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NATIONWIDE FOREST DAMAGE SURVEYS IN FINLAND
Seppo Nevalainen
Finnish Forest Research Institute, Joensuu Research Station
P.O. Box 68, FIN- 80160 Joensuu, Finland

Different levels of surveys
The area of forest land in Finland is 20,085 million hectares. The Finnish National Forest Inventory (NFI) has produced information on forest resources over this area for more than 70
years. The first inventory dates back to 1921-1924. Different forms of damage in statistically representative samples have been registered since the Seventh inventory (1977- 1984). In the Seventh inventory, however, the only identified causes of damage were wind, snow, moose (Alces
alces L.) and pine- twisting rust (Melampsora pinitorqua (Braun) Rostr.). The Eighth NFI
(1986- 1994) was the first to include more detailed information on health of forests, including
diseases and pests. The Ninth NFI started in 1996, and concentrates, in addition to forest health,
especially to aspects of multiple use of forests and biodiversity. About 150 stand or tree variables
are assessed or measured in the NFI, on more than 70 000 field plots. Satellite images and digital
maps have been routinely exploited since the Eight NFI, to produce up-to-date information of
forests, and for smaller areas than before. The new inventory method is thus called multi-source
inventory (Tomppo 1996).
Detach L- or square- shaped tracts, instead of continuous inventory lines, have been used since
the Fifth NFI (1964). Fixed size sample plots were also replaced with relascope (Bitterlich) plots
at that time. Survey designs have been somewhat variable in different inventories and in different
parts of the country. The distance between tracts increases from south to north, and is 7 x 7 km in
southern and mid- Finland in the Ninth NFI. The tracts are comprised of 14-18 relascope plots,
with a 250- or 300- m distance between plots (fig.1).
A network of 3009 permanent sample plots was established during the years 1985-86, covering
the whole country systematically. These plots were established in order to provide data for a large
number of investigations, e.g. the effect of air pollutants on forest ecosystems and the state of
health of the forests, and to produce information about the changes in forests, which cannot be
obtained in traditional inventories using temporary plots. The sampling units were four-plot
clusters in a 16 x 16 km grid with a 400-m distance between fixed- sized circle plots (0,1-0,3 ha
each) in southern Finland, and three plot clusters in a 32 x 24 km grid in northern Finland (plots
600 m apart). These plots have been measured three times, 1985/86, 1990 and 1995. A new network of permanent plots is established during the Ninth NFI: every fourth cluster is marked as
permanent, however, the plots on one side of the quadrangle- shaped tract are not measured (fig.
1).

A systematic subsample was taken from the permanent plots of the Eight NFI, e.g. the first plot
of the tract in mineral soils was chosen, rejecting every tenth tract. These 450 plots are used in
national forest health monitoring (1986 onwards) for annual assessment of forest vitality (defoliation, discolouration) and also biotic and abiotic injuries. All the dominant or eo-dominant
coniferous or birch trees are used as sample trees.

24

plot for forest health survey

16km
I

I

A.

I

I
16km

/

100m
• permanent sample
plot (300 m 2)

400m
4

.. I

/

400m

L-···--· ._. . -·-·· -··· '"-

d

100 m

7km

B.
Skm

c.

7km

I
I
I

I
I
I

I

.

,/.,... -..

0

,./

/ 1

.
.

11

-

I

I

L

I

400

-

tallyplot

e

tally and sample tree plot

I
BOOm

I
300m

7km

11

D [

+-

D D

+-

• • • • •
•
•
•
•
• • • • •

permanent+
temporary
tract

0.....-

these plots not
measured in
permanent tract

0

temporary
tract

0
0

Figure 1. Survey designs of a) Eigth NFI, permanent plots, southern Finland,
1985,1990,1995 b) temporary plots, Eight NFI 1986-1994 and c) Ninth NFI, combining
temporary and permanent plots 1996-
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Principles of damage recording

Forest damage has been assessed in every plot situated on forest land. By definition, the mean
annual increment of wood should be at least 1 rn3 ha- 1on forest land. Forest damage is assessed
using three different codes: the symptom, the cause and the apparent severity of the damage
(damage degree). Recently, also the time and duration of the event is recorded (table 1). The possible occurrence of damage is assessed at the sample tree and at the stand levels (e.g. the stand in
which the centre point of the plot is situated, is assessed for damage). Normally only one, the
primary damage is recorded for each sample tree or stand. Damage is recorded only if it is caused
by an external agent, i.e. genetic malformations or male flowering are not recorded as damage. In
principle a similar coding system (table 1) is used in all inventories, although the codes for
symptoms and causal agents vary slightly in different levels of inventory, and change a little even
between years. In addition, the coding of symptoms, especially that of discolouring, is much
more detailed in national forest health monitoring.
Table 1. Ninth National Forest Inventory of Finland 1996-. Description ofthe variables and
codes used for assessing forest damage.

