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FOREWORD

Since the initiation of the ICPForests programme, an information need on the forest condition
has evolved. Many international conventions related to forests have been agreed upon and
they are being implemented. The sulphur and nitrogen emissions in Europe have decreased.
The inventory methodologies and monitoring have also generally improved, particularly
information transfer has taken major steps forward.

It is now under consideration how to find ways to address important new environmental
topics, such as forest biodiversity, climate change and sustainable forest management. In July
2002 the Commission of the European Communities tabled a proposal for a regulation
concerning monitoring of forests and environmental interactions in the Community, and
outlined a framework of the EU scheme for the next period.

In early 2002, the Ministry of Agriculture and Forestry in Finland felt that an external and
independent evaluation of the Finnish forest condition monitoring programme was required,
since such an exercise had not been conducted before. Such an evaluation could also provide
further input for future discussions during the preparation of the new regulation, serving as an
example case at a national level.

Some evaluations on the monitoring scheme at European and the EU level have been carried
out earlier. The external evaluation of the ICP programmes, carried out by Dr. T.G. Brydges
in 1998, marked the start of the evaluation process of the monitoring activities. After the
external evaluation, ICP Forests organised an internal review of the programme. The results
of the internal review were presented to the 16th Task Force Meeting of the ICP Forests in
May 2000.

The European Union started a reformation of the Council Regulations of the EU Scheme at
the same time as the evaluations of the ICP Forests programme. The first step was the review
of the pan-European monitoring programme on forest ecosystems, carried out by Dr. J.W.
Erisman in 2000. A workshop was organised by the European Union in Brussels in May 2000
to discuss the future needs of the forest monitoring.

The review of the Finnish forest condition monitoring work was contracted to the European
Forest Institute, which carried it out in March - August 2002.

We hope that this document can provide valuable information not only for the development of
the ICP Forests Programme, but also for the whole professional community involved in forest
monitoring and theuse of their results.

Joensuu, 20 September 2002

Risto Päivinen
Director
European Forest Institute



External review of theFinnish forest condition monitoring programme 5

EXECUTIV E SUMMARY

Monitoring the effects of air pollution on forests started in the mid 80’s, aiming at using the
same methodology in measuring the vitality of trees in Europe. The main attribute was the
loss of needles or leaves, defoliation, estimated by visual assessment. In Finland 460 plots
were established in 1986 to assess crown condition. In addition, a network of 31 plots has
been established in mid 1990’s to collect detailed information on deposition, trees, other
vegetation and soil.

The Finnish Forest Monitoring Programme is a part of the International Co-operative
Programme on Assessment and Monitoring of Air Pollution Effects on Forests operating
under UNECE (ICPForests). The annual costsof monitoring in Finland have been 1.3 million
euro, half of which hasbeen covered by the European Union.

The European Forest Institute (Appendix 1) has carried out a review of the Finnish Forest
Condition monitoring programme for the Ministry of Agriculture and Forestry. The main
conclusion was that the responsible organisation, Finnish Forest Research Institute (Metla),
has managed and performed the monitoring activities successfully. The research group lead
by the director Hannu Raitio from the Parkano Research Station has reached the national and
international objectives of the programme. The health conditions of Finnish forests have
found to bestable.

The programme has produced scientific reports and developed analysing methods of high
quality, which also have been utilised in other European countries. The Finnish researchers
have been active in the international expert groups. The programme has collected plenty of
valuable information on the function of forest ecosystems. This data would deserve even
further analysis.

During the past two decades, the information needs have changed and the possibilities for forest
monitoringevolved. Sulphur andnitrogenemissionshavebeenreduced, andthetemporal development
of defoliation showed only little changes at national level since the beginning of the survey. On the
other hand, defoliation was found to be an imprecise method of measure, which cannot detect small
changes in the crown condition. A clear correlation between chemical deposition and forest health
could not befound in Finnish forests. Dueto thesereasons, theimpact of air pollution to thehealth of
theforestsisno longer theprimary concern.

Instead, there are new questions, which require monitoring, especially the connection between
greenhousegasesandcarbonbalanceof forests, and thethreatsof biological diversity. At theEuropean
level, forest fires, stormdamagesandtheir effectson insect pests’ populationneedmonitoringaswell.

Therefore, the forest condition monitoring programme needs reconsideration. The sample plot
network, which has been designed to assess the impact of chemical deposition, is not suitable for
monitoring of biodiversity or carbon sinks. On the other hand, there are already other national
monitoring programmes in Finland. The national Forest Inventory and thousands of other research
sample plots in combination with the ICP Forest sampling would provide valuable elements for a
modernmulti-purposeenvironment monitoringprogramme.

Thereview group recommendsthereduction of theexpensiveintensivemonitoring plots, and that the
crown condition measurements should be combined with other forest monitoring systems. However,
Finland hasagreed to follow thePan-European monitoring procedures, even if they would lead to less
effectivelocal useof monitoringandresearchresources.
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1. INTRODUCTION

1.1 INTERNATIONA L AND NATIONA L AGREEMENTS

The International Co-operative Programme on the Assessment and Monitoring of Air
Pollution Effects on Forests (ICP Forests) was established in 1985 under the UN/ECE
Convention on Long Range Transboundary Ai r Pollution (CLRTAP). In 1986 the European
Union adopted the Scheme on the Protection of Forests against Atmospheric Pollution and
with the Council Regulation (EEC) No. 3528/86 the legal basis for the co-financing of the
assessments was provided. The monitoring activities therefore pursue the objectives of
resolution S11 of the Strasbourg, the resolution H12 of the Helsinki and the resolution L23 of
the Lisbon Ministerial Conference on the Protection of Forests in Europe.

Under the programme large-scale extensive monitoring takes place on a network of 5 700
plots arranged on a systematic grid. This Level I network provides a good annual picture of
widescale trends in crown condition throughout Europe. It also offers the possibilit y to
investigate large scale relations between stress factors and forest condition. Finland has been
participating since1985 in this large-scale extensive monitoring of forest condition.

In order to gain a better understanding of the effectsof air pollution and other stress factors on
forests, a Pan-European Programme for Intensive and Continuous Monitoring of Forest
Ecosystems (Level II) has been implemented in 1995. Approximately 860 intensive
monitoring plots have been established all over the participating countries. On these plots,
intensive investigations are carried out on site and stress factors as well as on the biological
and chemical ecosystem condition. By the end 1997, 31 intensive monitoring plots had been
established in different partsof Finland.

The Finnish Forest Research Institute (Metla) is responsible for the forest condition moni-
toring under UN/ECE and EC programmes in Finland.

1.2 INTERNATIONA L AND NATIONA L OBJECTIVE SFOR THE PROGRAMME

Objectives of ICP Forests

1. To provide a periodic overview on the spatial and temporal variation in forest
condition in relation to anthropogenic (in particular air pollution) as well as natural
stress factors on an European and national large-scale systematic network (Level I),

2. To contribute to a better understanding of the relationships between the condition of
forest ecosystems and anthropogenic (in particular air pollution) as well as natural
stress factors through intensive monitoring on a number of selected permanent
observation plots spread over Europe (Level II) and to study the development of
important forest ecosystems in Europe,

3. To provide a deeper insight into the interactions between the various components of
forest ecosystems by compiling available information from related studies,

4. To contribute in close co-operation with the ICP on Modelling and Mapping to the
calculation of critical levels/loads and their exceedances in forests and to improve

1 Resolution S1: European network of permanent sample plots for monitoring of forest
ecosystems
2 Resolution H1: General guidelines for the sustainable management of forests in Europe
3 Resolution L1: People, forests and forestry – enhancement of socio-economic aspects of
sustainable forest management
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collaboration with other environmental monitoring programmes inside and outside
the CLRTAP,

5. To contribute by means of the monitoring activities to other aspects of relevance for
forest policy at national, pan-European and global level, such as effects of climate
changes on forests, sustainable forest management and biodiversity in forests,

6. To provide policy-makers and the general public with relevant information.

(Source: UN/ECE. 2000. Strategy of ICPForests for theperiod of 2001-2006)

Theaims of thenational ICP forest monitorin g programme

1) To facilitate the implementation of international agreements ratified by Finland, e.g.
on sustainable forest management, by providing relevant, up-to-date information

2) To follow temporal variations in the vitality and nutrient status of forest trees and the
occurrence of damaging agents and fungal diseases

3) To follow the development of acidifying deposition in forested areas
4) To increase our knowledge of the processes involved in the flux of carbon and

nutrients in forest ecosystems
5) To investigate the relationships between forest condition and different environmental

factors
6) To develop parameters, and measurement, analysis and data interpretation techniques

for assessing forest condition
7) To maintain forest condition databases, and to ensure the long-term storage of sample

material.

(Source: Raitio et al. 2002)

1.3 EVALUATION SCARRIE D OUT EARLIER

ICP Forests programme or parts of it were evaluated several times earlier. One of the largest
of these was the internal review of ICP Forests. Its results were published in 2000 and they
supported existing monitoring structure (UN/ECE 2000). As a follow up of this, the new ICP
Forestsstrategy was adopted.

The EU carried out an external review by J.W. Erisman (2000). The review was positive
concerning the achievements of the programme and it gave some recommendations for
improvements, e.g. to adopt the Pan-European criteria and indicators of sustainable forest
management and to gradually develop the monitoring programme into that direction.

