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Summary 

 The present report presents the results of the activities undertaken since the previous 
report by the Programme Coordinating Centre for the International Cooperative Programme 
on Integrated Monitoring of Air Pollution Effects on Ecosystems. The activities and the 
report on them are in accordance with the request of the Executive Body for the Convention 
on Long-range Transboundary Air Pollution in its 2013–2014 workplan for the 
implementation of the Convention (ECE/EB.AIR/109/Add.2, items 3.1 (c) and 3.6). 

 The report details, in particular, work on the relationships between critical load 
exceedances and empirical effect indicators (ground vegetation and nitrogen and sulphur 
fluxes), changes in catchment retention of sulphur and nitrogen (indicating ecosystem 
impacts and recovery), and heavy metal budgets and processes. 
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 I. Introduction 

1. The work of the International Cooperative Programme on Integrated Monitoring of 
Air Pollution Effects on Ecosystems (ICP Integrated Monitoring) under the Working Group 
on Effects has recently focused particularly on the following key topics: 

 (a) Calculation of site-specific critical loads and the assessment of linkages 
between critical load exceedances and observed impacts (ground vegetation, element fluxes 
and water quality); 

 (b) Trend analysis and assessment of changes in catchment retention of sulphur 
(S) and nitrogen (N); 

 (c) Heavy metal budgets and processes. 

2. Two scientific papers based on the ICP Integrated Monitoring results have been 
published in 20131,2 and a third manuscript is currently in review.3 Progress reports are also 
included in the ICP Integrated Monitoring Annual Report 2013.4 In addition, the 
programme has contributed to joint activities of the Working Group on Effects (e.g., the 
report on the benefits of air pollution control for biodiversity and ecosystem services 
(ECE/EB.AIR/WG.1/2013/14)). Many scientific papers and reports have also been 
published in national studies (see list of publications in ICP Integrated Monitoring Annual 

Report 2013). 

 II. Workplan items common to all programmes 

 A. Targets and scenario analysis 

3. Data from the intensively monitored ICP Integrated Monitoring sites provide a 
connection between modelled critical thresholds and empirical observations, and thus give 
an indication of the applicability of critical load estimates for natural ecosystems. 

4. Chronic N deposition is a threat to biodiversity that results from eutrophication of 
ecosystems. Long-term monitoring data was studied from 28 forest sites, with a total of 
1,335 permanent vegetation sampling units from northern Fennoscandia to southern Italy to 
analyse temporal trends in species cover and diversity3 (figure 1). It was found that the 
cover of plant species, which prefer nutrient-poor soils (oligotrophic species), decreased the 
more the measured N deposition exceeded the empirical critical load for eutrophication 
effects (highly significant correlation). Although, species preferring nutrient-rich sites 
(eutrophic species) did not experience a significant increase in cover, in comparison with 

  
 1 Lage Bringmark and others, “Trace metal budgets for forested catchments in Europe — Pb, Cd, Hg, 

Cu and Zn”, Water, Air & Soil Pollution, vol. 224, No. 1502 (March 2013), doi: 10.1007/s11270-013-
1502-8. 

 2 M. Holmberg and others, “Relationship between critical load exceedances and empirical impact 
indicators at Integrated Monitoring sites across Europe”, Ecological Indicators, vol. 24 (January 
2013), pp. 256–265, doi: http://dx.doi.org/10.1016/j.ecolind.2012.06.013. 

 3 T. Dirnböck, and others, “Forest floor vegetation response to nitrogen deposition in Europe” (2013). 
(in review). 

 4 Sirpa Kleemola and Martin Forsius, eds., 22nd Annual Report 2013 — Convention on Long-range  

Transboundary Air Pollution International Cooperative Programme on Integrated Monitoring of Air 

Pollution Effects on Ecosystems, Reports of the Finnish Environment Institute, No. 25 (Helsinki). 
Available from https://helda.helsinki.fi/handle/10138/40129?show=full. 
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oligotrophic species they had a higher proportion among new-occurring species. The 
observed gradual replacement of oligotrophic species by eutrophic species as a response to 
N deposition seems to be a general pattern, as it was consistent on the European scale. 
Contrary to species cover changes, neither the decrease of species richness nor of 
homogeneity correlated with nitrogen critical load exceedance. 

