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1 Restoration goals 

1.1 General site description 

The Danish demo has two locations, this work plan is for the location in Thy, northern Jutland. 
All areas included in the SUPERB project are state owned and is managed by Ministry of 
Environment of Denmark, Nature Agency Thy (Figure 1.2). The area of restoration site (Figure 
1.1) is approximately 82 ha and is located in Nystrup plantation, just south of the town 
Klitmøller. Beside the restoration area, three other areas have been designated for the 
chronosequence, based on former restoration activities (Figure 1.1). These include Hjardemål 
(north), Kronens hede (middle) and Tvorup (south).  

All areas are located in state-owned areas (Figure 1.2). At national level, approximately 20% 

of Denmark’s forests are state owned; numerous smaller scale private owners own the rest.  

 
Figure 1.1 Map of the restoration site and the chrono sequence stands, northern Jutland. The chrono 
sequence areas are, top: Hjardemål, middle: Kronens hede, lower: Tvorup. 
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Figure 1.2 distribution of state-owned area, surrounding both the restoration area and the chrono 
sequence areas.  
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Figure 1.3 distribution of coniferous forest (dark green), deciduous forest (light green), light open areas 
(sand), and protected habitats (yellow), on the state-owned areas included in the restoration area, 
Vegebjerg. 
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Figure 1.4 distribution of coniferous forest (dark green), deciduous forest (light green), light open areas 
(sand), and protected habitats (yellow), in the three chrono sequence sites: 1) Hjardemål 2), Tvorup, 3) 
Kronens Hede.  

  
The current vegetation type (Figure 1.3 and Figure 1.4) is overall temperate forest, with large 
areas of coniferous forest plantation established for production and protection from sand drift, 
in the 1810s. Both the chrono sequence and the restoration site is largely dominated by conifer 
species. This includes native species like Picea abies and Pinus sylvestris, but also (and 
mostly) both non-native and invasive coniferous species as Picea sitchensis, Pinus contorta, 
Pinus mugo and Abies alba. Over the years deciduous tree species have been introduced 

throughout all plantations, including Nystrup plantation. This includes species like Betula sp., 
Fagus sylvatica and Quercus sp. The areas have been managed as forest for at least 100 
years. The current management is based on an approach defined as close to natural forestry 
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with no use of pesticides. This forest management is implemented for all state-owned forest 
areas in Denmark. The surrounding inland areas are heavily cultivated. This does have some 
impact on the areas, e.g., airborne nitrogen deposition which is known to affect the natural 
oligotrophic heath habitats that are present in the surrounding area.   

 
Figure 1.5 distribution of soil types throughout the area 

 
As seen in Figure 1.5 above, most of the soil consist of sandy soils along the coast and more 
clayey soil with scattered deposits of Pre-Quaternary lime in inland areas. The sandy soils 
along the coastline are the results of a raised seafloor that followed the last ice age. Large 
areas along the coastline are large dune heath habitats that are characterized by sandy soils 
and is a unique nature type on global scale, and therefore protected Natura2000 area. The 
large areas of dune heath south and north of the restoration area, are part of two Natura2000 
areas, 24 and 25 (Figure 1.6). These habitats are characterized by large dune heath habitats, 
oligotrophic lakes and populations of protected birds, bats, insects and amphibians. Other 
protected habitat types include the areas shown in Figure 1.7. These areas are protected by 
the Danish Nature Protection Act as §3-habitats. The restoration area doesn’t include neither 
Natura200 areas or §3-protected areas, but do border to both kinds. Despite the lack of 
protected habitats within the restoration area, the area includes many rare species. This is 
illustrated in Figure 1.8 below. A score of 1-9 illustrates the occurrence rate of rare species 
that is included in the Danish Red List of Threatened Species. The higher score indicates a 
large number of rare species, this includes the area of restoration.  
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Figure 1.6 the distribution of the two Natura2000 areas surrounding the restoration area. 

 
Figure 1.7 the distribution of the light open nature areas protected by the Danish Nature Protection Act, 
§3. 
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Figure 1.8 map showing the species score in the restauration area. The score is based on the number 
of species in the area that are at a high level of vulnerability on the Danish red list. The higher the score 
the higher number of very vulnerable species in the area. 

 
The high score within the restoration area (Figure 1.8) correlates with an elevated area as 
seen in Figure 1.9. The elevated area (north-west), located on calcareous soil, was an island 
during the Stone Age, where the Littorina Sea was dominating the area. The Littorina Sea 
retreated and the seabed was exposed, creating the present landscape. The Northern slope 
is thus a remnant of the old coastline, and today holds a large potential for biodiversity.   

 

 
Figure 1.9 map showing the soil types and terrain model for the restauration area. 

The sandy soils of the restauration area display the conditions for a large amount of forest in 
Northern Jutland that are also located on sandy soils. The soil properties are naturally dry and 
oligotrophic, because of the large amount of percolation of both water and nutrients in these 
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soil types. These conditions lead to the introduction of non-native species in the plantations, 
because native species had trouble growing under these conditions. The first plantation was 
planted in the early 1800s, mainly in order to prevent sand drift. Because of the dry and poor 
landscape, and the strong wind from the sea carrying salt water, the establishment of forest 
was very difficult. Because of this, non-native species was utilized from the beginning.   

1.2 Problems and restoration goals  

The plan of restoration actions in the demo area is illustrated below (Figure 1.10).  

  
Figure 1.10 overview of the restauration actions for Vegebjerg, Nystrup Plantation. 

The restoration actions include; clear cutting with focus on invasive and non-native species, 
closing ditches to establish natural hydrology, coherence of open habitats, re-establishment 

of forest clearings and burning off forest floor, to enhance growth of both native tree and herbal 
plant species.   

