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1 Restoration goals  

1.1 General demo description  

The North Rhine-Westphalia demo is located in western Germany (Figure 1.1). The federal 

state of North Rhine-Westphalia (NRW) is the most populous state of Germany, which 

includes the largest urban area in Germany, the Rhine-Ruhr metropolitan area. The region 

grew significantly since the mid-19th century due to the industrialization. The area was 

characterized by heavy industry, especially coal and iron mining. The switch from charcoal to 

black coal as main energy source changed the demands on the forest. The need for pit timber 

increased, wherefore mainly conifer stands consisting of Norway spruce (Picea abies) and 

Scots pine (Pinus sylvestris) were established. 

 

 

Figure 1.1 Map of North Rhine-Westphalia with seven forest owners contributing demo sites. 

 

Today, the forest covers an area of approximately 935.000 ha (27 % of land area, 
predominantly in private ownership (64 %). The demo is predominantly located in the low 

mountain ranges (colline-submontane altitudinal zone, see Figure 1.2) with demo sites in the 

Sauerland, Bergisches Land, and Weserbergland regions: 

1. Sauerland: 

Rothaar Mountains: important water reservoir, ground water formation ->drinking water for 

Rhine-Ruhr metropolitan area. Originally low annual average temperature and high 

precipitation (up to 1.500 mm/year). Ideal growth conditions for Norway spruce  

i. Nordsauerländer Oberland (Demo sites 1, 2 & 4) 

Landesbetrieb Wald und Holz – 1 

Stadtwald Arnsberg – 2  

Stadtwald Gevelsberg – 3 

FBG Calle- 4  

Stadtwald Bad Laasphe - 5 

Kath. Kirchengemeinde St. Nikolaus (FBG Wipperfürth) – 6 
Salm-Salm & Partner - 7 
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Mainly brown soils with low base saturation Greywacke and slate with loess 

accumulations,   

ii. Siegerland (Demo site 5) 

        Slate and sandstones, iron mining, Hauberg (oak coppiced woodland) 

  

2. Bergisches Land  

Bergische Hochfläche (Demo site 3 & 6) 

 

3. Weserbergland 

Oberwälder Land (demo site 7), located in the rain shadow of Egge hills. 

The demo area is dominated by Norway spruce forests. However, since 2018 around 115 000 

ha of spruce forest was damaged by wind, drought and subsequent European spruce bark 

beetle (Ips typographus) outbreaks in the forest-dominated landscapes in NRW. The bark 

beetle outbreaks led to widespread clear-cut areas which changed the landscape and forests 

drastically with a high impact on biodiversity and ecosystem services. Spruce dieback is 

continuing and is expected to expand further into higher altitudes. The main soil types are 

(partly shallow) brown earths, nutrient-poor podsols, and pseudogleys influenced by 

waterlogging, which are no longer suitable for spruce in the future climatic conditions. Whereas 

at lower elevations the site conditions are largely outside of the physiological limits of spruce, 

at higher elevations it may still be grown in mixtures with other species. 
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Figure 1.2 Location of the sites across North Rhine-Westphalia 

 

The sites across the demo are owned by different parties (see Figure 1.1) including the State 

Forests Service of North-Rhine Westphalia, municipal forest owners in Arnsberg, Gevelsberg 

and Bad Laasphe, a forest cooperation of small forest owners (FBG Calle), a large private 

forest managed by Salm-Salm & Partners and church forests in Wipperfürth. 

 

1.2 Problems and restoration goals 

The Norway spruce forests located in North Rhine-Westphalia were heavily affected by bark 

beetle calamities since 2018. The restoration actions are already ongoing and/or planned 

following the forest restoration guidance specifically developed by the State Forest Service for 

the region (MULNV, 2020). The actions focus on forest diversification and ecosystem 

restoration, using combinations of natural regeneration and replanting, selecting at least four 

different site-adapted species, and including where appropriate the use of pioneer species. 

One of the main challenges is the large-scale of the Norway spruce dieback and the need to 

restore ecosystem services like wood production, carbon storage, biodiversity provisioning 

(especially in large affected Natura 2000 areas), recreation and tourism, water provisioning, 

and air purification. the restoration process should involve different political agencies and 

public financial support. It should also contemplate selection of climate-adapted species and 
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genotypes, and ensure availability of desired forest reproductive materials in sufficient quality. 

