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condition monitoring in Finland.

Metla has implemented forest monitoring on two levels. A nationwide

extensive monitoring on systematic network (Level I, active during
19862012 ) has provided information on regional and time-based FUTMON
variations in forest condition. Intensive forest monitoring (Level II,

1995-) involves diverse monitoring of forest condition and ecosystem

functioning, with the aim of analysing the causes of changes observed.

With these acitivities, Finland participates in the international ICP
Forests Programme launched in 1985 under the UN-ECE Convention on

Long-range Transboundary Air Pollution.

Most chapters of this report present
results of the whole active monitoring
period in Finland, reaching to mid
1980s’ and mid 1990s’ on the Level I
and Level II programmes, respectively.
In addition to static table and figure

format, we have applied some

interactive features in the presentation
of data. This report is updated with the latest monitoring data once they

are ready for publication.

Pdivi Merild

Chief Editor
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Results: Related projects

Publication list of the
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Forest ecosystems are subjected to a wide range of pressures and disturbances of both natural and anthropogenic
AU T s origin. Evaluation of the effect of these factors on ecosystem condition and functioning requires scientifically
robust, long-term monitoring. Since 1985, Finland has been participating in the pan-European forest condition
monitoring programme — the International Co-operative Programme on the Assessment and Monitoring of Air
Pollution Effects on Forests (ICP Forests) — which was established under the UN/ECE Convention on Long

Range Transboundary Air Pollution (CLRTAP).

The monitoring is being carried out on both a systematic plot network (so-called extensive monitoring, Level I)

and a limited number of intensive monitoring plots (Level II).

Extensive monitoring of forest condition — Level I in Europe

Extensive forest monitoring (Level I) has been carried out on a network of ca. 6,000 plots arranged on a systematic
grid (16 x 16 km) covering the whole of Europe since 1985. By the year 2011, more than a half of the Level I plots
in the EU-Member States coincided with the plots of the National Forest Inventories (NFIs), as a result of the
revision of large-scale monitoring systems aiming at integration between Level I and NFIs (Fischer & Lorenz
2011).

Level I network provides an annual picture of large-scale trends in crown condition (defoliation, discoloration,
abiotic and biotic damage) at the European level. It also offers the possibility to investigate relationships between
stress factors and forest condition. In addition to forest condition parameters, more than 5,000 Level I plots have

been monitored in two forest soil surveys across Europe. A foliar survey in the 1990s has covered approximately
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1,400 plots.

Intensive monitoring of forest condition — Level II in Europe

The intensive monitoring level comprises ca. 500 Level II plots in selected forest ecosystems in Europe and was
established in 1994. The aim of Level II programme is to gain better understanding of cause-effect relationships
between the condition of forest ecosystems and anthropogenic as well as natural stress factors. Forest decline in
response to air pollution still is the driving force behind the Programme, contributing to the development of clean
air policies. In addition, monitoring provides information required in decision-making concerning e.g. adaptation
to climate change, conserving biodiversity and sustainable utilization of forests. With 41 participating countries,

the ICP Forests Programme constitutes one of the world’s largest biomonitoring networks.
The methods applied in ICP Forests Programme are described in detail in the “Manual on methods and criteria for

harmonised sampling, assessment, monitoring and analysis of the effects of air pollution on forests”.

Cooperation with the EC and other international processes

During 2009-2011, the Pan-European forest condition monitoring programme was carried out

as a part of the FutMon project, co-financed by the Life+ programme of the European Union.

52
) 9581
Bt

The project aimed at the further development of an integrated pan-European forest monitoring

renpoe
ot

system that will serve as a basis for the provision of forest-related information in the European
Union. One of the primary aims of the project was to improve current methodology for
monitoring the effects of e.g. climate change and air pollution on forest condition and forest F U T M _O N
ecosystem functioning. In Finland, the Forest Research Institute (Metla) is responsible for

forest condition monitoring under the ICP Forests and EU programmes.

For many years before the FutMon project, ICP Forests has collaborated with the European

Commission (EC) based on EU-cofinancing under relevant Council and Commission

Regulations (3528/86, Forest Focus). The monitoring results are also delivered to processes

and bodies of international forest and environmental policies other than CLRTAP, such as Forest Europe (FE), the
Convention on Biological Diversity (CBD), the UN-FAO Forest Resources Assessment (FRA), and EUROSTAT
of EC.

Database, data evaluation and publication

A database has been set up for handling and archiving the Level I and Level II data, access to which is restricted to
persons participating in the programme. The data is forwarded annually to the Programme Co-ordinating Centre of
ICP Forests in Johann Heinrich von Thiinen-Institute (vTI), Hamburg. The results of the projects are published in

national and international reports and scientific journals.