The overall goal is an open-ended management with focus on elevating the number of habitats 
and dispersal potential of species; largely done by clearing the uniform even-aged plantings 
of non-native tree species, and reintroducing a variety of climate change resistant native 
species, both shrubs, bushes, and deciduous and coniferous tree species. A light open 
corridor will be established to ensure dispersal possibilities through the forest. Restoring of 
hydrology by closing man made ditches will be carried out throughout the corridor, creating a 
large variation in humidity and light. The biggest challenge of the restoration site is the invasive 
species that grow in the area, such as Picea sitchensis and Pinus contorta. Both species thrive 
in the area, and therefore it has to be taken into account that these species easily can 
dominate newly cleared areas.   

The main reason the restoration site was chosen, is the high potential for larger biodiversity 
and a larger quantity of rare species. The restoration plan is centered around both the increase 
in suited habitats for the rare species present in the area and the increase of potential dispersal 
for species both in the area and the surrounding areas. This will increase the biodiversity of 
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the restoration area, but also have the potential to enrich the biodiversity in both surrounding 
forest areas and light open areas.   

The area is close to the Klitmøller, which is heavily populated, and a large attraction for tourist 
during the summer months. In addition, a camping site is located close to the site as well. 
Therefore, does the area have a large potential for recreational purposes. In recreational 
interest, will the reestablishment of hydrology might make areas that are heavily used, more 
wet and thus some hiking trails etc. might have to be redirected. The same issue is present 
for future forest operations, which has to be changed from productively managed for timber 
extraction to natural forest with no timber production. The calcareous slope, which holds many 
of the rare species in the area, is also an easy target for mountain bike riders. This would 
include a lot of disturbance, which is not ideal for the rare species present.   

Because of the area being 100 % state-owned, thus the process of approval is not very 
complicated. There need to be an approval by the municipality concerning restoration of 
natural hydrology, a Forestry Act permit and an internal permission to change the operating 
plan that have been made for the area. All permits will be processed before 2024.   
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2 Current situation 

2.1 Restoration site Vegebjerg  

The demo area is production forest dominated by single-species, even-aged stands. Since 
2005 and until now the forests is driven by close to nature forestry. Thus, in that period 
selective cutting and natural regeneration has been key points in the management of the 
forests rather than clear cutting and replanting. The amount of light open areas within the 
forests are generally very low and are mainly smaller patches located at the or close to the 
forest boarders. There is drainage throughout the area, especially concentrated on the low-
lying parts of the terrain 
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3 Restoration activities and initial assessment 

 

Figure 3.1 Map showing the design for the initial assessment in Vegebjerg, Nystrup Plantation 

 

3.1 Restoration activities 

A number of restoration activities is planned within the demo area. The overall restoration 
activities include; reestablishing of natural hydrology, a corridor of light open space through 
the forest, clearing of invasive tree species, burning of forest floor, removal of top soil on old 
fields, replanting of native species, both trees and bushes.  

Besides this, dead wood and old trees/stands will be valued and spared. The oldest forest 
type in the area is stands of the tree species Pinus mugo, that were planted in the late 1800s.  

3.1.1 Planting of forest development types after clear-cutting of forest stands  

Several stands in the restoration area have been selected for clear-cutting. The stands are 
single species and even aged stands containing either Picea sitchensis or Pinus contorta, both 
invasive species. These two species have been chosen as target species in the whole 
restoration area, due to their invasive nature, high propagation success and the monotone 
dark forest they create. Both species are problematic for the ecosystem, because of their 
invasive tendencies, which leads to an unbalanced competitive advantage, compared to both 
native and non-native species in the area. The non-native species that will not be targeted for 
clear-cutting include Pinus nigra, Pinus uncinata, Pinus mugo and species of Larix. These 
species are not native, but have been assessed to not affect the ecosystem in this area, as 
heavily as the target species and are therefore not considered problematic in the restoration 
area.  
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The clearings will be implemented throughout the restoration area and plantings will be 
implemented afterwards. The species chosen for planting is determined by the soil properties 
of the area. The areas V21 and V25 will be planted with species chosen according the 
predetermined forest development types, determined by the close to nature forestry practice 
used in The Danish Nature Agency. The dominating species for the specific forest 
development type that will be used in the clear-cutting sites are Quercus robus, Pinus 
sylvestris and Larix sp. These species will be accompanied with species of Betula pendula 
and Sorbus aucuparia.  

This restoration action will create a lighter and more open forest, which will support species in 
the area, which habitat is light open coniferous forest. The species include Listera cordata, 
Linnaea borealis, Moneses uniflora, Orthilia secunda and Goodyera repens.  

Table 3.1 Overview of information of planting of forest development types after clear-cutting of forest 
stands 

Category Explanation 

Restoration measures The restoration measures are to clear areas of the 
single forest stands originally planted with 
invasive species Picea sitchensis and Pinus 
contorta, and re-plant them with occuring native 
species, creating a brighter and more open forest 
type. The planting will be both deciduous and 
coniferous tree species, which will increase the 
tree species richness, but also increase the 
overall richness of niches for other organism over 
time. The area already has a high number of 
species that are linked to open, old coniferous 
forest types, and these does not thrive in the dark 
single species stand that are present now.    
The exact design and number of each tree 
species is not yet made.  

Targeted improvement The targeted improvement for the planted areas 
is to increase species richness, which generally is 
low, because of the single dominating tree 
species being invasive coniferous species. The 
planting will create a lighter open forest, with only 
native species. The planting will also function as 
a seed source, to retain these species in the area.  

Location V21, V25 

Pre-treatment Clear-cutting of the area, and removal of material. 
Drilling holes for planting, and removing topsoil in 
order to get to mineral soil and removing possible 
regeneration of seedlings  

Materials used  Forest machinery, in order to clear the area and 
spades for planting 

Plants  Planting method: manually planting 2-4 years 
saplings with spade. There will be planted 3000-
3500 saplings pr. Ha. The planted area will be 
fenced in order to prevent herbivory from deer.   