In Canada, the Forest Health monitoring has been conducted by Forest Service since 1985.
The new information needs were taken into account in the evaluation in 1999 and the
conclusion was that “When one revisits the recent history of discussions concerning
ARNEWS, one is left with a feeling of pride in accomplishment for a job exceedingly well-
accomplished. Coincidentally, there is an unease as to the objectives, mission, protocols
which has been extant since at least the mid 1990's.“ As new perspectives on monitoring are
evident, a three level monitoring was suggested. (Percy 1999.)
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1.4 OBJECTIVE SOF THE CURRENT REVIEW

External review of the Finnish forest condition monitoring programme is carried out by the
European Forest Institute for the Ministry of Agriculture and Forestry in Finland.

The objective is to review the performance of the Finnish forest condition monitoring
programme and to make recommendations for the future of the programme. Attention in the
external review wil l bepaid to the following aspects:

• benefits of the programme by comparing objectives, achievements and resources at the
national and international levels,

• applications of ICPForests information at national and international levels,
• scientific achievements at national level (reports and data quality),
• monitoring set-up
• research co-operation,
• importance of the programme in the internationalisation process of Finnish forest

research,
• futurescenarios of the programme in Finland,
• future scenarios of the ICP Forests programme from Finnish perspective at European

level.

It is necessary to note that as Finnish programme is part of the European programme,
comments in the following text concern both commonly agreed procedures and their
application in Finnish conditions.

1.5 GENERAL MONITORIN G SET-UP OF THE NATIONA L PROGRAMME

Extensivemonitorin g of forest condition – Level I

Since 1986 the Finnish Forest Research Institute has been carrying out annually inventories
on tree condition, using internationally standardised methods, on 460 permanent monitoring
plots, selected as subsample from 3000 permanent plots of the National Forest Inventory. The
Level I monitoring includes assessments of defoliation, discoloration, and abiotic and biotic
damages on mineral soils only. In addition, soil samples have been collected from all plots to
monitor forest soil condition. Needle samples were taken for chemical analysis on forest
nutrient condition from part of the plots (160 plots).

Intensiveand continuous monitorin g of forest ecosystems – Level II

The intensive monitoring of forest ecosystems (Level II) started in Finland in 1995. By 1997,
31 intensive monitoring plots had been established in different parts of the country: 27 of the
plots on mineral soil sites and 4 on peatlands. 17 of the plots have stands comprising Scots
pine and 14 Norway spruce. Al l the plots, except four Integrated Monitoring (IM) plots, are
located in commercially exploited forest. The IM plots represent natural stands in catchment
areas. A number of the plots are located close to background, air quality monitoring stations
primarily run by the Finnish Meteorological Institute.



External review of theFinnish forest condition monitoring programme 9

Monitor ing activiti es

Survey No of plots Frequency of assessments

Crown Condition 31 Annual
Soil condition 31 Every 10 years

Needlechemistry 31 Every 2 years

Tree growth 31 Every 5 years

Stem diameter growth 12 Continuous*

Deposition 16 Continuous
(Sampling every 4 weeks, but
every 2 weeks during

summer)
Soil solution
– gravity lysimeter 16 Continuous

(Sampling every 2 weeks
during the snowfree period)

– suction-cup lysimeter 16 Continuous
(Sampling every 2 weeks
during the snowfree period)

Meteorology 12

– air temperature (13 m & 20 m) Continuous*

– relative humidity Continuous*

– soil temperature (–10 cm & –20 cm) Continuous*

– precipitation Continuous*

– wind speed Continuous *

– wind direction Continuous*

– photosynthetically active radiation (PAR) Continuous*

– solar radiation Continuous*

– soil frost –10, –20, -30, ..... –100 cm) Continuous *

Ground vegetation 31 Every 5 years

6 Every year

Litterfall  13 Every 2 weeks
Phenology 5 Three times/week during

the critical period
* = Hourly measurements
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Theassessmentson plots can beseen in the following table.

Resources

Total resources of the forest condition monitoring under UN/ECE and EU programmes in
Finland during 1995–2001 have been 68 573 710 FIM (11 533 270 Euro):

1) The extensive monitoring of forest condition (Level I) 7 944 952 FIM (1 336 245
Euro),

2) The intensive monitoring of forest ecosystems (Level II) 46 035 772 FIM (7 742 661
Euro), and

3) The pilot studies (article 4 projects) 15 468 815 FIM (2 601 668 Euro). These studies
were partly carried out by the Universitiesof Joensuu and Helsinki.

50% of the total costs of the Level I and II monitoring activities is funded by EU and 50% by
Metla from the direct state budget.
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18 CT  Scots pine  120 x x x x x x x x x x
9 ECT  Scots pine  90 x x x x x x x x x
6 EMT  Scots pine  55 x x x x  x x  x x
4 EMT  Scots pine  80 x x x x  x
2 EMT  Scots pine  90 x x x x  x
20 EVT Scots pine 130 x x x x x x x x x
5 HMT  Norway spruce  70 x x x x x  x x x
31 HMT  Norway spruce  75 x x x x x x x x x
3 HMT  Norway spruce  140 x x x x x x x x x x x
21 HMT Norway spruce 170 x x x x x x x x x
7 HMT Norway spruce 190 x x x x x
8 HMT  Scots pine  80 x x x x  x
24 MT Norway spruce 55 x x x x x x
12 MT  Norway spruce  60 x x x x x x x x x x
26 OligotrophicScots pine  90 x x x x  x
27 OligotrophicScots pine 100 x x x x x
30 OligotrophicScots pine 120 x x x x x
29 Ologotroph Scots pine 110 x x x x x
23 OMT  Norway spruce  55 x x x x x x x x x x
15 OMT Norway spruce 65 x x x x x
17 OMT  Norway spruce  70 x x x x x x x x x x x
25 OMT  Norway spruce  75 x x x x x  x x
28 OMT Norway spruce 75 x x x x x x x
11 OMT  Norway spruce  80 x x x x x x x x x x
19 OMT Norway spruce 170 x x x x x x x
22 UEMT Scots pine 180 x x x x x x x x
1 UVET Scots pine 200 x x x x x x x
14 VT Scots pine 50 x x x x x
13 VT  Scots pine  60 x x x x x x x  x x
10 VT  Scots pine  80 x x x x x x x x x x
16 VT Scots pine 80 x x x x x x x x

31 31 31 31 12 16 16 12 31 14 4 4
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Level II, 2000

needle
12 %

growth
5 %

deposition
21 %

meteorology
13 %

soil solution
27 %

vegetation
2 %

data
management

14 %

crown condition
4 %

maintenance
2 %

Level II, 2001

meteorology
14 %

soil solution
25 %

vegetation
2 %

data
management

23 %

deposition
20 %

needle
7 %

growth
2 %

crown condition
6 %

maintenance
1 %

Distribution of total costs in 2000 and 2001 for Level II activities.

1.6 DATA REPORTIN G AND AVAILA BILI TY OF LEVE L I AND II DATA

Data reporting

Level I : The crown condition data are sent annually (in the middle of November) to the ICP
Co-ordination Centre (Hamburg) for European level reporting. The foliar chemistry data are
forwarded annually to the Forest Foliar Coordinating Centre (Vienna, Austria). The soil
condition data was provided to the Forest Soil Coordinating Centre (Gent, Belgium) in 1997.

Level II : Monitoring data from the preceding year are sent to FIMCI annually latest by 31st of
December and to the ICP Integrated Monitoring co-ordinating centre in Helsinki. The
programme also forwards monitoring data collected in Finnish Lapland to the AMA P (Arctic
Monitoring and Assessment Programme) secretariat in Oslo, Norway.

Availabilit y and use of Level I and I I data

Data requests at the national level are sent to the Finnish Forest Research Institute and
checked. Data for Level I and II have been made available for research projects (raw data)
and for individuals (aggregated, published information).

The Task Force of ICP Forests and the Standing Forestry Committee of EC have decided not
to make raw data available to the public. Only bodies or programmes of LRTAP (Convention
on the Long Range Transboundary Ai r Pollution) and of the EC can obtain the data both from
PCC and FIMCI directly. Al l other institutions have to submit a project description along with
a specified data request. The request is circulated among all countries. The raw data of only
those countries wil l be provided which have agreed to the project. In general if the project
description is sound the countries have given permission to use the raw data both for Level I
and II.

Level I national level data on defoliation and foliar chemistry have been used for example for
the Finnish statistical yearbook of forestry published by Metla and for the report on the state
of the Finnish environment. Level I and II data via PCC/FIMCI ha been given to several
research projects, e.g. Recognition, CarboEurope, Mefyqye, C-Nter. Details on the external
use of data can beseen in the Appendix 2.
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1.7 MATERIA L PROVIDE D FOR THE REVIEW

The research group of the Finnish Forest Condition Monitoring Programme has compiled a
summary report on the activities and achievements: “Forest Condition monitoring under
UN/ECE and EC programmes in Finland” and compiled a comprehensive package on the
researchers, sub-projects and publication of the programme. The researchers gave detailed
presentations on the sub-projects in the review meeting on 18th April 2002, concentrating on
the achievements, main findings, lessons learnt and issues for the future. The research group
has also given very thorough answers to the reviewer’s additional questions (Hannu Raitio
6.5.).

Some additional documents have been produced for the review:
- Erkki Tomppo: The Finnish National Forest Inventory and ICP-Forests Level I survey
- Ministry of Environment: Statement on the Finnish Forest Condition Monitoring

Programme (In Finnish)
- Ministry of Agriculture and Forestry: Statement on the Finnish Forest Condition

Monitoring Programme
- Tuomas Häme: Expert opinion on the potential of remote sensing in monitoring forest

health

The review group has had available documents on the International ICP Forest Programme and
its previous evaluations and on relevant international and national policies and agreements (for
moredetailsseehttp://www.efi.fi/projects/icpfor_fi/docum.html).
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2. REVIEW  OF THE FINNISH FOREST CONDITION
MONITORIN G PROGRAMME

2.1 BENEFIT S OF THE PROGRAMM E BY COMPARING OBJECTIVES,
ACHIEVEMENTS  AND RESOURCES AT THE NATIONAL  AND
INTERNATIONA L LEVELS

There were two aims in the programme, the first, to regularly survey the condition of Finnish
forests (Level I) and the second, to obtain a better understanding of the relationship between
variousstress factorsand the forest condition (Level II).

