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1. INTRODUCTION 

Life 70 – Rare Nature is a nature restoration project funded by the EU LIFE Fund and comprise 18 
project areas distribution in 11 Danish Natura 2000 areas. The aim of the project is to restore and 
expand rare wet habitats such as raised bogs (7110*), calcareous fens (7210*), petrifying springs 
(7220*), alkaline fens (7230) and Northern Atlantic wet heaths with Erica tetralix (4010). Moreo-
ver, the project aims to improve the habitats and management of the following Annex II and IV 
species: Fen orchid (Liparis loeselii), northern crested newt (Triturus cristatus), agile frog (Rana 
dalmatina), moor frog (Rana arvalis), and natterjack toad (Bufo calamita).  

The project is placed in the municipalities of Assens, Nordfyn, Kerteminde, Odense, Langeland, 
Silkeborg, and Faaborg-Midtfyn. The overall project area covers 790 ha, mainly within Special Ar-
eas of Conservation (SAC). However, 56 ha of the total project area are located outside the SAC’s 
to restore natural hydrology and conservation status of surrounding areas.  

 

 

Figure 1-1 Overview of project areas on Fyn, Langeland and one area in Jutland. 
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The main activities of the project included  

• Restoration by clearing of shrubs and trees (169 ha),  
• Implementing grazing facilities (340 ha) 
• Reestablishment of a natural hydrology (227 ha) 
• Establishment of 25 new ponds for amphibians 
• Improving visitor facilities and general communication to the public 
• Creating incitements for farmers as nature managers 
• Involvement of citizens 

The LIFE project is divided into 18 sub projects with slightly different goals and nature restoration 
activities. Table 1-1 shows an overview of the project activities.  
 

Table 1-1 18 project areas of Life 70 – Rare Nature and nature restoration activities applied in the pro-
ject period 2011-2018 

  Project activities 
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Arreskov Sø 134 x x x x x x x 

Brændegård Sø 23.1 
 x x x x x x 

Enebærodde 29 x  x x x x  

Fakkemose 21 
 x x x    

Fjordmarken 38 x x x x x   

Gravene 14 x x x x x   

Gulstav Mose 50 x x x x x   

Lisbjerg Mose 10 x x x x x   

Lundemose 11 
 x x x x   

Odense Ådal 140 x x x x x x x 

Piledybet 26 
 x x x x  x 

Ristinge Mose 6 x  x x x   

Sandelmager Mose & 
Langemose 35 

 x x     

Stenholt Mose 112.9 x x x x x   

Storelung 54.8 x x x x x x x 

Svanninge Bakker 10 
 x x x    

Urup Dam 75 x x x x x x x 
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1.1 Socioeconomic evaluation of Life 70 – Rare Nature 
According to the approved project application for this LIFE project a socioeconomic evaluation of 
the project is going to take place (Action D2). The evaluation is going to focus on the following 
aspects of the project:  

• Real estate prices 
• Number of visitors 
• Acceptance and understanding from locals regarding the added value of the project areas 
• Demand for experience in relation to nature in the project areas 
• Publicity of the projects 
• Clearing and cost effectiveness 

 
Between the project approval in 2011 and the present evaluation (2018) a lot has happened in 
the development and application of models to assess the value of nature restoration and nature 
as such for society and humans. The concept of ecosystem services is one branch of models that 
has developed significantly and been adopted by also EU to put a broader focus on nature in poli-
tics and planning. The Life 70 – Rare Nature project management therefore decided to change 
the original scope of evaluation to evaluate the socioeconomic impact of the project using the 
ecosystem services concept.  
 
With the definition of the UN sustainability goals in 2017 and the previous global initiatives such 
as the EU Millenium Assessment and Biodiversity Strategy a more holistic focus is emerging on 
nature conservation. Nature conservation must be seen not only as a mean for handling biodiver-
sity decline but also as a mean to solve several other global and local challenges such as climate 
change, flooding, pollution, human health and education just to mention some. Preserving and 
restoring natural ecosystems and their functions will be a top conservation priority in the future 
as human well-being deeply depends on a sounder balance with nature and natural systems /1/. 
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2. BACKGROUND 

2.1 What are ecosystem services 
Ecosystem services are the direct and indirect contributions of ecosystems to human well-being. 
They support directly or indirectly human survival and quality of life. 

The concept of ecosystem services is an attempt to create explicit and binding values (monetary 
and non-monetary) related to benefits derived from nature /23/. Ecosystem services as a concept 
may be used in a wide variety of contexts from visual communication to strategy development, 
project planning, and impact assessment. Globally, ecosystem services have been estimated to 
contribute roughly US$33 trillion per year (216 trillion dkk yr-1) to human welfare /24/, ranging 
from an average contribution of $490 per hectare (3200 dkk ha-1) open ocean to almost 
US$350.000 per hectare (2.3 mio dkk ha-1) coral reefs per year /24/. In total 60% of ecosystem 
services worldwide are believed to be deteriorating or are already overused /25/. Therefore, ap-
proaches to reduce the loss of ecosystem services have become critical /26/.  
 
A classification of ecosystem services is continuously under development at international level, 
the Common International Classification of Ecosystem Services (CICES). The aim of CICES is a 
standardization and systematic approach to naming and describing ecosystem services in the 
context of environmental accounting, mapping, valuing and assessments. The CICES system ver. 
5.1 is applied in this analysis.  
 
At EU level, a conceptual framework for Mapping and Assessment of Ecosystems and their Ser-
vices (MAES) has been developed to steer a more harmonized approach to ecosystem and eco-
system services assessments across EU Member States. Activities from MAES has resulted in a 
conceptual framework for ecosystem assessment as well as national surveys of available data on 
ecosystem services with several status reports. All member states are obliged to report on the 
condition of their national ecosystem services by 2020.  
 

 

Figure 2-1  Conceptual frame work of MAES EU that links human societies and their well-being with the 
environment. 

 

https://biodiversity.europa.eu/maes
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The CICES classification of ecosystem services is a hierarchical system with three overall sections and a total 
of 22 services (classes, see Annex 1 for a full list). The three sections of ecosystem services are described in 
Textbox 2-1. 
 
 

 
 
 
All ecosystem services depend on a fundament of planetary attributes such as soil formation, bio-
diversity, chemical cycles, and hydrological systems. These are collectively termed sustaining 
services since they form the fundament for all ecosystem services /43/. 
 
In the following sections an introduction to the most relevant services included in this study is 
given with a focus on scientific knowledge and references to indicators and effect of the target 
ecosystem in the Life 70 – Rare Nature projects, namely wetlands.  
 
 

2.2 Provisioning services  
The supply of food and fibre is without any doubt the most 
important provisioning ecosystem service in an economic 
context. Our prosperity until today has depended on high 
yields from homogenous and intensively managed row-crop 
ecosystems as well as meat from large scale livestock pro-
duction. Today, agricultural systems cover nearly 40 per cent 
of the terrestrial surface of the Earth and are one of the 
dominant land uses globally. The average monetary value of 
farmland is estimated at 614 US$ ha-1yr-1 (4050 dkk ha-1yr-1) 
on inland wetland areas /24//43/.  
 
Agroecosystems, like other ecosystems, depends on and provides several other services than the 
direct harvest of products. Depending on the management regime agroecosystems may have 
synergy or trade-off with regulating and cultural services such as water quality, flood control, 
carbon storage, disease regulation, and waste treatment (e.g. nutrients, pesticides) /43/. 

The overall delivery of ecosystem services is negatively affected by agricultural land-management. 
Agriculture impacts soil carbon storage and nutrient balance and accounts for roughly 12% of total 
anthropogenic greenhouse gas emissions /3/. Grazing and cultivating areas can lead to soil erosion, 
acidification and salinization of the soil, pollution of groundwater and not least loss of natural hab-
itats. Rivers and lakes receiving water flow from agricultural areas can be affected by outflux of 

Textbox 2-1. Three sections in the Ecosystem services hierarchical CICES classification 

Provisioning services that describe the material or energy outputs from ecosystems that are 
directly harvested or consumed. These services include food, water, timber, and other re-
sources. 
 
Regulating services are the functions and natural processes of ecosystems which humans 
benefit from. This icludes regulation of e.g. the quality of air and water, erosion, pollination and 
pests. 
 
Cultural services are the non-material benefits people obtain from ecosystems including aes-
thetic inspiration, cultural identity, recreation, education, sense of home, and spiritual experi-
ence. 
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nutrients eventually leading to eutrophication of natural habitats. Annual external costs of agricul-
ture on natural resources, human health and biodiversity have been estimated to £1514 million in 
the UK (12 bn dkk). Put in another way the annual benefits of agricultural production can be esti-
mated to £53 ha-1 yr-1 (445 dkk ha-1 yr-1), whereas the external costs account for £208 ha-1 yr-1 
(1747 dkk ha-1 yr-1) /4/. 

There is a growing recognition in many countries and the international society (UN and EU) that 
agriculture can and must act in synergy with other ecosystem services to sustain the local envi-
ronment and possibilities for future generations to produce food and enjoy natural resources. 
This recognition furthermore opens a potential for society to be aware of the biases and eventu-
ally be prepared to rethink land use and pay for the co-benefits of sustainable farming such as a 
clean and well-regulated water supply, biodiversity, natural habitats for conservation and recrea-
tion, climate stabilization, and aesthetic and cultural amenities /44/. 
 
