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Switzerland plans to restore 4000 km of rivers by 2090. Despite the immense investment costs, river restoration
benefits have not been valued in monetary terms, and a cost-benefit analysis (CBA) does not exist for any river
restoration project in Switzerland. We apply stated preference methods to elicit public preferences and willingness to pay for restoring two specific but representative river sites. The benefits of restoration are compared
with its costs. Upscaling the results to the national level shows that the government budget allocated for river
restoration (CHF 1200/m) is insufficient to cover the costs of local restoration projects. However, the surveyed
local populations are willing to pay substantially more for restoring rivers in their area of residence than they are
legally obliged to do. The CBA results demonstrate that the benefits outweigh the costs in the two case studies,
and hence that restoration efforts are justified from an economic point of view. A sensitivity analysis shows that
the main results and conclusions do not change when we change some of the key assumptions underlying the
CBA.

1. Introduction
Over the last two centuries, river engineering projects such as canalization, diking, drainage, and construction of hydropower plants
were common measures for preventing flood damage, reclaiming land
for agriculture, urbanization, and other purposes, and meeting the increasing demand of the growing population and industry for energy. As
a result, rivers around the world have been heavily modified, causing
the degradation of riverine ecosystems and the loss of biodiversity
(MEA, 2005). The adverse impacts of past river developments have
received increasing attention in recent years (Malmqvist and Rundle,
2002). A trend to return rivers to their near-natural state through river
restoration can be observed (see, for example, the special issue on river
restoration in Water Resources and Economics in 2017 (Brouwer and
Sheremet, 2017)). River restoration is expected to improve the ecological state of rivers, prevent further biodiversity loss, and restore lost
ecosystem services (Palmer et al., 2005; Bernhardt et al., 2005). River
restoration has become not only a priority, but also a legal obligation
for water authorities and river managers in many European countries,
including, for example, the Netherlands (Brouwer and van Ek, 2004)
and Switzerland (Swiss Federal Council, 2016).

∗

River restoration projects serve as nature-based solutions because
they simultaneously achieve environmental objectives (e.g. higher
biodiversity) and increase social and economic welfare (e.g. by providing additional opportunities for recreation or reducing the risk of
flooding). However, the costs of restoration are often high (Edwards
and Abivardi, 1997; Bergstrom and Loomis, 2017). The question is,
therefore, whether expensive restoration efforts can be justified from an
economic point of view, just as the past river modifications that these
restoration projects aim to undo were at one time deemed economically
desirable. In other words, do the environmental, social and economic
benefits outweigh the investment costs?
The main objective of this study is to answer this question using
Switzerland as a case study. The study aims to: (1) translate the ecological benefits of river restoration into economic values expressed in
monetary terms; (2) elicit public preferences and willingness to pay
(WTP) for river restoration; and (3) conduct a cost-benefit analysis
(CBA) of two typical river restoration projects in Switzerland, in order
to inform the national policy on river restoration about the economic
justification of the planned investment.
Our approach to estimating the economic benefits of restoring degraded river sections differs from the existing literature in that it
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explicitly integrates, into a stated preference (SP) survey, the results
from an environmental impact assessment previously carried out by
natural scientists for the same two river sites. An additional novelty of
this study is that it uses two SP valuation methods to elicit public
preferences and WTP for river restoration: namely, the discrete choice
experiment (DCE) and the contingent valuation (CV) method. This allowed us to compare the economic benefits derived from the two
methods and check the robustness of the results. Although DCEs resemble consumer purchasing decisions more closely than CV, they are
much more demanding for respondents to answer, and the incentive
properties are not always clear (Carlsson and Martinsson, 2001). There
are relatively few studies that conduct and report the results of a CBA of
river restoration. This paper therefore contributes to this limited literature by providing further empirical evidence about the economic
efficiency of river restoration projects.

material welfare effects, such as biodiversity, habitat improvements and
increasing the public's sense of safety. The B/C ratios range from:
0.18–0.59 for the Em River in Sweden (Paulrud and Laitila, 2013);
approximately 1 for the urban stream in Baltimore City, U.S. (Kenney
et al., 2012); 1.01–1.85 for the Skjern River in Denmark (Dubgaard
et al., 2005); 4.35 for the Buriganga River in Bangladesh (Alam, 2008);
and 4.03–15.65 for restoration of 2 and 6 miles of the Little Tennessee
River in the U.S., respectively (Holmes et al., 2004). The latter two
studies use a time horizon of only 10 years. Since the costs of river
restoration projects are expected to decrease over time and the benefits
are likely to last longer than 10 years, these latter results are most likely
conservative estimates. Kenney et al. (2012) also use conservative
benefit estimates in their CBA.

2. Cost-benefit analysis of river restoration projects

The implementation of referenda, in which citizens directly decide
on policy initiatives, are rare, among other reasons due to their costs.
Switzerland is the only country in the world that practices direct democracy through referenda on a regular basis at the national level
(Trechsel and Kriesi, 1996; Wagschal, 1997). In the Swiss political
system, important changes in the constitution or (new) legislation are
typically subject to a popular vote (referendum). The popular initiative
is another mechanism which allows Swiss citizens to propose a change
in the law or constitution. It was such a popular initiative that led to the
revision of the Swiss Waters Protection Act in 2011, which defines the
scale of river restoration and the required financial investment. The
absence of opposition to this amendment of the law indicates that there
is strong public support for this funding.
The target set by the Swiss Federal government is to restore
4000 km of rivers in the country by 2090 (FOEN, 2012). This corresponds to one-quarter of the total length of running waters in Switzerland and requires a restoration rate of 50 km per year. Such an
ambitious plan places Switzerland at the forefront of river restoration
efforts globally. The costs of restoring these 4000 km of rivers have
been estimated at 60 million Swiss Francs (CHF)1 per year, which is
equal to 4.8 billion CHF over the entire period of 80 years or 1.2 million
CHF/km (1200 CHF/m). The federal government has committed itself
financially to cover 65% of these costs. The remaining share has to be
financed from other sources, such as regional or local governments in
those areas where the river restoration takes place (ESPEC, 2008; Swiss
Federal Council, 2016). Nevertheless, despite the immense investment
costs, an assessment of the benefits of river restoration and a CBA have,
to date, not been carried out for river restoration in Switzerland.
The estimated 1200 CHF/m can be interpreted as a lower bound of
the general public's WTP for river restoration, since people might be
willing to pay more than they are obliged to do by law. Several relevant
questions arise from this national river restoration strategy: Is the
funding benchmark at the national level sufficient for covering the costs
of river restoration measures at the local level? If not, are local populations willing to pay the extra costs of river restoration projects in their
region?
To answer these research questions, we focus on a degraded and a
restored section of the rivers Thur and Töss, located in the north-eastern
part of Switzerland. Both rivers are tributaries of the river Rhine. They
are of intermediate size and representative of lowland rivers, which are
the most degraded rivers in Switzerland (FOEN, 2009). Fig. 1 shows the
exact locations of the two case studies. The area around the river Thur
is dominated by agricultural land and includes patches of alluvial
forest, while the Töss river site is situated within a forested area. There
are no dams on either of the two rivers. Restoration of this particular
stretch of the river Thur was carried out between 2000 and 2003 over a
length of 1.5 km. The 0.2 km long stretch of the river Töss was restored