Posttreatment Depending on the success of the first planting, 
additional planting might be done. Also manually 
removing regeneration of Picea sitchensis and 
Pinus contorta in the area.  
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3.1.2 Clear-cutting of forest stands with planting of flowering trees and bushes 

afterwards 

Table 3.2 Overview of information of clear-cutting of forest stands with planting of flowering trees and 
bushes afterwards 

Category Explanation 

Restoration 
measures 

The restoration measures are to clear areas of the single species forest 
stands, originally planted with the invasive species Picea sitchensis and 
re-plant them with native species of flowering bushes and tree species, 
creating a forest edge, in order to make a transition zone between the 
forest and the light open areas. The area will be connected to the corridor, 
in order to be able to act as a seed source, and spread through the corridor 
and to the surrounding areas. The flowering species will support 
vulnerable bird and bat species in the area, like Camprimulgus europaeus, 
Phylloscopus trochilus and Myotis dasycneme, by supporting the diversity 
of flowers and thus insects. 
The exact design and number of each tree and bush species is not yet 
made. 

Targeted 
improvement 

The goal is to increase the species richness of trees and bushes, to 
support other species groups, such as insects, bats and birds, and for this 
area to act like a seed source for the rest of the forest. The restauration 
area lacks transition zone between forest and light open areas. These 
forest edge habitats are important because of the large variety of habitats 
present here. 
These plantings will act as food sources for a number of insects (feeding 
on the nectar producing flowers in spring) and birds (feeding on the fleshy 
fruits in autumn) which will support other organism, such as bats.    

Location V35 

Pre-treatment Clear-cutting of the area, and removal of material. Drilling holes for 
planting, and removing topsoil in order to get to mineral soil and removing 
possible regeneration of seedlings 

Materials used  Forest machinery, in order to clear the area and spades for planting 

Plants  Planting method: manually planting 2-4 years saplings with spade. There 
will be planted 3000-3500 saplings pr. ha.  The planted area will be fenced 
in order to prevent herbivory from deer.  

Posttreatment Depending on the success of the first planting, additional planting might 
be done. Also manually removing regeneration of Picea Sitchensis in the 
area.  

 

3.1.3 Thinning of forest stands and increasing of deadwood 

Table 3.3 Overview of information of thinning of forest stands and increasing of deadwood 

Category Explanation 

Restoration 
measures 

The areas of thinning will be managed in a close to nature forestry 
practice. This means, we perform a targeted cutting of the species Picea 
sitchensis and Pinus contorta, and native species, with focus on 
deciduous species, will be set free in order to improve growth of these.  
Deadwood and veteranization of trees will be increased in the areas. 
Some trees will not be removed, but only cut down in order to generate 
large pieces of deadwood. Some trees will be injured, so that the trees will 
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die slowly over time, contributing to the deadwood in the forest. This 
practice will be performed on both non-native and native tree species, but 
with focus on the native species, in order to support native saprophylic 
species that are linked to deadwood.  

Targeted 
improvement 

The overall goal is to create a more open forest type, to remove invasive 
tree species and to increase the amount of dead wood and dying trees.  

Location V28, V27, V29, V30, V18, V19, V17, V1, V22, V3, V4, V36, V37, V6, V7, 
V8, V15, V10, V11, V12, V32, V13, V34, V36, V37 

Pre-treatment None 

Materials used  Forest machinery 

Plants  None  

Posttreatment Clearing of regeneration of invasive tree species. 
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3.1.4 Corridor connecting light open areas 

Table 3.4 Overview of information of corridor connecting light open areas 

Category Explanation 

Restoration 
measures 

A corridor will be established throughout the forest, in order to connect 

several light open areas and to increase the dispersal potential for species 

connected to forest edge and light open habitats. The corridor will 

connect; the heath landscapes south and north of the forest, the areas of 

the nearby golf club, a meadow and an area newly cleared by the local 

national park. The corridor will approximately be 100 meters wide, except 

the most northern part (see figure 9) which is wider in order to connect 

two different light open areas north of the forest. The corridor will be a 

mosaic of 100% light open areas and areas with tree crown cover between 

20-40 %. Invasive tree species will be completely be removed and other 

tree species will be thinned out according to the described percentages. 

Excess material will either be removed from the area or left to establish 

deadwood. Some trees will be injured in order to establish a slow death 

and thereby decomposition. Throughout the corridor will ditches be 

closed, contributing to keeping the corridor open and naturally creating 

deadwood. Natural succession of native tree and bush species, like 

species of Salix and Betula, will be favored and not managed. This means 

that the corridor over time will be a mosaic of very light open habitats, and 

more overgrown habitats, contributing to the variety and biodiversity of the 

corridor. The only future management will be a continually removal of 

seedlings and saplings of invasive tree species. 

Targeted 
improvement 

The corridor will create open humid areas in the forest, which is not 
present in the area today. The forest has been planted as a production 
forest, and is therefore defined by being dense, homogeneous and 
dominated by planted invasive tree species. The corridor will create 
habitats that are not found in the forest today; light open areas with natural 
hydrology, with only native species present. Beside increasing the 
biodiversity of the area, the corridor will also function as a dispersal 
corridor between different light open nature types, located on the north 
and south border of the forest. This includes old heath areas, newly 
cleared former forest area, an old patch of meadow and old farmland, now 
managed as grassland. This will ensure the possibility of dispersal of 
species across the forest. Species of bats will especially profit from the 
corridor, as they use long straight landmarks as roads or forest edges to 
guide them when they hunt. And because of the re-establishment of 
hydrology throughout the corridor, habitats for aquatic insects will 
increase, creating a hunting ground for the protected Annex II species 
Myotis dasycneme, along with other species of bats.  

Location V14, V13, V34, V33, V24, V32, V12, V11, V10, V15, V9, V8, V7, V6, V16, 
V5, V38, V36, V37, V22, V37, V3, V4, V2 

Pre-treatment Manually cutting small trees and saplings of invasive species, which 
cannot be managed by the forest machines 

Materials used  There will exclusively be used forest machinery to do the cutting and 
removing of excess material.  