Moreover, the actions should also aim to address the controversy about restoration targets 

like discussing contrasting expectations towards forests in society with stakeholder groups as 

well as to communicate the critical importance of reduced browsing pressure with local 

hunters. 
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2 Current situation 

To assess vitality of coniferous stands, Landesbetrieb Wald und Holz NRW uses data from 

the European Sentinel-2 satellites and trained algorithms to regularly produce overview maps 

of bark beetle outbreaks (Figure 2.1).  

 

Figure 2.1 Forest and Wood NRW: Controlling bark beetles by satellite 

The red-coloured areas show spruce (or other conifer) stands with low vitality or low resistance 

to bark beetle infestation. The damaged area was estimated in 2021 to cover 115,000 ha. 

Further infestations of coniferous stands are expected in the future. Regionally, Fagus 

sylvatica also shows dieback symptoms following the drought years of 2018 – 2021 on several 

thousand ha. 

The map illustrates in seven levels and at 10 x 10-meter grid scale how many trees are 

weakened and due to this are susceptible to bark beetle infestation.  

The map serves can support foresters and forest owners in bark beetle control. Recent maps 

(Waldinfo.NRW - Startseite) show exact location of severely weakened trees which are the 

most susceptible to bark beetle infestation. This allows to assess much better where control 

is required, and where response efforts should be targeted. 

Currently, the restoration activities of damaged Picea abies forests are ongoing or are planned 

for the areas in North Rhine-Westphalia. As many of the stands have now been cleared of 

standing dead trees and appropriate soil conditions have been reached, reforestation activities 

can be carried out over the large area. In many areas, there is a high risk of crop failures due 

to the large brown weevil (Hylobius abietis) in the first 2 – 3 years after clear-cutting. Therefore, 

any restoration action requires thoughtful approach using the scarce resources of suitable 

planting material and skilled forestry personnel.   

 

https://www.waldinfo.nrw.de/
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3 Restoration activities inside demos 

3.1 Description of restoration activities 

Restoration actions in North-Rheine Westphalia aim to establish resilient mixed-species 

stands (minimum four tree species) in areas affected by bark beetle outbreaks. The actions 

will focus on increasing vitality and stability of the stands as well as minimization of future 

outbreak risks. Since the calamity has occurred already since 2018, reforestation in NRW is 

regulated by the forest and nature conservation laws. Example of conditions that should be 

taken into account while restoring damaged stands: 

• Artificial regeneration requires selection of seed provenances that complies with the 

regulations 

• Suitable reproductive material, forestry personnel and forestry labor may be a local 

constraint 

• Soil protection must be taken into account (e.g. no driving over large areas during site 

preparation and soil erosion and nutrient export should be minimized 

• Adapted ungulate game populations 

• Social ecosystem services of forests in urban areas (e.g. recreation) are taken into 

account to ensure social acceptance 

• Financial possibilities of the forest enterprise determines framework conditions for 

restoration design 

• Supporting the decision-making process of forest owners by use of available forest 

management instruments (e.g. silvicultural concept, Waldinfo.NRW - Startseite - 

website) and the latest scientific findings and recommendation 

 

For each forest stand to be restored, we choose a forest development type (German: 

Waldentwicklungstyp - WET) as a reference, based on site conditions (nutrients, water regime) 

and future climate scenarios (RCP 4.5 or RCP 8.5). Each WET consists of a main tree species 

(50-70 %) and one additional tree species (20-40 %) indicated by the numbers  

of the WET. Furthermore, each WET consists of at least two more secondary species. 

Additionally, we establish two reference stands for natural regeneration for each restoration 

site. One reference will be fenced and one will be without protection.  

 

List of WETs used for demo sites according to the silvicultural concept (MULNV NRW, 2021): 

WET Tree species 
12 normal Quercus petraea – Fagus sylvatica 

12 water logged Quercus robur – Carpinus betulus 

13 Quercus spp.– noble broadleaf species 

14 Quercus spp. – Betulus pendulus/Pinus sylvestris 

21 Fagus sylvatica –Quercus spp. 
23 Fagus sylvatica – Noble broadleaf species 

27 Fagus sylvatica – Larix decidua 
31 Noble broadleaf (dry) – Quercus spp. 

32 Noble broadleaf (fresh) – Fagus sylvatica/Carpinus betulus 

40 Alnus glutinosa–Quercus robur/Carpinus betulus/Ulmus laevis/Salix spp. 

https://www.waldinfo.nrw.de/
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44 Betulus pubescens – Alnus glutinosa 