Level I surveys

Crown condition
460 permanent plots have been established and surveyed annually since 1986. It was
important to maintain a high quality in the assessment procedures. A range of national and
international training courses have provided valuable contacts and ensured consistent and
accurate recording.

The organisation of the survey is strongly rationalised. Very few assessors (8) carry out the
survey and great emphasis is being put on Quality Assurance (QA) and Quality Control (QC)
through training and checking. According to ICP Forest Manual (UN/ECE 2001) and EU
regulation 1696/87 (EU 1987), however, the survey is recommended to be carried out by
teams of 2 persons. The possible loss of accuracy was not commented upon. A simple
comparison of the control data from Level I and Level II (Ukonmaanaho & Raitio 2001) does
not suggest that a survey carried out by single surveyors implies a serious loss of quality.
Despite some methodological problems (definition of assessable crown) and difficulty of
assessing the damaging factors, the results are fairly reliable.

A wide range of reports and summaries have been published to inform politicians, the public
and the individual forest owners in Finland. Based on a sample of newspaper articles in
Finnish, it seems that the message ‘no worry at the moment’ hasbeen widely published.

These reports have not only reassured the Finnish public about the condition of their forests
(so-called ‘social peace’), but they have made clear that there exists an effective monitoring
system to identify considerable changes affecting forest health.

A number of scientifi c publications have been published, material from the survey has been
used for teaching purposes and annual reports have been prepared as a regular source of
information.

With the exception of the first years, the temporal development of defoliation showed only
littl e changes at national level since the beginning of the survey, and the level of damage is
moderate. The regional differences in Finland could have been highlighted more.

A link to air pollution could not be established under Finnish conditions (while possible –
although tenuous – links to foliage discoloration were mentioned in the earlier reports).

On the basis of the data collected so far, we suggest that a survey every 2nd or 3rd year would
be sufficient. However, the reviewers recognise that:
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- In general, there is a need for an early warning system for large-scale stress factors (local
field observations are more efficient in detecting local anomalies), and an “assurance
system” (the objective is not to overlook any significant damage)

- Specifically, some stresses may cause severe short-term effects and lag-effects that cannot
be traced back in a periodic survey. A documentation of these damages is irreplaceable,
and in the long-term, wil l help improving the knowledge on the influence of (especially)
natural stresses on forest vitality (in Finland as elsewhere, the recent history has shown
that the most serious – and at first sight “unknown” – damages observed are often due to
natural factors, e.g. climatic anomalies). In a more unstable climate, the risk of severe
damages may increase, reinforcing theneed for a regular monitoring.

- Logistics as well as QA and QC may be more complicated due to the deterioration of
skill s between two surveys. The current one man group solution is not recommended to
be used at all. In this case the two men group means 30-40% reduction of capacity per
person and the increasing training and QA/QC costs together may absorb some of the
savings on thedecreased frequency.

- In any case it is an EU requirement to carry out this survey annually

Although 34.2% of the forestry land is mires, there are no Level I plots on peatland. When
broadening the scope of the survey, an extension of the network to the peatland sites would be
justifi ed.

Periodic foliar and soil survey
A full foliar survey is being advocated by Finnish experts, to produce information of the
nutritional status of forests. Similarly, they recommend a repetition of the soil survey, in
conjunction with theoperation at the European level.

The review team considers that one complete foliar survey and a second soil survey would
indeed be of interest from scientific perspective. However, at least in the Finnish conditions,
such extensive (and quite expensive) surveys can not easily be justified mainly by the threat
of air pollution, as already the first inventory showed no distinct effect of atmospheric
deposition of soil and foliar condition. Therefore, in order the survey to be justifi ed, it should
contribute to various information needs: biodiversity, carbon cycle, etc. The review team
urges the experts of Metla to invite experts from other institutions in the planning of a
possible national survey. Moreover, it should be considered if such a project could be carried
out regionally, jointly as a Nordic exercise.

Level I I surveys

A range of studies is included in the Level II plots. We understand that those involving
deposition, soil solution and meteorological monitoring are the major components from the
funding viewpoint.

The standard of assessment in these three areas of Level II plots is high and we believe that
considerable credit is due to all those involved. The results are making a very positive
contribution to the programme. Nevertheless it is possible that costs could be reduced if the
number of Level II plots is reduced.

On the other hand, there is a gap on the cover of plots: there are no plots on birch dominated
forests, although they cover 9% of the forest land in Finland.
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Crown condition
The crown condition assessments in the Level II plots are in good agreement with those at
Level I, an important result for comparing the other detailed assessments at Level II.

Unlike in the Level I plots, teams of 2 assessors carry out the survey. Quality control suggests
that results are fairly reliable, despite some methodological problems (definition of assessable
crown).

The difficulty of assessing the damaging factors, which have distinct effect, was stressed.
Thereareseveral reasons for thedifficulties: the plots are visited only once ayear, identifying
damaging agents is a demanding task even for an experienced researcher and visible
symptoms of e.g. fungal diseases vary at diff erent times of the year etc.

The Level II plots have shown that there is no correlation between crown condition and the
modelled sulphur and nitrogen depositions. Nor has there been any large scale detrimental
effects on the nutrient condition of trees. In addition the reduction in sulphur deposition over
the past decade has enhanced the abundance of some epiphytic lichens.

Foliar survey
Three surveys (1997, 1999, 2001) have been performed so far. Results were not presented to
the review team.

Litterfall
Litterfall collection started in Finland in 1995, i.e. before the discussion started on European
level (2001). No European protocol is available yet (and no EU funds made available). This is
not a situation specific to Finland as according to a survey carried out in 2001, not less than
19 countries have carried out similar surveys, mostly starting in 1995; on ca. 40 % of the
Level II plots in Europe. Finnish experts encountered some problems, especially with the
sorting of litter, a fine fractionating leading to excessively laborious work.

The lack of chemical analyses was stressed by the experts. The quantitative estimates of
element contents of the litter would be worthwhile in the view of calculating nutrient budgets
for the Level II plots. The Finnish team intends to carry out the chemical analyses in the near
future.

The Finnish suggestion that plots dedicated to quantitative estimates of litter production and
nutrients should not be the same plots as the plots dedicated to phenology is interesting and
arguments should bebrought over to the European expert group.

Growth measurements
The aim of the forest growth measurements is to monitor the increment changes and relate
these to environmental factors. In line with the Finnish experts, the reviewers felt that the
minimal programme agreed within the European monitoring scheme wil l lead to reliable
results only after decades (if plots are maintained), while most other measurements provide
information annually or even more often.

In the interim a technique of automated, high precision, increment measurement has been
devised which wil l give hourly records. Although no results were presented, the use of tree-
ring analysis to reconstruct the growth history and, in a few instances, of stem analysis,
appear as wise initiatives. The development of an automatic girth band device shows
considerable promise. Although not yet fully developed this equipment represents a valuable
input to this field at the European level. Besides giving annual estimates of growth, these
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measurements also may document some aspects of phenology (length of growing season) and
damaging events (shrinking in case of early frosts, thaw-freeze events,…) which may gain in
interest in relation to global warming.

Phenology
Monitoring of phenology is in an initial phase (2000-2002) and in line with the European
programme. It is carried out only on a few plots. Here, the background is climate change
rather than air pollution.

How the so-called intensive (tree-level) assessment can be practically achieved in connection
with the assessment of crown condition, biotic damage, litterfall and meteorology was not
very clear. The diffic ulty to bring well trained operators to the often remote plots, was one of
the reasons why Finnish experts currently experiment with an automated phenological survey
based on digital cameras. Although not yet fully operational, this approach was felt promising
by the reviewers.

The inclusion of a few Level II plots into a real European forest phenological network would
be of interest. The methodology of the survey may need to be revisited depending on the
weight of climate change in the future European forest monitoring programme.

Deposition
Deposition monitoring was started in Level II plots in 1995 and is carried out in 8 Scots pine
plots and 8 Norway spruce plots with great intensity (collection frequency) and high QA/QC
requirements. A certificated course on environmental sampling (covering deposition and other
topics) has ensured high quality data acquisition. Regular samples (every 2 or 4 weeks
depending on season) are taken to ensure that a complete picture of annual variation is
obtained. A ring test involving samples from Italy, France and Finland was organised in order
to ensure international comparabilit y.

Given the high cost of these measurements, the question of the maintenance of all 16 sites
wil l inevitably arise. Two lines of reasoning may be pursued:
- given the relatively low pollution load, and the well known deposition patterns, how

many sites are needed in the long term to monitor the expected reduction of the
deposition of the most important pollutants?

- as far as nutrient cycling is concerned, what is the variabilit y of the important mineral
fluxes (deposition, leaching,…) and how many plots are needed to cover the variability of
natural conditions? The high quality deposition data should be used, together with,
especially, soil solution data, to explore the possibilit y of reducing the number of plots,
while minimising the loss of information.

Soil and Soil solution
Soil survey of all 31 Level II plots was performed (1995-97) and soil solution is monitored on
16 Level II plots. Soil solution monitoring has a similar protocol than deposition monitoring
and levels of a large number of elements have been obtained. Results so far have shown that
soil acidification does not appear to be a threat to the condition of the forest in Finland. Also
that Nitrogen saturation doesnot seem to pose a problem in Finnish forest soils.

