
The Integrated Monitoring Programme (ICP IM) is part of the effect-oriented 
activities under the 1979 Convention on Long-range Transboundary Air Pollution, 
which covers the region of the United Nations Economic Commission for Europe 
(UNECE). The main aim of ICP IM is to provide a framework to observe and 
understand the complex changes occurring in natural/semi natural ecosystems.

This report summarizes the work carried out by the ICP IM Programme Centre 
and several collaborating institutes. The emphasis of the report is in the work done 
during the programme year 2013/2014 including:

•	 A	short	summary	of	previous	data	assessments
•	 A	status	report	of	the	ICP	IM	activities,	content	of	the	IM	database,	and		 	
 geographical coverage of the monitoring network
•	 A	progress	report	on	dynamic	vegetation	modelling	at	ICP	IM	sites	
•	 A	report	on	mass	balances	for	sulphur	and	nitrogen	at	ICP	IM	sites	in	1990-2012
•	 National	Reports	on	ICP	IM	activities	are	presented	as	annexes.
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Summary

Background and objectives of ICP IM

Integrated monitoring of ecosystems means physical, chemical and biological meas-
urements over time of different ecosystem compartments simultaneously at the same 
location. In practice, monitoring is divided into a number of compartmental sub-
programmes which are linked by the use of the same parameters (cross-media flux 
approach) and/or same or close stations (cause-effect approach).

The International Cooperative Programme on Integrated Monitoring of Air Pollu-
tion Effects on Ecosystems (ICP IM, www.syke.fi/nature/icpim) is part of the Effects 
Monitoring Strategy under the Convention on Long-range Transboundary Air Pollu-
tion (LRTAP Convention). The main objectives of the ICP IM are:

• To monitor the biological, chemical and physical state of ecosystems (catch-
ments/plots) over time in order to provide an explanation of changes in terms 
of causative environmental factors, including natural changes, air pollution 
and climate change, with the aim to provide a scientific basis for emission 
control.

• To develop and validate models for the simulation of ecosystem responses 
and use them (a) to estimate responses to actual or predicted changes in pollu-
tion stress, and (b) in concert with survey data to make regional assessments.

• To carry out biomonitoring to detect natural changes, in particular to assess 
effects of air pollutants and climate change.

The full implementation of the ICP IM will allow ecological effects of heavy metals, 
persistent organic substances and tropospheric ozone to be determined. A primary 
concern is the provision of scientific and statistically reliable data that can be used in 
modelling and decision making.

The ICP IM sites (mostly forested catchments) are located in undisturbed areas, 
such as natural parks or comparable areas. The ICP IM network presently covers 
forty-six sites from sixteen countries. The international Programme Centre is located 
at the Finnish Environment Institute in Helsinki. The present status of the monitoring 
activities is described in detail in Section 1 of this report.

A manual detailing the protocols for monitoring each of the necessary physical, 
chemical and biological parameters is applied throughout the programme (Manual 
for Integrated Monitoring 1998, and updated web version).
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Assessment activities within the ICP IM

Assessment of data collected in the ICP IM framework is carried out at both national 
and international levels. Key tasks regarding international ICP IM data have been:

• Input-output and proton budgets
• Trend analysis of bulk and throughfall deposition and runoff water chemistry
• Assessment of responses in biological data
• Dynamic modelling and assessment of the effects of different emission /  

deposition scenarios, including confounding effects of climate change  
processes

• Assessment of concentrations, pools and fluxes of heavy metals
• Compilation of available information on cause-effect relationships of forest 

ecosystems
• Calculation of critical loads for sulphur and nitrogen compounds, and asses-

sment of critical load exceedance, as well as links between critical load excee-
dance and empirical impact indicators. 

Conclusions from international 
studies using ICP IM data

Input-output and proton budgets, C/N interactions

Ion mass budgets have proved to be useful for evaluating the importance of various 
biogeochemical processes that regulate the buffering properties in ecosystems. Long-
term monitoring of mass balances and ion ratios in catchments/plots can also serve 
as an early warning system to identify the ecological effects of different anthropogen-
ically derived pollutants, and to verify the effects of emission reductions.

The first results of input-output and proton budget calculations were presented 
in the 4th Annual Synoptic Report (ICP IM Programme Centre 1995) and the updated 
results regarding the effects of N deposition were presented in Forsius et al. (1996). 
Data from selected ICP IM sites were also included in European studies for evaluating 
soil organic horizon C/N-ratio as an indicator of nitrate leaching (Dise et al. 1998, 
MacDonald et al. 2002). Soil water fluxes for budget calculations have been estimated 
using a water balance model and were presented in Starr 1999. More recent results 
regarding the calculation of fluxes and trends of S and N compounds were presented 
in a scientific paper prepared for the Acid Rain Conference, Japan, December 2000 
(Forsius et al. 2001). A scientific paper regarding calculations of proton budgets was 
published in 2005 (Forsius et al. 2005).

The budget calculations showed that there was a large difference between the sites 
regarding the relative importance of the various processes involved in the transfer 
of acidity. These differences reflected both the gradients in deposition inputs and 
the differences in site characteristics. The proton budget calculations showed a clear 
relationship between the net acidifying effect of nitrogen processes and the amount 
of N deposition. When the deposition increases also N processes become increasingly 
important as net sources of acidity.

A critical deposition threshold of about 8-10 kg N ha-1 yr-1, indicated by several 
previous assessments, was confirmed by the input-output calculations with the ICP 
IM data (Forsius et al. 2001). The output flux of nitrogen was strongly correlated 
with key ecosystem variables like N deposition, N concentration in organic matter 
and current year needles, and N flux in litterfall (Forsius et al. 1996). Soil organic 
horizon C/N-ratio seems to give a reasonable estimate of the annual export flux of 
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N for European forested sites receiving throughfall deposition of N up to about 30 
kg N ha-1 yr-1. When stratifying data based on C/N ratios less than or equal to 25 
and greater than 25, highly significant relationships were observed between N input 
and nitrate leached (Dise et al. 1998, MacDonald et al. 2002, Gundersen et al. 2006). 
Such statistical relationships from intensively studied sites can be efficiently used in 
conjugation with regional monitoring data (e.g. ICP Forests and ICP Waters data) in 
order to link process level data with regional-scale questions.

Sulphur budgets calculations indicated a net release of S from many ICP IM sites, 
indicating that the soils are releasing previously accumulated S. Similar results have 
been obtained in other recent European plot and catchment studies. 

The reduction in deposition of S and N compounds at the ICP IM sites, caused by 
the “Protocol to Abate Acidification, Eutrophication and Ground-level Ozone” of the 
LRTAP Convention (“Gothenburg protocol”), was estimated for the year 2010 using 
transfer matrices and official emissions. Implementation of the protocol will further 
decrease the deposition of S and N at the ICP IM sites in western and north western 
parts of Europe, but in more eastern parts the decrease will be smaller (Forsius et al. 
2001).

Results from the ICP IM sites were also summarised in an assessment report pre-
pared by the Working Group on Effects of the LRTAP Convention (WGE) (Sliggers 
& Kakebeeke 2004, Working Group on Effects 2004).

ICP IM contributed to an assessment report on reactive nitrogen (Nr) of the WGE. 
This report was prepared for submission to the TF on Reactive Nitrogen and other 
bodies of the LRTAP Convention to show what relevant information has been col-
lected by the ICP programmes under the aegis of the WGE to allow a better under-
standing of Nr effects in the ECE region. The report contributed relevant information 
for the revision of the Gothenburg Protocol. A revised Gothenburg Protocol was 
successfully finalised in 2012.

It should also be recognized that there are important links between N deposition 
and the sequestration of C in the ecosystems (and thus direct links to climate change 
processes). These questions were studied in the CNTER-project in which data from 
both the ICP IM and EU/Intensive Monitoring sites were used (Gundersen et al. 
2006). A summary report of the CNTER-results on C/N -interactions and nitrogen 
effects in European forest ecosystems was prepared for the WGE meeting 2007 (ECE/
EB.AIR/WG.1/2007/10).

Trend analysis

Empirical evidence on the development of environmental effects is of central im-
portance for the assessment of success of international emission reduction policy. 
First results from a trend analysis of monthly ICP IM data on bulk and throughfall 
deposition as well as runoff water chemistry were presented in Vuorenmaa (1997). 
ICP IM data on water chemistry were also used for a trend analysis carried out by the 
ICP Waters and results were presented in the Nine Year Report of that programme 
(Lükewille et al. 1997).

Calculations on the trends of N and S compounds, base cations and hydrogen ions 
were made for 22 ICP IM sites with available data across Europe (Forsius et al. 2001). 
The site-specific trends were calculated for deposition and runoff water fluxes using 
monthly data and non-parametric methods. Statistically significant downward trends 
of SO4, NO3 and NH4 bulk deposition (fluxes or concentrations) were observed at 
50% of the ICP IM sites. Sites with higher N deposition and lower C/N-ratios clearly 
showed higher N output fluxes, and the results were consistent with previous obser-
vations from European forested ecosystems. Decreasing SO4 and base cation trends 
in runoff waters were commonly observed at the ICP IM sites. At some sites in the 
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Nordic countries decreasing NO3 and H+ trends (increasing pH) were also observed. 
The results partly confirm the effective implementation of emission reduction policy 
in Europe. However, clear responses were not observed at all sites, showing that 
recovery at many sensitive sites can be slow and that the response at individual sites 
may vary greatly.

Data from ICP IM sites were also used in a study of the long-term changes and 
recovery at nine calibrated catchments in Norway, Sweden and Finland (Moldan 
et al. 2001, RECOVER: 2010 project). Runoff responses to the decreasing deposition 
trends were rapid and clear at the nine catchments. Trends at all catchments showed 
the same general picture as from small lakes in Scandinavia.

It was agreed at the ICP IM Task Force meeting in 2004 that a new trend analysis 
should be carried out. The preliminary results were presented in Kleemola (2005) 
and the updated results in the 15th Annual Report (Kleemola et al. 2006). Statistically 
significant decreases in SO4 concentrations were observed at a majority of sites in 
both deposition and runoff/soil water quality. Increases in ANC (acid neutralising 
capacity) were also commonly observed. For NO3 the situation was more complex, 
with fewer decreasing trends in deposition and even some increasing trends in run-
off/soil water.

Results from several ICPs and EMEP were used in an assessment report on acid-
ifying pollutants, arctic haze and acidification in the arctic region prepared for the 
Arctic Monitoring and Assessment Programme (AMAP, Forsius and Nyman 2006, 
www.amap.no). Sulphate concentrations in air generally showed decreasing trends 
since the 1990s. In contrast, levels of nitrate aerosol were increasing during the arctic 
haze season at two stations in the Canadian arctic and Alaska, indicating a decoupling 
between the trends in sulphur and nitrogen. Chemical monitoring data showed that 
lakes in the Euro-Arctic Barents region are showing regional scale recovery. Direct 
effects of sulphur dioxide emissions on trees, dwarf shrubs and epiphytic lichens 
were observed close to large smelter point sources.

Vuorenmaa et al. (2009) made a more recent trend evaluation using ICP IM data. 
These results confirmed the previously observed regional-scale decreasing trends of S 
in deposition and runoff/soil water. Acid-sensitive ICP IM sites in northern Europe al-
so indicated recovery from acidification. The situation regarding N was quite different 
with few decreasing trends in deposition and both decreasing and increasing trends 
in runoff/soil water. Critical load calculations for Europe also indicate exceedances of 
the N critical loads over large areas. It was concluded that the N problem thus clearly 
requires continued attention as a European air pollution issue.

A new assessment on changes in the retention of S and N compounds at the ICP 
IM sites was prepared for the 21st Annual Report (Vuorenmaa et al. 2012). Updated 
and revised data were included in the continuation of the work in the 22nd Annual 
Report. In addition, the role of organic nitrogen in mass balance budget was derived 
and trends of S and N in fluxes were analysed (Vuorenmaa et al. 2013). 

Detected responses in biological data

The effect of pollutant deposition on natural vegetation, including both trees and 
understorey vegetation, is one of the central concerns in the impact assessment and 
prediction. The first assessment of vegetation monitoring data at ICP IM sites with 
regards to N and S deposition was carried out by Liu (1996). Vegetation monitoring 
was found useful in reflecting the effects of atmospheric deposition and soil water 
chemistry, especially regarding sulphur and nitrogen. The results suggested that 
plants respond to N deposition more directly than to S deposition with respect to 
vegetation indices.
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De Zwart (1998) carried out an exploratory multivariate statistical gradient anal-
ysis of possible causes underlying the aspect of forest damage at ICP IM sites. These 
results suggested that coniferous defoliation, discolouration and lifespan of needles 
in the diverse phenomena of forest damage are for respectively 18%, 42% and 55% 
explained by the combined action of ozone and acidifying sulphur and nitrogen 
compounds in air.

From the previous ordination exercises it was concluded that the applied statistical 
techniques are capable of revealing underlying structure and possible cause-effect 
relationships in complex ecological data, provided that analysed gradients have an 
adequate range to be interpolated. Since the data obtained were unexpectedly poor in 
the span of environmental gradients, the results of the presented statistical ordination 
only indicated correlative cause-effect relationships with a limited validity. The poor 
span of gradients could be attributed to the relative scarcity of biological effect data 
and the occurrence of missing observations both in the chemical and biological data 
sets. It was concluded, that the power of the vegetation monitoring in impact assess-
ment would increase considerably with improvements in the ICP IM data reporting 
and inclusion of additional sites.

As a separate exercise, the epiphytic lichen flora of 25 European ICP IM monitoring 
sites, all situated in areas remote from local air pollution sources, was statistically 
related to measured levels of SO2 in air, NH4

+, NO3
– and SO4

2– in precipitation, annual 
bulk precipitation, and annual average temperature (van Herk et al. 2003, de Zwart 
et al. 2003). It was concluded that long distance transport of nitrogen air pollution is 
important in determining the occurrence of acidophytic lichen species, and constitutes 
a threat to natural populations that is strongly underestimated so far. 

Concepts for biodiversity monitoring and research have been developed in the 
ALTER-Net project (www.alter-net.info).

In 2010, the Task Force meeting decided upon a new reporting format for biological 
data. The new format was based on primary raw data, and not aggregated mean val-
ues as before. All countries were encouraged to re-report old data in the new format. 
This was successful and as a result, the full potential of the biological data from the 
ICP Integrated Monitoring network could be utilised to raise and answer research 
question that the old database could not.

The first study utilising the new database focussed on effects on forest floor vegeta-
tion from elevated nitrogen deposition (Dirnböck et al. 2014). The final scientific paper 
was preceded by status reports published in the 20th, 21st and 22nd Annual Reports 
(Bergander et al. 2011, Dirnböck et al. 2012, Dirnböck & Grandin 2013).