92 Pseudotsuga menzisii – Fagus sylvatica 

96 Pseudotsuga menzisii – Abies grandis – Fagus sylvatica 

98 Pseudotsuga menzisii –Picea abies – Abies alba – Fagus sylvatica 

 

 

Specific restoration activities are described in the following tables for each of the participating 

forest enterprises (Figure 1.1). In each enterprise the sites were selected to demonstrate 

establishment of different types of forest stands (WETs) on disturbed forest areas 

representative for the regional conditions. The size of the sub-plots with alternative WETs 

depended on the local site conditions. The locations were chosen with consideration of 

accessibility to facilitate future monitoring and field excursions. The table shows the total 

number of plants for each stand. The number/ha can be derived from the spacing. The tree 

composition in each stand depends on small-scale soil conditions (e.g. different water regimes 

along slopes). In general, the mixtures are planned according to the silvicultural concept. The 

main species of the stand should be established in larger groups (~ 0,1 ha). The additional 

tree species will be established in groups of 400-700 m². Further mixtures will be introduced 

in small groups (200-400 m²). Furthermore, we exclude the former skid rows from planting and 

include already existing natural regeneration in the stand. 

 

Table 3.1 Restoration overview for state forest Arnsberger Wald - Hirschberg 

Category Explanation 

Site area 3,7 ha planting + Approx. 2 ha seeding 

Stand area WET 12 normal 0,75 ha 
WET 12 waterlogged 0,75 ha 
WET 21 0,8 ha 
WET 40 0,4 ha 
WET 44  1,0 ha 

Restoration 
measures 

Planting and seeding of site-specific tree species. Promotion of natural 
regeneration and protection of planted seedlings. 

Targeted 
improvement 

Reforestation of clear-cuts caused by bark beetle outbreak. Introduction of site-
adapted tree species with consideration of future climate conditions. 
Establishment of resilient mixed-forest stands with at least four tree species 
per stand. 



SUPERB – North Rhine-Westphalia, Germany 

 

11 
 

Location 

 
Red: Fence Green: growth shelters 
Additional 2 ha of seeding close to the planting area. Exact site not located yet. 

Pre-treatment The planting will take place without soil-preparation. 
Fences will be established before planting. 
For the seeding site preparation will take place to expose mineral soil. 

Materials 
used  

Fences for protection against browsing, growth shelters 

Plants   
Stand WET 12  
Planting Quercus petraea (2100, spacing 2x1, Age 2+0, provenance 81806), 
Fagus sylvatica (450, spacing 2x1, Age 2+0, provenance 81007), 
Tilia cordata (200, spacing 3x1, Age 2+0, provenance 82304), 
Castanea sativa (50, spacing 3x2, Age 2+0, provenance 80802) 
 
Stand WET 12 (waterlogged) 
Planting Quercus robur (2130, spacing 2x1, Age 2+0, provenance 81706), 
Carpinus betulus (305, spacing 3x1, Age 2+0, provenance 80604), 
Abies alba (75, spacing 2x2, Age 2+0, provenance 82705), 
Corylus colurna (100, spacing 3x1, Age 2+0, no provenance) 
 
 
Stand WET 21 
Planting Fagus sylvatica (1620, spacing 2x1, Age 2+0, provenance 81007), 
Quercus rubra (1150, spacing 2x1, Age 2+0, provenance 81602), 
Tilia cordata (220, spacing 3x1, Age 2+0, provenance 82304), 
Castanea sativa (55, spacing 3x2, Age 2+0, provenance 80802) 
 
Stand WET 40 
Planting Quercus robur (275, spacing 2x1, Age 2+0, provenance 81706), 
Alnus glutinosa (425, spacing 3x1,5, Age 2+0, provenance 80204), 
Populus nigra (20, spacing 2x4, Age 2+0, no provenance) 
Ulmus laevis (100, spacing 3x1, Age 2+0, no provenance) 
 
Stand WET 41 
Planting Betula pubescens (660, spacing 2x2, Age 2+0, provenance 80504),  
Alnus glutinosa (775, spacing 3x1,5, Age 2+0, provenance 80204), 
Populus nigra (90, spacing 2x4, Age 2+0, no provenance), 
Sorbus aucuparia (30, spacing 3x1,5, Age 2+0, no provenance) 
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Table 3.2 Restoration overview for municipal forest of Arnsberg 