Soil solution monitoring is among the few most expensive surveys (together with deposition
and meteorology). Moreover, Finnish experts developed an even more intensive programme
than the one adopted at European level. Instead of one type of lysimeter only, two types of
lysimeters (tension- and zero-tension) are used. The reason for this approach in Finland is the
opinion that there is no one good soil solution collection method, and the two methods are
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believed to be complementary. An EU-funded project (99.60.SF.005.0) investigated this
question, and provided material for a report:

“Review of the lysimeter techniques employed in monitoring soil-solution quality in
the European Level II intensive plot network, and assessment of the
intercomparabilit y of thesoil solution data” (Derome et al.).

From this latter report (largely based on Finnish data), it seems that deriving reliableestimates
of element leaching from soil solution composition and soil water fluxes is very difficult . This
may have implications for the European wide monitoring scheme, where a more intense
measurement programme, concentrated on fewer plots may be discussed.

There is a clear need to analyse more thoroughly the Finnish soil solution data, in connection
with deposition data. This may help, later on, selecting a smaller number of plots, which
would stil l represent adequately the most important Finnish forest ecosystems. Such a
reduction wil l be needed, especially if more peat soils (only 4 plots out of 31 at the moment)
are to be included in the future monitoring programme, a perspective which the reviewers
welcomed, especially in relation to global warming. The 16 intensive monitoring plots are
selected to provide variation e.g. in climate, deposition levelsand soil types.

Meteorology
The review team was impressed by the network of 12 complete automated meteorological
stations set up in forest stands and not, as in most other European countries, in nearby open
areas. In addition to air measurements, soil temperature and moisture are monitored. The
argument that climate within a stand may be quite different from that in a nearby open field is
sound and thisnetwork wil l provide most useful data to forest ecologists.

Given the difficulties of maintaining such equipment in forest stands and the high cost of the
survey, it will , however, be important to convincingly demonstrate the added value of the
selected methodology. The Finnish network offers a unique opportunity to compare the
meteorology within the stand and the meteorology at routine meteorological stations located
in open sites at various distances and how much of the climate within the stand can be derived
from the site outside the forest.

Ground vegetation
The understorey vegetation clearly has a key role in the forest ecosystem. Following some
debate, a detailed sampling system for monitoring vegetation has been established. A ground
vegetation survey was carried out within all 31 Level II plots, according to a sampling design
(16 quadratsof 2 m2) tested in a pilot study.

As in Finland, ground vegetation is also monitored on 3000 permanent sample plots of the
National Forest Inventory, it is necessary to clarify why it should be also monitored on Level
II plots. The knowledge of the environmental factors on the same plots is certainly an
argument, but then, some kind of measurement of light in the plots would be needed. Various
aspects of ecology and, possibly, functional biodiversity, could be investigated, but ideas
seem to be rather preliminary, and research may be needed before a routine monitoring can
start.

Ozone measurementsand ozone damage
Visible ozone injury is rarely present in northern Europe. An elegant, simple method of
assessing microscopic symptoms of ozone injury has been developed by the team and it is
planned to use this on a wider scale. Although ozone does not seem to be a major threat for
northern forests as compared to more southern parts of Europe, it seems wise to put, for a
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certain period and at selected sites, some emphasis on ozone measurements and searching for
ozone impacts.

Passive samplers have been used only since 2000 and 2001 on 3 level II plots as a pilot study.
Information was given neither on the rationale and limits of the method, nor on the need to
monitor ozone on each Level II plots (variabilit y of ozone concentrations? Number of rural
sites with continuous O3-monitoring?).

The histological tool developed over years in order to detect specifically microscopic (non
visible) ozone injury seems of great interest, and should provide valuable information on
ozone impact to Nordic countries (Finland acting asa regional centre).

As a background information to this monitoring activity, it would be interesting to know the
reasons why ozone levels should necessarily continue to rise in the long term (a statement
often found in the literature), while European countries have committed themselves to
severely cut the emissions of all precursors of ozone.

Database
A database has been set up for handling and archiving Level II data. So far there has been
insufficient time for the forest condition monitoring team members to review the data. There
is also a strong case for making this data available to other scientists in Finland and perhaps
overseas.

2.2 RESEARCH CO-OPERATIO N IN FINLAN D AND INTER NATIONALLY

The Finnish forest ecosystem monitoring is carried out by qualified scientists. Protocols are
overall sound, and the programme provides data of high quality. The use of Finnish data has
been requested to some international projects, and provided material for numerous scientific
articlesboth at national and international scale.

The outside funding has been directed to Metla and the institute has taken the sole
responsibility to carry out the whole spectrum of the ICP programme, practically all its sub-
programmes. Also the data obtained have been treated only by the “owners” of those data,
and there are only few examples of joint data analyses or joint research projects utilising the
data.

In the pilot studies (Article 4) of the ICP Forests, Metla has done co-operation with the
universities of Joensuu and Helsinki in developing monitoring methods and analysing the
collected data. Plans for further co-operation has been made but failing in finding funding has
prevented the implementation of plans.

The co-operation between ICP Forest Level II and ICP Integrated Monitoring (IM)
programme has been established. Four Level II monitoring plots are situated on ICP IM
catchment areas and as a result of the co-operation several scientifi c articles and reports have
been published with Finnish Environmental Institute, Geological Survey of Finland,
Meteorological Institute and universities.

The international contacts achieved during the ICP Forests programme have given the
opportunity for greater cooperation between researchers. The Finnish ICP team has been
active in the European programme, for instance chairing many of its subcommittees. The
programme has been especially useful in creating international contacts for Metla. Only 2,6 %
of the budget of Metla comes from international sources, and 55% of that from the EU for the
ICP Forests monitoring. Therefore, considering the whole institute, the ICP Forests
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programme has not only been a significant source of funding but also provided a means for
developing national long-term ecological monitoring activities.

However, it is clear that in Finland (just as in many other countries), data analysis of the
monitoring data is stil l very partial, and especially integrated data analyses are lacking. A
greater use of the accumulated data should be encouraged and more collaboration with
scientists in Finland and abroad should bestimulated.

The data collected so far has not been used much by the environmental authorities. A
dialogue between the scientists and the end-users of that information is called for. Regular
meetings and end-user workshops would enhance the data use, and provide mechanisms for
obtaining feed back for possible further data analyses needed. The Metla scientists could be
active in promoting the data use by inviting scientists from other institutes, from Finland and
oversees, to analyse the data. The data should be made available for joint data evaluation or
for visiting research teams for testing of their concepts, theories and models. The review team
recommends that the ICP Forest team invites potential user groups of the data to regular
modelling workshops with the objective to integrate the data with other models and
methodologies, and to stimulate further collaborative research in the field of data and process
interpretation.

Although the data is not kept as confidential, theunclear data policy of Metla has hindered the
full use of the data. Actually the whole ICP programme would strongly benefit from a more
clearly expressed data policy in order to maximise the utili sation of the data collected. An
example on an open data accessibilit y policy is from the United States Forest Inventory and
Analysis, where inventory plots data are available in the web excluding only data on
ownership and exact location. (Data release policy…).

The Finnish ICP Forest scientists claim that their data is not fully utilised in the international
assessments of the Level II Coordinating Institute. In particular, the European large-scale
critical load maps seem not to represent well the Finnish conditions. The Metla scientists
should take initiative towards joint collaborative projects analysing the critical loads on the
basis of the collected data. As these issues can be solved only through a joint international
process, the key institutes in Europe, including the coordinating institute (FIMCI), should be
involved. Al l high quality data should be fully utilised in the development of assessment tools
and techniques for improving the basis of the air pollution abatement.

Potential new data needs to include the global change, ecosystem carbon balances and
circulation, and changes in biodiversity. Research on these highly important issues should be
investigated on the options of benefiting from the data collected within the monitoring
programme so far or with view towards future applications. The new instruments introduced
to the forthcoming 6. Framework Programme for European Research (Networks for
Excellence and Integrated Projects), offer a unique opportunity for creating large-scale
international collaboration needed for tackling such issues.

The ICP data offer a potential valuable platform for multi-disciplinary data analysis and
therefore the reviewers come to the conclusion that feasible option to overcome these
shortcomings in data accessibility, data utili sation and multi-disciplinary research approaches
should be actively explored. For example, should part of the funding be redirected towards
employing additional scientifi c and technical co-workers so that the senior scientists may
concentrate more on data evaluation? Should the data be made available more easily to
external groups? Should there be funds made available for in-depth data analysis through e.g.
tailored call for tenders?
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3. CHALLENGE SFOR THE FUTURE

3.1 RELEVAN T POLIC Y ISSUES

The following issues have been considered to be most relevant in this context:

Air pollution
− UN/ECE Convention on Long Range Transboundary Ai r Pollution (CLRTAP), 1979

IPCC good practice
− IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas

Inventories
− Revised 1996 IPCC Guidelines for National GreenhouseGas Inventories
− Council Decision on 1999/296/EC for a monitoring mechanism of Community

greenhouse gas emissions
− Kyoto Protocol to the United Nations Framework Convention on Climate Change

Biodiversity
− Convention on Biological Diversity, Decision IV/7 Forest Biological Diversity
− Agenda 21, Chapter 15, Conservation of Biological Diversity

SustainableForest Management – MCPFE
− Resolutions adapted by European ministers at the Ministerial Conferences (Strasbourg

1990, Helsinki 1993, Lisbon 1998)
− ThePan-European Criteria and Indicators for Sustainable Forest Management

Finnish conventions, National Forestr y Plan
− Proposal for a national monitoring system of biological diversity; report by a research,

monitoring and data systems expert group
− National Criteriaand Indicators for Sustainable Forest Management in Finland
− Finland’s National Forest Programme 2010 and Follow-up Report 2000

3.2 OTHER RELEVAN T MONITORIN G SYSTEMS

- Finnish National Forest Inventory measures about 7000 temporary plots annually,
rotating through the country during an approximately 10 years period and about 3000
permanent plots every 5 years (last time in 1995). NFI has plans to redesign the sampling
to cover the whole country in 3 years, and update the results 2–3 times between full
inventory. The annual cost of field work of the National Forest Inventory is 800 000
EUR, and the total budget 1.9 mil l euro. (See appendix 3)

- Forest Research Institute has also more than 270 000 permanent plots for targeted
research purposes: permanent field experiments 216594 plots, 9532 follow-up plots and
45846 tree breeding test plots.

