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ARTICLE INFO ABSTRACT

Keywords: This paper presents a multi-method valuation study using discrete choice experiment, participatory multi-criteria
Ecosystem services decision analysis and deliberative citizens’ panels to evaluate the value of peatland ecosystem services in
Valuation

southern Finland. All three valuation studies addressed the same scenarios and drew on the same biophysical
assessment data to facilitate a comparison of the valuation processes as well as the results. The results indicate
that people place high value on regulating and cultural ecosystem services, especially on biodiversity, and less
value on energy peat. The experiences sustain the argument that learning is important as people rarely have
ordered set of preferences for unfamiliar objects like regulating services. They also illustrate the scope of citizen
and consumer preferences and support the assumptions that preferences may change as a result of well-informed
group deliberation. In terms of integration, the lesson learned is that regardless of the preference elicitation
method, all valuation studies would benefit from structured and participatory approach when defining the
scenarios as well as attributes and their levels. Furthermore, full integration is not possible among different
valuation methods, which can be conceptualized as value articulating institutions, operating under different
rationalities.

Multi-criteria decision analysis
Choice experiment
Deliberative valuation
Citizens’ jury

Multimethod study

1. Introduction monetary transactions (Spash 2007; Farley 2012; Chan et al. 2012).

The relative merits of different valuation paradigms are addressed by

Human well-being is fundamentally dependent on ecosystem ser-
vices, but decision-making processes often fail to acknowledge their
societal and economic significance (MA 2005; TEEB 2010). Ecosystem
service assessment and valuation is expected to address this shortcoming
by explicitly accounting for and articulating the importance of ecosys-
tems and their services to people (Carpenter et al. 2009; Kareiva et al.
2011; de Groot et al., 2018). However, scholars disagree on the most
appropriate methods for assigning value to ecosystem services. Some
argue that the best way to demonstrate the value of ecosystem services is
to quantify them in economic terms (Boyd and Banzhaf 2007; ten Brink,
2011), while others maintain that monetising ecosystem services can be
counterproductive, leading to the commodification of nature and the
overlooking of social and ethical concerns that are not amenable to

* Corresponding author.

several studies on environmental valuation in general (see e.g. Getzner
et al. 2005) or ecosystem services in particular. For the latter, Vatn
(2009) has interrogated the underlying assumptions of different valua-
tion methods, which he terms value articulation institutions. Spangen-
berg and Settele (2010), Wegner and Pascual (2011) and (Hanley 2001)
have discussed the pros and cons of economic and non-economic valu-
ation. Kenter et al. (2015) have evaluated the ability of different
deliberative-analytical valuation methods, including deliberative mon-
etary valuation, to capture different types of shared and social values,
and Pascual et al. (2017) and Christie et al. (2019) have outlined a
pluralistic valuation approach for evaluating nature’s contributions to
people. Some theorists have proposed that researchers should make use
of different methods, both monetary and non-monetary, to capture a
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Table 1
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The characteristics of different valuation methods along the key dimensions, based on Vatn (2015).

Stated preference methods

Multi-attribute value theory Deliberative valuation

Varying assumptions Social
Communicative
Stakeholders or decision-makers (citizen)
individuals
Interactive facilitated group meetings, often

accompanied with individual interviews juries and other mini-publics

Citizens or stakeholders, usually limited to 20-50

Interactive facilitated group meetings like citizens’

The agent Autonomous individual
Rationality Instrumental Instrumental or communicative
Participants Consumers, representative sample of the
whole population
Forms of Surveys
participation
Preferences
- formation Are given May change/develop
- form Prices and quantitative preference
information
Level of Commensurable, aggregated
aggregation aggregated
Information Relatively straightforward questions with
some background information for learning
The good/ Commodity Complex, often common good
problem

The social choice
Ideal institution

Sum of individual preferences
Market

Weights, preferences and arguments
Mostly commensurable, aggregated or non-

Information can be created during the process; scope

Compromises/give-and-take of arguments
Participatory stakeholder process

May change/develop

Arguments, preferences and/or joint
recommendations, voting or consensus based)
May be incommensurable, mostly non-aggregated

Possible to request additional information during the
process
Complex, often common good

Give-and-take of arguments, voting or consensus
Forum

wide spectrum of values and engage a diversity of interests and per-
spectives (Kenter et al. 2016; Raymond et al. 2014; Kronenberg and
Andersson 2019).

However, there are only a few empirical analyses employing both
monetary and non-monetary valuation methods to evaluate ecosystem
services in the same planning or policy situations. Kontogianni et al.
(2001) and Hattam et al. (2015) have used a mixed-method approach
with focus groups and survey-based economic valuation methods to
evaluate marine and wetland ecosystem services, respectively, while
Kenter et al. (2016) combined monetary valuation and Kenter et al.
(2016) deliberative monetary valuation with group-based non-monetary
valuation methods to evaluate coastal and marine ecosystem services in
the United Kingdom. A few studies have also combined multi-criteria
methods with interpretive (Ranger et al. 2016) and deliberative valua-
tion methods (Orchard-Webb et al. 2016). However, few studies have
addressed the same scenarios and have drawn on the same biophysical
assessment data to facilitate a comparison of the valuation process as
well as the results.

This paper fills in the gap in empirical comparative research and
presents a multi-method valuation study using discrete choice experi-
ment (DCE), participatory multi-attribute value theory (MAVT) and
deliberative citizens’ panels (CP) to evaluate the value of peatland
ecosystem services in southern Finland. The case study was linked to a
topical debate on extending the network of protected peatlands in
Finland and the potential of valuation to overcome some of the gridlocks
in this debate (Primmer et al. 2018). DCE is a monetary valuation
method that is particularly suited to evaluating bundles of ecosystem
services (Hanley et al. 2001). MAVT is a non-monetary method under a
general framework of multi-criteria decision analysis (MCDA), which
can address trade-offs between multiple mutually exclusive criteria
(Belton and Stewart 2002). Deliberative non-monetary valuation
methods like citizens’ juries or panels seek to form value judgements on
the basis of the informed give-and-take of arguments (Smith 2003).

Each individual valuation study is documented in detail in separate
papers, DCE in Grammatikopoulou et al. (2019, 2020, 2021), MAVT in
Saarikoski et al. (2019) and Mustajoki et al. (2020), and CP in Saarikoski
and Mustajoki (2021). In this paper, we compare the results from the
three different valuation studies and analyse the ways in which they
capture the various value dimensions of peatland ecosystem services,
drawing on the theory of value-articulating institutions (Vatn 2009,
2015). We also explore possible ways of combining the value informa-
tion from different methods effectively.

2. Theoretical framework

Environmental valuation refers to formal analytical processes where

various types of values, which people assign to ecosystem services or
other environmental attributes, are explicitly expressed or constructed
via a range of value elicitation methods. Following Kenter et al. (2015),
we distinguish between two major value categories: contextual values,
which refer to the relative importance of particular objects of value, in a
certain time and place, and transcendental values, which denote our
overarching principles and life goals that transcend specific contexts and
shape our contextual values. Transcendental values are often associated
with ethics and normative beliefs, which are shared culturally, and
therefore these values can also be characterised as shared, social or
cultural values (Kenter et al. 2015). Value indicators, in turn, are a
measure of the importance of something, expressed in monetary or non-
monetary terms.

According to Vatn (2009), valuation methods can be understood as
value-articulating institutions (VAIs), which are based on different as-
sumptions regarding rationality and views of human interaction as well
as the goods to be valued. Different VAIs can be characterised along four
key dimensions: In what capacities people are participating (e.g. as
consumers, citizens, stakeholders, decision-makers), what form partici-
pation takes (as responses to surveys or interview questions, group
meetings, etc.); how values are expressed (prices, weights, arguments),
and how recommendations are produced (aggregated, non-aggregated,
by voting or consensus-based) (Vatn 2015). Different methods are
based on different assumptions regarding these questions, as they are
grounded in different theoretical foundations — e.g. neoclassical eco-
nomics and classical institutionalism (Vatn 2009). A similar argument is
made by Raymond et al. (2014), who maintain that valuation methods
follow either instrumental or deliberative paradigms (see also Wegner
and Pascual 2011). In the former, the focus is on contextual values,
which can be objectively measured, quantified, traded off and aggre-
gated arithmetically into social values, using stated preference methods
and other survey-based methods. In the latter, the focus is on contextual
and transcendental values, which are formed through interaction in
structured processes of participation, communication and learning in
deliberative designs such as citizens’ juries and panels.

Stated preference methods such as DCE are rooted in neoclassical
economics, which assumes that autonomous individuals are the best
judges of their preferences and can make rational choices between
bundles of goods that maximise their utility. Individual preferences can
then be summed up to estimate aggregate individual well-being from the
object of valuation. In this model, the goods involved are expected to
resemble commodities with value dimensions seen as commensurate;
they can be measured using a single unit of value and traded off against
each other in competitive markets that are real or hypothetical (Vatn
2009). Value estimates are applicable for the cost-benefit analysis of an
environmental programme or policy (Hanley 2001). The respondents in
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DCE are provided with background information on the problem at hand,
but the level of detail is limited as the survey instruments need to be
relatively simple and concise. Measured attitudinal information pro-
vides further information on perceptions and a tool to evaluate the
validity of responses. Key considerations that engage researchers in this
instrumental paradigm, according to Raymond et al. (2014), are sample
sizes and representativeness, and decision-makers are mainly seen as
end users of the value information who are not involved in generating it.

The classical institutionalist view on rationality underlying deliber-
ative valuation methods assumes that values are constructed via social
interaction as people learn about the object of valuation and the views of
others. It also holds that individuals hold different preferences when
acting as consumers as opposed to when they are acting as citizens (Vatn
2009). Consumer preferences are associated with gains in individual
welfare (‘I want’), whereas citizen preferences express beliefs about
appropriate courses of action in societal choice situations, given our
shared principles, beliefs and commitments (‘We ought to’) (Sagoff,
1988). According to Raymond et al. (2014), deliberative approaches can
consider both contextual and transcendental values that are sought
through a structured process of communication in forums such as citi-
zens’ juries. This approach also recognises that some goods might be
incommensurable - i.e. they cannot be traded (Vatn 2009). Interactive
methods can also handle more complex environmental questions as they
provide space for learning and requests for additional information. A key
consideration in the deliberative approach is not statistical representa-
tiveness but whether relevant interests are represented in the process
and whether the process is adequately managed (Raymond et al. 2014).
Decision-makers are often involved to frame the research and they may
also participate in the deliberations.