 

2.3 Climate regulating services 
Organic wet soils are crucial to the stable planetary carbon bal-
ance due to their high organic carbon content /11/. Draining in-
land organic soils, results in an increased oxygen level within 
the soil, and consequently increased CO2 emissions. This pro-
cess continues until all peat is decomposed or drainage is re-
versed. Additional pathways by which carbon is lost from the 
soil include Dissolved Organic Carbon being the largest compo-
nent of waterborne carbon export, eventually released into the 
atmosphere as CO2. Emissions of CH4 are generally low in 
drained inland organic soils, since the soil carbon is preferen-
tially oxidized to CO2 /12/. However, methanogenesis may take 
place in drained ditches with a shallow water level. Furthermore, significant amounts of N2O can 
be emitted from nitrogen mineralisation during the organic matter decomposition or added 
through the use of fertilisation in drained organic soils /13/. These fluxes result in degraded and 
drained peatlands being a net greenhouse gas source /12/.  

Drained peatlands have been estimated to emit between 80 and 880 g C m-2 yr-1, with a mean of 
400 g C m-2 yr-1. This corresponds to a global warming potential (GWP) of up to 3230 CO2eq m-2 
yr-1. The highest C losses occur in peatlands used for row crop production. Measurements of 
greenhouse gas emissions after restoration are scarce. An ex-arable fen sequestered carbon di-
oxide on average of 1030 g CO2-C m-2 yr-1 ten years after rewetting. However, high levels of nu-
trients in former arable lands might induce decomposition and therefore enhance the emission of 
greenhouse gases. The outflux of CH4 ranged between 5 – 50 g CH4-C m-2 yr-1. Though, (re-
stored) fens are playing a crucial role in climate change mitigation, being able to act as a net sink 
for greenhouse gases. Undrained fens in Europe are reported to have a GWP of -25 to +150 g 
CO2eq m-2 yr-1 /7/.  

Restoring anaerobic conditions lead to a slower decomposition rate of dead plant material and if 
the formation of new peat exceeds the peat loss of decay, carbon is sequestered in the peatlands 
/15/. The rate of peat sequestration depends on hydrologic and climatic conditions, with strong 
regional and even local variations. Carbon sequestration in restored peatlands can be up to 60% 
higher than in its degraded state /31/    
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2.4 Cultural ecosystem services  
The Millennium Ecosystem Assessment initiated by EU in 2005 
includes also non-material benefits, such as the benefits people 
obtain from ecosystem through aesthetic experience, recreation, 
spiritual enrichment, reflection, and educational opportunities – 
commonly described as Cultural Ecosystem Services /18//19/. 
Although they are often of high importance to the public, cul-
tural ecosystem services are widely understood to be intangible, 
and the physical, emotional and mental benefits are often subtle 
and intuitive in nature /20/. Cultural ecosystem services are a 
product of natural processes, and the outcome is such as human 
thought and perception, created practically and symbolically 
through peoples’ interactions with, and understandings of ecosystems /21//22/.  

Unlike other ecosystem services, cultural ecosystem services are highly subjective in nature, be-
cause they are often perceived differently by people, depending on their background, experience, 
cultural heritage, age and gender. Many cultural ecosystem services are of ‘non-material’ use, not 
entailing consumption of resources, and are thus not valued directly in conventional markets. They 
are often common or public goods interconnected with each other, and so it is hard to select a 
distinct indicator or value and to quantify and integrate cultural ecosystem services into manage-
ment plans /45/. However, their importance for quality of life is becoming more evident with recent 
research analysing correlations between surrounding environment and physical and mental well-
being, and there is thus an increasing focus on including cultural ecosystem services in eg. Urban 
planning and socioeconomic analyses. 

 

2.5 Biodiversity - ecosystem services relation 
The link between biodiversity and ecosystem services is complex, since biodiversity elements 
play a key role at many levels of the ecosystem services framework. For example, ecosystems 
with their biodiversity regulate water quality and pollination of crops, provides food such as fish 
and game and gives us recreative experiences and mental wellbeing. Biological composition of 
ecosystems thus has a pivotal role in ecosystem services delivery, due to the dependence on the 
right combination of certain biotic and/or abiotic components being present in an ecosystem /25/. 
More recent publications show that a large number of species is needed to sustain multiple func-
tions over time and space /28/. Therefore, biodiversity is not classified as an ecosystem service 
itself, but rather as a sustaining service like also geological processes and global chemical and 
hydrological cycles.  
 
This being said, the international classification of ecosystem services does include elements of bi-
odiversity directly in two service groups.  

• One is a regulating service; ‘Lifecycle maintenance, habitat and gene pool protection’ 
concerning seed dispersal and the maintenance of nursery populations and habitats (in-
cluding gene pool protection).  

• The other is a cultural service; ‘Characteristics or features of living systems that have an 
existence value’ described as the things in nature that we think should be conserved and 
which we want future generations to enjoy and use such as wilderness and endangered 
species and habitats.  

The correlation between biodiversity and ecosystem services has been studied intensely in research 
in recent years. A review by Harrison et al. (2014) /30/ shows that a broad range of biodiversity 
attributes were cited in scientific papers as being important for the provision of one or more of 11 
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chosen ecosystem services. The most frequently mentioned biodiversity attributes entailing eco-
system providers (ESP) were community/habitat area (31% papers), species abundance (27%), 
species richness (25%) and community/habitat structure (24%, Figure 2-2).  

 

 

Figure 2-2 Linkages between broad groups of biodiversity attributes, ecosystem service providers (ESP) 
and ecosystem services for 11 ecosystem services included in the literature review. The thickness of the 
connecting lines reflects the number of papers providing evidence for that linkage equally divided into 
three categories with the thickest lines representing the most frequently cited linkages /30/. Biodiver-
sity may per definition be split into attributes describing different levels of the ecosystem such as spe-
cies level, functional groups, communities and habitats etc. ESPs are defined as the component popula-
tions, functional groups or communities that contribute to ecosystem service provision. 

Several other studies have associated higher biodiversity with increased ecosystem function, eco-
system service delivery, and thereby indicating a win-win restoration outcome for nature and so-
ciety /25//31//32//33//29//34/. Polasky et al. (2012) /35/ reports that if either biodiversity or 
ecosystem service supply is targeted in restoration, it generates 47-70 % of the maximum score 
of the other objective. Their study showed a return of $2,27 per invested dollar in conservation, 
benefits exceeding costs by far. A meta-analysis of 89 restoration projects across the world found, 
that ecological restoration and the associated increase in biodiversity, lead to an increase in eco-
system services provisioning of 25% /36/. 

For wetlands specifically, research studies have showed that restoring degraded wetlands en-
hanced biodiversity by 19% (vascular plants +45%) /17/. In 70 experimental studies, the re-
stored wetlands showed an average increase of 36% in selected provisioning services (+108% in 
water supply) and regulating services (+176% invasive species control) compared to their de-
graded counterparts. Cultural ecosystem services reached almost the same level as in natural 
wetlands /17/. In restored wetlands the supply of ecosystem services was 43% higher than in 
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degraded ones, but 13% lower than in natural wetlands. This finding is supported by other stud-
ies where the value of the provided ecosystem services of a restored ecosystem usually remains 
lower than those of comparable intact ecosystems /33/. This supports the general premise that 
restoring biodiversity should be second to preserving biodiversity in conservation strategies. 
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3. METHOD 

3.1 Screening of relevant ecosystem services 
On a workshop with all project managers involved in Life 70 – Rare Nature the full classification 
of ecosystem services was presented and on that basis the group together selected the most rel-
evant services to include in the evaluation of the Life-project. This resulted in 17 ecosystem ser-
vices, which was assessed to be influenced by the nature restoration activities in a positive or 
negative way (Table 3-1). Afterwards, a screening of the selected 17 services was made based 
on data availability and expected magnitude of the impact from the project. A small impact, no 
matter positive or negative, or unavailable data caused the service not to be included in further 
analysis. On that basis, seven services of the 17 was selected for analysis in the present evalua-
tion (marked with bold in Table 3-1).   
 

Table 3-1 Ecosystem services assessed to be relevant in the socioeconomic evaluation of the Life 70 – 
Rare Nature-project. Services marked with bold are included in the analysis and evaluation the project.  

 Ecosystem service Comment 

Pr
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es
 

Crop production Loss of farmland 
Energy ressources Wooden chips 
Livestock production Grazing cattle 
Wild animals Hunting 
Ground water  Little expected change 

R
eg

ul
at

in
g 

 
se

rv
ic

es
 

Climate regulation CO2 emission/carbonsequestra-
tion, methane 

Maintaining natural populations and habitats Improving habitats 
Pollination and seed dispersal I relation to orchards 
Filtering, retention, and chemical quality of fresh 
water 

Larger nature areas with re-
stored hydrology 

Soil processes and bio-geochemical processes Natural soil processes restored 
on former farmland 

C
ul

tu
ra

l s
er

vi
ce

s 

Recreative use of plants and animals Hunting and collecting wild 
plants 

Recreative/physical use of nature areas Visitor counts 
Scientific use of nature  Research 
Education Use of areas by schools 
Entertainment Social events in nature 
Aesthetic value Larger attraction for people 
Existential value of natural heritage Preference study 

 
The relation between ecosystem services and biodiversity is analyzed with the aim to put focus 
on potential synergies and trade off with the selected ecosystem services. 
 