- Environmental monitoring under the Finnish Environmental Institute. The Finnish
Environmental Institute carries out and co-ordinates several environmental monitoring
programmes, including monitoring of groundwater, soil and integrated environmental
monitoring. Regional Environmental Centres conduct regional monitoring programmes.

- Suggested Species Diversity monitoring project. A pilot project started 2002 and it will
have the following sub-tasks: 1) selection of taxa to be monitored, 2) development of
standardised sampling methods that suit to stand-level assessment of species composition
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for each group, 3) directing the monitoring efficiently, and 4) measurement of stand
characteristics. (See Appendix 4)

3.3. POTENTIAL S FOR ICP FORESTS-BASED SAMPLIN G TO RESPOND TO THE
EMERGIN G INFORMATIO N NEEDS

Air pollution

As stated by the Finnish ICP team no clear correlation has been found between air pollution
and defoliation. The obvious reason is that in Finland, the deposition (especially after sulphur
emissions have been reduced in the whole Europe) is quite low, and many other factors,
including natural competition between the trees, influence the tree and its regulation of
evaporation capacity. In addition, small changes are difficul t to measure with the utilised
visual assessment method. Therefore, annual measurement of defoliation for identifying
damages due to the pollution on a large scale can be justified only if a major damage is to be
expected.

Other direct reasons for defoliation, like insect and fungi damages or climatic extremes can
occur (and disappear more or less) rapidly, and annual monitoring can be justifi ed. A network
of 460 plots within 20 million forest hectares is not suff icient to quantify reliably all kind of
damages (especially those which are often of local nature) but it seems sufficient to identify
the major stress factors which influencecrown condition.

The impact of pollution on the ecosystems monitored on Level II plots is a justified approach.
However, as the work is expensive, one could ask what is an appropriate number of plots,
presently 16, in the view of acost-benefit analysis.

Carbon

Thecarbon pools of forest ecosystems are in the trees, other vegetation and in soil . Measuring
the above ground biomass, and its possible changes, caused mainly by tree increment and
fellings can be done effectively only in the intensive sampling as undertaken by the NFI. The
5-year increment measurements in Level II plots provide very littl e added value in this
respect.

The investigation of soil carbon, however, is a much more demanding task and requires
resources to collect data and derive models for describing thedynamics of the soil carbon.

Global climatechange

The global climate change is expected to influence the ecosystem’s functioning through
changed volume and distribution of precipitation and temperature. It is of high interest to
understand how forest ecosystems react on these changes. In this respect, the phenological
studies and intensive monitoring on Level II plots may play a vital role in this task. In
addition detailed growth monitoring over the growing season may produce valuable
information for understanding global climatechange.
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Biodiversity

Monitoring the three levels of biological diversity, at ecosystem, species and genetic level,
should give a response to the question: how much has the diversity changed over the
monitoring period. At species level this has been followed using the data from 3rd NFI from
early 1950’s, and the 3000 plot network measured in 1985 and 1995. NFI carries out
biodiversity measurements, and there are plans in Metla to establish a new monitoring
network for species biodiversity, concentrating on lichen, beetles and bract fungi.

There is, however some potential to study functional biodiversity issues, e.g. the relationship
between litter production by the tree stand and ground vegetation and soil properties on the
Level I or Level II plots or relationships between biodiversity and new factors affecting the
vegetation. Beside this data there is always need to have experiments on the studied factors.
Direct monitoring of the biodiversity should be carried out by a more intensive sampling
scheme.

Catchment areas

The catchment area is gaining more importance as monitoring unit. It is used for example in
the EU Directive on the framework in the field of water policy. Studies on the large-scale
environmental problems require regionalisation and a combination of different information
material, which are the central features of the modern biochemical and ecological research.
For the catchment area studies, both stand-wise measurements and catchment area level
information (inventories, remote sensing data, surface water) is needed.

The 4th Minist eri al Conference MCPFE – indicatorsof sustainablemanagement

The Ministerial Conference wil l discuss in April 2003 on the revised set of indicators for
sustainable management. The reporting of most indicators wil l be carried out through FRA by
UN-FAO/ECE, based on information provided by national forest inventories to the FRA. A
few indicators are based on ICP Forests monitoring, like: Total deposition and changes of air
pollutants, defoliation and its changes and chemical soil properties, acidification and
eutrophication. In addition, ICP Forests may contribute to some other indicators as data
becomes more reliable: forest damages by abiotic/ biotic agents, and carbon stock in soils.

Similar indicators can and have been used in other processes too, e.g. in Baltic 21. However,
the MCPFE process has not discussed how well defoliation describes the vitality of the
ecosystems.

Potential of Remote Sensing

Forest health estimation using remote sensing data is problematic due to great variabilit y in
forests also in normal health conditions. Forest health mapping results that have been reported
using images from a single date are somewhat hypothetical. However, the ICP field data with
time series of images from new satellite-based sensors or airborne sensors have a high
potential for developing a monitoring procedure. However, aerial photos are expensive and
experiences in the new space-borne sensors do not exist yet.

Better than to forest health monitoring, remote sensing can be used and has been used to
estimate carbon of trees from the assessment of above-ground biomass. Soil carbon can be
assessed only indirectly. Monitoring of biodiversity can be done at landscape level, by
monitoring the forest pattern and its change. (See appendix 5)
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3.4. OPTIONS

The review group formulated four options for the future activities of the Finnish Forest
Condition Monitoring Programme and listed thepros and cons for these options.

A) Continue business as usual

+ infrastructure, including the plots, personnel and analysissystems and mode of
cooperation in forest monitoring can be further utilised and developed

+ continue fulfillin g the international commitments, including contribution to the global
process

+ unbroken time seriesas result of the monitoring

- the cost: annual cost for Finland 650 000 EUR (EU covers theother half)
- limited possibilities to respond to the new information needs

B) Stop

Thebenefitsabove would be lost, but cost would be saved for other use

C) Redirect

In redirecting, the following questionsshould beraised:
• What are the elements in the ICP Forests monitoring, which still produce valuable

information both for conventional and new information needs?
• Is the sampling intensity, both temporal and spatial, in balance with the information

required?
• Are thereany other monitoring programs where synergiesshould be searched for?

C1) Redirect activitiesat the same cost level

There are needs to look more in detail on the usefulness of the annual monitoring of the
defoliation, and other measurements carried out on Level I plots. As the NFI is carrying out
similar measurements, within more intensive spatial but less intensive temporal sampling,
more synergies should be looked for in the Level I plots, especially at this phase, when NFI is
considering the redesign of its sampling.

Level II studies are of crucial importance in understanding the functioning of the ecosystem.
The eight pine stand plots and eight spruce stands cannot, however, be considered as a
representative sample of Finnish forest ecosystems. Therefore the question arises if the
research on ecosystem functionality should be concentrated on an even smaller number of
plots, possibly with intensified measurements on these plots.

Let us assume that the redirection of the activities would be carried out in a following way:
Monitoring of ten Level II plots would continue, nine old ones, and one new established on
birch forest. More intensive studies on the plots can be introduced. The topics like soil carbon
and phenology should be addressed. The rest of the plots would remain for further use, but
less intensive measurements, and less frequently in the time being.
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Level I monitoring program wil l be organised under the NFI, even if Level I plots wil l remain
in the time being to guarantee the time series production. In the longer run, Level I
measurements should be integrated with NFI. NFI should study the possibilities of remote
sensing in intensifying the monitoring of vitality of forest and trees, for an early warning
system.

Special efforts wil l be launched – together with other institutes - for analysing the existing
data, modelling the ecosystem functions and to develop monitoring methods.

+ better linkage with other national monitoring systems
+ possibilities to respond to thenew information needs
+ savings in the costs: excluding the pilot studies, 85% ( 1.1 mil l euro annually) of the

costs are born in the Level II monitoring. Reducing the plots to a half , and
intensifying the measurements, the cost probably would be 800 000 EUR, and Level I
cost would be the same 200 000 EUR, totalling 1 mill. . euro, which is roughly 77 %
of the present cost.

+ more resources available for dataanalysis
+ better possibilities to start harmonising the information produced by National Forest

Inventories in Europe, especially if part of saved (23%) funding could be utilised

- losing replicants from Level II observations
- increasing risk to lose time series e.g. due to storms and other damages

C2) Increase activities

The present work wil l be continued and intensified in order to guarantee on one hand
sufficient data for modelling the functionality of the ecosystem, and on the other hand the
need for monitoring health, biodiversity and climate change issues. The optimal roles of
organisationsand departments carrying out monitoring activitiesshould beconsidered.

+ sufficient data to respond to the new, multidisciplinary research needs
+ intensive enough sampling for monitoring thechanges in the ecosystem in detail

- costly
- not justified if the already available data is not fully utilised
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4. CONCLUSIONS AND SUGGESTIONS BY THE REVIEW
TEAM

Based on the documentation provided for the evaluation, joint meetings with the Finnish
Forest Condition Monitoring team and wider interest groups, and their feedback to the interim
report, the team wishes to make the following conclusions and recommendations. They are
subtitled here on the basis of the objectives of evaluation.