From the value articulation institution perspective, the scholarly
debates over the appropriateness of valuation methods are partly mis-
placed, as different valuation methods are suited for different purposes,
like eliciting consumer preferences for environmental goods via hypo-
thetical markets or articulating societal preferences for common goods
in deliberative forums (Vatn 2009). The characteristics of three major
categories of valuation methods along the key dimensions are presented
in Table 1. It should be noted that the characteristics presented here for
MAVT also apply to several other MCDA methods. They also share most
characteristics with deliberative methods, as most MCDA methods as-
sume commensurability (i.e. they use the additive utility model, which
is completely compensatory) like economic valuation methods. The
main difference between the single units of measurements used in these
methods is that monetary units have a universal interpretation while
weights in MAVT are always context-dependent (Kangas et al. 2010).
Furthermore, in survey-based methods with a statistically representative
sample, the results can be aggregated across the population while MAVT
process can also be used in a non-aggregative fashion. In a similar way,
deliberative monetary valuation methods are hybrid approaches as they
support learning and reflection of initial preferences, but they elicit in-
dividual preferences in monetary terms and aggregate them.

Several authors have proposed pragmatic solutions to combine the
strengths of the different valuation approaches. Raymond et al. (2014)
have presented two strategies to bring together instrumental and
deliberative valuation approaches. In the first one, values aggregated
from a statistically representative sample of individuals, elicited via
instrumental methods, can inform group deliberations, and negotiations
are used to establish social values. In the second one, social values are
elicited and negotiated through deliberative designs with a small num-
ber of participants, and the outcomes are then cross-checked through
survey instruments to consider the degree of agreement by a demo-
graphically and socio-economically representative sample. Kronenberg
and Andersson (2019) also maintain that there is untapped potential for
the integrated use of different valuation methods to cover social,
ecological and economic value dimensions. While full integration be-
tween valuation methods based on a different understanding of ratio-
nality is problematic, a parallel use of diverse sets of methods serving
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different purposes can provide a more comprehensive picture than using
any of those methods alone.

3. Context

Peatlands amount to one third of the land surface in Finland (Alanen
and Aapala, 2015) and their economic utilisation, or protection, is a
source of long-standing debate. The use of peatlands has been very
extensive, especially in the southern part of the country where over 80 %
of the original 3 million hectares of peatlands has been drained for
forestry, agriculture and peat extraction. Currently, Finland is one of the
world’s largest peat extractors. The share of peat fuel in Finnish energy
production has dropped from 15 % to 5 % in the last five decades but
there is a high demand for horticultural peat that is extracted from the
same sites as energy peat (Soimakallio et al. 2020). In recent years,
energy peat burning accounts for around 10 % of CO2-ekv. emissions in
Finland (Soimakallio et al. 2020).

The extensive draining of peatlands has resulted in a decline of
natural peatland habitats and species dependent on them. Around half of
the Finnish peatland habitats are threatened (Kontula and Raunio, 2019)
and peatlands are a primary habitat for more than 200 endangered
species in Finland (Hyvarinen et al. 2019). Draining and peat extraction
also reduces the provision of other peatland ecosystem services such as
berries, carbon storage, water purification, landscape amenities and
recreational opportunities (Bonn et al., 2016). These trade-offs have
caused conflicts over peat extraction at the local level (Albrecht and
Ratamaki, 2016) as well as the national level. The Ministry of the
Environment set off in 2012 to prepare a Supplementary Programme for
Peatland Protection, with the aim of filling in the gaps in peatland
protection, especially in southern Finland. However, land-owner orga-
nisations strongly resisted a statutory protection programme and
consequently the initiative turned into a voluntary programme called
the Proposal for Supplementing Peatland Protection (Alanen and
Aapala, 2015).

The valuation process started in 2015 when the Proposal for Sup-
plementing Peatland Protection (Alanen and Aapala, 2015) was final-
ised, and peatland protection and the rationale of energy peat extraction
were widely discussed and hotly debated in Finland. Peat producers had
launched a media campaign that claimed that ‘Finns are fools’ as they do
not make use of their energy reserves, which according to them corre-
spond to the oil reserves in Norway. Environmental organisations were
concerned that the failure of the statutory peatland protection pro-
gramme would compromise biodiversity protection, and the Finnish
Climate Panel emphasised the need to give up energy peat for climate
reasons. The valuation study aimed to provide a multifaceted evaluation
of different peatland use options and explore the views of the public at
large. The results of the different studies were presented to policy-
makers and stakeholders in a seminar in December 2017.

4. Methodological approach

The multi-method valuation study included the parallel application
of DCE, MAVT and CP methods to evaluate the value of peatland
ecosystem services in southern Finland. To ensure consistency across the
application of different methods, all of them addressed at least three
identical scenarios and a set of peatland ecosystem services (see section
4.1). The scenarios were formulated, and the ecosystem services iden-
tified, with the assistance of peatland experts at the Finnish Environ-
ment Institute. They also carried out the biophysical assessment process
to determine the impacts of the scenarios on the provisioning of
ecosystem services and socio-economic criteria. This information was
used to define the units of measurement and their levels in the valuation
studies.

In some studies, the biophysical assessment process itself is consid-
ered a valuation method (Gomez-Baggethun and Martin-Lopez, 2015).
This view is justified in the sense that biophysical assessment can
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Table 2
The scenarios and the peat extraction targets, volumes and levels of conservation
in them. The scenarios included in all studies are bolded.

Scenario Peat Volume of Level of
extraction peat conservation
target extraction,

ha/a

S1: Conservation+ Extraction 34 000 until All pristine
will end by year 2030, peatlands will
2030 0 from year be protected

2030

$2: Conservation Extraction 34000 All pristine
will decrease peatlands will
by 30 % be protected

$3: Proposal for Extraction 47 000 All PSPP sites

Supplementing will continue will be
Peatland at the current protected
Protection (PSPP) level
S4: Business as Extraction 47 000 60 % of PSPP
usual (BAU) will continue sites will be
at the current protected
level
S5: Intensified Extraction 64 000 47 % of PSPP
peat extraction will increase sites will be
by 30 % protected

include explicit evaluation of ecological importance, like the estimate of
biodiversity impacts in this case. However, the judgement about
whether certain ecologically important changes, e.g. in the surface area
of endangered peatland habitats, are important for people still requires
human evaluation: the numbers, such as percentages of pristine peat-
lands, do not speak for themselves. Therefore, we define ecosystem
service valuation here as a process in which people express, or construct,
personal or societal value judgements concerning the relative impor-
tance of ecosystem services and other relevant criteria (see Kenter et al.
2015).

The process started with the DCE study, followed by the MCDA study
that partly overlapped in time with the first CPs. The individual methods
and their use in this study are described briefly in the following sections.

4.1. Scenarios and their impacts

The study area for this paper is southern Finland, where peatlands
cover around 25 % of the land surface (Natural Resources Institute
Finland, 2019). The use of peatlands in the study area has been very
extensive and of the original 3 million hectares of peatlands, over 80 %
has been utilised for forestry, agriculture, peat extraction or other uses.
The time horizon was up to 2050, which is a relevant period from the
perspective of the United Nations’ Paris Climate Agreement (United
Nations, 2015). The scenarios were spatially explicit, and they were
constructed using CORINE Land Cover data.

The initial scenarios constructed by the research team for the DCE
study included a business-as-usual (BAU) scenario with the current rate
of peat extraction (S4), as well as a 30 % increase (S5) and a 30 %
decrease (S2) in peat extraction compared to BAU. In S2, it was possible
to preserve all pristine peatlands over 10 ha and use only those areas
that are already drained. This is because large areas of peatland were
drained in the earlier years for forestry and agriculture, but were never
used for such purposes.

In order to connect the valuation process with the topical policy
debate (see section 3) in the MAVT process, a fourth scenario (S3) was
constructed that illustrated the full implementation of the Proposal for
Supplementing Peatland Protection (current level of peat extraction but
peat extraction not carried out in the ecologically valuable sites identi-
fied in the proposal). The difference between S3 and S4 was that in the
former, all peatland protection programme sites were saved, while in the
latter the extraction sites were randomly placed across the peatlands
using an ArcGis sampling design tool (NOAA/Biogeography Branch). In
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Table 3

The ecosystem services and their attribute levels in the different valuation
studies. For the carbon stock, the corrected estimates are presented in paren-
theses. The dark grey cells indicate attribute levels that were the same in
different studies.