Plants  None  

Posttreatment Post treatment will be the continually removal of seedlings and saplings 
of Picea sitchensis and Pinus contorta.   
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3.1.5 Reestablishing of hydrology   

An assessment of the hydrology will be made by an engineering firm, in order to estimate how 

the water levels will be, so that the water won’t disrupt the road going through the area. The 
specific estimation on how the water will disperse throughout the corridor will be done in the 
beginning of 2023. 

Table 3.5 Overview of information of reestablishing of hydrology 

Category Explanation 

Restoration 
measures 

The reestablishing of hydrology will be focused on the ditched situated in 

the low-lying terrain of the corridor. The ditch will be closed off at several 

points, which will increase the number of areas with surface water, and 

generally increase the water levels in the area. The closing of ditches will 

be located within the corridor area, to establish humid light open habitats 

together with humid forest swamp habitats. All invasive tree species will 

be removed from the area, and other native species will be heavily 

thinned out, as a part of making of the corridor. Natural succession of 

trees and bushes will not be managed. 

Targeted 
improvement 

The consequence of no natural hydrology in the area is the absence of 

species dependent on water surfaces and light open swamp forest 

habitats. We want to improve the variation of habitats and specifically 

improve the number of habitats for aquatic species of insects, plants and 

amphibians. The water surfaces will also be able to keep the area of the 

corridor light open, and support the establishment of aquatic species and 

specifically insects, which serves as a food source for the species Myotis 

dasycneme, a vulnerable bat species in the area. The reestablishment of 

hydrology will also create naturally dying trees which over time will 

increase the amount of deadwood in the forest. By restoring the hydrology 

in the area will carbon, that otherwise would be metabolized and released 

to the atmosphere, will be stored and kept within the waterlogged areas. 

Location V3, V4, V5, V22, V6, V16, V7, V8, V9, V15, V10, V11, V12, V32, V20, 
V13, V24, V33, V34, V14 

Pre-treatment Areas throughout the corridor will be either cleared or thinned heavily, 
depending on which tree species are present. This will be done before 
ditches will be closed, because of the increased water levels will impede 
the  

Materials used  Excavator to close ditches   

Plants  None  

Posttreatment Post treatment will be the continually removal of seedlings and saplings 
of Picea sitchensis and Pinus contorta. 

 

3.1.6 Burning of forest floor 

Table 3.6 Overview of information of burning of forest floor 

Category Explanation 

Restoration 
measures 

In restoration site V20 the forest floor will be burned, in order to enhance 
the propagation of seedlings from Pinus sylvestris. The area that will be 
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burned are planted with Pinus sylvestris in 1970, and is an open forest 
type with typical heath vegetation (E.g. Calluna vulgaris, Empetrum 
nigrum).  

Targeted 
improvement 

The forest type of this area, open forest dominated by Pinus sylvestris, is 
a very desired forest type in Nothern Jutland, but we have trouble with the 
regeneration of Pinus sylvestris. The success of seedlings strongly 
depends on soil surface properties. Studies have shown that in an 
undisturbed forest floor seedlings are rarely able to establish due to the 
lack of moisture in the organic soil layers. The target is to both increase 
the regeneration of Pinus sylvestris, and rejuvenate the heath vegetation, 
by burning the forest floor.  

Location V20 

Pre-treatment The establishment of firebreaks before burning.  

Materials used  Equipment for burning and tractor with water cart.  

Plants  None  

Posttreatment None 

 

3.1.7 Relocating of top soil  

Table 3.7 Overview of information of relocating of top soil 

Category Explanation 

Restoration 
measures 

The restoration action will be to relocate top soil of an old farm land 
area. This is done by a bulldozing the top soil from one area into 
another, creating a terrain that differs in height, surrounding the area, 
with the excess soil. The top soil is removed to lower the nutrient levels 
to favor a more species-rich plant community and thereby 
reestablishing the natural flora and fauna of the forest clearing.  
The excess soil will be used to make small terrain differences along the 
area where the soil is removed. This is done to enhance the difference 
in moisture and sun exposure of the area, to favor a larger variety niche 
and thus species establishing. The restoration will also give the 
possibility for bushes and trees to disperse to the area and establish a 
transition zone between closed forest and forest clearings. 

Targeted 
improvement 

Forest clearings spans over many habitats and species, and is 
therefore a crucial part of a forest and increases the overall biodiversity 
of the forest and the forest edge habitats. The forest in Denmark 
generally lacks forest clearings, but the restoration site in Nystrup 
Plantation contains multiple open areas that used to be agricultural 
land. The old fields have a high level of nutrients and low species 
diversity, due to sown species like Medicago sativa, and fast-growing 
species, dominating the clearing. Species like Juniperus communis are 
already growing in the area, and is know from our region to establish on 
dry grasslands. The establishment of a transition zone means a greater 
variation in forest edge communities, increasing the span of moisture 
and light and thereby biodiversity.  

Location V26 

Pre-treatment None 

Materials used  Bulldozer 

Plants  None 

Posttreatment Removal of regeneration of invasive tree species.  
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3.2 Initial assessment of restoration sites (where actual restoration 

takes place) 

3.2.1 Objectives 

The purpose of the initial forest inventory is to describe the state of the forest trees (if desired 
dead wood) and optionally herb layer and to be able to assess future effects (success and 

failures) of the measures on the ecosystem biodiversity and functions. The observations are 
conducted and recorded at plot scale, in a sample design laid out over the restored areas 
involving several aspects of the stand structure.  

The initial assessment includes measurements of the adult trees, saplings and seedlings (and 
optionally ground vegetation inventory of non-tree species). These aspects are described in 
these guidelines.  

In case the restoration stand is located within the chronosequence stand, the forest inventory 
information is retrieved from the WP6. However, for the restoration stands that are not inside 
of the chronosequence stand, assessment of the initial forest state needs to be done. 

