Begränsad delning

Begränsad delning

Begränsad delning

Description of data and methods related to data handling

We used data from the Swedish National Forest Inventory (NFI), which uses a regular sampling grid, with a randomly selected starting point, across the entire 400,000 km2 of Swedish land (Axelsson et al., 2010) of which 230,000 km2 is covered by productive boreal or temperate forests. It includes approximately 4,500 permanent tracts with each tract being surveyed once every five years. The quadratic tracts have different sizes in different parts of the country and consist of eight (in the north) to four (in the south) circular sample plots (radius 10 m). From the NFI database, we extracted data from three complete survey cycles, conducted 2003-2007, 2008-2012, and 2013-2017. We used only plots on ‘productive forest’ (mean production of standing volume, stem volume over bark >1 m3 ha-1 year-1), excluding plots (n = 853) that had been harvested, cleared, or thinned in the five-year period before each survey, as this reduces the frequency of live trees and, thus, potentially the number of trees that are surveyed for damages (see below). Further, to be included in our analyses, the plots had to be located on only forest land, e.g., not partly including river, road, grassland, or other land types. We also excluded plots where trees were older than 300 years, as these plots were too rare (n = 9) for reliable estimation of relationships to the covariate forest age (see below).

In the NFI, ‘damages’ are recorded only for living so-called ‘sample trees’ (1-6 trees, mean = 3) on each plot. This includes determining the type and the cause of a damage; all damages are classified to type, with the possibility to record several types for each tree. The types of damages are ‘mechanical’, ‘crack’, ‘resin’, ‘necrosis’, ‘stem break’, ‘dry treetop’, ‘bent stem’, ‘root damage’, ‘root stem damage’ (i.e., root damage leading to leaning stem), ‘leaf and needle loss’, and ‘foliage discoloration’. Causes of damages are ‘natural’, such as from large mammal herbivores, insects, snow, wind, fire, and fungi, as well as ‘human’, the last essentially always from forest management activities. Finally, ‘unidentified’ cause is specified. Moreover, damage from ‘wind and snow’ is lumped together, due to difficulties in teasing these apart. In this study, we analyzed only types and causes of damage that were common enough to produce viable statistical models, i.e., damages that occurred on ≥1.5% of the surveyed trees.

As explanatory covariates available in the NFI database, we used stand characteristics that are calculated based on all tree individuals with a diameter ≥ 40 mm at breast height (i.e., 1.3 m): mean stand height (m), stand volume (m3 ha-1), stand age (years), tree species richness, stand growth (m3 ha-1 5 yrs-1). We also used temperature sum (°C), and humidity (mm). We also used data on the sample trees: i.e., tree species and tree height (m). All these selection criteria resulted in two datasets, each with a total of 59,933 (damage types) and 57,840 (damage causes) observations, each representing a tree.

Criteria for damage types and causes
For damage types, ‘mechanical’ damages are recorded if the damaged area exceeds 4 cm2. This damage type includes damages from forestry machines and other terrain vehicles, as well as trees damaging other trees, such as a falling tree damaging other trees or ‘whipping damage’ from young birches on shoots of young Scots pines or Norway spruce. Whipping damages can result in deformation of treetops and branches (i.e., “sprötkvist” in Swedish and double stems), which are ‘damage’ types not included in our analyses due to lack of ecological relevance. A ‘crack’ is recorded if a fresh crack is longer than 20 cm and if it reaches the stem wood. ‘Resin’ and ‘necrosis’ are recorded only for Norway spruce, and to be recorded as a damage, a resin run must be at least 1 m in length and not primarily caused by mechanical damage, fire, fungi, or insects. Necrosis is dead cambium without an open wound, not caused by fungi or insects, and must exceed an area of 4 cm2. A ‘dry treetop’ is always registered as a damage, independent on extent of damage, if it is found on the highest treetop of a tree. Root damage is recorded if damage to the root system has resulted in a leaning stem (henceforth, ‘root stem’ damage), or if there is a broken or crushed root (> 1 cm in diameter) or a root with damaged cambium, within 2 m from the stem base (henceforth, ‘root’ damage). The latter two types of root damage must exceed an area of 4 cm2 to be recorded. ‘Root deformation’ (‘rotsnurr’, in Swedish) is also recorded as a separate type of root damage, but not common enough to be included in our analyses. ‘Leaf and needle loss’ is only recorded as a damage if the extent is estimated to be > 25% of the total needle/leaf mass of the tree crown and if the loss is caused by mechanical damage or other known causes, such as browsing, insects, or fungi. Needle loss is not registered as a damage if poor tree condition, caused by, e.g., rotting fungi or spruce beetles, has resulted in diffuse loss of needles, but leaf and needle loss resulting from drought is recorded as a damage. Finally, ‘foliage discoloration’ is recorded as a damage independent on if the cause of the damage is known or not, but the extent of the discoloration must be > 25% of the total needle/leaf mass of the tree crown, but this type of damage was too rare to be included in our analyses. ‘Fungi’ and ‘insects’ are also recorded as damage types, but they are also registered as causes of damage, and, in this study, we analyze these only as causes of damage (see below).