3. Policy context and case study

Given that river restoration has been on the environmental policy
agenda in many countries around the world for several decades, it is not
surprising that a substantial body of literature is dedicated to estimating
the economic benefits of river restoration (e.g. Loomis, 1996; Tunstall
et al., 1999; Loomis et al., 2000; Hanley et al., 2006; Weber and
Stewart, 2009; Bliem and Getzner, 2012; Bliem et al., 2012; Stithou
et al., 2012; Che et al., 2014; Brouwer et al., 2016; Vermaat et al.,
2016). Reviews of the existing literature on non-market valuation of
river restoration are provided in Brouwer and Sheremet (2017) and
Bergstrom and Loomis (2017). The latter study reports that most of the
existing studies (70%) apply SP methods, which derive economic values
by eliciting public preferences and the WTP for non-market goods and
services in a survey. Revealed preference methods have also been applied to value restoration projects, but are unable to capture non-use
values. The omission of non-use values can potentially lead to biased
welfare estimates and, consequently, to misleading policy recommendations, since non-use values are expected to play an important
role in the context of river restoration (e.g. Loomis, 2006; Brouwer,
2008).
The benefit estimates alone are, however, insufficient to inform
policymakers adequately about the economic desirability of a public
investment. To this end, a CBA is required. Despite the abundant literature that focuses on assessing the non-market benefits of restoring
riverine ecosystems, CBAs of river restoration projects are rare
(Brouwer et al., 2015; Bergstrom and Loomis, 2017). A reason for this is
the relative scarcity and difficulty of data acquisition related to the
costs of restoration activities (Edwards and Abivardi, 1997; Holl and
Howarth, 2000; Ayres et al., 2014). Exceptions include Holmes et al.
(2004), Brouwer and van Ek (2004), Dubgaard et al. (2005), Alam
(2008), Kenney et al. (2012), and Paulrud and Laitila (2013), who in
addition to estimating the benefits also perform CBAs of river restoration. These studies are not directly comparable because of large variations in the hydrological and ecological baseline conditions of rivers,
socio-institutional settings, and methodological approaches, and they
report mixed results, making it hard to conclude whether investments
in river restoration projects can be economically justified. Paulrud and
Laitila (2013) focus on the restoration benefits associated only with
improved angling experience and ignore other types of benefits such as
biodiversity gains. As a result, their study shows that the costs of restoration outweigh the benefits across all scenarios. The same conclusion holds for the most extreme scenario in Dubgaard et al. (2005),
which assumes a time horizon of 20 years and a discount rate of 7%.
Similarly, Brouwer and van Ek (2004) show that the restoration of the
floodplains of the downstream section of the river Rhine in the Netherlands is very expensive and results in a benefit-cost (B/C) ratio of 0.61
if only the financial implications are considered (discount rate of 4%
over 50 years). The ratio becomes just higher than 1 (1.15) in a broader
economic welfare analysis when consideration is also given to non-
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Fig. 1. Location of the case studies.
Sources: Swisstopo: 5704 000 000 / DHM25@2003, Vector200©2015, TLM, swissboundaries, reproduced with permission of swisstopo / JA100119; ESRI © Esri
Data world.

between 2001 and 2002. The restoration measures undertaken in the
river Thur are mainly passive. In the river Töss, a combination of passive and active in-stream measures was used (an artificial island was
created in the middle of the channel). Passive restoration includes
abandoning river maintenance (e.g. the removal of banks), while active
restoration measures refer to artificial channel creation, in-stream
constructions, or log placement (Jähnig et al., 2010). In most cases,
passive restoration measures are applied. Only when these are insufficient are active measures implemented in addition to the passive
measures. Passive restoration is often sufficient for larger rivers, while a
combination of active and passive measures might be required for
smaller rivers. Therefore, our two case studies can be considered representative with respect to the type of restoration measures (primarily
passive versus a combination of passive and active) that are likely to be
implemented for other rivers of sizes similar to those of Thur and Töss.
Degraded river sections are located just upstream from the restored
sections. They are representative of the restored river stretches before
they were restored, and hence serve as a baseline for assessing the
environmental impacts of river restoration measures (Paillex et al.,
2017). The aerial photographs of the restored and unrestored river
sections are presented in the Supplementary Material (Fig. S1).

biological state of the rivers at degraded and restored sites was assessed. Concerning the physical state of the restored river sections, the
results of the environmental impact assessment show an improved river
morphology at both study sites. This is observed from: an increased
width variability of the river bed; a larger width of the riparian zone;
and improvements in the bank structure due to the removal of embankments. This last finding implies easier access to the rivers for
visitors, which is expected to particularly enhance the provision of recreational services. However, no evidence was found in the two case
study sites that restoration led to improvements in river water quality.
While the physical and biological states were expected to respond to
river restoration, the chemical state was assumed to remain unchanged
because the restored river sections and hence the traveling time of
water flowing through the restored areas were too short. The chemical
state is included in the assessment primarily to evaluate its potential
limiting effects on biodiversity. Indeed, water flowing into the restored
area is found to be of same quality as that flowing out of the degraded
area. Therefore, the chemical state of the restored river stretches,
measured by the concentrations of nutrients, pesticides, and heavy
metals, was the same as at the degraded sites. Assessment of the biological state showed a greater richness of plant and animal species
along both restored river sections. Aquatic and terrestrial species considered in the analysis include fish, macroinvertebrates, riparian vegetation, aquatic vegetation, and ground beetles. The study also detected, however, invasive plant species, which might have diminished
the potential ecological gain of restoration, as well as the absence of
water quality improvement. Following the EU Water Framework Directive classification, the overall ecological state was evaluated as poor
for the degraded river sections, but then improved to moderate and
good once they were restored at the Thur and Töss river sites, respectively.
The restored section of the river Thur also served as a case study in

