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Background

In the early 1980s, an expert group appointed by
the Nordic Council of Ministers suggested that the
Nordic countries should launch a joint programme
for monitoring the effects of acidifying substances
and heavy metals on northern coniferous forest
ecosystems (Nordiska Ministerrådet 1984). Finland
participated in this Integrated Monitoring Pro-
gramme, establishing four monitoring areas dur-
ing 1987–1988.

In 1988, the United Nations Economic Com-
mission for Europe recommended that countries
participate in the three-year Pilot Programme for
Integrated Monitoring. The Pilot Programme was
initiated under the Convention on Long-Range
Transboundary Air Pollution at the request of the
Nordic countries, and it was called the Pilot Pro-
gramme of Integrated Monitoring of Air Pollu-
tion Effects on Ecosystems (Environment Data
Centre 1992). Sixteen countries with 40 monitor-
ing sites participated in the Pilot Programme. Fin-
land used the same monitoring sites as those em-
ployed during the Nordic phase of the project.
Finland also took the responsibility for handling
the data generated by the programme. After a pi-
lot phase (1989–1991), an international evalua-
tion of the programme was carried out in 1992
(Environment Data Centre 1992).

The main conclusion of the evaluation group
was that an integrated monitoring programme in
small catchments should be pursued as a long-
term, international co-operation project (Environ-
ment Data Centre 1992). It was also concluded
that, in the short-term perspective especially, it
will be possible within the programme to identify
the  effects of sulphur and nitrogen on processes
that are important for the long-term stability of
the ecosystems. It was particularly emphasized
that this type of integrated monitoring enables the
modelling and testing of future scenarios by per-
forming continuous validation of dynamical
mechanistic models, developed on the basis of
empirical data and additional research.

In accordance with the recommendations of the
evaluation group, the International Co-operative
Programme on Integrated Monitoring of Air Pol-
lution Effects on Ecosystems (ICP IM) was initi-
ated in 1993 under the auspices of the UN/ECE
Convention on Long-Range Transboundary Air
Pollution. At present, 20 European countries and
Canada are participating in the programme with a
total of 61 monitoring sites. Finland is participat-
ing in the programme with the four intensive
monitoring sites that were used earlier in the Nor-
dic Integrated Monitoring Programme and pilot
phase of the ICP IM. Finland also has the responsi-
bility of running the ICP IM Programme Centre.
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Objectives of the Programme

The main objective of the ICP IM is to observe
and predict the state of and possible changes in
natural ecosystems caused by transboundary air
pollutants. Emphasis is placed on the fluxes and
effects of acidifying sulphur and nitrogen com-
pounds, ozone and heavy metals on ecosystems.
To achieve this, a large number of physico-chemi-
cal and ecological variables are being monitored
simultaneously at all the monitoring sites. An
additional objective of the ICP IM is the develop-
ment and validation of models for the simulation
of ecosystem responses. A more detailed descrip-
tion of the short-term and long-term objectives of
the programme was published by the Environment
Data Centre (1992).

Management of the Programme in
Finland

The location of the Finnish integrated monitoring
areas was planned on the basis of the guiding prin-
ciples laid down by the Nordic Council of Minis-
ters (Nordiska Ministerrådet 1984). The intensive
monitoring programme was started at four moni-
toring sites, located in Häme, North Karelia,
Kainuu and Lapland. The selected sites were
small, pristine forested catchments including a
lake. Very strict selection criteria were applied in
order to ensure that the sites were in as natural a
state as possible, that they were representative of
the area, and that they were not affected by local
pollution sources (Bergström et al. 1995). Addi-
tional criteria were used for determining the natu-
ral state of the catchments.

Since 1993, the monitoring has been carried
out within subprogrammes in accordance with  the
Manual for Integrated Monitoring, Programme
Phase 1993–1996 (Environment Data Centre
1993). The subprogrammes have been designed
to monitor acidifying sulphur and nitrogen com-
pounds and heavy metals, and their effects
throughout the ecosystem, from tree canopy to
soil and lake communities. The manual is currently
under revision and a new manual will be published
in 1998. Former versions of the manuals were used
during the Nordic and pilot phases of the pro-
gramme. A separate manual for hydrobiological

monitoring at IM sites was published by Keskitalo
and Salonen (1994).

More than 20 subprogrammes have been im-
plemented by designated institutes at the Finnish
monitoring sites. The regional environment cen-
tres have been responsible for most of the field
work and a part of the analyses. However, not all
the subprogrammes have been active throughout
the whole ten-year monitoring period, but instead
have been carried out periodically. Some of the
monitoring recommendations in the manuals of
the Nordic and Pilot phases of the programme have
now been deleted. For example, breeding birds
were monitored at the sites only during the period
1987–1990 (Koskimies et al. 1995).