The list of publications:

e 2009-
e 1995-2008
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Results: Crown condition  Extensive monitoring of forest condition — Level I in Finland

Results: Intensive

monitoring By Seppo Nevalainen & Péivi Merild

Results: Related projects Finland has been participating since 1985 in the Level I monitoring of forest condition. Metla annually inventories

forest condition, using internationally standardised methods (Eichhorn et al. 2010), on a representative sample of
Publication list of the

tree stands.
Programme

About the report The systematic network used in the annual crown condition survey has been designed to provide information at the
national level about crown condition and its variation in background areas. A number of parameters are measured
on the trees. The most important variables used to describe crown condition in Finland are relative leaf- and

needle-loss (i.e. defoliation), discoloration and abiotic and biotic damage of the crown.

Extensive monitoring network (2009-2012)

The integration between ICP Forests Level I and NFI was accomplished in 2009 in Finland. The sampling design
of the current NFI is a systematic cluster sampling, and thus differs from the standard plot design in Europe (Fig.
la, below). Annually, a new set of ca. 900 permanent plots, established during the ninth NFI in 1996-2003, was
assessed in the forest condition survey. The same permanent plots were to be assessed in five-year intervals. Level
I survey was ceased in Finland in 2012.

Earlier extensive monitoring networks (1985-2008)

In 1985-2008, the inventory was carried out on about 500 mineral soil and 100 peatland plots selected from the
permanent sample plot network of the eighth National Forest Inventory, established in 1985 (Fig. 1b, below).

In addition, soil surveys have been carried out on 338 plots in 1986/87, on an additional 104 plots in 1995, and on
508 plots in 2006—2007. Needle samples were collected for elemental analysis on 160 plots (98 pine plots, 62
spruce plots) during 1987—1989 (Raitio 1994), and on ca. 30 plots (16—18 pine, 12—14 spruce) annually during
19922007 (Luyssaert et al. 2005).
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Figure 1a. The extensive forest condition (ICP Forests Figure 1b. The network of the annual, large-scale crown
Level I) monitoring is being carried out on ca. 900 condition survey (ICP Forests Level I) in Finland applied
permanent National Forest Inventory (NFI) plots. in 1985-2008).

References

Eichhorn, J., Roskams, P., Ferretti, M., Mues, V., Szepesi, A. & Durrant, D. 2010. Visual Assessment of Crown C
ondition and Damaging Agents Manual. Part IV In: Manual on methods and criteria for harmonized sampling,
assessment, monitoring and analysis of the effects of air pollution on forests. UNECE ICP Forests Programme Co-

ordinating Centre, Hamburg, 46 pp. (pdf)

Luyssaert, S., Sulkava, M., Raitio, H. & Hollmén, J. 2005. Are N and S deposition altering the mineral

composition of Norway spruce and Scots pine needles in Finland? Environmental Pollution 138: 5-17. (pdf)

Raitio H. 1994. Kangasmetsien ravinnetila neulasanalyysin valossa. In: Mélkonen, E. & Sivula, H. (eds.). Suomen

metsien kunto. Metsantutkimuslaitoksen tiedonantoja 527: 25-34. In Finnish.

Citation: Nevalainen, S. and Merild, P. (2013). Extensive monitoring of forest condition — Level I in Finland. In:
Merild, P. & Jortikka, S. (eds.). Forest Condition Monitoring in Finland — National report. The Finnish Forest
Research Institute. [Online report]. Available at http://urn.fi/URN:NBN:fi:metla-201305087570. [Cited 2013-05-
07].

Citation: Nevalainen, S. and Merila, P. (2013). Extensive monitoring of forest condition — Level | in Finland. In: Merila, P. & Jortikka, S. (eds.).

Forest Condition Monitoring in Finland — National report. The Finnish Forest Research Institute. [Online report].
Available at http://urn.filURN:NBN:fi:metla-201305087570. [Cited 2013-05-07].

