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Abstract
The EuropeanUnion accepted and approved the European Water Framework

Directive (WFD) in 2000through the EuropeaPRarliament (WFD 2000/60/EC)t
was seeras a joint decision to improve the water qualityhin the Unioné bordes.
The overall goal for water managemengis v e goodaesological statd$GES) 15
years after implementation of the WFD

Two differert scientific disciplinesand often contradicting epistemologies k& the

heart of the WFD. Firstlythe classification of ecological status is with respect to a

reference condition (RCaNdRC is thoughtof asbeing the same as it was prior to

significant human activity or disturbanceeferred to as amiundi st ur bed st &
Secondly, public participation (PRyhereit is explicitly argued that the success of

the directiverested much orthe outcome ofPPP. Information sharing from the

decision nakers seem to be the foremost important task when it comes &b RBen

the WFD.

This study examined the relationship between RC and PP in the WFD through
estimations of RC for 20 Swedish lake#gh different input dataand a lake specific

casestudyin which perceptions of stakeholders in relation to what they believed was

i mportant for Aitheiro | ake. Further mor e,
phrase o6undisturbed stated in relation to

between sciece and policy in the WFD.

The results indicate that there is no direct relationship between PP and RC when
considering t heThgstidy shawdhat the Bcalcpeoplé posses.a
great knowledge on specific events thia¢y have visually exgrienced.The link
between RC and PP in the WFD is clearer when the uncertainties for science are too
large and classification of a lake cannot be made. Then local knowledge bought out
through public participation could help in the classification of a lakd the
establishment of the RCIhis study supports the difficulties and uncertainties of
determining RC for Swedish surface water, however, the basic values people hold
about clean and unpolluted water corresponds well with the overall goal of GES for
Swedish lakes. This raises the questjasi®uld we keep our focusainly on RC or

usemore ofthe basic values and local knowledgdacuson human benefits
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1. Introduction
The European union accepted and approvedugh the European Parliament the

European Water Framework Directive (WFD) in 2000 (WFD 2000/60/EC) as a joint
decision to improve the water qualitythin the unior@s bordes. The overall goal for
water management is good ecological status (GES) 15 gtaramplementation of

the WFD.As a whole, WFD ign tnambiguous and important piece of legislation that
sets out new concepts that could change the practice of traditional water management
towardsa new paradigm. The WFD is moving away from the trad#ticectohased
water management wards promotng a transdisciplinary, holistic and integrated
approach towards water management placing ecological critetiee docal point of

the legislation (Futter et al 2011). The goal of WFD with transdisciplimater
management will need consideration from a wide range of different actors
economical, social and environmental aspects need to be taken into considanation
under these condition)e multiple interests of stakeholders create a complex societal
structure (Rault and Jeffrey 2008; Collins et al 2007).

Two different scientific disciplineand often contradicting epistemologies ke the

heart of the WFD. Firstly, the classification of ecological stgArmex V) implies

that all the water bodieshould be classified as high, good, moderate, poor and bad
ecological status. The classification of ecological status is with respect to a reference
condition (RC),andRC is thoughof asbeing the same as prior sggnificant human
activity or disturbane referred to as al u n d i st u rinbthee decosy/dtemnt The
present ecological status is compared with the RC to determine whether the water
bodies reach the overall goal of GES. Secondly, public participation (R®XhHe

heart of the WFD (Article 14)in the WFD it is explicitly argued that the success of
the directive relieon the shoulders of PP. Information sharing from the decision
makers seem to be the foremost important task when it comes wf Bt in the

WFD.

There has been criticism tovds the implementation and formulation of the WFD, in
particular to the overall goal of GES and FBr GES, three major points of criticism
has been argued in the scientific communifyMost of the waters within the border
have been altered by humaativities i.e. RC might not exist. (Il) There is a lack of

definition in WFD of how to determine the RC and there is room for interpretation on



what RC is. (Ill) Are undisturbed state and RC appropriate goals for water
managemert (Bishop et al 2009; Mos2008; Stoddard et al 200®ennion and
Battarbee 2007; KSLA 2006Jhe scientific community has argued three main points
of criticism for PP in WFD. (l)in the WFD no clear indications on how, who and
when PP should are given. (Il) PP by itself is nobal @f WFD, rather a process that
should be implemented. (lll) Public involvement is encouraged in the implementation
phasen the WFD, not in the goal setting or planning stages (Rault and Jeffery 2008;
Collins et al 2007; Futter et al 2010; Steyaert @fwvier 2007).

Given the discussions in the scientific community on the shortcomings of the WFD:
(I) From an epistemological perspective, whereas the correspondence between social
and natural science is lacking. (II) The lack of definitions for the emeintation of

WFD both when it comes to RC and RRd (lll) Is RC and undisturbed state an
appropriate goal for water managemaftith these shortcomings, there is a need to
explore the transdisciplinarity of the WFD. Usitige scientific disciplineswithin

natural and social sciencéss study seek#o find the link on how RC and PP can
complement each other. How can the citizens that are using the lake help in goal
setting, prioritizing and the implementations phasa@ other aspect of importance

that will be explored in this studis what perceptiomdo the citizens have and what

might bethe appropriate goal for their lake.

1.1 What is the link between public participation and reference
condition in EU -WFD?
As mentioned in the introduction the twornerstones of WFD derive from entirely

different epistemologies and views of science and knowle@ye of the most
fundamental aspects for this study is to try to understand how the two cornerstones are
linked in the WFD, no certain answer can be gilsahindications of how these two
cornerstones are linked can be described. Describing the two cornerstones in brief
terms, WFD states that PP should be used more or less to inform the general public
beforefinal decision on the measures taken to achiev&.GHe information to the
public is given in the implementation phase of the work so that the general public has
a chance to give their view on the specific measures taken. RC in brief, is used to
define the undisturbed state, the undisturbed state is aeemthout or minimal
human disturbance to the water bodies and surrounding land @UEQ60/EC) In

the implementation process of WFD, RC is used as the initial step and PP is used as



the final step before a decision is taken. The framework by itse#f dot give a direct
indication of how these two processes could be linked which eventually would lead to
implementation of actions to achieve GES. As mentioned in the beginning of this
chapter both the concepts of PP and RC have been criticized, n& bgmie critical

audiences but from different scientific branches.

To understand the link between RC and PP it is important to understand how RC is
determined. In practice, RC can be defined usiigspatially based RC including
historical data, (1) moelling empirical or dynamicatlatg (Ill) a combination of |

and I, and (IV) expert judgementn the end how we determine the RC will be a
political decision due to the fact that no direct definition exists of how much the
deviation between pristine catidns and undisturbed state should(Badersen et al
2004).These different methods of determining the RC have uncertainties that need to
be taken into consideration, the modelling of-pr@ustrial lake water chemistry is
done with many assumptions, toscal data is often not comparable with
contemporary data due to practice shift and expert judgement is based on
contemporary data and knowledge from an advisor. For some lakes the uncertainties
for modelling data are too large, historical data is abmethithe expert cannot make a
proper judgement of the RC using contemporary data, when these factors of one
cornerstone in the WFD is missing the other cornerstone of WFD, namely PP comes

into place. This way of usi n @ExpeReReeiritte ar g ued

water resource sector has shown that generic ob6exper
conditions and have had unintended negative effects. Many of these could have been ifivoided

scientific expertise had been combindthvocal knowledge and experience. This is not least likely to

be case with regard to defining the reference conditions, where knowledge on historic conditions

being equally distributed with authorities and other parts of sociehay turn out to be ofrucial
importance, e.g. previous physical appearances of rivers and welaris the guidance
document for PP, it is argued that the local knowledge is an important aspect for
determining the RC. Using expert knowledge and-exgmert knowledge (referre

as local knowledge) will create a better understanding of the root causes of the issues
in the catchment area and create a better informed and relevant plan of action (CIS PP
2003). Continung with the CIS PP the authostate that it is difficult to dermine

what type of knowledge can be seen as evidence or proof and it is argued that there
will be situations were the uncertainties or the scientific evidence of a determined

consequence or action pr oMe eugysst that sompeei S S i N g .



authority should try to ensure that decisions are based on all the available evidence by accepting that
non-scientific information can be a legitimate form of knowledge about the environment and can be

used to compliment and inform expert opinion. Inditions of uncertainty, it will be necessary for the
degree of uncertainty to be made expd€IS PP 2003 pp. 60). In this section of the
guidance document t hati éociati kKkihoWwaedgeshartu
into consideration to helim expertjudgemenin the basis of decisiemaking. Newig

et al (2005) state that using local knowledge in decismaking processes where the
uncertainties are high would give the authorities the possibility to gain insights to the
social system of the iplementation actions. The two cornerstones of the WFD are
linked when the uncertainties of a proper classification of individual water bodies
occur, when the other options in form of empirical modelling, historical data and
expert judgement is lacking, artkde use of PP becomes important to use the local
knowledge, local expertise and nscientific evidence to properly classify the water

body to achieve the goal of GES.

1.2 Aim
The aim of this study is bipartite, from the standpoint of WFDBlfir the am is to

examine ifgood ecological status and reference conditionsappdicablegoals for
Swedi sh surface waters explored from the p
determine if the precisioaf calculatedeference conditions could be improvesing
historically inferred data in comparison with the MAGIC modmsled today to

determine reference conditions.

1.3 Research formulation and research question
The EUWFD contains of two main cornerstond3ublic Participation andsood

Ecological Stats Conceivablythese two cornerstones have contradicpagceptions
of achieving and defining the goals of the WD Swedish surface waterBhe main
research question for this study is: What relevance do reference conditions and good
ecological status have to the general public, stakeholders and public participation and
does the existing calculated reference conditions of good ecologica statespond

to the perception of stakeholders in the catchment?

1.3.1 Sub research questions
e Where does the concept of Aundisturbed

used in a legislative sense and as comprehensively as in the WFD?



e What is the relatinship between science and policy and how does it function
within WFD? In particular how has the role of science and policy functioned
to validate the technical annexes and use of undisturbed state and RC?

o What isthe link between defining the undisturbgtdtea nd A pusho f or

participation?