In many European countries airborne nitrogen coming from agriculture and fossil 
fuel burning exceeds critical thresholds and threatens the functioning of ecosystems. 
One effect is that high levels of nitrogen stimulate the growth of only a few plants 
which outcompete other, often rare species. As a consequence biodiversity declines. 
Though this is known to happen in natural and semi-natural grasslands, it has never 
been shown in forest ecosystems where management is a strong, mostly overriding 
determinant of biodiversity. Using the new database, long-term monitoring data 
from 28 Integrated Monitoring sites was utilised to analyse temporal trends in plant 
species cover and diversity (Dirnböck et al. 2014). At sites where nitrogen deposition 
exceeded the critical load, the cover of forest plant species preferring nutrient-poor 
soils (oligotrophic species) significantly decreased whereas plant species preferring 
nutrient-rich soils (eutrophic species) showed - though weak - an opposite trend. 
These results show that airborne nitrogen has changed the structure and composition 
of forest floor vegetation in Europe. Plant species diversity did not decrease signifi-
cantly within the observed period but the majority of newly established species was 
found to be eutrophic. Hence it was hypothesized that without reducing nitrogen 
deposition below the critical load forest biodiversity will decline in the future.     
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Dynamic modelling and assessment of the effects 
of emission/deposition scenarios

In a policy-oriented framework, dynamic models are needed to explore the temporal 
aspect of ecosystem protection and recovery. The critical load concept, used for defin-
ing the environmental protection levels, does not reveal the time scales of recovery. 
Priority in the ICP IM work is given to site-specific modelling. The role of ICP IM is 
to provide detailed and consistent physical and chemical data and long time-series 
of observations for key sites against which model performance can be assessed and 
key uncertainties identified (see Jenkins et al. 2003). ICP IM participates also in the 
work of the Joint Expert Group on Dynamic Modelling (JEG) of the WGE.

Dynamic models have been developed and used for the emission/deposition and 
climate change scenario assessment at several selected ICP IM sites (e.g. Forsius et 
al. 1997, 1998a, 1998b, Posch et al. 1997, Jenkins et al. 2003, Futter et al. 2008,  2009). 
These models are flexible and can be adjusted for the assessment of alternative sce-
narios of policy importance. The modelling studies have shown that the recovery of 
soil and water quality of the ecosystems is determined by both the amount and the 
time of implementation of emission reductions. According to the models, the timing 
of emission reductions determines the state of recovery over a short time scale (up 
to 30 years). The quicker the target level of reductions is achieved, the more rapidly 
the surface water and soil status recover. For the long-term response (> 30 years), the 
magnitude of emission reductions is more important than the timing of the reduction. 
The model simulations also indicate that N emission controls are very important to 
enable the maximum recovery in response to S emission reductions. Increased nitro-
gen leaching has the potential to not only offset the recovery predicted in response to 
S emission reductions but further to promote substantial deterioration in pH status 
of freshwaters and other N pollution problems in some areas of Europe.

Work has also been conducted to predict potential climate change impacts on air 
pollution related processes at the sites. The large EU-project Euro-limpacs (2004-2009) 
studied the global change impacts on freshwater ecosystems. The institutes involved 
in the project used  data collected at ICP IM and ICP Waters sites as key datasets for the 
modelling, time-series and experimental work of the project. A modelling assessment 
on the global change impacts on acidification recovery was carried out in the project 
(Wright et al. 2006). The results showed that climate/global change induced changes 
may clearly have a large impact on future acidification recovery patterns, and need to 
be addressed if reliable future predictions are wanted (decadal time scale). However, 
the relative significance of the different scenarios was to a large extent determined 
by site-specific characteristics. For example, changes in sea-salt deposition were only 
important at coastal sites and changes in decomposition of organic matter at sites 
which are already nitrogen saturated.

A summary on the use of dynamic modelling forecasts to derive target loads for 
sulphur and nitrogen in atmospheric deposition, including climate change impacts, 
was included in the 16th Annual Report (Hutchins 2007). 

In response to environmental concerns, the use of biomass energy has become an 
important mitigation strategy against climate change. A summary report on links 
between climate change and air pollution effects, based on results of the Euro-limpacs 
project, was prepared for the WGE meeting 2008 (ECE/EB.AIR/WG.1/2008/10). It 
was concluded that the increased use of forest harvest residues for biofuel production 
is predicted to have a significant negative influence on the base cation budgets causing 
re-acidification at the study catchments. Sustainable forestry management policies 
would need to consider the combined impact of air pollution and harvesting practices. 

Dynamic vegetation modelling at ICP IM sites has been initiated with contributions 
from ICP M&M and ICP Forest.
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Pools and fluxes of heavy metals

The work to assess concentrations, stores and fluxes of heavy metals at ICP IM sites is 
led by Sweden. Preliminary results on concentrations, fluxes and catchment retention 
were reported to the Working Group on Effects (document EB.AIR/WG.1/2001/10). 
Considerable retention of Cd, Cu, Ni, Pb and Zn (80-95 % of total input) was ob-
served at some sites with available detailed information. The main findings on heavy 
metals budgets and critical loads at ICP IM sites were presented in the 15th, 16th and 
20th Annual Reports (Bringmark et al. 2006, Bringmark & Lundin 2007, Bringmark 
2011). Input/output budgets and catchment retention for Cd, Pb and Hg in the years 
1997–2011 were determined for 14 ICP IM catchments across Europe (Bringmark et al. 
2013). 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 % of the input, Pb was retained within the catchments; 
significant Cd retention was also observed. High losses of Pb (>1.4 mg m−2 yr−1) and 
Cd (>0.15 mg m−2 yr−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 yr−1, respectively, for the two metals. Almost complete retention of Hg, 86–99 
% 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.

In many national studies on ICP IM sites, detailed site-specific budget calculations 
of heavy metals (including mercury) have improved the scientific understanding of 
ecosystem processes, retention times and critical thresholds. ICP IM sites are also 
used for dynamic model development of these compounds.

Compilation of available information on cause-
effect relationships of forest ecosystems

A report summarising available information from the ICP Forests and ICP IM pro-
grammes on cause-effect relationships of forest ecosystems was prepared by de Vries 
et al. 2002. The results were also officially reported to the Working Group on Effects 
in 2002 (EB.AIR/WG.1/2002/15).

Calculation of critical loads and their exceedance, 
relationships to effect indicators

Empirical impact indicators of acidification and eutrophication were determined from 
stream water chemistry and runoff observations at ICP IM catchments. The indicators 
were compared with exceedances of critical loads of acidification and eutrophication 
obtained with deposition estimates for the year 2000. Critical loads for acidification 
were calculated for the stream water with the Steady-State Water Chemistry model 
feeding into the First-order Acidity Balance model. Critical loads for eutrophication 
were established as vegetation-specific empirical values for sites with only vegetation 
plots without runoff observations. Empirical impact indicators agreed well with the 
calculated exceedances. Annual mean fluxes and concentrations of acid neutralizing 
capacity (ANC) were negatively correlated with the exceedance of critical loads 
of acidification. Observed leaching of nitrogen was positively correlated with the 
exceedances of critical loads. With deposition estimates for 2020, although only one 
more catchment (7 cf. 6 of 18) would be protected from acidification, the average 
exceedance would decrease from 1 000 eq ha–1 yr–1 in 2000 to 300 eq ha–1 yr–1 in 2020. 
For the vegetation plots, the protection from eutrophication would rise from 15 (of 
83) protected in 2000 to 54 protected in 2020. Progress reports of these activities were 
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presented in Holmberg et al. (2009) and Vuorenmaa & Holmberg (2010). A scientific 
paper on the key findings from these studies was published in 2013 (Holmberg et al. 
2013), concluding that data from the ICP IM provide evidence of a connection between 
modelled critical loads and empirical monitoring results for acidification parameters 
and nutrient nitrogen.

Planned activities

• Maintenance and development of a central ICP IM database at the Pro-
gramme Centre.

• Continued assessment of the long-term effects of air pollutants to support the 
implementation of emission reduction protocols, including:

 - Assessment of trends.
 - Calculation of ecosystem budgets, empirical deposition thresholds and   

 site-specific critical loads.
 - Dynamic modelling and scenario assessment.
 - Comparison of calculated critical load exceedances with observed  

 ecosystem effects.
• Calculation of pools and fluxes of heavy metals at selected sites.
• Assessment of cause-effect relationships for biological data, particularly vege-

tation.
• Coordination of work and cooperation with other ICPs, particularly regarding 

dynamic modelling (all ICPs), cause-effect relationships in terrestrial systems 
(ICP Forests, ICP Vegetation), and surface waters (ICP Waters).

• Participation in the development of the European LTER-network (Long Term 
Ecological Research network, www.lter-europe.net), and the related EU-infra-
structure project LifeWatch (www.lifewatch.eu).

• Cooperation with other external organisations and programmes, particularly 
the International Long Term Ecological Research network (ILTER, www.ilter-
net.edu).

• Participation in projects with a global change perspective. 
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1    ICP IM activities, monitoring sites 
and available data

1.1  
Review of the ICP IM activities in 2013-2014

Meetings

• The Chairman Lars Lundin represented the ICP IM programme at the 29th ICP 
Forests Task Force meeting in Belgrade, Serbia, 27-31 May 2013. 

• The Chair Lars Lundin and the Programme Manager Martin Forsius partici-
pated in Saltsjöbaden V meeting, 24 - 26 June 2013, in Gothenburg, Sweden.

• Martin Forsius took part in the LifeWatch/Horizon 2020 Conference in Rome, 
Italy, 3-6 September 2013. 

• Lars Lundin and Martin Forsius represented ICP IM in the Working Group on 
Effects (WGE) 32nd meeting in Geneva, Switzerland, 12-13 September 2013 and 
in the joint Extended Bureau meeting with EMEP SB, on 11 September.

• Maria Holmberg took part in the VSD+ meeting in Wageningen, the Nether-
lands, 9-10 October 2013.

• Martin Forsius represented ICP IM in the 21st ILTER Annual Coordinating 
Committee Meeting in Seul and on Jeju Island in Korea, 5-12 October 2013. 

• Maria Holmberg attended the fourteenth meeting of Joint Expert Group on 
Dynamic Modelling (JEG) in Sitges, Spain, 28-31 October 2013.

• Jussi Vuorenmaa represented the ICP IM programme at the ICP Waters 29th 
Task Force meeting in Český Krumlov, Czech Republic, 1-3 October 2013.

• Martin Forsius took part in the third annual ExpeER (Experimentation in Eco-
system Research) meeting in Montpellier, France, 13-14 November 2013.

• Lars Lundin, Martin Forsius and Jussi Vuorenmaa participated in the  
EnvEurope Final Conference arranged in conjunction with the LTER-Europe 
Annual Conference in Rome, Italy, 26-29 November 2013.

• Martin Forsius represented ICP IM in the LTER/Horizon 2020 meeting in 
Vienna, Austria, 13-14 February 2014.

• Lars Lundin represented ICP IM in the joint EMEP SB and WGE Extended 
Bureau meeting on March 26, 2014 and in the WGE Extended Bureau meeting 
on March 27-28, 2014, in Geneva, Switzerland.

• Maria Holmberg took part and represented ICP IM in the 24th CCE Workshop 
and 30th Task Force Meeting of the ICP M&M in Rome, Italy, 7-10 April 2014.

• The twenty-second meeting of the Programme Task Force on ICP Integrated 
Monitoring was held in Westport, Ireland on 8 May 2014. A one-day work-
shop on the assessment of ICP IM data was held prior to the Task Force meet-
ing on 7 May.
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Projects, data issues 

After December 1st 2013 the National Focal Points (NFPs) reported their 2012 results 
to the IM Programme Centre. The Programme Centre carried out standard check-up 
of the results and incorporated them into the IM database. 

Scientific work in priority topics

• The Programme Centre prepared the ICP IM contribution to the Joint Report 
2013 of the ICPs, TF health and Joint Expert group on Dynamic Modelling for 
the WGE.

• A scientific article ‘Forest floor vegetation response to nitrogen deposition in 
Europe’ by Dirnböck et al. was published in Global Change Biology in 2014.

• Progress report on dynamic vegetation modelling at ICP IM sites is included 
as a chapter in the present Annual Report 2014 (M. Holmberg).

• A report on mass balances for sulphur and nitrogen at ICP IM sites in 1990-
2012 is presented in the present Annual Report (J. Vuorenmaa et al.). A sci-
entific paper on mass balances for sulphur and nitrogen at ICP IM sites is 
planned for 2014.

• ICP IM participates in a joint coordinated exercise on dynamic modelling 
together with other ICPs (Joint Expert Group on Dynamic Modelling, JEG 
DM). Priority in the ICP IM work is given to site-specific modelling activities 
and development/testing of new methodologies for assessing the connections 
between air pollution and climate change. 

1.2  
Activities and tasks planned for 2014-2015

Activities/tasks related to the programme’s present objectives, 
carried out in close collaboration with other ICPs/ Task Forces 

According to the workplan of the Working Group on Effects, ICP IM will produce 
the following reports:

2014: Report and scientific paper on mass balances for sulphur and nitrogen.
2015: Report on dynamic modelling on vegetation changes in relation to N  

   deposition. A scientific paper on this topic is also planned.
2015: Report and scientific paper on long-term trends in ecosystem effects of  

   sulphur, nitrogen and heavy metals.
2015: A trend report together with ICP Waters.

Other activities 

• Maintenance and development of central ICP IM database at the Programme 
Centre

• Arrangement of the 23rd Task Force meeting (2015)
• Preparation of the 24th ICP IM Annual Report (2015)
• Preparation of the ICP IM contribution to assessment reports of the WGE
• Participation in meetings of the WGE, other ICPs and the JEG DM
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Activities/tasks aimed at further development of the programme

• Participation in the development of the European LTER-network (Long Term 
Ecological Research network, www.lter-europe.net), and the related EU-infra-
structure project LifeWatch (www.lifewatch.eu)

• Participation in the activities of other external organisations, particularly the 
International Long Term Ecological Research Network (ILTER, www.ilternet.
edu)

1.3  
Published reports and articles 2013-2014

Evaluations of international ICP IM data and related publications
Dirnböck, T., Grandin, U., Bernhard-Römermann, M., Beudert, B., Canullo, R., Forsius, M., Grabner, 

M.-T., Holmberg, M., Kleemola, S., Lundin, L., Mirtl, M., Neumann, M., Pompei, E., Salemaa, M., 
Starlinger, F., Staszewski, T. & Uziębło, A. K. 2014. Forest floor vegetation response to nitrogen depo-
sition in Europe. Global Change Biology 20: 429-440. 

Kleemola, S. & Forsius, M. (Eds.), 2013. 22nd Annual Report 2013. Convention on Long-range Tran-
sboundary Air Pollution, ICP Integrated Monitoring. Reports of Finnish Environment Institute 
25/2013, Finnish Environment Institute, Helsinki. 60 p. http://hdl.handle.net/10138/40129 

Evaluations of national ICP IM data and 
publications of ICP IM representatives
Arvola, L., Salonen, K., Keskitalo, J., Tulonen, T., Järvinen, M. & Huotari, J. 2014. Plankton metabolism 

and sedimentation in a small boreal lake – a long-term perspective. Boreal Env. Res. 19 (suppl. A): 
83-96.