: Updated: 05.11.2014 /SJor | Photo: Erkki Oksanen, Metla, unless otherwise stated | Copyright Metla | Feedback

http://www.metla.fi/metinfo/forest-condition/programmes/extensive-monitoring.htm[13.11.2020 10.07.13]


http://urn.fi/URN:NBN:fi:metla-201305087570
https://www.icp-forests.org/pdf/manual/2020/ICP_Manual_part04_2020_Crown_version_2020-3_update_06-2023.pdf
https://doi.org/10.1016/j.envpol.2005.03.001

Finnish Forest Research Institute - MetInfo - Forest Condition - Report - Intensive monitoring

From Jan. 1. 2015, Metla is part of the Natural Resources Institute Finland. www.luke.fi

Luke

LUONNONVARAKESKLIS SUOMEKSI PASVENSKA INENGLISH AUF DEUTSCH TO-PYCCKMU

Home ‘ Research ‘ Services | Publications

Metinfo |Re.5em'chforests ‘ About the institute | Strategy | Contact I

Metla » Metinfo » Forest condition » Monitoring programme » Intensive monitoring
Sitemap | Search

Forest Condition Monitoring in Finland — National report | |

Preface and contents

Monitoring programme

Pan European
programme

Extensive monitoring
in Finland

Intensive monitoring
in Finland

Bl -

Photo: Jouni Hyvarinen

Results: Crown condition  [ntensive and continuous monitoring of forest ecosystems — Level II in
Results: Intensive Finland
monitoring
) By Piivi Merild, Liisa Ukonmaanaho, Pekka N6jd & Egbert Beuker
Results: Related projects

Publication list of the

Current intensive monitoring plot network (2011-)
Programme

Since 2011, the number of intensive monitoring plots has been 14. The
AU T s plots are located in Norway spruce (n = 7) and Scots pine (n = 7) forests
in various parts of Finland (Fig. 2a, Table 1, pdf). Most observation plots
are located in stands under conventional forest management. Two of the
plots (Evo nr. 19, Lieksa nr. 20) also belong to the ICP Integrated

Monitoring Programme, representing natural stands in catchment areas.

Kivalo

A number of the plots are located close to background, air quality : gi"ﬁ
Lo . . . . pruce
monitoring stations run by the Finnish Meteorological Institute.

Forest ecosystems are diversely monitored on these plots, with the aim

of cause-effect analysis. Deposition of air pollutants, the cycles and Ligksa @

leaching flux of nutrients, defoliation, abiotic and biotic damage,
Punkaharju

growth, nutrient status and understorey vegetation are among the ~ONPRI

attributes monitored (Table 2, pdf). Meteorological measurements are

conducted in cooperation with the Finnish Meteorological Institute

. ' b
(Table 3, pdf). R ey
The basic stand characteristics of ICP Level II plots are presented in Figure 2a.The intensive forest monitoring plot
network of forest ecosystems (ICP Forests
Table 4, pdf. LevellII) in Finland in 2011,

Earlier intensive monitoring plot networks (1997-2010)
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Finland joined the intensive monitoring of forest ecosystems in 1995. By 1997, 31 intensive monitoring plots had
been established in different parts of the country (Fig. 2b, Table 1, pdf): 27 of the plots on mineral soil sites and 4
on peatlands. Seventeen of the plots were located in Scots pine stands and 14 in Norway spruce stands. All the
plots, except for the four Integrated Monitoring (ICP-IM) plots, were located in stands under conventional forest
management. The IM plots represent natural stands in catchment areas. In 2005, two Norway spruce plots (nrs. 24

and 28) were replaced by two Silver birch plots (nrs. 32 and 33).

In the period 1995-1997, meteorological stations were installed at 12

Level II plots. The parameters measured were:

Air temperature and humidity (within and above the canopy)
Precipitation

Wind speed and direction

Total radiation and PAR radiation

Soil temperature and moisture

. . . SR @ Scots pine r
At the locations Kivalo, Punkaharju, Tammela and Pallasjérvi two or @ Norway spruce :,.
three Level II plots for different tree species were situated close to each © Birch H‘-L’%‘ g
other. For these locations, the data from the meteorological stations at W %
one of the plots were used for all plots at that particular location. After e 2930

e
the Narpio plot was closed, the meteorological station was moved to the . 2‘ =
birch plot in Kivalo. In 2010 and 2011, the meteorological stations were 24, o
. .. . { @25

run down and meteorological data for all remaining Level II plots will be ¥ P
obtained from nearby stations of the Finnish Meteorological Institute. U 13

oo 1599
. . o . . o .#»é’%a 1213 1415
Four of the intensive monitoring plots were established on drained "4 eu-.,?% H:,uk"-{
peatland (nrs. 26, 27, 29, 30; active in 1997-2007). The sites were T T

originally wet, sparsely stocked pine mires that represented the most Figure 2b. Intensive forest monitoring network
1997-2008. For information on plotwise active

ical drai 1 i in Finland. Th in th i
typical drained peatland site types in Finland. The peat in these site types periods see Table 1, pdf.

has a low mineral nutrient status, but usually relatively high nitrogen
reserves. As this may result in an unbalanced nutrient status in the tree stand, two of the four plots have been
fertilized. The four plots were located at two locations in Finland, with a pair of unfertilized and fertilized plots at

each location. Three of the plots were established in long-term spruce provenience trials (nrs. 25, 28, 31).