 

3.2.2 Sampling design 

The measurements are conducted at the sampling point (plot) scale. A regular sample design 

of measurement plots is laid out depending on size of restoration site (Table 3.8). 

 

Table 3.8 The criteria table of number of plots established accordingly to the size of the restoration site. 

Size of restoration site (ha) Number of plots 

<1 ha  3 

1 – 5 ha 10 

5 – 20 ha 20 

20 – 100 ha   30 

100 – 1000 ha 50 

 

Overall, the initial assessment is a simplified design of the chronosequence monitoring design. 
It only has a central sampling point. In order to avoid biasing the location of the sampling points 
(for example, by establishing them in the middle of a clearing, or seeking equidistance to trees 
nearby), the location of the centre  is  randomly determined within the stand.  

The random selection of plot positions is secured by walking a fixed number of steps in a fixed 
direction from the stand border. This is a way to eliminate perception biases and tendencies 

to position plot centres at a best spot, which could yield biased estimations of the total stand 
density. 

Concentric subplot design 

Around each selected sampling point, concentric plots of different sizes are used to measure 

the different components of forest structure, to ensure efficiency in the inventory effort (Figure 
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3.2. Accordingly, characteristics that require larger effort are measured over smaller plots, 

whereas larger plots are employed to record rarer events only. To quickly decide in the field 

which trees belong to each subplot type, you may simultaneously measure diameter at breast 

height (dbh) and distance to plot centre. The different plot sizes (Figure 3.2) are designed to 

be integer divisions of a hectare, to facilitate rapid in situ assessment of within-stand variability. 

The different subplots involved are: 

 

Figure 3.2 Plot size to measure different components of forest structure. 

 

In case bare land is afforested (stand after bark beetle calamity, or restoration focuses on 

forest area expansion on former cropland), then only assessment of seedlings and sapling 

subplots is established and recorded. In the subplots it is possible to make an additional 

assessment of herb layer and dead wood. In case of an existing stand in which group or 

selective fellings are carried out in combination with introducing new tree species, then the 

large tree to seedling plots are established. 

 

3.2.3 Timing 

Data can be collected during a short campaign, as well as in third year of the project. Since 

the initial assessment is a singular measurements campaign, it is possible to combine it with 

other field measurements (e.g. WP6 monitoring). 

 

3.2.4 Measurements 

General information 
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The recorded data are collected in the Excel spreadsheet provided. General information is 

recorded under the tab ‘Stand’. The tab ‘Stand’ include information of country, stand, stand 
size and number of plots for the initial assessment. Second tab ‘Plot’ include the GPS 
coordinates, specifying in the comments which is the geographical system employed for them 

(please, use ESPG codes for national systems). Optionally, we can record approximate terrain 

slope and aspect in the site. Relevant observations on the plot environment and location can 

also be recorded (e.g., proximity to roads or infrastructure, recent management interventions, 

previous land use) in the field ‘Comments’. Additionally, we add approximate percentages of 
coverage for each of the tree, shrub and the herbaceous layers, assessed visually and 

expressed separately and not relatively to each other (their sum may therefore be higher than 

100%). Tab ‘Species’ includes the species codes that are used across all demo areas. If 
possible we provide suitable allometric models for the species in the demo area which can 

make the best biomass predictions according to the local knowledge. There are additional 

fields to add any relevant information concerning allometry: height or below ground biomass, 

relevant references, etc. 

 

Adult tree inventory (Large tree and overstory subplot) 

The tree inventory includes all the standing, living or optionally dead adult trees (dbh > 7 cm). 

Intermediate-sized trees (dbh between 7 and 27 cm) are measured on a 9.77-m radius plot, 

whereas large trees (dbh > 27 cm) are measured on a 12.62 m-radius plot (Figure 3.2). In 

each case, the species and dbh of all the corresponding trees are recorded. If decided to do 

the optional assessment of dead trees,  when the species of dead trees cannot be determined, 

it should be recorded whether these are hardwood or softwood species.  

 

Tree heights is determined for few living trees (only 3 measurements for each of the dominant 

species present) trying to approximately cover the full range of tree heights and giving 

measurement of one small, median and one tall tree. Height measurements are conducted 

either on the intermediate sized trees from the 9.77 m-radius plots, or on the large trees from 

the 12.62 m-radius plots. It is however important that each height measurement is linked to a 

dbh measurement, and thus recorded at the row corresponding to the same tree (the rest of 

rows can be left empty for height measurement). If dead top broken trees are found within the 

plot their decay class is recorded according. 

 

 

 

Saplings inventory (Saplings subplot) 

Trees with dbh < 7 cm are also measured individually and recorded, as long as they are higher 

than 1.30 m (saplings). These trees are measured only when they are at a distance within 

5.64 m from the plot centre, to limit the surveying effort needed for these smaller trees. 

Individual tree codes for saplings are start the count from “101”, to aid their distraction from 
the bigger trees and facilitate the combination of overstory and sapling layers. If the height 

measurement of the smaller tree was taken from one of these saplings, add its corresponding 

height here alongside its dbh. 

 

Seedlings inventory (Seedlings subplots) 
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For trees with height below 1.30 m measurement is based on counting each individual. The 

counting is done over 4 different subplots of 2.82 m radius, which should be distributed 

according to Figure 3.2. Using a telescopic pole, rapid counts of seedlings can be carried out 

around each subplot centre. Record seedling counts per subplot grouped by species and 

height class. The height classes only need to be determined approximately: below 20 cm 

(class 1), 20 – 80 cm (class 2), or above 80 cm (class 3). 

 

Optional additions to the initial assessment in the restoration stands 

 

Richness of ground vegetation using iNaturalist (Central quadrats at seedling subplots) 

Each species of non-tree vascular plants (herbs, ferns, shrubs) present in each if the 1-m 

quadrats within each seedlings subplots are identified using the iNaturalist application. To be 

included in this list, plants can originate either within the quadrat, or outside it, as long as some 

part of them is present either directly on the quadrat floor, or on its vertical projection, up to a 

height of 5 m. 