Buchtová, J., Navrátil, T., Rohovec, J., Matoušková, Š., Myška, O., Krám, P. & Tesař, M. 2013. Total  
mercury in stream water of selected catchments within Czech Republic. In: 11th Conf. on Mercury as 
a Global Pollutant Abstracts, M69, Edinburgh, UK. (abstract)

Dannhaus, N., von Blanckenburg, F., Wittmann, H., Krám, P. & Christl, M. 2013. Measuring denudation 
rates with the 10Be(meteoric)/9Be isotopic ratio in catchments with different lithologies. Mineralogical 
Magazine 77(5): 944. (abstract)

Garmo, Ø. A., Skjelkvåle, B. L., de Wit, H. A., Colombo, L., Curtis, C., Fölster, J., Hoffmann, A., Hruška, 
J., Høgåsen, T., Jeffries, D. S, Keller, W. B,  Krám, P., Majer, V., Monteith, D. T., Paterson, A. M.,  
Rogora, M., Rzychon, D., Steingruber, S., Stoddard, J. L., Vuorenmaa, J. & Worsztynowicz, A. 2014. 
Trends in surface water chemistry in acidified areas in Europe and North America from 1990 to 2008. 
Water Air Soil Pollution 225:1880. 

Holmberg, M., Futter, M. N., Kotamäki, N., Fronzek, S., Forsius, M., Kiuru, P., Pirttioja, N., Rasmus, K., 
Starr, M. & Vuorenmaa, J. 2014. Effects of changing climate on the hydrology of a boreal catchment 
and lake DOC – probabilistic assessment of a dynamic model chain. Boreal Env. Res. 19 (suppl. A): 
66-82.

Horecký, J., Rucki, J., Stuchlík, E., Krám, P., Křeček, J. & Bitušík, P. 2013. Benthic macroinvertebrates of 
headwater streams with extreme hydrochemistry. Biologia 68: 303-313.

Huotari, J., Nykänen, H., Forsius, M. & Arvola, L. 2013.  Effect of catchment characteristics on aquatic 
carbon export from a boreal catchment and its importance in regional carbon cycling. Global Change 
Biology 19 (2): 3607-3620. 

Jylhä, K., Laapas, M., Ruosteenoja, K., Arvola, L., Drebs, A., Kersalo, J., Saku, S., Gregow, H.,  
Hannula, H.-R. & Pirinen, P. 2014. Climate variability and trends in the Valkea-Kotinen region, sout-
hern Finland: comparisons between the past, current and projected climates. Boreal Env. Res.  
19 (suppl. A): 4-30.

Krám, P., Čuřík, J., Veselovský, F., Myška, O., Štědrá, V., Bláha, V. & Hruška, J. 2013. Drainage water 
chemistry reflects monolithologic Critical Zones. Mineralogical Magazine 77(5): 1509. (abstract)

Krám, P., Myška, O., Čuřík, J., Veselovský, F. & Hruška, J. 2013. Drainage water chemistry in  
geochemically contrasting catchments. In: Stojanov R. et al. (eds.) Global Change and Resilience 
From Impacts to Response Conf. Proc., Global Change Res. Centre of the Acad. of Sci. of the Czech 
Rep., Brno, 173-177.

Krám, P., Myška, O., Hruška, J., Majer, V., Lamačová, A. & Oulehle, F. 2013. Long-term changes in  
aluminium concentrations and fluxes in Czech streams recovering from acidification. In: 10th Keele 
Meeting on Aluminium. Book of Abstracts. Illuminating and Elucidating Aluminium’s Exposome: 
From Geochemistry to Neurochemistry, From Microbe to Man, 37, Keele Univ., Winchester, UK. 
(abstract)
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Lamačová, A., Yu, X., Duffy, C., Krám, P., Hruška, J. & Farda, A. 2013. Projections of future  
water-energy-vegetation regimes at Lysina, Czech Republic. In: Stojanov R. et al. (eds.) Global  
Change and Resilience From Impacts to Response Conf. Proc., Global Change Res. Centre of the 
Acad. of Sci. of the Czech Rep., Brno, 182-185.

Lehtovaara, A., Arvola, L., Keskitalo, J., Olin, M., Rask, M., Salonen, K., Sarvala, J., Tulonen, T. &  
Vuorenmaa, J. 2014. Responses of zooplankton to long-term environmental changes in a small boreal 
lake. Boreal Env. Res. 19 (suppl. A): 97-111.

Mayer, M., Pfefferkorn-Dellali, V., Türk, R., Dullinger, S., Mirtl, M. & Dirnböck, T. 2013. Significant  
decrease in epiphytic lichen diversity in a remote area in the European Alps, Austria. Basic and 
Applied Ecology 14: 396-403.

Merilä, P., Mustajärvi, K., Helmisaari, H.-S., Hilli, S., Lindroos, A.-J., Nieminen, T.M., Nöjd, P., Rautio, P., 
Salemaa, M. & Ukonmaanaho, L. 2014. Above- and below-ground N stocks in coniferous boreal  
forests in Finland: Implications for sustainability of more intensive biomass utilization. Forest  
Ecology and Management 311:17-28.

Peltomaa, E., Ojala, A., Holopainen, A.-L. & Salonen, K. 2013: Changes in phytoplankton in a boreal  
lake during a 14-year period. Boreal Env. Res. 18: 387-400.

Rask, M., Arvola, L., Forsius, M. & Vuorenmaa, J. 2014. Preface to the Special Issue “Integrated  
Monitoring in the Valkea-Kotinen Catchment during 1990-2009: Abiotic and Biotic Responses to 
Changes in Air Pollution and Climate”. Boreal Env. Res. 19 (suppl. A): 1-3.

Rask, M., Sairanen, S., Vesala, S., Arvola, L., Estlander, S. & Olin, M. 2014. Population dynamics and  
growth of perch in a small, humic lake over a 20-year period – importance of abiotic and biotic  
factors. Boreal Env. Res. 19 (suppl. A): 112-123.

Ruoho-Airola, T., Hatakka, T., Kyllönen, K., Makkonen, U. & Porvari, P. 2014. Temporal trends in the 
bulk deposition and atmospheric concentration of acidifying compounds and trace elements in the 
Finnish Integrated Monitoring catchment Valkea-Kotinen during 1988-2011. Boreal Env. Res. 19 
(suppl. A): 31-46.

Traister, E.M., McDowell, W.D., Krám, P., Fottová, D. & Kolaříková, K. 2013. Persistent effects of  
acidification on stream ecosystem structure and function. Freshwater Science 32: 586-596.

Vuorenmaa, J., Arvola, L., Forsius, M., Hatakka, T., Horppila, P., Rask, M., Ruoho-Airola, T.,  
Sairanen, S., Starr, M., Ukonmaanaho, L. & Verta, M. 2013. Valkea-Kotinen - long-term results from a 
Finnish ICP Integrated Monitoring (IM) catchment. In: Merilä, P. & Jortikka, S. (eds.). Forest  
Condition Monitoring in Finland - National report. The Finnish Forest Research Institute.  
http://www.metla.fi/metinfo/forest-condition/projects/valkea.htm

Vuorenmaa, J., Salonen, K., Arvola, L., Mannio, J., Rask, M. & Horppila, P. 2014. Water quality of a small 
headwater lake reflects long-term variations in deposition, climate and in-lake processes. Boreal  
Env. Res. 19 (suppl. A): 47-65.

De Wit, H.A., Granhus, A., Lindholm, M., Kainz, M.J., Lin, Y., Braaten, H.F.V. & Blaszczek, J. 2014.  
Forest harvest effects on mercury in streams and biota in Norwegian boreal catchments. Forest  
Ecology and Management 324:52-63.

1.4  
Monitoring sites and data
The following sixteen countries have continued data submission to the ICP IM data 
base during the period 2009 - 2013: Austria, Belarus, Canada, the Czech Republic, 
Estonia, Finland, Germany, Italy, Latvia, Lithuania, Norway, the Russian Federation, 
Spain, Sweden, United Kingdom and Ukraine. Site UA01 in Ukraine was re-estab-
lished and data submitted from 2012 onwards. Canada will deliver the missing data 
from CA01 in 2014.

Norway included an additional site NO03, Langtjern in 2013. Ireland re-established 
site IE01 in 2012 and will provide data in 2014. 

Presently the number of ICP IM sites with on-going data submission, data for at 
least part of the period 2008–2012, is forty-six. Most of the sites are European. An 
overview of the data reported internationally to the ICP IM database is given in Table 
1.1. Additional earlier reported data are available from sites outside those presented 
in Table 1.1. and Fig. 1.1. These sites have either been suspended or taken out of the 
IM network and used for regional monitoring. Locations of the ICP IM monitoring 
sites with data from recent years are shown in Fig. 1.1.
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Figure 1.1. Geographical locations of ICP IM sites with data from recent years.

June 2014                          
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AT/ Austria 
NFP: Maria-Theresia Grabner and Thomas Dirnböck 
Environment Agency Austria 
Spittelauer Lände 5 
A-1090 Vienna 
AUSTRIA  
e-mail: maria-theresia.grabner@umweltbundesamt.at 
thomas.dirnboeck@umweltbundesamt.at

BY/ Belarus 
NFP: Anatoly Srybny 
Berezinsky Biosphere Reserve  
P.O. Domzheritzy 
Lepel District  
Vitebskaya oblast, 211188 
BELARUS 
e-mail: srybny@vitb.by.mecom.ru

CA/ Canada 
Contact for site CA01: Dean S. Jeffries 
National Water Research Institute 
Canada Centre for Inland Waters 
867 Lakeshore Road 
P.O. Box 5050 
Burlington, Ontario L7R 4A6 
CANADA 
e-mail: dean.jeffries@ec.gc.ca

Rock Ouimet  
Direction de la recherche forestiere  
Forest Quebec 
Ministère des Resources naturelles du Quebec 
2700 rue Einstein  
Sainte-Foy  
Québec, G1P 3W8 
CANADA 
e-mail: rock.ouimet@mrnf.gouv.qc.ca

CZ/ Czech Republic  
NFP and contact for site CZ01: Milan Vána 
Czech Hydrometeorological Institute 
Observatory Košetice 
CZ-394 22 Košetice 
CZECH REPUBLIC 
e-mail: vanam@chmi.cz

Contact for site CZ02: Pavel Krám 
Czech Geological Survey 
Department of Geochemistry 
Klarov 3 
CZ-118 21 Prague 1 
CZECH REPUBLIC 
e-mail: pavel.kram@geology.cz

1.5  
National Focal Points (NFPs) and contact persons for ICP IM sites

DE/ Germany 
NFP: Helga Dieffenbach-Fries 
Federal Environment Agency 
Paul-Ehrlich-Straße 29 
D-63225 Langen 
GERMANY 
e-mail: helga.fries@uba.de

Contact for site DE01: Burkhard Beudert 
Nationalparkverwaltung Bayerischer Wald 
Sachgebiet Forschung und Dokumentation 
Integriertes Ökosystemmonitoring 
Freyunger Straße 2 
D-94481 Grafenau 
GERMANY 
e-mail: burkhard.beudert@npv-bw.bayern.de

Contact for site DE02: Hubert Schulte-Bisping 
Büsgen-Institute 
Georg August University of Göttingen 
Büsgenweg 2 
D-37077 Göttingen 
GERMANY 
e-mail: hschult1@gwdg.de

EE/ Estonia  
NFP: Reet Talkop 
Analysis and Planning Department 
Ministry of the Environment 
Narva mnt 7A-505 
15172 Tallinn 
ESTONIA 
e-mail: reet.talkop@envir.ee

ES/ Spain 
NFP: Jesús Miguel Santamaría 
Laboratorio Integrado de Calidad Ambiental 
LICA 
Departamento de Química y Edafología 
Universidad de Navarra 
Irunlarrea 1, 31008 Pamplona 
SPAIN 
e-mail: chusmi@unav.es

FI/ Finland 
Contact persons: 
Sirpa Kleemola and Jussi Vuorenmaa 
Finnish Environment Institute, SYKE 
P.O. Box 140 
FI-00251 Helsinki 
FINLAND 
e-mail: sirpa.kleemola@ymparisto.fi 
jussi.vuorenmaa@ymparisto.fi
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GB/ United Kingdom 
NFP: Chris Evans 
Centre for Ecology and Hydrology (CEH) 
Environment Centre Wales 
Deiniol Road 
Bangor 
LL61 6HJ 
UNITED KINGDOM  
e-mail: cev@ceh.ac.uk

IE/Ireland 
NFP: Thomas Cummins 
University College Dublin 
UCD School of Agriculture and Food Science 
Belfield, Dublin 4 
IRELAND  
e-mail: thomas.cummins@ucd.ie

IT/ Italy  
NFP: Enrico Pompei 
National Forest Service (Div. VI) 
CONECOFOR 
Via Carducci 5 
I-00187 Rome 
ITALY 
e-mail:e.pompei@corpoforestale.it

Contact for Alpine sites IT01, IT02:  
Stefano Minerbi  
Ufficio Servizi Generali Forestari 
Via Brennero 6 
I-39100 Bolzano  
ITALY 
e-mail: stefano.minerbi@provinz.bz.it

LT/ Lithuania 
NFP: Gediminas Liutkevičius and 
Gintaras Matiukas 
Activity Planning and Public Information Division 
Environmental Protection Agency 
Juozapavičiaus st. 9 
LT-09311 Vilnius 
LITHUANIA 
e-mail: g.liutkevicius@aaa.am.lt  
g.matiukas@aaa.am.lt

Contact for sites LT01, LT03: 
Algirdas Augustaitis  
Forest Monitoring Laboratory 
Aleksandras Stulginskis University 
Studentu 13 
Kaunas distr. 
LT-53362 
LITHUANIA  
e-mail: algirdas.augustaitis@asu.lt

LV/ Latvia 
NFP: Iveta Indriksone 
State Ltd Latvian Environment, Geology and 
Meteorology Centre 
Monitoring Department 
Maskavas Str. 165 
LV-1019 Riga 
LATVIA  
e-mail: epoc@lvgmc.lv

NO/ Norway 
NFP: Heleen de Wit 
Norwegian Institute for Water Research  
NIVA 
Gaustadalléen 21 
NO- 0349 Oslo 
NORWAY 
e-mail: heleen.de.wit@niva.no

RU/ Russia 
NFP: Anna Koukhta 
Institute of Global Climate and Ecology 
Glebovskaya str. 20 B 
107258 Moscow 
RUSSIA 
e-mail: anna_koukhta@mail.ru

SE/ Sweden 
NFP: Lars Lundin 
Swedish University of Agricultural Sciences  
Department of Aquatic Sciences and Assessment 
P.O. Box 7050 
SE-75007 Uppsala 
SWEDEN  
e-mail: lars.lundin@slu.se

UA/ Ukraine 
NFP: 
Vladimir Lapchenko 
Karadag Nature Reserve of the National Academy of 
Sciences of Ukraine 
24 Nauki str. 
Kurortnoye stlm. 
Feodosia 
AR Crimea 98188 
UKRAINE 
e-mail: ozon.karadag@gmail.com
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2    Progress report on dynamic 
vegetation modelling at ICP IM sites

Maria Holmberg 
Finnish Environment Institute (SYKE). P.O. Box 140, FI-00251 Helsinki, Finland

2.1  
Introduction
While the air pollutant emissions of sulphur have declined since 1990, nitrogen 
emissions have stabilized (nitrogen oxides NOx) or increased slightly (ammonia NH3) 
(Amann et al. 2013). The long-term impacts of nitrogen on biodiversity have been 
identified (Bobbink et al. 2010, Dirnböck et al. 2014) and are likely to continue unless 
future deposition reductions occur.