Achieving the goals
The Finnish forest ecosystem monitoring system is driven by highly qualified scientists and
the Finnish team has been successful in achieving the objectives. Protocols are sound, and the
programme provides data of high quality.

Applications of ICP Forests information
The collected data has been made available for research but it is stil l under-utilised compared
to its potential. Data analysis of the monitoring data is still very partial as in many other
European countries, and especially integrated data analyses are lacking. A greater use of the
accumulated data should be encouraged and more collaboration with scientists in Finland and
abroad should be stimulated.

The publicity achieved is satisfactory, and the correct message has gone through the media to
the public and policy-makers.

Scientifi c achievements
Effort has been put to ensure high quality sampling and analysis and new sampling and
analysis methods have been developed. Numerous scientifi c articles of a high standard have
been produced. It is necessary to note that some activities under the programme are likely to
bring results in the near future, which can be considered in the course of the further
development of the ICP/EU scheme.

Monitoring set-up
Some elements of Finnish ecosystems are missing from the samples: peatlands from Level I
and birch forests from Level II.

From the Finnish perspective, international objectives concentrating to the impacts of the air
pollution are partly out of date. ICP Forest-based sampling is not sufficient to respond to all
emerging information needs, especially those of biodiversity and carbon

Research co-operation
As nearly all activities have been organised by one institute, co-ordination is easy but
involvement of external partners requires special effort. More collaborative research in the
field of dataand process interpretation should be stimulated i.e. through modelling workshops
with potential user groups of the data. Multi -disciplinary co-operation isencouraged.
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Internationalisation processof Finnish forest research
The Finnish programme has strong participation in the European programme. The researchers
have chaired many of the subcommittees, participated in the development of data accuracy,
monitoring and laboratory methods.

ICP Forests programme has had a major role in creating international research, and it covers
more than half of the international program within Metla.

Futuredirections
As clear effects of air pollution on the crown condition cannot be shown, annual monitoring
of defoliation could be changed to bi- or triannual. Annual report, which involves about one
labour year work, could be published biannual and released resources should be allocated to
promote and utilise the collected data. A clear data policy has to be declared. Peatlands and
birch forestsshould bebetter integrated in Level II.

Assuming the possible reallocation of funding, option C1 (Redirect activities at the same cost
level) is most relevant for futuredirections.

Futureof the ICP Forests programmefromFinnish perspective at European level
The information needs and possibilities for monitoring have changed since 1980’s. It is
obvious that ICP plots can provide valuable elements for a modern multi-purpose monitoring
programme. However, it is questionable if such monitoring design can be constructed using
ICP sampling as main starting point. Co-ordination between ICP Forests, NFI and permanent
research and monitoring plots could provide wider synergies.

The whole ICP programme would strongly benefit from a more clearly expressed data policy
in order to maximise the utilisation of the datacollected.
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APPENDIX 2

ICP Forest data Level I and I I availabilit y and use

Finnish data requested from the Finnish Forest Research Institute (Metla) at national
level

The level I data (mainly defoliation and foliar chemistry data) have been used e.g. in the
Finnish Statistical Yearbook of Forestry (Metsätilastollinen vuosikirja) and the State of the
Finnish Environment (Ympäristökatsaus, Ympäristö), as well as background data for several
projects, e.g. the Lapland Forest Damage Project (Itä-Lapin metsävaurioprojekti), Condition
of Norway spruce in the Kvarken Region of the Gulf of Bothnia (kuusikoiden kunto
Merenkurkun alueella), the State of the Environment in Northern Ostrobothnia and the
Kainuu Region (Ympäristön tila Pohjois-Pohjanmaalla ja Kainuussa) and the state of the
Environment in Western Finland (Ympäristön tila Länsi-Suomessa). The level I and level II
data have been used as background information in several local, bioindicator monitoring
projects, e.g. in the Uusimaa, Vaasa, Seinäjoki, Pietarsaari – Uusikaarlepyy and Suupohja
regions. The data are currently being utilised directly in a number of Metla projects, e.g.
Carbon Sinks and Fluxes, and the meteorological and deposition background data are
supporting the work carried out in a number of other projects. Individual requests for the data
published in thenational report are also regularly received.

Several research projects financed by the EC at the European level have received Level II
data via FIMCI, e.g. the CarboEurope and Recognition projects. Sample trees were felled for
growth measurements on Level II plots by the Recognition Project with the help of the
National Focal Centre. The data collected on six of the Norway spruce plots have been
utilised in a 3-year climate change project, funded by theNordic Council of Ministers.

Researchers at Helsinki University have received the level II data (meteorological, growth,
litter fall, soil solution, deposition and foliar chemical data). A researcher at Joensuu
University has recently asked for the foliar chemical data of Level I plots.

Posiva Oy has utilised our Level II expertise in designing a programme for environmental
monitoring in thesurroundings of the spent nuclear fuel repository facility at Olkiluoto.
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Data access to ICPForest / EU Level 1 and 2 data through PPC and FIMCI

DATA REQUESTS1997 RESULT

• Recognition Delayed (see 1999)

• Analysis of the contribution of non-atmospheric variables on the
condition of the intensive monitored forest ecosystems (IBN, NL,
Ir van den Burg)

Agreed with minor changes

DATA REQUESTS1998

• Water-CO2 exchange (Univ Amsterdam, NL: Mr Bouten) • Agreed

• Input-output balances (J.W.Erisman, NL) • Agreed

DATA REQUESTS1999

• Data request for project of Sam Evans; Modelling forest and
sustainable timber yield and quality in Europe (MEFYQUE)

• Agreed (no data
delivered, as project
financing failed)

• Data request for project of Per Gundersen; Carbon – Nitrogen
Interactions in TERrestrial ecosystems (C-NTER)

• Agreed

• Data request for project of Spiecker ; RECOGNITION • Agreed (Note Finland
objected in first instance
to data delivery. At a
later stage Finland
agreed and Finnish data
were made available )

• Data request from Eurostat • Agreed

• Data request for project of Karin Hansen : AFFOREST
(theproposal arrived too late. It was not sent out)

• Delayed (see 2000)

DATA REQUESTS2000

• Dymons (Dynamic Modelling of Sulphur) • Agreed

• Afforest • Agreed (no data
delivered yet, but
pending)

• Carbo Europe • Agreed

• Efcon • Not yet decided (project
financing failed, but was
resubmitted in an
amended form in 2002 )

DATA REQUESTS2001

• Evaluation ground vegetation data of the intensive monitoring
plots Mr J.L. Dupouey

• Agreed
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DATA REQUESTS2002 (APRIL SESSION)

• Evaluation of plot design – the use of subplots (DK) • Not yet finalised

• Evaluation between tree defoliation and tree growth (ES/CH/NO) • Not yet finalised

• Application of tree growth models (AU) • Not yet finalised

• Ozone evaluation in SW Europe (IT) • Not yet finalised

• Ozone damage and evaluation (CEAM) • Not yet finalised

• Assessment of present deposition thresholds for Sand N (NL) • Not yet finalised

• Forest nutrition at Level I (SF and AU) • Not yet finalised

• Upscaling en downscaling Level II - Level I (PCC, DL) • Not yet finalised

• Impact of trichloric acid on European forests (TNO, NL) • Not yet finalised

• Relationship meteo and defoliation (CH and NO) • Not yet finalised



32 Burdekin et al.

APPENDIX 3

The Finnish National Forest Inventory and ICP-Forests Level I survey

Erkki Tomppo
Prof., Coordinator of the National Forest Inventory Research Programme
Finnish Forest Research Institute, Metla
http://www.metla._/ohjelma/vmi/index-en

1 Background

The evaluation group of ICP-Forests survey, lead by European Forest Institute, requested an
assessment of theFinnish National Forests Inventory (NFI) concerning possible synergies and
overlapsbetween ICP-Forests Level I survey and the Finnish NFI.

2 TheFinnish NFI

Finland's forest resources have been investigated by means of National Forest Inventories
since the year 1921. The information has been utili sed in large area forest management
planning, such as determining the level of cuttings and other treatments needed, as well as the
information basis for offi cial forest policy making and in the strategic planning of the forest
industries.

During the eighth inventory (1986–1994), a multi-source inventory system was developed. It
utilises satellite images and digital map data in addition to ground measurements. The ninth
inventory begun in 1996 also contains the measurement of some additional characteristics
describing forest biodiversity. The main groups of field variables are listed in Appendix 1.
About 70 000 field plots on forestry land aremeasured in one inventory rotation.

The multi-source inventory produces both statistics and digital thematic maps for the
computation units. Compared to the inventory methods employing only sampling and field
measurements, the multi-source inventory provides much more detailed information about
forests at very low additional costs. The method can be applied with minor modifications to
very different types of forests and to diff erent remotesensing material.

