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Abstract 

For centuries the Danish forests have been adapted and managed primarily for wood production. But 

declining health and lack of stability of the forests as well as growing concerns about environmental 

sustainability has led to an increasing interest in nature-based forestry. To accommodate the environmental 

concerns, the Danish state forests have been managed according to close-to-nature forestry principles since 

2005. Gribskov is one of the largest state-owned forest complexes in Denmark and has had continuous forest 

cover for 10.000 years. Gribskov is a productive forest but it also holds great natural, cultural and recreational 

values. Even though the transition to close-to-nature management has only been in progress for 14 years, a 

large share of Gribskov is now to be managed according to another regime as it is appointed by the 

Agreement on the Nature Package. This means that Gribskov will be managed as biodiversity forest and 

untouched forest already from 2019. Therefore, it is relevant to evaluate the impact that the close-to-nature 

management regime has had in Gribskov. 

This thesis evaluates changes in land use distribution in Gribskov by compiling data from forest resource 

maps from 2005 and 2017 provided by the Nature Agency. Through an analysis of this data, it is examined 

how well the recorded land use changes correlate with the principles of close-to-nature forest management. 

Additionally, the occurrence and change of aboveground biomass is examined, by comparing data from 

airborne laser scanning conducted in 2006/2007 and 2014/2015. The biomass occurrence is evaluated both 

for the entire forest and for the individual land uses. 

The results in this thesis show, that there have been widespread land use transformations in Gribskov 

between 2005 and 2017. The transformations are in compliance with close-to-nature principles such as 

reducing the area covered by tree species considered unstable and non-native, mainly Norway spruce, 

improving the conditions for biodiversity by increasing areas with forested and non-forested nature types 

such as grazing forest, untouched forest, grasslands and wetlands and planning and implementing forest 

development types to create a stable and diverse forest. Despite the increase of non-forested areas in 

Gribskov, the occurrence of aboveground biomass has increased slightly. The results indicate that this is due 

to buildup of biomass in the some very productive forest stands of especially Norway spruce.  
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1 Introduction 

The forested area in Denmark is estimated to 625.603 hectares which is equivalent to 14,5 % of the total land 

area. Approximately 20 % of this forest area is owned by the state and managed by the Danish Nature Agency 

(Nord-Larsen et al. 2018). Over time the forests in Denmark have changed in structure and appearance. They 

have developed from natural forests to managed forests altered through history as subjects to changing 

management objectives. While private forests to a large extent are managed for production and economic 

outcome, the management of state-owned forests must reflect the changing demands of society. The current 

tendencies point towards sustainable forest management which reflects a demand for a multifunctional use 

that forests offer in terms of services and products in relation to both economy, environment and welfare. 

Central properties of modern sustainable forest management are the promotion of stability and robustness 

to secure healthy forests for the future (Larsen 2012). In this regard it is crucial to consider climate change 

and the uncertainty and possibilities it will bring for the different tree species and vegetations vitality and 

competitiveness (Grønning and Larsen 2005). To be able to develop robust and healthy forests it is essential 

to have knowledge of the original forest vegetation as well as natural forest structure and dynamics (ibid). 

The Danish approach to close-to-nature forestry builds on principles of sustainable forest management and 

aims at mimicking natural forest structures, their processes as well as their dynamics (Forest and Nature 

Agency 2005). 

1.1 Background for the evaluation of close-to-nature forestry in Gribskov 

According to The National Forest Program of 2002 (Skov- og Naturstyrelsen 2002), the main objective of 

Danish forestry is the development towards sustainable forest management with consideration of both 

economic, ecologic and social concerns. The National Forest Program introduced close-to-nature forest 

management as a key instrument to reach this objective. As a result of this Action Plan for Close-to-nature 

Forest Management in the State Forests was developed (Skov- og Naturstyrelsen 2005). The action plan 

prescribes that the implementation of close-to-nature forestry should be initiated in all state-owned forests 

within one tree generation, 80-100 years, and contains operational guidelines on how to perform the 

transition. The current National Forest Program was published in 2018 to replace the 2002 version (Miljø- og 

Fødevareministeriet 2018). The new program continues the vision of sustainable forestry in Denmark, and it 

states that close-to-nature forestry is still considered a good framework for the ongoing transition of the 

state-owned forests.  

In 2016, the Danish government adopted the Agreement on the Nature Package. With this agreement 28.300 

hectares of forest was appointed as “biodiversity forest” and should accordingly be managed primarily to 
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promote biodiversity (Ministry of Environment and Food 2019). Of the appointed forest area, 22.800 

hectares are state-owned (Naturstyrelsen 2018a). Hence, these forest areas will no longer be managed 

strictly according to close-to-nature principles and will thus be managed as biodiversity forest and untouched 

forest from 2019. 

Gribskov is the case area of this thesis. It is a state-owned forest and has been subject to the transition to 

close-to-nature forestry since 2005. However, this is about to change, as a large part of Gribskov makes up 

the largest contiguous area in Denmark which has been appointed to the Agreement on the Nature Package 

(Naturstyrelsen 2018a). 

1.2 Purpose of the evaluation and delimitation 

Close-to-nature forestry has not previously been implemented at large scale in Denmark. Hence, there is a 

lack of knowledge of the effects that the transition will have. A nationwide evaluation of close-to-nature 

forestry in Denmark was conducted in 2013, only eight years after the transition was initiated (Madsen et al. 

2013). The 2013 evaluation covers many aspects of close-to-nature forestry by compiling the best available 

data. Yet in recognition of the limited timespan since the implementation of close-to-nature forestry and 

resultingly low expectations to the quantitative data, a strong emphasis in the evaluation is put on a 

supplementary questionnaire survey where forest managers from the Nature Agency were interviewed 

about their experiences. 

The purpose of this thesis is to evaluate the implementation of close-to-nature forest management in 

Gribskov. The evaluation includes a status on the current state of Gribskov, as well as an assessment of the 

changes made in the forest area since the introduction of close-to-nature forestry in 2005. The focus in this 

report is on land use distribution and the occurrence of biomass. Contrary to the 2013 evaluation, this report 

focuses on a smaller geographical area, the Gribskov forest complex. Focusing on Gribskov only and not all 

state-owned forests in Denmark, allows for an analysis based on complete data, and not on sampling. 

Therefore, there is not included any statistical analysis in this report but a complete inventory of recorded or 

measured changes. The complexity of the presented data analysis especially lies within the compilation and 

comparison of data sources that were collected for various other studies and purposes and initially not 

designed to be compiled together. However, the data used in this evaluation is the best available for the 

purpose. 

Additionally, this report focuses only on a few aspects of close-to-nature forestry as it specifically analyses 

the transition of land use and the change in biomass occurrence. Close-to-nature forestry is a holistic 

approach to forest management, hence an evaluation based on land use and biomass does not present a 
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complete picture of the transition. However, including more parameters would not have been feasible due 

to limited time and resources, and therefore it is outside the scope of this thesis.  

It is still too early to evaluate the full effects of the implementation regarding biodiversity, economic outcome 

and recreational value, since the conversion to close-to-nature forestry will take more than one tree 

generation (Skov- og Naturstyrelsen 2005). A status on biodiversity would have been relevant as Gribskov is 

now to be managed for biodiversity in accordance with the Agreement on the Nature Package 

(Naturstyrelsen 2018a). However, this would have required comprehensive fieldwork to register species 

abundance directly or indirectly and would make up a thesis alone. The same could be said for a status on 

recreational value. 

Therefore, this thesis focuses on the operational actions taken and evaluates whether these actions point in 

the direction of sustainable forest management and are in line with the principles of close-to-nature forestry. 

These aspects will be evaluated by looking into the distribution of land use, the implementation of forest 

development types and investigating whether the occurrence of biomass has changed. 

2 Close-to-nature forestry in the Danish state-owned forests 

Forestry is a long-term affair, therefore the current state and management of a forest, is a result of the 

forest’s historical development and the present and future demands from society to the products and 

services delivered by forests. The introduction of close-to-nature forest management in Danish forestry 

reflects a demand for a more sustainable use of the forest resources. The following sections will present a 

summary of important historical events that has led to the present demand for sustainable forestry, an 

overview of current forest politics and a look to the future for Danish forestry as it is presented in the National 

forest program and the Agreement on the Nature Package. 

2.1 Historical development of Danish forestry 

In Denmark most of the land has originally been forested mainly by various deciduous tree species, but after 

centuries of uncontrolled logging and deforestation for agriculture forest areas declined drastically until only 

2-3 % was left around 1820 (Larsen 2012, Fritzbøger 2018, Møller and Bradshaw 2001). Since then, the forest 

area has been increasing due to large afforestation efforts from 1860, spurred on by the acknowledgement 

of the need for a wood production and it is expected to reach 20-25 % within this century (Miljø- og 

Fødevareministeriet 2018).  

The afforestation has changed the species distribution radically. Domination of broadleaved tree species 

changed, as many non-native tree species were introduced in the Danish forests, especially conifers.  
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This remarkable change meant that in the beginning of the 1900s the area covered by conifers exceeded that 

of broadleaves. This was greatly due to the success of planting Norway spruce in the heathland plantations 

of Central and West Jutland (Larsen 2012). Today, Norway and sitka spruce still play an important role in 

Danish forestry. They deliver large amounts of wood and biomass, which is an important resource both 

financially and increasingly central in the transition towards sustainable energy consumption as biomass 

(Larsen 2012). Thus, still more than 38 % of the forested area is covered with pure conifer forest stands such 

as Norway and sitka spruce, Douglas fir, as well as various abies-species. Deciduous forests cover not more 

than 43 %, with beech and oak as the most common species and ash, sycamore maple, Norway maple, birch, 

alder, wild cherry and lime as minor species (Nord-Larsen et al. 2018).  

As a general trend, forestry in Denmark has followed the overall European development when focusing on 

timber production in mostly plantation like structures. As a result, highly productive forests have been 

promoted. First and foremost, the stability of the forests suffered through the development of even-aged 

monocultures. Up until the 1980s conifers and especially spruce were considered the obvious tree species 

choice for economic reasons. However, at that time environmental problems and biodiversity was gaining 

focus in the political agenda. 

The state forestry was reorganized in 1987 where the state forest districts merged with the Conservation 

Agency and was renamed the Forest and Nature Agency, Skov- og Naturstyrelsen (Fritzbøger 2018). The 

merger was an expression of a new political orientation with natural and cultural conservation in the same 

organization as the state forest service. In 1989 a new Forest Act was adopted. In contrast to the former laws 

its intention was not only “good forestry” but “good and diversified forestry”. This change was a response to 

a general greening of Western world consumer habits as well as national and international politics (ibid). The 

first international development to greatly influence Danish forest policies and state forest management was 

the UN Conference on Environment and Development in 1992. The conference set new standards for natural 

protection and forest management (ibid) and simultaneously Denmark implemented a plan to preserve the 

remaining ancient woodlands (Skov- og Naturstyrelsen 1992). The following year European ministers met in 

Helsinki for The Ministerial Conference on the Protection of Forests in Europe (MCPFE) and agreed on forest 

management principles for biodiversity protection (ibid). In 1998 new criteria for sustainable forestry were 

developed in Lisbon (Forest Europe 1998). International forest politics have increasing impact on the Danish 

forestry. Today 40 % of the area administered by the Nature Agency is protected under international 

agreements and since 2007 all Danish state forests have been certified according to the FSC and the PEFC 

(Skovpolitisk Udvalg 2011).  
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In 1994 the first Danish forest program was formulated by the government. It was based on the Rio and 

Helsinki conferences (Skov- og Naturstyrelsen 2002). In 2002 The National Forest Program was revised, and 

it was decided that all Danish state forests should be managed in accordance with close-to-nature principles 

(Skov- og Naturstyrelsen 2002). The current National Forest Program (Miljø- og Fødevareministeriet 2018) 

shares this strategy but is however also influenced by the Agreement on the Nature Package that was 

adopted by the government in 2016. The Agreement on the Nature Package prescribes that 22.300 hectares 

of Danish forest should be managed as untouched or other biodiversity forests.  

2.2 Aim and purpose of the Danish state-owned forests 

The Danish Forest Act, Skovloven 2009, is central in Danish forest management as it is the primary regulating 

institution and determines the strategic aims for the management. The latest revision of the Forest Act was 

made in 2009, but the law reaches back to the forest regulations of 1805 and 1781 (Fritzbøger 2018). These 

regulations were made to secure the little forest that was left at this point and secure a long-term strategy 

for wood production (ibid.). In 1989 the focus changed in the Forest Act from a one-sided focus on production 

to multiple focuses on landscape, nature and cultural values, environmental protection and outdoor 

recreation (Skovloven 2009). The changes made in the 2004 revision were largely based on The National 

Forest Program of 2002. They included considerations of biodiversity and the social functions of the forest, 

to promote sustainable forest management that strives to enhance robust forests, secure wood production, 

secure and enhance biodiversity, considerations of landscape, cultural history, environmental protection and 

outdoor recreation (Naturstyrelsen 2002). The latest revision in 2009 incorporated the possibility to manage 

the forest according to close-to-nature management principles, as the law was previously developed with 

focus on even-aged forests (Larsen 2012). 

The Forest Act states that its purpose is to preserve and take care of the forests and enhance sustainable 

management of the forests considering both economic, ecological and social values. Overall, the law draws 

up four points to secure sustainable management: 

1. Enhance robust forests 

2. Secure the forests production 

3. Secure and enhance biodiversity 

4. Secure and enhance biodiversity, considerations of landscape, cultural history, environmental 

protection and outdoor recreation 

A separate paragraph states that public owned forests should have special emphasis on point 3. and 4. This 

shows the different role and responsibilities which the state has as forest owner compared to private owners. 
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2.3 Close-to-nature forestry 

Close-to-nature forestry originated in central Europe and was first described in the nineteenth century (Brang 

et al. 2014). One of the earliest developments in close-to-nature forestry came from the German forester 

Karl Gayer. As a response to significant damage caused by various disturbances in planted even-aged forests 

dominated by spruce, he developed mixed forests with heterogenous structure (Brang et al. 2014, Larsen 

2012). Another important source of close-to-nature forestry is the single tree and group selection system. 

The French forester Adolphe Gurnaud succeeded with this type of uneven-aged forestry with “Méthode de 

controle” (ibid). This method was based on forest inventories with emphasis on diameter distribution and 

increment. A third important development of nature-based forestry happened around 1920 in Northern 

Germany where Alfred Möller developed the Dauerwald paradigm. A continuous forest cover approach 

based on a holistic view of the forest as an intact organism (ibid). All these nature-based approaches further 

developed through the 1900s. However, the main trend in European forestry has followed the principles of 

organized forestry that typically use clear-cutting, planting, thinning and homogenized structures. Organized 

forestry has advantages such as easy planning, prediction and control.  

Since the 1980s, close-to-nature forestry has had a revival and developed from a specialist application to a 

mainstream approach in many Central European countries, known as Continuous Cover Forestry (Brang et 

al. 2014). The main reasons for this being increasing environmental awareness, expressed at the UN 

conference for environment and Development in Rio in 1992, and followed up by political processes aiming 

at promoting sustainable forest management such as the Helsinki process in Europe (ibid). Secondly, large 

scale disturbances especially storms in central Europe and third, the high economic costs associated with the 

establishment of even-aged plantations (ibid). 