1.4 Study delimitation
Calculation of theRC, a case study for 20 lakes located across Sweden, from

Remmarsjon in Vasterbottens county to Lillesjo in Skane county4Fidhese 20

lakes are part of a nationadonitoring program were there has been substantial data
monitoring on water chemistry from 1983 to present. Reconstructions of inferred pre
industrial data in the form of TQgrs and diatora pH has been done for all 20 lakes,

due to the fact that methodcmnstructions of TOrs and diatorapH are time
consuming and expensive to perform the reconstruction had to be delimited to these
20 lakes. The 20 lakes in this report will not give a general representation of all
Swedish lakes when it comes to calculated RC, but it will still give an overview of

the complexity of determinin®C. To answer the second part of the aim, one focus
lake (Rotehogstjarnen) has been chosen where interviews with the general public will
be conducted. To grasp a deeper undersignadf the multiple perceptions,
understanding and values of the general public several visits will be conducted to one
lake. Within the timeframe of this study, interviews and visits can only be done

accurately for Rotehogstjarnen.

1.5 Plan of the thesis
1. Introduction - in this chapter the subject is presented. The aim, research questions

as well as the study delimitations is held in this chapter.

2. Theoretical background 1 in this chapter a background will be given to

participation, participation irhe WFD and reference conditions

3. Methodology i this chapter holds themethodology for the interviews, case study

andcalculaton of the reference condition

4. Concepts and polices in EWFD 1 this chapter discusses the origin of the

concept oundisturbed state and the role of science and policy in the WFD.

pu



5. Results This chapter holdsterview answers anthe results from the calculated

reference condition.

6. Analysis i In this chapter the results are discusaed put into the context dfie

research questions asked in this study.

7. Conclusion 7 This chapter holds the conclusions drawn from the results and

analysisas well as ideas for future research.



2. Theoretical background

2.1 Deliberat ive democracy and participation

One cornerstone of the WFD is the notion and use of public participation to
effectively manage water bodies within the union borders. WFD states that the
success of the implementation of the directive relies on active participation from the
public (preami# 14 and 46).Leaving the WFD, the understanding of what
participation is as a democratic process is as well as the different levels of
participation are important aspects that are highlighted in this sechmwing
demands for citizer@sinvolvement froma democratic perspective has evolved in
recent yeas where the concept of public and citizen participation has been a focal
point (Abelson et al 2003)n short,deliberaive democracy is political ideal that is
based on a political autonomy where picadtreasoning of citizens should invoke a
heightered democratic procedurdt could be seen as a decision making process
where internal reflectignconsiderationsand discussions with others are used to
choose the appropriate measfsaction instead opicking them taking decisions on

the basisof reflection (Abelson et al 2003Goodin & Niemeyer 2003; Baiman &

Rehg 2002 Bohnman 1999 Bohnman and Rehg (2002) define deliberat
democracyag¢ t he idea that | egiti ma tdelibdrationof@itizéns.g i ssues
As a normative account of legitimacy delibératdemocracy evokes ideas of rational legislation,
participatory politics and civic sejovernancd (pp. 9). Using the theory of deliberate
democracy whereas the concepfcitizen participationis a focal poinin a decision
making processould be used for many differergasons, for examplé€t) using the
concept ofparticipation as a democratic ideal whéegitimacy, transparency and
accountability are significant points (lI) Creating support for more pragmatic
decisions where support is needfor unpopular decisions. (lll)Collaborative
problem solvingcapacity building andwo-way interaction between decision makers

and society (Abelson et al 2003).

Arnstien (1969) argues thaparticipation is a term for citizen powehat the people

that are egluded from the political and economicatocesses to bdeliberatively

included in thedecision makingf the societyAt the same time as participation is a

way of citizen power the authors argsighat there are many different levels of

participation (Fig 1). In short, Arnstien (1969) argues ferght different levels of

participationf r o m -pfianrotni ci pati ono nt poiweée gr e ©n afh ecib



level, manipulationandtherapyare shown as neparticipation, the objectives for this
type of participationare for power holders to educate or cure participamtse
participants have no voice to participate in the process. At the third and ématth
fifth levels informing, consultationand placation the participants have a voice that
can be heard but without the power to know if their views and deliberations will be
taken into consideration by decision makdrsvels six, seven and eightpresent
partnership delegatedoowerandcitizen control In the highest level of participation
the citizens can engage in negotiations and tcdfteas well as the have possibiltty

engage in decisiomaking with traditionapower holdergFig 1).

Citizen control
8
Degrees
Delegated power b Of
7 citizen power
Partnership
6 -
Placation -|
5 Degrees
Consultation = of
tokenism
4
Informing
3
-
Therapy ]
2 b Nonparticipation
Manipulation
1
—

Fig 1. Different levels of participation by Arnstein (1969)

Science plays and has playan important role in decisiemaking, whereas the
science is used to validapelices presented by politiciars structuring science as a
scientist to improve theilegitimacy or concepts tdhe political sphereTwo major
fields are important to identify for this studyhen looking athe role of science and
decisionmaking. Political decisions based ontechnocratic model where

A deatificationd  gpécific problems the main objectivethere is a strict separation
between science and politicBhe role of science is to formulate the new problems
and be called upon as advisors to tiegate the problems formulated political
areas The scientiication of a political decisiomwill render the legitimacyproblems
faced indifficult or unpopular decisiono the general publi¢Wengart 1999) The

other majorfield of science in policy ishe democrati® r Apragmati smo of



and decision making where the process of decisiaking is based oan integration
between science anmblitics instead of a separatiofhe availabldechnologies in the
form of science, politics areombined with thevalues, wrmsand shared interests of
the general publi¢Bohman 1999)This approach would yield in better democracy
andtransparencyf the decision made as well as a greater anchoringe&edwith

the civil society those that the effect will affect

2.2 Public participation in WFD
Given the discussion in section 2.1, it is important to understand what the role of PP is

in WED. In the legslative document of the WEDPPby itself is not a goal, but it is
seen as a tool fanformation sharingto stakeholdrs and general public before the
implementation phase of necessary adidhe actual goal setting and is left to

scienceevidenceand political decisionsiTo ensure the participation of the general public
including users of water in the establishmentaipdating of river basin management plans, it is
necessary to provide proper information of planned measures and to report on progress with their

implementation with a view to the involvement of the general pbblicre final decisions on the
necessaryneasures are adoptéd(WFD 2000/60/EQop. 23. The WFD does ipreamble

14 and 46statethat thevery success the WFD relies on the active participation of
stakeholders and the general publibere are some aspects of importance that may
be seen as majahallenges with public participation in WFD; the participation itself
is not a goal. So the member states decide the degree of participation and how to
legislate it. A complement to the quite vagdiermulation of PP in the WFD is the
Common Implementatiostrategy document N. 8 on Public Participation (CIS PP
2003) CIS is designedso thatthe member stateare toimplement PP as an
integrative and effective part of WFD. CIS PP, which by itself is not a legally binding
document give guidelines on where iagration of the general public is needed, in
contrast to the main text of WEPP should beisedin all sieps of the management

process (@bl e 1) . The main purpose a@&bfpulid accor d

participation is to improve decisiemaking,by ensuring that decisions are soundly based on shared
knowledge, experiences and scientific evidence, that decisions are influenced by the views and

experience of those affected by them, that innovative and creative options are considered and that new

arrangements are workable, and acceptabletothe pdblic( C1 S PP 2003 p. 14) .
purpose for WFD and PP is heavily dependent on the political will of the competent
authorities, in particular how tmanage public participation throughout national,

regional and catchment levels were the actual change will occur and affect (Rault and



Jeffrey 2008; Jonsson 2005). Several studies have displayed the importance and the
need for increasing public participation and awareness for the succession of the
implementation of such a large project as WFD actually is (Hanch@§; 1Bbnsson

2005).

TheWFD view on PHRliffer from whatis discussed in the scientific literatureamely

to improve decision making process, democratically sound decision making
processes, aavenessising, transparency and so (see for example Priscolli 1998
Jonsson 2005; Hanchey998. This is argued due to the fact that the actual
deliberation the processes that could create #Hiwvementionedadvantages is
missingin the WFD. What theWFD does imply in its official document that the
information should be made available for thgeneral public, stakeholders and
interested partiebefore a final decision is taken on thkssification ofdifferent
water bodiesWFD 2000/60/ECArticle 14). It is stated in the WFD (article 12) that
member states shall allow six months for comments of the implementation strategies
from the general public in order to allow active involvement and consultatto.

CIS (2003) for PP have mostmilaritieswith the overalliterature onPP (Table 1)
where integration of the general public andstelders should be done in the whole
processes of goal setting, implementation leit.it is important to note that the CIS is
not a legally binding document but regr a guideline for the member states to use

when implementing the WED

10



Table 1. The Common Implementation Strategy document N. 8 on Public Participation (2003) on

where integration is needed

Goal for The Common Implementation
Strategy document N. 8

Description of the measures needed

Integration of environmental objectives

Integration of all water resources

Integration of all water uses, functions and values

Integration of water legislation into a common and
coherent framework.

Integration of all
ecological aspects

significant management and

Integration of a wide range of measures, including
pricing and economic and financial instruments, in a
common management approach

Integration of stakeholders and the civil society in
decision making

Integration of different decision-making levels that
influence water resources

and water status,

Integration of water management from different
Member states

Combining quality, ecological and quantity objective
for protecting highly valuable aquatic ecosystems a
ensuring a general good status of other waters;
Combining fresh surface water and groundwater boc
wetlands, coastal water resoureg¢she river basin
scale
Into a common policy framework, i.e. investigating
water for theenvironment, water for health and hume
consumption, water for economic sectors, transpol
leisure, water as a social good
The requirements of some old water legislation (e.g.
Fish water Directive) have been reformulated in the
Water Framework Directive to meet modern ecologi
thinking. After a transitional period, these old
Directives will be repealed. Other pieces of legislatit
(e.g. the Nitrates Directive and the Urban Wastiew
Treatment Directive) must be -@vdinated in river
basin management plans where they form the basis
the programmes of measures;
Relevant to sustainable river basin planning includil
those which are beyond the scope of the Water
Framework Directive such as flood protection and
prevention;
For achieving the environmental objectives of the
Directive. Programmes of measures are defined ii
River Basin Managemetilansdeveloped for each
river basin district;
By promotingtransparency and information to the
public, and by offering an unique opportunity for
involving stakeholders in the development of river
basin management plans
The local, regional or national, for an effective
management of all waters;

For river basins shared by several countries, existil
and/or future Member States of the European Unio

2.3 Determining the reference condition
The RC is and important part of the WFD and is embedded in the concept of good

ecological status (GESs the overall gogWFD 2000/60/EC)In theoverall goal for
Swedish environmental objectives for surface watbes concept of undisturbed
aguatic ecosystems is embedded, which more or less means that the water quality
should be restored to a undisturbed stakes undisturbed statwhich isaimportant

part of the WFD is determined by a RDifferent questions can be asked on the
relevance and use of the concept of overall goal for water management in the WFD
could be asked, but the most important for this study are: (I) what constitutes as
undisurbed state? (lI) How can we define undisturbed state and what is the
appropriate target? (lll) Who should determihe undisturbed state? (Bishep al

2009).
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A challenge of the WFD is to determine what RC is, different methods have been put
forward like modelling the préendustrial water chemistry, use of historical data or
using historical data or expert judgeme®iweden uses RC to classify the undisturbed
statefor water bodies. lese methods of determining the RC have limitations and
some of thoseaictorsimportant for this study ar€l) trying to identify sites where no
human disturbance has occurr@t) historical measurements can be are usually
absentand if there are available the measurements are hard to compare with
contemporary measurements due to method uncertainties and change in field praxis
and (lll) The variability in lakes is hard to foresee because natural varialitgs

both in space ahtime at different scales (Fdlster et al 2007; Durfour &Ryé2009;
Erlandsson et al 2008ennion & Battarbee 2007).