Variable

Codes

Damage symptom

0) no damage 1) dead standing tree(s) 2) fallen tree or standing
stem(s) broken below the crown 3) decayed standing trees 4) stern or
root damage within 1 m from the stem 5) resin flow (above 1,5 m in
stem) 6) broken or dry top (in the upper half of the crown) 7) other
crown malformations 8) technical defects on stem 9) dead or broken
large branches A) unnaturally pruned branches (from below) B) defoliation C) discolouration D) multiple symptoms (in a stand) due to
ageing

Causal agent of
damage

0) unknown
A. Abiotic/ anthropogenic A1) wind A2) snow A3) frost A4) other
climatic factors A5) fire A6) soil factors A 7) harvesting A8) air
pollution (identified source) A9) other human activity
B. Animals B 1) voles B2) elk, deer or reindeer B3) other vertebrates
B4) Tomicus sp. B5) Hylobius abietis B6) Diprionidae B7) other defoliators B8) /ps sp. B9) other identified insect BO) non-identified insect
C. Fungi Cl) Heterobasidion annosum C2) other decay fungi
C3) Gremmeniella abietina C4) Melampsora pinitorqua C5) Peridermium pini C6) other rust fungi C7) needle cast fungi C8) other identified fungi CO) non-identified fungi
D. other factors D1) competition between plants

Degree of damage
(stand level= importance of the
damage)

0) slight damage, symptoms observed, but the damage does not reduce
the silvicultural quality of the stand 1) moderate, the stand quality is
reduced by one class 2) severe, the stand quality is reduced by more
than one class 3) complete, artificial regeneration is required
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Table 1 (continued)
Degree of damage
(sample tree level=
apparent severity of
the damage)

0) slight damage which does not affect the development of a tree
1) damage that affects growth temporarily; does not lower the value or
amount of timber 2) damage that decreases the value or the amount of
timber produced 3) lethal, or the tree is already dead

0) started less than two years ago 1) started 2-5 years ago, still conTime and duration
of the damage event tinuing or spreading out 2) started 2-5 years ago, already ceased 3)
started more than 5 years ago, still continuing or spreading out 4)
started more than 5 years ago, already ceased

Experiences and examples
The forest damage data has been utilized in various ways. However, the data has been applied in
very few scientific reports. The statistics of forest damage (of stand damage that reduces stand
quality) are published in official forest statistics. Regional reports on forest resources, as well as
annual reports of forest vitality usually contain a section on abiotic/ biotic damage. Natiowide
damage results (the Eight NFI, permanent and temporary plots) have been presented in several
occasions and reports, e.g. Jukola- Sulonen et al. 1987, Nevalainen and Yli-Kojola 1990. According to the latest published official statistics, fungi are the most important of the identified
causal agents, but in northern Finland abiotic factors are most important (table 2).

Table 2. The occurrence of different causes of damage that reduced the silvicultural quality of
the stands (degree of damage greater than 0) in the National Forest Inventory 1986-1997. Source:
Finnish Statistical Yearbook ofForestry 1998.
% of forest land area

