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In response to an invitation from the EMEP Steering Body, the Co-Chairmen of the new Task Force on 
Hemispheric Transport of Air Pollution (TF HTAP), established by the Executive Body at its 22nd Session 
(decision 2004/4), have prepared this informal paper for the 23rd session of the Executive Body.  The 
purposes of this paper are to briefly summarize the state of knowledge concerning intercontinental 
transport of air pollutants in the Northern Hemisphere and to briefly articulate the Co-Chairmen’s vision 
for the work of TF HTAP over the next several years.   

1. Our Current Understanding of Intercontinental Transport 

Current emissions create pollution levels that exceed air quality and other environmental objectives at 
various locations throughout the Northern Hemisphere.  While local or regional emissions and 
environmental conditions are responsible for most of these problems, air quality and pollutant deposition 
is also influenced by emissions, transport, and transformation processes at the intercontinental and global 
scales.  There is well-documented evidence for the intercontinental transport of ozone, particles, and their 
precursors, as well as mercury and some persistent organic pollutants.  The significance of this 
intercontinental influence for the design of air pollution control policies, however, is not well understood. 

Observations from surface sites, aircraft, and satellites, combined with predictions from regional and 
global atmospheric models, suggest that air pollution transported between distant countries on an 
intercontinental scale can significantly affect the ability to achieve air quality objectives.  Some of the 
most tangible evidence for intercontinental transport of air pollution is associated with wind-blown desert 
dust, volcanic eruptions and with smoke from wild fires.  Plumes of fine particles from these sources can 
be clearly identified in satellite imagery, moving across oceans and continents, and detected in surface air.  
These plumes create useful illustrations of the mechanisms that carry gaseous pollutants that are less 
visible very long distances.  Further evidence of intercontinental transport is provided by observations of 
pollutants in remote environments, such as the Arctic, that cannot be explained by local sources.   

1.1. Episodic Transport v. Hemispheric Burden 

Recent observational and modeling studies have shed light on the meteorological mechanisms that drive 
intercontinental transport.  Emissions from one continent can influence air quality over another continent 
through an increase in the overall hemispheric burden of pollution and through discrete episodic flows of 
enhanced pollutant levels.  The influence of episodic flows on regional air quality varies based on 
location, season, and the pollutant concerned.   

Intercontinental transport episodes may involve: (a) horizontal advection in the boundary layer near the 
surface; or (b) lifting into the free troposphere via deep convection, orographic effects, and passing frontal 
systems followed by transport aloft and subsidence to the surface.  The most important pathways by 
which one continent influences another differ:  For transport from Asia to North America and from North 
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America to Europe, transport in the free troposphere following lifting by deep convection or passing 
frontal systems, appears to be more important than transport in the boundary layer.  For transport between 
Europe and Asia, boundary layer transport and orographic lifting may be the most important.  This pattern 
leads to the major transport pathways depicted in Figure 1.   

 

 

Figure 1.  Sketch of the global pathways of intercontinental pollution transport from the various 
continents as depicted in Solberg and Lindskog (2005) [EMEP CCC 1/2005].  Transparent arrows show 
transport in the lower troposphere (below 3 km), whereas coloured arrows indicate transport in the middle and upper 
troposphere (above 3 km). The upper panel shows transport pathways in summer (June, July, August), the lower 
panel shows transport pathways in winter (December, January, February). Based on a 15 year model climatology 
and adopted from Stohl and Eckhardt (2004). 

While there have been observations of discrete intercontinental ozone transport events from remote 
mountain sites and aircraft, the most important influence of intercontinental transport on ground-level 
ozone concentrations is an apparent overall increase in the hemispheric burden within the troposphere.  
This background ozone concentration is controlled primarily by global NOx emissions and, to a lesser 
extent, emissions of methane and carbon monoxide.  For aerosols and their precursors, episodic flows 
appear to be the most important manifestation of intercontinental transport.  However, recent 
observational studies suggest the existence of a global background aerosol that is present even in remote 
environments and greater secondary organic aerosol formation in the free troposphere than is predicted by 
current models.  For mercury, export of emissions into the free troposphere contributes to a hemispheric 
or global pool of mercury.  Influenced by this global pool, mercury deposition patterns are thought to be 
more related to patterns of emissions and precipitation than to transport events.  Some persistent organic 
pollutants may be transported long distances as aerosols and remain where deposited; others may 
revolatilize or become re-entrained and travel further in successive “hops” to reach environments far from 
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the sources.  For example, high levels of persistent organic pollutants are found in the Arctic where both 
wildlife and people are at risk of exposure. 