Analysis of the data obtained from
monitoring areas

The results of the first five-year monitoring pe-
riod (1987–1991; Nordic and Pilot phases) at the
Finnish IM sites have been summarised in the First
National Report (Bergström et al. 1995). The re-
port includes a detailed description of the physico-
chemical and ecological status and characteris-
tics of the monitoring sites. However, owing to
the fact that the monitoring period covers only
five years, the report does not include any evalu-
ation of temporal trends or causal relationships in
the functioning of the ecosystems.

The ten-year monitoring period culminating at
the end of the ICP IM phase (1992–1996) allows
assessment of dose-response relationships, trends
and the models calibrated with data from the IM
sites. For example, an assessment of the effects of
nitrogen and sulphur deposition on vegetation was
carried out (Liu 1996), and the first results from a
trend analysis of ICP IM data on bulk and
throughfall deposition and runoff water chemistry
were reported (Vuorenmaa 1997). Three dynamic
models (MAGIC, SAFE, SMART) were calibrated
using data from the IM sites, and the effects of sev-
eral emission/deposition scenarios were assessed
(Forsius et al. 1998).

In summary, it can be stated that ten years of
intensive monitoring has produced sufficient data
for modelling the effects of, e.g. the Sulphur
Protocols in ecosystems, as well as to detect trends
in a large number of the processes occurring in
natural ecosystems.



203BOREAL ENV. RES. Vol. 3 • The Integrated Monitoring Programme in Finland

References

Bergström I., Mäkelä K. & Starr M. (eds.) 1995. Integrated
Monitoring Programme in Finland. First National Re-
port. Ministry of the Environment, Environmental
Policy Department, Helsinki. Report 1, 138 pp.

Environment Data Centre 1992. Evaluation of Integrated
Monitoring in terrestrial reference areas of Europe and
North America. The Pilot Programme 1989-1991. Con-
vention on Long-Range Transboundary Air Pollution
Effects on Integrated Monitoring. National Board of
Waters and the Environment, Helsinki, 60 pp.

Environment Data Centre 1993. Manual for Integrated
Monitoring. Programme Phase 1993–1996. UN ECE
Convention on Long-Range Transboundary Air Pollu-
tion. International Co-operative Programme on Inte-
grated Monitoring of Air Pollution Effects on Ecosys-
tems. National Board of Waters and the Environment,
Helsinki, 114 pp.

Forsius M., Alveteg M., Jenkins A., Johansson M., Kleemola
S., Lükeville A., Posch M., Sverdrup H., & Walse C. 1998.
MAGIC, SAFE and SMART model applications at Inte-
grated Monitoring sites: Effects of emission reduction
scenarios. Water, Air, and Soil Pollut. 105: 21–30.

Keskitalo J. & Salonen K. 1994. Manual for integrated
monitoring. Subprogramme Hydrobiology of lakes.

Publications of the Water and Environment Adminis-
tration — series B 16. National Board of Waters and
the Environment, Helsinki, 41 pp.

Koskimies P., Liukko U.-M. & Virkkala R. 1995. Detailed
description of bird communities in the IM areas. In:
Bergström I., Mäkelä K. & Starr M. (eds.), Integrated
Monitoring Programme in Finland. First National Re-
port. Ministry of the Environment, Environmental
Policy Department, Helsinki. Report 1: 113–114.

Liu Q. 1996. Vegetation monitoring in the ICP IM Pro-
gramme: Evaluation of data with regard to effects of N
and S deposition. In: Kleemola, S. & Forsius, M. (eds.),
5th Annual Report 1996, UN ECE ICP Integrated Moni-
toring. The Finnish Environment 27: 55–79. The Finn-
ish Environment Institute, Helsinki.

Nordiska Ministerrådet 1984. Arbetsprogram för miljö-
kvalitetsövervakning i Norden från och med år 1985.
Huvudrapport från Styrgruppen för Miljökvalitets-
övervakning i Norden, Ämbetsmannakommitten för
Miljövård. Lund, 83 pp.

Vuorenmaa J. 1997. Trend assessment of bulk and
throughfall deposition and runoff water chemistry at
ICP IM sites. In: Kleemola S. & Forsius M. (eds.), 6th
Annual Report 1997, UN ECE ICP Integrated Moni-
toring. The Finnish Environment 116: 24–42. The Finn-
ish Environment Institute, Helsinki.

Received 30 April 1998, accepted 27 August 1998



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


