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Introduction 

1. EMEP is the Convention’s Cooperative Programme for Monitoring and Evaluation of the Long-
range Transmission of Air Pollution in Europe. Most Parties to the Convention are Parties to the Protocol 
on Long-term Financing of EMEP, which defines the obligations and financial contributions of the Parties 
to the programme. The EMEP monitoring programme is an integral, essential part of EMEP.  

2. The EMEP Steering Body at its twenty-sixth session requested the EMEP centres to further 
elaborate, in close collaboration with national experts, a new monitoring strategy, which would be the 
basis for the measurement programme of EMEP in the coming years. 
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3. In spring 2003, the Task Force on Measurements and Modelling and the programme centres 
reviewed the EMEP monitoring strategy and considered its revision. In developing the new draft 
monitoring strategy, due consideration was given to the current strengths and weaknesses of the 
programme as well as the opportunities for its development and the threats to its future. The strategy 
takes account of the required level of reporting by Parties, new requirements from the users of data, and 
recent technical developments. A comprehensive description of these elements can be found in a report 
by the Chemical Coordinating Centre (CCC) -Report 9/2003. 

4. The main EMEP objective is to provide the Convention with technical information on depositions 
and concentrations of air pollutants, and on quantities and source allocation of long-range transmission of 
pollutants and transboundary fluxes, related to acidification, eutrophication, photo-oxidants, particulate 
matter, heavy metals and persistent organic pollutants. Such information is also made available to other 
interested bodies and institutions. This information is the basis for policy development and implementation 
of the Convention. Under the activities of EMEP, annual emission data are collected, air quality and 
deposition are assessed through measurements performed within the programme, and models for 
atmospheric chemistry and transport and integrated assessment are developed and operated. The EMEP 
observations and model calculations are essential to establish a reliable picture of the air pollution 
situation in Europe, and to build up the confidence required for policy development on transboundary 
pollution issues, including the links both to global- and to urban-scale transport. 

I.  OBJECTIVES OF EMEP MONITORING 

5. The EMEP monitoring programme must provide the observational underpinning to: 

 (a) Establish pollutant concentrations, deposition, emissions and transboundary fluxes on the 
regional scale, including intercontinental transport and boundary conditions for urban air quality;  

 (b) Identify the trends with time as well as their sensitivity to European emission reductions; 

 (c) Assess the success of international abatement strategies for atmospheric pollutants; 

 (d) Improve the understanding of atmospheric chemical and physical processes and provide 
data for the validation of models; 

 (e) Provide data which, in conjunction with models, are the basis for the assessment of 
environmental problems related to air pollution, including comparison with effect thresholds and exposure 
levels; 
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 (f) Provide the measurements required to assess the effects of atmospheric pollutants; 

 (g) Serve to explore the environmental concentrations of new substances and support the 
development of cost-effective abatement strategies. 

6. In addition, EMEP should make increasing contributions to provide cost-effective measurements 
also related to environmental issues partly outside the focus of the Convention, e.g. urban air quality; 
climate; atmospheric deposition in relation to biodiversity and water quality. Such issues fall under 
European Union (EU) legislation such as the Directive on Ambient Air Quality Assessment and 
Management (“Air Quality Framework Directive”) and its daughter directives and the National Emissions 
Ceilings Directive, as well as under the United Nations Framework Convention for Climate Change, the 
Helsinki Commission of the Convention on the Protection of the Marine Environment of the Baltic Sea 
Area (HELCOM), the Oslo and Paris Commissions for the Convention for the Protection of the Marine 
Environment of the North-East Atlantic (OSPARCOM) and the Arctic Monitoring and Assessment 
Programme (AMAP) as well as other international regulations and agreements.  