The motivation for the dynamic modelling study is i) to integrate valuable data 
into the process of method development; ii) to contribute to testing the effects based 
approach; and iii) to help identify meaningful endpoints for “no net loss of biodi-
versity”. The aim of the study is to apply vegetation response functions (PROPS) in 
combination with a simple dynamic soil model (VSD+) to illustrate the long term 
impacts of N deposition at intensively monitored sites throughout Europe. The work 
proceeds stepwise, starting from deposition scenarios and developing the basis for 
multiple scenario analysis, to provide a method framework that can later be extend-
ed to include scenarios on climate and forest management. The study also benefits 
from contributions from ICP Forests (ICP F) and increases the inter-programme 
collaboration.

The ICP IM sites proposed for the modelling study include sites with varying 
deposition: Ntot input  from 1.3 (SE16 1999-2009) to 10.5 (IT12 1997-2011) kg ha-1 yr-1, 
and a wide range of habitats, e.g. Picea taiga (EUNIS class G3.A) and Mediterranean 
Querqus woodland (G2.1). The effects based approach will be tested by comparing 
observed trends in vegetation response to those simulated. Our study will also pro-
vide background for discussing the consequences of selecting different indicators, 
reference states and thresholds.

2.2  
Models
The models that are used in this study belong to the suite of models developed by 
the Coordination Centre for Effects and Alterra (CCE 2014). They include the aug-
mented version of the Very Simple Dynamic (VSD+, version 24.2.2014) model for 
simulating soil chemistry (Posch & Reinds 2009, Reinds et al. 2009), MetHyd (version 
21.11.2013), which is a pre-processor for preparing meteorological and hydrological 
input, GrowUp (version 1.11.2013) to calculate time series of nutrient uptake by veg-
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etation, and PROPS (version May 2014), which is incorporated into VSD+ and draws 
on the application of empirical functions (Wamelink et al. 2011, Wamelink et al. 2005) 
for assessing vegetation response to soil chemistry. For some sites, comparisons with 
the results of the BERN model (Schlütow et al. 2010) will also be performed.

The workflow (Fig. 2.1) begins with the preprocessing step, in which MetHyd may 
be used to compile information on net precipitation for the site, as well as modifying 
factors for mineralisation, nitrification and denitrification. The model GrowUp may 
be used to compile time series on annual net uptake of C, N and base cations. VSD+ 
is then calibrated using observations available, e.g. on soil BS, C,N and soil solution 
pH, ANC, SO4 etc. For the calibration, the modelled historic deposition is scaled to 
observed deposition values. VSD+ is then run to provide soil pH and N time series 
to be used by PROPS to determine the vegetation response, using future deposition 
values scaled to observed deposition. For sites where vegetation observations are 
available, the modelled vegetation response may be compared to observed vegetation.

Figure 2.1. Schematic view of dynamic modelling work flow at ICP IM sites.

2.3  
Sites 
A selected set of sites with sufficient data on soil properties and observations of soil 
water or runoff chemistry has been chosen for the dynamic model application. The 
participation of all of the sites is not yet confirmed. The sites are located from south 
N41° to north N63° and from west W09° to east E30°, including Mediterranean, At-
lantic, temperate and boreal sites. For the location of sites see Fig. 1.1. in chapter 1.
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AT/Austria: AT01 Zöbelboden

CZ/ Czech Republic: CZ01 Anenske Povodi, CZ02 Lysina

DE/Germany: DE01 Forellenbach, DE02 Neuglobsow

ES/Spain: ES02 Bertiz

DK/Denmark: sites to be determined

FI/Finland: FI01 Valkea-Kotinen, FI03 Hietajärvi

IE/Ireland: IE01 Brackloon Wood

IT/Italy: IT05 Selva Piana, IT09 Monte Rufeno, IT10 Val Masino, IT12 Colognole, 
IT13 Thuile

NO/Norway: NO01 Birkenes, to be confirmed

SE/Sweden: SE04 Gårdsjön, SE14 Aneboda, SE15 Kindla, SE16 Gammtratten

2.4  
Deposition historic and future scenarios
Site-specific values for the historic and future deposition scenarios have been sent 
to the participants. Historic deposition values are given for the years 1880 to 1995 
with 5-years intervals. The historic deposition is based on older EMEP-model ver-
sions (Schöpp et al. 2003), while the deposition values for 2005, 2010, 2020 and 2030 
are based on the latest EMEP model version (Simpson et al. 2012), using the current 
legislation scenario (CLE) with  revised Gothenburg Protocol emissions. 

2.5  
Preliminary list of participants and 
collaborating institutions

Maria Maria Holmberg, Julian Aherne, Jesper Bak (ICP M&M), Luc Bonten (Alterra), 
Thomas Dirnböck, Alessandra de Marco (ICP M&M), Heleen de Wit, Martin Forsius, 
Martyn Futter, Ulf Grandin, Antti-Jussi Lindroos (ICP F), Lars Lundin, Sirpa Kleemola, 
Pavel Krám, Janet Mol (Alterra), Maximilian Posch (CCE), Gert Jan Reinds (Alterra), 
Maija Salemaa (ICP F), Jésus Miguel Santamaría, Milán Vána, Jussi Vuorenmaa, Wieger 
Wamelink (Alterra), Burkhard Beudert, Hubert Schulte-Bisping, Thomas Scheuschner 
(Oekodata, ICP M&M).
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3.1  
Introduction
Detrimental effects of transboundary air pollution led to international agreements 
to reduce emissions of sulphur and nitrogen in Europe and North America. Due to 
the implementation of successful emission reduction measures, European emissions 
of sulphur dioxide (SO2) have declined by 71% between the years 1990 and 2011 and 
those of nitrogen (N) compounds by 42% (NOx) and 31% (NH3) (Schulz et al. 2013). 
The emission control programmes have been most successful for SO2, while nitrogen 
emissions have stabilized (NOx) or increased slightly (NH3) during the 2000s (Amann 
et al. 2013).  The trend analysis of SO4 concentration for nearly 200 acid-sensitive 
UNECE ICP Waters monitoring sites in Europe and North America in 1990–2011  in-
dicated that uniform decline of SO4 concentrations has caused a widespread recovery 
from acidification of sensitive ecosystems (Garmo et al. 2014). In contrast, only a few 
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significant trends and regional patterns were found for nitrate (NO3), but concentra-
tions were decreasing rather than increasing. In the past, nitrogen has played a minor 
role in acidification, but its relative importance is increasing because N emissions have 
decreased less than sulphur emissions. Recently, the deposition of reactive nitrogen 
has been shown to pose a threat to remote terrestrial and aquatic ecosystems through 
nutrient enrichment (Stevens et al. 2011, Lepori & Keck 2012).

In order to assess the ecosystem benefits of costly emission reduction policies, the 
importance of long-term integrated environmental monitoring approach including 
physical, chemical and biological variables is clearly indicated. Mass balance budgets 
integrate information about the complex chemical and biological recovery processes 
that govern the retention or release of sulphur and nitrogen compounds and regulate 
acid production and buffering in both the terrestrial and aquatic portions of catch-
ments in the ecosystem. Long-term assessment of mass balances in hydrologically and 
geologically well-defined ICP Integrated Monitoring (IM) catchments gives important 
information for the identification of ecological effects of different anthropogenically 
derived pollutants, and for the documentation of  the effects of emission reduction 
measures. 

The previous IM Annual Report (Vuorenmaa et al. 2013) presented estimates of 
annual mass balance budgets for sulphur and nitrogen at IM sites for the periods 
1990–2010.  These results were consistent with budget calculations for a number of 
other studies from European forested catchments (de Vries et al. 2001, 2003, Prechtel 
et al. 2001) indicating that forest soils are now releasing stored airborne S that had 
accumulated in the past.

A new assessment is described in the present report with updated data for the 
period 1990–2012. This progress report summarizes the main results regarding the 
calculation of fluxes and trends of sulphur and nitrogen compounds, which will be 
published in the scientific paper submitted by the end of 2014. 

3.2  
Materials and methods
Annual input-output budgets for sulphate (SO4) and total inorganic nitrogen (TIN 
= NO3 + NH4) in the period 1990–2012 were calculated for a selection of 17 IM sites 
(CZ01, CZ02, DE01, EE02, FI01, FI03, IT01, LT01, LT03, LV01, LV02, NO01, NO02, 
SE04, SE14, SE15, SE16). In addition, annual output fluxes for organic nitrogen were 
calculated for 16 sites (CZ02, DE01, EE02, FI01, FI03, IT01, LT01, LT03, LV01, LV02, 
NO01, NO02, SE04, SE14, SE15, SE16) during the period 1990–2012, according to data 
availability. For the location of the sites see Fig.1.1 in Chapter 1. The selection of catch-
ments was guided by the availability of deposition (bulk and throughfall) data and 
surface water chemistry and runoff volume data in the ICP IM database. As IM sites 
are forested catchments, the dry deposition (gases and particles filtered by the canopy) 
highly contributes to the total deposition. Total deposition of sulphate (meq m-2 yr-1) 
i.e. the input of wet and dry deposition to the catchment was estimated from bulk 
deposition (open area) and throughfall (forest stands) measurements. Total deposition 
of inorganic nitrogen (TIN) was calculated using the same method. Total deposition 
of N to the forest floor is dependent on wet and dry deposition, and net exchange of 
material with the vegetation. Because of the strong impact of canopy processes, bulk 
deposition measurements for TIN were also reported. Annual total deposition fluxes 
to the catchments were calculated as the sum of monthly values. Output fluxes of 
TIN (meq m-2 yr-1) from the catchments were calculated as the product of measured 
catchment discharge and ion concentrations. Output fluxes of TIN were calculated as 
a sum of total inorganic nitrogen (TIN = NO3 + NH4) (meq m-2 yr-1). Loss of organic 
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nitrogen was calculated as total nitrogen loss minus TIN loss. Annual runoff water 
element fluxes were calculated by summing mean monthly fluxes, obtained from 
monthly mean water flux and monthly mean solute concentration.

At each site trends in fluxes outlined above were analysed using the non-parametric 
Seasonal Kendall test (Hirsch et al. 1982) applied to annual data. The magnitude of 
trend was estimated by the Theil-Sen slope estimation method (Sen 1968). The unit of 
the slope estimate for yearly based data is meq m-2 yr-1 for fluxes. A statistical signif-
icance threshold of p < 0.05 was applied to the trend analysis, i.e. providing at least 
95 % confidence that the detected trend was significantly different from a zero trend.

In order to quantify the retention or release of sulphur and nitrogen in the catch-
ment, a percent net export (pne) was calculated. The percent net export is defined as: 
pne = (output−deposition)*100/deposition. Positive pne values indicate release and 
negative pne values indicate retention in the catchment. For sulphur, total deposi-
tion estimate (bulk + throughfall) was used. In the case of nitrogen, bulk deposition 
in open area was generally larger than throughfall deposition (a surrogate for total 
deposition) and therefore bulk deposition measurements were used as N deposition 
estimates in the pne calculations.

3.3  
Results and discussion
Large differences in the deposition of sulphur and nitrogen can be observed between 
the different sites, with the highest values in central Europe and southern Scandina-
via and lowest values at sites in northern regions (Fig. 3.1). This reflects well-known 
gradients in European emissions and deposition of air pollutants. Bulk deposition of 
TIN (NO3 + NH4) generally exceeded SO4 deposition on an equivalent basis at most of 
the sites. At most sites, total deposition of N has been lower than that of bulk deposi-
tion, indicating canopy uptake. However, at some sites total deposition of N roughly 
equals with that of bulk deposition, or was higher. This may indicate the importance 
of dry deposition, but may also indicate the limited ability of forests to store nitrogen.

A statistically significant downward trend (p < 0.05) of total sulphur deposition 
from 1990 to 2012 was observed at all studied IM sites (Table 3.1). As a response to 
decreased S deposition, sulphate fluxes in runoff have decreased at 15 out of 17 sites, 
being significant at 50% of the sites. Moreover, a weak decreasing trend (p < 0.10) 
was observed at four sites. Thus, the regional-scale decreases of sulphate deposition 
and runoff water fluxes observed in the earlier trend assessments (Forsius et al. 2001, 
Kleemola 2005, Kleemola & Forsius 2006, Vuorenmaa et al. 2009) have continued to 
decline. Bulk deposition of nitrogen has also decreased at almost all sites (16 out of 17), 
being significant at 65% of the sites. Total deposition of nitrogen, indicating N fluxes 
through the canopy to the forest floor, has decreased in 12 sites, being significant at 
50% of the sites. Total deposition of N has decreased less (mean annual change -0.70 
meq m-2 a-1) than that of bulk deposition (mean annual change -1.02 meq m-2 a-1). In 
contrast to sulphate, total inorganic nitrogen (TIN) fluxes in runoff showed mixed 
response with both decreasing and increasing trends. Statistically significant decreas-
ing trends were observed at five sites and increasing trends at two sites (DE01, Forel-
lenbach, Germany and SE14, Aneboda, Sweden). The significant increasing trends 
for these two sites are probably due to excess N mineralization and increased NO3 
leaching, resulted from forest damage and dieback in the areas due to storm logging 
and bark beetle infestation (Beudert et al. 2007, Löfgren et al. 2011). 

Sulphate budgets showed increasing percent net exports (pne) at majority of the 
sites, indicating a net release of previously stored SO4, particularly during the past 15 
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Figure 3.1 Mean annual total deposition of sulphur (SO4, meq m-2 yr-1) and total and bulk deposition of 
total inorganic nitrogen (TIN = NO3 + NH4, meq m-2 yr-1) at ICP IM sites in 1995−2012. 

years (Fig. 3.2, Table 3.1). This process has taken place both in high and low sulphur 
deposition areas. For instance, the site CZ02 (Lysina, Czech Republic) has been ex-
posed to high sulphur deposition (> 200 meq m-2 a-1) in the early 1990s, but has also 
been subjected to drastic decrease of S deposition during the 1990s (Table 3.1, Vuo-
renmaa et al. 2013) and the increase of net release of SO4. In the low deposition area 
(< 30 meq m-2 a-1) at the site FI03 (Hietajärvi, Finland), sulphate has mainly retained 
to the catchment, but the net retention rate has decreased over the past 20 years and 
at present SO4 input roughly equals with the output. In the selected set of IM sites 
(Fig. 3.2a), median values for S pne exhibit a significant increase (p < 0.001, 3.2 % 
yr-1) in 1990−2012.  A net release of stored SO4 is considered to act as a H+ source at 
many IM sites (Forsius et al. 2005), and SO4 remains the dominant source of actual 
soil acidification despite the generally lower input of S than N in European forested 
ecosystems (deVries et al. 2003). Several processes, including desorption and excess 
mineralisation, regulate the long-term response of soil S, and a differentiation is 
necessary for assessing the effects of emission reductions on acidification recovery 
and for predictions of future responses  (Markewitz et al. 1998, Prechtel et al. 2001). 
In general, many of these S retention/release processes are also sensitive to changes 
in climatic variables, and would therefore be affected by climate change (e.g. Wright 
1998, Benčoková et al. 2011).
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Figure 3.2 Percentiles (25%, median 50%, 75%) of percent net export (pne, %) of sulphate (SO4) and total inorganic nitrogen 
(TIN) for the IM sites CZ01, CZ02, DE01, FI01, FI03, NO01, NO02, SE04 in 1990−2012 (a and b, respectively) and for the sites 
CZ01, CZ02, DE01, EE02, FI01, FI03, IT01, LT01, LT03, LV01, LV02, NO01, NO02, SE04, SE14, SE15, SE16 in 2000−2010 (c and 
d, respectively). DE01 and SE14 were omitted from the calculation of pne for TIN due to excess N mineralization after Norway 
spruce (Picea abies) dieback due to a bark beetle attack in 1996–1997 and storm logging / bark beetle attack in 2005–2009, 
respectively.
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Table 3.1 Trends of annual input (deposition) and output (runoff water) fluxes and percent net export (pne) for sulphate (SO4) 
and total inorganic nitrogen (TIN = NO3 + NH4) at studied IM catchments in 1990–2012. A statistically significant trend  
(p < 0.05) of annual change (meq m-2 yr-1 for fluxes, % yr-1 for pne) is indicated in bold and a potential trend (p < 0.10) is  
indicated in italics.