Close-to-nature forestry is currently the prevailing management paradigm in many European regions (ibid). 

However, the close-to-nature management approach does not have a commonly agreed definition. It is a 

compilation of principles that can have varying emphasis in different close-to-nature management types. In 

Denmark the former National Forest Program (Skov- og Naturstyrelsen 2002), prescribed that all state-owned 

forest should be managed according to close-to-nature principles. In essence, these principles aim at 

increasing stability and preparing the forests for an unknown future of climate change as well as changing 

values and goals (Larsen 2012). In the Action Plan for Close-to-nature Forestry, close-to-nature forestry is 

defined as the following: 

“The close-to-nature forest management aims at building stable forests with continuous cover, that can 

regenerate naturally and where the forest climate is retained. The forests will consist of locally adapted, 

especially native, tree species. The forest appearance will be characterized by natural succession, groupwise 
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regeneration and variation in species and age-class distribution. The forests will have many old trees, 

deadwood and valuable key habitats. The natural drainage conditions and much of the natural hydrology will 

to a large extent be restored.” (Skov- og Naturstyrelsen 2005). 

Changing the management paradigm for all state-owned forest in Denmark from classic age-class forestry to 

complex nature-based forest stand structures, required development and visualization of long-term goals. 

For this purpose, the catalogue of forest development types, FDTs, was developed (Larsen and Skov- og 

Naturstyrelsen 2005a). The catalogue has 19 FDTs that serve as guides for future silvicultural activities in 

order to steer the forest stands in the desired direction (Larsen et al. 2005). There are pronounced 

uncertainties connected to the description of the FDTs future structures and species compositions, as they 

rely on locality conditions such as soil and climate, as well as the long-term goals for the forest landscape 

they are part of. Therefore, the FDTs are not to be understood as goals but as ways forward (ibid).  

Table 1: The 19 Danish FDTs (Larsen et al. 2005). 

 

 

Figure 1: Forest development type 51: Spruce with beech and maple (Larsen et al. 2005). 
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As species choice and accordingly selection of FDT is based on both site conditions and long-term 

management goals, it is important that the FDT selection is made at landscape level since many management 

objectives only can be addressed at this scale. These objectives are e.g. aesthetic values and biodiversity 

(Larsen et al. 2005). The planning process will therefore delineate the forest landscape through arrangement 

of FDTs, including open areas, unmanaged forest, as well as which areas that should be broadleaf and which 

should be conifer dominated. 

In Denmark there are 10 Natura 2000 habitat types that are forest related. All FDTs are suited to encompass 

biodiversity, but certain FDTs are more suited to accommodate conservation status of habitat areas. These 

are shown in the table below. 

Table 2: Natura 2000 Habitat Type and FDTs (Larsen et al. 2005). 

 

While the catalogue of FDTs shows which direction to go, the catalogue of conversion models shows how to 

get there (Larsen and Skov- og Naturstyrelsen 2005b). The main challenges in the transition to close-to-

nature management is uniform beech and spruce stands, therefore the emphasis is on models for these types 

of stands. The models are only for inspiration and will have to be adopted for any individual situation (ibid). 

When carrying out a conversion stand stability and possibilities of natural regeneration must be considered. 

Timing and pace are important as there is risks of compromising economic outcome or wood production, 

therefore it is expected that conversion phases may take two to three tree generations (Larsen 2012). 

Generally, there are two main conversion strategies, active and passive. The active strategies are used when 

stand stability does not allow for a slow conversion, or if there are other objectives that have higher priority 

than economic ones, such as recreational or ecological (ibid). The active approach is used in stands before 

they reach a height where they become storm sensitive. Active thinning is conducted to create structural 

variation and stability. Thinning is conducted from above and primarily focuses on creating optimal 

conditions for the regeneration, hence active strategies typically compromise productivity of the overstory 

(Larsen and Skov- og Naturstyrelsen 2005b). In some cases, the only economically realistic strategy is a clear-

cut, this is primarily in unstable spruce stands and can be considered an active strategy (Larsen 2012). The 
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passive strategy takes point of departure in the existing vegetation in order to make the conversion as 

economically efficient as possible. While maintaining optimum production in the upper storage, low cost 

rejuvenation is implemented by creating gaps that can be colonized by planted or spontaneously occurring 

trees (Larsen and Skov- og Naturstyrelsen 2005b).  

2.4 Looking ahead: The National Forest Program and the Agreement on the Nature Package 

The National Forest Program is a tool that was launched in the UN’s “forest principles” for sustainable forest 

development (United Nations 1992), and it is still a central element in the UN’s strategic plans. The National 

Forest Program points out the long-term vision for the development of Danish forests: 

“The vision is an expanding forest area with healthy and robust forests and with opportunities for sustainable 

wood production, protection of biodiversity and valuable nature areas, to prevent climate change, to protect 

ground water and to offer good opportunities for outdoor recreation. In both new and old forests and for 

present and future generations. The National Forest Program supports the Agreement on the Nature 

Package.” (Miljø- og Fødevareministeriet 2018).  

The former National Forest Program was centered around converting Danish forestry to close-to-nature 

management (Skov- og Naturstyrelsen 2002). The current National Forest Program still considers close-to-

nature management a good framework for the ongoing conversion towards sustainable forests.  

As a measure to promote biodiversity, The National Forest Program aims at managing at least 10 % of the 

Danish forest areas for biodiversity as the primary objective by 2040. With this measure, The National Forest 

Program supports the Agreement on the Nature Package, which is a political agreement made by the former 

government that aims at designating 28.300 hectares of forest to biodiversity forest (Miljø- og 

Fødevareministeriet 2016). In 2016 there were already 11.700 hectares of biodiversity forest in Denmark. To 

these, 13.300 hectares of state-owned forest and 3.300 hectares of private owned-forest were to be added, 

bringing the share of biodiversity forest to 20 % of the total state-owned forests (ibid.). The identification of 

forests was completed in 2018. The planning phase, where all appointed forest areas will have a management 

plan drafted, is still ongoing. The biodiversity forest consists of the two categories “untouched forest” and 

“other biodiversity forest” (Naturstyrelsen 2018b). “Untouched forest” is defined as a forest that is 

unmanaged except for actions that will potentially benefit biodiversity. There is however a transition phase 

where harvest is still allowed in the forest, this phase runs until 2026 for deciduous forest and 2066 for 

coniferous forest (ibid.). “Other biodiversity forest” is defined as primarily deciduous forests where 

consideration towards biodiversity is combined with continued but reduced wood production (ibid). 

Minimum 15 trees per hectare should be left for natural decay. 
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The appointed forests for the Agreement on the Nature Package includes 2937 hectares of Gribskov 

(Naturstyrelsen 2018a). Of these 2111 hectares are of “untouched forest” and 826 hectares are of “other 

biodiversity forest” (Naturstyrelsen 2018c).  

 

Figure 2: Map of the appointed areas of Gribskov in The Agreement on the Nature Package.  
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3 Case area and Methods 

This section describes the case area of this thesis and the methods used in this report to assess and present 

the current state of Gribskov as well as changes in land use and biomass.  

3.1 Gribskov 

Gribskov is a state-owned forest located in Northern Zealand. With a size of 5795 hectares it is one of 

Denmark’s largest forest complexes and it is the largest old forest.  

 

Figure 3: The Gribskov forest complex with forest names.  

The appearance of Gribskov today traces back through a 10.000-year history of continuous forest cover. The 

forest has undergone many significant changes through time and is still changing. These changes reflect the 

dynamic management goals and shifting demands from society. 

Gribskov of today is a good example of the multifunctional forest as it contains landscape, nature, cultural 

and recreational values while it is also a productive forest area. This means that priorities in management 

vary within short distances in the forest, and management action must consider the effects of all aspects 

(Naturstyrelsen Nordsjælland 2014). Special attention must be given to nature values in Gribskov as the 
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entire area is designated as a Natura 2000 site under the EU Habitat Directive and as a bird protection area 

under the EU Birds Directive. The protections apply to both the forested areas and the open nature areas. 

Recreational values have high priority, as Gribskov is one of Denmark’s most visited forest areas with 100-

299 visiting hours per hectare per year (Søndergaard and Tvedt 2012). It lies within short distance to many 

urban areas and more than 50.000 people live within 5 km from the forests entrance (Rune 2009). The forest 

also contains many cultural heritage sites, which also needs protection through management.  

The following section presents a resume of important events that has influenced the appearance and 

structure of Gribskov. The resume is based on the book “Gribskov” written by Flemming Rune (2009). In the 

sections following the resume the current management plan for Gribskov is reviewed with special attention 

given to the desired future development and close-to-nature management.  

3.1.1 Historical events that formed Gribskov 

After the retreat of the Weichselian glaciation and at the beginning of the Holocene epoch the climate was 

getting warmer. Vegetation in Gribskov started to grow. Juniper, willow and rowan colonized the heathlands. 

After a few centuries downy birch, Scotch pine and hazel immigrated from the south. About 10.500 years ago 

Gribskov became a dense forest for the first time. At that time humans were already present in the area and 

were cutting trees for firewood and building materials, increasingly with the immigration of elm, oak, alder, 

lime and ash. The forest was now becoming darker.  

Approximately 6000 years ago large changes happened in the composition of tree species. Lime was heavily 

reduced and elm almost disappeared, and light demanding species oak and hazel became more widespread. 

The sudden changes may be explained by pest attacks such as bark beetles or elm disease, however another 

important factor may be that the stone age people had begun making clearings in the forest and cultivating 

the land.  

After a period of 500 years where scrublands of birch and hazel marked the landscape, as results of the many 

clearings, the tall forest closed the canopy again. However, around this time, about 3000-3500 years ago, 

beech spread rapidly through the forest and became the dominant tree species. It is unknown what caused 

the sudden progress of beech, but there are several hypotheses. Maybe human influence, as something in 

the Bronze Age farmers’ utilization of the forest may have favored beech e.g. the domestication of animals 

such as swine and horse. It may also be climatic changes that gave beech an advantage. At this time the 

climate became cooler and more humid and this may have altered the competition between tree species. 

The first sign of human activity in Gribskov dates back to 8.800-11.000 years ago. However, the impact of 

human activity was minimal until 4.800-5.900 years ago when agriculture was introduced, and clearings were 
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made in the forest. From this time and until the Viking Age parts of the forest were permanently cleared, 

peaking in the Viking Age where 10 % of the forest was cleared and even plowed. After the Viking Age the 

King claimed ownership of the land, while farmers and villagers continued to cultivate the land for crops, 

grazing and burning of wood for charcoal. From 1500 to 1800 all settlements were removed to make space 

for royal stud farms for horse breeding, hunting and forestry. The stud farms made parts of the forest semi-

open due to the grazing horses and the associated hay fields for winter fodder. 

Already in the 1500s there was awareness of overuse of the forest resources. In 1670 the first regulation to 

prevent the overuse was send out by the King. Several regulations followed, but they had little effect. 

However, in the 1760s Johan Georg von Langen, a German forester, was given the task to restore the Danish 

forest resource. Von Langen’s entrance in Danish forestry also had an impact on Gribskov. A complete 

inventory was performed. It revealed that the southern half of the forest contained 2/3 of the wood volume, 

the composition of species was almost 90 % beech, 10 % birch and 1 % oak. Ash and alder in the bogs only 

made up a small share. In the northern part there was slightly more oak. Felling was carried out all through 

the forest. Some areas were cleared, to make space for six plantations with a total of 150 hectares. Among 

the new plantations one was established in Pibervang, one of the former stud farm areas. In Pibervang, thuja 

was planted, a species of North American descent. Otherwise, von Langen mostly preferred native 

broadleaves oak, birch, beech and ash, but he also introduced exotic conifers especially Norway spruce, of 

which 100.000 were planted in Pibervang alone. In 1781, five years after the death of von Langen, a new 

regulation was presented that put a stop to this first era of forestry in Denmark. But 3 % of Gribskov had 

already undergone the transition from natural forest to plantation, the forest had been mapped and 

organized. Additionally, the regulation of 1781 delineated the forest area as it prescribed a separation 

between agriculture and forest. Consequently, livestock was led out of the forest and agricultural fields were 

abandoned. In 1804 the first real management plan for Gribskov was developed. The forest would now be 

systematized into parcels of uniform monocultures. The abandoned farm lands should be planted with oak, 

as it was considered the most suitable site for this light demanding tree species. The open areas and bogs, 

that lay in connection to the stud farms in the eastern part of the forest, were planted with beech and alder 

respectively. The central part of the forest, where soil conditions were poorest was planted with Norway 

spruce. In the years from 1804 to 1820 10 % of Gribskov was covered with Norway spruce, 571 ha, in some 

areas mixed with Scots pine and larch. These plantations were planted or seeded in the open plains, which 

covered 20 % of the Gribskov area at the beginning of the century. In the second part of the 1800s the tree 

species distribution went through further changes. Plains only constituted 3 % of the area and now the focus 

was on wetlands. Bogs were drained by digging ditches. The resulting poor soils offered limited possibilities 

for choice of tree species, and Norway spruce was the main choice. The afforestation of plains and wetlands 
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meant that the area covered by conifers increased from 15 % to 30 %. The area of beech was rather constant 

in this period covering around 45 %. 

Through the 20th century until the 1970s, the transformation of Gribskov continued. For economic reasons 

conifers were preferred, especially over beech. The dominant tree species in Gribskov was now Norway 

spruce, and conifers took up approximately 50 % of the entire area. Beech had decreased to 25 % of the 

forest area. The price of this rapid transformation was however a less resilient forest. Despite many severe 

storm throws throughout the 1800s and 1900s, spruce was still the preferred species when replanting after 

a storm. The turning point were the storms in 1999 and 2005 where Danish forests, including Gribskov, were 

heavily affected. The rest of Europe was affected even worse and the massive availability of spruce timber 

resulted in low prices all over the continent. This development gave incentive to alter choices of tree species 

and to build robust forests. From 1996-2008 the area of Norway spruce was reduced by 25 % in Gribskov.  

Since 2005, Gribskov has been managed according to the principles of close-to-nature forestry, and in 2016 

large areas of Gribskov was included in the Agreement on the Nature Package and is to be managed as 

biodiversity forest and untouched forest. The following sections will describe the current management plan 

highlighting the impact of close-to-nature management in Gribskov. 

Hydrology 

One fifth of Gribskov was covered by wetlands about 200 years ago, covering 1.139 hectares and counting 

more than 1500 bogs. The draining of wetlands took off with the intensified land use in the 1700s. The 

activities accelerated in the 1800s due to the regulation of 1781, also in Gribskov the first deep ditches were 

dug at this time. During the 1800s 564 kilometers of ditches were dug out. The ditching had great effect and 

helped by the mechanization after World War II maintenance was made easier. Wetlands in Gribskov reached 

an absolute low in the 1980s, only 118 hectares (3,25 %) were left of the initial 1.139 hectares. In the 1970s 

there was increasing awareness of wetlands value to nature and biodiversity. But it wasn’t until the 1990s 

that efforts were taking place to restore the wetlands ecology. The project “Richer forest” from 1995-96 

outlined several restoration projects in Gribskov and the following years the restoration efforts really took 

off. Today the natural hydrology makes up 7,5 % of Gribskov, 410 ha, (Naturstyrelsen 2017), and further 

restorations are already planned for.  