In 2009, in the beginning of EU Life+ funded FutMon project the number of intensive monitoring plots was
reduced to 18 plots in order to carry out a similar intensity of monitoring on all the plots (Fig. 2¢, Table 1, pdf).
Since 2011 the number of intensive monitoring plots has been 14 (Fig. 2a, Table 1, pdf).

The design of the observation plot and location of the
sub-plots

The observation plots proper consist of three sub-plots and a surrounding
mantle (sub-plot 4) (Fig. 3, below). The sub-plots are square in shape
(30 x 30 m). A 5-10 m wide strip has been left between the sub-plots for
possible future use in special studies and for additional sampling.
Sampling methods that may have a detrimental, long-term effect on the
soil or stand, e.g. soil sampling, deposition and soil water collection,
needle and litter sampling etc., are concentrated on one sub-plot. One of
the other two sub-plots is reserved for vegetation studies, and the other

for tree growth measurements.

The centre point of the observation plot, the corners of the sub-plots and

http://www.metla.fi/metinfo/forest-condition/programmes/intensive-monitoring.htm[13.11.2020 10.07.18]
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#ats Uusikaarepyy
p
( Juupajoki Punkaharju

Lieksa®

the outer edge of the mantle area have been marked with wooden posts. ';* Py 200
The mantle is surrounded by a buffer zone. The width of the mantle and f Evo® OO
buff ies from 10-30 L
uffer zones varies from 10-30 m. i jjﬁw}%a‘rjmmela
Basic stand measurements and mapping Figure 2c. The intensive forest monitoring

network of forest ecosystems in Finland in

All the trees on the observation plot have been numbered at a height of /0" (ICP Forests/EU Life+ FutMon).

1.3 m on the side of the tree facing the centre point.

The following parameters have been recorded or measured on each tree: tree species, canopy layer, diameter at 1.3
m, tree height, and length of the living crown. The measurements have been performed on the trees on sub-plots
1-3 and those located in the mantle area (sub-plot 4). Twenty additional trees representing different diameter
classes have been selected and numbered on the buffer zone (sub-plot 5). In addition to the above measurements,
bark thickness has been measured and increment cores taken at 1.3 m height for determining earlier growth and

tree age. The forest site type has also been determined.

The location and elevation of all the trees on the observation plots have been mapped using a tachymeter. The
exposition and gradient of each sub-plot have also been determined. Care has been taken during the fieldwork to
avoid causing unnecessary trampling of the ground vegetation or other forms of damage. Wooden walkways have

been laid on the sub-plot used for collecting deposition and soil water.
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Figure 3. The Finnish design of the intensive monitoring plots (ICP Forests Level II) and location of the sub-plots.
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Programme Metla has carried out the large-scale crown condition survey (Level |) since 1986 (until 2012) and the intensive crown condition
survey (Level Il) since 1995. The main observed variables have been the degree of defoliation and foliage discolouration and

About the report the occurrence of abiotic and biotic damage to Scots pine, Norway spruce and broadleaves. The average tree-specific degree

of defoliation for the period 19862012 on Level | sites was 10.7% in pine, 19.6% in spruce and 12.8% in broadleaves and for
the period 1995-2013 on Level Il observation plots 11.3% and 18.2% for pine and spruce, respectively.

The proportion of defoliated trees seems to have increased in the southernmost part of the country. In general, the proportion
of discoloured spruces was higher and varied annually much more than that in pine or birch.In Level 1, the proportion of trees
with symptoms of abiotic or biotic damage decreased during the monitoring period (1986—2012). The mean proportion of
symptomatic trees was the same (60%) in all main tree species groups. Pines had less abiotic and unidentified damage, but
more insect damage than spruce and broadleaved species. Level | data provides t emporal patterns and coarse spatial
distributions of some of the most common causes of damage. The proportion of dead trees on Level | varied from 0.1 to 0.32%.
High stand age, weather and climatic factors, as well as abiotic and biotic damage, have a considerable effect on defoliation in
background areas of Finland.

Background

Concern about the largescale decline in forest vitality in Central Europe in the late 1970s and early 1980s led
Finland to initiate an extensive national survey of forest conditions. The Finnish Forest Research Institute has
surveyed crown conditions annually since 1986. The monitoring has been carried out in co-operation with the
UN/ECE ICP-Forests-programme and, during 1995-2006, in accordance with EU regulations. Forest condition
monitoring is carried out using international harmonized methods (Eichhorn et al. 2010, pdf).