Determining the change from the undisturbed state to contemporary conditions is an
important part of GES as well as in the Swediskironmental quality criteria (EQC)

for acidification assessment. Significant acidification is defined in EQC as an
alteration from reference pH of more than 0,4 unitsgpe. H =opH >0,4 (FolIster et

al 2007) Erlandsson et al (20p&asshown that naturalariability of lake water pH
exceeds t he EQC <criteria wused to .deter mi:
Sweden uses geochemical model (MAGIC) for determining the RC for acidification
assessment. The MAGIC model has 100 lakes within the nationaltanogi
programsusing 1997 contemporaryconditions (Moldan et al 2003he MAGIC

model uses the year dB60 represent piiadustrial lake water chemistrgnd the
model assumesteady state conditions are assumed for Total Organic Carbon (TOC)
and PartiaPressure of Carbon Dioxide (p@Qvithin this timeframeErlandssoret al

(2008 haveshown that there is variability in these two parameters and that there is an
importance of natural changes in TOC and pG@&@ determining pk as RC for

acidification asessment.

Lake sediments can be used as a historical archive to assess changes in the
environment across decal to millennial timescales. Studies have shown that there is
correlation between the visible to near infrared spectra (VNIRS) from sediment and
lake water TOC concentrations (Rosén 2005; Cunningham et al 2010). This
correlation can be used to infer lake water TOC beyond the instrumental records. The

different sediment layers can be dated by different techniques, for exampEOPb
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radiocarbon datg and spheroidal carbonaceous patrticles (SCP) (Wik and Renberg
1996). This type of sediment dating can be used to correlate changes in infe@ed TO
and known historical changes.
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3. Methodology

3.1 Case study

Yin (2003) states thafia case studyis an empirical inquiry that investigates a
contemporary phenomenon within its real life corieffp.13), he also states that
case studies are relevant when the research question is ba8eoworand fiwhyo
contextto cotemporary event®©ne of the strengths wh conducting a castudyis
the multiple waysf collecting and using data as well as conducting interdisciplinary
research ofa specific phenomena (Christiansen 2001; Yin 2003)ere are some
limitations towards the case study methodologye of them is thapossibilities to
comparewith other methodologies. Another source of criticism is that#se studies
are not seen as systematic procedures and biased s@@waffect the results (Yin
2003).

Two differentforms of case studies aresed in this studya singlecase studyleepen

a understanding for one specific lake and use this case to illustrate the divergent
opinions, values thatakeholders might hav&he other type of case studynmuiltiple
casestudiesto work as the replicain logic(Yin 2003 whereas 20 Swedish lakes are
analysed to calculate the RC for these lakdsge two case study methods will be
combined to answer the research questions posed for this this Bhgdingle case

will be the specificcase where a particulargislemwith the two cornerstones of the
WFD will be addressed usingterviewsto identify perception®f people living or
usingRotehogstjarnThe multiple case studies are for calcinigtthe RC for 20 lakes

(Fig 4). Thecalculaionsof the RC willbe used to determine the effects of using lake
specific reconstructions of long time series of data to improve the calculation of the
RC. The single case study is combined with the multiple casasa interdisciplinary

matterused ina broadecontext of the possible contradictions of the WFD

3.2 Methodology for qualitative interviews
Qualitative research, wherenterviews are a central part is aimed towards

understandinghe world from the worldview of the subjedt understad and unfold
thereexperiences, views and perspective on a particular métterviews arecould
be seen as regular conversations that are adaptabligezitde depending on what
characteristicshe respondent is as well as what turn the interview arsstake The

flexibility of interview methodology can in some cases be an issue of concern, no
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blueprint of conducting researahterviews are available and the methodology needs
to beadapted to the specifsituation(Kvale 2009.

Kvale (2009) arguedor seven stages of an interview inquiry that needs to be
considered to effectively plan and carry ¢l interviews. Namelytheme design
interview transcribe analyse verify andreport When constructing the theme the aim
is to formulate a purposwith the interview.During the design part the whole
interview should be taken into consideration, partidyldhe moral and ethical
considerationsAfter the interview transcription of the oral speech should be done.
Analysing the interviews is dependenmt thepurpose and topic formulated in the first
step.Verifying the interview is based on validity, reliability and generalization of the
findings of the interviewThe last step is the reportiraf the findings of the study

based on the methods applied in the analysing part of the seven steps.

The interviews in this study were at a sestructuredform, where different themes

and planning before the interviews where conducted to have a basesifogs
related to the research question presented for this siiuy.questions for the
interviews werdlexible and depending on the answers and relation of the subject to
the lake the questions were changed duringptbeessand additional questionsere
added.The interviews were booked in advantiee municipality of Tanum gave the
contact information on landowneasdtwo visits to the fieldwere done during the
springof 2011.A total of six interviews with seven persons was done during the field
visits to the lake, the persons who was interviewed were trough given contact
information as well as recommendations from the persons interviewed during the first
visit (Table 2). The aim of the interviews for this study is to lift the different
perceptios and values stakeholders have in the catchment area to further elaborate on

the two cornerstones of the WFD.
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Table 2. Overview of the interviewees and some specific information on their relationship towards
the lake .

Interview ID: Sex Age Other
Landowner 1(LO 1) Male 80 Close relationship
towards the lake
Land owner ZLO 2) Female 66 Relationship trough
father
Land owner 3LO 3) Male 62 Relationship trough
father
Land owner 4L0O 4) Male 85 Close relationship
towards the lake
ForestFarmer(FF) Male - Bordering land with
lake and good local
knowledge
Hunter Male 64 Good local knowledge

andinvolved in
hunters association
Governmental worker Male - Good local knowledge

(GW)

3.2.1 Transcribing of interviews
The interviews wererecorded usingan Olympus voice recorder D300Q the

software used to transcribe data i3S player softward ranscribing the interviews

wi || give a opportunity to move from somew
a way ofgetting an overview oénd structure thenterviews for further analysig-or

this study all interviewseldwere transcribe@vale 2009)

3.2.2 Categorising interviews
The interview transcripthas been analysedsing the method of meaning coding.

This type of coding meanthat sections of interview transcripts are coded under a
specific themgFig 2). The main aim of this type of interview analysis is to break
down, examine, compare and categorize data for further compafigbe diverse
perceptions of the actual studiacea(Burnard 1991Kvale 2009).The coding of the

interview transcripthiasbeen done in the software product Nvivo9

aesthetic appearance

Desirable state Historical relationship

Fishing Personal reflection
Relationship with the lake

Undisturbed state as a goal for water Combination of PP and RC
Fishing management

EU-WFD

Governmental contact PP as local knowledge
PP as a goal for water management

Use of the lake

Water chemistry Relationship towards nature
Water chemistry personal reflection Use of land \ Historical use of the lake

Acidification
Liming Clear Water Historical landscape
Effects
Nutritions

Surrounding effects

Fig 2. Overview of the coding categories for the interviews
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3.2.3 Analyses of interviews
For this study transcript coding has beleme ornthree different levels, nameBacts

Personal reflectionandinterpretation of facts and reflectioriBig 3). The fact levels
is based on answers the interviewee gives that are possiblexamine, for example
if the interviewee states thelipopulation has decreased over a large time period it is

possible to examine this statement with historical data.

Interview
Analysis

Intepretation
Facts Pﬁrso.nal of facts and
reflection reflection

Fig 3. The different levels for coding analysis of the interviews

The second level of the interview analysis isitha t e r vpemsona efiedtionf
reality. How the interviewee experiences anterpretsthe specific subjeciThe third

level is to interpret the facts and personal reflections given by the interviewees for
possible contradictions and comparison between diffettakeholders perception$

their situation.

3.2.4 Key Questions f or interviews
For the semstructured interviews with the general public the following questions

will be foundation for answering the research questions (sect®)nThe emphasis

will be on understanding the intervieas perception, understanding and priorities for
At hei r 0 | as kdentifieagon of @dsdible problems and causes. The main
purpose of these questions are to identify valaedjn this study the word values is
used as a combining word for multiple perspectives, worldviews and visions for the
concept of undisturbed state and RCSaredish lakes

e How do you see your lake today?
- If you identify any problems with the lake, what problem is there?
- What do you think is the cause of the problems you identified?
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e How do you use your lake today?
- What is your relationship to your lake?
e In your opinion, whats the desirable state for your lake?
- Why is this state desirable?
- Do you think that this desirable state is achievable?
e In your opinion, how should this lake be managed?
- What aspects should be prioritised and what actions should be taken to
manage thisake effectively?
¢ How do you think your lake was before human influence?
- Do you think that this concept of
goal?
e What is in your view the natural state for you lake?

The questions above wera form of foundation for the interviews, tlggiestions
varied and different leads wefellowed depending on #hdiscussion between the
interviewer and the intervieweedlot all interviewees had great knowledge on
specifically Rotehogstjarnen but their knowledge on the change of the landscape and
referring back to lakes that they have great knowlemlgmithas beerusedin this

study.