II.  STATUS OF THE MONITORING NETWORK TODAY 

7. The EMEP monitoring network has, for more than 25 years, provided high-quality data on 
atmospheric concentrations and deposition of transboundary air pollution. The network has been 
successful in bringing together a large number of countries performing measurements using common 
methodologies and with quality assurance and control systems including site visits and intercomparison 
studies. From its early priorities of sulphur and nitrogen compounds, the network has developed to 
include the new themes and priorities of air pollution policies, including ozone, volatile organic 
compounds (VOCs), particulate matter, heavy metals and persistent organic compounds (POPs). The 
openness of the programme and the general availability of the data have been of great importance for 
creating a common basis for policy development. 

8. However, the development of the programme has not generally benefited from national funding in 
proportion to the increased requirements. This has resulted in large variations, especially between 
different regions of Europe, in the ability to implement fully or even partly the programme or to provide 
data of adequate quality. For all parameters, the monitoring activity is less than satisfactory in the 
Mediterranean area and in Eastern Europe. In Central, Western and Northern Europe the situation is 
better, but here too significant improvements to the monitoring network for specific themes are required, 
e.g. particulate matter (PM), POPs and VOCs (see CCC Report 9/2003). There is a general obligation, 
under article 9 of the Convention, regarding the need to implement and further develop EMEP, including 
emphasis on aspects of a monitoring programme. For such a monitoring programme to be fully effective 
in supporting the Convention, national monitoring should be at least in line with the minimum requirements 
described below. 
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A.  Quality assurance/quality control including data storage and dissemination 

9. EMEP has a well-recognized history of quality assurance and quality control with strong bottom-
up and top-down approaches to monitoring. This has resulted in good links between national data 
producers and central data collection and dissemination. Some data series established through EMEP 
range over several decades and are essential for assessing the success of abatement measures, including 
future ones. 

B.  Challenges 

10. To address topics of political interest, such as the intercontinental transport of air pollutants, the 
measurement programme needs to be extended to new regions. This includes establishing sites in areas 
not sufficiently covered, in particular beyond the political boundaries of the European Community to the 
far Eastern part of the EMEP region, including Central Asia. It would also be useful to have monitoring 
sites in North Africa and in the Eastern Mediterranean region. A transfer of technology, including 
equipment and training, is required for many countries. For this, modest investments will be needed. 

11. Monitoring in EMEP is essential for the technical underpinning of the Convention in the 
calculation of the deposition of acidifying and eutrophying compounds, photo-oxidants, base cations, 
heavy metals and persistent organic compounds. The data also provide essential information on the 
regional concentration of health-relevant pollutants including particulate matter, O3 and NO2. In recent 
years, it has become clear that the monitoring data are essential inputs to studies on biodiversity and 
changes in water quality, as well as for determining temporal and spatial variability in the radiative climate 
forcing resulting from regional pollutants, where particulate matter is especially important. In view of its 
high costs, it is evident that monitoring should be multi-purpose and cost-effective. Full advantage should 
be taken of other monitoring frameworks in Europe, such as the Global Atmosphere Watch (GAW), the 
national monitoring networks reporting to the European Commission under the European Union’s air 
quality directives and the Exchange of Information (EoI) Decision as well as those under the 
EUROAIRNET umbrella of the European Environment Agency, as well as national and local monitoring 
efforts.  

12. The monitoring of atmospheric air pollutants in rural and background areas is a 
responsibility of EMEP. Unfortunately, there are pressures on the EMEP monitoring network. For 
example, the European Commission has its own monitoring requirements under the EU Air 
Quality Framework Directive and its daughter directives; for these it can impose sanctions for 
non-compliance. The resulting shift in emphasis of monitoring efforts by some Parties is of 
concern, since it causes increasing uncertainties in the evaluation of the effects of emission 
reduction measures. The EMEP network needs to be revised and strengthened in order to serve 
the needs of the Convention. Such a revision should take into account all other needs including 
those of the European Community, those of other international conventions (e.g. United Nations  
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Framework Convention on Climate Change, Convention on Biological Diversity) and those of 
individual countries. When such considerations are dealt with comprehensively, improvements or 
even cost reductions may be identified without compromising the value and strength of the 
information derived. This is essential to achieve the necessary technical underpinning for the 
implementation of current air pollution legislation, as well as for the work to develop new policies.  