4. Materials and methods
4.1. Environmental impact assessment
The ecological effects of past restoration projects in the rivers Thur
and Töss were analyzed as part of the EU project REFORM2. The results
are reported in Paillex et al. (2017). The physical, chemical and
2
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Woosley et al. (2007), Weber et al. (2009) and Kurth and Schirmer
(2014), who also assessed river restoration success. Woosley et al.
(2007) concluded that the provision of recreational services was the
main successful outcome of this particular restoration project. They
report that the number of visitors to the restored Thur river site was 40
times greater than the number of visitors to the unrestored site. They
attribute the increased number of visitors at the restored river site to
the greatly improved accessibility to the public site for recreation. According to their observations, the recreational activities that increased
most were walking, picnicking, and sports such as cycling, running,
fishing, boating, and hunting. Weber at al. (2009) found that habitat
diversity was considerably greater along the restored river stretch, but
not the number of species or abundance of fish. Kurth and Schirmer
(2014) detected improvements in river morphology and habitats for the
local flora and fauna. The studies by Woosley et al. (2007) and Weber at
al. (2009) were, however, carried out only a couple of years after the
completion of the restoration project, and it may take a longer time for
the ecological effects of river restoration to become noticeable. The
restoration projects in our two case studies did not reduce flood risks
because the restored river sections were not sufficiently long to influence pre-existing flood risk levels.

sections are deemed relevant because they serve as a baseline for
comparison with the costs of river restoration measures, instead of
making the common assumption that not restoring a river section does
not involve any costs. The cost categories follow the cost typology of
river restoration projects (Ayres et al., 2014). This typology distinguishes between non-recurring and recurring costs. Non-recurring costs
are defined as one-off investment costs and are usually limited to the
duration of the restoration project, whereas recurring costs involve
annual costs that can occur long after the restoration work has been
completed.
Costs reported in Table 1 can be considered lower-bound estimates
because river restoration projects are likely to entail additional expenses, such as transaction (e.g. administrative and legal) costs and
monitoring costs. These are, however, often difficult to quantify and are
hence rarely available. As a consequence, they are usually neglected in
the cost assessments and CBAs related to river restoration. The implicit
assumption of not taking these costs into account is that they are equal
to zero, which is also the approach taken in this study. The costs of
maintaining the restored stretch of the river Töss are unavailable. Since
it is unlikely that there are no maintenance costs, we assume that they
equal the maintenance costs of the unrestored section of the river Töss.
This is supported by the cost estimates for the river Thur.
The recurring costs are expressed on an annual basis and then aggregated over a time period of 35 years, which is the time frame used
for the CBA based on expert opinion. The sum of non-recurring and
recurring costs represents the total cost estimates of restoring and
maintaining the river sites. The total costs are furthermore corrected for
the length of the river section, in order to arrive at standardized and
comparable unit cost estimates. Finally, the costs of river restoration are
calculated as the difference between the costs of restoring and

4.2. Economic impact assessment
4.2.1. Cost estimates
An overview of the cost estimates for the restoration and maintenance of the restored and degraded sections of the rivers Thur and
Töss is provided in Table 1. The costs of passive restoration measures
are, in general, expected to be lower than for active restoration measures. The management costs associated with the degraded river

Table 1
Cost estimates.
Sources: Canton of Zurich (2011), Bernasconi et al. (2012), Rösch et al. (2013), and personal communication (Dr. Christian Marti, Canton of Zurich, January 22,
2014).
Length of the river section

Restored Thur river
site

Degraded Thur river
site

Restored Töss river
site

Degraded Töss river site

1.5 km

0.5 km

0.2 km

0.2 km

Million CHF

Million CHF

Million CHF

Million CHF

1. Non-recurring costs (total)
Planning and project design costs
Construction costs of relocating or extending the dikes
Land acquisition costs
Other construction or investment costs
Sub-total of non-recurring costs
Costs of bank stabilisation
2. Recurring costs (total; over a 35-year period)
Annual maintenance costs

6.397
0.73
3.81
0.758
0.099
5.397
1.00
1.208
0.0345

0
0
0
0
0
0
0
0.452
0.0129

0.57
n/aa
n/a
n/a
n/a
0.22
0.35
n/a
n/a

0
0
0
0
0
0
0
0.175
0.005

Total costs (1 + 2)

7.605

0.452

0.57

0.175

Total annual costs
Total costs per km
Non-recurring costs per km
Annual maintenance costs per km
Non-recurring costs of river restoration per km (costs of restored vs.
degraded site)
Annual maintenance costs of river restoration per km (costs of
restored vs. degraded site)

0.217
5.07
4.265
0.023
4.265

0.0129
0.903
0
0.0258

0.021b
2.85
2.85
0.875b
2.85

0.005
0.875
0
0.875

Total costs of river restoration per km (costs of restored vs.
degraded site)

─0.0028

0b

4.167

2.85

Note.
a
Data not available.
b
We assume that the annual maintenance costs of the restored and the unrestored section of the river Töss are equal because: (1) this assumption is deemed more
realistic than assuming that the maintenance costs of the restored site equal zero; and (2) the annual maintenance costs per km of the restored and the unrestored
section of the river Thur are very similar and hence support this assumption.
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maintaining the restored river sites and the costs of maintaining the
degraded river sites. The resulting restoration costs are substantially
higher for the Thur (4167 CHF/m) than for the Töss (2850 CHF/m).
This can be explained by the fact that the river Thur is of a higher
stream order and therefore wider than the river Töss, which is likely to
increase the costs of restoration per stretch of river. The costs of river
restoration per square meter of water surface are, however, higher for
the river Töss than for the river Thur. The cost figure for the Töss river
is comparable to the upper bound of the estimated costs of river restoration in the Canton of Zurich, ranging between 1000 and 2500
CHF/m (Canton of Zurich, 2011). However, the actual costs of restoration at both sites largely exceed the national benchmark, i.e. the
available budget for river restoration of 1200 CHF/m. The question
therefore becomes how much public tax payers are willing to pay for
the local river restoration projects.