In the current inventory, the results are computed for country level, forestry centre level and
sub-centre level by means of field measurements, and for municipality or lower level by
means of field measurements, remote sensing data and digital maps. For more information,
see http://www.metla._/ohjelma/vmi/indexen. The results are used by ministries, other
forestry policy makers, forestry centres, forest industry and other groups, e.g. for following
purposes:

Traditional uses
• time series for national and international statisticsconcerning forest
• resources, forest biodiversity and forest health
• country level and forestry centre level forest management planning
• forest policy, forestry programs
• planning of forest industry investments
• information for forest income taxation
• nature conservation policy
• data for forest research purposes
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New uses, already operational
• planning of timber procurement by forest industry companies
• forest certi_cation (a part of the criteria isbased on NFI results)
• municipality level forest management planning by forestry centres
• reporting of carbon balance of forests

Potential uses under research
• information basis for operative forest management planning
• assessing forest landscape from the point of view of forest fauna and flora
• assessing impacts of forestry on biodiversity

3 Publishing of the inventory results and method development

The Finnish NFI progresses by Forestry Centre areas. The results are computed and published
in peer-reviewed journal 'Metsätieteen aikakausikirja, Folia Forestalia' immediately after an
areahasbeen measured. Themain resultsarepublished annually also in the Finnish Statistical
Yearbook of Forestry. The NFI method is under a continuous development. The new methods
are published in international peer-reviewed journals and other scientifi c journals. The
forestry-centre level defoliation estimates are compared to estimates of ICP Forests, Level 1
results. The published peer-reviewed articles during the year 1999–2001 amounted to 29 and
other scientifi c articles to 52. The NFI group produces by requests several reports and
statements concerning forest resources and status of forests, e.g. for ministries and Forestry
Centres, usually several tens annually. Annual sale of the products, mainly multi-source
inventory products, amounts to about 150 000–200 000 euro.

4 Resources

The NFI staff consists of 20 researches, of which about 5 works with temporal contracts in
temporal and externally funded research projects, 5 permanent forest engineers and 5 other
assisting persons. The field work is carried out with permanent forest engineers and
temporally forestersas crew leaders. Al l the measurement assistants are temporally employed.
Twelve field crews (of 1 + 2 persons) have been employed in the past years. The annual costs
of field measurements has varied between 650 000–750 000 euro (777 225 euro in 2001). The
entire budget of the NFI programme, including temporal research projects and external
service, has varied between 1.5 mill . – 1.9 mill . euro. The budget in 2001 was 1.944 mill.
euro. From this, 63.5 % was funded through Metla's budget and the rests from other source,
e.g. by European Commission, Technology Agency Finland, Academy of Finland and
Ministry of Agricultural and Forestry. 3

5 Development of the NFI

The Finnish NFI is under continuous development. The satellite image aided multi-source
inventory was developed in the end of 1980's and in the beginning of 1990's. Permanent field
plots were introduced to the normal NFI in 1992. The design and measurements were revised
in 1996 for the 9th inventory. A new design is again under planning for the 10th inventory.
The goal is to overcome the problems related to out-of-date forest resource information in
some partsof thecurrent in the current system. The most likely optionsare:

1) The current NFI which progresses by regions, usually from south to north. The field work
is going on continuously from year to year. The measurement of the whole country has
lasted 7–10 years. The resource demand is about constant in this type of inventory. The
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system has, however, some drawbacks. The forest resource information of diff erent
regions come from different years, in some regions the information may be almost 10
years old. This has significance when the changes in forests are rapid and when up-to-
date information is needed.

2) The second alternative for the progress is similar to those of Norway and Sweden. The
progress of Finnish NFI differs from those of Norway and Sweden. These are realised in
such way that a certain fraction of the field plot are measured annually in the whole
country. In this way, country level estimates of basic variablescan be produced each year.
However, region level estimates have to be computed from measurements from different
years.

3) The third possible design could be such that the entire field plot grid would be measured
within a short period, e.g. in 2 to 3 years. The NFI team is planning this type of inventory
for the next system after the current 9th rotation. The full cover of field measurements
would be repeated in 10 years intervals. Two to three updating, based on sparse field
sampling and full cover remote sensing data, would be done between inventories. The
sparse measurements for updating purposes could be done also annually. In this way, the
forest resource information would not be older than 2–3 years in any part of the country.
This type of information would better meet the users needs than the current one. For
example, forest industry could use this information to operative timber procurement, in
addition to strategic planning. This information would suit also better for national and
regional level forest planning and for international reporting. (Already now, e.g., forest
carbon balance reporting presumes annual information from the entire country.)

6 Synergiesand overlaps of NFI and ICP-Forests, Level 1

In the current NFI system, NFI and ICP-Forests Level 1 survey operates in different parts of
the country. Level 1 survey have to be realised within a short period in a certain time of the
field season in the entire country while NFI operates in a certain region during the whole field
season. The advantages of a possible tighter co-operation could be methodological, i.e. the
NFI team knowledge in realising surveys based on permanent plots could be utilised.
Otherwise, it is a matter of taste whether the Level 1 survey is managed under ICP-Forests or
in a co-operation with NFI programme.

In the possible new design, planned to be established around 2005, the advantages of
combining the ICP-Forests Level 1 and NFI more tightly are more obvious. The field
measurements in the new system are concentrated periodically to few years, i.e. to 2-3 years
in a 10 years period. Base on these measurements, Forestry Centre level, municipality level
and, on the requests, other estimates are computed.

Following facts could support the close linkage of NFI and ICP-ForestsLevel 1 survey.

A. Data collection and logistics of the field work:

1. Travelling costs
In the new NFI design, NFI operates in the entire country when updating measurements are
done and about in the half country when full measurements are done. The collection of ICP-
Forests Level 1 information suits to this system. The relative costs of ICP survey could be
reduced due to fact that other measurements, could be done with same travelling effort. Major
part of thecost of the field work in the ICP-Forests survey consists of travelling costs because
the plots are sparsely located. (Particularly, in North Finland the road network is sparse
increasing costs per measured plot and variable.) The other measurements could be done
either on the stands or neighbouring stands of ICP-Forests plots, e.g., increment variation, or
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on the nearby permanent plots of NFI, e.g., big changes in growing stocks, such as caused by
clear cuttings and thinning cuttings.

2. Personnel training and management
The field season for the ICP-Forests survey is short. The field personnel are in various tasks
during the rest of the year. If ICP and NFI were combined, the field personnel could carry out
field work during the whole NFI field season (5–6 months). The training of field workers
would be more effi cient since some of the measurements are similar in the two systems.

3. Investments on equipment
Equipment is needed for navigation, data collection and field observations. These equipments
are similar in both systems. Savings could be achieved also in equipment through co-
operation.

B. Data processing and analysis

Both teams are highly professional in data processing and analysis. NFI team has a longer
tradition and more experiences in forest surveys and method development. The educational
background and the carrier of the personnel is forest inventory oriented. The NFI team has
also personnel and tested procedures for data checking, processing and reporting. ICP-Forest
team is more biologically oriented. Combined resources could bring some synergy for both
systems.

C. Utili sing of both data sets in analyses

Currently, more than 150 variables are observed on each NFI field plot. The list of variables
is revised in every inventory cycle and new variables are added. Combination and temporally
fitted NFI and ICP data sets would enable analyses (e.g. causal analyses) with the complete
NFI and ICPdata sets.
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Appendix 1: Field measurements of theFinnish NFI

Field measurements of the Finnish NFI can be divided into stand level data and tree level
data. The total number of measured variables amounts to about 150. A part of stand level data
is given by crown layer classes. Examples of stand level dataare:

1. General data of field plot cluster (inventory type, record type, crew leader, coordinates of
cluster, date, inventory area);
2. Plot identification data (plot number, coordinates, administration, multiple use, plot size,
etc.);
3. Site data (e.g. land class and its changes, direction and distance to the closest stand
boundary, main site fertilit y type, mixture of site fertilit y types, specification of mire type,
soil type, quality and thickness of organic layer, drainage accomplished and proposed, forest
income taxation class, etc.);
4. Information by crown layer (e.g. species in the layer, development class, stand
establishment, dominant tree species, species mixture, number of stems, quality, mean
diameter, mean height, age, syndrome, originating time, cause and seriousnessof damages);
5. Other stand level information (e.g. damages, lichen survey, stand quality, accomplished
measures and time, proposed measures and time, basal area).
6. Key biotopes within a circular sample plot with a radius of 30 m. Key biotopes include
habitats which are important for maintaining forest biodiversity. They often support very rich
flora and fauna or are extremely poor sites, li ke ombrotrophic open bogs or bare rocks.

Tree level data are measured with two intensities, at tally tree level and sample tree level. The
variablesare
1. coordinates (only on permanent plots),
2. tree species,
3. diameter,
4. timber assortment class and its precision,
5. crown layer are measured for tally trees.

Theadditional variables measured at sample tree level (each 7th tally tree) are:
1. origin of tree,
2. upper diameter (at theheight of 6 m),
3. bark thickness,
4. height of dead branches,
5. height of green branches,
6. height and length of broken part of the trunk,
7. height increment,
8. diameter increment, at theheight of 1.3 m,
9. age at 1.3 m and age,
10. the lengths of the different saw log partsof thestem,
11. damages, including defoliation classes with a classifi cation of ICPForests, Level I.
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APPENDIX 4

Effects of biodiversity-oriented forest management on species diversity −−−− a
monitorin g system – Summary of a pilot project (2002−−−−2004)

Juha Siitonen, Finnish Forest Research Institute

Need for knowledge on the state and trends of biodiversity in different vegetation zones,
ecosystems and habitat types has continuously increased. According to the Convention on
Biological Diversity, each country shall monitor, through sampling and other techniques, the
components of biological diversity, paying particular attention to those requiring urgent
conservation measures and those that offer the greatest potential for sustainable use. In the
boreal parts of Europe, as well as in many regions in the temperate parts of Europe, forests are
the main ecosystem type to be monitored.

Forest management methods have been modified in order to better accommodate biodiversity
with timber production in most European countries starting from the 1990s. Although the
details of management prescriptions vary among local conditions, such as forest vegetation
zone, site type and local forest history, some general principles are widely accepted and
applied. These include favouring local tree species, mimicking natural disturbances and stand
succession, increasing structural heterogeneity of stands and leaving more dead wood (see
e.g. Bengtsson et al. 2000, Farrell et al. 2000). In Fennoscandian boreal forestry, the current
methods can be roughly categorized into 1) retention of important structures (living old trees,
snags, logs, tree groups) in harvesting, 2) recognition of and setting aside important key
habitats, 3) restoration to introduce lost structures or direct succession (e.g. prescribed
burning), and 4) landscape-level ecological planning (see e.g. Fries et al. 1997, 1998, Larsson
and Danell 2001, Siitonen 2001).

