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I INTRODUCTION

1. The results of integrated monitoring are presemetis report in accordance with the
Convention’s 2009 workplan (ECE/EB.AIR/96/Add. 2t 3.6 (c)) approved by the Executive
Body at its twenty-sixth session in December 2008.

2. It is anticipated that implementation of the 199&l&nburg Protocol to Abate
Acidification, Eutrophication and Ground-level OmofGothenburg Protocol) will cut European
emissions of sulphur (S) by at least 63 per cetrggen (N) oxides by 41 per cent and
ammonium (NH) by 17 per cent by the year 2010 as compared0.19is essential that
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scientific evidence is available for assessingstieress of international emission reduction
policy as well as the ecosystem benefits of thgeland costly investments.

3. This report summarizes main results of a trendyassabf monthly data on bulk
deposition (PC, precipitation chemistry), throudihdeposition (TF) and run-off water (RW)
chemistry at 33 sites of International CooperaBvegramme on Integrated Monitoring of Air
Pollution Effects on Ecosystems (ICP Integrated NMwimg) for the period 1993-2006. It
updates an earlier trend assessment for the pEei@8-2003 (Kleemola and Forsius 2006).
Details can be found in ICP Integrated Monitorimgaal report 2009.

I. MATERIALSAND METHODS

4, Monthly concentrations and fluxes for PC, TF and BWgoil water (SW, if no RW data
was available) were used in the trend assessmetiitdfondividual sites. PC, TF and output
(RW) fluxes were calculated from the quality andiaity of water using mean monthly values
for water fluxes and chemical analyses.

5. Sites and records were accepted for the statisticalses, when: (a) data started no later
than 1999 and continued at least until 2005; aphd#ba were available for at least 7 out of 14
years for the period 1993-2006. Trends were ewvaduiar non-marine values, where * denotes
non-marine fraction, of sulphate (8@ sum of calcium and magnesium (Ca*+Mg*), protons
(H"), nitrate (NQ) and acid neutralizing capacity (ANC). hi¥as also included, but the results
are not presented due to the limited number o$ siiéh available data. ANC was calculated as
the sum of base cations minus the sum of acid iam&(Ca+Mg+Na+K+NH,) —

2(SOs+NOs+Cl) (unit: peqg/l).

6. Thirty-three sites had enough data at least fotdg&rform the trend analysis. Twenty-
nine sites had sufficient data for TF. From thriéesstwo separate plots with different dominant
species were included in the analysis, which redut the total number of 32 TF plots. Twenty-
two sites had eithd?icea abies or Pinus sylvestris as the dominant species for the whole site or
for at least one TF measurement plot. Twenty-seites had data for either RW or SW.
Average yearly fluxes were also calculated as Weeame of last five years with available data,
generally for the period 2002—-2006, in order taumdyearly variability.

7. Trends in chemical parameters and fluxes were aadlysing the non-parametric
seasonal Kendall test (SKT) (Hirsch et al. 1983)liad to monthly data at each site. SKT has
become a standard method for detecting site-speao#inds in water quality data. It can
accommodate the non-normality, missing data ansloseéity that are common in data of this
type. Nevertheless, it is a powerful trend tes Btatistical sense (Loftis and Taylor 1989). The
magnitude of trend was estimated by the Theil-3@pesestimation method. This method
calculates the median of all between-year diffeesrin the selected variable. The unit of the
slope estimate for monthly based datadg I a™ for concentrations and meqfa * for fluxes.
A statistical significance threshold of p <0.05 vagplied to the trend analysis. It provides at
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least 95 per cent confidence that the detecteddsitrg or increasing trend was significantly
different from a zero trend.

(1. MAIN FINDINGS AND CONCLUSIONS

8. Statistically significant downward trends of S&ncentrations in PC and TF were
observed at most sites. Of 34 sites with sufficaatt for trend analysis of PC, all sites had
downward trend and 28 sites a statistically sigaifit decrease (figure 1). Of 32 plots, here
representing 29 sites, TF concentrations in deipasibe corresponding number was 28 plots,
here representing 25 different sites. The reshlisved a clear response to decreasing emissions.
The trends for calculated fluxes of $@®ere similar, but the number of statistically sigrant
results was lower than for the concentration-bass#ssments. The annual decreases of SO
concentrations in both PC and TF for the period3t2003 (Kleemola and Forsius 2006) were
steeper than for the period 1993-2006. This trexittp probably correlated with S emissions,
as reductions of European sulphur dioxide {Sgnissions have slowed down during the recent
decade (www.emep.int).