The analysis of selected ecosystem services is mainly based on existing data available from 
online databases and maps as well as data on nature quality, visitor frequency etc. collected 
within the Life 70 – Rare Nature project (Table 3-2). 
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Table 3-2 Data used in the analysis of the selected seven ecosystem services. PM: Project manager. 

  Ecosystem services 

Data  Source C
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Farmland area Kortforsyningen.dk x       

Crop type Kortforsyningen.dk x       

No. of grazing animals PM interviews  x      

Area used for hunting PM interviews   x     

Peat depth in mires Baseline report    x    

Rewetted area after restoration 
Baseline report, PM in-
terviews 

   x    

Recreative facilities established Baseline report     x   

No. schools and pupils in munici-
pality 

Statistics Denmark, In-
stitute register, Ministry 
of Education register 

     x  

Visitor preferences (question-
naire) 

Survey Langeland     x  x 

  
The underlying case for the valuation of ecosystem services is that it will contribute towards bet-
ter decision-making, by ensuring that policy appraisals fully account the costs and benefits to so-
ciety and by highlighting more directly the implications for human wellbeing. Some ecosystem 
services are well known in economic models including food, fiber and fuel provisioning as well as 
the cultural services that provide benefits to people through recreation and appreciation of na-
ture. Other services provided by ecosystems are not so well known. These include the regulation 
of the climate, the purification of air and water, flood protection, and nutrient cycling. Therefore, 
the possibilities and methods for monetary valuing of different ecosystem services vary. 
 
In the following, the seven ecosystem services analyzed as part of the evaluation of the Life 70 – 
Rare Nature project is described in terms of data quantification and method for monetary valua-
tion. The results of the analysis are presented in chapter 0.  
 
 

3.2 Crops 
Quantification  
To detect the change in farmland area with the implementation of the project a GIS 
analysis has been undertaken. Field data (‘markblok’) from Kortforsyningen.dk was 
used to gather data on farmland area and crop type before and after project com-
pletion.     

 
Valuation 
Valuation of the changes in crops is based on the change in farmland area to non-farmland area 
in square meters. The type of crops is uncertain why the average gross profit of the most fre-
quent farmed crop types in Denmark is used. The gross profit is used as this is a measure of pro-
duction value minus costs of making the product i.e. fertilizer, labor, equipment, etc. Therefore, 
the gross profit is the profit a farmer makes after deducting costs associated with making and 
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selling the crops. For this reason, it is used in this valuation as a proxy for the value generated 
from farming crops. This enables an estimation of the value of the decrease in crop production 
when converting farmland to non-farmland.  
 
 

3.3 Livestock  
Quantification 
The number of cattle grazing the project areas before and after project completion 
was collected through interviews with responsible project managers.  
 
Valuation 

The approach to valuing the change in livestock production is identical to the valuation of crop 
production. However, in this case, information concerning the number of specific grazing animals 
before and after the project is available. Therefore, the increase in number of grazing animals be-
fore and after the project is multiplied by the gross profit of specific grazing animal types. Fur-
thermore, the expected agricultural subsidy is calculated based on the area for grazing and the 
gross value of livestock was then calculated as the sum of livestock production and subsidies.  
 
 

3.4 Wild animals – hunting  
Quantification 
Project managers were interviewed about if hunting is possible and occurring on 
the project areas and whether hunting licenses have been handed out. 
 
Valuation 

Changes in the population of wild animals is difficult to assign a valuation. However, a reasonable 
proxy for the value of wild animals is the value derived from hunting wild animals. An initial as-
sessment of the increase in expected number of hunting licenses assigned to the area and in-
crease in number of people hunting is necessary. To determine the overall hunting value, two 
calculations is conducted. First, the increase in number of hunting licenses is multiplied by the 
average annual lease price. Secondly, the increase in number of hunters is multiplied by the av-
erage yearly spend by people hunting. These two calculations combined are a good proxy for the 
willingness-to-pay for hunting activities. It is important to note that the value may be conserva-
tive as it does not contain other indirect benefits to the ecosystem from having wild animals. 
 
 

3.5 Climate regulation – carbon sequestration  
Quantification 
The IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands /13/ out-
lines a method used to estimate anthropogenic greenhouse gas emissions from 
wetlands and drained organic soils. The estimation methods described in the guide-
lines are divided into three levels of detail, from Tier 1 (the default method) to Tier 

3 (the most detailed method /13/. In this study the Tier 1 method is applied with the correspond-
ing emission factors of land-use categories grassland, drained (Boreal), cropland, drained (Boreal 
and Temperate) forest, fen, and bog /46/.  
 
Changes in carbon pools are commonly addressed using a stock-based approach in the appropri-
ate land-use sector. These stocks are assessed at two different points in time, interpreted as a 
flux when looking at their difference; sequestration (negative flux) or emissions (positive flux) of 
the main greenhouse gases (CO2, CH4, N2O). 

For the present analysis data on square meters of land rewetted and peat depth was collected from 
the individual project sites. In the IPCC Tier 1 formula including the relevant emission factors the 
carbon emission before and after rewetting was then calculated /46/.  
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Valuation 
The valuation of climate regulation capacity consists of two steps. First, we assess the air pollu-
tion capture and storage capacity of each land type per square meter. Then, we add a value to 
the removal of each pollution type based on publicly available datasets. Finally, the change in the 
value of climate regulation because of increased sequestration is assessed by comparing the 
change in land type and area before and after the project.  
 
 

3.6 Recreative use  
Quantification 
The recreative use of areas has mainly been investigated by the use of visitor 
counts (loggers) in five of the project areas. Also, a questionnaire has been handed 
out in four project areas addressing the frequency of visits and distance willing to 
travel to visit nature areas.    

 
Valuation  
The recreational value is assessed by mapping average recreational values from visiting green 
areas per hectare for the relevant municipalities. This is coupled with assumptions on quality and 
distance, as a higher quality nature area with closer proximity to an urban area will generate a 
higher level of recreational value than more distant nature areas with a lower environmental 
quality. 
 
 

3.7 Education 
Education will not be valued in monetary terms, but rather quantified as the number 
of schools and daycare institutions and their number of classes/pupils. Further-
more, an estimate of additional visiting classes and pupils is estimated using vari-
ous assumptions. 

 
 
 

3.8 Natural heritage and existential value  
The existential value of natural heritage cannot within reason and existing 
knowledge be valued in monetary terms. The change in natural heritage and its ef-
fect on the well-being of people will therefore be described qualitatively.  
 

The analysis of natural heritage and existential value as a cultural ecosystem ser-
vice cannot be quantified by existing map or survey data but must be analyzed from specific user 
surveys. Unfortunately, this data collection has not been possible within the project except from 
a few user surveys carried out as questionnaires in three project areas.  
 

 
3.9 Biodiversity  

The condition of habitats within the project areas was surveyed at the project be-
ginning in 2013 and again in the end of the project in 2018. The surveys cover 
plant species in georeferenced plots (circular plots with r=5 m; area=78.5 m2) as 
well as registration of amphibians and a subjective classification of restoration po-
tential. From the vegetation data Ellenberg indicator values was calculated in order 

to obtain estimations of habitat quality.  
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4. RESULTS 

The results of the analysis of ecosystem services of the Life 70 – Rare Nature project is an indica-
tion of the co-benefits that the project will give to people and society besides the main project 
goal of nature restoration and improvement of Natura 2000 habitat condition. The results should 
be read as a rough estimation of this added value but do not encompass a complete socioeco-
nomic analysis. Most importantly, the results indicate the variety and magnitude of the main co-
benefits that arise from biodiversity conservation, but also points to the tradeoffs that are often 
inevitable in land area disposition.  
 
In the following sections the results for each ecosystem service is presented and in the end a 
summary of the ecosystem services analysis is discussed. 
 
 

4.1 Crops 
4.1.1 Valuation 

The Life 70 – Rare Nature project will result in a significant conversion of farmland to non-farm-
land area. In total, farmland area will be reduced by 134.4 hectares as shown in Table 4-1, most 
notably in Odense Ådal where 42 hectares farmland area will be converted. 