Catchment Data Total SO4 
deposition

SO4 
output

SO4 pne TIN bulk 
deposition

TIN total 
deposition

TIN  
output

TIN pne

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

LT03, Zemaitija 1996-2012 -2.35 1.26 8.05 -1.23 -1.11 0.03 0.12
CZ02, Lysina 1990-2012 -10.05 -7.08 8.07 -1.89 -1.49 -0.76 -0.71
CZ01, Anenske Povodi 1990-2012 -6.44 1.06 6.30 -1.07 0.90 -0.15 -0.21
SE04, Gårdsjön 1990-2012 -3.86 -4.46 1.03 -1.43 -1.92 0.05 0.12
NO01, Birkenes 1990-2012 -3.45 -3.59 2.02 -0.58 -1.16 -0.15 -0.11
LV01, Rucava 1993-2009 -1.48 -4.43 -1.60 -0.93 -2.03 0.10 0.19
EE02, Saarejärve 1995-2012 -1.90 -0.66 7.58 -0.09 -0.16 0.18 1.02
DE01, Forellenbach 1991-2012 -2.78 -1.08 10.15 -1.24 0.31 2.95 5.03
LV02, Zoseni 1993-2009 -1.06 -5.40 -7.82 -4.15 -2.56 -0.27 -0.16
LT01, Aukstaitija 1993-2012 -1.23 -7.96 6.68 -1.23 -1.42 -0.11 -0.06
SE15, Kindla 1996-2012 -1.39 -3.62 -4.35 -0.79 -0.79 -0.03 -0.04
FI01, Valkea-Kotinen 1990-2012 -1.16 -0.52 1.88 -0.36 -0.05 -0.01 0.04
IT01, Renon-Ritten 1995-2012 -1.68 0.05 2.92 -0.67 -0.56 -0.01 0.00
SE14, Aneboda 1996-2012 -1.58 -3.16 4.06 -0.91 0.25 0.24 0.62
NO02, Kårvatn 1990-2012 -0.42 -0.39 0.63 0.16 0.15 0.00 -0.10
FI03, Hietajärvi 1990-2012 -0.58 -0.33 0.82 -0.17 0.07 -0.02 -0.02
SE16, Gammtratten 1999-2012 -0.44 -0.94 -0.34 -0.72 -0.30 -0.04 -0.15
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Nitrogen is generally the growth-limiting nutrient in forest ecosystems, and the 
uptake of available N compounds is efficient. In contrast to sulphur, nitrogen deposi-
tion is usually retained in boreal terrestrial ecosystems; typically < 10% is leached in 
runoff, mostly as NO3. The percent net export (pne) of nitrogen has generally ranged 
between −98% and −88% at the studied IM sites during the 2000s (Fig. 3.2b), indicating 
a strong retention of N in the catchment, and over 50% of the sites exhibit increase 
in net retention.  Correspondingly, median values for TIN pne exhibit a significant 
decrease (p < 0.05, -0.11 % yr-1) i.e. increase in net retention in 1990−2012 (Fig. 3.2b).

Although nitrogen has played a minor role in the acidification in the past, the role 
of nitrate as an acidifying agent may increase, when continued high nitrogen deposi-
tion may result in nitrogen saturation of terrestrial ecosystems, and excess NO3 leach 
to surface waters (e.g. Aber et al. 1989, Dise & Wright 1995, Macdonald et al. 2002, 
Oulehle et al. 2012). Nitrogen saturation may require many decades to occur, at least 
at levels of N deposition typical for Europe (Wright et al. 2001).

Although the effects of anthropogenic nitrogen inputs on the dynamics of inor-
ganic N in watersheds have been studied extensively, the influence of N enrichment 
on organic N loss is not as well understood (Pellerin et al. 2006). Studies comparing 
dissolved organic nitrogen (DON) losses from old-growth forests have reported that 
DON may account for 60–95% of total dissolved nitrogen losses from minimally 
disturbed watersheds (Perakis & Hedin 2002, Van Breeman 2002).

Similar results were observed in the IM catchments (Vuorenmaa et al. 2013). Part of 
this DON may decompose in the downstream surface waters or sea areas (releasing 
inorganic N compounds) and may thus contribute to detrimental N effects. 

In forested watersheds, there is evidence of the effects of nitrogen enrichment on 
DON production in soils. Plot-scale inorganic N fertilization studies have reported 
increased DON concentrations in both the forest floor (McDowell et al. 2004) and 
mineral soils (Pregitzer et al. 2004).  The first assessment of the relationship between 
organic nitrogen loss and N deposition at IM sites gave the signal on link between N 
deposition and organic nitrogen loss, suggesting that the sites with higher N depo-
sition exhibit also higher organic N loss in runoff (Vuorenmaa et al. 2013). Therefore, 
DON leaching will receive increasing attention in the forthcoming scientific IM paper. 
Climate change impacts on mineralization of organic nitrogen and leaching of organic 
matter, and potential risk for elevated N loss from watersheds to surface waters may 
be anticipated in the future. 

3.4  
Conclusions
Forest soils are now releasing sulphur that had accumulated in the past. The more 
efficient retention of nitrogen than sulphur results in generally higher leaching fluxes 
of SO4 than those of NO3 in European forested ecosystems. Sulphate thus remains 
the dominant source of actual soil acidification despite the generally lower input of 
S than N. Organic nitrogen may account for significant fraction of total nitrogen, and 
N deposition may increase organic N loss in forested catchments. Continued work on 
processes regulating both N and S retention and release in terrestrial ecosystems is 
therefore needed. This would be important for assessing the effects of emission reduc-
tions on acidification recovery as well as other N pollution problems in semi-natural 
ecosystems. Many of these S and N retention processes are also sensitive to changes 
in climatic variables, and would therefore be affected by future climate changes.

The next phase of the work on mass balances of S and N for IM sites will be finali-
zation of a scientific paper, involving assessment of the role of organic nitrogen in 
mass balance budget. The national focal points and the representatives for the sites 
will be invited to assist with these activities.
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Annex I
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ICP IM Programme has been carried out at two monitoring sites in Estonia since 1995. 
Vilsandi (EE01) site is located on Estonia’s westernmost island (58º23´ N, 21º50´ E) and 
Saarejärve (EE02) is located in the forested sub-catchment area (109 ha) of Lake Saare 
in eastern Estonia (58º39´ N, 26º45´ E). Stand characteristics of permanent plots of the 
monitoring sites and annual water fluxes are presented in Table 1. Rainfall amounts 
have increased during the last five years in Vilsandi, which is subject to marine impact: 
average annual bulk precipitation 2008-2013 was 771 mm (in 2012 even 891 mm) while 
the annual average  bulk precipitation had been 472 mm between 1995-2007 (Table 
1). At the inland Saarejärve area the reporting year 2013 was drier than the average 
for the monitoring period and this  was also reflected in all fluxes: bulk precipitation, 
throughfall, soilwater and runoff water average amounts were all lower compared to 
the average annual water fluxes for the period 1995-2011 (Table 1).

In 2013 the sampling and measurements were run under the ICP IM sub-pro-
grammes: AM, AC, PC, TF, SF, SW, FC, LF, FD, EP, MB at both areas and, additionally, 
under RW, TA and AL at the Saarejärve IM area.

Table 1. Stand characteristics and 2013 water fluxes (mm) compared with average annual water 
fluxes in 1995-2011 (in brackets) at the permanent plots of Estonian integrated monitoring areas.

Permanent plot Vilsandi (EE01) pine stand Saarejärve (EE02) pine 
stand

Saarejärve (EE02) spruce 
stand

Site type Fragario-Pinetum Rhodococco- 
vitis-idaeo-Pinetum

Vaccinio-myrtilli-Piceetum

Soil type Calcari-Gleyic Leptosol Haplic Podzol Haplic Podzol

Age of dominant trees  105-110  125-130 100-110

Bulk precipitation (mm) 587 (538)  571 (667)

Throughfall (mm)  524 (304)  390 (542) 359 (464)
Soil water amount from 
depth of 10 cm (mm) 184 (113)  50 (59) 113 (116)

Soil water amount from 
depth of 40 cm (mm) 95 (98)  37 (29) 65 (80)

Runoff water (mm) -  89 (117)

Changes in deposition loads at Vilsandi IM area

Despite the increased bulk precipitation in 2013,  annual loads of SO4-S, inorganic N 
(NH4-N+NO3-N), Ntot and Cl were lower than in the period of 2000-2010 (Table 2). 
The only exception was a high load of Ca (about 11 kg ha-1). An increased tourism 
load and repair of local gravel roads can be regarded as the reason for the high Ca 
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deposition. Annual bulk deposition of sulphur has declined from 4.9 kg S ha-1 (90% 
of which was of marine and 10% of anthropogenic origin) in 1995 to 2.1 kg S ha-1 in 
2013 (80%  and 20%, respectively). 

The highest througfall precipitaton flux measured during the monitoring period of 
2013 was one of the reasons of increased throughfall loads (Table 2). Another reason 
for the very high inorganic N deposition (12.2 kg ha-1) is also related to the highest 
annual average concentrations of  NH4-N (1.2 mg litre-1), and NO3-N (1.13 mg litre-1). 
These indicators may allude to a flock of thousand sheeps in summer  and increased 
traffic. Both are a recent phenomenon on the island. Remarkably high throughfall 
loads of SO4-S and Cl are mostly marine aerosol effects on pine canopy. At the same 
time interception of throughfall precipitation (10%) was very low (Table 1) which also 
suggest an increase of rainfalls with strong sea winds.

Deposition of sulphur and nitrogen at Saarejärve IM area

Compared to the last three years, both the annual average concentration as well as 
the load of SO4-S (due to the lower than average rainfall) were higher in bulk pre-
cipitation, in pine stand throughfall, and percolated soil water, and in runoff water. 
The annual bulk deposition load of sulphur has declined from 12 kg S ha-1 in 1996 to 
3-5 kg S ha-1 during 1997-2001, 3-4 kg S ha-1 during 2002-2008, and to 2.2-2.3 during 
2010-2012. Inorganic N (NH4-N+NO3-N) fluxes at Saarejärve were low, especially in 
the spruce stand (Table 2). Throughout the monitoring period the annual deposited 
loads of inorganic N have varied in the range of 1.1-3.4 kg N ha-1 in the spruce stand 
and 2.5-5.5 kg N ha-1 in the pine stand. Old spruce stand canopy consumes about 50 
% of deposited bulk inorganic N. 

Input and output of SO4-S and eutrophying 
nutrients at catchment level of Saarejärve

On average, 117 mm surface water a year runs from I sub-catchment of Lake Saare 
through a streamlet into the lake. This constitutes about 19% of annual precipitation. 
In the dry year of 2013 the runoff flux was 89 mm (Table 1), which is 16% of summed 
precipitation. Higher SO4-S concentrations were measured in October and November, 
8.3 and 10.6 mg litre-1, respectively, while deposited input of S was low at the catch-
ment area. The annual S input to the catchment by deposition was 2.4 kg S ha-1yr-1, 
while output to Lake Saare by runoff water was 4 kg per catchment hectare, thus, net 
release of 1.6 kg ha-1 of S previously accumulated in the forest soils of the catchment 
occurred. A net release of S from the catchment area  has been registered for 11 years 
of the entire monitoring period (1995-2013). Total recovery of S per each hectare of 
the catchment area has been 27.7 kg over these 11 years. 

Concentrations of eutrophying nutrients NO3-N, NH4-N, Ntot and Ptot were low 
in runoff water both in 2013 as well as in the previous year. Annual input of NO3-N 
deposited in the catchment area was 1.4 kg ha-1, and output into the  lake reached 0.5 
kg ha-1. Throughout the monitoring period annual input of Ntot has varied between 
4.5-7 kg ha-1, 66% of which is being retained in the catchment, and mean output of 
Ntot into the lake reached 2 kg ha-1 (1.3 kg ha-1 in 2013). 
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Table 2. Deposition fluxes in 2013 compared with average annual loads during 2000-2010 
(in brackets) at permanent plots of Estonian integrated monitoring areas.

Bulk deposition kg ha-1 yr-1 Vilsandi EE01 Saarejärve EE02

pH 4.8 (4.8) 5.7 (5.8)

SO4-S 2.1 (2.9) 2.5 (3.0)

NO3-N+NH4-N 4.1 (4.4) 3.6 (4.3)

NTot 5.2 (7.3) 5.0 (6.3)

Cl 8.2 (8.2) 3.6 (4.2)

Ca 10.9 (2.8) 6.0 (6.5)

Throughfall deposition kg ha-1 yr-1 Pine stand Pine stand Spruce stand

pH 4.7 (4.7)  5.7 (5.3) 5.8 (5.3)

SO4-S 7.9 (4.7) 2.5 (4.6) 2.0 (5.1)

NO3-N+NH4-N 12.2 (4.8) 3.0 (4.0) 1.1 (2.9)

NTot 12.5 (7.6)  5.3 (6.8) 3.7 (5.5)

Cl 55.4 (31.4)  7.4 (7.7) 5.5 (7.0)

Ca 34.3 (7.3)  6.8 (9.9) 5.1 (9.3)

Acidification of percolating soil water in pine and 
spruce stands at Saarejärve IM area

Throughout the monitoring period (1995-2013) the chemical data of percolating soil 
water (sampled with plate lysimeters under organic and eluvial horizons) indicated 
ongoing acidification in both the pine and spruce stands at Saarejärve. Monthly means 
of pH were lowest under organics of both stands in October and November (pHH2O 
3.7-3.9). Simultaneously, increased Al3+ concentrations were recorded. In both stands 
highest concentrations of Al3+ reached up to 0.6-0.7 mg litre-1 under organics, and 
0.9-1.1 mg litre-1 under eluvial horizons. Due to the higher concentration of Ca in soil 
water at both depths of the pine stand, the relation of Ca2+/Al+3 >1 was indicating 
more suitable conditions for fine root growth compared to the spruce stand. In the 
spruce stand the relation Ca2+/Al+3 has remained stable at below one in eluvial soil 
water throughout the monitoring period, and has indicated unsuitable conditions for 
root growth (Ca2+/Al+3 <1) in October and November under organic horizon as well.