This report presents a review of the results on forest condition monitoring in Finland. The results of extensive
(Level I) and intensive level (Level II) surveys, as well as the annual variation in forest conditions and the regional
distributions are presented, together with some interpretation of the apparent factors, which may explain the

regional pattern and changes in forest conditions.
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The average tree-specific degree of defoliation for the
Programme

period 19862012 on Level I sites was 10.7 in pine, 19.6 in

About the report spruce and 12,8 % in broadleaves. Across the whole
country, the average tree-specific defoliation was at its
highest during 1988—-1989. Especially the defoliation degree
of Norway spruce was at a particularly high level at this
time. The defoliation of Scots pine slightly increased during
the final years of the period 1986- 2008. The defoliation of
both Scots pine and broadleaves (Betula sp.) showed a peak
in 2007 (Fig. 1). The defoliation seemed to have increased
during 2011 and 2012. However, the results from 2009-
2012 are separate samples each year, and the results come
from a different data network. Therefore the results are not
directly comparable. In addition, peatland plots were only
included in the 20042007 and 2009-2012 data.

Of all the trees assessed, 96% of the pines, 76% of the
spruces and 92% of the broadleaves (Betula spp.) were not
defoliated or were only slightly defoliated (leaf or needle
loss was less than 25 % (see Fig. 2, pdf). The proportion of
severely defoliated trees (defoliation more than 60%) has
remained relatively constant. For pine this proportion was
0.5% and for spruce 2.4 % and for broadleaves 1%,
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defoliation of spruce trees in 2012 was highest in Lapland
and south-western Finland (Fig. 3d). In the 2008 data, the

. .. . Fi 1 (a—c). A d f defoliati f Scots pi
highest defoliation values in spruce were more scattered igure 1 (a-c). Average degree of defoliation of Scots pine

(a), Norway spruce (b) and birches (c), with 95% confidence
across the country (Fig. 3¢). The highest values were found  intervals, in 1986-2012. Due to differences in sampling, the
results for 2009 and 2010 are not directly comparable with

in the southernmost and the north-eastern parts of Finland. ! "
each other or with the results from the previous years.

The defoliation of the assessed birch trees seems to have

intensified in the very west-north (Figs. 3¢ and 3f).

The temporal pattern of defoliation seems to be different in relation to latitude. The proportion of defoliated
(defoliation more than 10%) pines seems to increase in the southernmost zone (below 64 °N’), but has decreased
clearly in the northernmost zone. The proportion of defoliated spruces showed a slight increase in the
southernmost zone, and decreased in the two northernmost zones. The figures concerning the birches showed big

variations in the north, and a slight increase in the southernmost zone (Fig. 4, pdf).

The result is confirmed in a trend analysis. In the 1986-2008 data, clearly more pine forests in the southern part of
Finland showed an increasing defoliation trend than the pine forests in the northern part. However, the variation
between adjacent sample plots was large. In spruce forests, the number of sample plots showing an increasing
defoliation trend was also higher in the south than in the north. However, the difference between southern and
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northern areas was smaller for spruce than for pine (Figs. 5a and 5b).

The results from the latitude zones in 2009-2012 are not directly comparable with the 19862008 data, as
mentioned earlier. There was an increase in pine and spruce defoliation in the northernmost zone, and in pine also
an increase in the southernmost zone. The defoliation of birches continued to show large variation between the
years 2009-2012.

Fine trend 1886-2003
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Figure 5 (a—b). The slope of the median (Theil-Sen) trend in the defoliation of Scots pine (a) and Norway spruce (b) in the common
plots during 1995-2008. The trend analysis was done with the Earth Trend Modeler in Idrisi 16.05 (Taiga edition). The raster is
produced with the kriging function in ArcMap 9.2, using a 30 km grid size, and the dots represent the slope values classified using a
class width of % standard deviation in ArcMap.