Greene, 2012). Compared with the estimated choice models, several
additional explanatory variables are detected as relevant in the CV
models. Explanatory variables include: distance to the valued river; the
distinction between river users and non-users; respondents' attitudes
towards river restoration; and the socioeconomic characteristics of respondents. These factors are either theoretically expected to affect respondents' WTP or have been recommended for benefit transfer purposes across different sites (e.g. Bateman et al., 2011). Only distance to
the substitute site was omitted from the models since this variable
turned out to be insignificant and correlated with the distance to the
valued river site.
Two different versions of the survey were created, one for each river
site, using an identical DCE design. They were administered to two
different random samples, which enabled an independent valuation of a
single river site. In the opening part of the questionnaire, respondents
were asked about their familiarity with the case study site and the activities they undertake when visiting the river. A further set of questions
disclosed respondents' attitudes towards, and knowledge about, river
restoration projects in general, as well as their awareness and evaluation of the past restoration projects in the rivers Thur and Töss. A map
of the study area (Fig. 1) was presented to respondents to show the
exact location of the two river sites and help them assess how far they
live from these sites. The next survey section contained the SP methods,
which elicited their preferences and WTP for further restoration measures along the rivers Thur and Töss. The DCE design was developed
jointly by social and natural scientists, using the environmental impact
assessment of Paillex et al. (2017) as a basis for defining attributes and
attribute levels. More specifically, their results concerning the biological state of the rivers were reflected in the biodiversity attribute, and
the findings about the physical state were captured in the three recreational attributes. For more details about the DCE design and an
example of a choice task, see Logar and Brouwer (2018). The last part of
the questionnaire included questions about respondents' socioeconomic
characteristics.
The survey was pretested and administered in-person in March 2015
by a professional marketing agency. Respondents were recruited by
means of random sampling procedure at public places in towns and
villages located within a distance of 35 km from the two river sites.
Each river site sample consisted of 250 respondents, resulting in a total
sample size of 500 individuals. The two samples were set up to be representative of the total population in the study area (the Cantons of
Zurich and Thurgau) in terms of gender, age, and their spatial distribution. Descriptive statistics are used for analysing the main sample's
characteristics and for verifying its representativeness by comparing the
sample's characteristics with those of the target population.

4.2.2. Benefit estimates
SP methods are most appropriate for estimating the total economic
value of non-market commodities, such as ecosystem goods and services, whose value is not captured in existing markets or pricing mechanisms. They are essentially the only economic valuation techniques
that allow estimating both use and non-use values (Alpízar et al., 2001;
Bateman et al., 2002). We apply both SP methods, DCE and CV, in a
large-scale representative survey. In a DCE, individuals are asked to
choose their most preferred hypothetical alternative among several
alternatives in a choice set. Each alternative is described by a number of
characteristics or attributes, where the levels of the attributes vary
across the choice sets. One of the alternatives is usually a status quo
situation. Respondents express their preferences by making choices,
which involve trading-off gains against losses associated with each alternative. Including price as one of the attributes enables marginal WTP
values to be estimated for an improvement in one unit of an attribute
level. The mean WTP estimate for a hypothetical alternative is calculated by adding up marginal WTP values across all attributes which
describe the alternative. Aggregating the mean WTP values over the
relevant population of beneficiaries generates the total economic value
of a non-market commodity. Respondents in our study faced a sequence
of choice tasks, which enabled them to learn about their preferences
and refine their WTP for different characteristics of the presented river
restoration alternatives. After the DCE, respondents were asked about
their maximum WTP for restoring the degraded sections of the river
Thur or Töss in an open-ended CV question.
A mixed logit model is used for analysing the choices of respondents
in the DCE (for the model specification and more details, see the
Supplementary Material). The model estimates the likelihood that individual respondents choose one of the hypothetical alternatives over
and above the status quo, accounting for differences between individuals. In order to capture preference heterogeneity between respondents, alternative-specific constants (ASC) and the coefficients of
the choice attributes are specified as random terms.
Public WTP, and in particular use values, are expected to decline at
increasing distances from the valued site, which is known as distance
decay (e.g. Pate and Loomis, 1997). To capture potential distance-decay
effects, we include variables in the choice models and Tobit regression
which measure the distance one-way from the respondents' place of
residence to the river under valuation. It is, however, possible that a
simple unidimensional distance indicator is unable to capture the full
complexity of spatial preference heterogeneity. For example, Schaafsma
et al. (2013) demonstrate that WTP and distance decay vary across
different directions from the valued site. Such an extensive spatial
analysis falls, however, outside the scope of this study. In the choice
models we furthermore include variables that distinguish between respondents who live in urban and rural areas, and between those who
have higher or lower than average income.
The responses to the open-ended CV question are analyzed using
Tobit regression in view of the censored nature of the WTP data (e.g.

4.2.3. Cost-benefit analysis
The recommended approach for the aggregation of the estimated
benefits for environmental improvements into a total economic value
for use in a CBA is to define the area that includes the relevant population of beneficiaries by predicting the distance at which WTP values
decline to zero, given a significant distance-decay relationship (Loomis,
2000; Hanley et al., 2003; Bateman et al., 2006; Brouwer et al., 2009).
However, in the absence of a significant distance-decay relationship,
one is confined to use the most common aggregation approach in the
literature, which assumes that all individuals in an administrative area
will benefit from the environmental improvement. Given that 94% of
the rivers in Switzerland flow through rural areas and to keep the
benefit estimates conservative, we assume in the aggregation procedure
that only the rural population would benefit from the proposed river
restoration. Although the urban population might also benefit, most
large cities in Switzerland are located on lakes, which are relevant
substitutes for restored river sites. Substitutability is particularly important for use values, such as recreational activities. To estimate the
total benefits, we therefore multiply the mean WTP value of the rural
population with the number of adults living in the rural areas within a
1079
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radius of 35 km from the river sites3, as this turned out to be the upperbound distance for daily excursions to the two river sites in the survey.
In the CBA, the benefits of further river restoration are compared
with the costs of past river restoration projects. The benefit and cost
estimates are normalized for the river length and expressed per kilometer of river restoration. The non-recurring costs are assumed to occur
within the first year of the project, and the recurring (maintenance)
costs arise on an annual basis throughout the entire project duration.
The recurring costs, as well as the benefits, are assumed to start in the
second year of the project, after the river restoration measures have
been completed. The time period of 35 years was selected for the CBA
after consulting the competent authorities about the expected duration
of the restoration measures that have already been carried out along the
rivers Thur and Töss. The restored section of the river Thur is expected
to last for 20–50 years without new interventions, and between 30 and
50 years for the restored Töss river site according to local experts. The
midpoint of 35 years ensures that the estimates, in particular of the
benefits, are on the conservative side.
Choosing an appropriate discount rate is of crucial importance in a
CBA. Although the international literature on river restoration reports
considerably higher discount rates, varying between 3% (Dubgaard
et al., 2005) and 10% (Alam, 2008), the recommended discount rate for
CBAs related to public infrastructure projects in Switzerland is 2%
(Abay, 2006). Meyer (2013), using the Minnesota River Basin as a case
study, even finds that individuals discount their WTP for river restoration at a mean annual rate of 13%. To test the robustness of the
results, we perform a sensitivity analysis using discount rates varying
between 2% and 15%.