So far the new biodiversity-oriented management methods have largely relied on informed
guesses rather than sound scientifi c evidence on their efficiency. New methods may also
impose costs on production. In order to develop cost-effective biodiversity management
methods, the outcomes of different options should be monitored much more systematically
and rigorously than is done at the moment.

Thepresent pilot project consists of the following main sub-tasks:

1) Selection of taxa to be monitored. The focal taxa should be representative of the diff erent
ecological groups of forest-dwelling fauna and flora, and reflect the changes in species
composition that forest management causes. In addition, the taxa should be taxonomically
well-known, and potential methods for quantitative sampling should exist. Epiphytic lichens,
polypores and beetles would constitute a suitable set of ecologically different taxa. Epiphytic
lichens are dependent on the structure of the living stand, polypores on dead wood, and
beetles inhabit many different microhabitats in forests. These taxa also include ahigh number
of red-listed species and other species that areaffected by forestry.

2) Development of standardized sampling methods that suit to stand-level assessment of
speciescomposition for each group, and that can easily be repeated. Before starting any large-
scale inventory or monitoring program, the sampling methods and effort should be carefully
optimized in relation to the specifi c objectives. Main aim of the sub-task is to assess which
proportion of the species present in a stand wil l be observed using a given sampling method
and effort.
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3) Directing the monitoring efficiently. It is impossible, in practice, to establish a large-scale
monitoring system for any species group so that the monitoring would cover all the ecological
gradients (including the different management regimes) simultaneously − the monitoring
would turn out to be either too inefficient or too expensive. Therefore, a more efficient
strategy is to direct the species inventories and monitoring so that the sampling design allows
testing of explicit hypotheses and, particularly, comparisons between different (old and new)
management options. I.e. the sampling design should beconfirmatory rather than exploratory.

4) Measurement of stand characteristics (with particular emphasis on the amount and quality
of dead wood) using standardized methods and classifications. The structural attributes of a
forest stand are relatively easy to measure and monitor. However, the links between stand
structure and species composition of different taxa are yet largely missing. In the long term, it
should be possible to explain and predict the changes and trends in species diversity by the
changes in forest structural characteristics.
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APPENDIX 5

Potential of remote sensing in forest health monitor ing

Tuomas Häme
VTT
May 30, 2002

Relevant instruments
Remote sensing instruments measure reflected or emitted electromagnetic radiation from the
targets. Usually the data are in a form of digital images. The smallest observation unit is an
image pixel, which represents a specific area on ground. Present satellites provide imagery
whose pixel ground size, spatial resolution, reaches from sub-meter to several kilometers.

Individual treescan be separated in themost accurate satellite images. However, their spectral
resolution is poor, i.e. they only have one spectral band that corresponds the spectral range of
a black and white photography. The most accurate multi-spectral images have a spatial
resolution of four meters which is still high. The wavebands of such images correspond to a
color infrared photography except that also the blue visible band is available. The most
accurate satellit e data are expensive. One image costs several thousand euros, depending on
the requested processing.

Imagery with a spatial resolution of 15 to 30 meters can be obtained with low costs or even
for free. Images from a Japanese ASTER instrument onboard the Terra spacecraft with 15
meter resolution can be downloaded completely for free. Landsat ETM+ imagery with 30
meter multi-spectral and 15 meter panchromatic imagery can be purchased with 600 euros for
an area of 185 by 185 kilometers.

Data from the American MODIS instrument with 36 wavelength bands can also be
downloaded for free. MODIS data acquisition directly from the satellit e wil l li kely be started
in Finland stil l in 2002 or early 2003. The spatial resolution of MODIS varies from 250
meters to one kilometer depending on the waveband. The MERIS instrument onboard the
European Envisat satellit e is similar to MODIS. Its most accurate spatial resolution is 300
meters. Images that wil l be delivered starting late 2002 wil l be either low cost or completely
free. However, the main costs in remote sensing are usually the data analysis costs and not the
datacosts.

The Envisat has also the ASAR radar instrument onboard. The wavelength of ASAR is 6
centimeterswhich roughly corresponds to the length of aconifer needle.

Airborne remote sensing comprises conventional aerial photography and digital imaging
using digital cameras (like EnsoMosaic) or imaging spectrometers like AISA. The AISA
spectrometer is manufactured in Finland and the Finnish Forest Research Institute has its own
AISA instrument. Spaceborne imaging spectrometers do not exist but the European Space
Agency ESA has plans to buil t the Spectra instrument during this decade. The final decision
has not been made, however. The imaging spectrometers have been considered to have a
particularly high potential in the monitoring of the health of the vegetation.

The potential
The reflected signal from the object depends on the object’s physical and chemical properties.
In the visible and near infrared parts of the electromagnetic spectrum the leaf reflectance is
controlled by concentrations of chlorophyll , water, lignin, cellulose, and protein within a leaf.
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In the microwave region the reflecting elements are larger due to the longer wavelength,
being needles, branches and stems depending on the wavelength of the used microwave
instrument. The amount of water in the plant has a significant impact also to the reflected
microwave radiation.

Both modeling and empirical measurements show that the loss of chlorophyll increases the
visible reflectance of a leaf. Also, the so called red edge, the point of maximum slope in the
reflectance spectrum between 700 and 800 nanometers moves towards shorter wavelengths
when the leaf is under a stress. Using red edge detection with an instrument that has a
capabilit y to measure very narrow wavelength bands between 700 and 800 nanometers it is
principally possible to detect stress that is not yet visible to a human eye. In practice the pre-
visual detection of a stress has appeared to be difficult . Already at leaf level the homogeneity
of the distribution of chlorophyll varies within a leaf. This brings uncertainty to the pre-visual
damage detection already in the laboratory conditions.

The resolution remote sensing data is some tens of centimeters at best as said above. This
means that one image pixel gets its reflectance value from hundreds or thousands leaves. Not
only the leaves have an impact to the pixel reflectance but the reflectance is a combination of
reflected radiation from leaves, branches, undergrowth vegetation, and shadows. Therefore
detection of slight, invisible stress using remote sensing data is very difficult and no
convincing results from forest environment have been reported including studies in which
imaging spectrometers have been utili zed. The possibilities are much higher in agricultural
landswith uniform, even-aged canopies.

Thus, the main potential of remote sensing is in getting information of forest health with a
standard procedure at the same time from a large area. The heath changes that can be
observed using remote sensing data would most likely also be visible on ground. In the
Semefor project of the fourth framework program of the European Community forest
defoliation mapping was reported to be successful at the ICPplots.

The accuracy of health monitoring greatly improves if time series of images are analyzed.
Forest health mapping results that have been reported using images from a single date are
somewhat hypothetical. It may not be clear whether the reported defoliation and
corresponding anomaly in the reflectance damage is due to a decreased health or due to site
fertilit y type, local climate, different species combination, age structure, for instance. The
monitoring capability of remote sensing data has been inadequately utili zed.

The ICP plots would offer an excellent ground reference data to establish a forest ecosystem
monitoring tool that is using remote sensing data. It would be important to collect remote
sensing measurements from the site as frequently as possible. An instrument with a high
spatial resolution and many spectral bands and high radiometric sensitivity would be optimal
for the monitoring. Unfortunately such space-borne instruments are not available. Airborne
remote sensing for continuous monitoring would be too expensive and impractical. The
space-borne instruments with highest spatial resolution have only few spectral bands.
However, instruments with only near infrared and red bands could be effective also in forest
health monitoring but the high price of the data and low frequency of image acquisition lower
the potential of such instruments in continuous monitoring.

An effective alternative could be to collect all cloud free imagery from free instruments, i.e.
MODIS and MERIS, possibly from ASTER instrument as well. Although one ICP plot
represents an area that is only a fraction of an image pixel, analysis of hundreds of images
from the same location could bring completely new information of the potential of remote
sensing in health monitoring. Collection of as many observations from the same site as cloud
cover permits might be more effective approach than doing separate imaging campaigns using
airborne hyper-spectral instruments. The hyper-spectral sensing could certainly augment the
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continuous health monitoring. A similar data set to the optical space-borne data could be
collected using space-borne synthetic aperture radar (SAR). A time series of SAR data could
have a potential in needle loss mapping. However, experiences of such monitoring do not
exist yet.

Carbon stock and biodiversity estimation
Both optical and microwave data can be used to estimate and map tree biomass. The biomass
has been usually estimated through the growing stock volume that has a very close correlation
with the total biomass. Approximately one half of the dry weight is carbon. The carbon is soil
and peat can only be estimated indirectly by estimating the site type, using space-borne
remote sensing techniques. Some very low frequency airborne radar instruments might give
useful information on peat thickness estimation but the variation of free water in the peat
would lower the accuracy. The main problems in biomass (carbon) estimation in forests are
estimate saturation at higher biomass levels and the unknown bias.

As in the forest health monitoring utili zation of time series have agreat potential in biomass
estimation. Analysis of several successive images could reveal trends of biomass and tree line
development. The man benefi t of such monitoring would likely be in regional to continental
level studies.

Particularly the high resolution imagery offer good potential of the analysis of the structural
diversity. The structural diversity information can be used to quantitatively analyze forest
patch size, form, and distribution, as well as tree species distribution. Like in the applications
discussed earlier, time series nature of the remote sensing data offers an excellent possibility
to get information on the changes in the diversity.