Attribute levels in scenarios 51-S5
The criteria and their S1 s2 S3 s4 S5
Energy produced with
peat, TWh/a
- MAVT 8/0° 8 11 11 15
-C 8 /0" 8 11 15
Use of peat and share
of domestic energy
production
-DCE Decreases from . Increases from
the current Remainsatthe | . o\ rent
) current level, ),
7% share 10%share 13 % share
Horticultural peat,
Mm®/year
- MAVT 0.7°/0° 0,7 1 1 13
-C) 0.7%/0° 0,7 1 13
Berries, constructed
scale 0...-4
- MAVT No significant No significant | Around one | Around one Around one
changes (0) changes (0) fifth of fifth of third of
potential potential berry | potential berry
berry production production
production areais lost (-1) | area is lost (-2)
area is lost (1)
-d 0 0 -1 -2
Change in carbon
stock of peatlands in
2017-2050, %
- DCE 6 9 12
- MAVT -2 (-1) -6 (-2) -9(-3) 9 (3) -12 (4)
-a -2 -6 -9 -12
Water quality, the
number of
deteriorated lakes
- DCE 10 70 100
- MAVT [ 10 70 70 110 l
-a 0 9 70 110 |
Biodiversity,
constructed scale 0...-4
- DCE Remains at the Deteriorates Deteriorates
current level slightly significantly
- MAVT Localities of Localities of Some of the More localities | Several
threatened mire | threatened mire | localities of of threatened localities of
species do not species do not threatened mire species threatened
disappear. disappear. mire species may disappear | mire species
Decline of Decline of may disappear | than in disappear.
threatened threatened due peat scenario S3 (-2) | Decline of
species slows species slows extraction (-1) threatened
down (0) down (0) species
accelerates (-4)
-a 0 (see above) 0 2 -4
Recreation,
constructed scale 0...-4
- MAVT Recreational Recreational Some negative | Some negative | Rather big
opportunities | opportunities | impacts impacts impacts,
remain at the remain at the because some | because some especially for
current level (0) | current level (0) | of the pristine | of the pristine | those
mires nearby | mires nearby | interested in
people are people are lost | berry picking
lost (-1) and observing
(1) nature (-2)
-a 0 (see above) 0 (see above) -1 (see above) | -2 (see above)
Area in a natural state
suitable for berry
picking, km?
-DCE 850 370 120
Landscape,
scale 0...-4
- MAVT no landscape no landscape around 80 % around 80 % of | 28 % of the
impacts (0) impacts (0) of the the landscapes | landscapes are
landscapes remain intact | lost (-2)
remain intact | (-1)
(1)
-a 0 0 =il -2
Environmental
education,
constructed scale 0...-4
~ MAVT No impacts (0) | Noimpacts (0) | Some impacts | Some impacts | Rather big
as some as some impacts as
schools will schools will some pristine
lose nearby lose nearby mires will be
mires (-1) mires (-1) lost (-2)
-a 0 0 =il -2
Increment value from
peat extraction, incl.
multiplicative effects,
Mé€/year
- MAVT 100° /0° 100 140 140 190
-a 100° /0° 100 140 190
Employment in peat
extraction, man-years
- MAVT 15007 /0° 1500 2100 2100 2900
- 15007 /0° 1500 2100 2900
Landowners’ freedom
of choice, scale 0...-4
- MAVT Statutory Statutory Some No limitations No limitations
protectionon | protectionon | limitationson | onthe use of | on the use of
all over 10 ha all over 10 ha the use of peatlands (0) | peatlands (0)
mires (-3) mires (-3) peatlands (-2)
- = =) 0 0
Tax payments, € bid
range
-DCE 0, 10, 20, 50, 100, 200, 300, 500

a Untill year 2030
b From 2030 on
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a Untill year 2030.
b From 2030 on.

the MAVT process, the participants also added a fifth scenario (S1) in
which peat extraction will be phased out completely by 2030. Scenarios
S3 and S1 were relevant for the stakeholders involved in the MAVT
process, as they were familiar with the debates surrounding the Proposal
for Supplementing Peatland Protection. However, S3 was not used in the
CP study as it would have been too demanding for lay participants to
grasp the difference between S3 and S4 in such a short time.

The ecosystem services included were: i) biodiversity, ii) surface
water quality, iii) recreational opportunities, iv) carbon storage and v)
fuel peat production. The scenarios and ecosystem services included in
the different valuation studies are presented in Table 2 and Table 3. The
reasons for including additional criteria, or omitting some, are elabo-
rated in the following sections describing the individual methods used in
the process.

The ecosystem service and other impact assessments are presented in
Appendix 1 and summarised below. The attribute levels in Table 3 refer
to the units of measurement of each criterion. For example, the attribute
for the energy produced with peat is TWh/a.

The estimate of energy peat production in the scenarios is based on
annual statistics of the volume of peat production (m®) and the amount
of peat energy (TWh) produced. In the study area, the volume of peat
production is on average 47 000 ha/a (Metsatilastollinen vuosikirja
2014), which amounts to energy production of 11 TWh/a in scenarios 3
and 4 (BAU). Another important peat product is horticultural peat,
which is usually produced at the same sites as energy peat. The current
horticultural peat production in the study area is 1 million m®/a.
Cloudberries and cranberries are the most important wild berries that
are picked from pristine peatlands for commercial and household use.
They have commercial importance in northern Finland, but the yields
are underused in southern Finland. The calculation of the carbon
content of extracted peat in each scenario with different amounts of
energy peat extraction is based on the estimate that CO, emissions from
peat energy production are 106 g CO2 ekv/MJ (Kirkinen et al. 2007)."
The total change in the carbon stock in 2017-2050 was estimated on
the basis of carbon emissions from pristine and drained peatlands as well
as the carbon content of the peat extracted in different scenarios,
drawing on Kirkinen et al. (2007). The baseline is the current amount of
carbon stored in peatlands in the study area (Minkkinen, 1999). The
effect of peat extraction on water quality was estimated using specific
loading coefficients per area unit (Kortelainen et al., 2006) and an es-
timate of the present loading, the latter being calculated with the
VEMALA model (Huttunen et al., 2016). The biodiversity impact
assessment is based on expert evaluation. The impacts on cultural
ecosystem services were evaluated on a constructed scale from 0 (no
impact) to —4 (a major negative impact). The estimate on recreational
impacts is based on the surface area of pristine peatlands and it is
conservative because most people visit peatlands in nature protection
areas or nature parks with existing nature trails and other infrastructure.
In the DCE study, the proxy for recreational impacts was the area in a
natural state suitable for berry picking (km?). Landscape impacts were

! There was a mistake in the initial impact assessments documented in
Saarikoski et al. (2019). The correct difference in carbon stock between the
scenarios is 1-4% up to 2050, not 2-12%. The initial and corrected figures are
presented in Table 2. The mistake does not influence the comparison of the
different valuation studies as they all used the same figures, but it could have
influenced the importance that the respondents assigned to carbon storage.
However, it was the most difficult criterion for the citizens to grasp both in the
DCE and DV studies, hence the differences in the numeric estimates were not
necessarily a crucial issue. In the MAVT process, too, the respondents were
mainly thinking about CO2 emissions, which was a more familiar way of
approaching energy peat use than carbon storage.
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assumed to be proportional to the surface area of pristine peatlands.
Pristine peatlands can also serve educational purposes. An accessibility
analysis was carried out to estimate the average travel time to nearest
pristine peatland. The impacts on regional economy and employment
were estimated by using results from an input-output analysis of socio-
economic impacts of northern Finland peatlands by Piirainen et al.
(2013). The criterion ‘landowners’ freedom of choice’ refers to the re-
strictions posed by protection programmes and opposed by some land-
owners (Alanen and Aapala 2015).

4.2. Discrete choice experiment study

The DCE method is a direct survey approach to estimate individual
willingness-to-pay (WTP) for a hypothetical change in the level of pro-
vision of non-market goods and benefits, such as ecosystem services. It is
particularly suited to situations where changes are multi-dimensional
and trade-offs between the valued environmental attributes are of in-
terest (Hanley et al. 2001, Carson and Louviere 2011). In this study, the
attributes were the initial set of ecosystem services (see section 4.1),
which were complemented with a cost attribute.

The survey instrument was tested with a focus group with nine
participants and modified according to the feedback. The most impor-
tant change was that the attribute ‘recreation’” was redefined. It was
originally measured in terms of travel time by car to the nearest pristine
peatland site. However, the focus group participants did not consider the
travel time relevant and therefore the ‘recreation’ attribute was defined
as ‘area of peatland in natural state available for berry picking’ in
southern Finland. The attributes and their levels are presented in Table 2
and the ways in which the DCE attributes were described to the re-
spondents are presented in Appendix 2.

The carbon storage and water quality attributes as well as biodi-
versity were basically the same as in the MAVT and CJ process (see
Table 2). However, the attribute energy was defined as ‘share of peat
within the national energy mix (%)’, not in terms of TWh as in the other
studies. The reason for using relative instead of absolute energy pro-
duction figures was to simplify the criterion and provide the context for
the survey respondents who may have little prior information about
energy production.

Scenario attribute levels were transformed into choice sets where
each respondent faced six choice tasks out of 36 possible combinations
of attribute levels (see Grammatikopoulou et al. 2019 for specific
description). A pilot DCE survey was sent out in June 2016 with 204
internet panel responses (68 % response rate). The pilot study employed
a split sample, where one version used the BAU scenario (S4) and the
other the Bioeconomy scenario (S5) as the status quo trendline. The
status quo serves as the baseline for comparing different choices in
choice tasks, anchoring the choices and thus values to changes from an
absolute rather than just a relative level. The pilot study results led to the
choice of the Bioeconomy scenario (S5) to serve as a status quo trend-
line, as the other version provided unrealistically high WTP estimates
and may have been difficult to answer.

The final DCE survey (N 1997, internet panel response rate 18 %)
tested in four split samples (N ~ 500 each) varying the time frame of
payments: i) lump-sum payment, ii) 10-year annual payment starting
from the year of the survey, iii) 10-year annual payment starting three
years after the year of the survey, iv) 10-year annual payment starting
six years after the year of the survey. Considering the objectives of the
present paper, we have conducted a pooled sample analysis.

The analysis presented here was conducted with mixed logit model
to accommodate taste and scale heterogeneity, as well as correlated
parameters in WTP space (Hess and Train, 2017). All attribute param-
eters were assumed to be random normally distributed and correlated.
Models in WTP-space reparameterize utility such that the distribution of
WTP is estimated directly (Hess and Train, 2017). This is accomplished
by dividing the attribute’s coefficients by the payment coefficient in the
model estimation phase. The model was estimated with the gmnl
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Table 4
Summary of results of WTP space model.
Description of CE Description of state WTP Stand.
attributes estimates Error
Alternative specific The constant represents the —720,083%** 33,718
constant (ASCsq) bioeconomy scenario (S5),
which was the status quo in
DEC study
Ecosystem services
(ES)
Regulating ES
Carbon storage Decrease by 12 % (status quo)®  / /
Decrease by 9 % 24,336% 10,305
Decrease by 6 % 17,857 11,335

Species diversity Deteriorates significantly from  / /

the current level (status quo)™

Deteriorates slightly from 91,610%*** 13,693
current level
Remains at the current level 117,366%** 18,915
Lakes with poor Increase by 100 (status quo)™ / /
water quality
Increase by 70 23,738% 11,284
Increase by 10 96,569 ** 14,990
Cultural ES
Area for berry 120 km? (status quo)R / /
picking
370 km? 52,276%** 7,012
850 km? 89,423 7,829
Provisioning ES
Share of peat in Increases from the current / /
domestic energy level: share is 13 % (status
production quo)®
Remains at the current level: 14,076 11,769
share is 10 %
Decreases from the current 12,633 12,134

level: share is 7 %

s and *
respectively.
R . reference level.

indicate statistical significance at 1%, 5% and 10% level

package in R software (Sarrias and Daziano, 2017) using 100 Halton
draws.” The model specification incorporated all environmental attri-
butes as well as an alternative specific constant for choosing the status
quo choice (Bioeconomy scenario) over the two other choices in each
choice task. The welfare change related to a hypothetical choice scenario
was estimated using the compensating surplus measure, which corre-
sponds to the maximum amount of money that individuals must pay
(WTP) or accept, so that after the hypothetical change, they can be as
well off as before the change (Hanemann 1984).

