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Non-market values pose a challenge in decision making. In a contribution to the issue, the study assesses the
potential positive impact on residents’ wellbeing of improving the ecological status of water bodies making up
the Saarijärvi watercourse in Central Finland, a region with numerous Natura areas. The benefits provided by the
aquatic environment and the factors affecting them were assessed using the contingent valuation method (CVM).
A split-sample design made it possible to analyse expressed uncertainty with two payment vehicles: in one, the
question of uncertainty was included in the willingness-to-pay (WTP) questions (multiple bounded discrete
choice, MBDC); in the other, it was queried separately after the payment card (PC) question. Where respondents
saw added value in Natura 2000 sites and received new information on water management, they experienced
increased wellbeing from improved water quality. Perceived importance of sustainable hydropower and water
regulation also figured in a desire to improve the ecological status of waters in the region. The results show that
there is a noticeable positive WTP among residents (N = 473) for improved water status and that estimated WTP
differs according to uncertainty: mean WTP every year per individual fell in the range EUR 29.70 to EUR 75.50.
Improvement of water status and protection of Natura 2000 sites were found to be mutually reinforcing goals.
Higher net social benefits could be realized if implementation of the applicable directives were more closely
coupled to regional planning.

1. Introduction
Researchers and policy-makers from various disciplines have high
lighted the role of biodiversity in delivering critical ecosystem services
on which humans rely (Elmqvist et al., 2013; Jäppinen and Heliölä
(2015). Indeed, ample evidence exists that biodiversity stabilizes
aggregated ecosystem functions in changing environments (e.g., Sala
et al., 2000); this in turn maintains the ecosystem services that enhance
human wellbeing, for example, climate regulation, fisheries, forage and
recreational opportunities (Haase et al., 2014). However, policy-makers
may face trade-offs in the management of natural resources, and an
understanding of ecological as well as social and economic conditions
becomes important. Ecosystem services need to be visible and easier to
compare with more tangible marketable benefits, making it crucial that
the services be valued in monetary terms. Indeed, incorporating
non-market values into decision making has been recognized as a salient

aim for a long time (see e.g., National Research Council, 2005), but
accomplishing this requires powerful synergies between approaches that
often hail from separate disciplines (Saarikoski et al., 2018; Mali
nauskaite et al., 2019).
The Natura 2000 network was created to ensure the long-term sur
vival of Europe’s most valuable and threatened species and habitats. The
network was established over time based on the provisions of the Birds
and Habitats Directives (BHD; EEC 1992, 2009, articles 16 and 9
respectively), the two most influential policy frameworks in European
nature conservation (Fontaine et al., 2007). The integration of biodi
versity conservation into water policies in practice, however, was not
seen until the adoption of the Water Framework Directive (WFD;
2000/60/EC) and its implementation in the individual member states.
The WFD was the first instrument to focus squarely on ecological pro
tection in water management and to aim for comprehensive manage
ment. The legislation seeks to achieve at least ‘good ecological status’ for
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all surface waters, with due consideration of the importance of aquatic
biota in determining water quality.
Freshwater ecosystem services play a vital role in connecting habi
tats and have a value far beyond the surface area they cover (Sala et al.,
2000). Protecting watersheds on which habitats depend helps to secure
their biodiversity as well as a continued supply of ecosystem services
(Hanna et al., 2020). However, habitat destruction and transformation
of watersheds through anthropogenic development (e.g., energy and
food production, road construction and forestry) are currently among
the greatest threats to aquatic biodiversity (Sala et al., 2000). Signifi
cantly, numerous attempts have been made to restore aquatic habitats in
recent decades to correct the negative effects of such development
(Bernhardt and Palmer, 2011; Flávio et al., 2017). Most people now live
in urban areas and more actively seek experiences of nature, generally
unavailable to them, to mitigate the negative effects of urbanization
(Cox et al., 2018). The impacts on biodiversity of energy production,
such as hydropower or biomass power, are widely debated and argu
ments advocating such projects often clash with considerations of sus
tainability, conservation and recreation (Koh and Ghazoul, 2008). Yet,
at the same time, such power plants are considered an important part of
renewable and efficient energy production, and in fact additional hy
dropower plants have been proposed to meet the main energy-related
components of the Sustainable Development Goals (United Nations,
2019).
The research consisted of an environmental valuation study in an
ecologically diverse watershed in Central Finland. Our method of choice
is the contingent valuation method (CVM), one of the most frequently
used approaches in research on non-market valuation. It has proven to
have sufficient reliability and validity to be a useful tool to inform policy
analysis, although research on improving it should continue (Bishop and
Boyle, 2019). As the CVM entails a risk of bias, its reliability in envi
ronmental decision making has been extensively studied in research
spanning a period of about 50 years (Hanley and Czajkowski, 2019;
Arrow et al., 1993; Bateman et al., 2002; Mitchell and Carson, 1993).
We examine how attitudes toward Natura 2000 and its goals might
explain the contribution to wellbeing of improving the ecological status
of the region’s water bodies. The study’s specific aims were to derive a
monetary value for the perceived benefits and to ascertain the aspects of
improved ecological status that contribute to human welfare. To our
knowledge, this is one of only a few stated preference studies on public
attitudes toward nature conservation involving water management as
prescribed by the WFD (see e.g., Hoyos et al., 2012). Previous studies
evaluating Natura sites have been confined to their impact on forestry
(see e.g., Li et al., 2004; Hoyos et al., 2012). Kosenius and Ollikainen
(2013) have shown in their choice experiment valuation study for
renewable energy sources – hydropower, among others – that the re
spondents had strong preferences for averting deterioration of biodi
versity. Of particular methodological interest in the present study is its
aim of revealing possible differences in respondents’ uncertainty in their
answers to willingness to pay (WTP) questions. To this end, the survey
was designed as a split-sample experiment.
Specifically, our research questions were:

2. Methods and study area
2.1. Study area
The Lake Saarijärvi watercourse (3120 km2 in area) is one of the
largest in the lake district of Finland. Most of the 80-kilometre-long
system lies in the province of Central Finland, within the boreal forest
zone (see Fig. 1). It can perhaps be best described as a mosaic of lakes
connected by rivers and rapids (Savolainen, 2007). Some of the rapids
are in a relatively natural state owing to restoration measures (Selänne
et al., 2016). The several municipalities located along the watercourse
have a total population of 18,000 people.
Due to its landscape, cultural heritage and near-natural environment,
the Saarijärvi watercourse is considered one of the finest and most
diverse regions in Central Finland (Savolainen, 2007). Not surprisingly,
it contains many streams and springs and other sites included in the
Natura 2000 network (Fig. 1). Consideration of the habitats, natural
habitat types or species in the area points to a particular need to
maintain or improve the ecological status of the waters (Selänne et al.,
2016). Since Natura sites are subject to WFD and BHD measures, the
interplay of these directives plays a key role in practice.
Despite the Natura 2000 areas in it, the Saarijärvi watercourse has
some of the poorest waters in the province. The latest assessment of the
ecological status of surface waters in Finland was released in 2019, but
no major changes were reported for this region vis-à-vis the 2013
assessment (Finnish Environment Institute 2019). The water originates
from and runs through the large peatlands of Suomenselkä, which makes
it naturally rich in humus (i.e., decomposed organic substances in the
water, which colour the water amber) and nutrients, especially in the
upper reaches of the watercourse. Of the 49 classified lakes, 43 per cent
are in moderate or poor ecological status, and of the 31 classified rivers,
58 percent are in moderate status. What is more, it is common knowl
edge that there is a risk of losing good ecological status by 2021 in
almost half of the surface water bodies now classified as such (Selänne
et al., 2016).
The activities having the principal impacts on the watercourse are
agriculture, peatland drainage and peat production (Karonen et al.,
2015). Agriculture is the largest single polluter where sources of phos
phorus (46 %) and nitrogen (25 %) are concerned. Forestry is also an
important land use in the area, but forestry and dispersed settlement
pollute notably less than agriculture (less than 6% of the phosphorus
load). Point sources from municipal wastewater, the peat industry and
fish farms account for approximately three per cent of the total phos
phorus and five per cent of the total nitrogen load to the watercourse.
Municipal centres and peat production sites have severe local impacts as
point sources. In the upper reaches of the watercourse, 40 per cent of the
catchment area is peat soil, and the area has several peat production
sites (Palomäki and Hynynen, 2006). In terms of nutrient input, peat
production is a minor factor but the activity discharges suspended solids
and oxygen-consuming organic matter that affect downstream areas
(Selänne et al., 2016). This has sparked heated discussion about peat
production and its impacts on water quality (Konttinen et al., 2018).
The Saarijärvi watercourse supports several fish species that are
popular with recreational fishers, such as natural lake-migrating brown
trout (Salmo trutta), whitefish (Coregonus lavaretus), pike-perch (Sander
lucioperca), pike (Esox lucius) and perch (Perca fluviatilis). Populations
are sparse, however, and some are supported by yearly stocking. The
natural migration of brown trout, which is a species native to Europe,
has declined for decades with the construction of multiple dams and
regulation of water bodies for hydropower production and other pur
poses. To mitigate the negative effects of hydropower, fishways have
been requested for the rapids Hietamankoski and Leuhunkoski in the
Regional Programme of Measures (Selänne et al., 2016) and the National
Fish Passage Strategy (Ministry of Agriculture and Forestry, 2012). In
our study area, the hydromorphological changes that have occurred
pose the greatest risk of failure as regards fulfilling the targets based on

i) What are the residents’ attitudes toward improving water status
and biodiversity in the study area and the correspondence be
tween those attitudes?
ii) What characteristics of the respondents influenced their WTP for
water quality improvements?
iii) What is the WTP among residents of the region for improved
water quality in terms of the WFD? Do these estimates differ
depending on whether respondents’ uncertainty is queried as part
of the payment card elicitation or after elicitation?
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Fig. 1. Study area.
Left: ecological status (five colours; 2013 assessment). Right: Natura 2000 areas (green). Both figures were presented in the survey instrument before the valuation
questions/scenario.

