 3 European countries (UK, Italy and Poland).

Analysis: Detailed analysis of chemical modules. Output as ASCII files. Central processing and redistribution to the participants. 3 persons ca. half a year per stage

Main results: Process understanding; some models were updated during the study. Estimate of model variability.
Remarks: Not all of the models were able to fulfill the whole program; it was reasonable to formulate minimum and maximum requirements

Publications: [Ryaboshapko et al., 2005; Ryaboshapko et al., 2003]; 2 manuscripts in preparation
6. POP Models Intercomparison Study

Aim: A comparison of different approaches to modelling of POP fate in the environment. Three stages: 1 - comparison of descriptions of main processes determining POP behaviour in various environmental compartments; 2 - comparison of mass balance estimates, intermedia flows and deposition/concentration fields in different environmental compartments for PCBs; 3 - ranking of 14 reference chemicals with respect to long-range transport potential and overall persistence. 

Simulations: Simulations of particular processes for some PCB congeners and B[a]P (stage 1); two one-year simulations (2000, with zero and non-zero initial concentrations in media) and one simulation for 20-year period (1981-2000, zero initial concentrations, historical emissions) for some PCB congeners (stage 2); one-year simulations for 14 reference chemicals from a conventional point emission source (stage 3).
Emissions: global 1ºx1º spatial distribution of the worst-case emission estimates of PCBs from [Breivik et al., 2002] for the period from 1980 to 2000. 
Meteorology: model-specific meteorological data used by the participants in accordance with their modelling approaches.
Participation: 17 models (stage 1) and 10 models (stages 2 and 3) of regional, hemispheric and global scale. 
Output: characteristics of particular processes (e.g. fraction of particulate phase in the air; deposition fluxes; soil concentrations, etc); mass balance for main environmental compartments; inter-media mass flows; concentrations at air/water, air/soil and air/vegetation interfaces; spatial distribution of depositions/concentrations in different compartments; ranking of reference pollutants. 

Analysis: Output as Excel spreadsheet. Central statistical processing of results, redistribution between the participants and then analysis of main similarities and distinctions among the participating models; two-four persons ca. half a year per stage.
Main results: A comparison of model parameterisation, approaches to the description of main process affecting POP fate in the environment and main outputs of models of different types and resolutions; a consideration of model approaches to the evaluation of new substances. 

Remarks: Detailed description of modelling approaches is very important for the analysis.
Publications: [ Shatalov et al., 2004; Shatalov et al., 2005] and 1 manuscript in preparation.
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