4.3. Multi-attribute value tree analysis

In this study, we applied an MCDA method called multi-attribute
value tree analysis (MAVT), which can be used for eliciting the impor-
tance that people assign to ecosystem services (Saarikoski et al. 2016). In
MAVT, a problem is structured in the form of a value tree that presents a
hierarchical structure of the alternatives, or scenarios, and the criteria
against which the alternatives are evaluated, using units that charac-
terise the different types of impacts (e.g. TWh and percentage of pro-
tected areas). The next step is to construct value functions for each
criterion that normalise individual impacts to a common scale of com-
parison (scoring). In the preference elicitation stage, participants are
asked to assign numerical weights to reflect the relative importance of
each appraisal criterion for them, considering the range of variation in
the scores (weighing). An overall value for each alternative is obtained

2 The number of draws may be regarded as modest, and we acknowledge that
there may be a risk of instability in convergence and simulation error. None-
theless, this is a risk we could not overcome because when we tried increasing
the number of draws the rather complex model did not converge.

Ecosystem Services 57 (2022) 101471

by using an additive model and multiplying normalised criteria-wise
performance scores with corresponding criteria weights and then sum-
ming them up. In participatory MAVT processes, the weights are usually
assigned by stakeholders and/or policy-makers, and these actors are
often also engaged in constructing the value tree (Marttunen et al.
2015).

The nine participants in this MAVT process were representatives of
relevant government departments and stakeholder organisations,
including peat industry organisations as well as environmental and
recreational non-governmental organisations. The participants intro-
duced the no-peat extraction scenario (S1), and they also proposed
supplementing the initial list of ecosystem services with horticultural
peat, berries, landscape, education, flood protection and ground water
quality (see Table 2). The two latter criteria were dropped at the impact
evaluation stage when it turned out that there were no differences be-
tween the scenarios (see Saarikoski et al. 2019). The list was further
extended after the weight elicitation stage as it transpired that the ser-
vice ‘energy peat’ measured in terms of TWh/year did not adequately
capture the socio-economic implications of peat production emphasised
by some participants. A further addition was a criterion related to
landowners’ freedom to make decisions concerning their holdings. The
argument about landowners’ independence was a central one in the
debate over the peatland protection programme, hence it was included
to improve the policy relevance of the analysis.

Two workshops were organised with the participants to construct the
value tree and discuss the assessment result. These were compiled into
an assessment report that was circulated for several rounds of written
comments. To elicit the criteria weights, interactive decision-analysis
interviews using an Excel tool based on the WebHipre software (Mus-
tajoki and Hamalainen 2000) were carried out in April 2017. A second
round of interviews was conducted in May, with a revised value tree, as
the first round of interviews showed the need to include socio-economic
criteria. The second round of interviews was organised in small groups
so that the participants could also discuss the results together (for more
detail, see Saarikoski et al. 2019).

4.4. Deliberative valuation study

The most frequently used deliberative design is a citizens’ jury (CJ),
which brings together a cross-section of a population to come to a
considered judgement (a ‘verdict’) about an issue of public concern
though a detailed exposure, and scrutiny, of the relevant evidence base
(Smith 2003). The deliberative valuation design in this study adopted
several elements from the CJ method, but the process was shorter than a
typical CJ, which runs for two to four full days, and it was not
commissioned by public authorities like CJs. Due to these differences,
we used the term citizen panel (CP), which comes close to what Fish
et al. (2011) have termed as in-depth discussion group and Lo (2013) as
a deliberative workshop.

Three parallel citizen panels with between 9 and 11 participants in
each, 31 in total, were organised sequentially in April-October 2017 to
address the use of peatlands in southern Finland. Each panel met three
times for two-hour meetings, totalling six hours over a month. The panel
process was structured loosely according to the MCDA process: In the
first meeting, the participants familiarised themselves with the scenarios
and evaluation criteria. In the second one, they discussed the impacts
and the relative importance of the criteria, assisted by the same Excel
tool that was used in the MAVT process. In the third meeting, they
discussed the panel’s recommendation(s) on the preferred scenario. The
panellists were asked to produce a considered value judgement, possibly
a consensual one, from the perspective of society as a whole: What is the
right course of action to manage peatlands as an important part of
natural capital in Finland?

The meetings were assisted by a professional facilitator, but no
expert witnesses were used; instead, the organisers answered the pan-
ellists’ questions by drawing on the assessment work in the MAVT



H. Saarikoski et al.

Table 5
Welfare estimates of scenarios (in €/respondent/year).

Scenarios Mean estimate (lower and upper bound)

S5: Intensified peat extraction
S4: Business as usual
S1: Conservation+-/ S2:Conservation

—720,083 (-786,169 to —653,997)
—514,047 (-686,094 to —342,000)
1053,930 (992,220 to 1115,64)

process, and consulting experts if additional information was needed.
The panellists also received a simplified version of the background
material prepared for the MAVT process.

All panel sessions used small groups with varied compositions and
started and ended with a plenary session. At the end of the final meeting,
the panellists filled in a feedback form and answered the same questions
as they did in the recruiting stage to allow for a comparison of pre-
deliberation responses with post-deliberation responses.

5. Results of the valuation studies
5.1. DCE study

In most of the environmental attributes, WTPs increased statistically
significantly with improved attribute levels (Table 4). The average WTP
was highest for maintaining species diversity at the current level (€117/
respondent/year). The second most important attribute was water
quality (WTP €97 /year for the smallest negative impacts on lakes) and
the third was recreational services, measured in terms of area for berry
picking (WTP €90/year for the largest area). For carbon storage, the
respondents were WTP around €24/year for a 9 % decrease of carbon
stock instead of a 13 % decrease. However, here WTP did not increase
with the improved attribute level, as the WTP for the smallest decrease
of 6 % (€18/year) was less than for a 9 % decrease. In a similar way, WTP
did not increase with an improved level of share of peat in domestic
energy production. However, the WTP estimates were not statistically
significant; hence it is not possible to draw conclusions for people’s WTP
for provisioning service energy peat.

Due to the respondents’ positive WTP for peatland ecosystem ser-
vices except for peat provisioning services, they have a high disutility
towards scenarios with high levels of energy peat extraction (Table 5).
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The DCE baseline scenario with increased peat extraction (S5) would
lead to a welfare loss of approximately €720/year. The business-as-usual
scenario (S4) would lead to a welfare loss of €514/year, whereas the
conservation scenario (S2) corresponds to a welfare gain of €1053/year.
The welfare estimates and their heterogeneity between respondents are
further elaborated in Grammatikopoulou et al. (2019, 2020, 2021).

5.2. MAVT study

The weights assigned by each participant to the different ecosystem
services are presented in Fig. 1. For instance, interviewee 1 gave no
weight to energy and horticultural peat, around 5 % weight to berries,
around 25 % weight to carbon sequestration, water quality and biodi-
versity, and around 20 % of weight to cultural ecosystem services. As the
figure indicates, the results were quite polarised as some stakeholder
representatives placed very high value on regulating services and some
value on cultural services, while others placed a very high value on
provisional services and related socio-economic criteria and very little
value on cultural services.

We distinguished four groups with similar preference models, which
were grouped into four clusters according to the preference order of the
alternatives (Fig. 2). The length of the bar indicates the overall value of
each scenario. In this figure, we have presented four overall rankings of
the scenarios given by four interviewees who are representative of their
cluster. We did not calculate average rankings because the nine partic-
ipants were not a representative sample of any population; instead, we
wanted to capture the range of variation in views and value statements
behind the criteria weights (see Saarikoski et al. 2019).

Group 1 were ‘conservationists’, who placed a lot of value on regu-
lating services, hence preferred scenarios in which peat extraction
would be completely phased out by 2035. Group 2, ‘moderate conser-
vationists’, had relatively similar preferences but they considered
phasing out peat production and a 30 % reduction as equally good op-
tions. Group 3 were ‘productionists’ who emphasised peat extraction
and the related socio-economic factors, and consequently preferred
scenario 5 with the highest level of peat extraction. Group 4, ‘status
quo’, emphasised provisioning services and the related socio-economic
factors but placed quite a lot of weight on regulating and cultural
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Fig. 1. The weights that each interviewee gave to different ecosystem services and other aspects relevant for decisions concerning the use of peatlands in the

MAVT process.
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MCDA results: Overall values of the different stakeholder groups
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Fig. 2. Four typical rankings of the scenarios in the MAVT process.

services. Hence, they preferred the business-as-usual scenario 4 but
viewed scenario 2 with 30 % reduction in peat production as nearly as
good.

An additional output of the process was a set of arguments that the
participants used when justifying their weights. These included the
intrinsic and heritage value of biodiversity and the moral duty to pre-
vent climate change, as well as the importance of employment and
economic prosperity for human well-being (see Saarikoski et al. 2019).

5.3. Deliberative valuation study

The citizens’ panels were tasked to produce recommendations on the
future use of peatlands in southern Finland. The majority of the partic-
ipants preferred scenarios 1 and 2 with no or a reduced amount of peat
extraction, as indicated in Figs. 3 and 4. The figures depict the results of
group work in the second and third panel, using the same Excel tool as in
the MAVT process. Each group was given a task to jointly weigh the
criteria according to MAVT procedure (see section 4.3) and the overall
value of each scenario is presented in Fig. 3 (second panel) and 4 (third
panel). In both panels, there were three groups of three to four people
with a strong preference for scenario 1 with no peat extraction and one
group with three to four people who preferred either scenario 2 with a
30 % reduction (panel two) or the status quo scenario 4 (panel three).
The first panel did not use the software but discussed the order of the
scenarios in general. In that panel, the majority of the participants
advocated scenario 1 while a few preferred the status quo (S4) and a few
the scenario with increased peat extraction (S5). However, the panellist
advocating S5 wanted to increase horticultural peat extraction but
reduce energy peat extraction, so they did not stick with the initial
scenario description.