Discolouration

In general, the proportion of discoloured spruces (the proportion of discoloured leaf or needle mass greater than
10%) was higher (8.3%) and varied annually much more than that in pine (1.4%) or birches (2.1%). The
proportion of discoloured spruces was high at the beginning of the study period, the highest peak occurring in
1991 (20.4%). In 1989, the proportion of discoloured spruce trees was high in the western parts of Finland (Fig. 6,
pdf). Later on, peaks in this proportion were recorded in 2005 and 2008. In pine, the proportion of discoloured
trees remained at a low level in most years during the survey period, but it increased significantly in 2006, when
the proportion was 6.8% At that time, discoloured trees were most frequently found in eastern Finland and along
the south coast (Fig. 7, pdf). However, most of these discoloured conifers belonged to the 11% to 25%
discolouration class, and the incidence of moderate or severe discolouration (discolouration over 25%) was rare
(0.7% in all trees, 1.5% in the spruces). The most frequent discolouration symptoms in spruce were needle tip
yellowing and needle yellowing, and in pine also needle browning. The colour symptoms were mainly
concentrated on needles older than two years in spruce, and older than current-year needles in pine. Discolouration
was also recorded as a damage symptom. Biotic and abiotic factors causing discolouration were recorded during

the peak years, as reported later.

Biotic and abiotic damage

The proportion of trees with symptoms of abiotic or biotic damage decreased rather than increased during the

monitoring period (1986-2012). The mean proportion of symptomatic trees was the same (60%) in all main tree
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species groups. Pines had less abiotic and unidentified damage, but more insect damage than spruce and
broadleaved species (Table 1, pdf).

However, there were considerable changes in the occurrence of the agent groups and specified agents over the
years (Fig. 8, pdf). Temporal patterns and coarse spatial distributions of some of the most common causes of
damage were obtained on the basis of the annual Level I data.

In Scots pine, peaks in the occurrence of abiotic damage occurred in 1989 and 2006 (Figs. 7 and 8a, pdf). The
latter peak was especially attributed to drought.

The proportion of Scots pine trees with symptoms was the highest o s
(60%) in 1989. Higher-than-normal occurrence of damage by ; :;;1 £ ,
Gremmeniella abietina (Lagerb) Morelet (in the central and central- ; ;?jg .\\\fﬁ‘ . .xvr“l ‘I-/:
western parts of Finland), damage of the pine shoot beetles (Tomicus Bl 0328 -0.15 \'x_ - o
sp.) and edaphic factors were characteristic for 1989. Other high peak e g:tg:z L g B - .'I;
years in the new infections caused by Gremmeniella occurred in 1997 B -D.08--0.07 '1.‘ c f
and 2001. During the highest peak of damage by pine sawflies in 2000 :g:gi m [: e R '11'1
(here mostly Diprion pini L.), infection was reported in 7.3% of the ;]%ﬂ;_;%“; L ‘:
assessed pines. Another massive epidemic of pine sawflies (this time 0.04-0.06

mostly Neodiprion sertifer Geoffr.) became evident in 2008. A shift in = gg;:ﬂ??

the mass outbreak of pine sawflies from south-eastern parts of the Bl 012032 4

country to the central- western parts was evident in the extensive level i r”

data in 20092010 (Fig 9). In 2012, the proportion of affected pines i

was again at low level, about 1 %. It should be noted that the results ; ‘ i ;

from 2009-2010 come from another monitoring network (permanent } T "
plots of the NFI1 9), and are thus not comparable to the results from the b‘ : o L ; 3

older network (NFI 8) used between 1986 and 2008. Other examples of 4:‘ G

the epidemics in Scots pines include frost damage in 1989 in Lapland,

the Lophodermella sulgicena Rostr. v. Hohn epidemics in central and Figure 9. The occurrence of pine sawflies in
2010. The dots show the number of damaged
trees per assessment tract. The raster shows the

. . change in the occurrence between 2010 and
The proportion of Norway spruces with damage symptoms was the 2009. Positive values (red) indicate an increase

highest (60%) in 1988-89 (Fig. 8b, pdf), which was also reflected in the in the damage.

discolouration results (see above). In Norway spruces the peaks in fungal damage mostly reflect the infections

central-eastern Finland and in Lapland.

caused by spruce needle rust (Chrysomyxa ledi (Alb. & Schw.) deBary). Chrysomyxa (18.4% of spruces) and frost
damage (7.4%) were common in 1988. Chrysomyxa was also frequent in 1989, 2001 2005 and 2009, and also
2012 in northern Finland.

In birch trees, the most evident damage peaks occurred in 1993 (attributed to abiotic damage) and 2004, caused by

birch rust, Melampsoridium betulinum (Pers.) Kleb., and by unidentified leaf-spot fungi (Fig. 8c, pdf).