5. Critical loads for acidification and eutrophication and their exceedances were also 
determined for a selection of ICP Integrated Monitoring sites.2 The level of protection of 
these sites with respect to acidifying and eutrophying deposition was estimated for 2000 
and 2020. In 2020, more sites were protected from acidification (67 per cent) than in 2000 
(61 per cent). However, due to the sensitivity of the sites, even the maximum technically 
feasible emission reductions scenario would not protect all sites from acidification. In 2000, 
around 20 per cent of the ICP Integrated Monitoring sites were protected from 
eutrophication. In 2020, under reductions in accordance with current legislation, about one 
third of the sites would be protected, and, at best, with the maximum technically feasible 
reductions, half of the sites would be protected from eutrophication. Across the sites, there 
was good correlation between the exceedance of critical loads for acidification and key 
acidification parameters in run-off water, both with annual mean fluxes and concentrations. 
There was also evidence of a link between exceedances of critical loads of nutrient nitrogen 
and nitrogen leaching. The collected empirical data of ICP Integrated Monitoring thus 
allow the testing and validation of key concepts used in the critical load calculations. This 
increases confidence in the European-scale critical loads mapping used in integrated 
assessment modelling to support emission reduction agreements. 
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Figure 1 
Changes in species cover for forest plant species in relation to exceedance of critical 

loads of nitrogen at the ICP Integrated  

Monitoring sites 

 

Source: T. Dirnböck and others, “Forest floor vegetation response to nitrogen deposition in 
Europe” (2013) (in review). 

Notes: Forest plant species that prefer low soil nutrient levels have decreased during the past 10 to 
50 years in 28 sites across Europe (from northern Finland to southern Italy) owing to the exceedance 
of nitrogen critical loads. The Y-axis indicates the strength of the cover change of these oligotrophic 
species in the study site (negative values indicate a decrease, positive values an increase). The critical 
load exceedances are shown as the difference between the N deposition and the empirical critical load 
(negative values indicate no exceedance, positive values an exceedance). 

 B. Trends in selected monitored/modelled parameters 

6. Deposition of atmospheric elements to catchments follows pathways through the 
vegetation cover, percolating through the unsaturated soil to the groundwater, where it 
flows to discharge in near stream zones. Along these passages, the chemical content alters 
and the outflow will depend on length, time and geological conditions. Annual input-output 
budgets for S and N for the period 1990–2010 were calculated for a selection of 17 ICP 
Integrated Monitoring sites.5 The selection of catchments was guided by the availability of 
deposition (bulk and throughfall) data and surface water chemistry and run-off volume data 

  
 5 J. Vuorenmaa and others, “Sulphur and nitrogen input-output budgets at ICP Integrated Monitoring 

sites in Europe”, in 22nd Annual Report 2013. 



ECE/EB.AIR/WG.1/2013/9 

 5 

in the ICP Integrated Monitoring database. Annual run-off water element fluxes were 
calculated by summing up mean monthly fluxes, obtained from monthly mean water flux 
and monthly mean solute concentration. In order to quantify retention/release of S and N in 
the catchment, a per cent net export (pne) was calculated. The per cent net export is defined 
as: pne = (output – deposition)100/deposition. Positive pne values indicate release and 
negative pne values indicate retention in the catchment. 

7. A statistically significant downward trend (probability - p < 0.05) of total S 
deposition from 1990 to 2010 was observed at all studied ICP Integrated Monitoring sites 
(see table below). As a response to decreased S deposition, sulphate fluxes in run-off have 
decreased at 16 out of 17 sites, being significant at 60 per cent of the sites. Thus, the 
regional-scale decreases of sulphate deposition and run-off water fluxes observed in the 
earlier trend have continued to decline. N deposition has also decreased at almost all sites 
(15 out of 17), being significant at 53 per cent of the sites. In contrast to sulphate (SO4), 
inorganic nitrogen (TIN) fluxes in run-off showed a mixed response with both decreasing 
and increasing trends. Statistically significant decreasing trends were observed at four sites 
and increasing trends at two sites (DE01, Forellenbach, Germany and SE14, Aneboda, 
Sweden). The significant increasing trends for these two sites are probably due to excess N 
mineralization and increased nitrate (NO3) leaching, resulted from forest damage and 
dieback in the areas due to storm logging and bark beetle infestation. 

8. Estimated SO4 budgets indicated a release of previously stored SO4 at many sites, 
particularly during the 2000s (see table). A net release of stored SO4 is considered to act as 
a hydrogen (H+) source at many ICP Integrated Monitoring sites.6 These results are 
consistent with budget calculations for a number of other studies from European forested 
catchments. These results of the ICP Integrated Monitoring network thus indicate that forest 
soils are now releasing S that accumulated in the past. 