Table 4-1: Reduction in farmland area 

Area Reduction in farmland area 
(ha) 

Arreskov Sø 22.7 

Brændegård Sø 22.5 

Enebærodde 0.0 

Fakkemose 0.8 

Fjordmarken 0.3 

Gravene 8.5 

Gulstav Mose 0.0 

Lisbjerg Mose 0.2 

Lundemose 10.1 

Odense Ådal 42.0 

Piledybet 0.3 

Ristinge Mose 5.8 

Sandelmager Mose & Langemose 0.4 

Stenholt Mose 6.2 

Storelung 4.3 

Svanninge Bakker 4.0 

Urup Dam 6.3 

Total 134.4 

 
As explained in the section on our methodological approach to valuation of conversion of farm-
land to non-farmland area, the average gross profit of several important crop types determines 
the unit price per hectare of farmland. The gross profit of various crop types as well as the aver-
age gross profit is shown in Table 4-2.  
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Table 4-2: Gross profit of crop types in Denmark 

Crop type DKK pr. ha (2018) 

Wheat 3,683 

Spring barley 2,676 

Winter barley 2,736 

Rye 2,926 

Oats 2,823 

Rapeseed 2,546 

Sugar beets 11,034 

Potatoes 34,778 

Corn (roughage) 5,263 

Grass (roughage) 3,471 

Corn 3,125 

Corn (organic) 5,962 

Corn (0-20 ha) 2,102 

Potatoes (organic) 22,450 

Corn (roughage), organic 6,641 

Grass (roughage), organic 8,133 

Average gross profit 7,522 

Source: Statistics Denmark, REGNPRO1 

 
Data on the reduction in farmland area in hectares as well as the average gross profit per hectare 
allows an estimation of the value reduction when converting farmland to non-farmland. The value 
estimates are shown for each project area in the table below: 
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Table 4-3: Valuation of crop production 

  Crop production (DKK) 

Area Before project After project Difference 

Arreskov Sø 974,100 803,300 -170,700 

Brændegård Sø 191,800 22,600 -169,200 

Enebærodde 0 0 0 

Fakkemose 33,800 27,800 -6,000 

Fjordmarken 42,100 39,900 -2,300 

Gravene 161,000 97,000 -63,900 

Gulstav Mose 0 0 0 

Lisbjerg Mose 39,100 37,600 -1,500 

Lundemose 0 -76,000 -76,000 

Odense Ådal 541,600 225,700 -315,900 

Piledybet 112,100 109,800 -2,300 

Ristinge Mose 0 -43,600 -43,600 

Sandelmager Mose & 
Langemose 

0 -3,000 -3,000 

Stenholt Mose 496,400 449,800 -46,600 

Storelung 428,700 396,400 -32,300 

Svanninge Bakker 0 -30,100 -30,100 

Urup Dam 240,700 193,300 -47,400 

Total 3,261,400 2,250,500 -1,010,900 

 
As shown by the total value in Table 4-3, a consequence of reducing farmland area is a yearly 
loss in production value of roughly 1 million dkk.  
 

4.1.2 Interpretation 
The result of economic valuation of farmland crops as an ecosystem service is not surprisingly 
negative since the area for production is reduced. This shows the classical trade-off between the 
ecosystem services related to agriculture and the services related to more natural ecosystems. In 
addition to the decline in agricultural crop production, the project has also converted woodland to 
open restored nature types implying a potential decline in timber production. However, data on 
forest use for the cleared areas was not collected and this service could thus not be analyzed.  
 
The provisioning services from agriculture to some extent also depend on provisioning and regu-
lating services from more natural ecosystems, and it is thus important to include this interde-
pendency in landscape scale planning and management. As several recent studies has shown, 
more extensive agriculture has the potential to obtain a higher level of synergy between ecosys-
tem services providing products for nutrition, energy or construction industry as well as sustain-
ing essential processes for our society such as climate regulation and clean water.  
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4.2 Livestock 
4.2.1 Valuation 

The conversion of areas from farmland to non-farmland will make it possible to hold grazing ani-
mals, e.g. cattle, horses and goats. An overview of expected number and types of grazing ani-
mals per area is shown below: 

Table 4-4: Number and type of grazing animals before and after project 

Area Existing num-
ber of grazing 

animals 

Project num-
ber of grazing 

animals 

Difference Type of ani-
mal 

Storelung 0 18 18 Cattle 
Brændegård Sø 0 0 0 - 
Arreskov Sø 23 105 83 Cattle 
Svanninge Bakker 51 52 1 Cattle 
Fjordmarken 15 23 8 Cattle 
Ristinge Mose 5 15 10 Cattle 
Fakkemose 0 3 3 Cattle 
Lundemose 0 15 15 Cattle 

Gulstav Mose 
50 50 0 Horses 
0 7 7 Cattle 

Urup Dam 40 53 13 Cattle 
Sandelmager Mose & 
Langemose 

10 5 -5 
Cattle 

Enebærodde 45 45 0 Cattle 
Lisbjerg Mose 15 15 0 Cattle 
Odense Ådal 30 45 15 Cattle 
Stenholt Mose 36 32 -4 Cattle 
Piledybet 0 9 9 Cattle 

Gravene 
2 10 8 Cattle 
0 10 10 Goats 

Total 322 512 190 - 
 
As it can be seen, the conversion of farmland to non-farmland area will make room for a total of 
190 additional grazing animals. Arreskov Sø will be expanded with the largest number of grazing 
animals (83 cattle). 
 
The grazing animals will provide value to the owners through the provision of meat, milk, resale 
and subsidies if used to conserve natural habitats. Similar to the approach used when assessing 
the value of crop types, data on gross profits of grazing animals is necessary. The gross profit of 
cattle is shown in Table 4-5 as well as average market prices of horses and goats as this was the 
best available data. It is important to realize that market prices will overvalue the value creation 
as costs are not subtracted. However, seeing that horses and goats do not account for a signifi-
cant share of the grazing animal additions within the project the results will not be too distorted. 

Table 4-5: Gross profit of cattle and market prices of horses and goats 

Grazing animal type Value 
Cattle 12,937.6 DKK/animal/year 
Horses 5,008.9 DKK/animal 
Goats 640.3 DKK/animal 

Source: Statistics Denmark, REGNPRO2 and SKAT 
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The difference in number of grazing animals is multiplied by their respective unit prices. An esti-
mation of livestock production value is shown in Table 4-6. 
 

Table 4-6: Valuation of livestock production 

  Livestock production (DKK pr. year) 
Area Before project After project Difference 
Arreskov Sø 71,600 334,200 262,600 

Brændegård Sø 0 0 0 

Enebærodde 142,000 142,000 0 

Fakkemose 0 9,500 9,500 

Fjordmarken 47,700 73,200 25,500 

Gravene 7,400 32,900 25,500 

Gulstav Mose 250,400 272,700 22,300 

Lisbjerg Mose 49,000 49,000 0 

Lundemose 0 47,700 47,700 

Odense Ådal 95,500 143,200 47,700 

Piledybet 0 28,600 28,600 

Ristinge Mose 15,900 47,700 31,800 

Sandelmager Mose & 
Langemose 

31,800 15,900 -15,900 

Stenholt Mose 114,600 101,900 -12,700 

Storelung 0 55,700 55,700 

Svanninge Bakker 162,300 165,500 3,200 

Urup Dam 127,300 168,700 41,400 

Total 1,115,700 1,688,700 573,000 

 
As shown in Table 4-6, the increase in number 
of grazing animals results in a total value-
added across all areas of roughly 0,6 million 
dkk of which almost half of the value stems 
from Arreskov Sø. 
 
It is important to note that the value added 
from cattle is a yearly benefit whereas produc-
tion values from horses and goats is a onetime 
benefit. This is due to the fact that horses and 
goats are typically not slaughtered and sold as 
meat, but rather resold after an initial use.  
 
In addition to the direct value-add from increased livestock, farmers also receive a subsidy for 
nature conserving grazing cattle. According to the Danish Agricultural Agency, this subsidy 
amounts to 2.600 kr. pr. hectare. The expected grassland subsidy per area is shown in Table 4-7 
based on area dedicated to grazing before and after project implementation. 
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Table 4-7: Valuation of grassland subsidy 

  Grassland subsidy (DKK pr. year) 
Area Before project After project Difference 
Arreskov Sø 49,400 74,600 25,200 

Brændegård Sø 0 64,000 64,000 

Enebærodde 0 75,400 75,400 

Fakkemose 0 58,500 58,500 

Fjordmarken 80,600 97,500 16,900 

Gravene 0 45,800 45,800 

Gulstav Mose 16,400 18,700 2,300 

Lisbjerg Mose 0 26,000 26,000 

Lundemose 0 16,900 16,900 

Odense Ådal 0 131,300 131,300 

Piledybet 0 25,000 25,000 

Ristinge Mose 9,100 17,200 8,100 

Sandelmager Mose & 
Langemose 

0 87,100 87,100 

Stenholt Mose 0 24,400 24,400 

Storelung 0 52,000 52,000 

Svanninge Bakker 20,800 22,700 1,900 

Urup Dam 0 85,800 85,800 

Total 176,300 922,800 746,500 

 
As shown, the difference in the total grassland subsidy amounts to 0.75 million dkk. 
 

4.2.2 Interpretation  
The results of economic valuation of expected income from livestock production in the nature ar-
eas show an increase proportional to the increase in number of animals. The results also indicate 
that the increase in livestock production alone (1.35 mio DKK yr-1) offsets the decrease in crop 
production (1 mio DKK yr-1).  
 