the WFD (Selänne et al., 2016). In the present context, we consider
environmentally friendly hydropower to be that produced by a power
plant equipped with an efficient fishway enabling fish migration in both
directions.

follows: i) Two fishways will be constructed at the Hietamankoski and
Leuhunkoski rapids, planned habitat restorations will be carried out
and, for the most, part the status of flowing waters will be maintained in
or restored to good. These improvements will enhance migration of
brown trout to their breeding grounds; ii) The status of the lakes will
improve to good, and this will result in lower concentrations of nutri
ents, improved oxygen conditions and a decrease in algal blooms.
Following this, recreational use of lakes will be enhanced, and enriched
habitats will provide for more vital fish stocks overall. In addition, re
spondents were told that the study area included a number of special
areas, that is, ones protected under Natura, in which the maintenance or
improvement of water status is important for the protection of habitat
type or species and which are considered individually in planning water
management.
After being given a description of the putative change in the aquatic
environment, respondents were told about the need for increased
funding and for setting up a hypothetical regional water management
foundation. The foundation would ensure implementation of the resto
ration measures required to improve the ecological status of the waters.
Respondents were then asked whether they would be willing to make a
voluntary payment to the foundation in order to improve the ecological
status of the watercourse to good by 2027, possible answers being ‘yes’,
‘possibly’ and ‘no’ (see Appendix A). Although this type of donation
payment vehicle is a plausible one for studying the public environmental
good at issue here (Champ et al., 1997), it raises problems in interpre
tation due to a lack of incentive compatibility (Carson and Groves,
2007): that is, due to free-riding, respondents may assume that the costs
will be covered by other donations. However, referendums are seldom
used in Finland in valuing public environmental goods (Ahtiainen,
2007), and establishment of a foundation such as that proposed in the
survey has actually been discussed in the region in the past.
Individual WTP was estimated for a positive change in ecological
status for lakes, rivers and streams through the implementation of
measures required by the WFD on the regional level. Respondents were

2.2. Survey design
The survey was designed in a cooperative effort that included local
water management, environmental valuation researchers, regional au
thorities and other experts. A final draft of the survey instrument was
tested by sending it to a sample of ten local residents, of whom seven
responded. On this basis, the survey was modified to provide a more
detailed description of the baseline status in 2017 and the target status
for 2027 and to present separate descriptions for lakes and flowing
waters (i.e., rivers and streams).
To investigate the relationship between the restoration measures
proposed and other regionally important development targets, re
spondents were asked to indicate the extent to which they agreed or
disagreed with particular statements. The topics were health care and
health services, improvement of highways and other parts of the trans
portation network, environmentally friendly hydropower, taking
climate change into account in water management, habitat restoration,
the bioeconomy and related research, and conservation areas. The sur
vey also presented questions on the importance of different aims of
water management in the area.
The baseline and target conditions of lakes and flowing waters were
explained to respondents in a table preceding the valuation questions.
The background information on the current status (2017) was the
following: i) Over half of the classified rivers are at best in moderate
status and the Parantalankoski, Suojoki and Leuhunkoski rapids have
been heavily modified; and ii) Fewer than half of the classified lakes are
in moderate or passable condition, indicating higher concentrations of
nutrients and black organic substances than would occur in their natural
state. The improvements to be carried out by 2027 were described as
228
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asked to select a monthly payment that they would be willing to make as
individuals from the eight-sum payment card.1 In keeping with the splitsample design, we prepared and sent out two different questionnaires,
with each being posted alternately to the potential respondents in the
sample. Questionnaire A (Treatment 1) asked the respondents to indi
cate one of five levels of certainty regarding the payment selected: (1) ‘I
would certainly pay’, (2) ‘I would almost certainly pay’, (3) ‘I am not
certain I would pay’, (4) ‘I am fairly certain I would not pay’ and (5) ‘I
certainly would not pay’ (Fig. 2). Thus, we used the multiple bounded
discrete choice elicitation method (MBDC) put forward by Welsh and
Poe(1998).2 Although this is regarded as a payment card elicitation
method with payment certainty as an added dimension (Vossler, 2003),
it nevertheless requires the respondent to make an essentially dichoto
mous choice for each payment (see previous applications in, Broberg
and Brännlund, 2008; Alberini et al., 2003; Lehtoranta et al., 2017;
Bigerna and Polinori, 2014). Questionnaire B (Treatment 2) elicited the
level of certainty through a separate question following the payment
card (Fig. 3), the options being phrases (1), (2) and (3) above. The de
tails of the elicitation techniques are presented in Appendix B. Different
CVM elicitation methods are known to produce different mean WTP
estimates, often such that dichotomous-choice questions yield higher
WTPs than open-ended or payment card-based ones (see e.g., Welsh and
Poe, 1998; Ready et al., 2001; Champ and Bishop, 2006; Barrio and
Loureiro, 2010). One explanation for this is that respondents may
interpret different choice questions differently and that a decision heu
ristic brought about by respondents trying to answer the question
truthfully may play a role in the process (see e.g., Smith et al., 2019;
Welsh and Poe, 1998).