1.2. Estimates of Source-Receptor Relationships 

Although intercontinental transport can be demonstrated using observational evidence, to understand how 
changes in emissions on one continent will affect air quality and environmental impacts on another 
continent requires a predictive model that can account for the non-linearity and complexities of the 
atmospheric system.  Ideally, this simulation should be performed with an integrated system of models 
capable of linking the local, regional, hemispheric, and global scales.   

Our current models of global and intercontinental transport of ozone and aerosols produce credible 
representations of the general patterns of observed concentrations and deposition.  However, simulation 
of specific intercontinental transport episodes challenges the capabilities of current models.  Additional 
observations are needed to evaluate fully the models and their input assumptions, such as the magnitude 
of natural and anthropogenic emissions.   

Our current models of mercury and persistent organic pollutant transport do not represent the observed 
patterns of concentration or deposition as well.  In addition to the challenges posed by a lack of sufficient 
observations and emissions estimates, the performance of these models reflects significant uncertainty 
that exists regarding the atmospheric chemistry and environmental cycling of these pollutants.   

Past attempts to compare estimates of intercontinental transport by current models, e.g. report of Bad 
Breisig 2003 workshop, EB.AIR/GE.1/2003/7, have been complicated by a lack of uniformity in the: 

• Definition of source and receptor regions; 
• Concentration or deposition metrics of interest; 
• Method used to isolate the incremental contribution of intercontinental transport.  

Although the estimates produced by current models are highly uncertain, the magnitudes of impacts are 
significant enough to suggest that further investments should be made to better characterize 
intercontinental transport and the potential impacts of emissions changes.  For ozone, it has been 
estimated that intercontinental transport contributes between 1and10 ppb to average surface ozone 
concentrations in Europe, North America, and Asia.  Even at the low end of this range, this contribution 
may offset the benefits of significant investments in local air pollution controls.  Furthermore, current 
models predict that some emission reductions may decrease the exceedance of ozone objectives on 
another continent, although the impacts vary by continent and season.  For aerosols, current models and 
observational evidence suggest small but significant contributions (up to 2 μg/m3 PM2.5 annual mean 
concentrations) of intercontinental transport of anthropogenic pollution.  Impacts on an episodic basis can 
be much more dramatic (10 to 100 μg/m3 PM10 maximum daily concentrations); however, such events are 
primarily associated with wildfires or wind-blown dust.  For mercury, it has been estimated that 
intercontinental transport may contribute between 10 and 75% of the total deposition to the different 
continents in the Northern Hemisphere, with individual continents or regions providing between 1 and 
40% of observed deposition.  There is significant uncertainty in all of these estimates and further research 
is needed to better understand how concentration and deposition on each continent will change based on 
changes in emissions on the other continents.   

Further investments should address developing improved descriptions of the governing atmospheric 
processes for intercontinental transport, improved emission inventories, additional observational data for 
evaluation of atmospheric models, and improved characterization of the uncertainties in the model results.   

1.3. Implications for the Future 

The emissions of ozone precursors from Asia, North America and Europe have more than doubled since 
pre-industrial times.  As a result the hemispheric burden of ozone has increased by 50% to 100% over 
pre-industrial levels.  Observations suggest that local air pollution problems persist in North America, 
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Europe, and Asia, and the hemispheric burden is continuing to increase.  Any further increase in Northern 
Hemispheric emissions will aggravate existing air pollution problems.  Emissions increases in the tropics 
may have greater impacts than emissions increases at mid-latitudes because climatic conditions in the 
tropics may allow even more ozone to be formed per unit of emissions.  For aerosols, the main drivers for 
peak intercontinental influences are large forest fires and dust storms.  The frequencies of these events are 
likely to change in the future in response to changes in climate, land use, and human intervention.  Also 
emissions of mercury and persistent organic pollutants are likely to change over time with changes in the 
use of specific technologies; and little research has been done to examine how changes in climate will 
affect the environmental fate of these pollutants.   

As we look into the future, it is difficult to consider the challenges posed by the intercontinental transport 
of air pollutants without considering the linkages to climate change.  Ozone and aerosols have complex 
impacts on the climate system, and climate change, in turn, affects the formation and fate of ozone and 
aerosols.  Actions to mitigate climate change are also likely to decrease emissions of air pollutants.  
Measures reducing methane and carbon monoxide would both reduce the burden of greenhouse gases and 
reduce the tropospheric background concentration of ozone and improve air quality.   

To assess the potential for intercontinental transport of air pollutants to affect the achievement of air 
quality or other environmental policy objectives in the future, it is necessary to predict changes in both the 
physical processes that influence pollutant fate and transport as well as the economic, technological, and 
behavioral factors that influence emissions.  Projecting emissions into the future is complicated by the 
lack of official estimates of current air pollutant emissions or the underlying activities for significant parts 
of the Northern Hemisphere.   