 

4.3 Wild animals 
4.3.1 Valuation 

The valuation of wild animals has been determined through value generated from hunting activi-
ties in the areas. While three of the 18 project areas, Enebærodde, Odense Ådal and Sandel-
mager Mose, offers hunting as a commercial activity generating income for the landowner, hunt-
ing is also exercised on three other project areas; Arreskov sø, Gulstav Mose and Gravene. A 
hunting license allows for between 3–15 hunters on the land plot. An estimate of the number of 
hunters for each licensed area has been conducted based on the number of hunters allowed and 
the size of the area. It is assumed that an improvement in area quality attracts more hunters per 
license. Below, the hunting licenses and change in average number of hunters is shown. 
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Table 4-8: Number of licenses and hunters 

Area Number of licenses Average number of 
hunters before 

Average number of 
hunters after 

Arreskov Sø 1 7 7 

Enebærodde 1 5 6 

Gravene 1 4.5 4.5 

Gulstav Mose 1 9 9 

Odense Ådal 1 7 9 

Sandelmager Mose & 
Langemose 

1 5 5 

 
To determine the value of hunting, two steps are taken. First, the number of licenses is multiplied 
by the average annual lease price of 310,8 dkk pr. ha. pr. year. Secondly, the number of addi-
tional hunters is multiplied by the average yearly spend by each hunter, which is 18,206.5 dkk 
pr. person pr. year.1 Based on these values and the number of hunters in Table 4-8, the following 
values have been estimated. 
 

Table 4-9: Valuation of wild animals 

 Wild animals (DKK pr. year) 
Area Before project After project Difference 
Arreskov Sø 137.200 137.200 0 

Enebærodde 136.100 163.300 27.200 

Gravene 71.600 71.600 0 

Gulstav Mose 303.700 303.700 0 

Odense Ådal 275.400 354.100 78.700 

Sandelmager Mose & 
Langemose 

145.400 145.400 0 

Total 1.069.500 1.175.400 105.900 

 
Wild animals and subsequent hunting activities will therefore generate benefits with a total value 
in the magnitude of 0,1 million dkk pr. year. 
 

4.3.2 Interpretation 
Although hunting is not sold commercially in 15 out of 18 project areas is can be expected that 
hunting is taking place as e.g. local benefits to neighbours who in turn provide qualitative bene-
fits to the landowner; a kind of natural economy. But hunting possibilities also increase the land 
value as exemplified in Fakkemosen where hunting was priced by 15,000 dkk ha-1 in concrete 
property deal. Nature restoration can be expected to improve core hunting benefits such as meat 
and trophy through increased area with wild habitat. The hunting quality and thus value may in-
crease both within the project areas but also in the surrounding landscape since the deer move 
freely across long distances.  
 
Besides the increased income from selling or natural trading of hunting lease the project is also 
expected to result in more people joining hunting trips for recreative value and not for consump-
tive benefits. This is due to the increased natural value and increase in wild habitats for deer and 
wildfowl that will attract hunters. In a Danish survey about hunting more than 80% responded 
that nature experience is ‘very important’ for their pleasure of enjoying their hobby. Moreover, 
biodiversity values such as different habitat types, variation in species composition as well as a 

                                                
1 Source: https://www.sciencedirect.com/science/article/pii/S1104689915000021 and Thomas H. Lundhede, Jette B. Jacobsen, Bo J. 
Thorsen: "A Hedonic Analysis of the Complex Hunting Experience", 2015  

https://www.sciencedirect.com/science/article/pii/S1104689915000021
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heterogenous landscape are important for hunters in Denmark. The same tendency is clear from 
lease prices which decrease with an increase in area of agricultural land in the hunting area /47/. 
 
Although hunting is not quantitatively analyzed for most of the project areas it is estimated that 
there will be an increase in hunting as a provisioning as well as a cultural service as a result of 
the Life 70 – Rare Nature project.  
 
 

4.4 Climate regulation 
4.4.1 Valuation 

The conversion of farmland to non-farmland as well as the restoration of natural hydrology will 
increase the areas’ carbon sequestration capacity. The table below shows CO2 equivalents in the 
atmosphere for each land area before and after the Life 70 – Rare Nature project. 
 

Table 4-10: CO2 emissions before and after project 
 

Total, t CO2 equivalent 

 
Emissions before  

(t CO2 equivalent) 
Emissions after  

(t CO2 equivalent) Difference 
Arreskov Sø 0 0 0 

Brændegård Sø 168.6 8.2 -160.4 

Enebærodde 75.8 5.0 -70.8 
Fakkemose 130.9 6.3 -124.6 

Fjordmarken 0.0 0.0 0 

Gravene 61.0 11.1 -49.8 

Gulstav Mose 0.0 0.0 0 

Lisbjerg Mose 0.0 0.0 0 

Lundemose 0.0 0.0 0 

Odense Ådal 58.3 3.9 -54.4 

Piledybet 41.2 2.7 -38.5 

Ristinge Mose 0.0 0.0 0 

Sandelmager Mose & 
Langemose 

0.0 0.0 0 

Stenholt Mose 64.4 3.5 -60.9 

Storelung 100.7 5.5 -95.2 

Svanninge Bakker 11.8 0.6 -11.1 

Urup Dam 0 0 0 

Total 712.7 46.7 -665.9 

 
As shown, carbon sequestration can be expected from the change in land use and restoration. It 
is important to note that the sequestration of 665.9 tons of CO2 equivalents is a peak value. It 
will take several years to reach this magnitude of sequestration as the plants need to grow into 
their full capacity potential. The Danish Energy Agency has determined that the CO2 price is 116 
dkk pr. tons CO2 equivalent2. Therefore, the societal value of carbon sequestration is as follows: 
  

                                                
2 Source: https://ens.dk/sites/ens.dk/files/Analyser/samfundsoekonomiske_beregningsforudsaetninger_for_energipriser_og_emis-
sioner_endelig2_justeret_gastabel_og_tekst.pdf  

https://ens.dk/sites/ens.dk/files/Analyser/samfundsoekonomiske_beregningsforudsaetninger_for_energipriser_og_emissioner_endelig2_justeret_gastabel_og_tekst.pdf
https://ens.dk/sites/ens.dk/files/Analyser/samfundsoekonomiske_beregningsforudsaetninger_for_energipriser_og_emissioner_endelig2_justeret_gastabel_og_tekst.pdf
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Table 4-11: Valuation of carbon regulation 

Area Value of carbon regulation (DKK) 
Arreskov Sø 0 

Brændegård Sø 18.600 

Enebærodde 8.200 

Fakkemose 14.500 

Fjordmarken 0 

Gravene 5.800 

Gulstav Mose 0 

Lisbjerg Mose 0 

Lundemose 0 

Odense Ådal 6.300 

Piledybet 4.500 

Ristinge Mose 0 

Sandelmager Mose & Langemose 0 

Stenholt Mose 7.100 

Storelung 11.000 

Svanninge Bakker 1.300 

Urup Dam 0 

Total 77.200 

 
As shown, carbon sequestration, as a consequence of changing and increasing the quality of ex-
isting land-use, has a peak value of 0.08 million dkk It is important to note that the livestock ad-
ditions will generate methane which is a potent greenhouse gas. This has been taken into ac-
count in the quantification and valuation of carbon sequestration.  
 

4.4.2 Interpretation 
The results show that after rewetting, the greenhouse gas emissions in the nine project areas 
where hydrology has been restored, are likely to decrease between 25 -35 CO2eq ha-1yr-1, de-
pending on the former land-use. 
 
Rewetting will thus change these localities from emitting vast amounts of CO2 to storing CO2 from 
the atmosphere. The time needed before a restored peatland becomes a carbon sink depends on 
many factors like vegetation (recovery), hydrology and nutrient status /52/. Methane, which is 
also a greenhouse gas, will increase emission after restoring natural hydrology compared to the 
degraded state /50/. Directly after rewetting, high CH4 emissions can be expected /14//33/, usu-
ally peaking after five years /51/ depending on former land-use, vegetation type, temperature, 
nutrient status and degraded peat type /12/. Also, the increase in livestock numbers on the na-
ture areas will lead to an increase in methane emission. Methane emission has been included in 
the valuation of climate regulation in the project but must be expected to cause a lower value to 
increase not least in the first years after implementation.  

The rewetted areas of the Life 70 – Rare Nature project will not develop straight-line to become a 
carbon sink. Research studies have shown that it can take up to 30 years, before rewetted former 
agricultural used areas become a net carbon sink /53//49/. Furthermore, a decline in greenhouse 
gas emissions after restoration is not linear over time. It varies between and within years based 
on factors like vegetation development, air temperature, peat characteristics and water table fluc-
tuations /48//16/. Even natural wetlands can be sources of CO2 in the short term, but on average 
and over many years they act as sinks. Overall the greenhouse gas emissions of a restored peatland 
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will always be higher than in its natural counterpart, but lower compared to a degraded state 
/50//52/.  

Draining of peat accumulating areas will increase the zone of aerobic decomposition resulting in 
an enormous incline of greenhouse gas emissions /12//48//49/. In over 50% of Europe’s former 
mire areas, peat has ceased to accumulate, making it the continent with the largest peatland 
losses /33/. 75% of European peatlands have been converted into agricultural land, emitting 
10% of all global anthropogenic greenhouse gas emissions /51/. Consequently, restoring de-
graded peatlands is seen as a strategy to mitigate climate change, and reaching biodiversity tar-
gets at the same time /5//12/. 
 