3.1.2 Current management plan 

The management plan for Gribskov is valid for the planning period 2014-2027 (Naturstyrelsen Nordsjælland 

2014). It is structured in two main parts 1) Aims and plans and 2) Description. This section will summarize the 

Aims and plans section with focus on themes of relevance to the evaluation of close-to-nature forestry. 
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According to the management plan Gribskov has great landscape, nature, cultural heritage and recreational 

value, and is furthermore a productive forest area. Hence, the prioritization of objectives can change within 

short distances in the forest. Nature values have high priority because Gribskov is protected under EU 

regulations. A special effort should be done to restore areas with natural hydrology that were characteristic 

for the forest before the comprehensive drainage of the area in the 1800s. Conservation of cultural heritage 

sites and outdoor-recreation also has high priority. However, it is stated that it should still be possible to 

operate profitable forestry. 

The means to achieve the stated objectives are establishment of FDTs, more grazing forest, natural hydrology 

and other non-forest nature types. FDTs are laid out and reflects a continued transformation of conifer stands 

into broadleaved and mixed stands, with emphasis on native broadleaved tree species. Spruce should, 

however, continuously constitute a significant part of the forest. 

The maps below derive from the management plan showing the desired landscape development. 

 

Figure 4: Current land use in Gribskov and long-term landscape plan. Maps from the Gribskov management plan (Naturstyrelsen 
Nordsjælland 2014). 
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Hydrology 

The effort to restore natural hydrology is a central aspect in the management plan. A military map from 1857 

shows that 1334 hectares or 23,7 % of the Gribskov area was characterized as wetlands (Appendix 1). In 1991 

this area diminished to 75 hectares or 3,1 %. In 2013 the wetland area had increased to 409 hectares or 7,3 

% of the forest, due to Naturskovstrategien, the project Rigere skov and the close-to-nature management. 

The management plan states that this development will continue throughout the planning period. Wetlands 

will be established as stands of conifers on former wetlands mature and are harvested. These stands are 

primarily Norway spruce established after drainage of lowlands, and they will be restored to lakes, bogs, 

ponds or temporarily waterlogged areas. According to the management plan another 86 hectares should be 

established by 2017 increasing to natural hydrology to 9 % of the area. Another 150 hectares should be 

restored by 2027 bringing the area with natural hydrology to 12 % of Gribskov.  

 

Figure 5: Plan for restoration of natural hydrology in Gribskov. Map from the management plan of Gribskov (Naturstyrelsen 
Nordsjælland 2014). 
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Close-to-nature management 

The Gribskov management plan addresses close-to-nature forestry through FDTs that are designated to the 

area and defines the long-term development of forest stands. The management plan goes on to describe the 

forest development more specifically in terms of close-to-nature management and allocation of FDTs. A map 

of the FDTs can be seen in the result section (Figure 18). 

In the northern part of the forest where the soil has a high content of clay and is temporarily waterlogged, 

FDT 21 (oak with ash and hornbeam) is used. The conversion will on many stands be executed by clear-cut of 

conifers and subsequent establishment of the planned FDT. 

Where the soil is drier and naturally drained FDT 22 (oak with lime and beech) is used. This is in Harager Hegn 

in the northern part of the forest and in the southern part of the forest including Stenholt Vang. 

On the nutrient poor moraine soils FDT 11 is used. This is found in Harager Hegn and in the central part of 

Søskoven. Where the soil is more nutrient rich, FDT 12 is laid out. This occurs among other places in Selskov, 

the northern part of Søskoven. 

In the central part of the forest, where the soil is gravelly moraine, large areas are laid out as FDT 14 (beech 

with spruce) and FDT 51 (spruce with beech and sycamore). These FDTs are also used in areas in Gadevang 

Skov and Stenholt Vang. Areas of nutrient rich lowlands are appointed as FDT 31 (ash and alder).  

Within all these FDTs smaller or larger areas will appear as examples of uniform beech pillar halls or typical 

Norway spruce stands. The conversion to close-to-nature management will take several tree generations 

before the desired composition of species and structure in the stands is achieved. Conversion of uniform 

beech stand will typically be initiated at a stand age of 80 years.  

The Gribskov area contains significant areas of untouched forest and grazing forest, that were initiated in 

connection to Naturskovstrategien (Skov- og Naturstyrelsen 1992). The area of grazing forest should be 

expanded the coming years.   
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Natura 2000 

In the management plan it is mentioned that nature values have high priority in the forest, as Gribskov is 

appointed as both EU habitat and bird protection area. Since 2012 there has been a Natura 2000-

management plan for Gribskov. For the non-forest nature types the plan addresses an effort to improve 

natural hydrology, more grazing, untouched forest and control of invasive species. For the forest nature types 

more untouched forest, more grazing forest, improvement of hydrology and preservation of large trees for 

natural decay (Naturstyrelsen Nordsjælland 2014). 

 

Figure 6: Natura 2000 appointed areas in Gribskov. The red line is the delineation and blue polygons indicate forest nature types 
(Naturstyrelsen 2012). 
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3.2 Methods and data 

This section describes the methods used in this thesis to assess and present the current state as well as 

changes in land use and biomass in Gribskov. The method used for the assessment is essentially a compilation 

of data from different sources. The data is compiled by using a georeferenced map of Gribskov as a mutual 

reference. The data used in this thesis is the following:  

• Airborne LiDAR data modelled to register biomass above ground for the entire Denmark. Raster 

layers with data from 2006/2007 and 2014/2015.  

• Georeferenced forest resource maps of all state-owned forest in Denmark. The data is from 2005 

and 2017 and is provided by the Nature Agency. 

• Georeferenced forest map of FDTs laid out in Gribskov, provided by the Nature Agency. 

All data sources provided by the Nature Agency were originally in Danish, consequently all registrations have 

been translated into English for presentation in this thesis. Analysis of the data was carried out using 

Microsoft Excel and ArcGIS.  

3.2.1 Land use 

The assessment of land use is based on forest resource maps from 2005 and 2017 provided by the Nature 

Agency. The data contains district and forest names, delineation of the area into forest stands which are the 

smallest management units. Information is specified for each stand, such as main land use, size of the area 

and year of establishment. The forest resource maps are geographically referenced, which allows for a spatial 

analysis of the data.  

The first step in the analysis was to select the forest areas that constitute the Gribskov forest complex, as the 

forest resource maps cover all state-owned forests managed by the Nature Agency’s department in Northern 

Zealand. In this thesis the Gribskov forest complex is defined by the following forest areas: 123 Solbjerg enge, 

312 Esrum Møllegård, 401 Gribskov, 402 Nøddebo Holt, 403 Stenholt Vang, 404 Søskoven, 502 Gadevang 

Skov, 503 Selskov, 504 Mose i Gadevang and 701 Harager Hegn (Figure 3). 

The next step was to combine the map data from 2005 and 2017. A direct comparison was not possible based 

on existing delineation of forest stands in Gribskov, as the map data did not contain a comparable unique id. 

Additionally, the delineation of forest stands in the two map layers did not match perfectly, most likely due 

to changed outer boundary of the forest and alterations of stand delineation. A new map containing 3332 

polygons was created, by using the spatial analysis tool Overlay Intersect in ArcGIS. The original map from 

2005 contained 2756 polygons and the original 2017 map 3033 polygons. The Intersect analysis tool 

combines data from both layers, but only for the area where both layers contain data. Features from both 
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data layers were combined. Both layers serve as data and as bounding layers, so that any parts of polygons 

that are in one layer but not in another are clipped and discarded (Bolstad 2016). Hence, this procedure 

determined the final geographical delimitation of the case area in this thesis. 

To avoid many small polygons, tolerance distance was set to 10 meters. Tolerance distance allows for lines 

that are not exactly coincident in different layers, but are meant to be, to be represented only once in the 

output. The tolerance distance serves as a snapping distance and moves the edge of a polygon in one layer 

to match a nearly coincident edge of a polygon in the other layer (Bolstad 2016). 

The combined map data was then exported for analysis in Excel, to investigate the land use registrations and 

the changes between 2005 and 2017. In ArcGIS, maps were created to visualize land use registrations and 

changes. For an easier overview of the results, the original land use categories were grouped into fewer 

categories. The resulting land use categories are inspired by the land use categorization in Møller et al. (2018) 

but altered to fit the present data and highlight the most relevant land uses. The land use categories for 

analysis in this thesis are the following: 

- Beech. 

- Oak. 

- Native broadleaves (maple, ash, wild cherry, birch, alder, aspen, poplar, lime, other broadleaves). 

- Non-native broadleaves (red oak, chestnut). 

- Norway spruce. 

- European conifers (larch, European larch, Scots pine, silver fir, picea omorika, mountain pine. 

- Non-European conifers (sitka spruce, Douglas fir, noble fir, hemlock, thuja, pinus contorta, cypress, 

Nordmann fir, abies species, other conifers). 

- Lake. 

- Bog. 

- Grasslands (meadow, shrubland, grassland, plain). 

- Temporarily unstocked. 

- Other (house, parking, public, agriculture). 

3.2.2 Forest Development Types 

The analysis of forest development types, in this report is based on georeferenced forest map containing 

registrations of planned FDTs provided by the Nature Agency. The data describes the long-term plan for 

Gribskov in terms of planned FDTs. The FDT map was combined with the forest resource maps using the 

overlay intersect tool in ArcGIS, and by carrying out the same procedure as described above for combining 

of the forest resource maps. The map created with this procedure consists of 3262 polygons with the 

combined data of registrations from 2005 and 2017 and the FDT data. 
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3.2.3 Biomass 

Since the introduction of close-to-nature forestry in 2005, airborne LiDAR data has been collected twice for 

the entire Denmark, in 2006/2007 and 2014/2015.  

Aboveground biomass levels measured in both data sets are modelled based on National Forest Inventory 

data (Nord-Larsen and Johannsen 2016) and mapped at a 25 x 25 m pixel resolution raster map (Schumacher 

et al. 2014, Nord-Larsen and Schumacher 2012). Both datasets are based on a general model, as opposed to 

a tree species specific model. Aboveground biomass includes branches (without foliage), stem and above-

ground stump (Nord-Larsen and Schumacher (2012). 

The 2006/2007 map of aboveground biomass is based on LiDAR data collected by COWI, with a pulse density 

0,5/m2. The biomass map provides values of biomass per hectare, the modelling procedure can be seen in 

Nord-Larsen and Schumacher (2012). The 2014/2015 biomass map is based on LiDAR data with a pulse 

density of 4,6/m2. The biomass map provides data of biomass for each 25 m x 25 m pixel, the modelling 

procedure can be seen in Nord-Larsen et al. (2017).  

To determine biomass levels from 2007 and 2014 in the Gribskov case area, the biomass maps were first 

combined with the forest resource map of Gribskov, which was created as described in the sections above. 

The two biomass raster maps were compiled with the forest resource map using the zonal statistics as table 

tool in ArcGIS. This tool calculates statistics for any specific input data and returns the output as a table 

instead of a raster map. The input zone layer defines the shapes, values and location of the zones. The input 

value layer is a raster layer that contains the values used for calculating the output statistics for each zone. 

 

Figure 7: ArcGIS. Zonal statistics as table (ArcGIS 2019).   
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In the procedure performed in this thesis, the input zone layer is the forest resource polygon map, and the 

input value layer is the biomass raster layers. The output statistics tables were exported and combined with 

the forest resource maps in Microsoft Excel, by matching ObjectID.  

The data was used to analyze aboveground biomass levels for the entire Gribskov complex, for individual 

land uses as well as for individual FDTs. 

3.2.4 Age-class distribution 

The age class distributions of the tree species recorded in the 2005 forest resource map, were determined 

by grouping the tree species in 10-year age-classes. This procedure was performed for the tree species groups 

created in this thesis. 
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4 Results 

The results presented in the following section are composed of land use registrations from forest resource 

maps made by the Nature Agency in 2005 and 2017, a map of FDTs from the Nature Agency and biomass 

measurements from airborne laser scanning made in 2007 and 2014. 

4.1 Land use 

The principles of close-to-nature forest management concerns the distribution of tree species and other 

land uses. In practice, the FDTs prescribe the mixture of tree species at stand level, and include the four 

historic forest types grazing forest, untouched forest, coppice forest and forest meadow. The FDTs are 

important tools in the management of the Danish state-owned forests. Therefore, it is relevant to analyze 

the distribution of land uses in Gribskov, and the changes since the implementation of close-to-nature 

forestry in 2005. 

The land use distribution recorded by the Nature Agency in Gribskov in 2005 and 2017 reveal some changes 

in this period. Generally, the changes are towards more area covered by broadleaved tree species and less 

area with conifers in the registrations. Beech, oak and other native tree species have all increased in area 

coverage. Areas covered by Norway spruce and conifers non-native in Europe have decreased, while 

conifers native to Europe have increased. There is also an increase in the unforested area in the forest, this 

is due to increases in land uses such as wetlands (bogs and lakes), while also grasslands (meadow, 

grassland, scrubland and plain) and the temporarily unstocked areas have increased. 

The most notable change in land use is the decrease in areas recorded as Norway spruce, from 1966 

hectares in 2005 to 1363 hectares in 2017 (Table 3). Secondly, the increase in unforested areas in Gribskov 

is pronounced. Especially, the increase in areas of bog, from 143 hectares in 2005 to 342 hectares in 2017 

(Table 3). 
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Figure 8: Distribution of land use 2005 in Gribskov. 

 
Figure 9: Distribution of land use 2017 in Gribskov. 
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Table 3: Distribution of land use in Gribskov.  

Land use Area 2005 % Area 2005 ha Area 2017 % Area 2017 ha 

Beech 32,3% 1838 33,3% 1898 

Oak 14,3% 816 14,8% 842 

Native Broadleaves 7,1% 404 8,5% 485 

Non-native Broadleaves 0,5% 30 0,5% 30 

Norway Spruce 34,5% 1966 23,9% 1363 

European Conifers 1,1% 65 1,6% 89 

Non-European Conifers 1,8% 105 1,7% 97 

Grasslands 3,4% 195 4,7% 268 

Bog 2,5% 143 6,0% 342 

Lake 1,1% 62 1,3% 73 

Other 1,1% 62 1,2% 67 

Temp. unstocked 0,1% 6 2,4% 139 

Grand Total 100,0% 5692 100,0% 5692 

 

 

Figure 10: Land use distribution in Gribskov in 2005 (to the left) and 2017 (to the right).  
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Land use changes 

In total 769 hectares of Gribskov have changed land use between 2005 and 2017, which accounts for 13,5 

% of the entire forest (Table 4). Of the converted areas 78,9 % was Norway spruce, and the second most 

converted land use were grasslands (Table 5). The land use that gained most area coverage was bog as it 

gained 27,3 % of the converted areas, 18,4 % was transformed into grasslands and 18 % into temporarily 

unstocked. Additionally, large shares were converted into native broadleaves and beech (Table 5).  

 

Table 4: Land use changes between 2005 and 2017. 

Total change Total Gribskov area (ha) Change % 

769 5692 13,5 

 

 

Figure 11: Areas where land use has changed between 2005 and 2017. To the left, land use in 2005. To the right, land use in 2017. 