selected all the correct reasons. Although for the majority of the respondents (67%) it is important that river restoration takes place in
their canton, only 37% of them would favour their taxes being spent on
river restoration. Other respondents prefer canton taxes to be spent on
other environmental (37%) or non-environmental (13%) projects. Past
restoration projects along the rivers Thur and Töss are rated more or
less the same: more than 50% of the respondents who visited the restored sections of the Thur and Töss before their restoration rated the
effect of restoration as “good” and around 20% as “excellent”.
5.2. Estimated choice models
The choice models for the two river sites are presented in Table 2.
The McFadden pseudo-R2 statistics indicate a good overall fit of the
models. Among those respondents who received the version of the
questionnaire focusing on the Thur river, the status quo alternative was
chosen in 49% of the choice tasks. This share is substantially lower in
the sample that valued further restoration of the river Töss (34%),
which might indicate that there is a general tendency to favour further
restoration measures for the river Töss rather than for the river Thur.
Overall, approximately 5% of the respondents protested against a certain feature of the valuation when asked about the reason for consistently choosing the status quo alternative across the six choice tasks.
Therefore, these protest responses were removed from the choice data
analysis, which is a standard procedure in the SP literature (Brouwer
and Martin-Ortega, 2012). The insignificant coefficients associated with
the ASCs imply that, without consideration of the choice attributes,
respondents in both samples are indifferent between further river restoration and the status quo option. However, significant standard deviations of the ASCs suggest that there is a significant variation in
preferences across individual respondents.
The positive and significant coefficients for the river length imply
that respondents value river restoration more if the river stretch to be
restored is longer. Furthermore, positive and significant coefficients for
walking along the river, swimming in the river, and barbecuing on the
river banks mean that respondents in both samples are more likely to
choose river restoration alternatives which facilitate these recreational
activities. They hence value further restoration measures more if these
provide additional recreational opportunities. Walking along the river
provides the highest utility to respondents in both samples. Walking
and swimming are valued significantly higher for the river Töss than for
the river Thur. A possible explanation is that walking along the river
Töss implies walking in the forest, which might be more enjoyable, and
hence generate higher utility to the respondents. Swimming in the river
Thur is more difficult because the river is wider and the water flow is
faster compared with the river Töss, which might explain differences in
marginal WTP estimates for this choice attribute. The choice behavior
of respondents is not significantly affected by improvements in biodiversity due to river restoration. Biodiversity mainly captures non-use
values, while recreational activities entail predominantly use values.
Therefore, in these two case studies use values seem to be higher than
non-use values. The coefficients for the price attribute are, as expected,
negative and highly significant. They indicate that the higher the suggested increase in individual tax, the lower is the probability that respondents will choose the restoration alternative. The standard deviations of the random parameters are highly significant for the majority of
the choice attributes, indicating that preferences differ across individual respondents.
No significant distance decay is detected for either of the two rivers,
which could be due to the presence of more complex spatial preference
heterogeneity that cannot be captured with a single unidimensional
distance variable. A dummy variable distinguishing between respondents living in urban and rural areas shows that respondents who
live in urban areas (the cities of Zurich and Winterthur) attach significantly lower values to further restoration of the river Thur than the
other respondents in the sample. Both cities are located further away

5. Results
5.1. Sample characteristics
The socioeconomic characteristics of the sample and target population are compared in the Supplementary Material (Table S1). The
sample is representative of the population in the study area with respect
to gender ratio, average age (only for the Canton of Zurich) and
household size. The average age of the sample is somewhat higher than
that of the population for the Canton of Thurgau. The likely explanation
for this is that only the adult population was surveyed. A notable difference is found in the level of education, which is lower among respondents in our sample than in the general population. This might
explain the lower average gross monthly income detected in the sample
compared with the whole population. The share of households in the
sample that support environmental organizations through membership
fees or donations is equal to 40%.
As many as three-quarters of the respondents in both samples have
visited, and are direct “users” of, the rivers, while around 14% of them
have never visited the studied rivers. River users visit the rivers on
average 8 times per year. Recreational activities in which they most
commonly engage when visiting one of the rivers include walking
(78%), swimming or bathing (42%), and barbecuing (37%). These activities correspond to the three choice attributes that capture the recreational benefits of river restoration in the DCE. These activities are
followed by jogging (17%), bird watching (16%), biking (13%), fishing
(6%), and other activities (9%), such as walking one's dog, enjoying
nature, or meditating.
More than half of the respondents had heard of river restoration
projects before the survey, and only slightly less stated that they understood the purpose of these restoration projects. However, when
faced with a follow-up question, in which they had to indicate, on a predefined list, the reasons for restoration, only 11% of the respondents
3
Embracing municipalities located within the Cantons of Zurich and Thurgau
for the river Thur and in the Canton of Zurich for the river Töss.
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Table 2
Estimated choice models.
Variable

Mean estimates of random parameters
Constant (ASC)
Length of the river section that will be restored (in km)
Walking along the river (1 = yes, 0 = no)
Swimming in the river (1 = yes, 0 = no)
Barbecuing on the river bank (1 = yes, 0 = no)
High biodiversity (1 = yes, 0 = no)
Medium biodiversity (1 = yes, 0 = no)
Tax increase
Non-random parameters
Distance to the valued river
Lives in urban area (1 = cities of Zurich and Winterthur, 0 = otherwise)
Household income (1 = equal to or above the sample median, 0 = otherwise)
Standard deviations of random parameters
Constant
Length of the river section that will be restored
Walking along the river
Swimming in the river
Barbecuing on the river bank
High biodiversity
Medium biodiversity
Price
Log-likelihood
LR test (χ2)
Pseudo R2
Number of observations

Thur

Töss

Coefficient
[Std. err.]

Coefficient
[Std. err.]