3.2.5 Interview uncertainty
The interviews where held in Swedish and the translation process into English can be

a source of error due to the fact thatot possible to give back exactly what was said

by the intervieweeSomedialectalwords andlocal expressionsannotbe exactly
translated into Englisso the meaning of the statement can be lost from translation
into interpretation Another aspect of importance is that the respondents might say
what they think thathe intervewee wants to hear, what they know is the correct
answer. This was addressed by asking the respondent to further explain their thoughts.

3.2.6 Confide ntiality
All interviewees in this report was promisednfidentiality and therefore has the

interviews been codedvith names that represent what relation and occupation the
interviewee has towards the lakBy doing so it might improve the quality of
interview by making the respondents comfortable when the results apaibished

with their name.
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3.3 Methodology for calculating reference conditions
In this study the RC will be calculated usingamestructed values of pH (diatepid)

andTOC (NIRSTOC). The primaryresults of the RC will include pjand ANG

these outputs will be comparadth the MAGIC model that is currently used to
determine the RC in Swedish lak&he methodologygalculations oRC isquite

extensive and therefore a summary of the most important factors will be given in this
reportand detailed informatiois referred to avrittenreport(Valinia et al 201}

where the reader can gather more and detailed inform&eaquations, sensitivity

runs, TOGyrs optimisation and much moud calculating the RC foBwedishiakes

3.3.2 Modern Water Chemistry Data
National monitoring of reference lakes started in 1983, lakel water chemistry has

been routinely measured since 1987 (SLU 2010). The parameters that have been
sampled include G4 Mg**, Na', K*, tot P, tot N, pH, C] SQ,, Alk (alkalinity), TOC
and Al (Table 3). For detailed information of selection, priorities and calculations

given to lake water chemistry parameters see Valinia et al 2011.

3.3.3 Partial pressure of carbon dioxide (pCO )
The MAGIC model assumes a steady state valup@a, of 0.63matm. In thistudy

pCO, has been calculated usisgntemporarytime series of pH, Alk and TOC. The
calculated pCQcarc)is a combination of ion balance androtic model for organic
acids given by Koéhler et al (2000or detailed information on equations, sensitivity

parameters and analysis done see Valinia et al 2011.

3.3.4 Hydrogeochemical model MAGIC
MAGIC is a lumpeeparameter model for estimations of letggm effects of acid

depositions on water chemistry. MAGI@edicts annual average concentrations of
major ions in the lakenithis case on an annual ba@@®»sby & Wright 1998; Coshy

et al 1985).In Sweden, MAGIC model input is from contemporary data set to 1997
and he MAGIC simulationgstimatethe preindustial condiion (RC) that is referred

to as 1860 (Moldan et al 2008o0sby et al 2001 The output of the MAGIC model
that is used in this study is pH, ANC and S@able 3). In this study the MAGIC
model is primarily used to compare diatom and NIRS recoctstd values of pH and

ANC with the model used today for determining RC in Swedish lakes.
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Acidification

Lake X-SMHI Y-SMHI  status

Remmarsjén 708619 162132 N
Tvéaringen 690345 149315 N
Sangen 686849 145214 N
Hallsjon 667151 149602 N
Siggeforasjon 665175 157559 A
Tarnan 660749 161885 N
Overudssjon 659105 133982 N
Djupa Holmsjon 656263 156963 A
Algsjon 655275 153234 A
Rotehogstjarnen 652902 125783 A
Gryten 652840 151589 N
Grissjon 651578 146163 A
Fjarasjo 638725 146677 A
Lilla Oresjon 638665 129243 A
Skarsjon 637260 128728 A
Harasjén 632231 136476 A
Svartesjon 630558 134327 A
Tomeshultagdlen 629026 147562 A
Orsjon 624038 143063 A
Lillesjo 623161 142148 A

Tvaringen®

Lilla Gresja
Skiirsji s

Fig 4. Overview of the lakes analysed in this report and their acidification status according to MAGIC
pH. N; non -acidified and A; acidified.
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3.3.5 Paleolimnological reconstruction of lake water pH
Diatom community composition has been usednfer lake water pH in Swedish

lakes.The preindustrial pH value has been estimated by using a calibratimotel
that can translate the diatom community preserved in sediment to lake water pH
(Guhrén et al 2003)For detailed information onhe depth, method, calibration

modelsanduncertaintyintervals see Valinia et al 201Table3).

3.3.6 Lake specific transformation of MAGIC ANC to pH
ANC is one of the primary results of the MAGIC madekonversion of ANC to pH

is done by using the concept of electro neutrality in combinatioestination of
organic acids and buffering by ticarbonatesystem to calculate the predustial

pH (Erlandsson et al 2008As the MAGIC model assumes steady state conditions of
TOC and pC@ this study uses a calculated pC&hd TOGrs and ANG), macic tO
compare the pradustrial given by MAGIC with diatospH. For detailed
information of calculations of ANC see Valinia et al 2011 and for further details on

the conversion from AN@ pH see Erlandsson et al 2008

Table 3. Summary of pH used in this  study, MAGIC pH, datiom -pH represent pre -industrial time (1860)
and pH; is contemporary pH (_ year median 2005 ).

MAGIC MAGIC

Sjénamn X-SMHI Y-SMHI pHo Diatom-pHo pH: pPHo, Nirs
Remmarsjon 708619 162132 6.6 6,3 6,2 6.4
Tvaringen 690345 149315 6.8 6,4 6,7 6.7
Sangen 686849 145214 6.8 6,7 6.9 6.8
Hallsjon 667151 149602 6,6 6,1 6,2 6.4
Siggeforasjon 665171 157559 73 6,7 6,7 -
Tarnan 660749 161885 - 7,1 8.0 -
Overudssjon 659105 133982 7 6,9 69 6.4
Djupa Holmsjon 656263 156963 65 6,4 6,0 6.8
Algsjon 655275 153234 72 6,5 6,5 -
Rotehogstjarn 652902 125783 6.5 5,8 52 6.3
Gryten 652840 151589 72 6,7 69 6.9
Grissjon 651578 146163 6.1 59 57 5.9
Fjarasjo 638725 146677 71 6,7 69 7.1
Lilla Oresjon 638665 129243 6.8 6,1 54 6.9
Skarsjon 637260 128728 7.4 6,9 54 -
Harasjon 632231 136476 6.3 6 51 5.7
Svartesjon 630558 134327 6,3 59 4,7 6.3
Tomeshultagdlen 629026 147562 5.9 6,1 54 5.4
Orsjon 624038 143063 6.7 6,6 6,1 6.5
Lillesjo 623161 142148 6.7 57 50 6.8
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3.3.7 Total organic carbon inferred from Near  -infrared

spectrometry (NIRS -TOC)
NIRS exploits that the sediment can be used as an historical archive for TOC

concentrationgFig 5). Theorganic portion of thesediment has a complex structure
and a distinctive NIRS signature that can be summarized using multivaatistics
(Rosén 2005Cunningham et al 2010). By using PLS regression the NIRS spectra of
surface sediment and contemporary lake water TOC cauiinenarized into a few
orthogonal components (Wold et al 1998). The sediment has been dated A2t Pb
using gamma spectrometry (Appleby 200I). this study, TORRrs is used to
calculate pHd and ANG to compare with the MAGIC modé€Table4). For detailel
information on NIRScalculations an@ptimisation of calibration models see Valinia

et al 2011

Table 4. Summary of TOC values, TOConirs reconstructions represent pre -industrial TOC values ,
TOCnirs cOntemporary reconstructed values (1990  -2005) and TOC; contemporary TOC values (1990-
2005).

Name of lake TOCq nirs TOC, TOC: nirs
Remmarsjon 10.8 9.5 83
Tvaringen 8.9 7.6 9.0
Sangen 6.7 6.9 53
Hallsjon 11.0 8.0 106
Siggeforasjon 14.9 14.9 11
Tarnan 8.3 8.5 7.2
Overudsjon 6.7 9.6 55
DjupaHolmsjén 10.5 12.4 106
Algsjon 20.7 17.8 162
Rotehogstjarnen 12.5 11.7 10.3
Gryten 18.1 16.6 111
Grissjon 10.4 9.9 104
Fjarasjon 12.9 9.2 8.2
Lilla Oresjon 10.9 5.3 3.6
Skarsjon 4.0 1.9 29
Harasjon 22.1 13.9 139
Svartesjon 115 15.8 9.7
Tomeshultagdlen 28.0 18.8 16.6
Orsjon 7.6 7.3 8.5
Lillesjo 7.0 9.5 3.6
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Figure 5. Lake water TOC inferred from near -infrared spectroscopy. Long -term time series of TOCrs-at for all lakes analysed in this report. The graphs show the
time scale 1800 to 2020 AD. TOC expressed in mg/l.
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3.3.8 Acid neutralizing capacity (ANC)
Calculating ANG can be a complement to pH in determining RC and the MAGIC

model has ANC as one of its primary resu®C is the difference between base
cations and strong acid aniomSNC functions as the lakes buffer system towards
acidification. Inthis study prandustrial reconstructioof diatompH, TOC and pCQ

has been used to determine the RC and comparing it with the MAGIC model. For

furtherinformation oncalculationsgquations and data used see Valinia et al 2011.

Table 4. Overview of calculated ANC with different TOC and diatom -pH reconstructions . The ANC data is
presented as peqg/l.