 



Results 

27 
 

Table 5: Land use changes between 2005 and 2017. 

  2005   2017   

Land use Area (ha) % of converted area Area (ha) % of converted area 

Beech 19 2,5% 80 10,3% 

Oak 15 1,9% 41 5,3% 

Native Broadleaves 19 2,5% 100 13,0% 

Non-native Broadleaves 0 0,0% 0 0,0% 

Norway Spruce 606 78,9% 3 0,4% 

European Conifers 4 0,5% 27 3,6% 

Non-European Conifers 12 1,6% 5 0,6% 

Grasslands 69 8,9% 142 18,4% 

Bog 11 1,5% 210 27,3% 

Lake 1 0,2% 12 1,6% 

Other 6 0,8% 11 1,4% 

Temp. Unstocked 6 0,8% 139 18,0% 

Total 769 100,0% 769 100,0% 

 

 

Norway spruce 

Norway spruce is considered a non-native tree species to Denmark and the Nature Agency aims to reduce 

the use of this species in the state forests. This is also specified in the management plan for Gribskov as a 

management objective. In 2005 the total area recorded as having Norway spruce as the dominant tree 

species was 1966 hectares. In 2017 the area registered as Norway spruce was reduced to 1363 hectares 

(Table 3). Of the 1966 hectares recorded as Norway spruce in 2005, 606 hectares were transformed into 

other land uses. The land use that most Norway spruce area was converted into was bog. 163 hectares 

underwent this transformation (Table 6). Other land uses that large areas of Norway spruce was converted 

into were native broadleaves, beech and grasslands. Figure 12 shows the distribution of Norway spruce as 

it was recorded in 2005 and which land uses these areas were recorded as in 2017. 
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Table 6: Areas registered as Norway spruce in 2005 and the land use recorded in 2017. 

Land use     

2005 2017 Area ha 

Norway Spruce Beech 75 

Norway Spruce Oak 38 

Norway Spruce Native Broadleaves 83 

Norway Spruce Norway Spruce 1360 

Norway Spruce European Conifers 25 

Norway Spruce Non-European Conifers 4 

Norway Spruce Grasslands 74 

Norway Spruce Bog 163 

Norway Spruce Lake 7 

Norway Spruce Other 0 

Norway Spruce Temp. unstocked 137 

Total    1966 

  

Figure 12: Areas registered as Norway spruce in 2005. Categories show the land use in 2017. 
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Beech 

Beech is the most common tree species in Gribskov and covered 33,3 % of the area in 2017 (Table 3). From 

2005 to 2017 only 19 hectares were converted to other land uses, whereas 80 hectares were converted 

into beech (Table 4). The areas converted from beech were mostly transformed to native broadleaves, as 

10 hectares underwent this transformation, 4 hectares became bogs and 3 hectares grasslands (Table 7). 

Figure 13 shows how little of the 1838 hectares of beech that have been converted to other land uses. 

Whereas the picture is very different in the map of Norway spruce areas in 2005 (Figure 12). 

 

Table 7: Areas registered as beech in 2005 and the land use registered in 2017. 

Land use     

2005 2017 Area (ha) 

Beech Beech 1818 

Beech Oak 0 

Beech Native Broadleaves 10 

Beech Norway Spruce 0 

Beech European Conifers 0 

Beech Grasslands 3 

Beech Bog 4 

Beech Lake 0 

Beech Other 0 

Beech Temp. unstocked 1 

Total   1838 
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Figure 13: Areas registered as beech in 2005. Categories show the land use in 2017. 

 

 

Grasslands 

Grasslands is in this thesis a land use category composed of the Nature Agency’s land use categories 

meadow, grassland, plain and shrubland. Grasslands are among the land uses that have increased the most 

in covered area from 2005 to 2017. This section will present the grasslands that were registered in 2017 

and the land uses they have been converted from, as registered in 2005.  

The grassland area increased from 195 hectares in 2005 to 268 in 2017 (Table 3). Most of the converted 

land was registered as Norway spruce in 2005 (Table 8). Figure 14 shows that much of the converted area is 

geographically placed in the center of Gribskov.  
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Table 8: Areas registered as grasslands in 2017 and the land use registered in the same areas in 2017. 

Land use     

2017 2005 Area (ha) 

Grasslands Beech 3 

Grasslands Oak 4 

Grasslands Native Broadleaves 5 

Grasslands Norway Spruce 74 

Grasslands European Conifers 1 

Grasslands Non-European Conifers 2 

Grasslands Grasslands 166 

Grasslands Bog 7 

Grasslands Temp. Unstocked 1 

Grasslands Other 5 

Total   268 

 

Figure 14: Areas registered as grasslands in 2017. Categories show the land use in 2005. 
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Temporarily Unstocked 

Temporarily unstocked is a land use category that encompasses areas that are temporarily without forest 

cover after clear felling of the former stand. The areas recorded in this category only amounted to 6 

hectares in 2005 but increased to 139 hectares in 2017 (Table 3). According to Table 9, 137 hectares of the 

temporarily unstocked area in 2017 was previously Norway spruce. None of the 6 hectares that were 

registered in this category in 2005 were still registered as temporarily unstocked in 2017. 

Table 9: Area registered as temporarily unstocked in 2005 and the land use registered in 2017. 

Land use     

2017 2005 Area (ha) 

Temp. unstocked Beech 1 

Temp. unstocked Oak 0 

Temp. unstocked Norway Spruce 137 

Temp. unstocked European Conifers 0 

Temp. unstocked Non-European Conifers 0 

Total   139 

 

Figure 15: Areas registered as temporarily unstocked in 2017. Categories show the land use in 2005. 
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Hydrology 

The Nature Agency aims to restore parts of the natural hydrology in Gribskov according to the management 

plan. Based on the Nature Agency’s forest resource maps, they have succeeded to increase the areas of 

bogs and lakes. Lakes have increased from 62 hectare in 2005 to 73 hectares in 2017 (Table 3), whereas 

bogs have increased from 143 hectares in 2005 to 342 in 2017 (Table 3). The area covered by lakes and 

bogs in 2017 corresponds to 7,3 % of Gribskov opposed to 3,6 % in 2005 (Figure 8 and 9).  

The new lakes and bogs are scattered over the entire area of Gribskov. However, the visual impression is, 

that there is a higher concentration of these areas in the central part of the forest (Figure 16). The new bog 

and lake areas are mainly converted from Norway spruce (Table 10 and 11). 

Table 10: Areas registered as lakes in 2005 and the land use registered in 2017. 

Land use     

2017 2005 Area (ha) 

Lake Beech 0 

Lake Oak 1 

Lake Norway Spruce 7 

Lake Grasslands 1 

Lake Bog 4 

Lake Lake 60 

Lake Other 0 

Total   73 

 

Table 11: Area registered as bog in 2005 and the land use registered in 2017. 

Land use     

2017 2005 Area (ha) 

Bog Beech 4 

Bog Oak 6 

Bog Native Broadleaves 10 

Bog Norway Spruce 163 

Bog European Conifers 0 

Bog Non-European Conifers 2 

Bog Grasslands 20 

Bog Bog 132 

Bog Temp. Unstocked 4 

Bog Lake 1 

Total   342 
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Figure 16: Areas registered as bog and lakes in 2017. Categories show the land use in 2005. 
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Figure 17: Registered lakes and bogs in 2005 (to the left) and in 2017 (to the right). 
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4.2 Forest Development Types 

The Forest development types are the main operational tools of the close-to-nature management regime. 

The FDTs does not cover the entire forest, as a few areas are left out, hence the total area covered is 5344 

hectares of the 5692 hectares that constitute the Gribskov case area in this report (Table 12). 

Approximately, half of the FDT covered area is designated for beech dominant FDTs, about 15 % is laid out 

as conifer dominated FDTs and 18 % as oak dominated FDTs (Table 12). The historic FDTs are well 

represented especially by untouched forest and grazing forest that take up 7,8 % and 6,9 % respectively. 

The results in this section show the development in land use distribution within the individual FDTs. The 

desired structure of FDTs are stands of mixed species, however, the results in this thesis does not include 

stand mixture but are based on recordings of dominant tree species. 

 

Figure 18: FDTs in Gribskov. 
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Table 12: Distribution of FDTs in Gribskov. 

FDT Area (ha) % of Gribskov area 

Beech 2703 50,6% 

11 Beech 998 18,7% 

12 Beech with ash and sycamore 849 15,9% 

13 Beech with Douglas fir and larch 60 1,1% 

14 Beech and spruce 797 14,9% 

Oak 960 18,0% 

21 Oak with ash and hornbeam 165 3,1% 

22 Oak with lime and beech 794 14,9% 

Native Broadleaves 76 1,4% 

31 Ash and alder 26 0,5% 

41 Birch with Scots pine and spruce 50 0,9% 

Non-native Conifers 809 15,1% 

51 Spruce with beech and sycamore 776 14,5% 

61 Douglas fir with Norway spruce and Beech 33 0,6% 

91 Coppice Forest 8 0,1% 

92 Grazing Forest 371 6,9% 

93 Forest Meadow 4 0,1% 

94 Untouched Forest 415 7,8% 

Total 5344 100,0% 

 

Beech 

The FDTs with beech as the main tree species (11, 12, 13, 14) are laid out in large coherent areas mainly in 

the northern part of the forest, the eastern part along Esrum sø and in the South-West area (Figure 19). The 

description of the desired structure, development objectives and management goals show large variations 

between the beech dominated FDTs (Larsen and Skov- of Naturstyrelsen 2005a). However, all four FDTs 

reveal similar patterns of change in land use in Gribskov. They all show small increases in beech area, 

increases in native broadleaves, almost no changes in oak, large decreases in Norway spruce and large 

increases in bog and temporarily unstocked areas (Table 13, 14, 15, 16). While FDT 11, 12 and 13 are 

dominated by beech, FDT 11 as much as 67 % beech, FDT 14’s share of beech is exceeded by Norway 

spruce. Despite a large reduction in Norway spruce, it still takes up 46 % of the area within FDT 14 (Table 

16).  



Results 

38 
 

 

Figure 19: FDTs with beech as the dominant tree species. Categorized by land use 2005 (to the left). Categorized by land use 2017 
(to the right). 

Table 13: Share of the Gribskov area covered by FDT 11 in 2005 and 2017. 

11 Beech 2005   2017   
  Area (ha) % of FDT 11 area  Area (ha)  % of FDT area 

Beech 655 65,6% 669 67,0% 
Oak 62 6,2% 64 6,4% 
Native Broadleaves 56 5,6% 63 6,3% 
Non-native Broadleaves 2 0,2% 2 0,2% 
Norway Spruce 192 19,3% 125 12,5% 
European Conifers 10 1,0% 18 1,8% 
Non-European Conifers 13 1,3% 9 0,9% 
Grasslands 1 0,1% 5 0,5% 
Bog 4 0,4% 25 2,5% 
Lake 1 0,1% 1 0,1% 
Other 1 0,1% 0 0,0% 
Temp. Unstocked 2 0,2% 17 1,7% 
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Table 14: Share of the Gribskov area covered by FDT 12 in 2005 and 2017. 

12 Beech with ash and sycamore 2005   2017   

  Area (ha) % of FDT 12 area Area (ha) % of FDT 12 area 

Beech 475 55,9% 478 56,4% 

Oak 99 11,7% 95 11,2% 

Native Broadleaves 54 6,3% 65 7,7% 

Norway Spruce 177 20,9% 131 15,4% 

European Conifers 10 1,2% 11 1,3% 

Non-European Conifers 12 1,4% 11 1,3% 

Grasslands 7 0,8% 8 1,0% 

Bog 12 1,4% 34 4,0% 

Lake 1 0,1% 0 0,0% 

Other 2 0,2% 1 0,2% 

Temp. unstocked 0 0,0% 14 1,6% 
 
Table 15: Share of the Gribskov area covered by FDT 13 in 2005 and 2017. 

13 Beech with Douglas fir and larch 2005   2017   

  Area (ha) % of FDT 13 area Area (ha) % of FDT 13 area 

Beech 19 30,9% 19 31,2% 

Oak 13 21,6% 13 21,6% 

Native Broadleaves 1 1,7% 2 3,9% 

Norway Spruce 21 34,5% 16 27,4% 

European Conifers 1 1,3% 1 1,3% 

Non-European Conifers 6 9,3% 6 9,3% 

Bog 0 0,0% 2 3,4% 

Other 0 0,6% 0 0,6% 

Temp. unstocked 0 0,0% 1 1,2% 

 

Table 16: Share of the Gribskov area covered by FDT 14 in 2005 and 2017. 

14 Beech with spruce 2005   2017   

  Area (ha) % of FDT 14 area Area (ha) % of FDT 14 area 

Beech 195 24,5% 214 26,9% 

Oak 54 6,8% 52 6,5% 

Native Broadleaves 20 2,5% 42 5,3% 

Non-native Broadleaves 3 0,3% 3 0,3% 

Norway Spruce 491 61,6% 368 46,2% 

European Conifers 8 1,0% 18 2,2% 

Non-European Conifers 6 0,7% 5 0,6% 

Grasslands 3 0,4% 6 0,7% 

Bog 15 1,9% 55 6,9% 

Lake 0 0,1% 1 0,1% 

Other 1 0,1% 1 0,2% 

Temp. unstocked 0 0,0% 32 4,0% 
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Oak 

The oak dominated FDTs have large shares of oak stands, 51 % in FDT 21 and 47 % in FDT 22 (Table 17). FDT 

21 has not undergone very big changes in terms of land use distribution. FDT 22 on the other hand, has 

increased areas of oak and native broadleaves and reduced areas of Norway spruce. FDT 22 also has 

increased in non-forested areas grasslands, bog and temporarily unstocked areas. 

 

Figure 20: FDT type 21 and 22 with oak as the dominant tree species (to the left). Categorized by land use 2005. Categorized by land 
use 2017 (to the right). 

Table 17: Share of the Gribskov area covered by FDT 21 in 2005 and 2017. 

21 Oak with ash and hornbeam 2005   2017   

  Area (ha) % of FDT 21 area Area (ha) % of FDT 21 area 

Beech 23 14,0% 25 15,0% 

Oak 85 51,7% 85 51,2% 

Native Broadleaves 22 13,2% 24 14,5% 

Norway Spruce 32 19,5% 28 16,9% 

European Conifers 0 0,3% 0 0,3% 

Non-European Conifers 1 0,8% 1 0,8% 

Bog 1 0,5% 1 0,8% 

Lake 0 0,0% 0 0,0% 

Temp. unstocked 0 0,0% 1 0,5% 
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Table 18: Share of the Gribskov area covered by FDT 22 in 2005 and 2017. 

22 Oak with lime and beech 2005   2017   

  Area (ha) % of FDT 22 area Area (ha) % of FDT 22 area 

Beech 131 16,5% 131 16,5% 

Oak 344 43,3% 374 47,1% 

Native Broadleaves 25 3,1% 37 4,7% 

Non-native Broadleaves 11 1,4% 11 1,4% 

Norway Spruce 252 31,7% 177 22,3% 

European Conifers 10 1,2% 9 1,2% 

Non-European Conifers 9 1,1% 9 1,1% 

Grasslands 4 0,5% 11 1,3% 

Bog 8 1,0% 15 1,9% 

Lake 0 0,0% 0 0,1% 

Other 1 0,1% 1 0,1% 

Temp. Unstocked 1 0,1% 19 2,4% 

 

Native Broadleaves 

The native broadleaves dominated FDTs are not very significant regarding the area covered. FDT 31 ash and 

alder covers 26 hectares, and FDT 41 birch with Scots pine and spruce covers 50 hectares (Table 12). 