measures in the Programme of Measures required by the WFD for the
fresh waters in Central Finland (Selänne et al., 2016).
An ordinal probit model and an ordinary least squares (OLS)
regression model were run to estimate the determinants of the proba
bility and the size of WTP (Cameron and Huppert, 1989) stemming from
improved ecological status of the watercourse. In addition to expected
socio-demographic predictors of WTP, such as age and income, we
pursued an interest in analysing the role of respondents’ attitudes to
ward nature conservation and the potential effect of the payment elici
tation method used (treatment). To this end, we used predictor variables
in our analyses based on possible factors that other Finnish studies have
found to be related to green and blue space use (e.g., gender and
childhood living environment; see Table 1). Finally, Chi-squared and
t-tests were used to ascertain the statistical significance of the differ
ences in the respondents’ self-stated uncertainty regarding payments
and in WTP between treatments.
3. Results
3.1. Descriptive statistics
Respondents had rather close contact with the area water bodies,
with one-third of them owning or having an opportunity to use a rec
reational dwelling near a shore. The average distance from a re
spondent’s home or recreational dwelling to the shore of his or her most
important water body was 2.1 km. Most respondents had used the
aquatic environment for recreation, having gone boating (57 %), skiing
(46 %) or swimming (58 %) over the last year. Furthermore, 37 per cent
of respondents stated they would use the waters and/or their shores
more for recreational purposes if the status of the waters of the area were
to improve.
The descriptive statistics for the sample are presented in Table 1. The
distribution of genders among respondents was essentially equal, as 49
per cent were women and 51 per cent men. The average age of the re
spondents was 58 years. As has often been observed in earlier surveys, a
disproportionate number of the younger respondents did not answer the
survey. Thus, there is a significant difference in respondents’ age if one
compares the full sample of citizens (respondents and non-respondents)
and the respondents (t = 12.018, p = 0.000). The gender distribution of
the respondents was representative of the census data of sample citizens,
however. The respondents’ median monthly income fell in the range
EUR 2000–2599 (INCOME), which corresponds rather closely to the
mean population income of EUR 2317 in Central Finland in 2018 (www.
Keskisuomi.info, accessed 23 April 2020).
Most respondents (> 80 %) felt that water quality was moderate,
passable or poor in their most important water body (Table 1, LOW
STATUS). Respondents were asked which factors they saw as impacting
the state of that water body most. Several were emphasized in the open
responses: turbidity and dark-coloured water were mentioned in 19 per
cent of the responses, and humus content in 13 per cent (HUMUS).
Most respondents (69 %) agreed that biodiversity of water bodies
and the environments around them should be improved in the area
(BIODIVERSITY). Thirty-four per cent indicated that the Natura 2000
sites along the Saarijärvi watercourse had brought them added value
(NATURA1), and 15 per cent felt that the existing sites would not
adequately preserve the area’s biodiversity (NATURA2). Almost half
received new information about water management in their area
through the survey (LEARNED). More than one-third (37 %) of re
spondents thought that they would increase their recreational use of the
area’s water bodies and shores if the water status were to improve
(BEHAVIOUR).

2.3. Survey sample and analyses
The survey sample was collected via post with addresses selected on
a random basis from a census register maintained by the Finnish Pop
ulation Register Centre. The sample comprised 1998 permanent resi
dents over 18 years of age from all the municipalities located within the
Lake Saarijärvi watercourse. One week after the mailing, a reminder
card was sent to each prospective respondent. This procedure yielded a
total of 473 completed questionnaires, representing a response rate of
23.4 per cent. The answers were evenly distributed: 238 respondents
returned Questionnaire A and 235 Questionnaire B.
Several statistical analyses of the responses were carried out using
SPSS (23) and NLOGIT (5.0). The mean WTP estimates were calculated
using two nonparametric methods and also used for the analysis of the
aggregated benefits (see Appendix B for the nonparametric maximum
likelihood (ML) Turnbull (1976) estimator and Kriström’ s (1990) partly
linear welfare measure). Nonparametric estimators are useful in
assessing mean WTP, because they are robust against misspecification of
the response probability distribution and a respondent’s choice will only
depend on the size of the bid. Nonparametric estimation is well suited
for MBDC data because it is rare for respondents to state a higher level of
payment certainty for a higher payment amount (Vossler, 2003). In each
certainty category, responses were recoded into ‘yes’ or ‘no’ answers.
That is, in the ‘definitely yes’ model, ‘definitely yes’ responses were
recoded as yes and all other responses as no. Similarly, in the ‘probably
yes’ model, both ‘definitely yes’ and ‘probably yes’ responses were
treated as yes, and other responses as no. Based on the ‘yes’ responses an
interval was constructed that bounds the respondent’s WTP (see
different options for analysis in Vossler, 2003). Cost-benefit ratios were
calculated to ascertain whether the environmental benefits of improved
ecological status would outweigh the projected costs of additional

3.2. Opinions on improving water status and biodiversity

1
The distribution of the payments was defined exponentially, as in Rowe
et al. (1996).
2
Also seen as a multiple bounded uncertainty format (MBU), see e.g. Dom
inguez-Torreiro and Soliño (2015) and Broberg and Brännlund (2008).