Name of lake  ANCq magic  ANCo giatomnirs  ANCo giatomToc

Remmarsjon 158 140 129
Tvaringen 186 139 129
Sangen 187 155 159
Hallsjon 135 108 86
Siggeforasjon 354 284 284
Tarnan 494 0

Overudsjon 311 348 375
Djupa Holmsjén 151 152 167
Algsjon 499 309 285
Rotehogstjarn 21 108 103
Gryten 466 332 318
Grissjon 98 94 91
Fjarasjon 378 217 184
Lilla Oresjon 165 100 57
Skarsjon 108 95 77
Harasjon 149 199 139
Svartesjon 163 117 150
Tomeshultagdlen 174 265 194
Orsjon 149 157 155
Lillesjo 117 52 18

3.3.9 Statistical methods
Change over time was quantified by Thelepe and the statistical significance of the

slopes wadested by MamKendall approach (Helsel and Hirsch 1992). A level of
significance (p<0,05) was accepted when determining-femg trends of TOC.
Linear regression was performed to determine strength and variation in pH and ANC
for RC.
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4. Concept and Pol ices in EU -WFD

4.1 Origins of the word s undisturbed state and good ecological
status
To fully grasp the complication of wusing t

understanding of where the word/ concept o]
answer can be given but there are clear indications going back to Swedish
Environmental Quality CriteridEQC) for surface waters developed by Swedish
environmental protection agency (SEPA) from 1969and additionally a classification

system indicating theegree to which the water deviates from the natural condiions( SEPA 196 9) .
Sweden was together with the Nordic countries leading to develop indicators for
assessment criteria for surface waters in Europe (pers. com. Johansson 2011). The
further developmenof the EQC continued and another set of EQC was produced in

1990 by SEPA for surface waters. The 1990 EQC follow the chain of determining the

Anatur al conditionso but U gite reghrob terefevercer d  u n d i
conditions, the statéhat would have prevailed in an unaffected, natural landscape, essentially only

affected by natural erosion and with natural addition from the atmosphere( SEPA 1990 p. 7)
report also states that reference areas without disturbance and/or histatacabnl

establish the undisturbed conditions (SEPA 1990). A more comprehensive study of

the EQC was released in 1999 and implemented for Sweden’s surface waters but also
for other fields like agriculture, groundwater etc. The 1999 EQC puts a lot of
emphas on compari son ocoaphrewaue of ajpdrameieCrepraséhtsttde ) A
ideal natural state without human influetce(SEPA 1999 p.13). Further evolving the

concept of comparison value the document states to determine the amount of human
influenceis calculated by a deviation between the comparison value and the measured

value i.e. Deviation=Measured value/Comparison value

Comparing the history and development of Swedish EQC a clear similarity to WFD is
recognisable. WFD uses concepts of undistd state and RC very frequently in the

official text, WFD defines RC a® é no, or only very minor, anthropogenic alterations to the

values of the physichemical and hydromorpholohical quality elements for the surface water body type

from those normallassociated with that type under undisturbed conditons ( Anne x V, 1.2).
1999 EQC also states that there is a clear resemblance between Swedish EQC and

WFD. Another aspect that shows great resemblance between EQC and WFD is the
classification of differat parameters. In the 1999 Swedish EQC (SEPA 1999) a five
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degree scale is used to classify anthropogenic load on the comparison value (pristine
conditions), 1, no deviation from comparison value and 5, extreme deviation from
comparison value. The WFD usasclassification system very similar to Swedish
EQC, Hi g h e c orhe @aebk o tige bhysighemica elersents coftespond totally or

nearly totally to undisturbed conditods a n d mo d BTife &atued of tise bicddodical qiality

elements fothe surface water body type deviate moderately from those normally associated with the

surface water body type under undisturbed conditions. The values show moderate signs of distortion

resulting from human actviy ( Annex V, 1, 15) ancefbetaderytiei n g
Swedish EQC and WFIX could be argued that Sweden and the Nordic countries
early development of EQC is the foundation of the concepts of RC and undisturbed
state in WFD. This argument appears even stronger when looking at the initiating
steps and the development of WFD. It can be identified that Sweden was one of the
countries that was very involved and active in the classification of environmental
indicators and technical annexes (Lagacé et al 2008; pers. com. Kjell Johansson
2011)

4.2 The role Science and Policy in the WFD
The WFD as a whole is a very ambitious and important piece of legislation not only

for protection of waters but also the change in water management traditions, placing
ecological stability in focus (Futter et al 2010ne important aspect is the role of
science in policy and decisionaking of WFD. The policy behind a unique
legislation as the WFD is a complex and intangible system, WFD uses the concept of
evidencebased policymaking when designing the directive. Decssand assertions

are justified by scientific evidence and understanding and it is perceived that this will
lead to effective legislation and decisions appropriated on facts. It is also supposed
that decisiormaking based on scientific evidence will letw and derives from
transparency and rational process that would eliminate biases (Ballantine 2005). The
decision making based on science has its limitations and it is important to highlight
these limiations. Not only are there pukmowledge limitatims but also structural
limitations for implementation using evidenbased decisiomaking (Allio et al
2006). As the WFD uses tradssciplinary approach i.e. technical, natural, social

objects expressed in knowledge and norms in water management, itfaiomalof

t

h €

these aspects come from sci enceschuetntailfsioc oh

factors of managing water according to the WFD (Steyaert and Ollivier 2007; Allio et

al 2006). There are some important aspects in the design and policy thehiWiFD
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that needs to be highlighted. The scientific and technical annexes (Il and V) display
the normative definitions for assessment but leave out definitions on practical
objectives and on how to carry out the technical definitions to guidelinesxgorpe
REFCOND 2003). The definitions of ecological parameters (technical annexes) are
rather narrow and show what parameters that should be considered to determine
AGESO. I n contradiction to these narrow
governance teuctures and responsibilities of implementation is used in WFD. This
broad definition could give room for interpretation of who should be responsible for
the trangdisciplinary approach of the competent authorities whether local or national,
the operendal approach for governance structures and the overall goal of the WFD
AGESO wil |l i n many situations depend on po
Scheuer 2001; Steyaert and Ollivier 2007; Moss 2008). It could be argued that the
greatest criticismowards WFD is the gap between science and policy, in particular
when looking at the scientific capacity to determine RC for implementation of WFD
(Lagacé 2008; Lantz and Scheuer 2001). The scientific input from experts to WFD
has been discussed in theestific community and it has been argued that the
policymakers had difficulties grasping the scientific and technical input of the WFD,
not really being able to grasp the practical aspects RC and GES. When drafting the
framework the technical experts exgged worries that the use of GES was ahead of
science, in particular using biological parameters as key indicators. The scientific
knowledge that was available to perform this task was not sufficiently evolved for
understanding of the cause and effectst®fimplementation (Lagacé 2008). The
Royal Swedish Academy of Agriculture and Forestry (2006) concluded in a workshop
between member states that the implementation of WFD is dependent on political

processes rather then scientific evidefiG®viously, defiing the reference conditions is a

very important step, from scientific as well as a political point of view. From a scientific point of view
the reference conditions seems to be like the Holy Grail: you can search for it forever but you will

never find it Politically, on the other hand, it seems like the reference conditions and good ecological

status are more like rubber bands that can be extended as much or as little as @ou likeK S L A T

2006 p. 40). The benchmark between science and policy in the WieD ta/0

different levels, whereas the science is still working on determining and validating the

RC and policy is wusing this wuncemofai nty t
WEFD in respective country
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5. Results
This section of the thesis starts with the results from the interviews with the local

people and governmental worker in Rotehogstjarn. The respondem&dearedto as
table 2 landowners ¥4 arestated as LO-#, governmental worker as GW, ecological
forest farmer as FF and hunter as huriée interview coding (FigR) functiors as a
overall structure for the interview results: the latter part of the results section,
calculations of the RC will be presented to illustrate different methods as vik# as

uncertainties in calculating RC.

5.1 How does the public perceive the goal of undisturbed state?
Given the great importanad the overall goal of GES for water management in the

WEFD, the concept ofindisturbed stateand RC will follow the same grealed of
acknowledgement when implementing this strate@ie role and concept of
undisturbed state has followed Swedish water legislation for around half a ¢émtury
different forms and formulationdoday with a RC)It is important, or this studyto
understand if the people, stakeholdansithe general publiperceivethe concept of
undisturbed state ashappropriateand applicable targdbr water managemenh
Sweden The overall impression for the undisturbed state by the interviewee®
states that the goal of undisturbsthte is avery good idea for water management.
This for one of the landownés becaus@eoplefishould be able to enjoy the lake and
swimming,and youdon't want it to be polluted or 60 ( L. OO 12is)not as sure as
LO 2 to if undisturbed state is an appropriate target for wasragemenand LO 3
reflects back orthe fish directives in particular on cod ban in the Baltic ées |
think so,with regards to the constanbd ban in the Baltic Seand that has of course
declina the possibility to fish there, then maybe there is a possiblipo back in
time with the water and fish as it was befoitss a good goal (LO 3). LO 3 ses
undisturbed state abe goalas the fish regulations in the Baltic Sea, whereas the
concept ofimiting the fish quotavould bring the water chemistry and fish population
back to as it was befor&he perception of the FF follows the same chaithofights

as the landownershe FF ses the problem with constructing housakeside along
the cost as a problem and the concept of undisturbed state wakkl it harder to
buil d i n t hAsfaaasqbssigeedf cogree.its ghedtthe regulations
tweakand it starts to becomeasy to construct, there is a lot of discussions on that

around the cost, it will be bad and ruin the essence of thst.dts probably good
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that is kept as undisturbed as possible (. FEgntrastto the othetandowners, the
farmer sees that it might be difficuti achieve the undistibed state r@d expresse

the valueof as fa as it possibleo achievethe target for undisturbed statéhe

h u n t perception on theoncept of undisturbed staie different fom what the
otherinterviewees have stated. The hunter sees the concept of undisturbed state as an
unrealisticgoal for watermanagementmainly due to the fact that having unrealistic
goals will not give the sense of satisfactiafith respect to that we iWnever reach

that stateT h e h unt e r Noalmarg coefidentithatddvingfiutopian goals is not
good because then you never get the satisfaction of the fact that you are actually
getting somewhere s o youodl | nnehe @hole. dhe leath waill neverdd i st
what is was, even with the fact that we shoulde'here, the world does spin around.

But certainly its not easy, but really, its easy, it's a development, but if | like it or not
it is what it is,so you may well hee just a bit realistic goaés ( H uFortthee hunter
feelingthe sense adiccomplishment chnactual improvement of the water quality is

of greater importance theeachingthe undisturbed statdhe GWdiscusseshat the
concept ofundisturbedstartedfor them in the 1990with directions from central level
discussing nutrients in strean®&he results gave a very low phospho(B$ level in

the streams and it was that level the streams shouldfipeeatondered my goodness
what is this based on, we fadithat it was some kind of software or calculations
where someone had been sitting and fiddling with and came up with this extremely
low P value. When we started to question this at a local level against the
administrators at county level, we noticed thia administrators at the county board

felt that it was questionable to talk about an undisturbed stateuristurbed state

does not exist ( GIW9 GW states that the concept of undisturbed state has been
discussed during a long time and ndtnl the WFD that has used this concept, he
also feels that the concept is questionable for local administrators, quite easily

because he does not feel that the undisturbed state exist.

