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Taking agricultural land out of production or shifting from crop production to permanent grassland have recently
been proposed in Denmark as general measures for contributing to greenhouse gas (GHG) reductions. One of the
particular features of such measures is the creation of co-benefits, as taking agricultural land out of intensive
production may affect a range of ecosystem services and economic goods, such as reduced nutrient loads and
emissions of GHGs, improved biodiversity, and improved recreational opportunities. In this paper, we present
results from an ex ante socioeconomic Cost-Benefit Analysis (CBA) with the purpose of assessing whether the
expected benefits of a bottom-up local development plan for multifunctional land use in the catchment of Lake
Glenstrup in Denmark will outweigh the expected costs. After quantifying the wide range of impacts, we apply
benefit transfer to value them within the CBA framework. Among the primary effects are reduced emission of
GHGs, reduced leaching of nutrients, increased recreational options, and opportunity costs from agriculture. The
results indicate that the initiatives could lead to a net social gain of 1.4 mil. €. We perform a sensitivity analysis
which shows that the choice of the spatial extent of the recreational effects has a large impact on the results,
which range from 0.4 to 5.2 mil. €. Also, the shadow price of reduced GHG emissions play a major role. Finally, a
distribution analysis shows that especially farmers bear the majority of costs, whereas other stakeholders enjoy
most of the benefits.

1. Introduction
Intensification of agriculture and transformation of other land uses
into agriculture have caused a steep increase in the environmental
pressures from agriculture during the late 20th century (Tilman, 1999).
Coupled with extensive use of pesticides and fertilizers, and increasing
numbers of livestock, this has not only resulted in increased eutrophi
cation of water bodies and loss of biodiversity. It has also increased
LULUCF (Land use, land-use change and forestry) GHG emissions, for
instance in terms of N2O emissions from organic soils (Schulze et al.,
2009). Policies addressing these externalities have mainly been focused
on reducing the use of detrimental inputs and implementing green
technologies. Recently, two of the major Danish NGOs, the Danish
Agriculture and Food Council and The Danish society for Nature Con
servation, suggested that the environmental and climate goals should be
pursued by a multifunctional land reform, which would involve taking
100,000 ha of agricultural land out of production. Similar

recommendations are given by the Danish Council on Climate Change as
one element of the pathway to reach a 70% GHG emission reduction
target in 2030 in Denmark (Danish Climate Council, 2020). While GHG
emission reductions may be the main policy target, converting 100,000
ha of land from agricultural production to multifunctional land use will
have a wide range of impacts. Assessing the economic efficiency of such
a multifunctional land reform policy thus requires comprehensive
analysis tools capable of encompassing and summarizing the multifac
eted impacts on societal welfare. Against this backdrop, this paper
provides a case-study based empirical exemplification of how socio
economic analyses can be used for assessing the desirability of a
multifunctional land reform policy at the local level.
A number of socio-economic studies involving land restoration with
a multifunctional view exists in the literature. In a Danish context
Dubgaard et al. (2001) provides one of the first example of utilizing the
framework on the ‘Skjern-River project’ a 2200 re-establishment of
nature. The analysis shows that recreational values and biodiversity
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Fig. 1. The location of the project area, with Lake Glenstrup in the middle. The red dotted squares outline the specific areas affected by the development plan.
Explanation of the Danish signatures on the map: Nordlige område: Area North; Østlige område: Area East; Sydvestlige område: Area Southwest.
Source: Johansen et al. (2020).

values play a significant role in the overall assessment. Schou et al.
(2021) represents a more recent application of social CBA at a nature
restoration in Store Blåkilde in Denmark. de Groot et al. (2022) apply a
social CBA to a landscape restoration in Spain. The analysis involves
different land use systems, including a multi-functional land use system
and they conclude that using a social CBA gives a better picture of the
true welfare effects of landscape restoration and that a transition from
conventional monoculture to multi-functional land use is only feasible if
all externalities are accounted for. Galler et al. (2015) compare different
management strategies by quantifying cost efficiency for erosion pre
vention, water quality conservation, climate change mitigation and
biodiversity in Verden, Germany. They find that biodiversity measures
and climate change mitigation generally have high multifunctional
effects.
The present study extends on the indicator approach used in
Johansen et al. (2018) by applying a CBA to analyse the socioeconomic
properties of a multifunctional land use project initiated by the Danish
Collective Impact Initiative in the catchment of lake Glenstrup,
Denmark. To clarify the use of the terms “multifunctional” and “bottom
up”, land-use projects often depart from one objective, e.g. biodiversity,
aquatic environment, recreation, or GHG reductions. However, the
project at Lake Glenstrup is not targeting a single, specific objective.
Instead, using a bottom-up planning process, local citizens were invited
to put forward their ideas, representing many different objectives, hence
the multifunctionality. These ideas were subsequently incorporated in a
Local Development Plan which serves as the point of departure for this
CBA. Thus, the CBA evaluates the suggestions resulting from the bottom

up process, but the findings from the CBA have not as such affected the
bottom-up process.
Previous studies have found that increasing the multifunctionality of
the catchment area of Lake Glenstrup in Denmark yields a higher level of
sustainability (Johansen et al., 2020). They found that all the sustain
ability criteria were mutually dependent. Furthermore, they identified
some key trade-offs especially between farm economy, rural develop
ment and effects on the environment, recreational use and biodiversity.
However, while qualitative criteria were instrumental in Johansen et al.
(2020), in this study we take an economic valuation approach to eval
uate the same bottom-up local development plan of multifunctional land
use in the Lake Glenstrup catchment area in Denmark (from here on
referred to as the “development plan”) by using CBA. This approach
appraises marketed as well as non-marketed impacts of a project or
policy in a full socioeconomic analysis, monetizing costs and benefits of
all impacts to enable calculation of a single welfare measure in terms of
the net present value (NPV) indicating the social desirability of the
project or policy (Hanley and Barbier, 1993). The exploration of NPV is
mostly carried out from a utilitarian perspective in which the utility of
all individuals is aggregated and the effect is considered from a marginal
point of view (See Turner, 2007 for an extensive review of the CBA
method in European Environmental policy). Therefore, distributional
consequences of a policy are commonly disregarded in CBA since
distributional issues are political in nature (Vining and Weimer, 2006).
Nevertheless, to make policy choices transparent, the distributional ef
fects should be quantified to support collaboration with private interests
and increase the acceptability of the regulatory mechanisms (Sterner
2
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Table 1
The 17 initiatives from the development plan included in the analysis.
Initiative