The majority (65 %) of respondents considered improving the
ecological status of lakes and rivers to be important (Fig. 2).
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Fig. 2. Attitudes towards ongoing development activities in the study area, n = 473.

Fig. 3. Responses to the statements presented on water management objectives for the Saarijärvi watercourse, n = 473.

Interestingly, this aim was ascribed the same importance as the
improvement of health care and health services in the region. The
development of environmentally friendly hydropower production was
important for 38 per cent of respondents, and quite important for 38 per
cent (HYDRO in Table 1). The statement about extending the Natura
protected areas was the most controversial. About one-fifth (19 %) of
respondents totally agreed and approximately 32 per cent somewhat
agreed with the statement that increasing the extent of protected areas is
important. Fewer than one-fifth (17 %) of respondents opposed
extending them areas. About 30 per cent found development of the
bioeconomy and related research important.
As shown in Fig. 3, respondents’ priorities for management of the
Saarijärvi watercourse were strengthening valuable fish stocks (51 %
completely agree, 33 % agree to some extent), improving the landscape
value of the waterway (35 %, 43 %), enhancing recreational use (29 %,
43 %) and increasing the diversity of water bodies and their immediate
surroundings (26 %, 44 %). The responses thus emphasized the objec
tives of improving the valuable fish stocks in and landscape values of
water bodies.

3.3. Determining factors of pro-environmental behaviour for improved
water quality
Regardless of the treatment they were assigned to, half of the re
spondents refused to pay (50/51 %, Treatments 1 and 2, respectively)
anything to the Saarijärvi watercourse management foundation for
improvement of water quality, whereas one-tenth (12/9%) were willing
to contribute some payment. The rest would possibly pay (38/41 %).
The results from the ordinal probit and OLS models for factors influ
encing the level and the size of the WTP are reported in Table 2. The
dependent variable was the highest possible amount for which a
respondent indicated either a ‘certainly yes’ or ‘almost certainly yes’
response and it was coded using a seven-point response scale from EUR
0 (1) to over EUR 192 (7) in the ordinal probit model and as a logtransform of payment interval midpoints in the OLS model. In both
models, the level and the size of the WTP increased mostly in step with a
higher individual income (INCOME), perceived added value from the
area’s Natura 2000 sites (NATURA) or learning (LEARNED) from the
survey. Making the choice of payments using the MBDC method
(WELSH) increased WTP but the difference was statistically indicatively
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Table 1
Descriptive statistics (mean, SD) of total sample with 473 respondents and full sample of residents (n = 1990).
Variable descriptions
Socio-economic characteristics
FEMALE
Female (1); male (0)
AGE
INCOME
COUNTRYSIDE

Average age in years (18− 75)
1 (< EUR 1000 per month) to 10 (> EUR 7800 per month)
Percentage of respondents with countryside as a childhood environment

LEARNED

Totally agrees with the statement "The survey gave me new information about water management in the area." (1);
disagrees (0)
Average distance in kilometres from home/recreational dwelling to the most important water body

DISTANCE

Attitudes for water condition and water management characteristics
HYDRO
Attaches importance to making hydropower production and regulation more environmentally friendly, five classes (0:
unnecessary to 4: important)
HUMUS
Humus, in my opinion, influences the state of the most important waterways (1); does not (0)
LOW STATUS

Perceives the current water status as lower than good (1); does not (0)

STATE

The ecological status of surface waters shown on the map is much or somewhat better than I assumed (1); is not (0)

NATURA1

Finds that Natura 2000 sites add value to him or her (1); otherwise (0)

NATURA

Finds that the existing Natura 2000 areas are not enough to preserve biodiversity (1); find them adequate (0)

BEHAVIOR

Totally agree with the statement "If the status of the waters of the area were to improve, I would use the waters and /
or their shores more for recreational purposes."
Agrees that biodiversity of water bodies and vicinity should be improved (1); disagrees (0)

BIODIVERSITY

significant only in the ordinal probit model (W = 3.756, p = 0.052).3
Several other variables were associated with a higher level of WTP in
both models: HUMUS, the perception that humus was causing problems
in the waters of most importance; HYDRO, the view that it is important
to develop environmentally friendly hydropower and water level regu
lation; and STATE, the perception that the current ecological status
shown on a map was better than expected.4 AGE was removed from the
OLS model as a statistically insignificant variable but it proved to have
an indicatively significant (W = 3.673, p = 0.055) influence in the probit
model at a five per cent significance level, signalling a higher WTP
among younger respondents.