However, both FDTs have great biological value, and are often used on soils with high ground water table 

(Larsen and Skov- og Naturstyrelsen 2005a). There were only minor changes in land use composition within 

these FDTs from 2005 to 2017, but they show a significantly different species composition than other FDTs. 

FDT 31 consists of more than 90 % native broadleaves and no conifers, FDT 41 consists of almost 70 % 

native broadleaves.  
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Figure 21: FDTs with native broadleaves as the dominant tree species. Categorized by land use 2005 (to the left). Categorized by 
land use 2017 (to the right). 

Table 19: Share of the Gribskov area covered by FDT 31 in 2005 and 2017. 

31 Ash and alder 2005   2017   

  Area (ha) % of FDT 31 area Area (ha) % of FDT 31 area 

Beech 0 0,2% 0 0,2% 

Oak 0 0,4% 0 0,4% 

Native Broadleaves 25 95,2% 24 93,8% 

Grasslands 0 0,3% 0 0,3% 

Bog 1 3,5% 1 4,9% 

Other 0 0,4% 0 0,4% 
 
Table 20: Share of the Gribskov area covered by FDT 41 in 2005 and 2017. 

41 Birch with Scots pine and spruce 2005   2017   

  Area (ha) % of FDT 41 area Area (ha) % of FDT 41 area 

Oak 1 1,1% 1 1,1% 

Native Broadleaves 33 66,6% 34 68,7% 

Norway Spruce 10 20,6% 5 9,2% 

Grasslands 0 0,4% 0 0,0% 

Bog 5 10,1% 10 20,8% 

Lake 0 0,2% 0 0,2% 

Temp. Unstocked 0 1,0% 0 0,0% 
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Non-native conifers 

The conifer dominated FDTs (51 and 61) both have high shares of conifer covered areas. The spruce 

dominated FDT 51 had a share of 60 % Norway spruce in 2017 (Table 21). Although the development 

between 2005 and 2017 within this FDT shows a reduction in area of Norway spruce and an increase in the 

area of beech and native broadleaves, as well as bog and temporarily unstocked areas. FDT 61 has the 

largest share of non-European conifers of all FDTs (Table 22). 

 

Figure 22: FDT 51 and FDT 61 with non-native conifers as the dominant tree species. Categorized by land use 2005 (to the left). 
Categorized by land use 2017 (to the right). 

 

 

 

 

 

 

 



Results 

44 
 

Table 21: Share of the Gribskov area covered by FDT 51 in 2005 and 2017. 

51 Spruce with beech and sycamore 2005   2017   

  Area (ha) % of FDT 51 area Area (ha) % of FDT 51 area 

Beech 80 10,3% 103 13,3% 

Oak 44 5,7% 44 5,7% 

Native Broadleaves 8 1,0% 33 4,3% 

Non-native Broadleaves 15 2,0% 15 1,9% 

Norway Spruce 595 76,7% 467 60,2% 

European Conifers 17 2,2% 23 3,0% 

Non-European Conifers 12 1,5% 11 1,4% 

Grasslands 2 0,3% 6 0,8% 

Bog 2 0,2% 33 4,3% 

Other 0 0,0% 0 0,0% 

Temp. unstocked 0 0,0% 40 5,2% 

 

Table 22: Share of the Gribskov area covered by FDT 61 in 2005 and 2017. 

61 Douglas fir, Norway spruce and beech 2005   2017   

  Area (ha) % of FDT 51 area Area (ha) % of FDT 51 area 

Beech 10 31,4% 10 31,4% 

Oak 1 4,2% 1 4,2% 

Native Broadleaves 5 15,0% 5 15,0% 

Norway Spruce 9 26,3% 6 17,3% 

Non-European Conifers 8 23,2% 8 23,2% 

Bog 0 0,0% 1 3,7% 

Temp. unstocked 0 0,0% 2 5,2% 

 

Coppice forest 

This is an ancient management form that is preserved for historical reasons and no change would be 

expected. Likely an ask-alder alluvial forest protected by EU regulations. 

Table 23: Share of the Gribskov area covered by FDT 91 in 2005 and 2017. 

91 Coppice Forest 2005   2017   

  Area (ha) % of FDT 92 area Area (ha) % of FDT 92 area 

Native Broadleaves 8 100,0% 8 100,0% 
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Grazing Forest 

FDT 92 grazing forest was in 2017 mainly composed of beech, grasslands, oak and native broadleaves 

(Table 24). The most significant changes in land use between 2005 and 2017 was Norway spruce that 

reduced from 96 hectares to 25 hectares, and grasslands that increased from 43 hectares to 96 hectares. 

 

Figure 23: FDT 92 grazing forest. Categorized by land use 2005 (to the left). Categorized by land use 2017 (to the right). 

Table 24: Share of the Gribskov area covered by FDT 92 in 2005 and 2017. 

92 Grazing Forest 2005   2017   

  Area (ha) % of FDT 92 area Area (ha) % of FDT 92 area 

Beech 98 26,3% 101 27,2% 

Oak 60 16,1% 61 16,5% 

Native Broadleaves 39 10,6% 35 9,4% 

Norway Spruce 96 25,9% 25 6,7% 

European Conifers 8 2,2% 8 2,1% 

Non-European Conifers 1 0,3% 1 0,3% 

Grasslands 43 11,7% 96 25,9% 

Bog 25 6,7% 31 8,5% 

Lake 1 0,2% 1 0,2% 

Temp. unstocked 0 0,0% 11 3,1% 
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Forest meadow 

Like the coppice forest (FDT 91) the forest meadow is a historic forest type preserved for historic reasons, 

no change would be expected. 

Table 25: Share of the Gribskov area covered by FDT 93 in 2005 and 2017. 

93 Forest Meadow 2005   2017   

  Area (ha) % of FDT 93 area Area (ha) % of FDT 93 area 

Grasslands 2 35,6% 2 53,4% 

Bog 3 64,4% 2 46,6% 

 

Untouched forest 

The FDT untouched forest is mainly composed of native broadleaves, beech, oak and bog. From 2005 to 

2017, the most significant changes were that the bog area doubled in size and the Norway spruce area was 

reduced from 49 hectares to 18 hectares (Table 26). 

 

Figure 24: FDT 94 Untouched forest. Categorized by land use 2005 (to the left). Categorized by land use 2017 (to the right). 
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Table 26: Share of the Gribskov area covered by FDT 94 in 2005 and 2017. 

94 Untouched Forest 2005   2017   

  Area (ha) % of FDT 94 area Area (ha) % of FDT 94 area 

Beech 153 36,8% 149 35,9% 

Oak 52 12,6% 52 12,6% 

Native Broadleaves 102 24,5% 104 25,2% 

Norway Spruce 49 11,8% 18 4,5% 

European Conifers 1 0,2% 1 0,2% 

Non-European Conifers 2 0,4% 2 0,4% 

Grasslands 19 4,5% 12 3,0% 

Bog 37 8,9% 76 18,4% 

Lake 0 0,0% 0 0,0% 

Temp. Unstocked 2 0,4% 0 0,0% 
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4.3 Biomass 

The results in this section are based on data from airborne laser scanning performed in 2007 and 2014, the 

Nature Agency’s forest resource maps from 2005 and 2017 as well as a map of FDTs.  

The biomass data allows for a comparison of biomass levels over time for Gribskov. By combining the land 

use registrations from the 2005 forest resource map and the aboveground biomass data from 2007 and 

likewise the 2017 land use with the 2014 biomass data it is possible to link the changes in biomass with the 

changes in the registered land uses. 

Overall the results show a minor increase in biomass aboveground in Gribskov from 2007 to 2014 (Table 

27). Beech accounts for the largest share of biomass aboveground in both 2007 and 2014 with respectively 

43,9 % and 43,6 % of the total biomass aboveground, followed by Norway spruce and oak (Figure 25 and 

Figure 26).  

As the area covered by the different land uses has changed over time, it is relevant to assess the average 

tons of biomass pr. hectare. Table 27 shows that areas with beech and native broadleaves have decreased 

biomass pr. hectare, whereas, areas with conifers and oak have increased. Norway spruce has the most 

noticeable change in biomass with a reduction of approximately 40.000 tons. Nevertheless, Norway spruce 

has increased biomass levels in tons per hectare.  

 

Table 27: Aboveground biomass (t) and (average t/ha) measured in Gribskov in 2007 and 2014. And the percentage of biomass 
distributed to each individual land use. 

 

Land use Bmag 2007 Bmag 2007 (t) 
Bmag 2007 

(avg t/ha) 
Bmag 2014 Bmag 2014 (t) 

Bmag 2014 
(avg t/ha) 

Beech 43,9% 392042 213 43,6% 391674 206 
Oak 13,8% 123527 151 15,4% 138461 164 
Native Broadleaves 7,2% 64322 159 7,4% 66193 137 
Non-native Broadleaves 0,6% 5133 169 0,6% 5763 191 
Norway Spruce 29,4% 262601 134 24,8% 222806 163 
European Conifers 1,2% 11042 170 1,8% 15969 180 
Non-European Conifers 1,3% 11934 114 1,4% 12966 133 
Grasslands 0,8% 7125 37 1,1% 9518 36 
Bog 1,2% 10720 75 2,5% 22069 65 
Lake 0,2% 1438 23 0,2% 1532 21 
Other 0,2% 2159 35 0,1% 1337 20 
Temp. unstocked 0,0% 429 73 1,2% 11073 80 

Grand Total 100,0% 892472 157 100,0% 899360 158 
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Figure 25: Distribution of biomass aboveground for land uses in Gribskov measured in 2007. 

 

Figure 26: Distribution of biomass aboveground for land uses in Gribskov measured in 2014. 
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The spatial distribution of areas with increasing and decreasing biomass levels is presented in Figure 27. 

The visual impression from this figure indicates that areas with increased levels of biomass are more 

frequent in the central part of the forest along a north-south axis. 

 

 

Figure 27: Change in biomass aboveground in Gribskov. 

 

Areas with increased biomass levels of more than 50 tons pr. hectare are mostly accounted for by Norway 

spruce (Figure 28). For the majority of these areas, the land use registered has not changed between 2005 

and 2017. 
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Figure 28: Areas with aboveground biomass increase of more than 50 tons pr. hectare, categorized by land use 2005 (to the left). 
Categorized by land use 2017 (to the right). 

  

The areas with decreased biomass levels of more than 50 tons pr. hectare show a much different pattern. 

In 2005 these areas were primarily covered by beech or Norway spruce, but also native broadleaves were 

well represented (Figure 29). However, the land use registered in these areas has to a large extent changed 

in the period from 2005 to 2017 this especially accounts for the areas registered as Norway spruce in 2005. 

Figure 29 shows that many of these areas have been converted to areas with bog, grasslands and 

temporarily unstocked areas. 

Table 28 shows a complete overview of Gribskov regarding changes in biomass in relation to the land use 

registered in 2005 and what land use these areas were registered as in 2017. While the areas registered as 

beech are quite evenly distributed between areas with decreased and increased biomass, areas registered 

as oak in 2005 have an overweight of area with biomass increase. For Norway spruce most of the area has 

increased biomass. Most of the Norway spruce areas with increased biomass is also registered as Norway 

spruce in 2017, whereas most of the area with decreased biomass has changed to other land uses in 2017.  



Results 

52 
 

 

Figure 29: Areas with aboveground biomass decrease of more than 50 tons pr. hectare, categorized by land use 2005 (to the left). 
Categorized by land use 2017 (to the right). 
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Table 28: Areas grouped by 2005 land use registration and aggregated according to changes in aboveground biomass and land use 
in 2017. 

Land use 2005            

converted to land use 2017 >50 (t/ha) 50:1 (t/ha) 0 (t/ha) 0:-49 (t/ha) -50:-100 (t/ha) <-100 (t/ha) 

Beech 26 915 0 784 98 14 

Beech 25 914  771 97 12 

Oak 0 0     

Native Broadleaves 1 1  9   

Norway Spruce   0  0  
European Conifers 0 0     

Grasslands 0   2 1  
Bog 0  0 2 0 1 

Lake      0 

Other  0  0   

Temp. Unstocked  0 0 0 0  
Oak 29 614 0 165 8 1 

Beech    1  0 

Oak 29 604  160 8 1 

Native Broadleaves  2  0   

Norway Spruce  1 0    

Grasslands 0 4 0 0   

Bog 0 3 0 3 0  
Lake  1     

Temp. unstocked      0 

Native Broadleaves 5 155   195 48 2 

Beech  2     

Native Broadleaves 5 149  187 45 2 

Norway Spruce  0     

Grasslands 0 0  5   

Bog  3  4 3 1 

Non-native Broadleaves 7 18   6     

Oak  0     

Non-native Broadleaves 7 18  6   

Norway Spruce 360 1013 1 264 120 208 

Beech 2 16 0 34 6 16 

Oak 1 18 0 2 3 14 

Native Broadleaves 4 40 0 11 17 11 

Norway Spruce 348 851 0 126 24 11 

European Conifers 1 7 0 10 5 1 

Non-European Conifers 0  0  4  
Grasslands 0 17 0 8 13 36 

Bog 0 31 0 35 26 70 

Lake 1 5  1   

Other  0     
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Temp. unstocked 2 27  37 22 49 

European Conifers 15 44   5 1 1 

Beech 0 0     

Oak  1     

Native Broadleaves  1     

Norway Spruce  0     

European Conifers 15 41  4 0 0 

Grasslands  0  0 0 0 

Bog    0   

Temp. unstocked  0     

Non-European Conifers 24 56   14 10 1 

Beech 0    0  
Oak      0 

Native Broadleaves  0  0   

Norway Spruce 0 1    0 

European Conifers 0 1  1   

Non-European Conifers 23 49  11 10 0 

Grasslands  0  2   

Bog  2     

Other  1  1   

Temp. unstocked  0     

Grasslands 1 48   133 12   

Native Broadleaves 0      

Non-European Conifers  0     

Grasslands 0 37  117 12  
Bog 1 11  7 1  
Lake    1   

Other    8   

Bog 1 36 0 103 3 0 

Oak  1     

Grasslands 0 3  3   

Bog 0 32 0 97 3 0 

Lake 0  0 4   

Lake 0 8 0 51 2   

Native Broadleaves   0 0   

Bog  0  0 0  
Lake 0 8  50 2  
Temp. Unstocked   2   4     

Beech  1     

Oak  1     

Grasslands  1     

Bog    4   

Total 470 2914 1 1777 304 227 
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4.4 Forest development types and biomass 
The forest development types have very different management objectives, and even though they all aim at 

balancing the three elements of sustainability some focus mostly on wood production while others have a 

stronger focus on biological values and recreational values. Therefore, it is relevant to assess the changes in 

biomass within the different FDTs. 