‒0.261
[1.605]
0.534**
[0.269]
3.517***
[0.503]
1.148***
[0.359]
1.631***
[0.390]
0.537
[0.577]
‒0.185
[0.540]
‒0.044***
[0.005]

0.157
[1.318]
0.464**
[0.204]
2.354***
[0.337]
1.059***
[0.320]
0.558*
[0.286]
0.419
[0.423]
0.215
[0.438]
‒0.017***
[0.003]

‒0.049
[0.060]
‒2.959***
[0.871]
1.128*
[0.590]

‒0.032
[0.043]
3.894***
[0.896]
1.288**
[0.627]

3.477***
[0.501]
1.234***
[0.224]
5.557***
[0.697]
0.771
[0.576]
4.785***
[0.756]
4.664***
[0.812]
1.728***
[0.568]
0.036***
[0.004]

3.681***
[0.510]
0.925***
[0.251]
3.806***
[0.653]
1.833**
[0.726]
3.474***
[0.452]
2.380***
[0.594]
0.640
[0.660]
0.020***
[0.003]

‒778.56
1342.82***
0.463
1398

‒886.47
1166.95***
0.397
1410

Notes: *, ** and *** denote p < 0.1, p < 0.05, and p < 0.01.

from the river Thur than from the river Töss. It is hence possible that
this variable captures part of the distance-decay effect for the river
Thur. For the same reason, there are also fewer users of the river Thur
among respondents living in urban areas (62%) compared with the rest
of the sample (75%). In addition, the river Töss flows exclusively
through the Canton of Zurich, while the river Thur constitutes the
border between the Cantons of Zurich and Thurgau. Therefore, respondents living in urban areas (both cities belong to the Canton of
Zurich) might consider that restoration of the river Thur and the associated costs fall under the jurisdiction of the Canton of Thurgau. The
opposite result is found for the river Töss, where respondents living in
urban areas display significantly higher WTP for further restoration
than those living in rural areas. As expected, respondents with higher
household income levels value restoration projects at both river sites
significantly more than respondents coming from lower income groups.

functions are estimated separately for each river site. Factors that influence the stated WTP of respondents significantly and positively in
both CV models include the importance that respondents attach to river
restoration, whether or not they had heard about river restoration
projects before the survey, household income, respondents' age, and
membership of an environmental organization. As expected, users of
the river Töss are willing to pay significantly more for restoring this
river than non-users. This effect is, however, not detected for the river
Thur. In general, we expect that respondents who know the amount of
canton tax are able to better judge the relative importance of tax increase, which gives us confidence in their stated WTP. In the Thur
sample, respondents who knew the amount of the canton tax they pay
annually have significantly higher WTP. We also tested whether stated
WTP values in the open-ended CV question are in any way related to the
preferred alternative in the last choice task, but did not find any evidence for this. Hence, respondents' WTP is independent of the attribute
levels used in the preceding DCE. Contrary to theoretical expectations,
but in line with the results for the estimated choice models, distance to
the valued river site does not have a significant effect on respondents'

5.3. WTP functions based on the contingent valuation method
The results of the CV method are shown in Table 3. Two WTP
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S2). They are used to calculate the mean WTP for a policy scenario in
which the restored river length equals 1 km, it is possible to undertake
all the recreational activities, and the biodiversity in and around the
river is high. This policy scenario is selected because the resulting mean
WTP values and hence the benefit estimates are expressed on a per
kilometer basis, which makes them directly comparable with the cost
estimates. Note that only the marginal WTP values, which are statistically significant at the 5% level or higher, are included in the calculation of mean WTP. The resulting mean WTP estimates derived from the
DCE equal 144 CHF/person/year for the river Thur and 196 CHF/
person/year for the river Töss. These values correspond to 3% and 4%
of the average gross monthly individual income of 4750 CHF for the
population in the Cantons of Zurich and Thurgau, respectively.
The average WTP estimates from the open-ended CV question are
significantly lower than those derived from the DCE. For the sample as
a whole, they amount to 52 CHF/person/year for the river Thur and 59
CHF/person/year for the river Töss, which represents 1.1% and 1.2% of
average gross monthly income in Zurich and Thurgau, respectively.
They are also estimated more precisely, which is reflected in tighter
confidence intervals. We opt to use the more conservative benefit estimates derived from the CV method in the CBA. We further estimate
and report separate WTP values for respondents living in the city of
Zurich, the city of Winterthur, and rural areas. No significant differences in WTP estimates are detected between these three subgroups.
The WTP values are then used in the aggregation procedure described in Section 4.2.3 in order to estimate the total benefits of river
restoration. The benefit estimates based on the CV method equal CHF
30 million and CHF 37 million per year for the rivers Thur and Töss,
respectively. The corresponding benefit estimates from the DCE method
are reported as part of the sensitivity analysis in Table 5.

Table 3
WTP functions estimated from the open-ended contingent valuation question.
Variable

Description of
variables

Thur

Töss

Mean
[Std. dev.]

Coefficient
[Std. err.]

Coefficient
[Std. err.]

18.51
[7.28]
0.75
[0.43]
0.35
[0.48]

‒90.520***
[24.823]
1.001
[0.818]
8.997
[10.803]
‒9.394
[11.764]

‒31.392
[20.709]
‒0.447
[0.567]
25.844**
[9.938]
4.063
[9.370]

0.27
[0.45]

41.138***
[10.191]

39.880***
[8.731]

0.57
[0.49]

29.612***
[9.770]

30.373***
[9.348]

0.35
[0.48]

29.013***
[8.973]

‒12.968
[8.726]

7015.70
[3643.84]
43.69
[16.37]
0.40
[0.49]

0.005***
[0.001]
0.677***
[0.281]
17.691*
[8.018]

0.002*
[0.001]
0.459*
[0.272]
38.979***
[8.965]

‒937.705
97.24***
0.049
212

‒1047.902
91.61***
0.042
219

Constant
Distance to the valued river
River user (1 = yes, 0 = no)
Lives in urban area (1 = cities
with > 20.000 inhabitants,
0 = otherwise)
Importance of river restoration to
the respondent (1 = very
important, 0 = otherwise)
Has heard of river restoration
before the survey (1 = yes,
0 = no)
Knows the amount of canton tax
(s)he pays per year (1 = yes,
0 = no)
Household income (midpoint of
income group category)
Age
Supports environmental
organization (1 = yes,
0 = no)
Log-likelihood
LR χ2
Pseudo R2
Number of observations

5.5. Cost-benefit analysis

Notes: *, ** and *** denote p < 0.1, p < 0.05, and p < 0.01.