9. Much fewer statistically significant trends weresebved for N@than for SQ in both

PC and TF deposition (figure 1). The overall sitwatwvas different with both decreasing and
increasing trends detected. For the PC deposti@mumber of sites with statistically significant
decrease in Ngconcentration was 6 out of 34 sites, while fordgposition it was 3 sites.
Significant increases N{zoncentrations of PC were not detected. For ttimated NQ fluxes

of PC, there were two significant decreasing arelionreasing trend.

10.  The acidity of the deposition showed decreasingdseon the regional scale. The number
of sites with decreasing’Htoncentrations of PC was 19 and 14 forfldx. One site showed a
significant increase in both PC concentration agglogition flux. For Fl concentrations of TF,

the respective numbers were 17 plots represen@rgitds, and 16 plots representing 15 sites for
H+ fluxes. No site showed an increase inddncentrations and fluxes in TF. The TF deposition
reflected better the total load to the ecosystenit, accounted for changes in dry deposition
fraction as well. The observed increasing trends’iconcentrations were partly explained by a
decrease in the neutralizing base cation depositthith has affected the acidity load despite
the regional-scale decrease in,SO

11.  The results concerning RW/SW showed a more mixgplamse than in deposition. This
is due to the complex interaction of soil and cateht processes affecting the concentrations
and fluxes of the different ions. Of the 27 sitadvthe available concentration data, statistically
significant decreasing S@rends were observed at 18 sites and an incretrtging at one site
(figure 2). Due to missing data on soil or RW flax#ux estimates could be made only at 19
sites. Seven sites showed a significant decreaS@jflux, and one site an increase. Previous
input-output budget studies for forested sitesunoge, including ICP Integrated Monitoring
sites, have often showed a net release qf $his indicated that forest soils were now relegsi
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S, which had accumulated in the past (de Vries @081 and 2003, Prechtel et al. 2001, Forsius
et al. 2005). As a general trend, the sites ware tesponding to the decreasing S deposition.

12.  NOs concentrations in RW/SW showed mixed response mgth decreasing and
increasing trends (figure 2). Statistically, sigrant decreasing trends were observed at six sites
and increasing trend at one site. Respective nusribeNG; fluxes were four with decreasing

and five with increasing trends. Few significamhporal trends have generally been observed
regarding annual N§£xoncentrations in RW in background areas in Eu(épesius et al. 2001,
Wright et al. 2001).

13.  ANC at acid-sensitive sites in northern Europe stwmcreasing trends, thus indicating
recovery from acidification. More significant trengh concentrations were observed for ANC,
increasing at 13 out of 27 sites, than ot Which is related to pH, decreasing at 6 out of 26
sites. ANC is generally a more stable indicator ksd affected by short-term processes. Many
of these sites were not sensitive to acidifyingas#pn (e.g. Forsius et al. 2005); therefore,
large changes in acidity variables would not beeeigd. The increasing ANC trends for these
acid-sensitive sites indicated recovery from aadiion and thus a positive response to the
decreasing emissions.

14.  The new results of the ICP Integrated Monitorintgsiconfirmed previously observed
regional-scale decreasing trends of S in deposar@hRW/SW. Acid-sensitive sites in northern
Europe indicated continuing recovery from acidifion. The situation on N was quite different,
with few decreasing trends in deposition and betrelasing and increasing trends in RW/SW.
Critical load calculations for Europe also indicateeedance of the N critical loads over large
areas. N thus requires continued attention asrgofutant in Europe.
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Figure 1. Increasing and decreasing dopes (triangles indicate the direction) for statistically
significant (p<0.05) trendsfor SO4 and NOj3 concentrationsin PC
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Figure 2. Increasing and decreasing slopes (triangles indicating the direction) for
statistically significant (p<0.05) trendsfor SO, and NO3 concentrationsin RW or SW

chemistry
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