III.  THE NEW EMEP MONITORING STRATEGY 

A.  Minimum requirements 

13. To fulfil the EMEP responsibilities for reporting on concentrations and depositions, and for 
validating the EMEP models, the monitoring strategy sets minimum monitoring requirements for Parties to 
participate in the EMEP monitoring network. This minimum level of monitoring will provide the input to 
the EMEP mandatory requirement programme. Such monitoring is considered essential for an effective 
EMEP network to support the Convention. EMEP also needs to complement this monitoring with 
information from other related activities, such as those associated with other international 
agreements/regulations and with the research community at large.   

14. The new monitoring strategy identifies different “levels” for monitoring. Levels 1 and 2 together 
represent the minimum monitoring requirements (the mandatory requirement programme). Measurements 
in this programme are separated into a large number (>125) of    level-1 sites with a complete range of 
measurements of the major inorganic compounds (in air and precipitation), ozone, heavy metals (in 
precipitation), and particulate matter mass, and fewer (about 25) level-2 sites with more difficult or 
expensive measurements (table 1). The mandatory requirement programme should be harmonized with 
the requirements for rural measurements in the EU air quality daughter directives, though some 
differences will result from differences in objectives. Level-2 sites should provide relevant information for 
the themes addressed by EMEP (acidification and eutrophication; photochemical oxidants; heavy metals; 
POPs; and particulate matter).   

15. A minimum number of level-1 sites is defined for each country, while for level-2 sites there is a 
preliminary proposal for countries as well as for regions (table 2). There is a need for regional 
cooperation to provide a sufficient number of level-2 sites to minimize costs; cost-sharing options are 
proposed. Monitoring in support of HELCOM, OSPARCOM and AMAP will contribute significantly to 
level-2 sites for heavy metals and POPs. EMEP also requires specialized measurements; these are 
available from state-of-the-art monitoring sites that are continuously operated or from research/field 
experiments (level-3 sites). A schematic overview of the various levels is given in the figure below. 
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16. EMEP will make use of relevant data from other networks either operated under other subsidiary 
bodies of the Convention, e.g. the Working Group of Effects, or available from monitoring activities 
performed under the air quality directives of the European Union (associated sites) or from GAW under 
the World Meteorological Organization (WMO) (the joint supersites).  

17. The following criteria have been defined for the various site levels: 

 (a) Level-1 sites. A minimum site density of one site per 50,000 km2 is recommended, with 
a higher density in complex terrain. All countries with a geographical area exceeding 25,000 km2 should 
operate at least one level-1 site. For large countries with a very low current site density, there is a realistic 
proposal for the number of sites that need to be established. Full implementation of level 1 is required for 
fulfilling the mandatory requirement programme. This will ensure participation of a large number of sites 
aimed at describing spatial trends, it will establish temporal trends and provide data for the development 
and validation of models. The network should have good spatial coverage and long-term operation is 
assumed. As the level-1 sites should involve all Parties, they should ensure that there is an ongoing 
operational activity linking all Parties and EMEP centres. It is seen as a very important way for individual 
countries to take an active part in the work of EMEP and the Convention. The level-1 activity will 
directly serve national interests and needs and will satisfy monitoring obligations at rural sites as specified 
by the EU Air Quality Framework Directive; 

 (b) Level-2 sites. A minimum density of one site per 100,000 km2 is recommended (not 
necessarily for each individual theme); the density can vary between themes depending on region, e.g. 
photo-oxidants and particles should have a higher site density in Southern Europe, acidification and 
POPs a higher density towards the North and East. Within regions there should be cooperation to share 
costs. Level 2 covers advanced measurements that are more expensive and technically demanding at 
selected sites (table 1). Level-2 sites also need to measure all parameters measured at level 1. Level-1 
and level-2 sites serve the same objectives and should provide good regional coverage; 

 (c) Level-3 sites relate to research data for process studies or demanding methodologies, 
including data from sources external to EMEP (table 1). Level-3 sites are voluntary. Level-2 and level-3 
sites are called “EMEP supersites”; this is intended to be an important motivating factor and to provide 
appropriate recognition of the data providers. Level-3 sites are topic-specific and do not need to cover 
all substances defined for levels 1 and 2. Supersites should be encouraged to support both EMEP and 
GAW. 