Category Explanation 

Site area 6 ha 

Stand area WET 12 0,85 ha 
WET 14 2,00 ha 
WET 23 0,65 ha 
WET 40 0,6 ha 
WET 92 2,00 ha 

Restoration 
measures 

Planting of site-specific tree species. Promotion of natural regeneration and 
protection of planted seedlings 

Targeted 
improvement 

Reforestation of clear-cuts following by bark beetle outbreak. Introduction of 
site-adapted tree species with consideration of climate change. 
Establishment of resilient mixed-forest stands with at least four tree species. 

Location Area 1: 

Expected natural regeneration of Silver birch (Betula pendula) and willow 
species like Salix alba, Salix fragilis and Salix caprea. 
Seeding of Douglas fir (Pseudotsuga menziesii) 

Posttreatment Additional planting in case of failures, weeding and cleaning to promote tree 
seedlings and mixtures. 

Planning 09/2022 
Fencing 
 
12/2022-03/23 
Planting 
 
2023 
Site preparation for seeding 
Seeding 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 
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Green: WET12  Blue: WET 23  Pink: WET 40 Yellow: Forest’s edge 
Area 2: 

 

Pre-treatment Fencing of the planting area 

Materials used  Fences for protection against browsing 

Plants  Area 1: 
Stand WET 12 
Planting Quercus petraea (1650, spacing 3x1, Age 2+0, provenance 
81806), 
Carpinus betulus (325, spacing 3x1, Age 2+0, provenance 80604), 
Natural regeneration of Picea abies and Betulus pendula 
 
Stand WET 23 
Planting Fagus sylvatica (2000, spacing 2x1, Age 2+0, provenance 81007) 
Ulmus laevis (200, spacing 3x1, Age 2+0, no provenance) 
Sorbus torminalis (200, spacing 3x1, Age 2+0, no provenance) 
Tilia cordata (200, spacing 3x1, Age 2+0, provenance 82304) 
 
Stand WET 40 
Planting Alnus glutinosa (125, spacing 3x1,5, Age 2+0, provenance 80204) 
Natural regeneration of Betula spp.  
 
Forest edge 
Crataegus monogyna (50,Size 30/50) 
Euronymous europaeus (50,Size 30/50) 
Salix caprea (50,Size 30/50) 
 
Area 2: 
 
Stand WET 14 
Planting Quercus petraea (9000, spacing 2x0,5, Age 2+0, provenance 
81806), 
Pinus sylvestris (9000, 2x0,5, 2+0 provenance 85105) 
Natural regeneration of Betula pendula  
 
Stand WET 92 
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Planting Pseudotsuga menzisii (1200, spacing 2x2,5, Age 2+0 provenance 
85304) 
Fagus sylvatica (600, spacing 2x2,5, Age 2+0, provenance 81007) 

Posttreatment Additional planting in case of failures, weeding and cleaning to promote 
seedlings and mixtures. 

Planning 2022 
Fencing 
 
2022/23 
Planting 
 
2023 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 

 

Table 3.3 Restoration overview for municipal forest of Gevelsberg 

Category Explanation 

Site area 4,7 ha 

Stand area WET 12 1,35 ha 
WET 14 1,35 ha 
WET 21 1,50 ha 
WET 21 0,50 ha 

Restoration 
measures 

Planting and seeding of site-specific tree species. Promotion of natural 
regeneration and protection of planted seedlings 

Targeted 
improvement 

Reforestation of clear-cuts caused by bark beetle outbreak. Introduction of 
site-adapted tree species with consideration of climate change. 
Establishment of resilient mixed-forest stands with at least four tree species. 
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Location 
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Pre-treatment Site preparation for planting rows 
Fencing of the planting area 
Mulching of excursion path 

Materials used  Fences for protection against browsing 

Plants  Stand WET 12 
Planting Quercus petraea (2250, spacing 2x1, Size 80/120, provenance 
81806),  
Carpinus betulus (600, spacing 2x1,  Size 80/120, provenance 80604), 
Sorbus torminalis (600, spacing 3x1, Age 2+0, no provenance)Tilia cordata 
(200, spacing 2x2,  Size 80/120, provenance 82304), 
Populus tremula (150, spacing 2x1,5,  Size 80/120, provenance 80802) 
 