5.1.1 Can the goal of undisturbed state be reached? - From the
public vi ew
For most of the interviews done in this study the question on can we reach the

undisturbed state was asked as a complement to what their view on the goal of
undisturbed statavas The FF discusses that it might be difficult to reach the
undisturbed statfor water bodies but he also states that it might be possitéens

fiNo, | doubt it,in tarns it might be possibleut otherwisethey have changed it with

30



dams and power plants so | don't think that we can get back to the naturall state.
don't thinkthat tarns have been changed that much, something very special needs to
happen to lowerdrain or change tarns maybe if they need to get hold of more land.
The changes in the forests around tarns hamestly beenfertilizers to get more
biomass to use f@omething (. Fhe JF sees theurroundingeffects, in particular

the role oflandscape alteration as a key point for diféculties of reaching the goal

of undisturbed state.O 3exemplifyt he r eachi ng t hetousenbdti st ur be
not abusethe lake, where that lines is drawn is individual ( L. @he &9ncept of

being a part of nature without abuse the privilege is seen as a point to reach this
undisturbed statd.O 2 follow the same idea whereas she discusses that humans have
affected andar e a p ar of coare the aumarr impadi and we live in a
changing worldand humans need to take place without destroying naturé L.O 2 )
LO 2 seehumans as a part of nature as well as nature changes natheafigns
should interact with nature thiout destroying it might yield in reaching the
undisturbed statelhe hunter argues that we will never reach the goahdfsturbed

s t aNogel am convinced that we will never reach that stadéinter) The GW

feels the complications of undisturbedtstirom a perspective, going back to lat&'19
century is still a landscape that has been heavily affectédibyn a Ihis ridiGulous,
becausewhat is a undisturbed landscad&Ve have to go back stone age, when we
were collectas and huntersthen wecan speak about theatural landscapeWhen

once we settled and began farming the land as grazing and then with agriculture, we
have a influence from the peoplgGW). The GW see the issue of how different our
landscape is today compared with what he ssasndisturbed state, where he argues
that late 19 centurythe landscape around the lake had been changed very much, the
impact on alternation irthe landscapes wasubstantial. A general trend of the
perceptions of the interviewees was that it woulddiféicult reach the goal of
undisturbed state. The alterations in lamdl the landscapsere seen to be a factor

that was expressdyy theintervieweesandthe naturalariability cannot bdeft out

5.1.2 What is important for you? A desirable state from the publics
view
The discussions with the intervieweesiched on what thepelievedis important

with respect to what their desirable state would be lik@.1 discusses that the
degrable state is for him the lake condition when he was youndlt is the

recollection | have of when | was around-26 years oldyou could stand on land
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and see the pike far out in the lake, | cannot do that today, something has happened in
the lakeand it would be very nice if it could return as it was before, that woeldchy
pipe-dreand (LO 1). LO 1 desirable state is related to the water chemistry in the lake,
whereas the clear water he experienced inlake when he was young what he

would like to go back toLO 2 states that the desirable stitehere is to keephe

lake as it is todaythat the fish and planthat have been haver a long period of

time stayin the area without being polluted@he views of LO 2 follow her view on

RC as well, that nature and humans would live in harm®hg. hunter feels thahé
undisturbedstate isgoing back in time around 193Gwefore the large emissions
started ad affected the water bodieBhe hunter exemplifies this b§ grew up in
Tanumshede and my uncles had a farm a few minutes from here, | remember that we
wentfishing trout in a small river that eventually ran out in the sea, we where angling
from the shore and caugkalmon They constructed waste disposal plant near by

and just a few years later the creek was dead, leachate and shit just ran shraight

the creek, its saw(Hunter) The FF has his values the desirable state in a simigr

as the other intervieweedp function as it should do, as untouched as poss{BE).

LO 4 sees the desirable stitem a different perspective then the other interviewees,
whereas he states that the desirable state would be when the lake was used by the
people in the communityarming activties was presenand peoplectuallyused the

lake in a constructive waye sees the problem of the lake not be used and the local
collaboration and fellowship has disappearBde discussions on the desirable state
between the interviewees follow the satrend that the water should bealthyand

that pollution, waste would nafffect the lakes.

5.1.3 Historical changes in water chemistry from the publics
perception
During the interviews, questions on what hévey seenasany changes in the quality

of the water was askethe interviewees identified some factors tthere common
between them and acidification was aspect that almost afitervieweesrought up
as a factor oimportance for the water chemistiyO 1 states that theeterioratiornof
the water chemistry is due samospherideposition,fthere are no buildigs above
the lake thaleachsewage to the lake, itay understanding that it must be from the
air, deposition. Acidification ign myopinionthe cause (LO 1). Theview of LO 1lis
thatthe physical landscape by itself dot affect the water chemistry, the effects of

the deteriorations based omtmospheriaeposition The FF discusses the changes in
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water chemistrypy relatingittoh e f i sh popul Eyunadepnwho ad t h e

this place before me, told me that theras a lot and large perch in the lake and then
they disappearedjuitesimplyit got acidified so it was not any food available to them
and they where not larger thenGbecm. Today it is different, there arkarge perch

down thereand the change went fast,corrected itself very quickéy(FF). The FF

sees acidification as the main cause of water chemistmgeningand from his
perspective that would haedfected the fish population negativeMsking the hunter

the same question, acidification is brought up once agtig,first thing | can think

of is the acidity problems, | can not remember if it was the 70s or 80 but is was a
doomsdayeelinghere, | feel for natureand this made me a ligtlsick.Life moved on

and it has gotten a lot bettawe have managed et grip or largeemissions, at least

the acidifying emissions and that's posidiyelunter) The GW worker discusses that

the acidification has been a problem for both the governarahthe local people and
acidification phenomena has been acknowledged experienced from both the
community and f dmean, soanmudh mesdry tHatewmaseftom thgi60
whenacidificationwas acknowledgkthe lakes have changed charactethe betted

(GW). A common aspect between the interviewees is that the acidification has been
acknowledged for a long time period and the effects have é&geeriencedn the
community Another commonaspect is that they have seen and experienced the
recowvery and improvement from the acidificatiproblems in the 70s and 80s.

Another aspect of importancasked specifically on Rotehogstjarn iisthey have
experienced any differeres inthe colour of the water @hd turbidityfor a long
period of time Two of the fourLO had eperienced a shift in turbidity (LO 1 and LO

4) while LO 2 and LO 3 have not identified any differences. A possible explanation
might be that LO 1 and LO 4 have lived next to the lake their entire life while LO 2
and LO 3 have the relationship througjeir father and have not been around the lake
as meeh as the other two LQ.O 1 states that the water was much clearer when he
was younghe said that it was possible to see the fish swimming around in the lake
and that is not possibteday. He exemplifiee ow c | ear tlhnegongad e r
tell you ®mething that should not be tojdst to make the point of how clear the lake
was in the pastWhen | was growing up | had an uncle who fished and hunted a lot,
he went down to the lake one day and saw a large pike lying in the water, do you now

what he @, he had a shotgun and fired towards the pike and the pike floated up of
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coure. What | want to point out is that tiwesibility in the lake was much better in the
past, inparenthesegou are not allowedo do like my uncle d@(LO 1). LO 4 sees

for the same development of the turbidity of the water as LO 1 ddhe. water was
clearer when | was young, when we swam small fish came around to try to find food
so you could see the fish in the lake but that's not possibledt@dayt). The LO that

have long experience of being near the lake see alulgarical deteriorationfrom

their view in lake water chemistry.

5.1.4 Experienced h istorical changes in fish  population
Information from the interviewees on how the Useirtlake todays well as hovthey

have used it historically, fishing was a commmihread for most interview$.O 1-4

have all stated that the activity around the lake has been reduced in comparison to
when they where youngnd that therehave been more fish in the lakehen the
activity has been reducedlO 4 states that it has been an increase in the fish
population the last0-15 years, in particular that the increase of spavihsat on the

hill watching over the lake and saw a lot of shfigh, that has not happened in a long
time, the small fish was gone before but now it has retarned L.®rom jhe
perception of the LO 4 there has been an increase ofifidhhe believes that the

increase of fish could be duedecrease of activitin the lake.

5.1.5 Public participation in the WFD, p u b | {(ny)srd e is?
Discussing the role of PP with the GW some factors of importance came up, one of

the main aspects discuss@lV is that is difficult for them to work with PP mainly
becauseit is difficult to communicate the classifications and that tomcept is

a b s t theadownside with the directive is, after all, that it is abstract and has been
forcedand rushedas usual with EU directive®P by itself is acute thoughtl think

and localy we have trieddoing to as much as we can, inviting diffet actors to
meetings and so(GW). The GWcontinues with the discussion that it is difficult for
the locals taactuallyunderstand what the governmeéntvorking onboth from a pure
knowledgeperspectivewhereas thelassifications of the water bodies are to abstract
to understandis well as the basic values between locals and governmentetrs
can differ and they do not understasath otherHe also states that the classifications
became a foundation for discussion betweengteernmentalemployees and the
locals,which isobviouslya good thing he argues. He states that it is difficult for the

personwho did the classifications to explain wiat basis the lake hagceivedthat
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particular status, partly due to the knowledge gap between them as well as the
classificationsare so abstract that the GW themselves have difficulties undergtiand.
becomes such a large knowledge ghep WFD by self and all the parameters that
should be explained are very abstrattbecomes so abstract that us that work at an
agency hardlyhavea grip of everything (GW). Asking the GW if the concept of
undisturbed state the raise thwareness of the locals darirying to improve the
understanding for thelassifications of a specific lakeghe GW did not see that

c 0 n n e ¢ thinkahat's fionsense, it does not work against the public. It becomes
once again a value base discussion on what an unaffeanteddcape is, whether it is
this, that or the iron age, ah [sicthat does not worklt is just to accept that we
humans ae in and impacting the quality and what quality we should have based on
mg/l or what species we should have is something diffeteran be difficul for the
general public heras wel| | agreeon that To speak about a RC in 18680that type

of landscape or speak abounhtouched or undisturbed does not work you cannot
exclude humansThat becomes completelyrong, | thinldo (GW). Asking the hunter
what he believes would be a good wggthering pople and using their knowledge,

he exemplifies this with water council Enningdalsdlverwell as a small fishing
conservation groupThe states that, sure, people are interested that senakes

care of our small lakes and fishes, but it always difficult to get people to ehgage
the meetings and so on. But some people reallypéeéicipating and being engaged
andsome will listenwith interest tassomeone who has been there and explained what
came upfilt is a strive to gepeople who live hear involved, | cannot say if has been
successful or notWe have a small fishing association in these small lakes around and
we have a meetingext wek and | an on the board thereé?eople are interested
because someone has taken itligative and cares about our smdthkes, whichis
good, but there are nahany who want to dawdle off to the meetings but there some
act like that and that will always be the ca3ée others listemo someone who has
been there and taken part in the discussidiiinter)

This concludes the findings presented from the conversations with stakeholders in the

field, the findings will be further discussed in the analysis part otliess.
5.2 Determining reference conditions

The RC is a very important part of the WFD, as discussed in the introduction of this

study, thecalculationof the RCis a difficult assignmentind the methods do have
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uncertainties in them. In the WFD the link between RC andaRPwhen the
uncertainties aréarge and this sectioshows different methods of determining the
RC. It is important for this study to see how different methods correspmreach

other when setting credible targets for Swedish surface waters.