B.  Cost-efficient multi-purpose monitoring at urban to hemispheric spatial scales 

18. To address questions related to the intercontinental transport of air pollutants, the 
measurement programme should be extended to new regions to establish sites in areas not  
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sufficiently covered, in particular to the far eastern part of the EMEP region (e.g. Central Asia).  
Sites in North Africa and the Eastern Mediterranean would also be of value. Furthermore, EMEP 
should, where possible, integrate with other monitoring networks to form a “multi-purpose” 
network linking urban, rural and global sites. Remote sensing from satellites needs to become an 
integral part of the observations where the ground-based network provides surface and vertical 
profile data for the calibration and validation of remote-sensing instruments. Only by doing this can 
new challenges such as “global change”, “earth systems” and biogeochemical cycles (fluxes 
between air, water and soil) be addressed properly and cost-effectively. Such an approach will 
facilitate the combination of information from all relevant sources, and the provision of adequate 
data will be ensured by combining the resources from several major sources: (a) national budgets 
for funding EMEP monitoring; (b) funding associated with other parts of the Convention or other 
international agreements (HELCOM, OSPARCOM, AMAP, United Nations Framework 
Convention on Climate Change); or (c) national monitoring in support of the EU Air Quality 
Framework Directive. There may also be indirect support given to the scientific community 
including national and international research and monitoring programmes (WMO-GAW, the 
European Commission’s research programmes). By combining resources from these areas, more 
efficient use of resources is ensured by avoiding duplication of effort, and a sound observations 
base for EMEP is maintained. 

C.  Quality of observation data and instrumentation 

19. EMEP will maintain and further improve its quality assurance programme to make sure that 
observation data are of known quality and adequate for their intended use. Field intercomparisons and 
laboratory ring tests are important, as well as the maintenance of good links between national data 
providers and data collection under EMEP. These activities can be strengthened by combining resources 
with the central quality assurance facilities in the EU and in the GAW system. The EMEP Manual for 
Sampling and Chemical Analysis gives the criteria that need to be satisfied for instrumentation and 
analytical methods. Other methods such as automatic monitors can replace manual methods when data 
quality is equivalent or better. 

D.  Data collection, value adding, dissemination and transparency 

20. Data submission to CCC shall follow the protocols agreed upon. A transparent (Internet-based) 
system is in place for adding other types of data, notably meteorological information and, in collaboration 
with the EMEP centres, emissions data and model results. The system is being developed by consulting 
regularly with users of EMEP information.  

21. The EMEP Centres will use the data reported to meet their reporting requirements, for assessing 
pollutant concentrations, deposition, emissions and transboundary fluxes within the EMEP region, to the 
EMEP Steering Body. 
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IV.  IMPLEMENTATION AND FURTHER EVOLUTION OF THE STRATEGY 

22. The mandatory requirements programme at level 1 is already partly implemented in many 
countries. The remaining countries should follow without delay.  

23. Some level-2 sites have already been established and, in addition, a number of potential sites 
have been identified. In some regions there is a further need for level-2 sites and Parties should cooperate 
in order to reduce total costs. The selection of level-2 sites will be done in consultation with CCC.   

24. Level-3 activities relate to research studies on processes together with the collection of data on 
parameters not included in levels 1 and 2, including data from sources external to EMEP.  Level 3 may 
also include studies on developing methodologies. It is expected that some activities at level 3 sites will 
with time be moved into the mandatory requirements programme, primarily as level-2 activities. This 
applies to: 

 (a) Flux monitoring of SO2, NH3 and HNO3 using the conditional time averaged gradient 
(COTAG) method and of ozone and particulate matter using eddy correlation techniques; 

 (b) Improved cut-off in the characterization of size fractions of particulate matter, and 
chemical characterization at level-2 and level-1 sites; 

 (c) Inclusion of methane, carbon monoxide and other climate-relevant species in the 
measurement programme; 

 (d) Improvement of time resolution and data availability for users including the general public, 
as adequate monitors become available to replace manual methods at low concentrations; 

 (e) Measurement of three mercury forms: total gaseous mercury, reactive gaseous mercury 
and total particulate mercury;  

 (f) Improved measurement programme for POPs to include congener-specific compounds 
such as PCDDs and PCDFs; 

 (g) Extension of VOC monitoring to include heavier components (up to C12 compounds).  