 

4.5 Recreative use 
4.5.1 Valuation 

Recreation is an activity of leisure often done for enjoyment and therefore brings value to people. 
The Life 70 – Rare Nature project will result in recreative improvements which it is assumed that 
people with close proximity to the nature areas will use more often after implementation.  
 
As the Life 70 - Rare Nature project improves the quality of existing nature areas, we have in-
cluded a quality parameter in the valuation. The quality parameter indicates the level of value 
that the user experiences when visiting the area. Also, a distance parameter has been included 
as distance is an important determinant of recreational use. 
 
Both the quality and distance parameters have been integrated into the economic model as 
weights to be multiplied to the recreational value. In other words, if the quality is high and the 
distance to nearest city is low, the recreational value is simply the improved recreational area in 
hectares multiplied by the recreational unit price per hectare. If the quality is lower and the dis-
tance is higher, a weight between 10% and 67% is multiplied by the recreational value. 
 
The following table illustrates the assumptions made concerning distance, quality and area used 
for recreational purposes. 
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Table 4-12: Distance, quality and recreational area 
   

Recreational 
quality 

Change 
in rec-
rea-

tional 
area 
(Ha) 

 
Distance to near-
est (larger) city 
(m) 

Located in the 
municipality: 

Before After 

Arreskov Sø 501-1000 Faaborg-Midtfyn Low Medium 36.6 
Brændegård Sø >1000 Faaborg-Midtfyn Low Medium 23.6 
Enebærodde >1000 Nordfyns Low Low 25.1 
Fakkemose >1000 Langeland Low Medium 25.4 
Fjordmarken >1000 Nordfyns Low Low 34.1 
Gravene >1000 Assens Low Low 10.9 
Gulstav Mose >1000 Langeland Low Medium 2.8 
Lisbjerg Mose >1000 Nordfyns Low Medium 2 
Lundemose >1000 Ringkjøbing-

Skjern 
Low Low 10.1 

Odense Ådal >1000 Odense Low Medium 60.9 
Piledybet >1000 Langeland Low Medium 8.6 
Ristinge Mose >1000 Langeland Low Medium 5.8 
Sandelmager Mose 
& Langemose 

>1000 Kerteminde 
Low Medium 23.3 

Stenholt Mose >1000 Silkeborg Low Low 10.6 
Storelung >1000 Faaborg-Midtfyn Low Medium 9.9 
Svanninge Bakker >1000 Faaborg-Midtfyn Medium High 5 
Urup Dam >1000 Kerteminde Low Medium 41.6 

 
According to the Danish Environmental Agency, the following unit prices should be used to deter-
mine the recreational values of nature areas. 
 

Table 4-13: Recreational value from visiting nature areas 

 Municipality DKK/Ha/year (2018-
value) 

Assens 4,940 

Faaborg-Midtfyn 5,040 

Kerteminde 7,987 

Langeland 2,751 

Nordfyns 5,983 

Odense 7,987* 

Ringkjøbing-Skjern 1,581 

Silkeborg 2,903 

*The recreational value for Kerteminde has been transferred to Odense as we assessed that the recreational 
value for Odense was significantly overestimated. 
Source: Danish Environmental Agency, PLASK 
 
The unit prices differ from municipality to municipality for a variety of reasons, e.g. inhabitants 
value nature areas differently and some municipalities already have many nature areas, so addi-
tional nature areas bring less value. 
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By combining the assumptions on quality, distance, improved area in hectares and unit prices for 
recreational activities, valuations have been estimated for each area. 
 

Table 4-14: Valuation of recreational activities 

Area Recreational value (DKK pr. year) 

Arreskov Sø 24,600 

Brændegård Sø 7,900 

Enebærodde 5,000 

Fakkemose 4,700 

Fjordmarken 6,800 

Gravene 1,800 

Gulstav Mose 500 

Lisbjerg Mose 800 

Lundemose 500 

Odense Ådal 32,400 

Piledybet 1,600 

Ristinge Mose 1,100 

Sandelmager Mose & Langemose 12,400 

Stenholt Mose 1,000 

Storelung 3,300 

Svanninge Bakker 2,500 

Urup Dam 22,200 

Total 129,100 
 
The values shown above entail that the total difference in recreational value is 0,13 million dkk. 
This value will be realized yearly when the nature area improvements have been fully imple-
mented and people start to use the areas. 
 

4.5.2 Interpretation  
Based on reference studies and improve-
ments within the Life 70 – Rare Nature pro-
ject it is estimated that the recreative value 
of most of the areas will increase. This is 
expected to result in more visits to the ar-
eas. Visitor counts in five of the 18 project 
areas during the project period gives a base 
line on which to follow this development 
(Table 4-15). Only from Odense Ådal is data 
on visitor counts available from the begin-
ning and the end of the project period, and 
these data do not show an increase in visi-
tors. However, in the longer term an in-
crease in visitors is expected, especially 
since this area also actively involves schools.  
 
In Table 4-15 the facilities, activities and communication implemented in the project areas are 
listed. The different activities reflect the preferred use of the different areas but is not directly 
based on an opinion analysis amongs users. The only opinion survey made is by handing out a 
questionnaire in few project areas at arrangements for people interested in the nature already. A 
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total of 153 questionnaires was received from a population of mainly permanent residents or 
people owning a summerhouse, 68 % were more than 61 years old and men/women were 
equally represented. Questions related to recreative use were: 

4: Are you especially interested in nature in this area? 
5: How often do you visit the nature area? 
8: Would you show the nature areas to guests? 
10: Do you think improvement of nature areas will attract more tourists? 
13: How far will you travel to see special nature? 

 
The results of five different handouts of the questionnaire is shown in Figure 4-1. It appears that 
most of the respondents visit the nature area daily, weekly, or monthly, that the nature area is 
attractive to their own guests and tourists, and that they in general value exploring nature highly 
since they will in average travel 99 km to see special nature. 
 

Table 4-15 New recreative facilities created in project areas and results from visitor counts (where avail-
able). 

Project area Recreative facility created 
Visitors per 
month Period 

Arreskov Sø 
Board walk in wet areas, bird 
watch tower, information board, 
new path and public excursions 

1863 2014-2015 

789 2018 
Brændegård Sø Information board   

Enebærodde Information board and folder, 
public meetings   

Fakkemose Information board, public mee-
tings   

Fjordmarken Information board, public excursi-
ons   

Gravene Information board   

Gulstav Mose Information board, public meet-
ings and bird watch tower 100 2014 

Lisbjerg Mose Information board, public excursi-
ons   

Lundemose Information board, public mee-
tings   

Odense Ådal 
Shelter, information board and 
new public access; collaboration 
with schools 

61 2014-2015 

34 2018 
Piledybet Information board 43 2015 
Ristinge Mose Information board   
Sandelmager Mose & 
Langemose 

Information board and folder, 
public meetings   

Stenholt Mose Information board, public excursi-
ons   

Storelung Boardwalk in bog area, new path, 
information board and folder 204 2014-2015 

Svanninge Bakker Information board, public excursi-
ons   

Urup Dam 
New paths and public access; in-
formation board and folder, public 
meetings 580 2017-2018 
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Figure 4-1 Results of questionnaire regarding recreative preferences. Total number of questionnaires 
was 153. Questions indicated with number below answers: 
4: Are you especially interested in nature in this area? 
5: How often do you visit the nature area? 
8: Would you show the nature areas to guests? 
10: Do you think improvement of nature areas will attract more tourists? 
13: How far will you travel to see special nature? 

 
4.6 Education 

Educational activities where pupils spend time in and learn about nature has a significant societal 
value. However, it is very difficult to monetize as it is a value that is not prized on any market. 
Instead, an assessment and estimation of the potential increase in pupil visits has been con-
ducted. 
 
Data on potential pupils (i.e. students from the age of 7 to 15 years old) and number of schools 
within the municipality has been collected. This is shown below. 
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Table 4-16: Data on number of pupils and schools within relevant municipalities 
 

Project area size 
(ha) 

Number of pupils 
(7-15 years old) 

Number of schools 
in municipality 

Assens 14 4,599 17 

Faaborg-Midtfyn 222 5,777 26 

Kerteminde 110 2,559 9 

Langeland 103 987 5 

Nordfyns 39 3,318 8 

Odense 178 19,092 50 

Ringkøbing 11 6,674 34 

Silkeborg 113 11,151 29 

Total 790 54,157 178 

Source: Statistics Denmark, FAM133N and Institutionsregisteret, Udenrigsministeriet. 

 
With an assumption on number of pupils per class of 27 pupils, the number of school classes has 
been estimated as shown below. Number of classes within the municipality is important as field 
trips to nature areas are typically arranged within classes. Therefore, the total number of classes 
has been determined to be 2005 classes, which implies an average number of 11 classes per 
school.  
 

Table 4-17: Estimation of number of classes 
 

Number of pupils 
(7-15 years old) 

Number of pu-
pils/class 

Number of classes 

Assens 4,599 27 170 

Faaborg-Midtfyn 5,777 27 210 

Kerteminde 2,559 27 90 

Langeland 987 27 40 

Nordfyns 3,318 27 120 

Odense 19,092 27 710 

Ringkøbing 6,674 27 250 

Silkeborg 11,151 27 410 

Total 54,157 
 

2,000 

 
Assumptions on number of additional visits per class have been determined as described below: 
 

• 40 pct. of classes do not go on field trips to nature areas as it is not relevant for the top-
ics that they study or not normal practice in the schools.  