The CBA results are reported in Table 5. They indicate that the
discounted benefits of restoration are considerably higher than the
discounted costs at both river sites. As a result, the net present values
(NPV) are positive and amount to CHF 706 million for the restoration of
the river Thur and CHF 885 million for the river Töss. The B/C ratios
equal 173 and 318 for the rivers Thur and Töss, respectively. These
results indicate that investments in further restoration measures are
economically justified at both river sites, and that the Swiss tax payer is
willing to pay substantially more for restoration projects at the local
level than is legally required by the existing national policy on river
restoration.

WTP for further restoration of each site. Furthermore, we find no evidence that respondents living in urban areas stated significantly different WTP values than those living in rural areas.
5.4. Benefit estimates
The WTP estimates derived from the DCE and CV for each of the two
river sites are reported in Table 4. The marginal WTP estimates for the
choice attributes are reported in the Supplementary Material (Table

5.6. Sensitivity analysis

Table 4
Mean willingness to pay values (CHF/person/year).
Thur

Töss

WTP [95% CI]
Sample size (N)

WTP [95% CI]
Sample size (N)

From the very high NPVs and B/C ratios, it is obvious that, even
when using the most conservative benefit estimate in the CBA (i.e. the
lower bound of the 95% confidence interval around the mean WTP
estimate derived from the CV method), the main outcomes and conclusions from the previous section hold. Therefore, we focus our attention here on analyzing the sensitivity of the CBA results to: the assumed population of beneficiaries; the duration of the restoration
measures; the discount rate; and the timing of the benefits in the aggregation procedure. The results are summarized in Table 5.
Relaxing the assumption that the population of beneficiaries is restricted to rural areas increases the population size and leads to higher
NPVs and B/C ratios. Given that use values in this study seem to be
more important than non-use values, one could argue that the relevant
population of beneficiaries are river users. Therefore, we also test the
sensitivity of CBA results by aggregating the benefits for: (i) river users
among the rural and urban population; and (ii) river users among the
rural population only. In the former case, the NPVs and B/C ratios are
somewhat higher and in the latter case slightly lower than under the
original assumptions.

Mean WTP estimates for the sample as a whole
Choice experimenta
143.84
196.10 [108.60–401.00]
[93.80–218.31]
N = 235
N = 233
Contingent valuation
52.07 [44.13–60.01]
59.13 [51.23–67.03]
N = 229
N = 234
Mean WTP estimates for subgroups of respondents (CV method)
b
Residents of the City of
n/a
50.15 [37.74–64.56]
Zurich
N=0
N = 41
Residents of the City of
48.91 [33.90–63.92]
76.55 [41.14–111.96]
Winterthur
N = 55
N = 29
Residents of rural areas
53.07 [43.75–62.39]
58.29 [49.64–66.94]
N = 174
N = 164
a

Policy scenario: 1 km, walking, swimming, barbecuing, high biodiversity.
Not applicable, because there are no respondents from the City of Zurich in
the Thur sample.
b

1082

Journal of Environmental Management 232 (2019) 1075–1085

I. Logar et al.

Table 5
Cost-benefit and sensitivity analysis.

Original assumptionsb
Population of beneficiaries
Adults in municipalities within 35 km
radius (instead of rural areas only)c
River users in municipalities within 35 km
radiusd
River users in rural areas
Duration of restoration measures
20 years
10 years
Discount rate
r = 5%
r = 10%
r = 15%
Delay in benefits
Benefits start materializing in year 6
Worst-case scenarioe
Original assumptionsb
Population of beneficiaries
Adults in municipalities within 35 km
radius (instead of rural areas only)
River users in municipalities within 35 km
radiusf
River users in rural areas
Duration of restoration measures
20 years
10 years
Discount rate
r = 5%
r = 10%
r = 15%
Delay in benefits
Benefits start materializing in year 6
Worst-case scenarioe

Discounted benefits
(106 CHF)

Discounted costs
(106 CHF)

NPV (106
CHF)

B/C ratioa

710

4.11

706

173

‒0.0028

1186

4.11

1182

288

4.27

‒0.0028

918

4.11

914

223

23.65

4.27

‒0.0028

568

4.11

564

138

29.56
29.56

4.27
4.27

‒0.0028
‒0.0028

340
200

4.03
4.04

336
196

84
50

29.56
29.56
29.56

4.27
4.27
4.27

‒0.0028
‒0.0028
‒0.0028

456
258
170

4.02
3.85
3.69

452
254
166

113
67
46

29.56
23.65

4.27
4.27

‒0.0028
‒0.0028

600
39

4.11
3.70

596
36

146
11

36.98

2.85

TÖSS RIVER
0

888

2.79

885

58.36

2.85

0

1402

2.79

1399

502

43.94

2.85

0

1055

2.79

1053

378

26.96

2.85

0

647

2.79

645

232

36.98
36.98

2.85
2.85

0
0

426
250

2.71
2.71

423
248

157
92

36.98
36.98
36.98

2.85
2.85
2.85

0
0
0

570
323
213

2.71
2.59
2.48

568
320
210

210
125
86

36.98
26.96

2.85
2.85

0
0

750
45

2.79
2.48

747
42

268
18

Annual benefits
(106 CHF/a)

Investment costs
(106 CHF)

29.56

4.27

THUR RIVER
‒0.0028

49.39

4.27

38.21

Annual costs
(106 CHF/a)

318

a

Benefit-cost ratio.
Based on the mean WTP estimate for residents of rural areas (CV method) aggregated over rural population; duration of restoration measures 35 years, discount
rate 2%, benefits materialize fully in the second year after restoration.
c
Assuming the mean WTP for an average respondent for residents of the City of Zurich in the Thur sample.
d
The share of river users in the Thur sample is 76% on average (also assumed for the residents of the City of Zurich): 63% among the residents of the City of
Winterthur and 80% among the rural population.
e
Based on the mean WTP estimate for residents of rural areas (CV method), aggregated river users among the rural population; duration of restoration measures
10 years, discount rate 15%, benefits materialize fully in the sixth year after restoration.
f
The share of river users in the Töss sample is 75% on average: 80% among residents of the City of Zurich, 79% among residents of the City of Winterthur and 73%
for rural areas.
b