As forest soils at Vilsandi area are rich in carbonates, annual mean pH of soil water 
is nearly neutral (pH 5.7-6.8) and thus, the aluminum in soil is well-buffered.

Analysis of Al and heavy metals within the framework of the 
sub-programmes TA, FC and LF at Saarejärve IM area

In the light of the above, analyzed Al concentrations in fine roots (TA), needles (FC) 
and litter (LF) of pine and spruce revealed some unexpected results:  pine Al con-
centrations exceeded those of spruce in all cases, in pines fine roots (about 2 times), 
in pine needles (up to ten times) and in pine litter (three times). 

The same analysis for heavy metals revealed higher concentrations of Pb and Hg in 
older needles and litter-needles and up to ten times higher concentrations in fine roots. 
Such variability of Hg and Pb concentrations indicates their active internal circulation. 
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Annex II

Report on National ICP IM Activities in Finland  
- a summary of  main results from the Valkea-Kotinen 
Integrated Monitoring Catchment during 1990-2009

Martti Rask1, Lauri Arvola2, Martin Forsius3 and Jussi Vuorenmaa3

1) Finnish Game and Fisheries Research Institute, Evo Fisheries Research Station,  

   Rahtijärventie 291, FI-16970 Evo, Finland 
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Valkea-Kotinen Integrated Monitoring site is one of the three active IM sites of Fin-
land since the late 1980s and also a part of the Finnish Long-Term Socio-Ecological 
Research network (FinLTSER). As a consequence of the comprehensive long-term 
environmental monitoring together with diverse terrestrial and aquatic ecological 
research (Kurka & Starr 1997, Starr & Ukonmaanaho 2004, Jones et al. 1999, Vähätalo 
et al. 2003), Valkea-Kotinen site has grown into a major Finnish research infrastructure 
and data source for environmental modelling (Forsius et al. 1998, Futter et al. 2009, 
Saloranta et al. 2009, Holmberg et al. 2014).

The main results of the Integrated Monitoring of Valkea-Kotinen catchment over a 
twenty year period 1990-2009 were published in 2014 as a special issue of the Boreal 
Environment Research. The seven papers of the issue provide findings in the climate 
variability and trends (Jylhä et al. 2014), development in bulk deposition and atmos-
pheric concentration of acidifying compounds and trace elements (Ruoho-Airola et 
al. 2014), long-term water quality trends of Lake Valkea-Kotinen (Vuorenmaa et al. 
2014), and modelling of climate change effects on the hydrology and carbon processes 
of Valkea-Kotinen catchment (Holmberg et al. 2014). The remaining three papers are 
presenting long-term hydrobiological responses to environmental changes in Lake 
Valkea-Kotinen, including plankton metabolism and sedimentation (Arvola et al. 
2014), zooplankton community patterns (Lehtovaara et al. 2014), and perch (Perca 
fluviatilis L.) population dynamics (Rask et al. 2014). 

The climatic variables relevant for aquatic and terrestrial ecosystems, i.e., air tem-
perature, precipitation, snow cover, lake ice cover, wind speed and solar radiation 
were analysed in relation to their past and projected future trends compared to the 
recently-experienced inter-annual variability. The observed warming of about 0.4ºC 
per decade is likely to continue in the future. Increases in spring temperatures were 
accompanied with coherent changes in snow cover and lake-ice. Increasing precip-
itation and decreasing solar radiation were projected for winters (Jylhä et al. 2014).

In the air and precipitation chemistry of nearly 30 components monitored at the 
Valkea-Kotinen catchment during 1988-2011, the bulk deposition of main anions 
and cations showed a decreasing pattern with a possible exception of NO3

-. The bulk 
deposition of trace elements decreased as well, with the exception of slight increase 
in Cd deposition. An analysis of the transport of air masses to the Valkea-Kotinen 
catchment connected the recent findings to the development in the emission patterns 
in Europe (Ruoho-Airola et al. 2014).

Recovery from acidification was indicated in the water quality of Lake Valkea-Koti-
nen, while no major changes of trace metal concentrations were found. Total phos-
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phorus concentration was fluctuating, simultaneously with deteriorated oxygen 
conditions in the hypolimnion of the lake. Total/organic nitrogen remained stable, 
but inorganic nitrogen concentrations markedly increased over the study period, re-
lated more to hydrology and in-lake processes than to the direct N deposition effect. 
Dissolved organic carbon concentration also increased, due to decreasing acidity and 
variation in runoff (Vuorenmaa et al. 2014). 

Probabilistic assessment of a dynamic model chain was applied in assessing the 
effects of changing climate on the hydrology of Valkea-Kotinen Integrated Monitoring 
catchment (Holmberg et al. 2014). Towards the end of the century, projected climate 
warming is likely to result in drier soils, shorter snow and ice periods, earlier and 
longer duration of lake stratification. In contrast to earlier predictions, in-lake DOC 
concentrations are projected to decrease slightly (-6%), primarily due to less terrestrial 
runoff.

Primary production and sedimentation showed a decreasing trend over the study 
period while no respective trend was found in chlorophyll and respiration. Primary 
production was possibly limited by light but also by phosphorus, nitrogen and occa-
sionally by dissolved inorganic carbon. Respiration correlated positively with water 
temperature. The decrease in sedimentation was in line with that of primary produc-
tion, although during the last few years organic matter from the catchment seemed 
to compensate for the decrease in primary production. The results emphasized the 
importance of weather and hydrological conditions in modifying the properties of 
the lake and a close linkage between the metabolic processes (Arvola et al. 2014).

In zooplankton, significant changes were recorded in the abundance of dominating 
crustacean species but not of rotifers. The long-term pattern in crustacean zooplank-
ton was mainly associated with abiotic factors like water colour, alkalinity and total 
phosphorus. Primary production of phytoplankton was the most important biolog-
ical parameter whereas planktivorous perch and Chaoborus larvae had a marginal 
contribution. Thus, within the food web, bottom-up regulation seemed to exceed the 
importance of top-down control (Lehtovaara et al. 2014).

The annual estimated population size of perch varied between 2700-13400. Strong 
year-classes were born at four-year intervals from 1991 to 2003, independently of the 
acidification status of the lake. A decreasing trend was recorded in the growth of 1 
and 2 year old perch but not in the growth of older fish. The decrease in the early 
growth was interpreted as mainly due to negative effects of increased organic carbon 
loads on water colour and hence on light conditions and the general productivity of 
the plankton community. These changes outweighed the expected positive effect of 
increasing temperature for young perch but not for the older fish (Rask et al. 2014).

In summary, the results clearly demonstrate the complexity of boreal nature and 
the interactions within and between the aquatic and terrestrial ecosystems, and at-
mosphere. Further, these studies strongly emphasize the importance of integrated 
long-term monitoring of physical, chemical and biological variables for detecting the 
variety of impacts of changing environmental conditions on ecosystems. 
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Annex III

Report on national ICP IM activities in Ireland 2014
Thomas Cummins1, Jim Johnson1, and Julian Aherne2

1 UCD Soil Science, UCD School of Agriculture and Food Science, University College 
  Dublin, Dublin 4, Ireland 
2 Environmental and Resource Studies, Trent University, Peterborough, Ontario, Canada

Ireland’s Integrated Monitoring site is at Brackloon, County Mayo. Deposition and 
soil solution were monitored, and data submitted to ICP IM from 1991 (Farrell 2014), 
with the latest submission for 1989. Monitoring continued until 2012 under IPC  For-
ests, and this dataset is in preparation for submission to ICP IM. Funding interruption 
has led to the end of sampling, but very limited funding has supported the use of 
ion-exchange resin samplers for precipitation and throughfall sampling in 2013–2014. 
Resumption of water sampling awaits the establishment of a suitable national funding 
source. Nonetheless, existing data allow Brackloon to participate in IM activities such 
as vegetation modelling.

At the invitation of ICP IM Programme, Ireland welcomed ICP IM to Westport, 
County Mayo, for the 22nd ICP IM Task Force meeting and workshop, 7–9 May. The 
meeting included a visit to the Marine Institute research facility at the Burrishoole 
catchment, Newport, County Mayo. During the visit, the participants viewed a po-
tential partner site for Ireland’s Brackloon IM site, at a location called Treenlaur. 
This small catchment with fragmentary woodland derived from native and planted 
species, and low-intensity agriculture was the first location for stream-flow and 
biological monitoring within the Burrishoole catchment, in the late 1950s, part of a 
family of datasets that is ongoing, including very long data series on eel and salmonid 
populations (Fealy et al. 2014). The group also visited an area of blanket-peat forest 
harvesting research, aimed at protecting surface waters from phosphorus loss during 
forest harvesting (Asam et al. 2014, O’Driscoll et al. 2014a, O’Driscoll et al. 2014b).

Reductions in long-term sulphur deposition have been observed at the Brackloon 
site, which is on the Atlantic fringe of western Europe, with decreasing soil-solution 
sulphate and increasing soil-solution pH (Johnson et al. 2009, Aherne et al. 2014). 
Similar trends are present at the other Irish sites, Ballinastoe/Roundwood and Cloosh 
(Johnson et al. 2013). Data from Brackloon are contributing to assessment of nutrient 
sources for forests from deposition, and from mineral weathering (Shortle 2014), as 
part of a project entitled ForSite : Critical Biomass Removal in Irish Forest Soils (www.
ucd.ie/forsite).
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Annex IV
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The objective of the study is to determine the conditions of Polish geo-ecosystems in 
2012 against the background of 1994-2012 period. In 2012 research at 9 Base Stations 
(with their locations referring to the Polish landscape structure) was conducted under 
the Integrated Environmental Monitoring Programme. The presented results come 
from the reports on these Base Stations and take into account data contained in the 
Central Database on the Integrated Environmental Monitoring Programme. The accu-
mulated research material allows to assess the current environmental conditions and 
their changes in the selected geo-ecosystems in Poland. Some selected quantitative 
and qualitative geo-indicators on water circulations in geo-systems were considered 
in the study.

The research subject of the Integrated Environmental Monitoring Programme is 
on geo-ecosystems which form environmental areas such as atmosphere, biosphere, 
pedosphere, lithosphere, hydrosphere and anthroposphere. The comprehensive con-
sideration of energy flows and matter circulations allows to take a river- or lake-water 
catchment as a basic spatial unit in natural studies. In accordance with the accepted 
methodological assumptions, a river or lake catchment treated as a geo-ecosystem is 
a basic measuring system unit. The geo-systems selected for monitoring of the natural 
environment are considered to be representative for the limited geographical areas 
which allow to formulate the principles of operation of particular landscape units 
(Kostrzewski 1993, 1995).

The Integrated Environmental Monitoring Programme comprehensively analyses 
the natural environment on the grounds of standardised and focused stationary stud-
ies conducted in the research catchments being representative for particular types of 
the Polish landscape. It is aimed to register and analyse short- and long-term changes 
occurring in geo-ecosystems under the influence of climatic changes and anthropo-
genic impacts. The Integrated Environmental Monitoring Programme provides com-
prehensive information not only on the selected measurement programmes (abiotic 
and biotic) but above all on cause-effect relationships and results of their impacts onto 
the environment. The obtained results may form the grounds for forecasts which will 
provide resource information to be used for protective actions, for example within 
the NATURA 2000 Network.

The studies conducted in the selected representative catchments under the Integrated 
Environmental Monitoring Programme concerned two main aspects:

• monitoring of energy (water) flows and matter circulations (dissolved sub-
stances) in geo-ecosystems which enables to perform water and ionic balances 
for two spatial systems: vertical profile (atmosphere - vegetation - soil profile 
- underground waters) and river or lake catchment (supply and discharge of 
water and dissolved substances), 
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• bio-indication of the selected biological geo-ecosystem elements being sensi-
tive to the balance changes of energy and bio-genes.

Significant changes have taken place in the natural environment in Poland within 
the last 20 years. Their rapidity and scope have been different in various temporal 
and spatial systems (geo-ecosystems). In the currently operated measurement system 
of Base Stations (Fig. 1) under the Integrated Environmental Monitoring Programme 
a meridional transect can be distinguished which refers to major latitudinal arrange-
ments of the major landscape zones in Poland: early glacial zone of the Polish Low-
land - Biała Góra (Baltic coast), Storkowo (Pomeranian Lake District), Koniczynka, 
Borecka Backwoods (Mazurian Lake District), Wigry (Lithuanian Lake District), old 
glacial zone of the Polish Lowland - Kampinos, Polish Uplands area - Roztocze, Święty 
Krzyż and Foothills of the Western Carpathians - Szymbark.

Figure 1. Location of the Polish monitoring sites.

The development of qualitative indicators of the natural environment is a very 
important objective of the monitoring of the natural environment and the basic ob-
jective of the scientific and research module within the Integrated Environmental 
Monitoring Programme. In terms of the analysis of geo-indicators it is very important 
to make use of reliable data series from the period of 1994-2012 being stored in the 
thematic database under the Programme. The Programme may also contribute to the 
implementation of other projects, for example NATURA 2000 (7 stations under the 

Roztocze
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Programme are located within the special conservation areas of habitats under the 
NATURA 2000 Programme - apart from Koniczynka and Szymbark), Water Frame-
work Directive, INSPIRE Directive. The results of geo-indicators’ monitoring which 
indicate qualitative improvements of the natural environment are also relevant to the 
sustainable development and natural heritage protection in Poland. The implemen-
tation of the programme is supervised by the Chief Inspectorate for Environmental 
Protection in Warsaw.

The selected geo-indicators on operation and changes of the geo-systems in Poland 
in 2012 against the multi-year period:

Thermal-precipitation conditions

Thermal classification (Lorenc 1998) emphasizes a level of spatial and temporal varia-
bility in average annual air temperature. Significant thermal variances of subsequent 
years found at Base Stations are a consequence of the Polish transitional climate. 
The period between 1996 and 1998 at virtually all Base Stations were qualified as 
cooler than standard. In turn, the accumulation of warm years occurred especially 
within 2006-2008. The last two years of observations (2011-2012) account rather for 
stabilisation (Storkowo, Borecka Backwoods, Wigry) or slight increase (Koniczynka, 
Święty Krzyż and Szymbark) of air temperatures. At 4 Base Stations, 2012 was a 
slightly warm year (southern Poland) and at 3 ones - standard (early glacial zone of 
the Polish Lowland). The presented thermal classification confirms the variability of 
air temperature in subsequent years which is a standard phenomenon for climatic 
conditions in Poland.

Precipitation classification (Kaczorowska 1962) confirms a level of variability of pre-
cipitation at all Base Stations. The average annual precipitation in Northern Poland 
decreases from west to east, from Storkowo 684 mm, through Borecka Backwoods 
642 mm, up to Wigry 573 mm (2002-2012), which is an effect of the growing climatic 
continentalism. Reduced amounts of precipitation also occur in the meridional tran-
sect of the Polish lowlands, from Storkowo (720 mm) up to Koniczynka (575 mm) 
and Kampinos (521 mm), (1994-2012). At Base Stations located further north, higher 
precipitation is an effect of their location within mountain areas (Święty Krzyż 720 
mm and Szymbark 862 mm). A particularly dry period occurred in 2000-2006 (apart 
from Wigry). 2003 and 2006 determined the most extensive shortage of precipitation. 
The last measurement years (2007-2011) were marked by standard or increased pre-
cipitation, which could provide for reconstruction of water resources in the research 
catchments. 2012 was very varied in terms of precipitation. At stations in the south of 
Poland (Święty Krzyż and Szymbark) it was a dry year, in Borecka Backwoods - wet 
one and at others - standard one.