 

Before going in the field requires: 

● Download the iNaturalist app for iPhone or Android. 

● Create an account using the app or the website (https://www.inaturalist.org/home ) 

● Transmit your user information to SUPERB Wageningen team by email (gert-

jan.nabuurs@wur.nl, sara.filipek@wur.nl, silke.jacobs@wur.nl, bas.lerink@wur.nl). 

 

Once in the field, you should follow the steps depicted in Figure 3.2 for any species you 

observe in each quadrat and repeat the process for every seeding subplot (i.e., 4 quadrats 

per plot). Use the Subplot codes to identify them as in Tables in Initial_forest_assessment 

protocol. More information can be found on the web 

(https://www.inaturalist.org/pages/getting%252Bstarted) or checking the tutorials of the 

iNaturalist App (https://www.inaturalist.org/pages/video%252Btutorials ) where explanations 

are given on how to add an observations using different devices or the website. 

 

Lying deadwood (Saplings subplot) 

For all lying deadwood pieces (diameter > 7 cm) found within the 5.64 m-radius saplings 

subplot (Figure 3.2), the diameter at mid-length, total length, and decay class is recorded. For 

pieces of deadwood intersecting the borderline, the criterion for inclusion is whether any part 

of it within the 5.64 m distance of the plot centre as a diameter > 7 cm. It is recommended to 

use a tree calliper for measuring lying deadwood diameter. The decay class is determined 

according to the following categories: 1 –Sound (recently dead);     2 –Intermediate (partially 

rotten); or 3 –rotten. 

 

3.3 Costs assessment 

The costs of restoration consist of direct cost of various restoration activities that are taken 
place in restored sites. The direct costs are divided into several categories such as site 
preparation (e.g., soil preparation - ploughing, topsoil removal), materials (e.g., wooden polls 

https://www.inaturalist.org/home
mailto:gert-jan.nabuurs@wur.nl
mailto:gert-jan.nabuurs@wur.nl
mailto:sara.filipek@wur.nl
mailto:silke.jacobs@wur.nl
mailto:bas.lerink@wur.nl
https://www.inaturalist.org/pages/video%252Btutorials
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for fences, fence net), plants (e.g., cost of seeds, seedlings, saplings) and labor costs (e.g., 
person costs for soil preparation, planting, installing fences, maintenance like weeding). 

Following cost assessment excludes overhead, opportunity costs, buying land. 

 Table 3.9 Overview of the direct restoration costs for planting after clear-cutting of forest stands 

 

 Table 3.10 Overview of the direct restoration costs for thinning 

 

Table 3.11 Overview of the direct restoration costs for reestablishing of hydrology 

 

Table 3.12 Overview of the direct restoration costs for relocating of top soil 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha 0 0 0 0 
Materials €/ha 0 0 0 0 
Plants €/ha 0 0 0 0 
Labor €/ha 0 0 4000 0 

 

Table 3.13 Overview of the direct restoration costs for burning of forest floor 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha 0 0 82 0 
Materials €/ha 0 0 320 0 
Plants €/ha 0 0 0 0 
Labor €/ha 0 0 320 0 

 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha 0 4700 1300 0 
Materials €/ha 0 0 0 2000 
Plants €/ha 0 0 0 1700 
Labor €/ha 0 0 0 1700 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha 0 0 0 0 
Materials €/ha 215 0 0 0 
Plants €/ha 0 0 0 0 
Labor €/ha 538 1600 1600 0 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha 0 360 0 0 

Materials €/ha 0 0 0 0 
Plants €/ha 0 0 0 0 
Labor €/ha 0 0 0 730 
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Table 3.14 Overview of the direct restoration costs for corridor 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha 0 0 0 0 
Materials €/ha 0 0 0 0 
Plants €/ha 0 0 0 0 
Labor €/ha 0 1600 1600 0 
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4 Monitoring 

4.1 Site and stand selection for Monitoring, Reporting and Verification 

of Biodiversity and Ecosystem Services 

The chrono sequence for the Danish demo Thy is centered on the reestablishment of 
hydrology in the plantation. Almost all forest in Denmark, on state-owned land, is drained to 
maximize wood production. This focus on wood production have shifted, and now the ditches 
is no longer maintained. As a restoration act, ditches have been closed, both in the light open 
areas, but also in the plantations. This brings light and moisture to the forest, which is two 

components that the forest is in need of. When establishing hydrology, we take advantage of 
the terrain of the landscape. Almost all of the plantations are planted on an old heath dune 
landscape, that naturally contain a lot of difference in terrain and thereby creates small lakes 
and wetlands where the ground water levels are high. The ditches were originally dug in these 
low-lying parts of the terrain, and when closed, the water levels naturally increase.  

4.1.1 Sampling design  

There are three chrono sequence sites, with different as pictured below. Each site has four 
stands, in the area of the restored hydrology, and two in a comparable forest stand where the 
drainage system is still intact. Each stand has an area of ~ 1 ha. 