To facilitate the final discussion on joint recommendations, the

participants were not asked to agree on a single scenario as they had
become quite anchored to their preferred scenarios. Instead, they were
asked to think ‘outside the box’, as the first panel did, and come up with
innovative solutions to tackle the problem of the future use of peatlands.
Consequently, all panels reached a similar proposal to give up energy
peat and gradually replace it with renewable energy sources, especially
forest bioenergy. They debated the pace of the process and the need for
economic drivers, but they were unanimous on the need for the energy
transition and the future role of peat in the Finnish energy system.

The process also generated estimates of the importance of peatland
ecosystem services for the participants before and after the process. Most
importantly, the participants changed their views on the importance of
energy peat and adopted a much more negative view of it (Fig. 5). The
difference between the views before and after the process was statisti-
cally significant. Flood control, water quality and services related to the
recreational use of peatlands were regarded as slightly less important
after the process than before, and carbon storage a little more important,
although the differences were not statistically significant (see Saarikoski
and Mustajoki 2021).

6. Analysis and discussion
6.1. Comparison of the results

All three valuation studies addressed at least three identical sce-
narios and five ecosystem services with the same or corresponding
attribute levels; therefore, it is possible to compare the processes as well
as the outputs of the different studies. The DCE and CP studies, which
both engaged members of the general public, provided fairly similar
results, indicating clear preferences for phasing out energy peat
extraction. In the DCE study, the respondents were willing to pay around
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Fig. 3. The rankings of the scenarios by the second CP break-out groups in the last panel meeting.

€1000 per year for cutting peat extraction by 30 % (S2) compared to the
maximum peat extraction scenario (S5). In the CP study, most re-
spondents preferred scenarios in which energy peat production will be
renounced completely (S1) or cut by 30 % (S2). The consensus recom-
mendations by two panels were somewhere between S2 and S1 and by
one panel between S3 and S1. The MAVT results were more divided,
which is understandable as the participants were stakeholders who were
selected on the grounds that they represent different interests and per-
spectives on the issue.

In terms of different ecosystem services, the DCE and CP studies
indicate that people place relatively little value on energy peat, while
biodiversity was regarded as the most important peatland ecosystem
service. In the MAVT study, too, biodiversity was the highest-ranking
non-provisioning service among the participants. The most important
difference between the results is that in CP and MAVT, carbon storage
ranked very highly, whereas in the DCE it received relatively low value.
Furthermore, water quality was regarded as relatively important in DCE
and MAVT studies but less important in the CP study. We will return to
these observations in the next section, where we discuss the role of in-
formation in valuation studies.

6.2. Capacity of the methods to capture value dimensions of peatland
ecosystem services

The relevance of different types of value information is determined
by the characteristics of the decision-making situation as well as deci-
sion-makers’ knowledge needs (Primmer et al. 2019). The decisions
concerning peatland use is a good example of a complex public choice
situation, which concerns multiple ecosystem services that are not all
familiar to people. According to the literature on different valuation
approaches, such problems benefit from methods that enable learning
and reflection on facts and values (Vatn 2009; Raymond et al. 2014).

Learning also turned out to be a key issue in this case, especially
regarding the carbon storage service provided by peatlands. The
incongruous DCE results, according to which people were willing to pay
more for a larger decrease of carbon storage than a smaller decrease,
suggest that some people assumed that higher figures represent a better
environmental state. The notion of carbon emission reductions is a
familiar concept to most people while the idea of carbon storage is less
well-known.

Pre-testing the survey using a focus group discussion with nine
participants and a pilot survey with over 200 respondents did not reveal
any problems in understanding this attribute. The focus group partici-
pants were selected from a survey panel consisting of people from the
Helsinki metropolitan region, who are, on average, more environmen-
tally aware than the rest of the population. A few panellists were also
selected because of their interest in the recreational use of peatlands.
Furthermore, the focus group participants benefited from the presence
of a researcher who introduced the criteria. However, the pilot survey
respondents received the same information as the DCE respondents,
indicating that misunderstandings cannot be fully controlled in the post-
pilot survey phase. In the deliberative valuation process, the panellists
had an opportunity to familiarise themselves with the role of peatlands
as a carbon sink, and this new knowledge was the most important reason
why the participants adopted a negative view of energy peat extraction.
An important piece of information for the panellists was that the carbon
emissions from peat burning equal the emissions from traffic in Finland.
This info helped them to grasp the scale of impacts and formulate the
notion of carbon stock in more familiar terms; if the stock is used, it will
turn into CO5 emissions. In the DCE, the respondents’ task to evaluate
the magnitude of peat energy production was eased by providing context
and using relative instead of absolute energy production figures.

MAVT and other MCDA methods are also expected to support
reflective thinking (Saarikoski et al. 2016), but this potential is
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Fig. 5. The scores of different peatland ecosystem services before and after the panel process, on a scale 2 = very important, 1 = quite important, 0 = not important

or unimportant, —1 = quite unimportant, —2 = very unimportant.

conditioned by the context as well as the capacity in which the partic-
ipants are involved in the process. In this case, the participants were
policy actors expressing organisational rather than personal preferences
in a research-driven process in which there was no incentive to agree on
jointly acceptable solutions. Consequently, the process did not
contribute much to reflection on initial preferences, and the partici-
pants’ positions were quite immovable. However, the process promoted
learning about the facts as the participants co-created the evaluation
framework with the research team and also provided important input

10

into the impact evaluation stage. Furthermore, the MAVT process was
helpful in articulating transcendental values because the participants
were asked to provide justifications for the weights for different
ecosystem services.

The capacity of MAVT to support value-focused thinking was expe-
rienced in the CP process, where the two last panels used an MAVT Excel
tool to support small-group discussions on the preferability of the sce-
narios. According to the participants’ feedback, the interface, which
showed the results with a different set of weights, was helpful as it
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required the participants to revisit their weights if they produced un-
expected results — or revisit their initial preference order of the sce-
narios. However, MAVT was not used to support the final discussion on
the preferred solution as it could have shifted the focus to recording
positions instead of developing jointly acceptable solutions (Vatn 2009).
This concern was relevant in the CP as the participants reached joint
recommendations by going beyond the initial scenarios: The first panel
bypassed the conflict between proposals to decrease and increase the use
of peat by advocating a shift from energy peat to horticultural peat,
while the two latter panels agreed on the principle that energy peat
needs to be substituted with renewable energy sources.

The valuation literature distinguishes between consumer and citizen
preferences (Sagoff 1988; Wilson and Howarth 2002). The DCE study
may indicate that monetary assessments may not evoke only a consumer
rationality. At least one may ask if they are willing to pay €1,000 per
year for the next ten years for cutting back on peat extraction from a
consumer perspective. More detailed analysis of respondent heteroge-
neity in Grammatikopoulou et al. (2019) revealed the lexicographic
preferences among some of the respondents for increasing the average
welfare estimate. This kind of non-compensatory preferences challenges
the use of welfare estimates in cost-benefit analysis.

The underlying assumption in much valuation literature is that
deliberative methods, which evoke citizen preferences, are prone to
place more value on life-supporting ecosystem services than monetary
valuation methods evoking self-serving consumer preferences (Aldred
and Jacobs 2000; Wilson and Howarth). However, in this case, the DCE
study showed that people place a very high value on pristine peatland
ecosystems, whereas the CP study also emphasised the economic
importance of energy peat extraction. One explanation is that in the CP,
the economic impacts were not framed in terms of personal economic
benefits but in terms of employment opportunities and the regional
economy in rural communities. The capacity of deliberative valuation to
evoke other-regarding values is also suggested by the fact that the par-
ticipants placed more value on global concerns related to biodiversity
and carbon storage and less value on recreational opportunities after the
process than before it.

One concern with quantitative valuation methods is that they reduce
all value information into a single unit of measurement and disguise the
plurality of values and difficult choices in complex environmental
decision-making situations (Martinez-Alier et al. 1998). The welfare
estimates in the scenarios (Table 5) merge the value of individual
ecosystem services but the information about WTP for each ecosystem
service (Table 4) allows decision-makers to examine the different di-
mensions of the problem. The MAVT results, which present the prefer-
ence order of each scenario (Fig. 2), also sum up the importance of
different criteria. However, the non-aggregative approach, which pre-
sents different preference orderings, draws attention to the fact that
there is no single best solution to the use of peatlands, but the desir-
ability of the scenarios depends on one’s value system. The CP results,
which reflect the panellists’ practical judgement of the conflict situation,
do not assume commensurability but are consistent with the notion of
weak comparability (Martinez-Alier et al. 1998).

The most important shortcoming of MAVT and deliberative valua-
tion methods is that they usually involve only a limited number of
people and do not provide statistically reliable information on the views
of the general public (Hanley 2001). From the perspective of delibera-
tion, the issue is rather to cover relevant argumentative perspectives
(Aldred and Jacobs 2000) or provide a legitimate representation of the
societies or communities involved (O’Neill, 2001). In this case, there
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was a specific limitation to the CP as the participants were all from the
Helsinki metropolitan region. Basically, it would also have been possible
to organise CPs in other regions, but it was not feasible in the research
project context — costs and time are issues in actual decision-making
situations.

The DCE study and the accompanying survey had 2,000 respondents
covering the whole study area, hence the results were statistically reli-
able. It was also possible to create latent value groups (Grammatiko-
poulou et al. 2019) and analyse the views of landowners and people
from rural and urban areas (Grammatikopoulou et al. 2021). That kind
of stratified information is important in the peatland decision-making
context, as the consequences from phasing out energy peat extraction
fall heavily on certain rural communities with limited employment
opportunities.

One concern with deliberative valuation is that group processes are
subject to group dynamics and undue influence of dominant participants
(Kenyon and Nevin 2001; Kenter et al. 2014). According to the CP
participants’ feedback, all except one person felt that their views were
heard and respected during the process (see Saarikoski and Mustajoki
2021). Professional facilitation and small-group discussions with varied
composition helped to ensure constructive and balanced dialogue.
However, the facilitators conveying expert knowledge to the partici-
pants probably had an unintentional distorting effect, as they might
have put too much emphasis on the unexpected findings that the sce-
narios did not have an impact on water purification and flood control,
not realising that the details of different water quality impacts might not
be understood by ordinary citizens hearing about these issues for the
first time. This information might have led some participants to down-
grade the importance of water-related criteria in general, although the
scenarios did have impacts of lake water quality.