9. Nitrogen is generally the growth-limiting nutrient in forest ecosystems, and the 
uptake of available N compounds is efficient. In contrast to S, N deposition is usually 
retained in boreal terrestrial ecosystems; typically < 10 per cent is leached in run-off, 
mostly as NO3. Nitrate is a strong acid anion and so can acidify soil and water like SO4. 
The pne of N has generally ranged between ‒97 per cent and ‒90 per cent at the ICP 
Integrated Monitoring sites studied during the 2000s, indicating a strong retention of N in 
the catchment.5 Although N has played a rather minor role in acidification in the past, its 
relative importance is increasing because N emissions have decreased much less than S 
emissions. The role of SO4 as an acidifying agent may increase, when continued high N 
deposition may result in N-saturation of terrestrial ecosystems, and excess NO3 leaching to 
surface waters.7 Excess N leaching may also cause eutrophication and other detrimental 
effects in surface waters and coastal ecosystems. Many of these S and N retention processes 
are sensitive to changes in climatic variables, and would therefore be affected by future 
climate changes. 

  
 6 Martin Forsius, Sirpa Kleemola and Michael Starr, “Proton budgets for a network of European 

forested catchments: Impacts of nitrogen and sulphur deposition”, Ecological Indicators, vol. 5 
(2005), pp. 73–83. 

 7 J. A. MacDonald and others, “Nitrogen input together with ecosystem nitrogen enrichment predict 
nitrate leaching from European forests”, Global Change Biology, vol. 8, pp. 1028–1033. 
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Table 1 
Trends of annual input (deposition) and output (run-off water) fluxes and per cent  

net export for sulphate and total inorganic nitrogen (TIN, NO3 + NH4) at studied  

ICP Integrated Monitoring sites in 1990–2010  

 SO4 dep SO4 out  SO4 pne  TIN dep TIN out  TIN pne 

 (meq m-2 yr-1)  (% yr-1)  (meq m-2 yr-1)  (% yr-1) 

       
CZ02, Lysina -10.7 -7.30 7.60 -1.70 -0.90 -0.94 

LT03, Zemaitija -2.53 -5.37 -5.45 -1.38 0.01 0.07 

CZ01, Anenske Povodi -5.58 2.38 8.30 -0.87 -0.07 -0.08 

NO01, Birkenes -3.36 -3.81 1.57 -1.11 -0.18 -0.04 

SE04, Gårdsjön -3.40 -5.02 1.52 -1.51 0.06 0.15 

DE01, Forellenbach -2.88 -0.94 9.37 -1.00 4.82 7.45 

EE02, Saarejärve -1.83 -0.45 7.53 0.27 0.26 0.77 

LV01, Rucava -1.33 -4.43 -3.57 -0.93 0.10 0.19 

LV02, Zoseni -2.10 -9.21 -7.98 -4.15 -0.26 -0.10 

SE15, Kindla -1.51 -4.06 -6.87 -1.04 -0.03 -0.03 

LT01, Aukstaitija -1.40 -10.9 -30.00 -1.54 -0.26 -0.32 

SE14, Aneboda -1.59 -3.15 3.39 -0.67 0.15 0.37 

IT01, Renon-Ritten -2.28 -0.16 1.13 -1.08 -0.05 -0.10 

FI01, Valkea-Kotinen -1.11 -0.46 2.57 -0.41 -0.02 0.04 

NO02, Kårvatn -0.46 -0.52 0.35 0.09 0.01 0.05 

FI03, Hietajärvi -0.62 -0.39 0.96 -0.19 -0.02 -0.04 

SE16, Gammtratten -0.67 -1.18 -4.60 -1.20 -0.04 -0.14 

Source: Vuorenmaa and others, “Sulphur and nitrogen input-output budgets at ICP Integrated 
Monitoring sites in Europe”, in 22nd Annual Report 2013. 

Notes: Statistically significant trend (p < 0.05) of annual change (meq m-2 yr-1 for fluxes, % yr-1 for 
pne) is in bold. 

 III. Heavy metals 

10. Input/output budgets and catchment retention for priority heavy metals such as 
cadmium (Cd), lead (Pb) and mercury (Hg) in the years 1997–2011 were determined for 15 
ICP Integrated Monitoring catchments across Europe.1 Litterfall plus throughfall was taken 
as a measure of the total deposition of Pb and Hg (wet + dry) on the basis of evidence 

suggesting that, for these metals, internal circulation is negligible. The same is not true for 
Cd. Excluding a few sites with high discharge, between 74 and 94 per cent of the input Pb 
was retained within the catchments; significant Cd retention was also observed. High losses 
of Pb (>1.4 mg m

−2
 year

−1
) and Cd (>0.15 mg m

−2
 year

−1) were observed in two 
mountainous Central European sites with high water discharge. All other sites had outputs 
below or equal to 0.36 and 0.06 mg m

−2
 year

−1, respectively, for the two metals. Almost 
complete retention of Hg, 86–99 per cent of input, was reported in the Swedish sites. These 
high levels of metal retention were maintained even in the face of recent dramatic 
reductions in pollutant loads. 

    