Afforestation

Public orchard

Ha

Financial economic
effect

Public goods and
externalities
affected

38.2

Economic rent of
forest
Opportunity cost of
arable land

7.5

Apple harvest
Opportunity cost of
arable land
Establishment and
maintenance cost

Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Recreational use

Extend existing
trail network by
the lake
Joint grazing area
by the lake

Km

4.0

132.0

Demolition of
abandoned
houses in local
city
Church path

8.0

Shelters near local
runic stone

3.3

Joint grazing on
the slopes of the
stream

218.4

Reopening the
piped stream

32.6

Restoring old fish
ponds and
stream

20.6

Recreational trails
and access to the
lake

6.5

6.0

Low-input grazing
and access to
nature area

14.3

Low-input grazing
on local
landmark

47.9

Low-input grazing
on the northern
banks of the lake

38.5

1.4

Establishment and
maintenance cost of
trail and recreational
facilities
Economic rent of low
input grazing
Opportunity cost of
arable land
Cost of demolition
Costs of
establishment a park
on the site
Establishment and
maintenance cost of
trail and recreational
facilities
Establishment and
maintenance cost of
trail and recreational
facilities
Economic rent of
low-input grazing
Opportunity cost of
arable land
Economic of lowinput grazing
Opportunity cost of
arable land
Cost of reopening
stream
Economic rent of
low-input grazing
Opportunity cost of
arable land
Cost of clearing
scrubs
Establishment and
maintenance cost of
trail and recreational
facilities
Economic rent of
low-input grazing
Land rent of
extensive grazing
Opportunity cost of
arable land
Economic rent of
extensive grazing

Economic rent of
low-input grazing
Opportunity cost of
arable land

Table 1 (continued )
Initiative

Re-stablishment of
stream

Ha

15.8

Recreational trail
along railway
Land
consolidation of
agricultural land

Km

Economic rent of
low-input grazing
Opportunity cost of
arable land
15.9

200

Financial economic
effect

580

Establishment and
maintenance cost of
trail and recreational
facilities
Reduced costs to
road maintenance
Improved
productivity in
agriculture

Public goods and
externalities
affected
GHG, N, P and
NH3
Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Recreational use

Reduced
congestion,
traffic noise, and
accidents

Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Amenity value of
urban
revitalization

Source: Mariagerfjord Kommune (2019). aWhile many of the initiatives are
generally considered supportive of biodiversity, this is the only area where
biodiversity is expected to markedly improve (Ejrnæs et al., 2018).

Recreational use

2. The project

et al., 2019). To explore this further, the CBA presented here also pro
vides an analysis of the distribution of costs and benefits among different
stakeholders.

The project originates from the Danish Collective Impact Initiative
initiated by the Foundation Realdania. The idea is to introduce goals of
multifunctional land use in land consolidation processes accounting for
societal needs related to land use and thereby contribute to the sus
tainability agenda (Johansen et al., 2020; Hartvigsen, 2014). To
demonstrate the potentials, four real-life projects were initiated in the
Danish Collective Impact Initiative, and the catchment of Lake Glenstrup
was one of these. Lake Glenstrup in the municipality of Mariagerfjord is
4.5 km long, covers 384 ha and is 31 m deep at its deepest point. It is a
popular recreational fishing location for brown trout, pike, European
perch and common whitefish. The current land use in the surrounding
catchment is dominated by agricultural land in crop rotation.
The municipality of Mariagerfjord was appointed to facilitate the
project and organize the development of a development plan involving
locals, politicians, NGOs and industry (Fig. 1). Thus, the development
plan represents a localized vision for the catchment area surrounding
Lake Glenstrup. Based on the initiatives in the development plan we
have developed the specific multifunctional land use scenario subject of
the analysis.
The overall target of the development plan was to reduce negative
externalities and provide public goods to society. The proposed devel
opment plan consists of 36 specific initiatives for local land use changes
suggested by stakeholders (Mariagerfjord Kommune, 2019). Of the 36
initiatives, 19 were considered outside the scope of this study as they did
not contribute to the provision of public goods or the reduction of ex
ternalities from agricultural land use. Table 1 provides an overview of
the remaining 17 initiatives, including the spatial extent used for their
valuation and whether they are expected to have a positive or negative
effect on marketed as well as non-marketed impacts on societal welfare.
All these initiatives are accounted for in the CBA.