25. The EMEP monitoring network must be a dynamic system ready to adopt new needs and 
requirements without losing its ability to develop long-term trend data to illustrate compliance with agreed 
emission reductions. This requires that the work should be reviewed and revised at regular intervals. 
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Figure. Schematic overview of the levels defined by the EMEP monitoring strategy 
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Level 1 
Parameters of general interest for all EMEP themes; major 
inorganic compounds in precipitation and in air, heavy 
metals in precipitations ozone, PM10 mass concentration, 
meteorology, permanent monitoring at about 125 sites (80 
sites for heavy metals) 

Level 2 (supersites) 
Topic-specific, acidification and eutrophication, 
photochemical oxidants, heavy metals, persistent organic 
pollutants, particulate matter, should in addition include 
level-1 parameters. Permanent monitoring at about 15-25 
sites with proper regional distribution 

Level 3 (supersites) 
Topic-specific, highly specialized measurements, may 
include campaign data, do not require all level-1/level-2 
parameters to be measured. About 10-15 sites 

Associated sites 
Use of data available from other bodies under the 
Convention (e.g. Working Group on Effects), monitoring in 
support of the EU Air Quality Framework Directive (and 
daughter directives)(03, PM10). Ozone soundings, 300-500 
sites 
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Table 1. Monitoring requirements for the various levels specified by the EMEP monitoring 
strategy 

Programme Parameters Measurement 
period/Frequency 

Level-1 sites (all parameters are required to be monitored)   
Inorganic compounds in 
precipitation 

SO4
--, NO3

-, NH4
+, H+ (pH), Na+, K+, Ca++, Mg++, Cl- (cond) 

24h/daily 

Inorganic compounds in air 
SO2, SO4

--, NO3
-, HNO3, NH4

+, NH3, (sNO3, sNH4), Na+, K+, Ca++, Mg++, 
NO2 

24h/daily 

Gas particle ratio NH3, HNO3 (in combination with filter pack sampling) monthly/monthly 
Heavy metals in precipitation Cd, Pb (1st priority), Cu, Zn, As, Cr, Ni (2nd priority) weekly 
PM 10 mass concentration PM 10 24h/daily 
Ozone O3 continuous/hourly 

Meteorology  
Precipitation amount (RR), temperature (T), wind direction (dd), wind speed 
(ff), relative humidity (rh), atmospheric pressure (pr) 

continuous/hourly 

   
Level-2 sites (in addition to level-1 parameters);   
Acidification and eutrophication  
Gas particle ratio NH3/NH4, HNO3/NO3 (artefact-free methods) 24h/daily 
Ammonia in emission areas 
(high spatial resolution) 

NH3 (low-cost methods) 
 
monthly/monthly 

   
Photochemical oxidants  
NOx NO, NO2 continuous/hourly 
Light hydrocarbons C2-C7 grab samp. or c/h 
Carbonyls Aldehydes and ketones 8h/2 days/week 
   
Heavy metals   
Mercury in precipitation Hg monthly 
Mercury in air Hg (TGM), 24h/weekly 
Heavy metals in air Cd, Pb (1st priority.), Cu, Zn, As, Cr, Ni (2nd priority) weekly/weekly 
   
Persistent organic pollutants  
POPs in precipitation PAHs, PCBs, HCB, chlordane, HCHs, DDT/DDE weekly/weekly 
POPs in air PAHs, PCBs, HCB, chlordane, HCHs, DDT/DDE 48h/weekly 
   