It should be remembered, however, that most of the observed damage was slight. The proportion of moderate and
severe damage was 5.1% for pine, 11.3% for spruce and 11.4% for broadleaves. The proportion of severe damage
was 0.5% for pines, 0.8% for spruces and 0.9% for broadleaves. The yearly variation in this proportion was small.
The moderate or severe damage in Scots pine was frequently caused by Gremmeniella, Cronartium sp., pine
sawflies, especially Neodiprion sertifer and competition. In spruce the list of the most serious causes of damage
consists of decay fungi, particularly Heterobasidion sp., unknown causes and competition. Unknown causes,
snow, decay fungi and competition were the most important in birches.

Some spatial patterns were evident when the defoliation and biotic damage data were examined together. For

instance, defoliation in pines increased slightly in 2000 in central Finland, which was also the area where pine
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sawflies (in this case mostly Diprion pini) were common.

Annual mortality

The mean annual mortality rate between 1986 and 2008 (i.e. the proportion of trees that had died after the previous
year’s inventory) were 0.16% for pine and 0.18% for spruce. The values ranged from 0.092% in 1985-87 to 0.32%
in 1988 and 2002. The dead trees were very evenly distributed throughout the whole country. The relatively high
proportion of dead spruces in 2002 was due to the larger number of trees damaged by storms (68%) compared to
the situation in other years. In general, wind, snow and Heterobasidion sp. were the most common causes of tree

mortality.

Material and methods

The large-scale crown condition survey (Level I) has been carried out in Finland on a systematic network of
permanent sample plots since 1986, until 2012. Before 2009, a subsample of the permanent plots established
during 1985-1986 in connection with the 8th National Forest Inventory (NFI) was used (Jukola-Sulonen et al.
1990).

The integration between ICP Level 1 and NFI was accomplished in 2009 in Finland. The sampling design of the
current NFT is a systematic cluster sampling. The distance between clusters, the shape of a cluster, the number of
field plots in a cluster and the distance between plots within a cluster vary in different parts of the country.
Principally, every fourth cluster is marked as a permanent cluster. Annually, a new set of permanent plots,
established during the 9 th NFI in 19962003, is assessed in the forest condition survey. Tallied dominant and co-
dominant Norway spruce, Scots pine and birch trees from six pre-selected permanent plots from each cluster were
assessed. The same permanent plots were to be assessed at five-year intervals. In 2009, all trees were assessed, but
-since 2010 a maximum of six trees per appropriate species were included in the sample., which led to a reduction

in the number of assessed trees.

Please note that because the plots assessed during 2009-2012 were completely different samples, the results from

2009- 2012 are not directly comparable with each other or with the results from the previous years.
The number of assessed plots and trees at the extensive level (1986-2010) are described in Table 2, pdf.

The most important variables used to describe crown condition were defoliation, discolouration of the crown and
abiotic and biotic damage. These variables were assessed visually according to internationally standardized
methods (Eichhorn et al. 2010, pdf) and national field guidelines (Lindgren et al. 2005). Defoliation is expressed

as the relative leaf or needle loss compared to a reference tree (Lindgren et al. 2000).

Defoliation of Norway spruce was estimated on the upper half of the living crown, and of Scots pine (Pinus
sylvestris L.) and birches (Betula sp. ) on the upper two-thirds of the living crown in 5% of classes. The proportion
of discoloured needle mass (e.g. needle tip yellowing, needle yellowing and browning) was assessed in five classes
(class 1 =0-5%, 2 = 6-10%, 3 = 11-25%, 4 = 26—60% and 5 = more than 60%). A tree is classified as discoloured
when 10% of its leaf or needle mass has abnormal colouration. Please note that in 2010 discolouration was not

recorded as a separate variable (but it was included in the damage assessment).

A national system for the description of a symptom, apparent severity (degree of damage) and the cause, as well as
the age of the damage, was used prior to 2004. An example of the variables and codes used in the national damage
survey before 2004 can be found in Nevalainen (1999) and Lindgren (2002), for example. The ICP Forests manual
of damage causes (Eichhorn et al. 2010), was tested in 2004, and fully adopted in 2005 in Finland. Currently, the
European assessment of damage consists of symptom description, determination of the causal factor and
quantification of the symptoms (extent of damage). The age of the damage (new or old) was also recorded. Several

injuries can be recorded for each tree. The principles of the national damage survey in Finland were similar to the
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international guidelines, except that the coding of damage symptoms and causes used to be less detailed, and the

quantification of damage was not systematically used prior to 2004.

In addition to the analysis of all nationwide data, the temporal development of defoliation was also analysed in
four different latitudinal zones. The approximate upper latitude limits of the zones were as follows: Zone 4 (the
southernmost): 62° N, zone 2: 64 ° N and zone 3: 67 °N (see Salemaa et al. 1990). The generalization of the
mapped data was done using the kriging function in ArcMap 9.2. In addition, a trend analysis was computed with
the Earth Trend Modeler in Idrisi 16.05 (Taiga edition), and the median (Theil- Sen) slope estimates were used in
this study.