Recreational use

Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Recreational use
Recreational
hunting
Emissions of
GHG, N, P and
NH3
Recreational use

Recreational use

Recreational use
Recreational
hunting
Improved
biodiversitya
Recreational use
Recreational
hunting
Emissions of

3. Method
The CBA provides a methodology for analyzing the aggregate so
cioeconomic effects of all the initiatives presented in Table 1. The
framework is based on the aggregation of the total economic value of a
project to provide input for decision and policy-making and this includes
3
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Table 2
Quantifications of physical effects and unit values.
Effect

Quantification
(Physical effect)

Source of quantification

Unit value (in 2019
consumer prices)

Method and source of unit value

Improved recreational opportunities

2684 hh/year

37 €/hh/y

Stated preferences (Uggeldahl and Olsen, 2019)

Reduced GHG emissions

2770 kg/ha/y

33 €/ton/y

Reduced P emissions

10 kg/ha/y

Reduced N emissions

40 kg/ha/y

Reduced NH3 emissions

2.5 kg/ha/y

Reallocation of cropland resulting
from the land consolidation:
– Increased productivity
– Reduced external effects on public
roads
Improved biodiversity

200 ha
580 km

Own estimate based on
population statistics
Own estimate based on
Dubgaard and Ståhl (2018)
Own estimate based on
Jacobsen (2012)
Own estimate based on
Jacobsen (2017)
Own estimate based on
Dubgaard and Ståhl (2018)
Own estimate based on Olsen
et al. (2017)
Own estimate based on Olsen
et al. (2017)

Shadow price
(Dubgaard and Ståhl, 2018)
Shadow price
(Jacobsen, 2012)
Shadow price
(Jacobsen, 2017)
Shadow price
(Dubgaard and Ståhl, 2018)
Modeling of reduced costs from time spent and
tear on ag. vehicles (Olsen et al., 2017)
Unit transfer of standardized costs (Kofoed-Wiuff,
2015)

47.9 ha

Development plan

213 €/ha/y

Improved hunting grounds:
– Agriculture
– Forestry
Costs of nature restoration

100 ha
36 ha

Development plan
Development plan

9 €/ha/y
34 €/ha/y

33 ha

Development plan

1.6 €/ha/y

42 km trails
4 sets of shelters and
tables
Maintenance costs
Project management
Land consolidation
process
145 ha
520 ha

Development plan

1706 €/km
2000 € per set of
shelters and tables
138 €/km/y
117,000 €/y the first 4
years

Costs of new recreational facilities

Process costs
Agricultural opportunity costs:
– Cropland
– Grassland

85 €/kg/y
3 €/kg/y
8 €/ha/y
26 €/ha/y
0.4 €/km/y

290 €/ha/y
-269 €/ha/y

Development plan

Stated preferences
(Dubgaard et al., 2001; Willis, 1996)
Price observations
(Lundhede et al., 2015)
Unit transfer of standardized costs on Fejerskov
et al. (2019)
Own market observations of investment and
maintenance costs
Budget of the project
Economic rent (SEGES, 2019 and Thomsen et al.,
2018)

Note: Some minor effects associated with a new orchard, a new forest, and demolition of condemned houses are left out for brevity. These are available in Appendix A.

both marketed and non-marketed effects (OECD, 2018). The aggregate
evaluation of benefits (B) and costs (C) is presented as the net present
value (NPV) to allow for an even comparison between costs and benefits
that are unevenly placed in time utilizing the principle of discounting
(Hanley and Barbier, 2009); see Eq. (1).
NPV =

T
∑
Bit − Cit
(1
+ r)t
t=0

Commission, 1997, 2008, 2014). The current recommendation is to use
a discount rate of 3% in high-income countries and 5% in low-income
countries (European Commission, 2014). In Denmark, at the time of
study, the official national guidelines were to use a discount rate of 4%
when dealing with time periods shorter than 35 years (Ministry of
Finance, 2017).
In this study, a project time period of 20 years (T) is used as this
corresponds to the time horizon for some of the subsidy schemes sup
porting low input grazing under the CAP. All the economic effects are
presented in 2019-prices and subsequently converted to Euro using an
average exchange rate of 1€ ~ 7.5DKK. As the prices of agricultural land
and environmental benefits are compared, all values are presented at the
consumer level. To adjust factor prices to the consumer level, in line
with national guidelines we apply a standard conversion factor of 1.28
which approximates the average Danish level of VAT and other taxes
(Ministry of Finance, 2017).
When activities are publicly funded or supported by public financed
subsidies, they cause a deadweight loss because of distortions to the
production/consumption relationship from deriving the public funding
through tax policies (Browning, 1976; Ministry of Finance, 2017). This is
also known as the Marginal Cost of Public Funds (MCPF). We follow the
current Danish guidelines and add 10% to the costs that are funded by
public funds to approximate the MCPF (Ministry of Finance, 2017).
More specifically, the MCPF in this analysis applies to about half of the
subsidies for low input grazing under pillar II of the Common Agricul
tural Policy as this is the share of the subsidy financed by the Danish
Finance Act.
The analysis is static comparative and focuses on the direct effects of
the various initiatives and land use changes. Therefore, derived effects in
other sectors, e.g. on tourism and on the land market, are not reflected in
the results.

(1)

where Bit is the benefit in period t from good i, Cit is the cost in period t
from good i, r is the discount rate, and T is the time horizon of the
analysis.
The discount rate adjusts the benefits and costs depending on when
they occur, incorporating the fact that benefits and cost occurring in the
future are generally considered of less value than if they had occurred
today. This is partly based on the assumption that there will be economic
growth in society which on average will make people richer. Combined
with the standard assumption of decreasing marginal utility of income,
this means that for instance consumption of some good will be worth
more to us today than saving the good for consumption in the future.
Another reason for discounting relates to the so-called pure time pref
erence, which reflects the behavioral tendency that people in general
put higher value on e.g. consuming some good today rather than
tomorrow simply because there is a risk of not surviving until tomorrow.
This is the background for the Ramsey equation, which describes the
social discount rate as a composition of the pure time preference and the
product of assumed growth rate and elasticity of marginal utility of
consumption. (OECD, 2018). The applied discount rate may have a
major impact on the result of the CBA and is therefore a topic of con
troversy (see Beckerman and Hepburn, 2007). The EU guidelines on CBA
have adjusted the suggested appropriate magnitude of the discount rate
over the past 15 years in three separate issues of guidelines (European
4
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3.1. Quantification of benefits and costs

fishing, Lake Glenstrup is known to be home to pike, perch and common
whitefish, but it is also subject to eutrophication due to nutrient runoff
resulting in massive algal blooms during the summer season (Ejrnæs
et al., 2018). Reduced nutrient loss, e.g. resulting from changed land use
in the catchment, would most likely improve water quality and thereby
increase the value of recreational fishing (Lipton and Hicks, 1999; Rask
et al., 2010). Since quantitative data on recreational fishing in Lake
Glenstrup was not available at the time of writing, we have not been able
to directly include the benefits from improved recreational fishing.
However, this aspect is indirectly covered to some extent through in
clusion of the values of the reduced nutrient leaching.