49.3 %
(0.50)
58.4 (13.1)
3.11 (1.79)
87.4 %
(0.33)
47.7 %
(0.50)
2.1 (4.7)

46.1 % (0.50)

3.1 (0.9)

–

12.9 %
(0.34)
81.0 %
(0.40)
36.6 %
(0.48)
33.6 %
(0.47)
15.0 %
(0.36)
37.2 %
(0.48)
69.1 %
(0.46)

–

Variable descriptions

AGE

18–75 years

INCOME

Ten classes: < EUR 1000 to over
EUR 7800
Totally agrees with the statement
‘The survey gave me new
information about water
management in the area.’ (1);
disagrees (0)
Welsh & Poe (1); Payment card &
follow-up (0)
Attaches importance to making
hydropower production and
regulation more environmentally
friendly, five classes (0:
unnecessary to 4: important)
Natura sites do not provide any
added value for me, five classes (0:
totally agree,…, 4: totally disagree)
The ecological status of surface
waters shown on the map is much
or somewhat better than I assumed
(1); is not (0)
Humus, in my opinion, influences
the state of the most important
waterways (1); does not (0)

LEARNED

In both treatments we assumed that respondents’ WTP is bounded
from above by the lowest bid they are not willing to pay, and from below
by the highest bid they are willing to pay. Thus, a respondent who
willing to pay at most EUR 12 with a particular degree of certainty
would actually be willing to pay an amount between EUR 12 and EUR 24
in that certainty category. In fact, the respondent’s ‘true’ annual WTP
would lie at the midpoint of this payment range, that is, at EUR 17.
We calculated the average individual WTPs using both nonpara
metric measures. The results are shown in Table 3 separately for both
treatments and all payment uncertainties. For example, respondents in
Treatment 1 were ‘certainly’ willing to make payments in either the
interval EUR 20.70–EUR 37.30 or the interval EUR 29.70–EUR 49.60
depending on the estimator used (Turnbull/Kriström). If the ‘true’ WTP
is assumed to be the midpoint of a payment interval, the corresponding
WTP would be EUR 41.80 per year in Treatment 1 with Kriström’s
estimator. Nine respondents (1.9 % of the total sample) indicated a
‘certainly yes’ or ‘almost certainly yes’ response at the highest possible
amount, more than EUR 768. WTP for this group was estimated at EUR
768/EUR 1034 (lower threshold / interval midpoint).

4

Full sample of residents n
= 1990

51.7 (16.0)
–
–
–
–

–
–

–
–
–

Table 2
The results of the ordinal probit and OLS models on the size of WTP, coefficient
value and standard error. Dependent variables: ordinal (1–7) WTP (probit) / a
log-transform of the midpoint of the WTP interval (OLS).

3.4. Mean WTP values across the two treatments

3

Total
sample

WELSH
HYDRO

NATURA
STATE

HUMUS
Constant

N
Chi squared [d.f.] / F
− 2 Log Likelihood
Cox & Snell Pseudo/Adjusted R2

and thus, statistically nonsignificant in the OLS model (β=0.131, p=0.108).
the latter was statistically indicative significant in the OLS model.

PROBIT
(1–7)
Coefficient (S.
E.)

OLS
(Log
(wtp+1))
Coefficient
(S.E.)

− 0.008
(0.004)(*)
0.158 (0.032)
***
0.515 (0.115)
***

0.111
(0.023)***
0.384
(0.082)***

0.219 (0.113)
(*)
0.167 (0.067)
*

0.131
(0.081)
0.104
(0.047)*

0.192 (0.048)
***

0.148
(0.034)***

0.24 (0.117)*

0.164
(0.084)(*)

0.415 (0.161)
*

0.404
(0.122)**

412
104.558***
[8 d.f.]
1172.591
0.22

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, (*) p < 0.10.
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among the respondents and non-respondents, since there was no dif
ference in the data in mean WTP between respondents replying to the
first mailing and those replying to the second, the reminder card. The
mean WTPs were aggregated across the 18,000 adult residents in the
area. The range of mean WTP from Treatment 1 (EUR 31.20–EUR
104.80) was chosen due to an earlier decision not to remove potential
protest voters among zero payers from the data. The resulting annual
benefits were ranged from EUR 0.56 to EUR 1.89 million over a ten-year
period.
The WFD requires Member States to establish Programmes of Mea
sures in successive six-year periods to achieve good water status by 2027
at the latest. According to the regional water management authority
(Selänne et al., 2016), the annual costs of implementing the current WFD
Programme of Measures in the Saarijärvi watercourse would be
approximately EUR 2.41 million during the period 2016–2021. This
estimate includes only the planned measures in addition to the basic
measures needed to carry out the water management required by the
WFD. Most of the total additional costs (75 %) result from measures
targeting the agricultural sector, followed by forestry (5%) and peat
production (2%) (The Finnish Environment Institute, nature statistics
reports, accessed on 4 May 2018.)