Shortening the time period in the CBA from 35 to 20 years reduces
the NPVs and B/C ratios by approximately 50%. A further reduction of
the time period to 10 years, as in Holmes et al. (2004) and Alam (2008),
still generates positive NPVs of CHF 196 million for the river Thur, and
CHF 248 million for the river Töss. The B/C ratios decrease in this case
to 50 and 92, respectively. The sensitivity analysis with respect to the
chosen discount rates is shown in the Supplementary Material (Fig. S2).
Higher discount rates diminish the present value of future benefits,
favouring projects with distant costs and immediate benefits. Even with
a discount rate as high as 15%, which is very unlikely under the current
market conditions, the NPVs remain positive, and hence river restoration is economically justifiable at both river sites.
Initially, we assumed that benefits materialize to their full extent in
the second year of the project, which is relatively early. According to
expert judgement, in reality it might take several years before aquatic
communities fully develop, while for terrestrial species it might take
even longer. The recreational benefits are likely to occur more quickly,
although they might not be fully present immediately, as the landscape
could be aesthetically unappealing shortly after the restoration

intervention took place, and it takes time until people discover the
freshly restored area. Moreover, in some cases an increase in ecological
benefits can lead to a decrease in recreational benefits and vice versa,
meaning that it might be difficult to reach the maximum benefits in
both categories simultaneously. For example, access to the river Thur is
partially restricted during specific times of the year in order to protect
bird breeding areas. This measure fosters ecological benefits at the
expense of recreational benefits. Assuming that the benefits start occurring only in the sixth year of the project leads to a NPV of CHF 596
million for the river Thur and CHF 747 million for the river Töss. The
corresponding B/C ratios of 146 and 268 are still very high. Under the
most pessimistic scenario, in which only river users in rural areas
benefit from river restoration, restoration measures last for only 10
years, the discount rate is 15%, the benefits appear in year 6, the NPVs
remain positive amounting to CHF 36 million for the river Thur and
CHF 42 million for the river Töss. The B/C ratios decrease to 11 and 18,
but are still substantially higher than 1. Therefore, we conclude that the
CBA results in this study are robust to the underlying assumptions and
uncertainties in the parameter estimates.
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6. Discussion and conclusions

which involve trade-offs.
A relevant question addressed in Holl and Howarth (2000) is: Who
should pay for river restoration? Is it the national population, the local
population in the administrative area where the restoration project
takes place, the rural or urban population, or the river users who should
bear the costs? The size of the population will determine per capita
costs. The answer will likely vary across countries, depending on their
specific laws and regulations. In Switzerland, around 65% of the costs
will be borne by all tax payers (federal budget) and the rest by the
regional and local population (cantonal and municipal budgets), who
also contribute to the federal budget. Although the restoration projects
are usually paid for by general taxes, which is also the assumption that
we make in this study, often a more fair solution would be to apply the
beneficiary-pays principle. This means that only that part of the population who actually benefit from river restoration pay for it. For example, in the Swiss context, it is conceivable that the urban population
living in cities which are located by a lake would mainly undertake
recreational activities there and potentially benefit less from river restoration than the population living far away from such substitute sites.
In practice, however, the population of beneficiaries can be difficult to
identify.

River restoration is gaining momentum worldwide despite the high
investment costs involved. Although legal requirements to return
heavily modified river ecosystems to close to pristine conditions is
desirable from an ecological perspective, from an economic perspective
it is important to know whether restoration costs generate environmental benefits of equal or greater magnitude (Holl and Howarth,
2000). While the economic valuation of river restoration has received
substantial attention in the literature, only a limited number of studies
assess whether the benefits of river restoration outweigh its costs.
The amount of money allocated to restoration projects in practice
typically does not reflect a thorough analysis of the project's respective
costs and benefits, but instead indicates the minimum amount necessary to reclaim ecosystems and the services they provide, based on
some general criteria (Holl and Howarth, 2000). This could be the
reason why our study shows that the budget allocated for river restoration in Switzerland (CHF 1200/m) might be insufficient to cover
the costs of local river restoration projects. The costs of restoring representative sections of the rivers Thur and Töss in Switzerland are
considerably higher than this national benchmark. However, this
finding is not a major concern because our study demonstrates that the
local population is willing to pay substantially more for river restoration in their area of residence than they are legally obliged to pay. The
CBA results show that the benefits by far outweigh the costs in the two
case studies, and hence that the restoration efforts are justified from an
economic point of view. The results are very robust, implying that the
conclusions hold even under an unrealistic worst-case scenario.
It is not unusual to find, as we do in our study, that a DCE generates
significantly higher value for the same good or service than the CV
method (e.g. Hanley et al., 1998; Ryan and Watson, 2008), or that DCEs
overestimate the total WTP (Lusk and Schroeder, 2004). The review by
Bergstrom and Loomis (2017) also supports this finding. For river restoration across all countries and methods, they report WTP values per
household, which range between US$4 and US$220. The WTP values
derived from CEs applied in Western Europe or the United States are,
however, higher (US$127–220) and are comparable to our estimates.
The WTP estimates obtained from the CV method in our study fall
within the range of WTP values (€ 25–80) reported for other European
rivers (Ayres et al., 2014). They are also similar to the mean WTP of US
$ 81.2 per household per year estimated in the meta-analysis of valuation studies on river restoration (Brouwer and Sheremet, 2017).
No previous study has found that river restoration leads to such a
strong improvement in social welfare and as high B/C ratios. Possible
explanations for this are the high purchasing power in Switzerland and
the strong environmental consciousness of the population, which is
reflected in the large share of the population who contribute to environmental organizations through memberships or donations: 40% in
this study, which matches the figures reported in other surveys carried
out in Switzerland (e.g. Bernath and Roschewitz, 2008; Logar et al.,
2014).
The choice behavior of respondents who valued each river site
differs significantly, implying that value functions derived from the
DCE are not transferable between the two river sites. The WTP values
based on the CV method are estimated more precisely and are not
significantly different between the two study sites, which facilitates
their transfer. Therefore, the CV method seems more promising in this
case when resources for collecting primary data are limited.
River restoration generates different types of benefits, which can
sometimes be conflicting. For example, an increase in ecological benefits can lead to a decrease in recreational benefits and vice versa,
meaning that it might be difficult to reach the maximum benefits in
both categories simultaneously. As an illustration, the abundance of
small fish increases as a result of river restoration (Schmutz et al.,
2016), which can in turn diminish the level of enjoyment and benefits
of recreational fishing. In such cases, it is necessary to set priorities
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