6.3. Potential for integrated use of different valuation methods

Some authors have suggested that the strengths of the different
valuation approaches can be combined by using integrated valuation
approaches, either by using information collected via survey methods as
an input to DV or MAVT processes, or using these processes to specify
questions for survey instruments (Raymond et al. 2014). However, it is
not theoretically sound to cross-check social values elicited via delib-
erative non-monetary valuation processes through DCE surveys
designed to elicit estimates of personal WTP. Furthermore, values that
are formed via interaction are not comparable with pre-given values that
are elicited via valuation instruments (Kenter 2018). It is also unfeasible
— due to it being expensive and time-consuming — to carry out parallel
full-blown valuation studies for purposes other than for methodological
research. However, the experiences from this exercise suggest some
ways to combine the use of different methods effectively.

First, all valuation studies need a carefully designed baseline sce-
nario and alternative(s), as well as criterion/criteria, or attribute(s),
against which the baseline and alternatives are evaluated. In this case,
the participatory MAVT process was instrumental for this purpose as it
helped to complement the initial set of scenarios and the list of criteria
developed by the research team. Furthermore, the stakeholders could
provide important information on peat extraction practices and local
water quality impacts that complemented the expert evaluations.

Second, the MAVT process with stakeholders and/or decision-
makers can also gain from the input of valuation studies with ordinary
people. In this case, the assessment framework was further extended
after the input from the citizen panellists who did not limit themselves to
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the ecosystem service concept, but added employment and the regional
economy as criteria to be considered. One way to combine MAVT and CP
processes is to (i) structure the problem by using participatory MAVT,
(ii) carry out CP, or just a focus group, to test the relevance of the
framework from a lay perspective, (iii) adjust the framework if neces-
sary, and (iv) carry out the weight elicitation process with stakeholders
and/or decision-makers in MAVT.

In a similar way, carrying out the CP prior to the DCE study could
have helped to clarify the concepts that were difficult for the DCE re-
spondents. For reasons discussed in section 6.2, neither the DCE focus
group nor the pilot survey spotted the ambiguity of the attribute
decrease in carbon storage, where some respondents seemed to assume
increasing percentages in a choice situation for a positive change.
However, the focus group helped redefine the recreation attribute to
concrete and familiar terms as an area for berry picking. In the MAVT
and CP studies, which stuck with the ecosystem service framework, the
respondents were asked to weigh the (quantitatively small) berry yields
and recreational experiences separately. This somewhat atomistic
approach, which reduced berries to a quantitative commodity, might
have been one reason why cultural services ranked quite low in these
studies compared to the DCE study. A better integration of the methods
would have helped to revisit the criteria in the MAVT and CP processes.

Also, DCE or a standard survey could be used to inform the MAVT
process. Alternatively, MAVT or CP processes might single out some
ecosystem services, the importance of which could be surveyed across
the whole population. In this case, data on people’s preferences and
actual use of peatlands would have been helpful in evaluating the so-
cietal significance of recreational services in the MAVT process. The
recreational use of peatlands is also more amenable to monetary esti-
mates than regulating ecosystem services, because it can be viewed as an
environmental commodity that is enjoyed in a similar way to commer-
cial recreational services. Also, water quality is a familiar ecosystem
service that is closely linked with recreational benefits. In contrast, the
importance of carbon sequestration is difficult to capture in terms of
personal WTP. As Vatn (2009) points out, the choices concerning this
kind of ecosystem services are fundamentally ethical in the sense that
they influence the well-being of other people, in other parts of the world,
across generations. In this context, the right question is not ‘What do I
want?’ but rather ‘What are we entitled to?’ — a claim that becomes
negotiable by public standards (Pitkin 1981).

7. Conclusions

The messages from the two valuation studies that engaged the gen-
eral public are similar as they both indicate that people place high value
on pristine peatlands and the ecosystem services they provide. The
recommendations by the CPs are consistent with the notion of just
transition, which emphasises the need to find sustainable uses for
peatlands, in order to compensate the losses from the unavoidable shift
from peat burning to renewable sources of energy. The DCE results
indicate that even if part of the WTP for peatland protection were to
become actualised, it would be possible to compensate the economic
losses of those entrepreneurs.

The experiences from the DCE and CP studies sustain the argument
that learning is important, as people rarely have an ordered set of
preferences for unfamiliar objects like regulating services (Spash, 2007).
They also support the assumptions (e.g. Aldred and Jacobs 2000; Ray-
mond et al. 2014) that preferences may change as a result of well-
informed group deliberation. The peatland case study also illustrated
the scope of citizen and consumer preferences: Life-supporting
ecosystem services are difficult to view as commodities, whereas rec-
reational services are easier to evaluate and measure in monetary terms.
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In the MAVT process, stakeholder input was vital in structuring the
analysis. However, the process would have supported transparent
decision-making better if the weight elicitation stage had engaged
policy-makers instead of stakeholders whose positions were quite fixed
at the outset.

In terms of integration, the lesson learnt is that regardless of the
preference elicitation method, all valuation studies would benefit from a
structured and participatory approach when defining the scenarios as
well as attributes and their levels. Relevant information obtained via
survey methods can feed into deliberative processes, and deliberative
processes can assist in generating suitable and well-defined survey
questions to the population at large. In this case, the evaluation of so-
cietal benefits from peatland recreation in the CP and MAVT processes
would have benefited from information on peoples’ preferences and the
actual recreational use of peatlands.

Some of the problems with the valuation approached observed in this
study derive not from the applied methods but from the ecosystem
service framework. First, the DCE results on climate impacts would
probably have been different if the question had been framed in terms of
carbon emissions instead of carbon storage. Second, the initial set of
criteria following the ecosystem service categories had to be supple-
mented with socio-economic criteria like jobs and the rural economy,
because the criterion of energy peat, measured in terms of energy units,
did not quite capture the societally relevant dimensions of the problem.
Third, dividing cultural ecosystem services into separate categories and
listing berries under provisioning services potentially devalued holistic
recreational experiences where the sounds, smells and natural beauty of
peatlands are an inseparable part of berry-picking outings with family
and friends.

Our research suggests that interactive methods are helpful for com-
plex and contested policy-making situations, and they could be com-
plemented with survey-based methods in situations where it is
important to have statistically representative results of public prefer-
ences. According to Primmer et al. (2018), policy-makers expect valu-
ation studies to address trade-offs between ecosystem services and also
to serve real-life negotiations between different interests. However, this
valuation project was a self-standing academic inquiry which did not
feed directly into a policy process. Consequently, it was not possible to
analyse decision-makers’ perspectives on the relevance and usefulness
of different types of value information. In the future, it would be
important to study the use of valuation methods in a real-life decision-
making context, and carry out follow-up studies on the uptake and use of
value information by managers and policy-makers.
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Appendix 1

The assessment of the impacts of the different scenarios on the delivery of ecosystem services is documented in this Appendix.
Provisioning services

Energy peat

The estimate of energy peat production in the scenarios is based on annual statistics of the volume of peat production (m?®) and amount of peat
energy (TWh) produced. In the years 2011-2015, 18 TWh/a energy was produced by burning peat in the whole Finland (Metsatilastollinen vuosikirja
2014). In the study area, the volume of peat production is on average 47 000 ha/a (Metsatilastollinen vuosikirja 2014), which is 64 % of the total peat
production area in Finland. Consequently, it was assumed that 64 % of the total peat energy produced in Finland is produced in the study area (11
TWhy/a). The scenarios S3 and S4 represent the current situation, in scenarios S1, S2 and S5 the volume of peat production and consequently the
amount of energy produced varies. The results are presented in Table Al.

Table A1

Energy peat production in different scenarios.
Attribute S1 S2 S3 S4 S5
Energy peat production (Mm?®/a) 172, o° 12 18 18 23
Energy production (TWh/a) 8%, 0" 8 11 11 15

a Until year 2030.
b From 2030 on.

Horticultural peat

Another important peat product is horticultural peat, which is usually produced at the same sites as energy peat. It is used for growing medium in
gardening and landscaping as well as for desiccator and filtering material in agriculture. The current horticultural peat production in Finland is 1,5
million m® annually (Leinonen 2010), and in the study area, which accounts for 64 % of the total Finnish peat production area (Metsitilastollinen
vuosikirja 2014), it is currently 1 million m® annually. The amount of horticultural peat production is proportional to the amount of peat extraction in
each scenario (Table A2).

Table A2

Horticultural peat production in different scenarios.
Attribute S1 S2 S3 S4 S5
Horticultural peat production, Mm3/year 0,72, o° 0,7 1 1 1,3

a Untill year 2030.
b From 2030 on.

Berries

Cloudberry (Rubus chamaemorus) and Cranberry (Vaccinium oxycoccos) are the most important wild berries that are picked from pristine peatlands
for commercial and household use. In the pilot area, most of the cloudberries are picked for household use as commercial picking takes place pre-
dominantly in Northern Finland (Roininen and Mokkila 2017). Food industry in Finland uses a lot of cranberry, but it is mainly imported due to low
price and availability (ibid). There are no statistics for berry picking for household use and hence we used the amount of pristine peatlands in each
scenario as a basis of estimate for berry picking on a constructed scale: 0 = no changes (or very minor changes); 1 = small negative impacts; —2 =
rather negative impacts; —3 = big negative impacts; —4 = very big negative impacts (Table A3). The best score is 0 because the amount of pristine
peatland does not increase (within the timeframe of this study); it can stay at the current level or decrease.