Table 3
Non-parametric individual mean WTP estimates (mean ± SD) in euros per year
in 2017 for the two treatments (T1: Welsh & Poe; T2: Payment card & follow-up
certainty) and calculated using Turnbull’ s (1976) and (Kriström’ s, 1990)
estimators.
‘Certainly yes’
WTP
[EURyr− 1]
T1: Lower
threshold
T1: Interval
midpoint
T2: Lower
threshold
T2: Interval
midpoint

‘Almost certainly
yes’

‘Not certain if I’d
pay’

Mean
(SD)TU

Mean
(SD)KR

Mean
(SD)TU

Mean
(SD)KR

Mean
(SD)TU

Mean
(SD)KR

22.1
(67.5)
31.2
(95.6)
15.8
(33.0)
22.4
(46.7)

31.0
(58.2)
43.8
(82.4)
25.8
(36.8)
36.4
(52.1)

39.6
(97.3)
56.1
(137.8)
23.6
(38.2)
32.8
(53.9)

54.3
(90.0)
76.7
(127.4)
36.9
(42.9)
51.3
(60.5)

68.2
(159.5)
96.5
(225.8)
24.9
(44.3)
35.3
(62.7)

74.2
(120.7)
104.8
(170.9)
38.9
(50.5)
54.9
(71.5)

Overall, data from Treatment 2 provide statistically significantly
lower WTP estimates than those from Treatment 1 when we compare
mean WTP estimates for respondents who chose ‘certainly’ or at least ‘I
am not sure I would pay (Pearson Chi-squared tests: χ2 = 16.543, df = 8,
p = 0.035; χ2 = 22.032, df = 8, p = 0.005). However, no statistically
significant difference was found in the choice of payments with ‘I would
certainly’ pay (see Figure S1 in Appendix B for the distribution of re
spondents for each certainty category across treatments). This analysis
was performed directly on the payments selected by the respondents and
the results are similar to those obtained by Welsh and Poe (1998), who
found a close correspondence between WTP distribution in the payment
card and the ‘probable yes’ MBDC model.
As seen from Fig. 4, when compared to Treatment 2, the MBDC
elicitation method encouraged a greater proportion of respondents to
choose a payment from the ‘I would certainly pay’ category and also
increased the number of choices from the highest amounts in any cer
tainty. However, the elicitation method did not produce a statistically
significant difference in WTPs within the ‘I would almost certainly pay,’
category although the nonparametrically calculated mean WTPs seemed
to be higher in Treatment 1 than in Treatment 2.

4. Discussion
In this study, most of the respondents regarded the water quality in
their immediate surroundings as moderate for the most part, which is
well below the target condition set in the WFD. People were worried
about the loss of biodiversity but, paradoxically, only 15 per cent
wanted to increase the extent of Natura 2000 areas in the region. It may
be that the concept of biodiversity means different things to different
people (Fischer and Young, 2007). For example, it was not clear whether
aquatic biodiversity was associated simply with ‘blue space’, with the
presence of recreationally attractive species such as brown trout, or with
the occurrence of a large number of particular species. This ambiguity
was not surprising, however, as the survey targeted a wide public, most
of whom had no special background information on biodiversity at the
time.
Learning about water management from the survey and having a
positive attitude toward Natura 2000 sites in the study area clearly
increased WTP for improved ecological status. Respondents’ positive
attitudes toward more sustainable hydropower and water regulation and
a perception that humus had had a major impact on the state of the
water body most important to them sparked interest in improving the
status of waters in the region. These factors are in line with the opinions
of water experts, who find physical alterations affecting river hydro
morphology as well as diffuse-source pollution to be the key challenges
in WFD implementation (Carvalho et al., 2019). Biodiversity is a com
plex subject, spanning genomes, species, habitats and ecosystems, as
well as the functioning and variability within and between them. All
these facets of biodiversity are closely interconnected, making it not
only an ecological but also a social and economic issue (Schneiders et al.,
2012). This highlights the need for more efficient dissemination of in
formation to and communication with the public to give them easily
understandable background information that will help them to support
biodiversity more actively.
Our results imply that aquatic biodiversity could be better promoted
as part of water management when measures such as the regulation of
water bodies, the building of fishways or the removal of small power
plants and their impacts are described to area residents. There is a call
for freshwater conservation or biodiversity research guiding water
management in Europe and the US (e.g. Arthington et al., 2010).
Although our knowledge is deficient when it comes to how freshwater
biochemical processes operate, what effect the removal of barriers to
migratory fish has and how diverse organisms affect water status, pro
tection measures should not be put on hold. Involving citizens is easier
when water status and diversity objectives are framed in terms of the

3.5. Aggregation of benefits
When extrapolating average WTP results to the whole study area, it is
essential to consider how those who did not respond to the survey (i.e.,
non-respondents) might behave. We assumed rather similar preferences