 

 

Figure 4.1 The chronosequnece of Denmark, Thy. There are three sites, with closed drainage system 
done in different years. Site 1: 2012, Site 2: 2014, Site 3: 2012. 
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Table 4.1 Explanation of chronosequence 

Stand 
number 

Explanation 

TV1_u Site 1 – Thinned mature Pinus sylvestris, 1962 (Tvorup) 
TV2_u Site 1 – Thinned mature Pinus sylvestris, 1962 (Tvorup) 

TV3 Site 1 – Thinned mature Pinus sylvestris, 1962 (Tvorup) 
TV4 Site 1 – Thinned mature Pinus sylvestris, 1962 (Tvorup) 
TV5 Site 1 – Thinned mature Pinus sylvestris, 1962 (Tvorup) 
TV6 Site 1 – Thinned mature Pinus sylvestris, 1962 (Tvorup) 

KH1_u Site 2 – Thinned mature Abies alba, 1962 (Kronens hede)  

KH2_u Site 2 – Thinned mature Abies alba, 1962 (Kronens hede) 

KH3 Site 2 – Thinned mature Abies alba, 1962 (Kronens hede) 

KH4 Site 2 – Thinned mature Abies alba, 1962 (Kronens hede) 

KH5 Site 2 – Thinned mature Abies alba, 1962 (Kronens hede) 

KH6 Site 2 – Thinned mature Abies alba, 1962 (Kronens hede) 

HJ1_u Site 3 – Pure not-thinned Pinus contorta, 1997 (Hjardemål)  

HJ2_u Site 3 – Pure Picea sitchensis, 1990 (Hjardemål) 

HJ3 Site 3 – Pure Picea sitchensis, 1990 (Hjardemål) 

HJ4 Site 3 – Pure not-thinned Pinus contorta, 1997 (Hjardemål) 

HJ5 Site 3 – Pure Picea sitchensis, 1990 (Hjardemål) 

HJ6 Site 3 – Pure Picea sitchensis, 1990 (Hjardemål) 

 

4.1.2 Description of the chronosequence sites 

 

Table 4.2 Description chronosequence site 1 

Category Explanation 

Site area 1 – Tvorup.  

Stand area All stands are ~ 1 ha 
Location 56.98528882, 8.54576567 

Description Ditches closed in 2012 
 
Stand TV1_u: Reference stand 1 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus sylvestris 
Year planted: 1962 
 
Stand TV2_u: Reference stand 2 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus sylvestris 
Year planted: 1962 
 

Stand TV3: Chrono sequence stand 1 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus sylvestris 
Year planted: 1962 
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Stand TV4: Chrono sequence stand 2 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus sylvestris 
Year planted: 1962 
 

Stand TV5: Chrono sequence stand 3 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus sylvestris 
Year planted: 1962 
 

Stand TV6: Chrono sequence stand 4 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus sylvestris 
Year planted: 1962 

 

Table 4.3 Description chronosequence site 2 

Category Explanation 

Site area 2 – Kronens hede 
 

Stand area All stands are ~ 1 ha 

Location 56.95860534, 8.42250432 
Description Ditches closed in 2014 

 
Stand KH1_u: Reference stand 1 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Abies alba 
Year planted: 1962 
 
Stand KH2_u: Reference stand 2 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Abies alba 
Year planted: 1962 
 
Stand KH3: Chrono sequence stand 1 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Abies alba 
Year planted: 1962 
 
Stand KH4: Chrono sequence stand 2 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Abies alba 
Year planted: 1962 
 

Stand KH5: Chrono sequence stand 3 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Abies alba 
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Year planted: 1962 
 

Stand KH6: Chrono sequence stand 4 
Elevation: 
Soil type: Till, sandy and gravelly  
Dominating tree species: Abies alba 
Year planted: 1962 

 

Table 4.4 Description chronosequence site 3 

Category Explanation 

Site area 3 – Hjardemål  
 

Stand area All stands are ~ 1 ha 
Location 57.08790297, 8.85287656 

Description Ditches closed in 2012 
 
Stand HJ1_u: Reference stand 1 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus contorta 
Year planted: 1997 
 

Stand HJ2_u: Reference stand 2 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Picea sitchensis 
Year planted: 1990 
 
Stand HJ3: Chrono sequence stand 1 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Picea sitchensis 
Year planted: 1990 
 
Stand HJ4: Chrono sequence stand 2 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Pinus contorta 
Year planted: 1997 
 

Stand HJ5: Chrono sequence stand 3 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Picea sitchensis 
Year planted: 1990 
 

Stand HJ6: Chrono sequence stand 4 
Elevation: 
Soil type: Aeolian sand, including dunes and cover sand 
Dominating tree species: Picea sitchensis 
Year planted: 1990  
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4.1.3 Description of monitoring measures 

The monitoring guidelines for the chronosequence can be found in the document Protocol for 
regular forest inventory.  

 

Plot based forest inventory: 

Over the three forthcoming years, regular plot-based inventory of trees is conducted once in 
several inventory plot for evaluation of the success of natural regeneration. It includes 
identifying causes of tree mortality, and assessment of biodiversity. For ground vegetation, we 
mainly follow the ICP Forest guidelines (Canullo et al. 2011), which in short means that herb 
layer species richness and abundance is assessed. Temporal replicates are not needed for 
regular forest inventory work, so the data are acquired during a short campaign. It would be 
desirable to also survey tree-related microhabitats as indicators for the potential presence of 
certain taxa of forest-dwelling species. This survey, which follows a catalogue developed by 
Kraus et al. (2016), is an optional component. In addition, data on non-tree species are 
collected using iNaturalist app, to compare the benefit from citizen science approaches in 
ecosystem regeneration projects. See protocol below for more information. 
 
Soil carbon and soil biological activity 

In all inventory plots a single assessment of soil carbon and soil biological activity/diversity 
takes place in the first two years of the project (see Table 4.5 ). For this purpose, the KU 
Leuven team is carrying out the soil sampling. 
 
Additional monitoring in the restoration area will be conducted and funded by the local national 
park. More information on specific monitoring design and the exact species groups that will be 

monitored, will follow later on.  