• 20 pct. of classes are either too far away from the Life 70 nature areas to visit them or 
are within closer proximity to other nature areas that are visited instead. 

• 30 pct. of classes visit Life 70 nature areas but will not visit the areas more often after 
the improvement than what they did prior. 

• 10 pct. of classes will visit Life 70 nature areas an additional time after the improvement. 
• Life 70 areas in Ringkøbing and Assens have not been included because they have a very 

limited project size. 
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With these assumptions, the following additional class and pupil visits have been estimated. 
 

Table 4-18: Estimation of number of additional class and pupil visits 
 

Number of 
classes 

Additional vis-
its/class 

Additional class 
visits/year 

Additional pu-
pil visits/year 

Assens 170 0,0 0 0 

Faaborg-Midtfyn 210 0,1 20 580 

Kerteminde 90 0,1 10 260 

Langeland 40 0,1 0 100 

Nordfyns 120 0,1 10 330 

Odense 710 0,1 70 1,910 

Ringkøbing 250 0,0 0 0 

Silkeborg 410 0,1 40 1,120 

Total 2,000 
 

150 4,300 

 
It is important to note that this estimation is very rough, but with the assumptions made, Life 70 
– Rare Nature areas will experience a total of 150 additional class visits and a total of 4300 addi-
tional pupil visits every year. 
 

4.6.1 Interpretation 
In almost all project areas the visitor facilities 
have been improved such as accessibility and 
information boards in the areas. In the-
Odense project areas there has furthermore 
been special focus on education and direct 
contact with schools in the neighborhood to 
motivate their use and develop facilities es-
pecially targeted their needs.  
 
Education of kids in nature about nature is 
known to have several positive effects on the 
general intellectual, mental, physical, and so-
cial development. But it also helps to maintain an instinctive feeling of belonging to the natural 
ecosystem when experiencing animals and natural processes, which is important for growing up 
with a more sustainable attitude to the world.  
 
 

4.7 Natural heritage and existential value 
The cultural value of our natural heritage and nature as an existential value is highly subjective 
and analysis therefore must be carried out by opinion surveys. Unfortunately, such monitoring 
was not part of the project and available data is therefore very limited. However, as a case study, 
data from the questionnaires handed out on excursions and general information meetings in the 
period 2013-2018 in few project areas are used. The results of this survey are shown in Figure 
4-2. As can be seen from the results, people not surprisingly (since they choose to participate in 
information meeting) find nature important personally but also for house prices in general. Their 
willingness to travel to see special nature can also be seen as an indicator of existential value; 22 
% selects the highest possible distance (201-300 km) while the average for all respondents is 99 
km. 
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Another qualitative estimate of the cultural value of natural heritage is the number of participants 
at the information meetings held by the Danish Nature Agency and municipalities during the pro-
ject period. These data have not been collected systematically, but at the last meeting in Ar-
reskov Sø in 2018 where the project activities were presented 200 people showed up. That was 
overwhelming and surprising for the organizers and shows large interest from the local citizens 
and thus cultural and social value of nature restoration (Figure 4-3). 
 

 

Figure 4-2 Result of questionnaire concerning use and personal opinion about nature. Total number of 
questionnaires were 125. Questions indicated with number below answers: 
7: Is it valuable to you to have rare birds or plants in the area? 
9: Do you think nature restoration in the area will increase interest in buying a house? 
11: How important for you is it to get a more rich nature? 
13: How far will you travel to see special nature? 
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Figure 4-3 Information meeting held by the Danish Nature Agency in 2018 informing about the nature 
restoration in Arreskov Sø for more than 200 people.  

 
4.8 Biodiversity 

The effect of the project on biodiversity could only be analyzed to a limited extent due to limited 
availability of data and a short time frame considering the slow response time of vegetation to 
changes caused by restoration. The last restoration activities were in some areas carried out in 
2017, and it is unlikely, that even five years will be able to show the actual effect of restoration 
on plant species composition.  
 
The results of the biodiversity estimation based on vegetation data is shown in Table 4-19 and 
Figure shows the changes in Ellenberg indicator values for one of the focus habitat types (rich 
fen).  
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Table 4-19 Species diversity data for available project areas. Diversity was calculated based on vegeta-
tion plots. Number of plots given for baseline survey/2018 survey. Species richness is no. of species per 
plot (SE), species eveness is Shannon-Weaver index.  

 
 

 

Figure 4-4 Comparison of Ellenberg indicator values for a total of 50 plots in the habitat type rich fen 
(7230). Green bars: 2018. yellow bars baseline data. L: light. F: moisture. R: soil reaction. N: soil nutri-
ent. S: soil salinity. Y-axis is relative scores.  

 
The biodiversity estimations as species richness shows a significant increase in Arreskov Sø only 
from 22 (SE 1.1) to 30 (se 2.9). The other project areas do not show any significant increase 
from the baseline survey to the 2018 survey in either species richness or species eveness. The 
estimated Ellenberg values show small changes in some habitat types towards a vegetation indi-
cating more light, higher moisture as well as higher soil reaction and nutrient content. This devel-
opment could reflect the change due to clearing of woody plants and raising the water level 
meaning that the vegetation composition already responds to these changes.  
 
The results of the vegetation surveys should however only be taken as an indication of a succes-
sion just started. The vegetation development as well as development in other groups of organ-
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   Baseline 2018 

Project area 

Pro-
ject 
area 
(ha) Plots 

Species  
richness  

Species  
eveness 

Total no. 
of  
species 

Species  
richness  

Species  
eveness 

Total no. 
of  
species 

Arreskov Sø 134 38/15 22 (1.1) 4.7 182 30 (2.9) 4.6 145 

Enebærodde 29 4 - - - 28 (2.8) 4.1 71 

Gravene 14 14/9 20 (1.7) 4.4 109 24 (1.6) 
 4.2 86 

 
Gulstav Mose 50 8/8 14 (4.2) 4.1 74 11(2.6) 3.8 55 

Lisbjerg Mose 10 3/5 26 (9.7) 4.3 75 26 (4.5) 4.2 78 

Odense Ådal 140 9/17 21 (3.2) 4.3 87 19 (1.8) 4.6 127 

Piledybet 26 7/7 12 (1.3) 3.9 59 21 (1.6) 4.2 74 
Sandelmager 
Mose & Lan-
gemose 

35 5/5 21 (5.4) 4.3 80 22 (4.4) 4.1 70 

Storelung 54.8 25/2 22(1.2) 4.1 92 17 3 20 

Urup Dam 75 53/14 22 (1.2) 4.9 227 30 (2.7) 4.6 140 
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isms should be monitored on a longer time scale to learn about the actual effect of the restora-
tion. Twenty-five new ponds were created as part of the project with the aim to expand habitats 
for Annex IV amphibian species, but the success of this has not been documented yet.  
 

4.8.1 Interpretation 
Globally, the services ecosystems provide 
are today being jeopardised to almost two 
thirds, aligned with a concurrent high rate 
of species extinction. Human well-being is 
dependent on a continuous provisioning of 
ecosystem services and since the human 
population will continue to grow in the fu-
ture ecosystem functioning and biodiversity 
crisis must be tackled. One way is through 
conservation of biodiversity and nature res-
toration, since this will also have a positive 
effect on ecosystem services delivery /2/.  

Conservation of wetland and particularly 
fens is an important target in nature resto-
ration. Restoration is typically carried out by 
restoring natural hydrology, removal of above ground biomass, mowing or grazing. This can result 
in an increase of species richness of 51% within two years on former degraded fens /6//7//8/. The 
relation between biodiversity and ecosystem services should be incorporated into any ecological 
restoration planning /10/. 

It is important to notice that the relation between biodiversity and ecosystem services is profoundly 
through functional attributes and processes, and surveys of biodiversity highlighting the potential 
synergies and trade-offs should therefore have a broader focus than just vegetation composition. 
Different studies argue that plant species composition is not a comprehensive estimation of biodi-
versity, but that surveys should also include functional diversity and ecosystem diversity /54/. 

 

  

Figure 4-5 The Fen Orchid (Liparis loeselii) is on 
the list of designated species in several of the 
project areas. The species is rare and characteris-
tic of rich fens and also protected by the Habitats 
Directive Annex IV.  
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5. SUMMARY OF ECOSYSTEM SERVICES ANALYSIS 

Wetlands including fens provides several vital ecosystem services such as flood protection, water 
purification, and climate regulation.  
 
In the present evaluation of the EU Life 70 – Rare Nature project seven ecosystem services were 
analyzed and the relation between ecosystem services and biodiversity was furthermore investi-
gated. The results show a increase in all services except agricultural crop production as existing 
Natura 2000 habitats are improved and farmland is converted to nature areas. The project im-
pact on this tradeoff between crop production on the one side and livestock, hunting, C-seques-
tration, education, recreative and existential value on the other turns out to be positive. A con-
servative estimate of the change in each ecosystem services due to the project is shown in Figure 
5-1. 
  