In the following, the practical approach for assessing the aggregate
effects and attaching economic values are explained. Table 1 identified a
variety of different effects reflecting the multifunctional nature of the
planned land consolidation initiatives. In the following, we provide
more details regarding the different approaches used to transfer the
physical effects and unit values to the scenario developed for the Lake
Glenstrup area. This is summarized in Table 2.
3.2. Recreational benefits
We estimate the recreational benefits first assuming that all the 2684
households located in parishes within the project area will enjoy the
improved recreational opportunities. The number of households in the
area is based on the number of citizens in the area divided by the na
tional average of household residents (DST, 2020). We multiply the
number of households with a unit value estimate obtained from Uggel
dahl and Olsen (2019). Based on a choice experiment study, they esti
mated an average willingness to pay of 37 € per year per household in
Northern Denmark for establishing new walking paths in some of the
riparian buffer strips in Northern Denmark. This number pertains to
improved recreational opportunities similar to those envisaged in the
scenario for the Lake Glenstrup area, which is also located in Northern
Denmark. However, it reflects valuation of an improvement covering a
considerably larger geographical area. The Lake Glenstrup project area
is a few hundred hectares, whereas the region of Northern Denmark
covers almost 800,000 ha. On one hand, this might suggest that the
value estimate from Uggeldahl and Olsen (2019) would overestimate the
recreational value generated by the Lake Glenstrup project. On the other
hand, walking paths in riparian buffers will most likely primarily
generate use values in terms of everyday recreational walking trips.
Such values are likely subject to distance decay in the sense that the
value declines the further away from the recreation site a household is
located, and the value further declines when substitute sites are present
closeby (e.g. Jørgensen et al., 2013; Olsen et al., 2020). The value esti
mate in Uggeldahl and Olsen (2019) could thus be suspected to mainly
reflect value associated with areas close to where people live, even
though the scenario described covered a larger area. Also, their value
estimate reflects an average covering many different areas of varying
recreational quality. Arguably, the recreational quality of the scenario
for the Lake Glenstrup project, which also entails adding more recrea
tional facilities, would be above average and with relatively few sub
stitutes of equal quality nearby. This would suggest that the value
estimate from Uggeldahl and Olsen (2019) might not necessarily over
estimate the recreational value generated by the Lake Glenstrup project.
Furthermore, this value estimate is quite similar to values found in a
travel cost study by Bjørner and Termansen (2014) addressing recrea
tional values in nature areas.
The benefit transfer function used to calculate the aggregate value
for the improvement in recreational opportunities is outlined in Eq. (2):
BR = pR nR

3.3. Nitrogen, phosphorus and GHG emissions
Nitrogen (N) and phosphorus (P) leaching from agriculture are
subject to regulation because of targets set for freshwater quality in the
Water Framework Directive. Targets for GHG reductions from agricul
ture are set by the targets for the non-quota sector. Jacobsen (2017) used
an emission factor for nitrogen leaching of 40 kg N/ha per year on
organic soils. As most of the areas considered for conversion to perma
nent grassland are adjacent to the lake, and, thus, have a high content of
organic matter, we apply this estimate. The valuation of N is calculated
by applying shadow prices, representing the marginal price of reaching
the existing Danish policy target. Jacobsen (2017) calculates the cost per
kg N reduction for reaching the policy targets to be 3 €/kg N. Applying a
similar approach, Dubgaard and Ståhl (2018) find an emission of
ammonia of 2.51 kg/ha per year and a value of 6 €/kg N. Ideally, a
preference-based estimate should have been used for assigning a value
to the N reductions, since the shadow price is connected with uncer
tainty as it reflects the ambitions and implementation of the current
policy which might not be fully in line with the preferences of society,
see e.g., Bradford (1975). However, there is a broad tradition for esti
mating the costs of agri-environmental policies in Denmark and, thus, a
systematic and well-documented basis for estimating shadow prices for
various policy objectives. This is unfortunately not matched by a similar
catalog of preference-based unit values for the effects of nutrient losses.
P leaching decreases when land use changes from intensive agri
culture to permanent grass on areas close to the lake serving as P-buffer
zones. As a result of the land consolidation process farmers with need for
land for spreading manure are offered this on areas with no risk of Pleakage and, thus, they may sustain their current activities. Jacobsen
(2012) and Schou et al. (2007) show that the decrease is in the interval
between 10 and 30 kg/ha/year. We use the lower bound of this estimate
at 10 kg/ha/year. As P pollution results in a stock externality, we as
sume that the effect in terms of reducing the P stock in the sediment of
Lake Glenstrup is linear over the project period of 20 years. Jacobsen
(2012) finds a shadow price of 67 €/kg P for particularly polluted
freshwater areas, corresponding to Lake Glenstrup, which frequently
experiences algal blooming of Cyanobacteria.
Taking low-lying organic soils out of rotation and managing them as
permanent grassland without drainage or application of fertilizers is
expected to reduce GHG emissions by 15.2–40.2 t CO2-eq/ha/year
(Dubgaard and Ståhl, 2018). We apply a simple average of 27.7 t
CO2-eq/ha/year. The shadow price of reducing GHG is 26 €/t CO2-eq.
This shadow price is based on a Danish target of reducing GHG emissions
by 39% compared to the reference year 2005 in the non-ETCS sectors.
However, recent policy discussions point in the direction of a 70%
reduction target in 2050. A recent analysis from The Danish Climate
Council (2020) has shown that employing such an ambitious target
would drive the shadow price up to 200 €/t/year in 2030. We use a
shadow price of reducing GHG of 26 €/t CO2-eq in the baseline scenario
and apply the value from The Danish Climate Council (2020) for
sensitivity analysis.
The benefit transfer function used to calculate the value of these
emissions is outlined in Eq. (3):