Thermal-precipitation indicator (Szpikowski 2006) confirms a wide temporal and 
spatial variability of precipitation conditions. For the majority of stations the ther-
mal-precipitation indicator is characterised by a very varied course with its sinusoidal 
character, which is well proven by its temporal dynamics in Storkowo. For Storkowo 
the maximal levels of the indicator occurred mainly in 1999, 2002 and 2008 and the 
minimal ones - in 1996 and 2006. Therefore, its (nearly) 4-year variability can be 
reported. 2012 saw a preserved trend for reconstruction of water reservoirs in the 
catchments under the Integrated Environmental Monitoring Programme where the 
thermal-precipitation indicator has still been negative but presented an upward trend 
in the improvement of water reservoirs. The temporal variability of precipitation 
at Base Stations shows a considerable share of snow cover - within the past three 
years - in such a renewal of water resources, which confirms the principle that water 
retention is determined by winter half-year precipitation related to snow fall. Due to 
high evapotranspiration occurring in summer half-years, more efficient precipitation 
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does not improve water resources in the catchments. In 2012 no special threats were 
identified in relation to the occurrence of extreme precipitation or drought, especial-
ly in the central and northern parts of Poland. Only at stations: Święty Krzyż and 
Szymbark for which 2012 - against the background of the multi-year period - was a 
dry year, several periods without precipitation with their length of more than 1 week 
were recorded.

Quality of air and precipitation

Air and precipitation quality is among the factors determining the circulation of mat-
ter in the monitored geo-ecosystems. Atmospheric deposition determines quantities 
of entered pollution.

Air pollution is significantly impacted by people. In 2012 at none of the stations 
there was exceedance of average annual concentration of SO2 over 20 µg/m3 and 
concentration of NO2 over 30 µg/m3. There was a downward trend of concentration 
of sulphur dioxide in the examined geo-ecosystems in the period of 2003-2012. An 
inverse trend was observed for nitrogen dioxide. 

pH/SEC precipitation classification - this indicator was applied in the reports from 
Storkowo Base Station (Michalska 2000) on the grounds of the so-called Austrian 
classification (Jansen et al. 1988).

The pH/SEC precipitation classification indicator demonstrates that in 2012 precip-
itation quality - expressed as weighted average electrolytic conductivity - was char-
acterised by the following properties: minor conductivity - found at 2 Base Stations: 
Biała Góra and Borecka Backwoods, slightly increased conductivity - found at 3 Base 
Stations: Storkowo, Roztocze and Szymbark, considerably increased conductivity - 
found at 2 Base Stations: Koniczynka and Kampinos, very increased conductivity 
- found at 2 Base Stations: Wigry and Święty Krzyż. The multi-year variability in 
electrolytic conductivity generally indicates a favourable trend of reducing contents 
of ingredients dissolved in waste waters for most of the Base Stations - apart from 
Wigry and Koniczynka. However, a statistically significant trend was observed only 
for Storkowo and Borecka Backwoods which have got the longest measuring series. 
Their 10-year SEC declining trend is equal to 0.5 mS/m in Storkowo and 0.6 mS/m in 
Borecka Backwoods. At Base Station in Szymbark with its equally long measurement 
period, the linear trend is statistically insignificant due to considerable fluctuations 
in the contents of components dissolved in waste waters in the multi-year period 
between 1994 and 2012. In 2012, compared to the previous year, there was a rise of 
aggregate quantities of dissolved components in waste waters, however, good (with 
slightly and slightly increased conductivity) precipitation occurred at 5 examined 
geo-ecosystems. It is worth noting a very high level of weighted average annual SEC 
in Wigry (10.7 mS/m) and in Święty Krzyż (8.0 mS/m).

Acidification of precipitation waters in 2012 at the particular stations is demonstrat-
ed by pH values which can be classified as follows: significantly decreased - found at 
1 Base Station: Święty Krzyż, slightly decreased - found at 3 Base Stations: Storkowo, 
Borecka Backwoods and Szymbark, standard - found at 5 Base Stations: Biała Góra, 
Wigry, Koniczynka, Kampinos and Roztocze. The temporal variability in reaction of 
precipitation waters presents a favourable tendency of upward pH at Base Stations 
under the Integrated Environmental Monitoring Programme, apart from Święty 
Krzyż with its decreased pH and increased acidity of precipitation. A statistically sig-
nificant trend of improved reaction quality of precipitation was found for Storkowo, 
Borecka Backwoods, Wigry and Kampinos. Their 10-year trend of decreased acidity 
is equal to 0.37 pH units for Storkowo, 0.21 pH units for Borecka Backwoods, 0.76 pH 
units for Wigry and up to 1.29 pH units for Kampinos. In 2012 compared to 2011 there 
was a very extensive level of spatial variability in acidity of precipitation within the 
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examined geo-ecosystems, though very good levels of precipitation with standard 
reaction were reported at the 5 examined catchments. The worst reaction and the 
largest pollution referred to precipitation in Święty Krzyż which was qualified as 
significantly decreased with pH at 4.57.

pH indicator of atmospheric precipitation. Taking precipitation monitored at Base 
Station in Storkowo as an example, a reduced number of days with precipitation 
with significantly decreased pH (<4,1) has been noticeable since the mid-90s and up 
to 2001 a share of such days was several percent. In subsequent years this value did 
not exceed 10 %. Since 2009 their frequency has been below 1 %. In 2012 their share 
was negligible just 0.65 %. At the same time a number of days with precipitation with 
normal pH increased by 35% in 2012.

The main cause for reduced acidity of precipitation refers to limitation of sulphur 
dioxide emissions to the atmosphere (sulphur dioxide comes mostly from combustion 
of fossil fuels and deemed to be a primary acidity-formed factor of precipitation). A 
downward amount of sulphur dioxide in the atmosphere is reflected in increased 
precipitation pH and reduced contents of sulphates in precipitation waters, which 
can be observed in the research results from some Base Stations under the Integrated 
Environmental Monitoring Programme (Szpikowski 2012). In 2012 a level of sulphates 
in precipitation decreased: in Storkowo 4-fold compared to the mid-90s, in Borecka 
Backwoods 3-fold, in Święty Krzyż 2-fold since 2001. A statistically significant de-
crease in sulphates was found in Storkowo (1.8 mg/10 years), Borecka Backwoods 
(0.6 mg/10 years), Święty Krzyż (5.9 mg/10 years) and Szymbark (2.9 mg/10 years).

The second factor causing acidification of precipitation waters refers to nitrogen 
oxides, mainly from combusted liquid fuels. A reduced level of emission of nitrogen 
oxides leads to downward concentration of nitrate ions in precipitation waters, which 
can be observed at Base Stations under the Integrated Environmental Monitoring 
Programme. A statistically significant decrease in nitrates was found in Storkowo (0.4 
mg/10 years), Borecka Backwoods (0.4 mg/10 years) and Święty Krzyż (7.9 mg/10 
years). It should be noted that decreased concentration of nitrates is not as high as 
in case of sulphates.

Indicator of acidifying factors and their share in acidification of precipitation. This indica-
tor was introduced by Michalska in 2000 (Kostrzewski et al. 2007). Its temporal vari-
ability for Base Stations under the Integrated Environmental Monitoring Programme 
indicates: a statistically significant increased share of nitrogen oxides in acidification 
of precipitation at stations: Storkowo, Borecka Backwoods and Szymbark (for 1994-
2012), NOx dominance over SO2 in acidification of precipitation in Storkowo, Borecka 
Backwoods within the past 5 years, significantly increased share of NOx over SO2 in 
acidification of precipitation which for 2 years has been maintained in Wigry, a larger 
(in 2012) share of SO2 in relation of NOx in acidification of precipitation at Base Sta-
tions: Biała Góra, Koniczynka, Kampinos, Roztocze and Święty Krzyż. The multi-year 
analysis of the measured data on nitrate nitrogen and sulphate sulphur concentrations 
in precipitation showed downward trends of concentrations of these acidity-forming 
factors. A statistically significant decrease in of NO3-N and SO4-S was found, among 
others, in: Storkowo (0.63 mg SO4-S/10 years and 0.06 mg NO3-N/10 years) and in 
Szymbark (0.58 mg SO4-S/10 years and 0.12 mg NO3-N/10 years). Simultaneously, it 
should be noted that trends of decreased concentrations of nitrates are clearly lower 
than the ones of sulphates.

Quality of surface waters

The multi-year analysis of the measured data on nitrate nitrogen and sulphate sulphur 
concentrations in precipitation showed downward trends of concentrations of these 
acidity-forming factors. A statistically significant decrease of NO3-N and SO4-S was 
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found, among others, in: Storkowo (0.63 mg SO4-S/10 years and 0.06 mg NO3-N/10 
years) and in Szymbark (0.58 mg SO4-S/10 years and 0.12 mg NO3-N/10 years). Si-
multaneously, it should be noted that trends of decreased concentrations of nitrates 
are clearly lower than the ones of sulphates.

Nitric nitrogen NO3-N. A multi-year course of concentration variability of nitrate 
nitrogen in river waters generally indicates spatially varied trends of NO3-N concen-
tration. A statistically significant concentration fall of nitrate nitrogen was recorded 
in Storkowo (Parsęta) only. At Base Station in Szymbark, in spite of its equally long 
measurement series, there are no statistically significant concentration changes of 
NO3-N in Bystrzanka. 10-year decreasing trend of NO3-N concentration at Parsęta 
in Storkowo was equal to 0.4 mg/l. At other Base Stations a trend in concentration 
changes of nitrate nitrogen is statistically negligible, however, it shows some regu-
larity. A decreasing tendency of nitrate nitrogen concentration was observed at Base 
Stations in Święty Krzyż and Borecka Backwoods. Most often at Base Stations, levels 
of concentration of nitrate nitrogen in the examined periods are characterised by 
their very low variability (for example Wigry) or have slight tendencies of increasing 
concentration (for example Koniczynka). In general, in case of nitrate nitrogen, its 
discharge by means of river waters to the catchments under the Integrated Environ-
mental Monitoring Programme is not subject to any explicit changes over time. It is 
mainly due to retention of a significant part of nitrogenous compounds by vegetation. 
Against the background of other Base Stations, the catchment of Struga Toruńska in 
Koniczynka stands out negatively. Its NO3-N concentrations are over 100% higher 
than in other monitored water courses (approximately 1-2 mg/l). This is due to ag-
ricultural utilisation of the catchment in Koniczynka.

Sulphate sulphur SO4-S. A long-term course of variability of sulphate sulphur con-
centration in river waters generally indicates a declining trend of SO4-S concentration, 
however there are also cases of increased SO4-S concentrations recorded, for exam-
ple at Bystrzanka at Base Station in Szymbark. A statistically significant decrease in 
sulphate sulphur concentration was only recorded in Storkowo (Parsęta) and at the 
outflow of Łękuk Lake (Base Station in Borecka Backwoods). Then, in Szymbark, a 
statistically significant increase of sulphate sulphur concentration at Bystrzanka was 
found. A 10-year decreasing trend of SO4-S concentration in Parsęta was equal to 4.4 
mg/l and 2.7 mg/l at the outflow of Łękuk Lake and an increasing trend of its con-
centration at 4.2 mg/l/10 years at Bystrzanka. At other Base Stations linear changes 
of sulphate sulphur concentration are statistically insignificant and do not show any 
significant modifications.

The most extensive changes of electrolytic conductivity (SEC) measured in 2012 
compared to 2011 and 2010 were recorded in Koniczynka and Wigry. In Wigry at Czar-
na Hańcza there was an unfavourable increase of electrolytic conductivity (together 
with mineralisation of river waters) from 51 up to 56 mS/m recorded in the consid-
ered three-year period. Its positive decrease was recorded in Koniczynka at Toruńska 
Struga from 74 mS/m in 2010 up to 67.5 mS/m in 2012. At other water courses no 
explicit trends of conductivity changes were recorded for 2010-2012.

The largest changes of reaction in river waters in 2012 in respect to 2011 and 2010 
were recorded in Kampinos. The Olszowiecki Channel is characterised by large 
annual changes of reaction (from 6.2 pH units in 2011 up to 7.8 in 2010), however, 
with no directional trend (decrease or increase). An unfavourably downward trend 
of reaction was observed in Wigry at Czarna Hańcza (from 8.0 pH units in 2010 up 
to 7.8 pH units in 2012). At other monitored water courses there was no decrease or 
increase of reaction within 2010-2012. High acidification of C6 water-course in Święty 
Krzyż stands out among river waters. On one hand its significant acidification (pH 
5.4 in 2012) is due to geological formations of the Świętokrzyskie Mountains and 
on the other, it results from considerable anthropogenic pollution with air and acid 
atmospheric precipitation.



51Reports of the Finnish Environment Institute  23 | 2014

Conditions of bio-indication in relation to water conditions

Tree-based epiphytes. Lichens are among the commonly used indicators of changes: 
air pollution, site conditions and land use structure. Monitoring of lichens is aimed 
to observe changes in the environment under the influence of various natural and 
anthropogenic factors with the use of lichens as bio-indicators. The principle is that 
thalli with the least complex architecture are the most resistant to pollution. Bushy li-
chens characterised by spatially comprehensive thalli are considered to be much more 
sensitive to pollutions than lichens with less morphological construction (above all 
crusty ones) (2012). By analysing the annual distribution of surface changes of lichen 
thalli at the examined areas in reference to changes of humidity conditions, no explicit 
regularity of changes was found in relation to the quantity of water provided together 
with precipitation. In the light of the above, it appears that humidity conditions do 
not constitute the most relevant stimulus of changes of thalli (and their sizes), both 
bushy lichens being sensitive to environmental changes (for example: Parmelia sub-
montana, Pseudevernia furfuracea, Ramalina farinacea), leafy ones (for example: Parmelia 
submontana, Platismatia glauca) and very resistant crusty ones (for example Pertusaria 
amara, Phlyctis argena).

The implemented Integrated Environmental Monitoring Programme allows to de-
termine developmental tendencies of geo-ecosystems and formulate short- and long-
term forecasts. Taking into account the nearly 20-year research period it is possible to 
formulate regularities in the scope of developmental tendencies of geo-ecosystems 
and forms of geo-diversity and bio-diversity suggested for them. Their results may be 
useful in comparative studies of environmental values, planning and implementation 
of international programmes such as the Integrated Monitoring.
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Annex V

Report on National ICP IM Activities 
in Sweden 2012–2014

Lundin, L.1, Löfgren, S.1, Kajsa Bovin2, Bringmark, L.1, Grandin, U.1, Pihl Karlsson, G.3, 
Moldan, F.3 and Thunholm, B2.

1 Swedish University of Agricultural Sciences (SLU), Department of Aquatic Sciences and 
  Assessment, Box 7050, SE-750 07 Uppsala, Sweden, e-mail: Lars.Lundin@ma.slu.se 
2 Geological Survey of Sweden (SGU), Box 670, SE-751 28 Uppsala, Sweden. 
3 Swedish Environmental Research Institute, Box 47086, SE-402 58 Gothenburg, Sweden.