 

Figure 5-1 Summary of ecosystem services analysed for their expected change after implementation of 
Life 70 – Rare Nature restoration activities. The diagram has a circular x-axis with 0 change marked as 
thick line. The arrows pointing outwards indicate an increase in the ecosystem service whereas arrows 
pointing to the centre indicate a decrease in the ecosystem service.  

 
Although the overall co-benefits of the project appear to be positive, it is important to notice that 
the value change affects different parts of the society. The decrease in crop production experi-
enced by the farmer may be balanced by an increase in livestock production but increase in value 
due to climate regulation and cultural services will not necessarily benefit the landowner or local 
community. Thus, evaluation of nature restoration using ecosystem services can highlight gaps in 
the investment and value benefit of changes in land use but also point to potential new markets 
for the local community to explore. This could be marketing of products from ‘high nature value’ 
farming or recreative activities for tourists.  
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It is the aim and hope of the Danish Nature Agency that this pilot study applying ecosystem ser-
vices as a socioeconomic tool for evaluation of a Life project will provide new insight and inspira-
tion that can help us put a more equal focus on price and benefit of nature conservation for the 
future. 
 
 

5.1 Perspectives 
In the present study seven ecosystem services were selected for the evaluation of EU Life resto-
ration activities. Figure 5-2 shows a comparison of ecosystem services related to pristine and 
modified/restored wetland habitats. This may give inspiration to which ecosystem services could 
be included in a more comprehensive analysis of the total co-benefit of this or similar projects. 
For instance, regulation of surface and ground water quality as well as soil nutrient content and 
flooding regulation should be considered. Also, data collection should be planned from the begin-
ning of a project to cover impacts on cultural services more directly than it was possible in the 
present study.  

Figure 5-2: Fen ecosystem services and their modifications as a result of changed land-use /7/  



 
Evaluation using ecosystem services  
 
 
 

 
 
 

  

36  

Restoration may lead to conflicting ecosystem services, e.g. rewetting can be beneficial for the 
increase in biodiversity but can simultaneously lead to loss of its storm water storage capacity.  
The development of highly productive, monospecific Phragmites spp. fens may be unattractive to 
people, but provide important fen habitat for marshland bird species. To deal with these con-
trasting ecosystem services a trade-off model for management decisions including nature resto-
ration is vital. These models can be used to address conflicts among ecosystem services and 
among different stakeholders and guide governance aspects of the restoration and result in bet-
ter restoration results for biodiversity as well as society. 
 
Not only the large-scale loss of biodiversity from the landscape down to the species scale, but 
also the loss of other significant ecosystem services, including hydrological buffering of changes 
in water supply, nutrient sequestration, carbon storage, and recreational functions, call for inte-
grated, landscape-scale restoration programs all over the world /7/. With initiatives from EU to 
integrate am ecosystem service mindset in planning and evaluation of Life projects as well as va-
riety of other activities in the European society we are urged to apply a more holistic view to all 
aspects of our world. Meaning that nature and society should be merged to a larger extend both 
in political decisions, budgeting and local activities such as nature restoration, urban planning, 
and transport and energy infrastructure development.  
 

5.2 Lessons learned 
This study is the first socioeconomic evaluation of an EU Life project done with ecosystem ser-
vices. It is a pilot study with few similar references but some interesting results from the Life 70 
– Rare Nature project. It gives ideas to a new way of looking at the results of nature restoration 
in human and societal perspective, but also indicates the need for better monitoring methods and 
project setup. 
 
We believe this first step will generate a discussion of prerequisites, and that it highlights param-
eters that are decisive for a broader understanding and use of nature restoration in local and na-
tional development. Some examples of new data useful to qualify and quantify the co-benefits of 
nature restoration in terms of ecosystem services are /55/: 

• Baseline survey of stakeholder interest and preferences concerning nature and land use. 
• Measurements of soil type, peat depth and water level rise to estimate climate regulation 

more precisely. 
• Biodiversity survey covering more attributes such as different organism groups, popula-

tion dynamics etc.  
• Wild game population estimates. 
• Concentration of nutrients in soil to analyze filtering effect of ecosystems. 
• Tourism related enterprises with nature focus. 
• Number of visits with different purpose such as education/scientific studies. bird watch-

ing. art. walking/biking etc. 
• Number of photos from nature area uploaded to social media. 
• Willingness to pay estimates for selected nature elements. 

 
The purpose of an ecosystem service analysis is not to put monetary value on nature itself but 
rather to communicate the value and co-benefits that nature and nature restoration haves for 
people and the society. Biodiversity is somehow intangible to most people and decisionmakers 
and as such not taken into concern in most land development or land use decisions. However, 
this is urgently necessary to help reach the international goals for biodiversity set by EU and UN.  
 
Therefore, it is extremely important to communicate the value of nature restoration not just for 
nature but also for people and society. The ecosystem services concept is a useful tool or lan-
guage to link nature with people and society and it is hope that the results of the present study 
will inspire other nature managers etc. to use a broader range of arguments and reasons to ex-
pand their influence and activities.  
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Although there is a vast uncertainty connected to the actual estimations and valuation of ecosys-
tem services it is believed that they do provide a sense of magnitude of the different assets. For 
example, it is interesting to note that the trade-off between a reduced crop production due to 
converted farmland and the rest of the services analyzed which all increase in value shows a net 
benefit to the society of restoring these wet habitats. However, it is very important to notice that 
the changes in value affects different geographic scales and thus different stakeholders. A decline 
in income from agricultural crops affecting the farmer will for example not be directly counterbal-
anced by an increase in value from carbon sequestration and climate regulation or increased rec-
reative activity. The analysis of ecosystem services may therefore also be used to put a focus on 
needs to change subsidy regulation or other national and international economic incitements. 
Also, the analysis may inspire as how to use the new potential value to develop new products or 
activities from sale at a local scale. 
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Ecosystem Services Classification (CICES V. 5.1)
Section Group Example

Cultivated terrestrial and aquatic plants (incl. fungi, 
algae) grown for nutrition, materials or energy

Harvested crop; Timber; Energy crop; Seaweed 

Reared animals  for nutrition, materials or energy   Meat; Eggs; Milk; Seafood; Pearls

Wild plants (terrestrial and aquatic)  for nutrition, 
materials or energy   

Berries; Roofing material; Fuel wood

Wild animals (terrestrial and aquatic)  for nutrition, 
materials or energy   

Hide products, venison

Genetic material from plants, algae or fungi Plants, seeds or genes used to maintain or develop or 
maintain new strains, varieties og biological entities

Genetic material from animals Animals or genes genes used to maintain or develop or 
maintain new strains, varieties og biological entities

Surface water used for nutrition, materials or energy Drinking, non-drinking or energy purposes

Ground water for used for nutrition, materials or energy Drinking, non-drinking or energy purposes

Mineral substances used for nutrition, materials or 
energy  

Drinking, materialor energy purposes

Non-mineral substances or ecosystem properties used 
for nutrition, materials or energy 

Wind, solar or thermal energy

Mediation of wastes or toxic substances of 
anthropogenic origin by living processes

Bio-remediation, filtration, sequestration, storage, 
accumulation by biological organisms

Mediation of nuisances of anthropogenic origin Reduction of smell, noise; Visual screening 

Regulation of baseline flows and extreme events Control of erosion, mass movement, flood control, wind 
and fire protection

Lifecycle maintenance, habitat and gene pool protection Pollination, seed dispersal, maintaining nursery 
populations and habitats

Pest and disease control Reduction in pest and disease damage including invasive 
species

Regulation of soil quality Weathering processes, decomposition and fixing 
processes maintaining soil quality 

Water conditions Regulation of the chemical condition of freshwaters and 
salt waters by living processes

Atmospheric composition and conditions Regulation of chemical composition,  temperature and 
humidity, including ventilation and transpiration

Mediation of waste, toxics and other nuisances by non-
living processes

Dilution by freshwater/marine systems or atmosphere. 

Mediation of nuisances of anthropogenic origin Mediation by abiotic structures of eg. visual quality or 
noise

Regulation of baseline flows and extreme events Reduction in damage of mass, liquid or gaseous flows  
(e.g. levees providing flood protection)

Maintenance of physical, chemical, abiotic conditions Human comfort (e.g. land/sea breezes)

Physical and experiential interactions with natural 
environment

Activities promoting health, recuperation or enjoyment 
through active or immersive interactions

Intellectual and representative interactions with natural 
environment

Scientific, educational, aestetic, cultural 

Spiritual, symbolic and other interactions with natural 
environment

Elements with symbolic, sacred, religious or entertaining 
meaning; Nature films; Social cohesion

Other biotic characteristics that have a non-use value Existential value, things in nature we want to be 
preserved or want future generations to enjoy

Physical and experiential interactions with natural 
abiotic components of the environment

Activities promoting health, recuperation or enjoyment 
through active or immersive interactions

Intellectual and representative interactions with abiotic 
components of the natural environment

Scientific, educational, aestetic, cultural interaction with 
the abiotic environment

Spiritual, symbolic and other interactions with the 
abiotic components of the natural environment

Elements with symbolic, sacred, religious or entertaining 
meaning; Identity

Other abiotic characteristics that have a non-use value Existence, option or bequest value
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