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ABSTRACT 

Storms the most significant factors affecting Scots pine forests in Europe. 
Predicted changes in wind climate will increase the damages even further. 
Therefore it is important to analyze the possibilities to predict the wind damages in 
Scots pine stands.  

Impact of storm on Scots pine with mean height of 8 to 22 m, was analyzed. 
Available data on wind speeds from meteorological stations were interpolated to 
obtain wind speeds and directions in 1x1 km grid. Wind speeds in gusts reached 25-
30 ms-1. Information about destroyed (less than 10% of canopy cover remaining) 
stands was obtained from the digitalized forest inventory maps. ForestGALES 
program was used to model (predict) the potential damages. 

From the assessed 219 stands 85 (i.e. 39%) were damaged by the storm to an 
extent, that sanitary clearcut was needed. Accuracy of prediction of Scots pine stand 
damages ranged from 50 to 74%; the average accuracy was 69%. There were no 
trend related to the mean height of the trees, neither were there a significant 
differences between the height classes. Lower accuracy was observed in stands on 
peat soils in comparison to those on mineral soils. It can be concluded, that for the 
analyzed range of mean height of the stands the model has a good prediction 
accuracy and can be used to assess the potential damages. However, larger trees 
also need to be included in the analysis, the model is to be applied also in mature 
stand on good quality soils.  
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INTRODUCTION 

Scots pine (Pinus sylvestris L.) is suitable for poor, sandy soil, demonstrating 
slightly lower growth and notably lower biomass than lodgepole pine in such 
conditions [1], but heaving better branch characteristics, thus being more valuable 
for timber production. To maximize the timber production, reduction of any 
damages are important. Protection against browsing damages in young stands is 
carried out to ensure survival, however, such damages at pole-stage stands can 
initiate fungal infections and deterioration of timber value [2], sometimes linked 
also to increasing risk of wind damages in future. Cork bark of Scots pine to some 
extent protect against browsing as well as forest fires. However, with increasing 
droughts during the summer also occurrence of forest fires are increasing [3] and 



 
this trend is predicted to continue. The size of the forest are primarily related to the 
efficiency of fire protection system [3] and planning at the forest massive 
(landscape) scale. Such larger-scale planning is important also to reduce damages 
by other factors. For example, reduced probability of damages by dendrophagous 
insects had been linked to the stand diversity at the proximity of the target-stand 
[4]. Also wind damages can be reduced while applying the careful planning of the 
forest management activities at the landscape scale. Creation of gaps with no trees 
or due to admixture of wind-prone tree species (for example, admixture of Norway 
spruce in upper layer of Scots pine stand) increases the probability of wind storm 
damages [5]. Information on the dynamic of landscape cover is essential also for 
assessment of the carbon sequestration and greenhouse gas emissions as well as for 
evaluation of potential amount of obtainable biomass [6] that can be substantially 
reduced by wind damages. Resistance to impact of wind is significantly affected by 
trees species; Scots pine and silver birch are among the most stable ones [5], [7]. It 
is also affected by tree height. Thus the measures intended to boost the productivity 
of the stands, like tree breeding [8], [9], harnessing the natural, mainly within-stand, 
genetic diversity [10], or soil preparation and cleaning, increasing the nutrient 
availability and reducing competition [11] needs to be analysed in relation to wind 
damage risk. Typically faster growth can lead to shorter rotation cycle, ensuring, 
that the risk is reduced and there is a benefit also from such relative expensive 
measure as forest fertilization [12]. 

Prediction of effects of Global climate changes on tree growth and risks of 
stand damages are important. Young stands can be evaluated rather simply, for 
example, assessing the influence of lammas growth to ensure larger height 
increment [13] or impact of prolonged drought periods in summer to reduce height 
growth and boost root length of pine saplings in peat soil [14]. Also provenance 
effects on the differences in reaction to meteorological conditions can be found [15], 
serving as basis for further selection of more suitable genotypes for regeneration. 
However, it is harder to evaluate the impact of storm damages, typically affecting 
trees higher than 10 m [7]. For this reason models have been developed and used. 
Knowing, that wind damage probability is affected by numerous factors [5], it is 
important to evaluate the accuracy of them before recommending wider application 
in particular conditions (region). Aim of our study was to analyse the possibilities 
to predict the wind damages in Scots pine stands.  

MATERIAL AND METHODS 

Area affected by the storm was located in hemiboreal forests (57°N, 22°E) of 
Latvia (Fig. 1). Mild climate with annual sum of precipitation 700-800 mm and 
mean air temperature in the warmest and coldest month (July and January, 
respectively) 18°C and -6°C, respectively is characteristic for the area based on data 
of Latvian Environment, Geology and Meteorology Centre. Region is located in 
central part of Scots pine distribution range  this tree species has good growth and 
no strong limiting factors in Baltic States and northern Poland.  