(2)

where BR is the benefit of increased recreational options, pR is the price
per unit for recreational benefits per household, and nR is the number of
households.
Recreational hunting and fishing is not included in the above valu
ation of improved recreational opportunities. Using the model of
Lundhede et al. (2015), we estimate the current value of hunting
(expressed in terms of the hunting lease prices) for the 138 ha of land in
crop rotation to be 25 €/ha per year and 42 €/ha per year for land with
forest production. The change to more extensive agriculture and the
forestation has, according to the empirical findings in Lundhede et al.
(2015) a positive effect on hunting values, and the values used here are
the marginal effects related to these changes. Regarding recreational
5
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(3)

Table 3
Decomposition of the economic effects.

where Bs is the benefit of reduced emission of environmental stressor (s),
ps is the price per unit for emission of s, es is the emission of s ha− 1 from
low-input grazing, and As is the affected number of hectares.
3.4. Land reallocation
Land reallocation will lead to increased productivity in agriculture
due to reductions in transport with agricultural vehicles on public roads
and thus save work hours for farmers (Olsen et al., 2017). Furthermore,
fewer agricultural vehicles also lead to decreased wear on public roads
and reduces congestion, traffic effects, accidents and noise by up to 0.4
€/km (Kofoed-Wiuff, 2015).
3.5. Biodiversity

Effect

Present Value (1000 €)

Recreation
GHG
P
N
Reallocation of land
Biodiversity
Recreational hunting
Nature restauration costs
Marginal costs of public funds
Costs of recreational facilities
Other effectsa
Process cost
Opportunity cost of cropland
Low-input grazing
Net Present Value

1741
1358
737
551
469
139
24
-49
-100
-154
-369
-426
-572
-1900
1449

a

Include the net value of orchard, forest and demolition of condemned
houses.

The value of improving biodiversity in the Lake Glenstrup area
should be evaluated based on the effects on nonuse values if the project
decreases the risk of losing endangered species. A distinction between
the instrumental or functioning value of biodiversity and the service or
good it provides to people is important to avoid double counting (Mace
et al., 2012; Pascual et al., 2017). The nonuse value of biodiversity is
quite well described in a Danish context (Jacobsen and Thorsen, 2010;
Lundhede et al., 2014; Strange et al., 2007), but linking land use change
to changes in biodiversity is challenging. A very recent Danish consensus
report from IPBES DK describes five options to counter biodiversity loss
in Denmark, two of which are to restore natural hydrology and reduce
fragmentation by creating small natural areas (Barfod et al., 2020). The
proposed initiatives in the local development plan are set to restore
natural hydrology in a larger area, increase the area with low-input
cattle grazing, and create small nature areas that will serve as step
pingstones towards a more heterogeneous landscape. While this is likely
to generally support biodiversity in the local area, the effect on biodi
versity seen from a national perspective is arguably minimal, and it has
not be possible to quantify the expected change as such. However, in one
particular area it is assessed that conversion to low-input grazing will
avoid overgrowth that would otherwise lead to a loss of endangered
plant and insect species currently present in that area (Ejrnæs et al.,
2018). It is reasonable to assume that this would contribute to protect
biodiversity at a national level beyond what may be considered negli
gible. Hence, this will likely increase biodiversity nonuse values among
the general population in Denmark. The nonuse value of improved
biodiversity is estimated by simple unit value transfer. We use the same
unit value for biodiversity nonuse value that was used in similar Danish
CBA studies on land use change and nature restoration reported in
Dubgaard et al. (2001). The value estimate originates from a Contingent
Valuation study addressing use and nonuse values associated with a
wildlife enhancement scheme in Pevensey Levels in the UK (Willis,
1996). While more recently conducted Danish valuation studies of
biodiversity are available in the literature (e.g. Jacobsen and Thorsen,
2010; Lundhede et al., 2014; Strange et al., 2007), none of them spe
cifically estimate only non-use value in a context that we consider suf
ficiently similar to the Lake Glenstrup project to justify using them as
unit value in a practical benefit transfer. Another reason for using the
same unit value as in Dubgaard et al. (2001) is to remain conservative
and avoid over-estimation of benefits, since this value estimate is rather
low compared to other estimates of biodiversity non-use values. The unit
value solely represents nonuse values and it summarizes the benefits of
the entire Danish population for improving biodiversity in a hectare of
land. The unit value is multiplied by the number of hectares in the
project area where the initiatives are expected to markedly improve
biodiversity from a national perspective, c.f. Table 1.