The oak dominated FDTs (21, 22) have increased quite a lot in biomass, the same counts for the spruce 

dominated FDT 51 and FDT 13 beech with Douglas fir (Table 29). Biomass has decreased for FDT 92 grazing 

forest, even though this FDT already had a low level of biomass per hectare in 2005 (Table 29). The maps in 

Figure 30 Figure 36 show the spatial distribution of areas with increased and decreased biomass. 

 

Table 29: Biomass aggregated for each FDT, and biomass in tons per hectare for each FDT. 

  2007   2014   

FDT Bmag (t) Bmag (t/ha) Bmag (t) Bmag (t/ha) 

11 Beech 181623 182 181719 182 

12 Beech with ash and sycamore 165917 195 160097 189 

13 Beech with Douglas fir and larch 8843 147 9936 165 

14 Beech with spruce 124238 156 126953 159 

21 Oak with ash and hornbeam 27280 165 29872 181 

22 Oak with lime and beech 115550 145 124472 157 

31 Ash and alder 4684 180 4268 164 

41 Birch with Scots pine and spruce 6271 126 6428 129 

51 Spruce with beech and sycamore 107294 138 118129 152 

61 Douglas fir, Norway spruce and beech 7092 213 7209 217 

91 Coppice Forest 1104 147 1007 134 

92 Grazing Forest 51976 140 45025 121 

93 Forest Meadow 247 55 254 57 

94 Untouched Forest 73763 178 71718 173 

Total 875881 164 887087 166 
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Table 30: Area grouped by FDT and aggregated according to changes in aboveground biomass. 

              

FDT >50 (t/ha) 50:1 (t/ha) 0 (t/ha) 0:-49 (t/ha) -50:-100 (t/ha) <-100 (t/ha) 

11 Beech 59 528 0 346 43 21 

12 Beech with ash and sycamore 47 372  322 76 33 

13 Beech with Douglas fir and larch 5 45  8  2 

14 Beech with spruce 104 412 0 184 42 53 

21 Oak with ash and hornbeam 19 93 0 50 3 0 

22 Oak with lime and beech 62 545 0 138 28 21 

31 Ash and alder 0 3 0 21 1 0 

41 Birch with Scots pine and spruce 6 30 0 8 5 1 

51 Spruce with beech and sycamore 145 443 0 120 31 36 

61 Douglas fir, Norway spruce and beech 1 19  12  2 

91 Coppice Forest    8   
92 Grazing Forest 14 157 0 124 37 39 

93 Forest Meadow  2  2   
94 Untouched Forest 3 193 0 187 26 4 

Total 464 2842 2 1529 294 213 

 

 

 



Results 

57 
 

 

Figure 30: FDT 11 areas categorized by change in biomass. 
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Figure 31: FDT 12 areas categorized by change in biomass. 
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Figure 32: FDT 14 areas categorized by change in biomass. 
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Figure 33: FDT 22 areas categorized by change in biomass. 
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Figure 34: FDT 51 areas categorized by change in biomass. 
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Figure 35: FDT 92 areas categorized by change in biomass. 



Results 

63 
 

 

Figure 36: FDT 94 areas categorized by change in biomass. 
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4.5 Age class distribution 

The age class distributions for the different tree species categories reflect which tree species that have 

been rejuvenated and which species that have been reduced due to harvest or other events. There has 

been almost no rejuvenation of Norway spruce and the older age-classes have been reduced quite 

significantly (Figure 37). European conifers show a relatively large increase in the age class 0-10 years. Both 

beech and oak show relatively low levels of regeneration, while it looks as if beech has been harvested in 

the age class 100-110 years (Figure 40 and Figure 41). 

 

Figure 37: Age class distribution Norway spruce. 2005 (to the left) 2017 (to the right). 

 

Figure 38: Age class distribution European conifers. 2005 (to the left) 2017 (to the right). 

 

Figure 39: Age class distribution non-European conifers. 2005 (to the left) 2017 (to the right). 

 

Figure 40: Age class distribution beech. 2005 (to the left) 2017 (to the right). 
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Figure 41: Age class distribution oak. 2005 (to the left) 2017 (to the right). 

 

Figure 42: Age class distribution native broadleaves. 2005 (to the left) 2017 (to the right). 

 

Figure 43: Age class distribution non-native broadleaves. 2005 (to the left) 2017 (to the right). 
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5 Discussion 

In the following sections the strengths and weaknesses of the applied methods and data in the thesis will be 

discussed, in relation to the purpose of this thesis. Subsequently, the results will be analyzed further and 

discussed.  

5.1 Methods 

The analysis in this thesis is carried out using complete data sets for the entire Gribskov forest complex as 

opposed to data samples. In order to analyze and present complete data for an area as large as Gribskov 

within the scope of this thesis a compromise with detail has been necessary. Throughout the report, the 

results are presented at the scale of the entire forest with forest stands as the smallest units. However, the 

produced maps contain more detailed information. The strength of this approach is that the data shows 

actual registrations and measurements instead of estimates based on a few samples. The assessment of land 

use is based on forest resource maps from 2005 and 2017 provided by the Nature Agency, where land use is 

recorded based on dominant tree species or other non-forest land use. However, not all stands in Gribskov 

are pure stands of one species, as they are mixed stands of two or more tree species. Especially, with the 

introduction of close-to-nature forestry stand mixture should be increasing, as it is one of the main principles 

in close-to-nature forestry. It can be considered a weakness to the analysis and the data of this report that 

land use distribution is assessed on such general registrations instead of a more precise method. However, 

the objective of this report is to a large extent to evaluate the management actions. Considering the long-

term conversions described for close-to-nature management it would also be too early to evaluate the actual 

success of each stand conversion. Furthermore, for such an analysis a thorough fieldwork would be necessary 

and as mentioned above, that is not within the scope of this thesis. The stand mixtures were available in the 

2017 forest resource map but are not considered in this thesis due to limitations in data, as they were not 

available in the 2005 map data. An issue that the missing consideration of stand mixtures causes is illustrated 

in Figure 44. The land use changes do not necessarily indicate actual conversions in all cases. Where the land 

use is transformed from one tree species to another, the change may simply be the result of a new dominant 

tree species in the stand and not an active management action of conversion. An example of this is shown in 

Figure 44. In the polygon outlined with red, the land use has changed from Norway spruce established in 

1967 to beech established in 1967. The orthophoto from 2006 indicates that the stand was a mixture of 

beech and Norway spruce. Whereas in the orthophoto from 2016, it looks as if all the conifers have been 

removed.  
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Figure 44: ObjectID 232. Orthophotos from the summer of 2006 (left) and the summer of 2016 (right). Stand registered in 2005 as 
Norway spruce (1967) and in 2017 as beech (1967). 

Likewise, other central aspects of close-to-nature forestry is not included in the analysis of this report. The 

conversion strategies used and the choice of regeneration (planting, seeding or natural regeneration) are not 

well documented. To assess these aspects would require extensive fieldwork or interviews with forest 

managers. The same could be said for an assessment of the economic outcome of the conversion so far, or a 

preliminary status on biodiversity development. In the processing of data, the forest resource maps were 

combined in ArcGIS using the Intersect function. This process created many small polygons, as the delineation 

of stands in the forest maps were not completely coherent. Some of the non-compliant stands appeared not 

to be deliberately changed, but only drawn slightly different. In order to avoid too many small polygons, the 

function “tolerance distance” was used. This function “snaps” one line to another by a set distance, in this 

case 10 meters. This may have caused some areas to be included in a forest stand they did not belong to. 

This is mostly an issue with small and odd shaped polygons. To illustrate this the maps below show the 

delineation and land use of the forest resource maps before and after the “intersect” procedure. Comparing 

the maps illustrates the inaccuracy of the procedure. E.g. the narrow strip of oak that is eliminated, which 

can also clearly be seen in the orthophotos from 2006 and 2016 (Figure 47). This example is however only 

the case in a very small area and in the overall results the impact is minor. 
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Figure 45: Original forest resource map from 2005 (to the left). Original forest resource map from 2017 (to the right). 

 

   

Figure 46: Forest resource map after “intersect” procedure in 2005 (to the left) and in 2017 (to the right). 
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Figure 47: Orthophoto summer of 2006 (to the left). Orthophoto summer of 2016 (to the right). 

 

Biomass  

The assessment of biomass occurrence is based on airborne laser scanning conducted in 2006/2007 and in 

2014/2015 respectively, which has been modelled to create raster layer maps (Nord-Larsen and Schumacher 

2012, Nord-Larsen et al. 2017). In order to evaluate changes over time, the two maps are used for 

comparison. However, the datasets differ in several ways. The dataset collected in 2014/2015 is of higher 

quality than the 2006/2007 data due to a higher pulse density. Nevertheless, this has only minor impact on 

the precision obtained (Nord-Larsen et al. 2017). The data from 2014/2015 is modelled to return values as 

tons of biomass for each 25x25 meter cell, whereas the 2006/2007 data is modelled to return biomass values 

as tons per hectare. This is a challenge to the comparison between the two maps. The biomass values were 

paired with the forest resource map using the “zonal statistics as table” tool in ArcGIS, a tool that assigns 

statistical output to each polygon in the forest resource map. The biomass value for the 2006/2007 

measurements were calculated by using the mean cell value (tons per hectare) and multiplying with the area 

of the given polygon (hectares), whereas the 2014/2015 values were calculated using the mean cell value 

(tons) and multiplying it by number of cells in the polygon. The problem that occurs is, that the number of 
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cells included in a polygon is returned in whole cells, which means that the area of the polygon area that 

biomass is calculated for is different between the two biomass datasets. The value for the 2006/2007 data is 

calculated based on the correct size of the polygon and not by area of cells. The effect on the calculated 

occurrence biomass for each polygon would depend on whether the total area of all included cells in a 

polygon is larger or smaller than the true polygon size. The inclusion of cells in a polygon from the zone layer 

is illustrated below; 

 

Figure 48: ArcGIS Zonal statistics (Chatterjee 2018) 

The cells that are included in a zone (polygon in this case) are cells where the center point lies within the 

zone. This will mostly be a problem with smaller cells, where the overlapping raster cells accounts for a large 

share of the polygon. In these cases, the mean that the total biomass of each polygon is calculated from will 

be unproportionally weighted by the values in these cells. Below the principle of cell inclusion in a zone is 

illustrated (Figure 49), and Figure 50 illustrates the issue with an example from this thesis. 

 

Figure 49: ArcGIS Zonal statistics (Chatterjee 2018). 
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Figure 50: Biomass resource raster and the forest resource map (red lines). 

Land use and biomass 

In order to link biomass to land use, the biomass data from 2006/2007 and 2014/2015 were combined with 

the forest resource maps from 2005 and 2017 respectively. The outcome of this procedure can only serve as 

a rough estimate for the summed area of each land use. The reason for this is that the timing of land use 

registration and biomass measurements are not coinciding. This will lead to error in polygons where land use 

has changed between the land use registration in 2005 and the 2006/2007 laser scanning or between the 

2014/2015 laser scanning and the land use registration from 2017. This scenario occurs several times in the 

results. An example is given below in Figure 51. Both polygons are registered to be transformed from Norway 

spruce to temporarily unstocked, the polygon with ObjectID 385 the most northern of the two was 

transformed in 2009 and the polygon 383 in 2015. As the orthophotos show, in both polygons the Norway 

spruce is clear-felled and there is very scarce vegetation. However, polygon 385 is recorded to have a 

decrease in aboveground biomass of 57 tons (or 152 tons per hectare), while polygon 383 is recorded to have 

increased aboveground biomass of 28 tons (or 106 tons per hectare). The reason is likely, that in 2014 where 

the laser scanning was conducted, the Norway spruce had already been harvested in 385 but not in 383. In 

the results this means, that the biomass recorded in polygon 383 will contribute to incorrect levels of total 

biomass for the temporarily unstocked areas. 



Discussion 

72 
 

 

Figure 51: ObjectID 383 (South) and 385 (North). Both polygons changed land use from Norway spruce to Temporarily unstocked in 
2015 and 2009 respectively. To the left orthophoto summer 2006, to the right orthophoto summer 2016. 
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5.2 Results 

5.2.1 Land use 
The definition of close-to-nature forestry in Denmark is highly flexible. However, the principles of the 

management regime, such as promoting native tree species, designating areas for biodiversity purposes and 

restoring natural hydrology, invite for changes in land use. Since the implementation of close-to-nature 

management in Gribskov, 769 hectares or 13,5 % of the forest has been transformed to a different land use 

(Table 4). A general tendency is that the non-forest land uses such as grasslands, bogs and lakes have 

increased in area coverage, while Norway spruce and non-European conifers were the only land uses to 

decrease in area coverage (Table 3). The extensive change in land use is likely explained by the conversion to 

close-to-nature management and the focus on nature and recreational values in the management plan for 

Gribskov. According to the management plan it is of high priority to restore natural hydrology and to increase 

and improve both the forested and non-forested nature types (Naturstyrelsen Nordsjælland 2014).  

 

Norway spruce 

Norway spruce is the most common tree species in the Danish forests (Nord-Larsen et al. 2018). However, 

the use of Norway spruce has been declining since the 1980s (Larsen 2012), mainly because of its sensitivity 

towards risks such as windthrow, pest and diseases (Albrecht et al 2012; Weiwei et al 2017). Norway spruce 

takes up 14 % of the forested area in Denmark and 18 % of the forested area in the capital region (Nord-

Larsen et al. 2018). In Gribskov Norway spruce is the second most common tree species after beech and 

covers almost 24 % of the area (Figure 9). However, the share of Norway spruce has been heavily reduced 

since 2005 where it covered 34,5 % of the forest (Figure 8). This trend is described in the management plan 

for Gribskov (Naturstyrelsen Nordsjælland 2014), where the reduction of Norway spruce is directly 

mentioned as a management objective. In total 137 hectares of Norway spruce were recorded as temporarily 

unstocked areas in 2017, this shows that a lot of the spruce has been clear cut instead of being slowly 

converted into a diverse forest stand as it is prescribed in the conversion catalogue (Larsen and Skov-og 

Naturstyrelsen 2005b). According to the conversion methods described in the catalogue, clear cuts can be 

used as a conversion method in unstable stands, but to minimize economic loss it should be attempted to 

perform the clear cut at optimal rotation length (ibid.). The rotation length for Norway spruce in Denmark 

would typically be more than 60 years (Boman et al. 2010), in relation to that the change in age class 

distribution of Norway spruce (Figure 37) indicates that many of the spruce stands have been harvested 

before expected maturity. This can be due to the instability of pure Norway spruce stands that leaves the 

forest manager with limited options of conversion (Larsen and Skov- og Naturstyrelsen 2005b). The 
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premature harvest is associated with an economic loss, but in Gribskov where economy is not the top priority, 

there has maybe not been patience to wait until maturity of the unwanted Norway spruce stands. After a 

clear cut the stand should be regenerated with frost hardy pioneer species like Scots pine, oak, birch and 

larch (ibid.). It is only possible to determine the regeneration by a visual inspection, as the new stand is only 

recorded about ten years after establishment. Below is an example where Norway spruce has been clear cut 

and regenerated with oak in 2012 (Figure 52). 

 

Figure 52: ObjectID 2472. To the left orthophoto summer 2006, Norway spruce from 1948. To the right orthophoto summer 2016, 
oak established in 2012. 