For causes of damage, the category ‘large mammal herbivores’ (actually ‘vertebrates’, in the NFI) potentially includes damages from moose (Alces alces), reindeer (Rangifer tarandus), roe deer (Capreolus capreolus), wild boar (Sus scrofa), ‘other large mammal’, Eurasian beaver (Castor fiber), ‘other rodent’, and ‘other vertebrate’, but a vast majority of recorded, identified herbivore damages are assigned to moose. Only identified moose damage was recorded enough to be analyzed separately in this study. For this study, we excluded damages from this category that were identified to be caused by Eurasian beaver (occurred on 0.03% of the trees), as these presumably to a large degree are determined by proximity to water, besides forest characteristics. Further, for ‘necrosis’ and ‘resin’, damages are recorded for Norway spruce only. For ‘rust fungi’, we analyzed only Norway spruce and Scots pine, as these were the only tree species with sufficiently high damage frequency to be analyzed, and for ‘root stem’, ‘root’, and ‘moose’, we excluded 1-2 tree species that had too few recorded damages to work in the statistical model.



Covariates
Stand volume is by the NFI calculated from tree height and diameter at breast height of all individual trees with a diameter of ≥ 40 mm at breast height. Forest stand age is by the NFI calculated as the mean age of at least three trees (random selection, weighted by basal area during the field work), independent on tree species identity. Tree species richness was calculated as the sum of the presences of the 11 tree species observed in the datasets and ranged from 1 to 8 across all plots (n = 9,157, 22,454, 20,709, 5,449, 1,551, 439, 162, 12, respectively, and n = 8,962, 21,555, 19, 857, 5,186, 1,425, 402, 152, 12, respectively, for damage types and damage causes, respectively). Stand growth is by the NFI calculated as the difference in standing volume between surveys (i.e., change over 5 years). Temperature sum (or degree days) is a measure of local climate and is defined as the accumulated mean temperature (in °C) for days warmer that 5 °C (i.e., during the vegetation period). Humidity was measured as the difference in mm between the addition of water via precipitation and the loss of water due to transpiration and evaporation during the vegetation period. 

The 11 different tree species (taxa) in our datasets were Scots pine (Pinus sylvestris; n = 25,623 and 24,960, for damage types and damage causes, respectively), Norway spruce (Picea abies; n = 21,651 and 20,911), downy birch (Betula pubescens; n = 6,146 and 5,727), warty birch (Betula pendula; n = 1,760 and 1,678), lodgepole pine (Pinus contorta; n = 1,121 and 1,118), English oak (Quercus robur; n = 941 and 869), European aspen (Populus tremula; n = 826 and 813), willow (Salix sp.; n = 693 and 652), European beech (Fagus sylvatica; n = 521 and 484), black alder (Alnus glutinosa; n = 375 and 355), and gray alder (Alnus incana; n = 276 and 273), after removing species that occurred less than 200 times in the entire datasets.
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