Table 4
Sensitivity analysis.
Parameter change
Baseline scenario
Scale of recreational benefit:
Local area
Regional area
No effect on nutrients & GHG
No effect on P
Large effect on P
New policy target for GHG
New policy target for GHG
and no other benefits
Biodiversity benefit on all
areas with low-input
grazing

–
from 2684–622 households
from 2684 to 10,128
households
Change in emissions of N, P and
GHG set to 0
from 10 kg to 0 kg/ha per year
from 10 kg to 20 kg/ha per
year
from 33 to 200 €/t CO2-e
all benefits 0 and 200 €/t CO2-e
extra 138 ha with biodiversity
benefits

NPV (mil €)
Change

Total

–
-1.0
3.8

1.4
0.4
5.2

-2.6

-1.2

-0.7
0.7

0.7
2.2

9.0
7.8

10.5
9.2

0.4

1.8

3.6. Administrative costs and opportunity cost from agriculture
We assess the resources allocated for project management from the
budget of the Collective Impact secretariat of 117,000 €/year in the first
four years of the project when the development plan is implemented.
This covers the land allocation process, public administration, facilita
tion of involving local stakeholders, property registration fees, etc.
The opportunity costs of crops in rotation are estimated as the loss of
the economic rent from cropping spring barley, which is the most
common crop in the area (Ejrnæs et al., 2018). We assume no effect on
livestock production and other activities. Low-input grazing on perma
nent grasslands generally results in a negative farm-economic rent
(Dubgaard et al., 2012; Thomsen et al., 2018; Schou et al., 2020) and is
eligible for agri-environmental subsidies under pillar II of the Common
Agricultural Policy. As the EU funds half of the subsidy, this transfer it is
regarded as benefit to the Danish society. However, low-input grazing
still results in a negative economic rent.
4. Results
Comparing the costs and benefits of all the marketed as well as nonmarketed effects of the considered initiatives of the multifunctional
development plan, we find a positive NPV of about €1.4 mil over the 20
year project time horizon. In Table 3., the distribution of cost and ben
efits can be seen over the span of effects. Changing agricultural practices
exhibits the most prominent effect on agricultural income, as Table 3
reveals the development plan would bring about a negative aggregate
6
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considerations as it relates directly to voters. To shed light on the
distributional effects, Table 5 provides an illustration of the division of
the costs and benefits depending on whether they relate to the produc
tion of marketed and non-marketed goods.
The table shows that the effects on marketed goods represent the main
part of the costs, whereas the provision of non-marketed goods represents
the main part of the benefits. This indicates that the economic effects are
unevenly distributed between different stakeholders, as especially
stakeholders related to farming are subject to costs whereas the benefits
mainly occur to individual citizens in the broader society. If the changes
in land use are to be effectuated voluntarily this indicates a need for
applying actual compensations or subsidies to those experiencing a loss
in income, in order to avoid reluctance from the local stakeholders.

Table 5
Distribution of economic effects divided into commodity production (marketed
goods) and non-commodity production (non-marketed goods).
Commodity
production
Recreation
GHG
P
N
Reduced wear on roads
Increased efficiency from
reallocation of land
Biodiversity
Hunting
Nature rehabilitation costs
MCPF
Orchard net able income
Forest net wood income
Arable land - land rent
Low input grassing
Process cost
SUM

Non-commodity
production
37%
32%
17%
13%
9%
2%

-1%
-1%
4%
31%
67%
100%

3%
-1%
-2%

5. Conclusions and discussion
The multifunctionality or joint production of agricultural land use is
one of the key arguments behind the recent development of the EU Com
mon Agricultural Policy (Paarlberg et al., 2002; Dobbs and Pretty, 2004;
Alons, 2017). Land consolidation projects are well known as a measure for
promoting productivity in agriculture (Wojewodzic, 2021). However, in
Denmark recent policies have broadened the scope in terms of using
multifunctional land consolidation to pursue more sustainable land use in
rural areas, including societal goals related to biodiversity, economic
development, environment, climate change, and outdoor recreation
(Johansen et al., 2020). From an economic point of view, multifunctional
land consolidation can be considered a mechanism for addressing the
multiple benefits and external costs related to land use changes. To assess
the societal desirability of such a multifunctional land consolidation
development plan, we have performed a societal CBA for a proposed local
development plan for the catchment of Lake Glenstrup in Denmark.
We find that the scenario represented in the local development plan of
multifunctional land use in the Lake Glenstrup catchment area results in a
positive NPV of €1.4 mil over a 20-year time horizon. Several factors
influence the result. Whereas the costs are rather robust as they are based
on observed costs and costs derived from the quantified land use changes,
the benefit side is highly dependent on the underlying assumptions. This
goes for the value of the improved recreational opportunities, which
especially depend on the number of households expected to enjoy the
recreational benefits. Also, assumptions concerning the societal value of
reducing GHG emissions prove crucial for the magnitude of benefits. In
addition, the benefit estimates in the presented analysis do not reflect
irreversible and nonlinear consequences, such as is likely the case in
relation to climate change (Lenton et al., 2019; Solomon et al., 2009). This
could imply that we may underestimate the present value of the benefits.
However, given that the climate change effects of the GHG emissions
related to the Lake Glenstrup catchment are truly marginal on a global
scale, it seems reasonable to disregard such effects in the current case.
The various benefits driving the positive NPV show that focusing on
multifunctional land use may improve the societal gain from agrienvironmental initiatives compared to the status quo. Both at the na
tional and EU level, current agri-environmental policies tend to have a
one-dimensional focus, e.g., the Water Framework Directive and the
Habitat Directive, leading to policies that at best are separable but at
worst work against each other (Dulluri and Raț, 2019; Janauer et al.,
2000). Our study shows that by applying a thorough CBA of projects
expected to contribute to multiple societal benefits, these benefits
become apparent, and the implicit prioritization between different
goods and policy objectives following from different project outlines
becomes more transparent to decision makers and stakeholders.
Current agri-environmental policy developments focus on land use
changes and different approaches to land management both within the
EU common agricultural policy (Heyl et al., 2020) and in national policies
addressing the biodiversity crisis, e.g., through rewilding (Svenning et al.,
2019). Ideally, the multiple benefits resulting from changes in land use
should be valued through primary valuation studies. These would address