Stand WET 14 
Planting Quercus petraea (4250, spacing 2x1, Size 80/120, provenance 
81806), 
Pinus sylvestris (600, 2x1, 2+0 provenance 85105) 
Castanea sativa (600, spacing 3x2, Age 2+0, provenance 80802) 
Natural regeneration of Betula pendula 
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Stand WET 21 (bigger area) 
Planting Fagus sylvatica (3000, spacing 2x1, Size 80/120, provenance 
81007) 
Quercus petraea (1900, spacing 2x1, Size 80/120, provenance 81806) 
Prunus avium (170, spacing 2x2, Size 80/120, provenance 81404) 
Pioneer species between Fagus sylvatica 
Alnus glutinosa (340, spacing 4x4, Size >120, provenance 81404) 
Natural regeneration of Betula pendula, Sorbus aucuparia, Acer 
pseudoplatanus 
 
Stand WET 21 (smaller area) 
Planting Fagus sylvatica (975, spacing 2x1, Size 80/120, provenance 81007) 
Quercus petraea (650, spacing 2x1, Size 80/120, provenance 81806) 
Tilia cordata (145, spacing 2x2, Size 80/120, provenance 82304) 
Carpinus betulus (145, spacing 2x1, Size 80/120, provenance 80604) 
Pioneer species between Fagus sylvatica 
Alnus glutinosa (100, spacing 4x4, Size >120, provenance 81404) 

Posttreatment Additional planting in case of failures, weeding and cleaning to promote tree 
seedlings and mixtures. 

Planning 2022 
Site preparation (mulching) 
Fencing 
 
2022/23 
Planting 
 
2023 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 

 

Table 3.4 Restoration overview for privately owned forests of FBG Calle 

Category Explanation 

Site area 6,8 ha 

Stand area WET 12 normal 3,3 ha 
WET 12 waterlogged 0,6 ha 
WET 40 1,6ha 
WET 96 1,3ha 

Restoration 
measures 

Planting and seeding of site-specific tree species. Promotion of natural 
regeneration and protection of planted seedlings 

Targeted 
improvement 

Reforestation of clear-cuts caused by bark beetle outbreak. Introduction of site-
adapted tree species with consideration of climate change. Establishment of 
resilient mixed-forest stands with at least four tree species. 
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Location 

  

Pre-treatment - 

Materials used  Fences for protection against browsing 

Plants  Stand WET 12 normal 
Planting Quercus petraea,  
Fagus sylvatica 
 
Stand WET 12 waterlogged 
Planting Quercus robur 
Stand WET 40Planting Alnus glutinosa 
Quercus robur 
 
Stand WET 96 
Planting Pseudotsuga menziesii) 

Fagus sylvatica 
Posttreatment Additional planting in case of failures, weeding and cleaning to promote tree 

seedlings and mixtures. 
Planning 2022 

Fencing 
 
2022/23 
Planting 
 
2023 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 
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Table 3.5 Restoration overview for Municipal forest of Bad Laasphe 

Category Explanation 

Site area 4,7 ha 

Stand area WET 12 waterlogged 0,8 ha 
WET 28 0,8 ha 
WET 42 1,1 ha 
WET 92 1 ha 
WET 96 1 ha 

Restoration 
measures 

Planting of site-specific tree species. Promotion of natural regeneration 
and protection of planted seedlings 

Targeted 
improvement 

Reforestation of clear-cuts caused by bark beetle outbreak. Introduction 
of site-adapted tree species with consideration of climate change. 
Establishment of resilient mixed-forest stands four tree species. 

Location 

 

 

 

 

 

 

 

 

 

 

  



SUPERB – North Rhine-Westphalia, Germany 

 

20 
 

 
Pre-treatment Fencing of the planting area 

Materials used  Fences for protection against browsing 

Plants  Stand WET 12  
Planting Quercus robur (2100, spacing 2x1, Age 2+0, provenance 81706), 
Carpinus betulus (600, spacing 2x1, Age 2+0, provenance 80604), 
Prunus avium (50, spacing 3x2, Age 2+0, provenance 81404) 
Alnus glutinosa (50, spacing 3x2, Age 2+0 provenance 80204) 
 
