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Introduction
To understand and predict the responses of forest ecosystems in
the changing climate, abiotic and biotic damage must also be
considered. In this study we (1) use extensive high resolution input
data of relevant environmental variables:
(2) use extensive and long term forest health monitoring data
(ICP Forest and NFI). The aim is to produce high resolution damage
risk models for several pest species and drought over the whole
forest area of Finland. The characteristics of individual sites will be
translated into damage vulnerability profiles.
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Table 1. G. abietina (occurrence in a plot in
1988): The importance of some variables in
RFA and correlation analyses.
Variable

Variable
importance
in Random
Forest
Analysis

1,5

1,0

0,5

Pearson
correlation
0,0
-4

Soil water index,May-Sept 1988
Total nitrogen deposition
Soil water index, May-Sept 1987
Elevation of the plot
Soil type (0=organic,9=clay)
Difference in plot elevation (100m radius)
Site type (1=richest)
Stand age
Topographical wetness index
Thickness of the organic layer
Basal area of the stand
Drainage stage (0=undrained peatland)
Proportion of pine
Main site class
Thickness of the soil

100.0
81.1
46.5
42.4
24.8
24.0
19.3
18.2
18.4
18.1
16.3
5.3
3.4
3.0
2.8

0.300**
0.225**
-0.164**
-0.137**
0.193**
-0.063**
-0.183**
-0.137**
0.048**
-0.073**
0.146**
-0.056**
-0.092**
(-0.106)**
-0.089**

Pine sawflies

First generation models assess the risks of different types of
damage as functions of environmental (stand, soil and climatic)
factors. Episodes (peak years) of different damage types are
studied first. Linear and multiple regression modelling, as well as
Classification and Refression Trees (CART) and Random Forest
Analysis (RFA) are used to identify the key variables. Damage risk
profiles will be tested and refined using more sophisticated
methods. Spatio-temporal analyses and demonstrations will also
be carried out later.
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Fig 3. Gremmeniella abietina:
Residuals after accounting for the
proportion of pine, plotted
against the difference (m)
between the elevation of the plot
and the mean elevation within
100 m radius from the plot

Maximum annual plot – level
frequency of pine sawfly
damage during 1986–1997
(fig. 4) decreased as a function
of the thickness of the organic
layer and increased with
increasing proportion of pine
in the stand. Other site or
stand factors showed a less
clear influence.

A simple ecosystem model (Soil Water Index, SWI) that links carbon
and water balances (Fig.1) was created and parameterized in a
reference stand. SWI-anomalies were mostly used in the analyses.
Fig 4. Proportion of pines (per plot) with pine
sawfly damage in 1986–1997: red squares
67%–100%; orange symbols 33–65%; yellow
triangles 4%–27%; green dots 0%.

Drought

Fig 1. A simple ecosystem model
that links carbon and water
balances (Soil Water Index, SWI)

First results

Fig 2. Occurrence of Gremmeniella
abietina in L1 ICP plots in 1988
(% of pines, raster) and the scaled
SWI in May–September of 1988
(dots). Positive values show higher
wetness than the long-time mean.

Gremmmeniella abietina
The disease had the highest peak in 1988–89 in south-western
Finland. Higher SWI could only partly explain the spatial
distribution of the epidemic during 1988 (Fig. 2). Different models
produce slightly different results. Generally, there was a positive
correlation with (soil) wetness variables from the same year, but a
negative correlation with the wetness of the previous year.
Regression and CART analyses seem to emphasize the importance
of meteorology and topography over stand and soil related factors
(table 1, fig.3).

The discoloration of pines increased in
2006 because of drought (fig. 5). The
spatial distribution coincided with the
areas with low amount of rain both in
2005 and in 2006, and partly with the
SWI-values of June–July 2006. The SWI
from summer 2006 correlated negatively
and significantly (r=-0,3 – -0,4) with the
Fig.5. The proportion of pines with
number of injured trees in 2006.
drought symptoms in 2006 (dots) and

Discussion

SWI from June–July 2006 (raster)

ICP plots have some benefits over earlier, regional NFI-inventories
(in Finland). The annual observation of the very same trees reveal
the temporal, and to some extent, also the spatial patterns of the
most important damage causes. The main shortcoming of the
level 1 data is the non-representativeness of the network,
especially the low number of plots in the most barren site types.
Therefore, we will also utilize the representative network of
temporal and permanent plots of the National Forest Inventory.
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