Table 5 shows that a total of 606 hectares of Norway spruce were transformed into other land uses between 

2005 and 2017, and only 3 hectares were transformed into Norway spruce. Of the converted spruce, 163 

hectares were transformed to bog areas. According to the management plan, many of these areas are 

lowland areas with wet soils, that were previously drained and planted with spruce and which are now being 

converted as part of the plan to reestablish hydrology. Figure 12 shows that large areas of Norway spruce 

have been converted into grasslands in the central part of the forest. These areas are plains surrounding a 

bog, and according to the management plan they are cleared to create a beautiful area of value to visitors of 

the forest (Naturstyrelsen Nordsjælland 2014). The management plan also mentions the eastern part of 

Harager Hegn, in the northern part of Gribskov, as a lowland area where spruce stands have been cleared 
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and ditches closed to restore natural hydrology. This area is easily recognized in Figure 12, where it is 

categorized as bog and a few smaller temporarily unstocked areas. 

Beech 

The distribution of beech should also be discussed here, as it is the dominant tree species and land use in 

Gribskov and covers exactly one third of the forest complex (Table 3). In comparison beech takes up 13 % of 

the total forested area in Denmark, and approximately 20 % of the forested area in the capital region where 

Gribskov is located (Nord-Larsen et al. 2018). Beech is a native broadleaved species, it belongs naturally in 

Gribskov and regenerates willingly (Naturstyrelsen Nordsjælland 2014). Thus, it is not surprising that there 

has been very little change in the distribution of beech (Table 5) and almost no beech was transformed to 

other land uses as illustrated in Figure 13. 

Hydrology 

During the last centuries the Danish forests have been drained to vast extents, and it is one of the main 

objectives in close-to-nature management to restore natural hydrology (Skov- og Naturstyrelsen 2005). This 

is not least true in Gribskov, where about one fifth of the forest was once wetlands and lakes (Rune 2009). 

From the visual impression of Figure 17, it is obvious that a massive effort has been made to restore natural 

hydrology in Gribskov. Between 2005 and 2017 the area covered by bog increased from 143 hectares to 342 

hectares (Table 3), almost all of the gained area was converted from Norway spruce and grasslands (Table 

11). Together lakes and bogs constituted 7,3 % of Gribskov in 2017, which corresponds to the plan described 

in the management plan for Gribskov, this plan is also illustrated in Figure 5. According to the management 

plan, the area of natural hydrology should make up 12 % of Gribskov by 2027 (Naturstyrelsen Nordsjælland 

2014). 

Grasslands 

In this thesis the land use category grasslands consist of meadow, shrubland, grassland and plain. These land 

uses are all connected to high biodiversity value, and to some extend it should be included in forests managed 

according to the close-to-nature principles (Skov- og Naturstyrelsen 2002). Grasslands have increased in area 

from 195 hectares in 2005 to 268 hectares in 2017 (Table 3). The area that was transformed into grasslands 

was mainly Norway spruce in 2005.  

5.2.2 Biomass 
The main objective of close-to-nature management is to realize sustainable forestry and to achieve a proper 

balance between productive, ecological and social functions (Larsen 2012). Hence, the productive aspect of 

the forest still plays an important role. However, it is difficult to set specific hypotheses about the expected 
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development of biomass levels as a result of the implementation of close-to-nature management due to the 

flexibility of this regime (Bergstedt 2005). An important characteristic in nature-based forestry is the more 

continuous canopy cover or at least the smaller and less long-lasting openings in the forest canopy. In the 

long term, this means that there is a higher average biomass stock per hectare in such forests compared to 

traditional clear-cutting systems (Vesterdal and Christensen 2007). The sustainable forest is, however, a long-

term aim of close-to-nature management, and it is to be achieved after a conversion phase, which might take 

several tree generations. Gribskov is currently in the very beginning of this phase, hence the development in 

biomass stock that is presented in this report is a reflection of the current transition status towards the 

desired management goals and the resulting actions of conversion. 

According to the management plan for Gribskov, profitable forestry is one of the main goals of the 

management. However, the planned actions described in the plan indicate a different focus, more grazing 

forest, reestablishment of natural hydrology to create more wetlands, establishment of other non-forest 

nature areas and converting conifer stands into broadleaved and mixed stands of mainly native tree species 

(Naturstyrelsen Nordsjælland 2014). These planned actions are consistent with the development that is 

documented in the results of this thesis. These results indicate an increased focus on nature and social values 

in the management. Nevertheless, the aboveground biomass that was measured in Gribskov has increased 

slightly between 2007 and 2014 (Table 27). According to the national forest inventory, NFI, (Nord-Larsen et 

al. 2018), the average growing stock per hectare in state forests in the capital region of Denmark is 305 m3/ha, 

which is equivalent to 152,5 tons of biomass per hectare if using a general wood density of 0,5 (Nord-Larsen 

and Johannsen 2016). Aboveground biomass levels are quite similar in Gribskov, had 157 tons of biomass per 

hectare in 2007 and 158 in 2014 (Table 27).  

The following section will discuss possible explanations to the overall biomass increase, by dissecting the 

results into individual land uses. 

Biomass and land use 

The total biomass in the areas covered by beech has decreased slightly between 2007 and 2014 (Table 27), 

even though the total beech area has increased (Table 3). Consequently, the average biomass for beech has 

decreased from 213 tons per hectare to 206 tons per hectare. According to the NFI, the average growing 

stock for beech in all state forests in Denmark is 406 m3/ha (Nord-Larsen et al. 2018), which is equivalent to 

227 tons biomass per hectare when using a species-specific density factor for beech of 0,56 (Nord-Larsen and 

Johannsen 2016). The low average biomass stock in Gribskov’s beech stands can hardly be ascribed to 

conversion of land use, as only 19 hectares of beech was converted between 2005 and 2017 (Table 5). 

Therefore, it is more likely that these biomass reductions can be explained by regeneration and heavy 
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thinning in the stands. According to the management plan for Gribskov, the conversion of beech stands 

should be initiated at a stand age of 80 years. The age-class distribution for beech in 2005 reveals that there 

were more than 300 hectares of beech in the age classes 90-100 years and 100-110 years (Figure 40). These 

stands may have been too old for a conversion in accordance with the close-to-nature principles, because of 

the risk of red heart (Larsen and Skov- og Naturstyrelsen 2005b). Instead some of these beech stands may 

have been harvested over a period of only 10 years, as would be typical for a classic shelterwood (ibid). The 

age class distribution for beech in 2017, however, shows that there were only 50 hectares of beech in the 

age class 0-10 years (Figure 40). It therefore seems likely that the reduced biomass per hectare in beech is 

caused by heavy thinning. Beech is a shade tolerant species, and shades much of its competition away. 

Therefore, it requires creation of large gaps in a beech stand to successfully introduce other species (ibid).   

For oak the total biomass as well as the biomass per hectare has increased between 2007 and 2014 (Table 

27). The area of oak has increased only slightly (Table 3) and there has only been minor changes in the age 

class distribution (Figure 41). Hence, the average biomass increase in the oak stands is likely due to growth 

of trees in the existing stands. For native broadleaves the average biomass per hectare has decreased while 

the total biomass has increased (Table 27). This development is a result of a relatively large increase in land 

use of 81 hectares or 20 % (Table 3). 

For Norway spruce the total aboveground biomass has decreased with approximately 40.000 tons but the 

average biomass has increased from 134 to 163 tons per hectare (Table 27). According to the NFI, Norway 

spruce in the Danish state forests had an average growing stock volume of 297 m3/ha (Nord-Larsen et al. 

2018), equivalent to 113 tons biomass per hectare, when using a density factor of 0,38 as described by Nord-

Larsen and Johannsen (2016). This development is connected to the decrease in Norway spruce area (Table 

3). The age class distributions show, that the majority of the Norway spruce that has been transformed to 

other land uses were in the age classes 30 to 60 years, and there has hardly been any regeneration in Norway 

spruce (Figure 37). The absence of young stands would result in an increased average biomass.  

Biomass and forest development types 

The different FDTs all aim at a balancing the three elements of sustainability however they are oriented 

towards fulfilling these elements to various degrees – some are more production oriented, others more 

towards nature and biodiversity and yet others towards recreational and landscape values (Larsen and Skov- 

og Naturstyrelsen 2005a). And even within the frame of the chosen FDT there is flexibility to target different 

management objectives.  
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Within the area that is laid out as FDT 92 grazing forest there was a large decrease in biomass, and this FDT 

had the lowest biomass level per hectare of all FDTs except from 93 forest meadow (Table 29). This is not 

surprising when considering the land use transformation that has happened in this area. The areas covered 

by Norway spruce was reduced from taking up 25,9 % of the area to only 6,7 % between 2005 and 2017, 

while grasslands more than doubled in the same period to make up 25,9 % in 2017. Also bog and temporarily 

unstocked areas increased significantly. Additionally, the grazing forest is an ancient land use system and 

wood production is not the main objective (ibid). This FDT should have the character of an open landscape 

with variation of single trees, groups of trees and closed forest stands. The area illustrated in Figure 44 is 

located in grazing forest, here conifers have been thinned out and the beech stand is left more open. Within 

the FDT 94 untouched forest there was also a decrease in biomass. Comparing the land use change illustrated 

in Figure 24 to the biomass change in Figure 36 it is obvious that most of the area with decreased biomass 

has not changed land use, the decrease is therefore likely due to thinning and harvesting of valuable trees 

before the forest is left untouched.  

A surprising finding is that the Norway spruce area that was converted into bog does not contribute to the 

decrease in biomass when aggregated (Appendix 2). The area illustrated in Figure 53 was converted from 

Norway spruce to bog in 2012, however biomass increased in this area between 2007 and 2014 (Figure 36). 

In the management plan it is argued that it would have been too costly to clear this area, therefore the 

transition to bog was initiated by closing drains to increase the water level. 
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Figure 53: ObjectID 889. Orthophoto summer of 2006 (to the left), orthophoto summer of 2016 (to the right). 

In the more production oriented FDTs that are dominated by beech, oak, spruce or Douglas fir, it is a tendency 

that the majority of the area has had an increase in biomass (Table 30). In especially FDT 51 and FDT 14, large 

parts have had increases of more than 50 tons per hectare, this is not surprising as these FDTs have the 

largest share of spruce (Table 21 and Table 16). FDT 61 has by far the highest average biomass per hectare 

of all FDTs (Table 29). This FDT only covers 33 hectares but it includes large shares of highly productive 

Douglas fir and Norway spruce (Appendix 3). Douglas fir is one of the exotic species that has been given a 

place in close-to-nature forest management in Denmark, as it is well adapted and important for production 

(Larsen 2012).  
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6 Conclusion 

The purpose of this thesis has been to document the development of the forest complex Gribskov since the 

implementation of close-to-nature forest management in 2005, and to evaluate whether the development 

that has taken place is towards nature-based forestry and in compliance with the principles of close-to-nature 

forest management. The evaluation was focused on land use distribution and occurrence of aboveground 

biomass. The results show, that land use distribution has changed drastically since the introduction of close-

to-nature management in 2005. A total of 769 hectares, or 13,5 % of the Gribskov forest complex, were 

transformed to a different land use between 2005 and 2017. Norway spruce was in 2005 the most common 

tree species and overall land use in Gribskov. But during this period the Norway spruce area was reduced by 

more than 600 hectares or almost one third of its total area coverage. Reducing the use of Norway spruce is 

in compliance with the principles of close-to-nature forestry, as it is considered a non-native tree species in 

Denmark. Additionally, Norway spruce in monocultural and uniform stands are susceptible to storm damage 

and pest attacks. Because of its storm sensitivity, it is difficult to convert pure stands of Norway spruce to 

forests of mixed species and structural diversity. Therefore, the existing stands does not contribute to the 

main objective of close-to-nature forestry of stable and robust forests. The land uses which gained most area 

coverage are native broadleaves, grasslands and bogs. This is also consistent with the principles of close-to-

nature management as they prescribe more native broadleaved tree species and improved conditions for 

biodiversity through promotion of key habitats such as wetlands and other non-forest nature types. The 

increase in wetlands is especially interesting in Gribskov, as there is a great potential for restoration of natural 

hydrology. This is also a main objective in close-to-nature forestry as well as in the management plan for 

Gribskov.  

Forest development types have been planned and implemented in Gribskov, to guide the long-term 

development of the forest. It is obvious that the FDTs have been planned in areas where the existing land 

use distribution and vegetation would make a good basis for achieving the desired long-term goal that is 

described for each FDT. Nevertheless, it is not clear for all FDTs, whether the development in land use 

distribution within the different FDTs is moving towards the described goals. The historic FDTs grazing forest 

and untouched forest have decreased forest cover and heavily reduced conifer stands, but the major FDTs 

that have beech, spruce and oak as dominant tree species have developed more or less similarly. However, 

the long-term goals of the FDTs are diverse stand structures including a mixture of species. Developments in 

species distribution within the individual stands are not captured in this thesis, as the forest resource data 

that is analyzed in this thesis does not include stand mixtures. Land use is instead recorded based on 

dominant tree species.  
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Regarding the changes in aboveground biomass, it is difficult to set a general hypothesis about the impact 

of close-to-nature management. In this case where the conversion is still at an early phase, the occurrence 

of biomass is dependent on the extent of land use transformations that have been carried out and whether 

they have been restocked or transformed to non-forest land uses such as grasslands and weetlands. The 

results in this thesis show a small increase in biomass, which can be surprising, since the increase of non-

forest land uses in Gribskov suggests a decrease in the aboveground growing stock. The deficit from the 

cleared areas has however been offset by a buildup of biomass in some very productive forest stands of 

mainly Norway spruce.  
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7 Perspective 

The evaluation in this thesis of the impact that close-to-nature management has had in Gribskov is based 

only on land use distribution and biomass occurrence, and these two aspects are assessed through limited 

data sources. A more comprehensive evaluation could be attained by including more and different types of 

data. First of all, the biomass data is actual measurement from airborne laser scanning from 2006/2007 and 

2014/2015, however as discussed in this thesis the two datasets are not compliant. Additionally, the data is 

collected with only a few years between. When new laser scanning data is available an updated biomass 

assessment would add great value. This should be in 2019, and it will thereby also be possible to analyze 

biomass in relation to land use distribution with more compliant data in this regard as well. 

The results regarding land use in the present report could be qualified through field observations. It is for 

example not recorded what the plan is for the areas recorded as temporarily unstocked. Any regeneration in 

the temporarily unstocked areas could be recorded in an infield survey, and thereby included in the proper 

land use category. Further, it would also be possible to determine regeneration methods through field 

observations and interviews with knowledgeable forest managers. In this way the success of natural 

regeneration could be documented. Restoration of natural hydrology has a central role in the current 

development in Gribskov. However, hydrology is in this thesis based only on registrations of bogs and lakes 

from the Nature Agency’s forest resource maps. This data could be qualified by field observations to 

determine the development of the more recently established wetlands. An inventory of drainage in the forest 

could be done, to establish the extent to which these have been closed. 

One of the major shortcomings in the evaluation of close-to-nature forestry this thesis, is the lack of data on 

species mixtures in the forest stands. Close-to-nature forest management aims at creating forests that are 

diverse in structure and species composition. In the future it will become increasingly difficult to determine 

a precise inventory of such forests by manual registration. The availability of high-density airborne laser 

scanning data is increasing, which will improve accuracy of forest resource information and is likely to 

improve the species recognition (Kangas et al. 2018). Therefore, using remote sensing technology would most 

likely be a better method to identify species and land use distribution, in a future evaluation of close-to-

nature management. 