In scenarios 1 and 2 there are no changes in berry picking because the amount of pristine peatland remains the same. In scenarios 3 and 4 the
impact is estimated to be negative but relatively small (-1). In scenario 5 the negative impact is rather big (-2) because almost one third of the potential
berry picking area will be lost. The reason for the conservative estimates is that in Southern Finland, a majority of the berries remain unused in any
case, as berry picking is mostly something that people do as part of their recreational activities. Therefore, the berry yields are not directly proportional
to the surface of pristine peatlands. However, it is possible that in the future the value of wild berries, also commercial value, can be bigger due to
healthy lifestyle trends and therefore the negative impacts from peat extraction can be higher than estimated.
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Table A3

The supply of berries in different scenarios.
Scenario Change in area of pristine open peatlands Effect on the supply of the berries
S1 No significant changes 0
S2
S3 Around one fifth (18 %) of potential berry production area is lost -1
S4
S5 Around one third (28 %) of potential berry production area is lost -2

Regulating services

Change in carbon stock

There was a mistake in the initial impact assessments documented in Saarikoski et al. (2019). The correct difference in carbon stock between the
scenario is between 1 and 4 % until 2050, not 2 — 12 %. The initial results concerning the changes of carbon storage in different scenarios is presented
in Table A4 and the corrected results are presented in Table A5. The calculation of carbon content of extracted peat (column A) in each scenario with
different amount of energy peat extraction is based on the estimate that CO2 emissions from peat energy production are 106 g CO2 ekv/MJ (Kirkinen
et al. 2007). However, this is the mass of the whole CO2 atom while the mass of C is only 29 g C/MJ, hence the mistake in Table 4.

Table A4
Changes of carbon storage in different scenarios.
Scenario  A: Carbon content of B. Carbon emissions from C: Carbon emissions from D: Change in carbon  E: Change in carbon F: Change in carbon
extracted peat (1000 t/ pristine peatlands (1000 t/ drained peatlands (1000 t) storage (1000 t/a) storage 2017-2050 (1000 storage 2017-2050 (%)
a) a) 9]
S1 3381 -22 52 —3411 —47 755 - 2%
S2 3381 -22 120 —3479 —118 288 —6 %
S3 4897 174 132 —-5203 —176 910 -9 %
S4 4897 174 132 —5203 —176 910 -9 %
S5 6413 272 132 —6817 —231 761 -12%
Table A5
Corrected changes of carbon storage in different scenarios.
Scenario  A: Carbon content of B. Carbon emissions from C: Carbon emissions from D: Changeincarbon  E: Change in carbon F: Change in carbon
extracted peat (1000 t/ pristine peatlands (1000 t/ drained peatlands (1000 t) storage (1000 t/a) storage 2017-2050 (1000 storage 2017-2050 (%)
a) a) )
S1 922 -22 52 —952 —13 326 —-0,7 %
S2 922 -22 120 —1020 —34 675 -1,7 %
S3 1336 174 132 —1642 —55 824 —2,8%
S4 1336 174 132 —1642 —55 817 —-2,8%
S5 1749 272 132 —2153 —73 186 —-3,7%

The carbon emission from pristine peatlands (columns B and C) are based on the estimates in Table A6. The carbon emissions (E) from pristine (p)
and drained (d) peatlands are calculated taking into account the area of pristine and drained fens (f) and bogs (b) to be turned into peat extraction
fields (P) in different scenarios (s). The selection of peatlands to be taken into peat extraction in each scenario was conducted using a Sampling design
tool for ArcGis (NOAA/Biogeography Branch).

The following formulas were used for the emission calculation.

E = (eﬁ) o AY 1 (eﬁ) o A (eP) o APP (D

E! = (cf) e AT + (&) 0 A + () 0 A® )

s

where e{, is carbon emission from pristine fens (see Table A6), eg is carbon emission from pristine bogs, e{z carbon emission from drained fens, eZ carbon
emission from pristine bogs, e’ carbon emission from peat extraction field, APf is the area pristine fens in the scenario, AP? is the area pristine bogs in the
scenario, AY is the area of drained fens in the scenario, A? is the area of drained bogs in the scenario, A” is the area of pristine peatland that will be
taken into peat mining, and AP” is the area of drained peatland that will be taken into peat mining in each scenario.

The total change in carbon storage (D) within the next 34 years (column E) is compared with the current amount of carbon stored into the peatlands
of the pilot area to get the change in percentage (column F).

The total C store of Finnish peatlands was calculated to be 5,6 billion tons in 2000 (Minkkinen 1999). Based on Forest statistical yearbook (2014)
we estimated that 36 % of the C store is located in the study area. That is around 2 billion tons.
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Table A6
Carbon net emissions of pristine and drained peatlands, and peat production fields (g C/m'z(—|—)a’1) (based on
Pohjala 2014). Net emissions refer to emissions (+) and sinks (-).

Pristine peatlands CO, CH4 Sum
Minerotrophic (Fen) —40,1 10,4 —29,7 (=€)
Ombrotrophic (Bog) —28,4 4,1 —24,3 (:eg)
Drained peatlands COy CHy4 Sum
Minerotrophic (Fen) 68,2 0,2 68,4 (:efd)
Ombrotrophic (Bog) 41,5 0,3 41,8 (=)
Peat extraction field CO, CH,4 Sum
Emissions of peat extraction field 379,1 2,0 381,1 (=€)

Water quality

Peatlands, especially fens can function as filters as the runoff from above catchment is infiltrated through them (Sallantaus et al. 2014, Karjalainen
et al. 2015). However, there are no quantitative estimates of the filtering impact in Finland. Furthermore, most fens in the study area have lost their
natural filtration capacity because they have been cut off from the larger water basin by ditches (Tahvanainen 2011; Sallantaus et al. 2014). Therefore,
the water quality impact estimate focuses on the emissions form peat extraction, which, in any case, are more significant than natural water puri-
fication impacts.

Drainage of peatlands causes leaching of nutrients as well as dissolved and particulate organic matter (see e.g. Klove 1997; Karjalainen et al. 2015).
Phosphorus was selected as the water quality indicator as phosphorus is a more common growth-limiting nutrient than nitrogen in fresh waters in
Finland (Pietilainen 1997, Raike et al. 2003). In addition, phosphorus loading has been estimated nationally with operational water quality model
(Huttunen et al. 2016).

The effect of peat production on water quality was estimated using specific loading coefficients per area unit. Phosphorus leaching from undrained
peatlands is estimated to be 0.053 kg ha™! a™! (Mattsson et al. 2003; Kortelainen et al. 2006) and around 0.1 kg ha™! a™! for the peatlands drained for
the forestry (Kortelainen et al. 2006). The average loading from peat mining with different types of water protection measures is 0.26 kg ha ' a’!
(Poyry 2013) (Table A7).

Table A7
Specific loading of peat mining per hectare per year with different types of water protection measures. CODy;, = Chemical oxygen demand (Poyry 2013).
Water protection measure Total phosphorus (kgha'al)  Total nitrogen (kgha='a?)  Suspended solids (kgha™'al)  CODyy, (kghata™)
Sedimentation pond 0.26 9.5 38 203
Sedimentation pond in winter, overland flow in summer  0.26 9.2 32 219
Overland flow 0.26 8.1 29 202
Wetland 0.32 7.0 40 168

The assessment was limited to small headwater lakes (area smaller than 5 km? or mean depth less than 3 m) because small water bodies are more
sensitive to additional loading. The water quality effects were estimated in the lowest sub catchment level of Finnish national river basin system. The
mainland of Finland is divided into 5637 sub catchments in a hierarchical river basin system (Ekholm 1993). If the phosphorus loading of a sub
catchment would increase more than 5 % as a result of peat extraction, then the status of headwater lakes was estimated to be in a risk to deteriorate.
The present loading was estimated with VEMALA-model (Huttunen et al. 2016) and the change in loading (5L) with following formula for each
scenario (s):

SL, = (I, — 1) -Au + (I, — 1) -Ags (3)

where [, is specific loading from peat mining, I, specific loading from undrained peat lands, [ specific loading from drained peat lands, A, is the
undrained peatland that will be taken into peat mining in the scenario, and A4 is the area of already drained peat land that will be taken into peat
mining.

The total number of headwater lakes within the study area is 1013, with an area of 2040 km?. The total area of all lakes (incl. bigger lakes than 5
km?) is around 21 000 km?. The number of lakes being at a risk of deteriorating varies between 9 and 105, being largest in the scenario S5 (Table A8).
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Table A8
Number and surface area of lakes in a risk of deteriorating status in different scenarios.

Scenario Number of lakes in a risk of deteriorating status Surface area of lakes in a risk of deteriorating status Share of the surface area form the headwater lakes
S5 105 349 km® 17 %
S4 70 282 km? 14 %
S3 73 287 km? 14 %
s2 9 86 km? 4%
s1 0 0 km? 0%
Biodiversity

Undrained peatlands provide habitats for hundreds of species that are adapted to wetland conditions. Around 4 % of species in Finland live
predominantly in peatlands, and they have become increasingly endangered since the beginning of 2000. Peatlands are a primary habitat for 223 and
secondary habitat for 197 threatened or near threatened species in Finland, following the categories of International Union for Conservation of Nature
(Alanen and Aapala 2015). There are also 24 threatened or near threatened peatland habitat types in Southern Finland that are endangered by peat
extraction (ibid).

The biodiversity impacts of the scenarios were based on a biodiversity expert evaluation, using a constructed scale: 0 = no changes (or very minor
changes); 1 = small negative impacts; —2 = rather big negative impacts; —3 = big negative impacts; —4 = very big negative impacts (Table A9).

In scenarios 1 and 2, there are no changes in the surface area of pristine peatlands and hence no impacts on biodiversity dependent on them (0). In
scenario 3, the most important peatlands from biodiversity perspective will be saved due to full implementation of the Proposal for Supplementing
Peatland Protection. However, other pristine peatlands (excluding existing protected areas) will decrease by 42 % which will have negative impacts on
biodiversity (-1). In scenario 4, peat extraction can take place also in the peatlands that are designated in the Proposal for Supplementing Peatland
Protection, and hence the negative impacts are rather big (-2). In scenario, more than half of the currently undrained peatlands will be used for peat
production, including some sites that are designated to the Proposal for Supplementing Peatland Protection, and hence the negative impacts are very
big (-4).

Table A9
Biodiversity impacts in different scenarios.

Scenario

Mire habitat and mire complex types

Mire species

Value

S1 and

S2

S3

S4

S5

The Proposal for Supplementing Peatland Protection (SPCP) improves the
representativeness of the current protected area (PA) network for habitats and
species of raised bogs and southern aapamires. Decline of threatened mire
habitat- and complex types slows down. The area of undrained raised bogs and
aapamires does not decrease due to peat extraction. Mire habitat types typical
for the central parts of raised bogs (Sphagnum fuscum bogs and ridge-hollow pine
bogs) do not decline. No significant effect on habitat types typical for the margin
parts of raised bogs and aapamires.