-10%
100%

cost from low-input grazing of €− 1.9 mil. However, considering just the
effects on recreation and GHG emissions, the benefits are above €3 mil.
4.1. Sensitivity analysis
We conducted a sensitivity analysis on key parameters to evaluate
the robustness of the result on the following key parameters: the scale of
recreation from local to regional; no effects on emissions of nutrients and
GHG; effect on P of 0 kg and 20 kg per ha; shadow price of GHG re
ductions based on the new policy pathway. The results of the sensitivity
analysis are shown in Table 4. We find that the conclusion is sensitive to
the choice of the boundaries of the recreational benefits. For instance, if
the recreational benefits are assumed only to apply to the 622 house
holds located in the rural communities within the catchment of Lake
Glenstrup, the NPV is reduced to €0.4 mil. The conclusion is particularly
sensitive to the estimated values of the expected N, P and GHG emission
reductions. If applying the extreme assumption that there will be no
reductions in N and P emissions the NPV turns negative at €− 1.2 mil.
However, this would seem very unrealistic as Denmark has committed to
the EU Water Framework Directive, and a major component of
compliance is reduction in eutrophication of water bodies. Turning to
the effect of GHG-emissions, when applying a shadow price reflecting
the new Danish policy target of 70% GHG emission reduction by 2050,
the value of the expected reduction in GHG emissions alone substantially
outweighs the aggregate costs, thus rendering the project socioeco
nomically desirable even disregarding all other benefits.
4.2. Distributional incidence of costs and benefits
Table 3 shows that the majority of the positive effects (recreation,
climate effects, reduced nutrients, biodiversity, etc.) are public goods
that benefit society as a whole. It thus indicates a significant distribu
tional shift from benefits of the land mainly being enjoyed by farmers to
benefits of the land mainly being enjoyed by the wider society. The
standard CBA essentially employs the Kaldor-Hicks efficiency criteria,
stating that a project represents a socially beneficial reallocation of re
sources if the losers of the project or policy can potentially be fully
compensated by those benefitting from the project, of if the losers can
bribe the winners of the project or policy to forgo the benefits. Focusing
only on potential compensations, corresponding to the concept of po
tential Pareto improvements, the Kaldor-Hicks efficiency criteria does
not require that actual transactions take place between winners and
losers of a project. As such any distributional effects are disregarded.
However, when observing political decision processes, distributional
effects within the economy often appear to be one of the most important
7
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the concrete change at the concrete place and thus present a more precise
value estimate. This would, however, require considerable resources and
therefore we use benefit transfer which offers an attractive practical
approach to perform a quantitative economic assessment of the benefits.
During the past 30 years, considerable research efforts have provided
methodological advances and useful insights into the socioeconomic
values of nature and environmental goods both internationally (Tinch
et al., 2019) and in Denmark (Schou et al., 2018). Notwithstanding this,
the use of such value estimates in practical policy evaluations has not
received the same attention. Additionally, if specific policies exist for
improving the provision of environmental goods, and these policies are
supported by cost-efficiency analysis, this can also provide data for the
assessment of benefits in terms of shadow prices. Our case study dem
onstrates how a CBA can be performed based on benefit transfer when
multiple benefits arise from a project reallocating land use. It also points
to the importance of continuing efforts to provide valid valuation data
and developing and sharing experiences regarding benefit transfer
methods to further improve the economic input to decisions aimed at
environmental protection, biodiversity, and land use policy.
The major strength of CBA is to provide comparable estimates of the
socioeconomic cost and benefits from reallocation of societal resources,
in the present case a reallocation of land use. This is due to a stringent
theoretical and methodological basis for the analysis and the ability to
condense all impacts into a single informative figure, i.e. the NPV,
summarizing all costs and benefits over the time horizon of the project.
This enables comparison across different projects and to the ability to
explore effects of various scenarios and policy implementations. How
ever, for the purpose of stakeholder involvement a CBA can go hand-inhand with for example indicator based evaluation tools as demonstrated
in Johansen et al. (2018) as these tools make the effects more trans
parent and allow for direct involvement of field-experts.
One specific feature of the presented CBA is that it assesses the
outcome of a bottom up participatory planning process. Thus, it covers a
number of citizen driven initiatives and the aggregate effect of these
incur changes at the local community level and landscape level. While
the CBA was not as such part of the bottom-up planning process, the
overall project setting is compatible with the conditions for a bottom-up
CBA outlined in Carolus et al. (2018). These conditions are that no a
priori choices were made regarding the policy objectives or measures,
relevant stakeholders were identified and invited into the idea gener
ating process, and the process was run at a representative scale. Thereby
the results support the idea of CBA being applicable in bottom up pro
cesses as suggested in Carolus et al. (2018) even though the feedback
from the CBA to the process is not part of the current project. Further
more, the analysis demonstrates how such complex and large-scale
multifunctional projects with various types of costs and benefits can
be subject to a CBA. Although the results from the CBA were provided
after the actual bottom-up process of collecting ideas from the local
communities, the results have been utilized in the continued
decision-making process in several ways. Results were communicated to
the stakeholders of the Danish Collective Impact Initiative as inspiration
before the finalization of the final development plan. This provided
important insight which was used in the final decisions, e.g. in terms of
an understanding of the importance of the recreational benefits and how
the scale of these both depend on the potential number of users and the
investments and maintenance costs of the recreational infrastructure.
Another important contribution of the study is the documentation of
the net benefits following from a large, multifunctional project origi
nation from a citizen driven bottom up process. Although such processes
also require considerable resources, the ideas developed thru the process
actually result in provision of both public goods and reduces environ
mental pressures that by far outweigh the costs. Thereby the CBA
approach makes an important and substantial contribution to the work
presented in Johansen et al. (2018). Whereas the indicator based
approach in Johansen et al. (2018) is focused on demonstrating poten
tials and inspiring the citizen driven process, the CBA demonstrates the