The methods used in this thesis for the evaluation of close-to-nature forestry in Gribskov, could be applied 

to other state forests and forest districts in Denmark. This would allow for a comparison between conversion 

strategies and methods employed by the different districts to different forests. Additionally, performing the 

evaluation on other forest districts would of course add to the limited empirical knowledge on close-to-

nature management. 
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9 Appendix 1 
 

 
Mires in Gribskov 1857-58 (to the left), 1988 (to the right). Source: nst.dk - Naturstyrelsen – Gribsokv vandet 

tilbage. https://naturstyrelsen.dk/naturbeskyttelse/naturprojekter/vandet-tilbage-til-gribskov/. 
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Appendix 2 

The table is a complete overview of the Gribskov area grouped into average change in aboveground 

biomass tons per hectare. The biomass groups are distributed into FDTs, and the FDTs into land use 

recorded in 2005 and 2017. 

FDT Aboveground biomass 

  Land use 2005 
     Land use 2017 >50 (t/ha) 50:1 (t/ha) 

 
0 (t/ha) 0:-49 (t/ha) -50:-100 (t/ha) <-100 (t/ha) 

11 Beech 59 528  0 346 43 21 

Beech 3 339  0 278 34 0 

Beech 3 339  0 277 34  
Bog   

 0 1   

European Conifers 0  
 

    

Grasslands   
 

 1  0 

Native Broadleaves  1      

Bog  4  0    

Bog  4  0    

European Conifers 5 2   3   

European Conifers 5 2   3   

Grasslands 0 0      

Bog 0  
 

    

Grasslands  0      

Lake  0  0 1 0  
Lake  0   1   

Native Broadleaves   
 0  0  

Native Broadleaves 0 31   22 2 1 

Bog  3   1  1 

Grasslands  0      

Native Broadleaves 0 28   21 2 0 

Non-European Conifers 4 7   1   

Bog  1   0   

European Conifers 0 1   0   

Grasslands 0  
 

    

Non-European Conifers 4 5   0   

Norway Spruce 0 0      

Non-native Broadleaves  2      

Non-native Broadleaves  2      

Norway Spruce 45 90  0 31 7 20 

Beech  3   10 2 1 

Bog  4   3 2 5 

European Conifers 0 4  0 1   

Grasslands  2     2 
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Lake   
 

 0   

Native Broadleaves  2   2 1 4 

Norway Spruce 44 70   10 1  
Oak   

 
 0  2 

Temp. unstocked  5   4 1 7 

Oak 2 49   11   

Native Broadleaves  1   0   

Oak 2 49   10   

Other 0 0      

Lake 0  
 

    

Other  0      

Temp. Unstocked  1    0  
Beech  1      

Bog   
 

  0  
Oak  1      

12 Beech with ash and 
sycamore 47 372 

 

 322 76 33 

Beech 3 194   213 56 10 

Beech 3 194   208 55 9 

Bog 0  
 

 0 0 1 

Grasslands   
 

  0  
Native Broadleaves   

 
 4   

Bog  4   7 0  
Bog  4   7 0  
Grasslands  1      

European Conifers 4 6   0   

European Conifers 4 6   0   

Grasslands  2   5   

Bog  1   1   

Grasslands  1   5   

Lake  1      

Bog  1      

Native Broadleaves 1 12   30 9 1 

Native Broadleaves 1 12   30 9 1 

Norway Spruce  0      

Non-European Conifers 6 3   1 0 1 

Beech  0    0  
Native Broadleaves  0      

Non-European Conifers 6 3   1  0 

Norway Spruce   
 

   0 

Oak   
 

   0 

Norway Spruce 31 85   30 10 21 

Beech  1   5 0 3 

Bog  1   1 2 11 
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European Conifers  0    1  
Grasslands  1   0  0 

Lake  0      

Native Broadleaves 0 2   3 1 1 

Non-European Conifers 0  
 

    

Norway Spruce 31 78   17 3 0 

Oak   
 

 0  0 

Temp. unstocked 0 2   4 3 4 

Oak 1 64   34 0  
Bog  1   2   

Native Broadleaves  1      

Oak 1 61   32 0  
Other 0 0   1  0 

Grasslands  0      

Other 0  
 

 1  0 
13 Beech with Douglas fir and 
larch 5 45 

 

 8  2 

Beech 2 10   5  1 

Beech 2 10   5  1 

European Conifers  1      

European Conifers  1      

Native Broadleaves  1      

Native Broadleaves  1      

Non-European Conifers  5   0   

Non-European Conifers  5   0   

Norway Spruce 2 15   2  1 

Beech 0  
 

    

Bog  1   1   

Native Broadleaves  1      

Norway Spruce 2 13   2   

Temp. unstocked   
 

   1 

Oak  13      

Oak  13      

Other 0 0      

Other 0 0      

14 Beech with spruce 104 412  0 184 42 53 

Beech 11 78  0 101 3 3 

Beech 11 78   101 3 3 

Grasslands   
 

  0  
Norway Spruce   

 0  0  
Oak  0      

Temp. unstocked   
 0 0   

Bog 0 9   5 0  
Bog 0 9   5 0  
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European Conifers 1 5   3   

Bog   
 

 0   

European Conifers 1 4   3   

Temp. unstocked  0      

Grasslands 0 1   2   

Bog  1      

Grasslands 0  
 

 2   

Lake  0   0   

Lake  0   0   

Native Broadleaves 0 12   5 2  
Native Broadleaves 0 12   5 2  

Non-European Conifers 3 1   2   

Bog 0  
 

    

Non-European Conifers 2 1   2   

Non-native Broadleaves 1 1      

Non-native Broadleaves 1 1      

Norway Spruce 83 260  0 60 37 51 

Beech  3   6 2 8 

Bog 0 1  0 7 7 21 

European Conifers  0   7 3  
Grasslands  1   1  0 

Lake   
 

 0   

Native Broadleaves  11   3 3 5 

Norway Spruce 83 237   29 13 5 

Oak 0 2      

Other  0      

Temp. unstocked  6   6 9 10 

Oak 4 45  0 5 0  
Bog  1  0 1   

Grasslands  1      

Lake  0      

Native Broadleaves  0      

Norway Spruce   
 0  0  

Oak 4 42   4   

Other 0 0  0 0   

Grasslands   
 

 0   

Other 0 0  0    
21 Oak with ash and 
hornbeam 19 93 

 
0 50 3 0 

Beech  7   16   

Beech  7   16   

Bog   
 

 1   

Bog   
 

 1   

European Conifers 0  
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European Conifers 0  
 

    

Lake  0      

Lake  0      

Native Broadleaves  7   12 3  
Beech  2      

Native Broadleaves  5   12 3  
Non-European Conifers 0 1   0   

Non-European Conifers 0 1   0   

Norway Spruce 11 17   4  0 

Bog  0     0 

Native Broadleaves  4      

Norway Spruce 11 13   4   

Temp. unstocked  1      

Oak 7 61  0 17   

Bog 0  
 

    

Norway Spruce  1      

Oak 7 60  0 17   

22 Oak with lime and beech 62 545  0 138 28 21 

Beech 2 67  0 56 5 1 

Beech 2 67  0 55 5 1 

Bog   
 

 1   

Native Broadleaves   
 

 0   

Oak 0  
 

    

Bog 0 4   4   

Bog  4   4   

Grasslands 0  
 

    

European Conifers 2 7   0   

Beech 0  
 

    

European Conifers 2 6   0   

Oak  1      

Grasslands  3   1   

Bog  1      

Grasslands  2   1   

Native Broadleaves  0      

Non-European Conifers  0      

Lake  0      

Lake  0      

Native Broadleaves 1 14   7 3  
Native Broadleaves 1 14   7 3  

Non-European Conifers 6 2   0   

Non-European Conifers 6 2   0   

Non-native Broadleaves 1 8   2   

Non-native Broadleaves 1 8   2   

Norway Spruce 37 164  0 13 17 20 
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Beech   
 0    

Bog  1   1 2 2 

European Conifers   
 

   0 

Grasslands  0   2 0 2 

Lake   
 

 0   

Native Broadleaves 1 12      

Norway Spruce 36 132  0 6 4  
Oak 0 15   2 2 11 

Temp. unstocked 0 4   2 9 4 

Oak 13 275   55 2  
Beech   

 
 1   

Bog  0      

Grasslands  1      

Oak 13 273   53 2  
Other  0   0   

Other  0   0   

Temp. Unstocked  1      

Grasslands  1      

31 Ash and alder 0 3  0 21 1 0 

Beech   
 0    

Beech   
 0    

Bog  1  0    

Bog  1  0    

Grasslands 0  
 

    

Grasslands 0  
 

    

Native Broadleaves  3   21 1  
Bog   

 
 0   

Native Broadleaves  3   20 1  
Oak   

 
   0 

Oak   
 

   0 

Other 0  
 

    

Other 0  
 

    
41 Birch with Scots pine and 
spruce 6 30 

 
0 8 5 1 

Bog  3   0 2  
Bog  3   0 2  

Grasslands 0  
 

    

Bog 0  
 

    

Lake   
 0 0   

Lake   
 0 0   

Native Broadleaves  25   6 2  
Bog   

 
  2  

Native Broadleaves  25   6   

Norway Spruce 5 2   1 1 1 
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Bog   
 

 1  1 

Native Broadleaves 3 1      

Norway Spruce 3 1    1  
Oak 0 0   0   

Oak 0 0   0   

Temp. Unstocked   
 

 0   

Bog   
 

 0   
51 Spruce with beech and 
sycamore 145 443 

 
0 120 31 36 

Beech 6 37   34 2  
Beech 6 36   34 2  
Bog   

 
  0  

Grasslands 0  
 

  0  
Native Broadleaves  1      

Bog  1   1   

Bog  1   1   

European Conifers 6 9   2 1 0 

Beech  0      

European Conifers 6 7   2 0 0 

Grasslands   
 

  0  
Native Broadleaves  1      

Norway Spruce  0      

Grasslands  2   1   

Bog  1      

Grasslands  0   1   

Native Broadleaves 2 5   1 0  
Grasslands  0      

Native Broadleaves 2 5   1 0  
Non-European Conifers 0 10   1 0  

Native Broadleaves  0      

Non-European Conifers 0 9   1 0  
Norway Spruce 0 1      

Temp. unstocked  0      

Non-native Broadleaves 6 8   2   

Non-native Broadleaves 6 8   2   

Oak  0      

Norway Spruce 124 330  0 77 28 36 

Beech 2 6   12 2 2 

Bog  7  0 3 5 16 

European Conifers 1 1   3 1 1 

Grasslands 0 1    1 2 

Native Broadleaves 0 6   3 13 0 

Norway Spruce 118 300  0 47 1 0 

Oak  0  0    
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Temp. unstocked 2 8  0 10 4 15 

Oak 2 42    0 0 

Grasslands 0  
 

    

Oak 2 42    0  
Temp. unstocked   

 
   0 

Other   
 

 0   

Other   
 

 0   
61 Douglas fir, Norway spruce 
and beech 1 19 

 

 12  2 

Beech  2   9   

Beech  2   9   

Native Broadleaves  3   2   

Native Broadleaves  3   2   

Non-European Conifers  8      

Non-European Conifers  8      

Norway Spruce 1 5   1  2 

Bog   
 

   1 

Norway Spruce 1 5      

Temp. unstocked   
 

 1  0 

Oak  1      

Oak  1      

91 Coppice Forest   
 

 8   

Native Broadleaves   
 

 8   

Native Broadleaves   
 

 8   

92 Grazing Forest 14 157  0 124 37 39 

Beech 0 56   36 5  
Beech 0 56   35 4  
European Conifers 0  

 
    

Grasslands   
 

 1 1  
Temp. unstocked  0    0  

Bog 0 8  0 16 0  
Bog  8  0 15 0  
Grasslands 0  

 
 1   

Lake 0 0      

European Conifers  8   0  0 

European Conifers  8      

Grasslands  0   0  0 

Grasslands  11   21 11  
Grasslands  11   21 11  

Lake  0   0   

Lake  0   0   

Native Broadleaves 0 16   17 6  
Bog  0   0   

Grasslands  0   4   
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Native Broadleaves 0 15   13 6  
Non-European Conifers 1  

 
 0   

Non-European Conifers 1  
 

 0   

Norway Spruce 11 23  0 11 12 39 

Beech   
 

 4  2 

Bog  1  0  3 4 

Grasslands 1 8  0 4 9 22 

Lake   
 0    

Native Broadleaves   
 0    

Norway Spruce 10 13    0 2 

Oak 0 1     1 

Temp. unstocked 0 1   3  7 

Oak 2 33   22 2 0 

Beech   
 

   0 

Grasslands  0   0   

Native Broadleaves  1      

Oak 2 33   22 2  
93 Forest Meadow  2   2   

Bog  2   1   

Bog  2      

Grasslands   
 

 1   

Grasslands   
 

 2   

Grasslands   
 

 2   

94 Untouched Forest 3 193  0 187 26 4 

Beech 1 104  0 47 1  
Beech 1 104  0 43 1  
Native Broadleaves   

 
 4   

Bog  6  0 30 1  
Bog  6  0 30 1  

European Conifers  1      

European Conifers  1      

Grasslands  14   4   

Bog  5   4   

Grasslands  9   1   

Lake  0  0    

Lake  0  0    

Native Broadleaves 0 14  0 68 18 1 

Bog   
 

 1 0  
Grasslands   

 
 0   

Native Broadleaves 0 14  0 67 18 1 

Non-European Conifers  0   1   

Non-European Conifers  0   1   

Norway Spruce 2 25  0 14 5 4 

Bog  14   8 5  
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Grasslands   
 

 0  2 

Native Broadleaves  1   0   

Norway Spruce 2 10  0 6  1 

Oak 0 30   21 1  
Bog 0  

 
    

Oak 0 30   21 1  
Temp. Unstocked   

 
 2   

Bog   
 

 2   

Grand Total 464 2842  2 1529 294 213 
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Appendix 3 

FDT 61 dissected into land use recorded in 2017. Indicated as land use categories developed for this thesis, 

and the original land use recorded by the Nature Agency. Particularly interesting is that Non-European 

conifers is composed entirely of Douglas fir. 

Forest Development Type (FDT) Area Aboveground biomass (t) Biomass (t/ha) 
  Land use category  
    original land use (ha) 2007 2014 2007 2014 

61 Douglas fir, Norway spruce and beech 33 7092 7209 213 217 

Beech 10 2649 2539 254 243 

BØG 10 2649 2539 254 243 

Bog 1 217 17 176 14 

MOS 1 217 17 176 14 

Native Broadleaves 5 800 859 160 172 

ALØ 0 12 15 71 89 

BIR 5 789 845 163 175 

Non-European Conifers 8 1806 2066 234 268 

DGR 8 1806 2066 234 268 

Norway Spruce 6 1059 1257 184 218 

RGR 6 1059 1257 184 218 

Oak 1 210 220 151 159 

EG 1 210 220 151 159 

Temp. unstocked 2 350 251 201 144 

UKU 2 350 251 201 144 

 

 