Fig. 4. Used certainty categories across chosen payments classified to four bid
categories in two treatments among respondents with WTP > 0 (n = 238).
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protection of individual species, such as trout or mussels.
Our results show that the environmental benefits of improving the
condition of the Saarijärvi watercourse such that it reaches an ecological
status of good would be approximately EUR 4.8–16.1 million over a
period of ten years when discounted by 3 %, or EUR 5.2–17.4 million
when discounted by 1.5 %. These benefits can be compared to the costs
of the measures necessary to this end, that is, a ‘WFD extra’ com
plementing the measures required by the Directive. According to the
results of this study, the cost of the measures planned exceeds the annual
environmental benefits over a ten-year period, mainly due to the high
costs of reducing agricultural loading. This shortfall could either lead to
invoking exemptions in agreement with stakeholders, allowing for less
ambitious environmental objectives in the case of some sites, or, more
importantly, to seeking additional non-market or market benefits from
implementing water management actions at critical sites. Watzold et al.
(2010) suggest extending the possible range of beneficiaries when
designing conservation measures, which could lead to an increase in
total benefits for society from the measures without incurring higher
costs. Such an approach could also forestall or mitigate conflicts arising
from conservation (Watzold et al., 2010).
The methodological comparison of interest in the paper indicates
that the MBDC approach (Treatment 1) may produce a more reasonable
upper estimate of the overall benefits, and therefore yield a more reli
able interval of the WTP for policy analysis than the traditional payment
card elicitation method. The elicitation methods applied and analysed in
the present study provided clearly different incentives in stating the
welfare measure, especially when the respondents chose their WTP from
the certainty category ‘I would certainly pay’ or ‘I’m not sure if I’d pay’.
The results are in accordance with earlier findings of dichotomous/
polychotomous choice values exceeding those obtained from payment
card (e.g., Welsh and Poe, 1998; Champ and Bishop, 2006) or
open-ended contingent valuation studies (e.g., Brown et al., 1996;
Dominguez-Torreiro and Soliño, 2015). Future interdisciplinary
research and empirical testing is needed to understand the factors that
contribute to these differences and which decision heuristics are called
for on the part of respondents in different elicitation methods.

people in their everyday lives should be included. More research is
needed on how aquatic biodiversity is understood by laypersons and
how it could be better integrated into practical water management at
regional or local level. This research effort should include more
high-quality primary valuation studies are on the topic. The calculation
of aggregated benefits should increasingly be based on upper estimates
of willingness to pay, especially in situations where the consequences of
overestimating overall benefits are mild and where underestimation of
benefits has serious ramifications (Welsh and Poe, 1998; Ready et al.,
2001; Dominguez-Torreiro and Soliño, 2015). Overall, the diversity of
local water ecosystems and the improvement of their status should be
more extensively brought to the fore in decision making, including cases
in which decisions are being made on energy production or land use
planning.
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5. Conclusions

Appendix A. Supplementary data

We have presented new findings on the underresearched topic of the
welfare effects of the Programme of Measures required by the WFD, with
a special interest in residents’ preferences for Natura 2000 sites. The
requirements for good ecological status and the biodiversity targets are
set out in directives, but achieving sustainable development requires the
successful interaction of the ecological, economic and social dimensions
of environmental issues; this interplay should not be neglected. While
the joint operation of the Water Framework Directive and the Birds and
Habitat Directives is of relevance in pursuing the aims of the two in
struments, it is the views of the landowners and citizens who live with
these instruments that determine the success of conservation efforts.
Rational decision making requires knowledge of landowner character
istics and motivational factors related to biodiversity as well as of how
people value water-related environmental goods and services not traded
on markets (e.g., ecosystem services and biodiversity of water bodies).
The review by (Blicharska et al., 2016) shows that the overall low degree
of stakeholder involvement may have contributed to the negative per
ceptions of Natura 2000 noted in their study, resulting in challenges in
the network’s implementation. Then again, (Janauer and Albrecht,
2015) have pointed out some good examples of cooperation between
water management and nature conservation. The ‘Landshuter Modell’,
developed in Landshut, Bavaria, integrates Natura 2000 management
planning and the planning tasks required by the WFD. In the light of this
information, it is surprising that very few economic valuation studies
have been carried out that deal with the waters of the Natura 2000
network. The management of blue spaces should be considered an in
tegral part of the management of biodiversity, and the benefits for

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.envsci.2021.06.019.
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Saarijärvi waterway). Alue Ja Ympäristö 47 (1), 62–78. https://doi.org/10.30663/
ay.60607.
Kosenius, A.-K., Ollikainen, M., 2013. Valuation of environmental and societal trade-offs
of renewable energy sources. Energy Policy 62, 1148–1156. https://doi.org/
10.1016/j.enpol.2013.07.020.
Kriström, B., 1990. A nonparametric approach to the estimation of welfare measures in
discrete response valuation studies. Land Econ. 66, 135–139. https://doi.org/
10.2307/3146363.
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234