South Finland
North Finland
Whole country

Not iden- Abiotic
tified
3,6
2,4
9,4
9,2
6,2
5,4

Fungi

Insects

5,1
8,9
6,9

0,3
0,4
0,3

Mammals
1,4
1,2
1,3

Others

Total

1,9
2,2
2,1

14,7
31,2
22,1

The massive NFI dataset allows for the simultaneous comparison of several environmental and
silvicultural factors affecting the occurrence of diseases and pests. It also provides raw data for
risk modelling. Furthermore, it is possible to combine other spatial data and/or models with the
NFI field measurements. Tarnminen (1985) used the data of the seventh NFI to estimate the
abundance of butt-rot in spruce in southern Finland. Latitude, elevation, temperature sum, paludification and fertility of the site and stand age were the variables which best
the rot frequency. Butt-rot could be detected quite reliably jn NFI by taking increment cores at stump
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height. The risk for wind and snow damage have recently been modelled (Jalkanen and Mattila
1999). Susceptibility of windthrow was increased by: spruce as a dominant species, large trees,
thinned stand, stand growing on a cliff. Susceptibility to snow was characterized by: poor thinning, high elevation, spruce as a dominant species. The risks were reduced by organic (peat) soil
and broadleaved trees as dominant species. Risk models have also been developed for the pinetwisting rust (Melampsora pinitorqua) (Mattila et al. 1999).

Gremmeniella abietina (Lagerb.) Morelet was the most commonly identified cause of damage in
Scots pine stands in the plots of the Eight NFI in southern Finland (10.6% of the stands). The
disease was spatially clustered, being almost twice as common on peatland as on mineral soil
plots. On mineral soil, disease frequencies were highest on alluviated plots or on the most fertile
plots. Naturally regenerated stands were affected more than artificially regenerated stands. The
proportion of diseased plots increased with stand density (Nevalainen 1999). The effect of variables outside the NFI data (digital elevation models, modelled sulphur and nitrogen depositions)
will be tested in the near future.
Despite the relative sparse plot network of the National Forest Health Monitoring, spatial and
temporal patterns of the most important abiotic or biotic epidemics were uncovered also in this
work. The symptom codes aided in a more detailed identification of the causal agents. Examples are
frost damage in Scots pine (Pinus sy/vestris L.) in 1989 in Lapland, the outbreak of Gremmeniella
abietina epidemics during 1988-1989 in the middle parts ofthe country, Lophodermella sulgicena
Rostr. v. Hohn epidemics in Scots pine in middle and mid-eastern Finland and in Lapland and the
increase of Chrysomyxa /edi (Alb. & Schw.) deBary in 1988-1989 in mid-eastern parts of the
country (Nevalainen & Heinonen 1999). Abiotic and biotic damage increased with increasing
defoliation in coniferous observation trees. Due to great variation in defoliation, and to small
proportion of severely defoliated trees, it was difficult to prove the overall contribution of these
injuries to defoliation.
Therefore, the contribution of a single damaging agent to defoliation was calculated as follows:
(1)
where
nd = number of damaged trees, n101= total number of trees, dd = defoliation of damaged trees
dh = defoliation of healthy trees
The contribution of all damage to defoliation was 4.6 %-units in Norway spruce (mean defoliation
was 21,3 %). Unidentified damage was the most important damage that increased defoliation in
Norway spruce (2,3 %-units). All damage increased the defoliation of Scots pine by 1.6 %-units
(mean defoliation was 9,6 %). Gremmeniella abietina (Lagerb.) Morelet, was the most important
factor that increased pine defoliation.
In terms of sampling errors, the National Forest Inventory produces accurate results, e.g. in the
Eight NFI the error in forest land area has been 0,7% in southemmost Finland (Salminen 1983).
The NFI data thus offers the possibility to compare the occurrence of different causes of damage
assuredly. The weaknesses are related to i) spatial representativeness of field plots ii) reliability
of the field survey and iii) epidemic nature of some damage. The fieldwork usually covers two or
three forestry board districts per year. Therefore, the results from different years are not directly
comparable. The rotation is much faster in the Ninth NFI, and permanent plots are an integrated
part of the network. These factors improve the possibilities for nationwide comparisons. It is es-
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sential that damage symptoms be readily observed in the field, and that the causal agents are
identified as reliably as possible. The team leaders could distinguish at least the disease caused by
Gremmeniella abietina from other symptoms. But on the other hand, in the routine inventory a
light level of infection is easily overlooked. The most important stand damage (in an economic
sense) are be recorded reliably in the routine NFI inventory, however (Nevalainen 1998).
A thorough analysis of the causes of variations in forest vitality is essential, especially in areas
under low levels of air pollution. In Finland it was found that identified damage caused great
variations in the annual defoliation pattern, especially in spruce trees. The effects can be so drastic
that seeing the possible trend in defoliation is difficult. The "differential diagnosis" approach is thus
extremely useful in forest health monitoring.
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