5.2.1 Determining Reference Conditions with ANC
ANC, was calculated using a trtpnic model for organic acids ara chemical

equilibrium calculation(sectionXX). The data used fdhe calculations is diatoqpH

and TOC Two different types of TOC were used in ttadculation this to determine

the effects of TOC on RCITOC; assuming constant TOC lei¢ (mean lake value
1990G:2005) similar condition asin the MAGIC model(ANCy giatomTtoc). The other
method is to use longerm time series of TOgrs (Fig. 6) assuming a change in TOC
(ANCy, giatomnirs)- These calculations of ANC will be compared with (AN$acic) to
determineif the calculationsusing long time series of TQgrs can give different
result thenPANCy macic and what effects can be expected for management of Swedish

surface waters.

ANC giatomtoc Shows when comparing wWitANComacic an R 0,63 (Fig 6). An
uncertainty factor ot 0.3for diatom pH was taken into accouwardis shown as error
bars(Birks et al 1990).The regression showthat 13 of 19 lakesf ANCq macic IS
within the uncertainty intervallhere is amean difference betweehNCg macic and
ANC giatom TOC of -45 peqg/l with lakesin the uncertainty intervalThe six lakes
outside the uncertainty intervahow a mean difference betweAINCy macic and
ANC giatomToc Of -108 peq/l.

700

0 100 200 300 400 500 600 700
MAGIC ANCO

Figure 6. ANC calculated with ANC o, giatom -Toc plotted against ANC o.macic, the error bars

show the diatom -pH uncertainty interval of  +0.3 pH units. The 1:1 line is shown in the
plot. ANC is expressed in  peq/l.
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Different results are shown wheomparingANCy macic With ANCy. giatomnirs (Fig

7). A linear regression shows’Rf 0.68 betweemANCy macic and ANCo, giatomNIRS,

the calculationsshow that eight of the 19 lakes are outside the uncertainty interval of
+ 0.3 diatom pH units. The mean difference betwe&NCy macic and ANCo, giatom

nirs for lakes in inside the uncertainty interval -31ueq/Il. The lakes outside the
uncertainty interval show a small variation from the lakes within the uncertainty
interval with a mean difference e88ueq/l. the analysis shows th&NCy macic

shows higher results th&NCy, giatomNiRs-
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Figure 7. ANC calculated with ANC o, giatom -nirs plotted against ANC  o.macic, the error bars
show the diatom -pH uncertainty interval of +0.3 pH units. The 1:1 line is shown in the
plot. ANC is expressed in  peqg/l.

5.2.2 Determining Reference C onditions with pH |
The calculation of phifrom ANC, TOC and pC®as the MAGIC model does with

the significant difference of TOC and P&@hereas the MAGIC model assumes
steady state conditions for these two parameters this study uses reconstructed values
of TOCyrs, a calculated pC@ These results will be directly compared with diatom

pH to identify if theprecisioncan be improvedsinglong timeseries of TOC.

A linear regression betwediAGIC pHo, uni. Toc & pco2@Nd MAGIC pHo, tocNirs and
spec. pcozShows an R0.38 (Fig 8). Theresults show thaMAGIC pHo, uni. Toc & pce
shows highepH thenMAGIC pHo, tocnirs and spec. pcovith an mean difference of
0.18pH units

37



N7,5
S -
.

o

7_
3 s o
Q 1 [ ]
(%]}
& 6,5 ° oo.
(%]
2
Z 6 °
é - °
5.5+ N
I
[=}%
9 5]
[}
<< B
=

4,5 T T T T T

4,5 5 5,5 6 6,5 7 7,5

MAGIC pHO uni TOC & pCO2
Figure 8. MAGIC pHo, uni. Toc & pcoz assuming steady state conditions for pCO  , and TOC

plotted against MAGIC pH o, Toc-Nirs and spec . pcoz that are representing pre  -industrial
reconstructions of TOC and pCO »,. The 1:1 line is shown in the plot.

A linear regressiobetweenMAGIC pHo, tocNIRs and spec. pcoanddiatompH shows R?
of 0,26 (Fig. 9). MAGIC pHo, TocnNiRs and spec. pcoShows higher pH values then
diatompH with a mean difference of 0,21 pH units.
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Figure 9. MAGIC pHo, Toc-NIRs and spec. pco2 @ssuming a long term change in TOC and a
calculated pCO , plotted against diatom -pH that are supposed to show pre-industrial
values of pH. The 1:1 line is shown in the plot.

A linear regression betwednAGIC pHo, uni. Toc & pcozplotted against diatorpH shows
an R of 0,43 MAGIC PHo, uni. Toc & pco2Shows higher pH values then diatom pH with a
mean difference dd,38 pH units.
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Figure 10. MAGIC pH o, uni. Toc & pco2 assuming steady state conditions for pPCO  , and TOC
plotted against diatom pH. The 1:1 line is shown un the plot
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6. Analysis

6.1 Seeing, feeling and reaching the undisturbed state as a goal for
water management

The legislative mandate of EU and the WR&e stipulatedthat lakes in Sweden and
rest of thenationsin the European Uniomeed to reach the overall goal of GEB
surface watersTheinquiry of this study has showthat the goal of undisturbed state
seen from th@ u b | perceptisns in mostcases a good ide@he aspestthat could

be discusseddependingon how the public perceive the goal of undisturbed state
might be connectetb the basicvalues and their relationship towards natanel the
lake The ideal aspect hafr many of the respondentseen thatheywould like to
reach thesame state aswaswhen they were young, being able to swim and, fish
the lake withoumnecessarilyseeingand experienag the humandisturbance as part

of their viewof natureat the time Keepng the naturalness and the calmnesgaifire

as an undisturbed state without human influemastheir view ofnature It could be
consideredthat the goal ofundisturbed stateould be away for stakeholders to
identify how nature and humans interact but also more importemgélginea way of
reaching theirpersonalview on how nature and humans should interathe
responderst that did not feel that thgoal of undisturbed state was something to
pursue saw thedifficulties in setting unrealistic goal§hey argued that thisould
lead to the dissatisfactionof never reaching the goal3hey also identifiedthe
scientific difficulties in finding areas without humdisturbance, arguing that the role
of humans in nature cannot be negated, nor aaatural variability as the earth
changes Striving for a state that does not exigbuld just lead to disregarding the
problems we havén our surface waterespecially if there is naatisfactionto be
gained from some kindf improvementTherespondents saw the problems of having
undistubed state as a goal might havadues tlat conflict becauséhey can se¢he
direct implications of theelationship betweehumans and natur@hey are facing
thereality of how much we have changed natame believe thatve cannotreturn to

that stateprior tohumangnfluenceagain

In contrast to whainostrespondersfelt, that the goal of undisturblestate is ayood
goal for water managememnost of the respondensee the difficulties of actually
reachingthe undisturbed stafeom their perspective/Nhat was argueas the reason

for not being able to reach the undisturbed states how much humans have
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changed théandscape in the catchmteareasHumans have changed the landscape
around the lakes facenturies and we cannot reverse this influence that man has had
on nature.An important aspect expressed from the respondents is that we cannot
neglect the human influence in the abed wecan aim for being a part of the natural
system without overusing our resourcBsfour and Piégay (2009) state that the past
conditions should not be used as a reference due to the fact that one historical state
cannot be justified in preference to another. They argue that it cannot be stated if a
state is more natural then some ofliicause all historically known states have been
influenced by humans. The statements given by the public follow the same chain of
thoughts that the scientific community argue, it will be difficult to reach the

undisturbed state.

Reflecting on themain research question for this study, what relevance does
concept of RC and undisturbed state have to the general public and stakeholders, the
inquiry in this study has shown that there isredevance in the sendbat they
expressingvhat theirrelationslip is with nature Having the concept of undisturbed
state as a goal for water naement is in fact how they woulike the lake to be.
Even without having the scientific knowledge of what itmeans to go back to an
undisturbed stateheir perception othat goalmeshes well with their owmalues and
memories.What is important to state heretlsat using the concept of undisturbed
state and trying to define it by a RC does not really mattarh tothe public They
will still have their perception and umlerstanding of a RC that has direct
significancewith modelling or expert judgemeriheir view would be one ofing

in harmony with naturehaving the aesthetic appeaca that naturérings andmore

or less seeing naturim the words of the & employee stateas something ronmaic.

6.1.2 Desirable state for the lake, from the publics perception
A key aspect for this thesis is to understaog the public perceiva desirable state

with regards tdhow they would like their lake to be and what would be important for
them The values and perceptiofdlowed eat other quie well. The basic valueare

that the lake should be free from pollution and to be as tweyeintendedfrom the
beginning withouthuman alterationsSome of the respondents wanted the lakes to go
back to a state as they rembered it when they where you(eyound 192€1940)

The reason fothis aspect isdue to the fact that they haexperienced and seen
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deteriorationin the lake Acidification is in particular named asfactor that has
worsened the quality in the lake&nother aspect to take into consideratisnthat
people felt thathere was more life aroundhe lake during the 1960960s, more
activitiesand the lake was usddr everyday life. Thep u b | percepti®s, on what

they believe is @esirable statalo infact follow whatWFD has determinethrougha

RC, undisturkd state and GES to be the overall goal for watanagemenin
Swedish lakedt does not mean that all stakeholders want to go back to a state before
human impactbut it still gives an indication of the basic values of gle®

perceptions an@hat theythought wasmportant.