Stand WET 28 
Fagus sylvatica (2125, spacing 2x1, Age 2+0, provenance 81007) 
Abies alba (200, spacing 2x2, Age 2+0 provenance 82705) 
Larix decidua (100, spacing 3x2, Age 2+0, provenance 83073) 
Alnus glutinosa (100, spacing 8x8, Age 2+0 provenance 80204) 
 
Stand WET 42 
Planting Quercus rubra (2900, spacing 2x1, Age 2+0, provenance 81602) 
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Fagus sylvatica (425, spacing 2x1, Age 2+0, provenance 81007) 
Abies grandis (150, spacing 3x2, Age 2+0, 
Pseudotsuga menzisii (75, spacing 3x2, Age 2+0 provenance 85304) 
Abies alba (75, spacing 2x2, Age 2+0 provenance 82705) 
Alnus glutinosa (50, spacing 8x8, Age 2+0 provenance 80204) 

Posttreatment Additional planting in case of failures, weeding and cleaning to promote 
seedlings and mixtures. 

Planning 2022 
Fencing 
 
2022/23 
Planting  
 
2023 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 

 

Table 3.6 Restoration overview for church forest of Wipperfürth 

Category Explanation 

Site area 6,9 ha 

Stand area Area 1: 
WET 12 1,0 ha 
WET 21 1,0 ha 
Area 2: 
WET 12 0,80 ha 
WET 12 waterlogged  1,6 ha 
WET 27 1,0 ha 
Area 3: 
WET 12 waterlogged 1,3 ha 

Restoration 
measures 

Planting of site-specific tree species. Promotion of natural regeneration and 
protection of planted seedlings 

Targeted 
improvement 

Reforestation of clear-cuts caused by bark beetle outbreak. Introduction of 
site-adapted tree species with consideration of climate change. 
Establishment of resilient mixed-forest stands with at least four tree species. 
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Location 

 

Pre-treatment Fencing of the planting area 

Materials used  Fences for protection against browsing 

Plants  Area 1 
Stand WET 12  
Planting Quercus petraea (2500, spacing 2x1, Age 2+0, provenance 81806), 
Fagus sylvatica (700, spacing 2x1, Age 2+0, provenance 81007), 
Acer platanoides (250, spacing 3x1, Age 2+0, provenance 80004), 
Castanea sativa (50, spacing 3x2, Age 2+0, provenance 80802) 
+ 
Forest edge: 
Crataegus monogyna (100, Size 30/50) 
Corylus avellana (100, Size 30/50) 
Prunus spinosa (100, Size 30/50) 
 
Stand WET 21 
Planting Fagus sylvatica (1950, spacing 2x1, Age 2+0, provenance 81007) 
Quercus petraea (1550, spacing 2x1, Age 2+0, provenance 81806) 
Prunus avium (175, spacing 4,5x1, Age 2+0, provenance 81404) 
 
Area 2: 
Stand WET 12 
Planting Quercus robur (2750, spacing 2x1, Age 2+0, provenance 81706), 
Carpinus betulus (800, spacing 3x1, Age 2+0, provenance 80604) 
Prunus avium (175, spacing 4,5x1, Age 2+0, provenance 81404) 
 
Stand WET 12 (waterlogged) 
Planting Quercus robur (4200, spacing 2x1, Age 2+0, provenance 81706), 
Carpinus betulus (600, spacing 3x1, Age 2+0, provenance 80604), 
Abies alba (400, spacing 3x1, Age 2+0, provenance 82705) 
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Alnus glutinosa (300, spacing 4,5x1, provenance 80204) 
 
Stand WET 27 
Planting Fagus sylvatica (2650, spacing 2x1, Age 2+0, provenance 81007) 
Larix decidua (500, spacing 4,5*1, Age 2+0, provenance 83073) 
Pioneer species between Fagus sylvatica 
Alnus glutinosa (175, spacing 4x4, Age 2+0, provenance 80204) 
Sorbus aucuparia (175, spacing 4x4, Age 2+0, no provenance) 
 
Area 3: 
 
Stand WET 12 (waterlogged) 
Planting Quercus robur (3300, spacing 2x1, Age 2+0, provenance 81706), 
Carpinus betulus (500, spacing 3x1, Age 2+0, provenance 80604), 
Abies alba (300, spacing 3x1, Age 2+0, provenance 82705) 
Alnus glutinosa (200, spacing 4,5x1, provenance 80204) 

Posttreatment Additional planting in case of failures, weeding and cleaning to promote 
seedlings and mixtures. 