Particulate matter  
PM mass PM101, PM 2.5 24h/daily 
Gas particle ratio NH3/NH4, HNO3/NO3 24h/daily 
Speciation vs. size (PM2.5 
and PM10) 

SO4
--, NO3

-, NH4, Na+, K+, Ca++, Mg+ (Cl-) 
 
weekly/weekly 

Mineral dust Si weekly/weekly 
elemental carbon (EC) 
organic carbon (OC) 

EC, OC 
weekly/weekly 

   
Level-3 sites (do not require all level-1 and level-2 parameters)  
Dry deposition flux of sulphur 
and nitrogen species 

SO2, NH3, HNO3 (SO4
--, NH4

+, NO3
-) 

 

Dry deposition flux of O3 O3  
Hydrocarbons C6-C12  
Vertical profiles O3 soundings, PM lidar,   
NOy  chemistry NO, NO2, PAN, organic nitrates  
Mercury speciation TGM, RGM and TPM  
Congener-specific POPs PCBs, PAHs, PCDDs and PCDFs  
Multi-compartment (air, soil, 
water) 

POPs and Hg 
 

Size/number distribution dN/dlogDp  
Light scattering Aerosol optical depth  
OC speciation water soluble and water insoluble OC  
“Black carbon” BC  
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Table 2. Number of monitoring sites required at level 1 and proposal for numbers for level-2 sites for the 
different themes. Countries grouped by location to identify possible cooperation on level-2 sites. For 
regions with insufficient level-2 sites, an additional site requirement has been proposed (“# shared sites”). 
“Level-2 sites” takes into account the current monitoring 

  level 1 Level 2 (status + need) 

Country (*=party to EMEP) 
Current # of 

sites 
Additional 

need  
# of 
sites 

Acidification/ 
eutrophication 

Photo-
oxidants 

Heavy metals 
(precip + air) 

POPs 
(precip + 

air) 
Particulate 

matter 
Iceland 1  1   1 1   
Norway * 7  7  2 2 2 2 
Ireland * 4  4  1 1 1 1 
United Kingdom * 8   8  2 1 3 1 1 
Sweden * 5  5   1 2 1 
Finland * 4 1 5  1 1 1 2 
Estonia * 2  2       
Denmark * 4  4   2 1 1 

#shared sites      1 1     1 
Lithuania 1  1   1 1   
Latvia * 2  2   2    

#shared sites          1 
Russian Federation * 4 4 8   1 1 1 1 
Belgium *  0 1 1   1  1 
Liechtenstein *  0          
Luxembourg *  0          
France * 8  8  2 1 1 1 
Netherlands * 2  2  1 1 1 1 
Germany * 8  8  2 4 1 2 

#shared sites       2 1   1   
Hungary * 1  1 1    1 
Czech Republic * 2  2  1 2 1 1 
Austria * 3  3     1 
Switzerland * 5  5     3 

#shared sites                 
Belarus *  0 1 1     1 
Republic of Moldova  0 1 1       
Romania  0 2 2       
Ukraine *  0 3 3       
Poland * 4  4     1 
Slovakia * 5  5   5  1 

#shared sites       1 1   1   
Armenia  0 1 1       
Azerbaijan  0 1 1       
Kazakhstan  0 2 2       
Georgia  0 1 1       
Turkey * 1 1 2     1 
Kyrgyzstan 1  1       

#shared sites       1 1 1 1 1 
Spain * 10  10     1 
Portugal * 3  3  1   1 

#shared sites       1   1 1   
Monaco *  0          
San Marino  0          
Italy * 2 1 3 1 1   2 
Slovenia * 1  1       

and #shared sites       1 1 1 1 1 
Bosnia and Herzegovina *  0 1 1       
The FYR of Macedonia  0 1 1       
Malta *  0 1 1       
Bulgaria *  0 1 1       
Cyprus *  0 1 1       
Greece * 1 1 2  1   1 
Serbia and Montenegro  2  2       
Croatia * 2  2       

#shared sites       1 1 1 1 1 
 103   130 10 20 32 20 33 

 