Impact of storm on Scots pine with mean height of 8 to 22 m, was analyzed. 
Available data on wind speeds from meteorological stations were interpolated to 
obtain wind speeds and directions in 1x1 km grid. Wind speeds in gusts reached 25-



30 ms-1. Information about destroyed (less than 10% of canopy cover remaining
see Fig. 2) stands was obtained from the digitalized forest inventory maps. The 
information on the maps where further verified, using CORONA satellite images, 
to make sure, that mistakes in the post-storm forest inventory are not affecting the 
results. ForestGALES model, developed by B. Gardiner, was used to assess the 
potential damages. The actual results where than compared to the predicted and 
accuracy calculated.  

 
Figure 1. Location of study area and approximate borders of hemiboreal 

vegetation zone (HB) in accordance to FAO, 2007 

 

Figure 2. CORONA satellite maps of part of the study area before and after the 
storm  

 

 



 
RESULTS AND DISCUSSION 

Scots pine is a wind resistant trees, as previous studies had demonstrated bot in 
Latvia [5] and elsewhere [7]. It is in line with the assessment in the study area, 
where overall 39% of the stands were damaged. Proportion of damaged stands was 
gradually increasing with mean height with the stand: from 34% in stands with 
height 8-10 m to 41% in stand with mean height 17-19 m to 46% in stands at the 
mean height 20-22 m. It in accordance to the results of previous studies [7] where 
increasing tree height leads to increasing weight and higher centre of the mass, 
affecting the wind stability of trees. However, there was a notable variation and 
height was by far not the only factor affecting the proportion of damages. 
Presumably, the variation was linked to the position of the stand [5], for example, 
location closer to the edge of forest massive or bordering with e.g. Norway spruce 
stands, less durable and thus affected during the first part of storm. Also the soil 
conditions, stand density [5], material or regeneration method, influencing the root 
system might have played a role [9], [11], [14], [15] as well as differences in 
portioning of the biomass [1]. Part of the differences in results might be linked to 
the accuracy of forest inventory data  stand parameters before the storm, which 
were not possible to check. Also the wind speed, extrapolated between the existing 
weather stations, might have had a local variation, not captured in the analysis. 
However, overall the trend was in accordance to the expected.  

Accuracy of prediction of Scots pine stand damages ranged from 50 to 74% 
(Fig. 3). The accuracy was slightly lower in stands shorter trees (60%) than in stands 
with taller ones (66%); however, there were no trend related to the mean height of 
the trees, neither were there a significant differences between the height classes. 
Mean accuracy was 69%, that was good. Lower accuracy was observed in stands 
on peat soils in comparison to those on mineral soils.  

 

Figure 3. Accuracy of the prediction of damages on Scots pine stands  

Increasing browsing pressure and regeneration costs [11] is affecting the share 
of Scots pine in the total forest area. The trend of reduction of the share of this 
windfirm species has not been broken even while regenerating the salvage-logged 
areas from the precious large storm of 2005.  Thus forest owners first assess the 
immediate costs and risks rather than long-term ones. Therefore use of models to 
demonstrate the large-scale influence of storms [7], also in economic terms, are 
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important. The shortfall of current study is rather limited range of tree heights that 
could be analysed. In the best-growing Scots pine stands (site index/bonitate Ia, I) 
the upper limit of the analysed height range is reached at the age of 40-50 years. 
From this point there is still additional 50 years (minimum cutting age 101 year) or 
slightly less (if harvesting by target diameter) till the final harvest. At harvest age 
height of Scots pine exceeding 30 m on soils best suitable for this tree species can 
be expected. Thus, further studies shall address the accuracy of the model in stands 
with larger mean height needs to be carried out.  

CONCLUSION 

Share of Scots pine is gradually decreasing in Baltic States due to rise of 
browsing damages. However, it is still an economically very important tree species 
with high resistance against fluctuations in meteorological factors, including those 
related to climate change. Storms are by far the major natural disturbance and pine 
is among the more windfirm tree species including wind damages. It is important 
to demonstrate the actual potential to reduce economic impact of this natural 
disturbance, while using Scots pine in forest regeneration. In order to do that, impact 
of storm has to be modeled at a landscape scale over time. Models for this purpose 
had been developed. In the area, affected by cyclonic storm, where 39% of the pine 
stands were destroyed (damaged to an extent, where less than 10% of canopy cover 
of upper layer trees was remaining) accuracy of prediction of damages ranged from 
50 to 74%; the average accuracy was 69%. Thus, the model has a good prediction 
accuracy and can be used to assess the potential damages. There were no trend 
related to the mean height of the trees, neither were there a significant differences 
between the height classes. However, larger set of stand, including the ones with 
range of tree heights above 24 m (i.e. mean height of 34% of current Scots pine 
stands) needs to be assessed in further studies.  
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