2. Expectations for the Task Force  

TF HTAP met for the first time in Brussels in June 2005 (see EB.AIR/GE.1/2005/12).  The participating 
experts at this first meeting, both from Parties to the Convention and from outside the UNECE region, 
began to lay out a plan for producing an assessment of the intercontinental transport of air pollutants in 
the Northern Hemisphere by 2009.  The participating experts agreed to focus their work on the series of 
questions presented in the annex 1 and identified a series of research activities that will help generate 
answers.  These activities can be organized under one or more of three themes – observations, emissions, 
and modelling – with some of the most important topics falling at the intersection of two or all three of 
the themes.  As a starting point, TF HTAP identified topics for three technical workshops, the first of 
which is to take place 30-31 January 2006 in Washington DC. TF HTAP also adopted a draft workplan 
for 2006 which is reflected in the draft EMEP workplan for 2006 (EB.AIR/GE.1/2005/10/Rev.1). 

The first workshop, which will focus on model evaluation and intercomparison methodologies, will play 
an important role in identify the information that can be expected to be available over the next several 
years and in setting expectations for the overall assessment of intercontinental source-receptor 
relationships.  The results of the workshop will be used by the Chairs to prepare a more specific plan for 
developing the proposed 2009 assessment.  The Chairs hope to maintain a schedule of three meetings a 
year:  technical workshops in January and October and a Task Force meeting in June.  These meetings 
will serve as milestones in the assessment process, providing opportunities to report on interim results and 
make mid-course corrections to the process.   

By laying out the topics and timing of future workshops and meetings, we hope to encourage new 
research and analyses that will be designed to produce results that can be presented at future meetings and 
incorporated into the assessment.  In North America, Europe, and Asia, the announcement of the three 
initial workshops has already triggered or been used to justify new research funding proposals.   

In addition to encouraging new focused research and analysis, TF HTAP will attempt to build upon a 
wide variety of existing national and international research efforts, including efforts under IGBP/IGAC, 
UNEP, the World Bank, GEOSS, WMO, and the EC’s ACCENT programme.  The EMEP centres and 
other EMEP task forces are expected to contribute to this effort along with a wide variety of national and 
international programmes that have not traditionally contributed to discussions under the Convention.  Of 
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particular interest is to establish contact and cooperation with experts in countries outside the UNECE 
region, including experts from Asia, Northern Africa, and Central America. At the first TF HTAP 
meeting, a number of key countries and international organizations from outside the UNECE region 
participated.  The Chairs will continue to work to expand this participation.   

 

Additional information about the TF HTAP can be found at http://www.htap.org/  
or by contacting the Co-Chairs: 

André Zuber, European Commission, Environment Directorate (andre.zuber@cec.eu.int) 

Terry Keating, U.S. Environmental Protection Agency (keating.terry@epa.gov) 
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Annex 

Task Force Policy-Relevant Science Questions 

1. How does the intercontinental or hemispheric transport of air pollutants affect air pollution 
concentration 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? 

a. What evidence do we have of transport pathways and mechanisms from intensive field 
studies? From observations? From model predictions? 

b. How do the transport pathways differ by pollutant? By source region? By season? 

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

d. 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.) 

2. 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?   

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

b. 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?   

c. 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?   

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

3. 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? 

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

b. 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? 

c.  Do we have sufficient observational databases to track long term progress and change in 
transport and deposition patterns? 

d. 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? 
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e. 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? 

4. For each country in the Northern Hemisphere, how will changes in emissions in each of the other 
countries in the Northern Hemisphere change pollutant concentrations or deposition levels and the 
exceedance of established standards or policy objectives for the pollutants of interest? 

a. Is there a simple relationship between changes in emissions and changes in pollutant 
concentrations and deposition levels? 

b. How is the predicted relationship affected by the spatial resolution of the model?   

5. How will these source-receptor relationships change due to expected changes in emissions over the 
next 20 to 50 years?   

a. How might emission quantities and spatial distributions change over the next 20 to 50 years? 

b. How should future emission scenarios be constructed? 

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

a. How will meteorological changes predicted by climate modeling studies affect major 
transport or chemical processes?  

b. Are there significant feedbacks between the transported air pollutants and regional climate 
and meteorology?   

c. Are there significant feedbacks between transported air pollution and potential changes in 
land use, vegetation, or ecosystems, especially with respect to natural emission sources? 

d. 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?  

7. 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? 

 