[Return to the beginning of the article]
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The average tree-specific degree of defoliation for the period 1995-2013 was 11.3% and 18.2% for Scots pine
(total 18 sample plots) and Norway spruce (total 15 sample plots), respectively. The crown condition parameters
About the report were assessed in every year only in four pine plots and five spruce plots (table 3, pdf). The proportion of non-
defoliated (defoliation less than 10%) Scots pines was 64.9%, and that of Norway spruces 31.5% in the intensive
observation plots. In addition, the proportion of moderately or severely defoliated spruces was clearly higher in
spruce than in pine (3.9% for pine and 14 % for spruces). During the monitoring period there has been a shift from
the 0—10% defoliation class to class 11-25%, due to ageing of the trees.

However, the number of sample plots varied annually during the monitoring period. The low average tree-specific
degrees of defoliation (under 5%) in pine was detected e.g. on the Kivalo (plot number 6) in 1995, 1997, 2003 and
2004, on Punkaharju (number 16) in 1999, 2000 and 2001, and on Tammela (number 13) in 2000. The slight or
moderate average tree-specific degrees of defoliation (more than10%) were detected in 11 pine plots e.g. on the
Sevettijarvi (number 1) and Lieksa (number 20) (please see the interactive Fig.10).

In Norway spruce plots the average tree-specific defoliation was mostly over 10% during the period 1995-2013,
with the exceptions of e.g. Juupajoki (number 11) in 1995, 1996 and 1999 (Fig. 10). The highest average tree-
specific degrees of defoliation (more than 25%) was detected e.g. on the Evo plot (number 19) in several years
during the monitoring period. There was no clear simultaneous increase or decrease in defoliation between Level

I observation plots. Rather, the defoliation shows large plot-wise annual variations in the intensive level, too.

The estimated non-parametric monotonic trends (Theil-Sen) usually show a positive trend (increasing defoliation).
However, the linear trend was sometimes not significant, because there were sudden annual peaks in defoliation,
due to abiotic or biotic damage. The largest significant positive trend was observed on plot number 16 (Norway
spruce plot in Hyytidld) (table 3, pdf).
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Discolouration

The proportion of discoloured Scots pines (proportion of discoloured needle mass more than 10%) was very low
throughout almost the entire monitoring period 1995-2013 (Fig.10). On average 98% of Scots pines belong to the
discolouration class “non-discoloured” (extent of discoloured needle mass 0—10%) during the monitoring period.
However, an increase in proportion of discoloured (extent of discoloured needle mass more than 10%) Scots pines
was detected in 1999, 2008 and especially in 2006 (see also the results from the extensive level above). However,
most of the discoloured Scots pines belong to the 11 to 26% discolouration class and the incidence of moderate
(extent of discoloured needle mass 26—60%) or severe (extent of discoloured needle mass more than 60%)
discolouration was rare.

In Norway spruce, the proportion of discoloured (extent of discoloured needle mass more than 10%) trees was
generally higher and more varied than in Scots pine during the whole monitoring period (Fig.10). In general, 90%
of spruces were classified as non-discoloured during 1995-2013. The lowest proportion of non-discoloured
spruces (79.4%) was detected in 1996. In the same year, the proportion of moderate and severe discoloured (extent
of discoloured needle mass 26-60% and over 60%, respectively) spruces was highest. The proportion of slightly
discoloured spruces varied from 0.4% (in 2010) to 15% (in 1999) and was more than 10% in 1995, 1996, 1999,
2000, 2005, 2008 and 2012. There was no clear simultaneous increase or decrease in discolouration between Level
I observation plots. Rather, the discolouration shows large plot-wise annual variations. The highest amount of
discoloured trees in the plots assesses every year was detected in Pallasjarvi (number. 3) in 1996 where 65% of

spruces were discoloured.

Biotic and abiotic damage

In the intensive monitoring plots, biotic and abiotic damage is reported for pine and spruce trees (Fig.10).

As in the extensive monitoring, pine trees had less abiotic damage, but more insect damage than spruce trees.
Large annual variations in the occurrence of some main biotic/abiotic causes existed, even in the scarce intensive
plot network (Fig.10). The most apparent peaks were due to insect damage, mainly pine sawflies in pine stands
(2000) and the high occurrence of fungal diseases in spruce stands (1997 and 1999-2001), and in the spruce stands