central tradeoffs between benefits and costs, and enables systematic
evaluation of various scenarios and alternatives as well as comparison to
other land reallocation projects for which a CBA has been performed.
Looking at the contribution of this study compared to similar CBAs of
Danish land-use projects (e.g. Dubgaard et al., 2001; Schou et al., 2021)
the overall results are similar as they also generally find positive NPVs.
One significant difference, however, is that this CBA demonstrates that
recreational benefits may be substantial and in fact the most important
social benefit whereas the majority of other studies primarily are driven
by benefits enhancing the provision of environmental services such as
improved terrestrial and aquatic biodiversity or reduced emissions of
GHG. In this respect, the findings also are in line with Konrad et al.
(2017) who find significant synergies between various ecosystem ser
vices related to land use but also point to the need to take costs into
consideration when regulating the services.
Last, compared to the current policy, the local development plan is
considered the only policy option or scenario in this analysis. This is
because the development plan was developed through a bottom-up pro
cess involving both citizens, NGOs and other stakeholders. Thus, it rep
resents a compromise among their various interests. It could be argued
that the same level of benefits that result from the development plan may
be provided at lower costs through more targeted policies by applying a
traditional optimization approach. However, it is an insight in itself that
the proposed development plan following from a process of stakeholder
involvement actually results in a robust socioeconomic surplus.
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See Table A1.

Table A1
Data for assessing the economic effects of the orchard, land rent of forest, de
molition of condemned houses, and so-called “other effects” in the results
section.

8

Quantity

Value

Method

Orchard
establishment
cost
Revenue from
orchard

8 ha

42,666
€/ha

Quantity: development plan
Value: (Ørum, 2010)

6.500 kg/ha
per year

0,5 €/kg

Economic rent of
forest
Cost of demolition

38 ha

213 €/ha
per year
22,186 €

Benefit of
demolition

15 houses

Quantity: Own assessment.
Value: We assume 50% of the
calculated market price
Quantity: development plan
Value: (DORS, 2015)
Quantity: development plan
Value: (Kristensen et al.,
2017)
Quantity and value: own
assessment based on rural
real-estate prices

1 house

2333

€/house
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Heyl, K.T., Döring, B., Garske, J., Stubenrauch, F. Ekardt, 2020. The common agricultural
policy beyond 2020: a critical review in light of global environmental goals. Rev.
Eur. Comp. Int. Environ. Law doi.org/10.1111/reel.12351.
Jacobsen, J.B., Thorsen, B.J., 2010. Preferences for site and environmental functions
when selecting forthcoming national parks. Ecol. Econ. 69 (7), 1532–1544.
Jacobsen, B.H., 2012. Analyse Af Skyggepris På Fosfor Med Udgangspunkt i
Omkostninger Ved at Reducere Fosfortabet Til Vandmiljøet [Analysis of the Shadow
price of Phosphorus through the Cost of Reducing Phosphorus Leaching to the
Water]. FOI Udredning; No. 2012/27). 〈www.ifro.ku.dk/publikationer/ifro_serier
/udredninger/〉.
Jacobsen, B.H., 2017. Beregning Af Kvaelstofskyggepris Med Udgangspunkt i FødevareOg Landbrugspakken [Calculating the Shadow Price of N Using the Food and

9

G.M. Callesen et al.

Land Use Policy 117 (2022) 106102
Tilman, D., 1999. Global Environmental Impacts of Agricultural Expansion: The Need for
Sustainable and Efficient Practices. National Academy of Sciences Colloquium
“Plants and Population: Is There Time?” Held December 5–6, 1998, at the Arnold
and Mabel Beckman Center in Irvine, CA. Global. Vol. 96, pp. 5995–6000.
Tinch, R., et al., 2019. Economic valuation of ecosystem goods and services: a review for
decision makers. J. Environ. Econ. Policy, 8(4): Special Issue: Natural Capital and
Natural Capital Accounting, pp. 359–378.
Turner, R.K., 2007. Limits to CBA in UK and European environmental policy: retrospects
and future prospects. Environ. Resour. Econ. 37 (1), 253–269.
Uggeldahl, K.C., Olsen, S.B., 2019. Public preferences for co-benefits of riparian buffer
strips in Denmark: an economic valuation study. J. Environ. Manag. 239, 342–351.
Vining, A.R., Weimer, D.L., 2006. Efficiency and cost-benefit analysis. Handbook of
Public Policy, Vol. 58, pp. 417–432.
Willis, K.G., 1996. Benefits and costs of the wildlife enhancement scheme: a case study of
the pevensey levels. J. Environ. Plan. Manag. 39 (3), 387–402.
Wojewodzic, T., Janus, J., Dacko, M., Pijanowski, J., Taszakowski, J., 2021. Measuring
the effectiveness of land consolidation: an economic approach based on selected case
studies from Poland. Land Use Policy. https://doi.org/10.1016/j.
landusepol.2020.104888.

SEGES, 2019. Budgetkalkyle: Vårbyg. Farmtal Online. 〈https://farmtalonline.dlbr.dk/Kal
kuler/VisKalkule.aspx?Prodgren=K_1010〉. (Accessed 6 November 2019).
Solomon, S., Plattner, G.K., Knutti, R., Friedlingstein, P., 2009. Irreversible climate
change due to carbon dioxide emissions. Proc. Natl. Acad. Sci. USA 106 (6),
1704–1709.
Sterner, T., Barbier, E.B., Bateman, I., van den Bijgaart, I., Crépin, A.S., et al., 2019.
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