SPCP improves the representativeness of the current protected area (PA)
network for habitats and species of raised bogs and southern aapamires. The area
of undrained raised bogs and aapamires outside the SPCP and PA network
decrease by 42 % due peat extraction. Decline of threatened mire habitat- and
complex types continues. Mire habitat types typical for the central parts of raised
bogs (Sphagnum fuscum bogs and ridge-hollow pine bogs) may become
threatened. Decline of already threatened habitat types on both raised bogs and
aapamires may increase.

The area of raised bogs in SPCP decreases appr. 40 % and that of aapamires appr.
50 %. In addition the area of other undrained peatlands outside PA network
decreases appr. 43 % due to peat extraction. In total the area of all undrained
peatlands outside the PA network decreases 42 %. Decline of raised bogs and
aapamires continues. Mire habitat types typical of the central parts of raised bogs
(Sphagnum fuscum bogs and ridge-hollow pine bogs) may become threatened.
Decline of already threatened habitat types of both raised bogs and aapamires
may increase.

64 % of the area of undrained raised bogs and aapamires disappear, including 53
% of the area of the SPCP sites. Decline of raised bogs and aapamires accelerates.
Decline of habitat types typical of the central parts of raised bogs and aapamires
accelerates. Decline of habitat types typical of the margin parts of raised bogs
and aapamires may continue.

Localities of threatened mire species in undrained raised bogs and
aapamires do not disappear due peat extraction. Decline of threatened
species typical to these mire complex types slows down.

Some of the localities of threatened mire species on undrained raised bogs
and aapamires may disappear due peat extraction.

Clearly more localities of threatened mire species on undrained raised bogs
and aapamires may disappear due peat extraction than in scenario S3.

Several localities of threatened mire species on undrained raised bogs and
aapamires disappear due peat extraction. Decline of threatened species
typical to these mire complex types accelerates.
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Cultural services

Recreation

Recreational use of peatland includes hiking, berry picking, hunting, bird watching, skiing, and orienteering. Peatlands suitable for recreation are
peaceful, pristine, and accessible. Most important peatlands for recreational use are located near the users’ homes (Ojala et al. 2013). The analysis of
the impacts of the scenarios on recreational opportunities was based on the amount of pristine peatlands as well as their accessibility, measured by the
amount of people living within 5 km (walking or biking distance) radius from the nearest peatland (Table A10).

Table A10

Impacts on recreation in different scenarios.
Attributes S1 S2 S3 S4 S5
Reduction of pristine peatlands, % 0 0 18 18 24
Number of people living within 5 km radius from pristine peatlands 1100 000 1100 000 800 000 900 000 700 000
Number of recreational homes within 5 km radius from pristine peatlands 110 000 110 000 87 000 87 000 69 000
Recreational opportunities, scale 0...-4 0 0 -1 -1 -2

In scenarios 1 and 2, there are no changes to the surface area of pristine peatlands and hence no impacts on outdoor recreation. In scenario 3, there
are some negative impacts (-1) because some of the pristine peatlands nearby people are lost. However, most people visit peatlands in nature pro-
tection areas or nature parks with existing nature trails and other infrastructure so on average outdoor recreation opportunities do not diminish
considerably. In scenario 4, some of the most ecologically valuable peatlands will be lost, which has negative impacts on amateur naturalists interested
in plants and animal species. On the other hand, there are more pristine peatlands within 5 km radius from people than in scenario 3. This is because
pristine peatlands tend to be located far away from population centers. Due to these factors that pull to different directions, the impact is estimated to
be the same as in scenario 3 (-1). In scenario 5, the impacts are rather big (-2), especially for people who are interested in berry picking and observing
nature.

Landscape
Peatlands are an important part of Finnish national landscape. Large open peatlands with mosaic of ponds and islets of trees are usually found most
aesthetically pleasing peatland landscapes (Ojala et al. 2013). The landscape impacts (Table A11) are directly related to the surface area of pristine
peatlands but not linked to their ecological values (i.e. whether the peatlands are designated to the Proposal for Supplementing Peatland Protection).
A constructed scale was used for the landscape impact estimates: 0 = no changes (or very minor changes); 1 = small negative impacts; —2 = rather

Table A11

Landscape impacts in different scenarios.
Attribute S1 S2 S3 S4 S5
Landscape impacts, scale O ...-4 0 0 -1 -1 -2

big negative impacts; —3 = big negative impacts; —4 = very big negative impacts.

In scenarios 1 and 2, there are no changes in the amount of pristine peatlands and hence no landscape impacts related to them (0). In scenarios 3
and 4, around 80 % of the landscapes remain intact and the impact is estimated to be small (-1). In scenario 5, 28 % of the landscapes are lost and the
negative impacts are estimated to rather big (-2).

Environmental education

Pristine peatland can also serve educational purposes. For instance, school classes can make field trips to nearby peatlands if the travel time is
reasonable. An accessibility analysis (see e.g. Ala-Hulkko et al. 2016) was carried out to estimate an average travel time to nearest pristine peatland.
The analysis was based on a 250 m grid, including the number of population within each cell. The accessibility (travel time by car) was calculated from
each cell based on the national road network. The average travel times for each scenario are weighted with the number of population in each sell. The
average travel time to nearest pristine peatland varied from 16 to 19 min between the scenarios (Table A12) However, most school classes do not use
car transportation during school time. Therefore, the accessibility analysis was used to support an evaluation on a constructed scale: 0 = no changes
(or very minor changes); 1 = small negative impacts; —2 = rather big negative impacts; —3 = big negative impacts; —4 = very big negative impacts.

It was estimated that there are no impacts (0) in scenarios 1 and 2 on environmental education opportunities, small impacts (-1) in scenarios 3 and
4. The impacts is scenario 5 are rather big (-2) because some schools as well as hobby groups like scouts will lose access to nearby peatlands that they
can visit during schooldays, or in the evenings.

Table A12

Impact on environmental education opportunities in different scenarios.
Attribute S1 S2 S3 S4 S5
Travel distance to the nearest pristine peatland by car, (min) 16 min 16 min 18 min 18 min 19 min
Impact on environmental education, scale O ...-4 0 0 -1 -1 -2
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Socio-economic impacts

Regional economy and employment

The impacts of the scenarios on regional economy and employment were estimated by using results from an input-output analysis of socio-
economic impacts of Norther Finland peatlands by Piirainen et al. (2013). According to this study, a peat production area of 16 800 ha/a gener-
ated an increment value of 51 M€/a and the employment effect was 750 person years. These figures were used as a starting point to extrapolate the
impacts in the scenarios (Table A13). These estimates are only indicative but nevertheless suggest the magnitude of the impacts.

Table A13
Increment value and employment effects in different scenarios.
Attribute S1 S2 S3 S4 S5
Production, ha/a 34 000? 34 000 47 000 47 000 64 000
ob
Increment value from peat production, incl. multiplicative effects from intermediate products, M€/year 100* 100 140 140 190
ob
Employment in peat production, man-years, incl. multiplicative effects from intermediate products 1500* 1500 2100 2100 2900
ob

a Untill year 2030.
b From 2030 on.

Landowners’ freedom of choice

The original aim of the peatland protection programme process in 2012-2015 was to prepare a statutory protection programme. However,
landowners, including The Central Union of Agricultural Producers and Forest Owners, argued that a state enforced protection would violate land-
owners’ rights for self-determination and insisted that the programme has to be implemented on a voluntary basis. Consequently, the protection
programme was replaced with the Proposal for Supplementing Peatland Protection with voluntary measures. During the programme process, a survey
was administered to owners of ecologically valuable peatland in Southern Finland (response rate 42 %). 47 % of the respondents had a positive
attitude and 41 % negative attitude towards peatland protection in their lands (Alanen and Aapala 2015). Around 42 % were interested in negotiating
with authorities about establishing a private protection area in their property (ibid).

The survey results were used in evaluating the impact of the scenarios on landowners’ autonomy and rights for self-determination (Table A14) ona
constructed scale: 0 = no changes (or very minor changes); 1 = small negative impacts; —2 = rather negative impacts; —3 = big negative impacts; —4
= very big negative impacts.

Table A14

Impact on landowners’ freedom of choice in different scenarios.
Attribute S1 S2 S3 S4 S5
Impact on landowners’ freedom of choice, scale O ...-4 -3 -3 -2 0 0

In scenarios 1-3, it is expected that all ecologically valuable sites identified the Proposal for Supplementing Peatland Protection will be protected.
As around half of the landowners have a negative attitude towards peatland protection, it is likely that voluntary measures would not be sufficient to
implement the programme but statutory measures would be needed. These are estimated to have a rather big negative impact (-2) on land owners’
freedom of choice. In scenario 2 and 1, all pristine over 10 ha peatlands will be protected, which would have a big negative impact (-3) on landowners’
freedom of choice. On the other hand, scenarios 1 and 2 improve the freedom of choice of those landowners, who would like to protect their peatlands,
but cannot do that because the peatlands bordering their land holdings would be drained. Due to the impacts that pull to different directions, the
estimate in scenarios 1 and 2 is —3, not —4 (a big negative impact).
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Appendix 2
Description of the DEC attributes to the respondents

Carbon storage and climate effects: Peatland vegetation captures carbon from the air. Peatlands also provide a long-term carbon storage in peat.
Peat production areas release the stored carbon to the atmosphere, accelerating climate change.

Peatland species diversity effects: Peatlands provide a habitat for species acclimatized to them. Peat production destroys peatland species habitats.

Water quality effects: Peatlands with drainage leak humus and nutrients to downstream surface waters. These effects can cause local harm to water
recreation and aquatic species.

Berry picking effects: Berry picking is allowed in peatlands by the right of public access, regardless of their protection status. Significant edible
berries growing in peatlands include the cloudberry, cranberry and bilberry.

Peat use for energy production effects: In peat production, the peatland requires drainage and the peat is extracted for fuel and seedbeds. Peat is a
domestic fuel and in the short term replaces coal burning from foreign sources.

Welfare effects: Economic contribution to peatland conservation through taxation.
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