Planning 2022 
Fencing 
 
Novermber/December 2022 
Planting  
 
2023 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 

 

Table 3.7 Restoration overview for private forest managed by Salm-Salm 

Category Explanation 

Site area 5 ha 

Stand area WET 12 (waterlogged) 0,75 ha 
WET 13 1,5 ha 
WET 31 0,5 ha 
WET 32 1,0 ha 
WET 98 0,25 ha 

Restoration 
measures 

Planting of site-specific tree species. Promotion of natural 
regeneration and protection of planted seedlings 

Targeted 
improvement 

Reforestation of clear-cuts caused by bark beetle outbreak. 
Introduction of site-adapted tree species with consideration of climate 
change. Establishment of resilient mixed-forest stands with at least 
four tree species. 

Location Hochstift 

Pre-treatment Protection of rare species in natural regeneration with growth shelters 

Materials used  Growth shelters 

Plants  - 
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Posttreatment Additional planting in case of failures, weeding and cleaning to 
promote seedlings and mixtures. 

Planning 2022 
Protection of rare species with growth shelters 
 
2022/23 
Planting + protection of tree species prone to browsing with growth 
shelters 
 
2023 
Weeding (if necessary) 
 
2024 
Weeding (if necessary) 
 
2025 
Weeding (if necessary) 

 

3.2 Initial assessment of restoration sites 

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 3.8Error! 

Reference source not found.). 

 

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 
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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 

3.1). 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 3.1 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 3.1 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 
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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 

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 3.1). 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 
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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) 

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 3.1. 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 Error! Reference source not found. 

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) 

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

subplot (Figure 3.1), 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 carried out on 

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 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). The costs for the 

restoration site will be assessed in the next months 

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

 

Table 3.9 Overview of the direct restoration costs for X site. 

Cost category unit 2022 2023 2024 2025 

Site preparation €/ha - - - - 

Materials €/ha) ~ 12 €/m for fencing (labor and material) - - - 

Plants €/ha ~ 1-1,20€ / plant (depending on species 
and size) 

- - - 

Labor €/ha ~ 0,7-1 € / plant depending on site 
conditions 

- - - 
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4 Monitoring 

4.1 Site and stand selection for Monitoring, Reporting and Verification of 

Biodiversity and Ecosystem Services in chronosequence sites 

 

4.1.1 Sampling design 

Within the demo several relatively homogeneous landscape units have been selected. These 

are “sites”. On each site, multiple stands represent a restoration chronosequence and within 
each stand, up to 5 inventory plots are selected. Within this design, plots are the smallest 

scale and minimum spatial unit of study. Plots therefore represent nested replicates within a 

stand (or habitat) at a single point of restoration. A stand encompasses an area of continuous 

habitat in the same condition (i.e. same stage of restoration). The area used for samplings 

within a stand is approximately 1 ha. This is a size that is also used in a number of other large 

projects quantifying biodiversity in forests (e. g. LIFEPLAN, Biodiversity Exploratories) and 

thus ensures comparability of results. This size can capture much of stand level structural 

heterogeneity. Similarly, several spatial replicates of soil samples capture and represent soil 

conditions and biodiversity of the whole stand. A site is a relatively homogenous landscape 

unit in terms of climate, topography, geomorphology and soil type and encompasses stands 

across a restoration gradient. The chronosequence consists of 6 stands within the same site 

that represent the same forest type and cover a gradient from ‘disturbed or degraded/before 
restoration’ towards a ‘reference ecosystem’ representing target conditions for restoration. In 
between these two end-members of the restoration sequence, there are stands that have been 

restored in the past and represent a chronosequence of stand development since restoration. 

 

4.1.2 Description of chronosequence sites 

The chronosequence sites still need to be chosen. Since the most favoured forest types by 

our local partners are oak dominated mixed stands, the chronoqequence will address mixed 

forest with high proportion of oak (Table 4.1).  