The programme is funded by the Swedish Environmental Protection Agency.

Introduction

The Swedish integrated monitoring programme is run on four sites distributed from 
south central Sweden (SE14 Aneboda) over the middle part (SE15 Kindla), to a north-
erly site (SE16 Gammtratten). The long-term monitoring site SE04 Gårdsjön F1 is 
complementary on the inland of the West Coast and has been influenced by long-term 
high deposition loads. The sites are well-defined catchments with mainly coniferous 
forest stands dominated by bilberry spruce forests on glacial till deposited above the 
highest coastline. Hence, there has been no water sorting of the soil material. Both 
climate and deposition gradients coincide with the distribution of the sites from south 
to north (Table 1). The forest stands are mainly over 100 years old and at least three 
of them have several hundred years of natural continuity. Until the 1950’s, the wood-
lands were lightly grazed in restricted areas. In early 2005, a heavy storm struck the 
IM site Aneboda, SE14. Compared with other forests in the region, however, this site 
managed rather well and roughly 20-30% of the trees in the area were storm-felled. 
In 1996, the total number of large woody debris in the form of logs was 317 in the 
surveyed plots, which decreased to 257 in 2001. In 2006, after the storm, the number 
of logs increased to 433, corresponding to 2711 logs in the whole catchment. In later 
years, 2007-2010, bark beetle (Ips typographus) infestation has almost totally erased 
the old spruce trees with a breast height diameter of ≥20 cm.

Table 1. Geographic location and long-term climate at the Swedish IM sites.

SE04 SE14 SE15 SE16

Latitude; Longitude N 58° 03 ;́
E 12° 01´

N 57° 05 ;́ 
E 14° 32´

N 59° 45 ;́
E 14° 54´

N 63° 51 ;́
E 18°06´ 

Altitude, m 114-140 210-240 312-415 410-545

Area, ha 3.7 18.9 20.4 45

Mean annual temperature, oC +6.7 +5.8 +4.2 +1.2

Mean annual precipitation, mm 1000 750 900 750

Mean annual evapotransporation, mm 480 470 450 370

Mean annual runoff, mm 520 280 450 380
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In the following, climate, hydrology, water chemistry and some ongoing work at the 
four Swedish IM sites are presented (Löfgren 2014).

Climate and Hydrology in 2012

In 2012, the annual mean temperatures were lower than the long-term mean (1961-
1990) for the two southern sites, while the two northern sites had higher annual 
means. Compared with the measured time series, 13 years at site SE16 and 17 years at 
the other sites, the temperatures in 2012 were lower at all sites. This resembles the year 
2010 when temperatures mainly were lower than normal. However, the annual mean 
temperatures have during several years been higher than long-term averages (0.5 - 
2.3 °C). Variations between years have been considerable with up to three degrees.

In 2012, precipitation was higher than the long-term average with 3-44% for the 
four sites. Also 2011, the two southern sites had higher precipitation (SE14: 7% and 
SE04: 25%), while the sites further north only reached c. 70% of the long-term aver-
ages.

The characteristic annual hydrological patterns of the catchments are for the south-
ern sites high groundwater levels during winter and lower levels in summer and early 
autumn. This pattern is also reflected in runoff. At the two northern sites, generally 
snow accumulates during winter and groundwater levels stay low furnishing low 
discharge. However, warm periods in the winter period with temperatures above 0 
°C have during a number of years contributed to snowmelt and runoff. As a conse-
quence, spring discharges have been low in the snowmelt period. In 2012, this pattern 
occurred at the central site SE15. The two southern sites showed a normal discharge 
pattern, which also was evident at the northern site SE16 with a snowmelt peak in 
May (Fig. 1). During the years 2009 - 2011, the sites exhibited normal discharge pat-
terns with low winter discharge.

Figure 1. Discharge patterns at the Swedish IM sites in 2012 compared to monthly averages for the 
period 1996 – 2012 (mean). Note the different Y-axis scales.
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In 2012, runoff made up 36-69% of the annual precipitation, which is comparable to 
the 40-60% found during the previous three years. A higher proportion was found at 
the northern site Gammtratten (SE16), where a rather high snowmelt flood provided 
high discharge. In the north, cold climate yields low evapotranspiration (31%) and 
consequently provided high runoff (Table 2). At site Aneboda (SE14), the storm-felling 
and bark beetle attacks have reduced the forest canopy cover and thereby followed 
low interception but total evapotranspiration was anyhow high.

Table 2. Compilation of the 2012 water balances for the four Swedish IM sites. P – Precipitation, 
TF – Throughfall, I – Interception, R – Water runoff.

Gårdsjön SE04 Aneboda SE14 Kindla SE15 Gammtratten SE16

mm % of P mm % of P mm % of P mm  % of P

Bulk precipitation, P 1346 100 818 100 1112 100 785 100

Throughfall, TF 807 60 674 82 646 58 648 83

Interception, P-TF 539 40 144 18 466 42 137 17

Runoff, R 776 58 299 36 422 38 543 69

P-R 570 42 520 64 690 62 242 31

Water chemistry in 2012

Low ion concentrations in bulk deposition and throughfall characterise the three in-
land sites (electrolytical conductivity on c. 1-2 mS m-1), while sea salt provides higher 
ionic strength at the west coast SE04 site (6.6 mS m-1 ; throughfall). Water pathways 
through the catchment soils are fairly short and shallow, providing rapid surface 
water formation from infiltration to surface water runoff. The acidity in deposition 
was similar at all sites with somewhat higher pH (0 - 0.1 units) in throughfall (TF) 
compared with bulk deposition (BD). The Aneboda site SE14 deviated from this 
pattern and pH in TF was 0.4 units higher compared to BD. As the years before, pH 
was close to 5.0 in BD at all sites in 2012 (Table 3). 

Table 3. Deposition chemistry 2012 at the four Swedish IM sites. S and N in kg ha-1 yr-1.

SE04 SE14 SE15 SE16

pH, bulk deposition 5.1 5.0 4.9 5.1

pH, throughfall 5.1 5.4 5.1 5.0

SO4-S, bulk deposition 4.0 2.1 2.1 1.3

N-tot, bulk deposition 9.9 6.5 5.5 3.0

During the water passage through the catchment soils, organic acids are added and 
leached to the stream runoff, buffering at a pH between 4.3-4.7 at the three southern 
sites. At SE14, pH in stream water was 4.7 compared with 5.1 in bulk deposition. In the 
stream, ANC was approximately 0.09 meq L-1 as a consequence of high concentrations 
of DOC (≈25 mg L-1). This could be compared with SE15 with an ANC of 0.01 meq L-1 
mainly coupled to low DOC concentrations (≈10 mg L-1). At the northern site SE16, 
ANC (≈0.1 meq L-1) was to a large extent related to bicarbonate alkalinity, buffering 
the stream water at a pH of ca 5.5.

During the period 1996 to 2010, sulphur deposition decreased by 2-7 kg S ha-1 yr-1 
and pH increased with 0.3-0.5 pH-units except for at the northernmost site Gammtrat-
ten with small changes in pH. However, at this site, the sulphur flux is equally low 
(2.2 kg SO4-S ha-1 yr-1) in deposition and stream water runoff.

Besides ANC and pH, the stream water chemistry is to a considerable extent influ-
enced by organic matter. At Aneboda site (SE14), the DOC concentration was high, 25 
mg L-1, while the other sites Gårdsjön (SE04), Kindla (SE15) and Gammtratten (SE16) 



54  55Reports of the Finnish Environment Institute  23 | 2014 Reports of the Finnish Environment Institute  23 | 2014

showed lower DOC values 13, 10 and 10 mg L-1, respectively. High DOC concentra-
tions create prerequisites for metal complexion and transport as well as high organic 
nitrogen fluxes. The organic nitrogen concentrations in stream water ranged from 
0.19 to 0.55 mg N L-1. In nitrogen budgets for catchments, transformation of inorgan-
ic nitrogen in deposition to surface runoff organic nitrogen needs consideration. At 
Aneboda site, the inorganic nitrogen was 0.34 mg N L-1, which was high compared 
with the other sites where the concentrations were below 0.05 mg N L-1. The high 
inorganic nitrogen concentrations at Aneboda are related to the forest die back.

Aluminium, toxic to fish and other gill breathing organisms in the inorganic form, 
has been analyzed in soil solution, groundwater and surface waters at the IM sites. 
Rather high concentrations occurred in the soil solution (0.2-2.0 mg L-1) as well as in 
stream water (0.5-0.7 mg L-1) at the three southern sites with low pH (4.3-4.7). At the 
northern site SE16 with a pH 5.5, the aluminium concentrations were comparably low 
on c. 0.2 mg L-1. Inorganic Al (Ali) made up 22-52% at the four sites, corresponding to 
> 0.2 mg Ali L

-1 at the three southern sites with low pH. Those levels are considered 
very high according to the SEPA classification. The priority heavy metals Pb, Cd and 
Hg were still accumulating in the catchment soils, but the concentrations were on low 
levels and caused no biological effects. However, methyl mercury was still exerting 
hazardous concentrations for the limnic life.

Highlights from the Swedish Integrated Monitoring 

Two highlights from the national IM report published 2014 are summarized here.  
Gunilla Pihl Karlsson and Per-Erik Karlsson are authors of the highlight on the estima-
tion of total deposition, while Kajsa Bovin, Lena Maxe and Bo Thunholm are authors 
of the groundwater chemical characterization in three Swedish IM sites.

Total deposition
The total deposition of elements to forests is complicated to determine due to interac-
tions between forest canopy and elements. Needles and leaves may capture nitrogen, 
while base cations may be leached. The method developed (Ferm & Hultberg 1999) 
considered sodium (Na) as a conservative element and assumed no interaction with 
the vegetation. They developed a method where string samplers located under roof 
were used to estimate dry deposition (Fig. 2). The Na deposition in throughfall rep-
resents the sum of dry and wet deposition of Na. The latter is estimated from Na in 
bulk deposition at open field minus string sample dry deposition. Dry deposition for 
each element is estimated from the concentration ratio between the element and Na 
in the monthly string sample, multiplied with the dry Na deposition in throughfall 
(Karlsson et al. 2013). 

Figure 2. Photo (G. Pihl Karlsson) of a string collector. Once a month, the string collector is 
sprayed with ca 150 ml deionized water. The solution is collected in the bottle hanging below the 
collector.
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There are some prerequisites for this method, which are considered of negligible 
significance for the result. The prerequisites are i) no interaction between Na and 
vegetation, ii) only particular but no gaseous dry deposition and iii) the ratio between 
the Na and element deposition rates on the string sampler and on the forest canopy 
are similar.
The total sulphur deposition shows statistically significant decrease as has also been 
shown in many other places in Sweden (Pihl Karlsson et al. 2013). In site Gårdsjön the 
highest total deposition occurred with a mean value for the years 2012-2013 on 3.3 kg 
SO4-S ha-1 yr-1, excluding sea-salt S. The corresponding value for the lowest deposition 
was in site Gammtratten 1.1 kg SO4-S ha-1 yr-1. The share of dry deposition was stable 
for the last years on c. 10% (Fig. 3). This could be compared to bulk deposition (Table 
3), which included sea-salt deposition but excludes the forest canopy dry deposition. 
Values are fairly similar with 4 kg SO4-S ha-1 yr-1 in Gårdsjön and 1.3 kg SO4-S ha-1 yr-1 
in Gammtratten (Table 3).

The total deposition of nitrate and ammonium were estimated to 7.9 + 4.9 kg N 
ha-1 yr-1 for Gårdsjön; 3.2 + 2.7 kg N ha-1 yr-1, for Aneboda; 3.0 + 1.6 kg N ha-1 yr-1 for 
Kindla and 1.2 + 0.9 kg N ha-1 yr-1 for Gammtratten. The corresponding bulk N de-
positions were 9.9, 6.5, 5.5 and 3.0 kg N ha-1 yr-1, respectively (Table 3). The shares of 
dry deposition were rather high at the three southern sites (25-45%), and low (10%) at 
the northern site Gammtratten (Fig. 3). Except for Gammtratten, the base cation dry 
depositions were rather high at both Aneboda and Kindla (c. 50%) and even higher 
for the near coastal site Gårdsjön. 

Figure 3. Estimated total deposition of SO4-S, NO3-N and NH4-N in the Norway spruce forest at  
the IM sites (left) and the dry deposition share of the total deposition (right).
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Figure 3. Estimated total deposition of SO4-S, NO3-N and NH4-N in the Norway spruce forest at  
the IM sites (left) and the dry deposition share of the total deposition (right).

Groundwater chemistry
For the period 1998 to 2012, groundwater chemistry in the IM sites Gammtratten 
(SE16), Kindla (SE15) and Aneboda (SE14) were characterized. Hillslope transects 
from recharge areas to downslope near stream discharge areas were studied (Fig 4.). 
The time series trends were statistically analysed according to Mann-Kendall and 
co-variations between chemical constituents with PCA. Comparisons were made to 
the stream water chemistry. 

Figure 4. Co-variation (PCA) between concentrations of alkalinity/acidity, sulphate, electrolytic con-
ductivity and total organic carbon (TOC) at different sampling sites (groundwater and stream) and 
concentration trends (Mann-Kendall) at respective sampling sate at Aneboda, Kindla and Gammtratten. 
Grey = no trend, light blue = decreasing trend, dark blue = increasing trend, diamond = principal com-
ponent 1 (PC1), square = principal component 2 (PC2), circle = no relation with PC1 and PC2.
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The decreasing sulphate concentration trend, found at many boreal sites in nort-
hern Europe and North America, was most obvious in the surface waters of the IM 
sites. High sulphate concentrations occurred in the recharge areas, while concentra-
tions were lower in the discharge areas.

The lower sulphate concentrations were accompanied by lower base cation con-
centrations, reducing the electrical conductivity in the stream waters of all three IM 
sites. Lower conductivity was not apparent in groundwater. Organic carbon (TOC) 
showed correlations between groundwater and surface waters in both Aneboda and 
Kindla. In Gammtratten, however, higher TOC values occurred in the stream water 
than in the groundwater. TOC in the stream is influenced by high TOC concentrations 
in the upper soil layers in the near stream zone, while the groundwater represents 
deeper soil layers less rich in organic matter. Further similar studies could contribute 
to a better understanding of the hillslope water flowpaths. 
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which covers the region of the United Nations Economic Commission for Europe 
(UNECE). The main aim of ICP IM is to provide a framework to observe and 
understand the complex changes occurring in natural/semi natural ecosystems.

This report summarizes the work carried out by the ICP IM Programme Centre 
and several collaborating institutes. The emphasis of the report is in the work done 
during the programme year 2013/2014 including:

•	 A	short	summary	of	previous	data	assessments
•	 A	status	report	of	the	ICP	IM	activities,	content	of	the	IM	database,	and		 	
 geographical coverage of the monitoring network
•	 A	progress	report	on	dynamic	vegetation	modelling	at	ICP	IM	sites	
•	 A	report	on	mass	balances	for	sulphur	and	nitrogen	at	ICP	IM	sites	in	1990-2012
•	 National	Reports	on	ICP	IM	activities	are	presented	as	annexes.
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