 

4.1.4 Planning of monitoring 

 
Table 4.5 Planning of monitoring activities within time frame of SUPERB 

Activity 
II year 2023 

Jan  Feb Mar Apr  May June July Aug 
Plot based forest 
inventory 
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5 Stakeholders 

Throughout the course of the SUPERB project the demo leaders are guided and supported 
by Prospex Institute (PI, leader of WP2) in their work on stakeholder engagement. 
The following activities are at the centre of this guidance and support: 

● Stakeholder mapping at the demo level 
● Serie of at least 3 co-creative Stakeholder Workshops 
● Co-development and implementation of a stakeholder engagement strategy 

 
The coordination of requests for stakeholder input from the demos: 
 
1. Stakeholder mapping at the demo level 

In March and early April 2022, the demo carried out an initial mapping of their stakeholders, 
with stakeholders defined as all those actors (groups and individuals) who  affect or are 
affected by the restoration work in the demo. The demo leaders applied the Prospex-CQI 
methodology and collected the stakeholders’ information and contact details in the QUIP 
database set up by PI (allowing for GDPR-related exceptions). The demo leaders aimed to 
map at least 50 individuals at this stage and to fill in at least 2-3 entries for all the stakeholder 
(sub-) categories identified by PI together with the demo. Throughout the project, they will 
continue adding individual stakeholders to the database across the different categories. 

2. A series of at least 3 co-creative stakeholder workshops in each demo 
 

Throughout the project time (2022-2025) demo leaders will organise and facilitate at least the 
following 3 co-creative workshops for the full range of their diverse stakeholders: 

● The vision and design workshop on the 10th of September 2022, in which the demo 
leaders with representatives set of stakeholders inform and co-decide on demo’s 
restoration vision, goals and workplans. 

● The implementation workshop in January 2024, in which the demo leaders consult 
representative set of stakeholders on the current project implementation and will 
engage them to inform and co-decide on the further implementation. 

● The review and upscaling workshop in May 2025, in which the demo leaders will 
engage representatives set of stakeholders on evaluating the demo restoration 
results achieved and on devising an approach to upscaling. 

 

Prospex Institute guides and supports the demo leaders in the design and organisation of 
the workshops. The participants to the workshops are invited based on the stakeholder 
mapping conducted in the demo. Employing the Prospex-CQI methodology, the demo 
leaders aim to fulfil the quota recommended by PI for each of the stakeholder (sub-) 
categories.  

The demo leaders report on each of the stakeholder workshops to SUPERB and to the 
participating stakeholders, also on how the stakeholder input is used in the restoration 
process. The demo make sure that the input at each stage is effectively incorporated into the 
decision-making on the latter. PI supports and monitors the demo leaders on this point. 

The demo leaders are strongly encouraged to organise further stakeholder events besides 
the three workshops listed above. PI, the demos and leaders of WP7 collaborate on 
conceptualising additional stakeholder workshops and events as part of developing the 
demo-specific stakeholder engagement strategies.  

  
3. The co-development and implementation of a stakeholder engagement strategy for each 

demo 



SUPERB – Deliverable 7.1 Demo area work plans 

 

32 
 

In August-September 2022 the demo leaders, PI and WP7 collaborated on drafting the first 
version of the demo-specific stakeholder engagement strategies. These strategies explain the 
ways in which the demo engaged full range of diverse stakeholders and especially beyond the 
three stakeholder workshops over the course of the project. The strategies are based on inter 
alia the following input: 

● An analysis of the pool of stakeholders emerging from the stakeholder mapping 
● Initial insights from the online mapping through direct stakeholder interaction online 

(Task 2.2, led by WP2 partner Kings College London and WP2 co-lead EFI). 
● Any relevant insights from the SUPERB Hackathon (a co-creative laboratory for all 

SUPERB partners that took place on 9-11 March 2022 with the aim of identifying 
common challenges to success in the demos and devising approaches for solutions). 

● The outcomes of the 1st stakeholder workshop (on vision and design) to be inserted 
in this workplan, and how it has affected the design or implementation  

● Close dialogue between the demo leaders and PI on demo-specific stakeholder 
engagement needs 

 
The demo-specific stakeholder engagement strategies will be finalised by PI in May 2023.  
Throughout the course of the project PI guides, supports, and monitors the demo leaders in 
the implementation of the strategies, and will collaborate on their revision whenever such is 
considered desirable and/or necessary. 

 

5.1 Reflection of 1st stakeholder workshop 

In general, there was a lot to be learned from this first workshop for SUPERB. The participants 
like to be properly informed beforehand, which we accommodate in the future. The fact that 
there was held a workshop so early in the project time span, was very nice and helped getting 
the local people and organisations included from the beginning. For next workshop will we try 
to get even further out with the communication about the workshop, so hopefully more people 
will sign up. Some crucial groups for the project, didn’t have a representative at this first 
workshop. This includes local schools and kinder gardens, local mountain bikers, the local 

museum and the local department of the Danish Association of the Physically Disabled. These 
groups will be invited for the upcoming events for SUPERB in Thy, and for single ones with 
the resources, held meetings with in the coming months. 
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6 Planning 

Table 6.1 Planning by year. 

Action 2022 2023 2024 2025 

Planning and 

preparing 

restoration 

Primo/medio 2022: 

Internal workshops in 

order to discuss and plan 

restoration activities. 

What is the biological 

potential of the different 

areas? Where and how to 

restore what? 

  

Ultimo 2022: 

Finalization of first draft 

of workplan 

 

Medio: complete initial 

assessment report   

 

Primo/Medio: planning of 

trip to Bordeaux.  

 

Finalizing the hydrology 

assessment for the 

restauration area.  

  

Restoration  Ultimo:  

Start clear-cutting and 

thinning in the restauration 

area, including the corridor 

Site preparation of areas 

with planting. Relocating 

of top soil on old farm 

land. Finalize 

clearing/thinning of 

corridor, and additional 

areas.  

Primo:  

Burning of forest floor.  

 

Closing of 

ditches in the 

restauration 

area. Planting in 

designated 

areas.  

Monitoring t=0  Primo: 

Start monitoring of chrono 

sequence 

Medio (field season): 

Start monitoring of 

restauration area (initial 

assessment).  

  

Monitoring t=1  Medio (field season): 

Finalize the chrono 

sequence monitoring and 

initial assessment 

monitoring.  

  

Stakeholders  Primo:   

Arrange 2nd workshop 

Arrange 3rd workshop  
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