 
Table 4.1Overview of information for chronosequence site 

Category Explanation 

Site area 1 Waterlogged sites (Arnsberger Wald) 
2 Dry sites (Remscheid) - Church forest of Wipperfürth 
3 Nutrient rich sites (Hochstift) - Salm Salm 
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Description Stand 1 
Restoration sites 
Elevation:- 
Soil type:- 
 
Stand 2 
Mix of natural and artificial regeneration (2 years after cutting 
Elevation:- 
Soil type:- 
 
Stand 3 
Mixed stand after Kyrill (15 years old) 
 
Stand 4 
Mixed stand after Vivian & Wiebke (30 years old) 
 
Stand 5 
Mixed stand established in the 70s (45-50 years old) 
 
Stand 6 (Reference) 
Mixed old-growth forest (> 150 years) 

 

 

4.1.3 Description of monitoring measures 

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 4.2Error! Reference source not 

found.). For this purpose, the KU Leuven team is carrying out the soil sampling. 

 

4.1.4 Planning of monitoring 

The Gantt chart (Table 4.2) gives an overview of the sampling and timing for the field work in 

the forthcoming three years for every demo. 

 

Table 4.2 Gant chart of the survey for both extended and regular demos. Malaise traps, soil arthropods 
and bioacoustics records will be taken every year on each extended demos while remote sensing data 
once in three years at every extended demo. The soil sampling for carbon and biological activity will be 
conducted once at every demo (extended and regular) within two years. DA=Denmark, SC=Scotland, 
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GE=Germany, IT=Italy, NE=Netherland, SE/CR=Serbia-Croatia, SW=Sweden, CZ=Czech Republic, 
FR=France, SP=Spain, RO=Romania, SER=Serbia. 
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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 in August/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 
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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 

The workshop was successful in mobilizing a diverse group of stakeholders who are interested 

in the topic of forest restoration and who will be eager to engage also in later project activities. 

There were certain types of stakeholders underrepresented, for example, we could not get 
anyone representing recreational use to attend the workshop. 

The original SUPERB workshop planning did not fit very well for the local Demo purposes, as 
all stakeholders were well informed about the topic, and it was therefore not necessary to 

develop new restoration approaches. The presentation of the NRW approach and the existing 

guidelines took too much time and should be compressed in future events to leave more time 
for open exchange. There were quite some expectations to squeeze in WP-related content in 

the agenda – which would have required more time to properly address. 

Another lesson learned is that it would have been helpful to have an external moderation to 
limit the time for presentations and interventions of the Ministry.  

We could have shortened the general introduction and targeted more on the topic of 

restoration specifically. 

 

5.2 Restoration goals based on stakeholder workshop 

From the first workshop, only one survey was received that contributed to identifying 

stakeholder preferences regarding restoration goals. According to this single response, the 

most important ecosystem services to be provided by the local forests should be (1) climate 

regulation; (2) water regulation and supply; (3) erosion control; (4) habitat provision; and (5) 

recreation. Meanwhile, not much is mentioned about the restored ecosystems, beyond the 

fact that they should be structurally and compositionally diverse mixed forests. 

Our general goals did not change due to the stakeholder workshop. The reforestation concept 
we are using was already developed with stakeholder engagement, therefore we did not 
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receive controversial feedback. The stakeholders agreed that we need climate-resilient forest 
and need spreads risks regarding tree species choice. Furthermore, all restoration measurers 
are in detail developed in cooperation with the landowners or the forest managers representing 
the landowner. However, the feedback from the stakeholders is very important for future 
upscaling in the demo area. 
  



SUPERB – North Rhine-Westphalia, Germany 

 

35 
 

6 Planning 

Figure 6.1 Planning by year. 

Action 2022 2023 2024 2025 

Planning and 
preparing 
restoration 

Selection of 
demo areas 
including fresh 
and up to 3 year-
old die-back 
areas; 
Identification of 
good practice 
demonstration 
cases; Planning 
of restoration 
measures 

   

Restoration Restoration 
activities 
planning and 
implementation; 
Young growth 
maintenance; 
supplementary 
planting of 
natural 
succession in 
autumn 
 

Continue 
implementation of 
restoration measures; 
supplementary planting 
of natural succession 
in spring 
 

Continue 
implementation 
of improved 
restoration 
measures 

Continue 
implementation 
of improved 
restoration 
measures 

Monitoring t=0     

Monitoring t=1   Monitoring Monitoring 

Stakeholders 1st stakeholders 
workshop: Vision 
and design 

Excursion/workshops 
targeting (i) private 
forest owners (ii) 
diverse stakeholder 
groups 

2nd stakeholders 
workshop: 
Restoration 
implementation 

3rd stakeholders 
workshop: 
Review and 
upscaling; 
Dissemination 
campaigns 
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7 Photos of initial situation 
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