Connecting these findings on what the desirable st@ethrough the publics
perception tdhe main research question in this studgds to the second part of that
guestion, namelydoes the calculated REorrespond with the perception of
stakeholders in the catchment arBaaring in mind that the calctil@ns or models of

the RChave not been shown to the publi¢ could bearguedthat thepeop |l e 6 s
perceptionof the mainaspects, which is hindering their view of a desirable state,
corresponds to what tHeC hasidentified. Of course the people cannot make direct
observations of pH or ANC but they are able to observe if the lake water has shifted
in colour, if algaebloom has occurred and if tHsh populationhasincreased or
decreasedror Rotehogstjarn the RRas shown that the lake is acidified and this has
been confirmed trough the observations of the stakeholders in the catchment
more importantto figure out a way of using thisonscientific knowledge that the
public possesses order togive a gretdeal of specific and important informatitm

help in classification of lakes

6.1.3 Public participation inside or outside the WFD
As this study has shown both from thealitative data collectedand the literature

review thatthe concept of PP in the WHB quite abstracand thatthe role of PP is
contradictingand undefinedThe fact that it is stated that the success of the directive
liesin thehandsof active participatiorfpreamble 14 and 4®utthe framework states

tha PP should be used to inform general public before final decision is taken (WFD
pp. 23). The uncertainty of what PP means to the WFD is verified by the perception of
the GW interviewed in this study. He argues that the use of RC is not a successful
way of giving information to theyeneralpublic due to the fact that the knowledge gap
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between pure science and for example a L@ery significant The GW also states

that using the concept PP to ragseareneswith regards to the undisturbed stdtees

not work, basically because the understanding that we should go back to before
human impat is notpossible and it becomes a discussion on basic values. Another
aspect of importances that the message of the undisturbed state is very difficult to
convey to tle basic values of the publiRault and Jeffrey (200&ponclude their study
arguing thathe success of PP is based on the adaption of political and institutional
frameworksto enable competent authorities and stakeholders to develop a learning
approach td®P.WFD by itself does nadlefinewhat therelationship betweeRC and

PPis, the link found in this study is more or less a paragraph in the CIS PP (2003).

is statedn thisdocumenthat PP can be usedrunimize uncertainty in detmining

the RCand that the local knowledge should be accepted asrtefponscientific)

knowledge in classifications of the lakgsgction 1.1)

Reflectingon the main research question in this stuabyain what relevance does RC

and &ES have tothe general public, skeholders angublic participationin the

WEFD, focusing on PPIt could be argued that the relevammween GES and AP
minimal or that PP will be relevant for RC and GES when all atiethodsncluding
modelling, historical data and expert judgembatve t@ many uncertainties and a
scientificinterpretation of the undisturbed state fails, then the PP becomes relevant for

the overall goal of the WFD.

6.1.4 The public as expert (non -scientific) knowledge holders
The inquiry of this study has showthat the local pgue have a greatdeal of

knowledge, in particulawhen discussing changes in the landscape, fish population
andvisible changes in water chemistifherespondents that have a close relationship
to the lake not only hrough their lifetine but also when the land has been in the
family for generationsthe amount of informationthey possesshtough direct
observations as well asoriesfrom older generationis veryvaluableinformation As

seen in section 5.1.30 1 states and gigestories on how the water was clearer
around 192a1940swhere he could see the pike in the wated after thidhie has seen
aworsening in his viewo the turbidity in the water. What is interesting to see with
the RC is that this study can confithe stéement that the lake water TOC was lower
in 19201940 tha it is todayandit is an indicatiorof the turbidity in the watendf we
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look at Fig. 5 and the plot of TQ#rs for Rotehogstjarnewe canidentify a decrease
of lake water TOC latén 19" centuryto a identified breaking point around 1950
whenthe TOC starts increasing in the water again and the water will not be as clear as
it was beforeThe desirable state that LO 1 statekich is the state when the water
was clear around 1920 from his pertep, adually correspondsvith the quantitative
datawith the observation of how the lakeas many years agdhis can in some cases
be very difficult to validate butavingthe benefit ofeconstructionsf historical data

it gives yet anothedimensionto the perceptions of the publM/hat is important here

is that by confirming the statements that the public make validation oftheir
knowledge and what | would argigethatthe knowledge locals possess is a key for
setting credible environmental bjectives for Swedish surface watetdsing their
knowledgeof the undisturbed statand what their view of desirable stasecan give
the possibility © use the locapeoplesacceptance of theémplementedmeasures,
awareness raisingnd reducing the wertainties with determining RC by validating
the modelling with local noscientific knowledge Olsson and Folke (2001) have
analysed the use of local knowledge for crayfish management in SwWiédeauthors
argue that the ussientific information comlnied with locally generated observations
and knowledge resdlin management practices that are constametgvaluatedand
reshaped for improved implementatiofihe great knowledge that the local people in
this study possess could be used in the sameofashiminimize the knowledge gap

as well as improve the role of PP in the implementation process of the WFD.

6.1.5 The use of the word natural condition , undisturbed state and
comparison value in water management

The view of natural state, undisturbed conditions emparisorvalue has followed
Swedishenvironmental qualitycriteria for half a centuryThe view of nature as a
natural state has been present within both sciendepalicy for a very long time.
Sectbn 4.1 in this study has shown the similarities between WFD and Swedish
environmental qualitriteria as well as where the conceptuotisturbed statevas
derived from. It is quite evident that the concept of naturalness has folEE@€din
Swedenand his is reflected inthe goals for Swedisburface watersver a very long

time period

Reflecting on the research question, where does the concept of undisturbed state

derive from and why is it used in the WE’he answer to wherthe concept of
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naturalness came from can only be speculatssutbut the historical view on the
Swedish EQC gives a good indication bbw it has evolvedin Sweden for
approximately 50 year¥'et, it has managed to keep its view that the natural state or
undisturbed state is the state we shaeklch.The reason why it is used in tNéFD

can only be speculatezh. This concept has been around for a long tim&weden

and is well establishedt could bearguedthatthe Swedish view on the naturalness
has influencedhe specifications of the technical annexes in the WFD. The above
statement has been discussetlagaceé et al (2008) where the appen@dippendix|)
shows that Sweden was one of the countriesvilea¢ very active in development of
the tecimical annexeslt could perhaps be argued that itthee Swedish (as the GW
states) romantic view of nature that has framed the conceptdi$turbed state and
RC in the WFD.Further investigation is needed to with certainty argue the origin of

the word umdisturbed state.

6.2 Comparison between calculated and modelled reference

conditions for ANC
On of the main outputs of the MAGIC model is AN&nhd it is of importance to use

precise calculations of this parameter for acidification assessment for Bvaddis.

As mentioned above, the MAGIC model (Moldan 2003) assumes steady state
conditions for TOC and pCQequal to the levels of 1997. Figure 4 shows that the
levels of TOGrs for the analysed lakes have changed during the time series. When
comparing ANCyp, macic With  ANCo, giatomnirs @Nd ANG . giatomtoc SOMe  clear

distinctions can be made.

Comparing ANG, macic With ANCy_giatomroc ANCo macic Shows higher ANgvalues.
Of the 20 calculated lakes 14 show lower AN@lues then ANE macic. Six of the
20 lakes are outside the uncertainty intet+ 0.3 diatompH (Fig. 6). A different
result is shown when comparing AbGiawomnirs With ANCo macic Whereas eight
lakes fall outside the uncertainty intent 0.3 diatompH (Fig 7). The calculan

shows that 15 of the 20 lakes show higher ANg&ues with ANG macicthen ANG,

diatomNIRS-

Some conclusions can be drawn from using historically inferred values ofdC
calculation ANG for acidification assessment for Swedish lakes. Wetednulating

ANC with ANCy, giatomtoc @ lower ANC is show in comparison with AlNGiacic but

44



the mean difference between the two calculation methods are still high so the fit is not
optimal. Comparing ANE giatomnirs With ANCo macic @ better fit is gemated
between the two calculations but still MAGIC shows higher AM&ues. It is argued

that it is important to use reconstructed-pr@ustrial reconstructions in the form of
TOCurs and diatom pH when calculating RC for ANC. It could be further disac

if the MAGIC model overestimates the ANC for the analysed lakes, in reality this
overestimation of ANC would lead to an exaggeration on the effects of acidification
of Swedish lakes.

6.2.1 Comparison between calculated and modelled reference
condition s for pH ¢
Calculation ofpHy for acidification assessmeimt Swedish lakesletermined trough

opH and opH is the difference between undi
i . e. eppHH Significant acidification is defined app H =¢pH > 0,4 pH

units. In this study the importance of reconstructed-ipdaistrial TOGrs IS

discussed in comparison with steady state conditions as it is assumed in the MAGIC
model. This is then compared with the reconstructions of digidm

When comparingHo, uni. Toc & pco2and pHo, spec TocNirs & pcoz@ mean difference of

0,18 pH units are shown in the analysis. When comparing the two calculations done in
MAGIC with diatompH a substantial difference between the two calculations are
identified. MAGIC pHo, uni. Toc & pcozshows a mean difference of 0,38 pH units while
MAGIC pHo, uni. Tocnirs & pco2 Shows a mean difference of 0,21 pH units. The mean
difference betweeMAGIC pHo, uni. Toc & pcoand diatorrpH are at the same level as

the determination whier the lake is significantly acidified or not. For the lakes in
this study, usindMAGIC pHo, uni. toc & pcod0 determine RC, 13 of 16 lakes would be
classified as significantly acidified, which is 81%. When using reconstructed values
of TOCyrs and calculated pCseven of 16 lakes would be classified as significantly
acidified, which is 44 %. Six of the 16 lakes would not been classified as acidified
when usingMAGIC pHo, uni. Toenirs & pcozin comparison with iIMAGIC pHo, uni. Toc &
pcozWwoud have been used. This is an important comparison when classifying lakes to
reach the overall goal of GES in the WFD.
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6.2.2 The relationship between science and policy in determining
the reference condition
Given the above discussion on the substanti&réncesin methods and input for

defining the RC, it becomes clear that the methods chosen have an influence on the
decision whether a lake would be classified as acidified or not. In this fairly-small
scale investigation, six lakes would have reache® @E&nother input was given to

the MAGIC model (only looking atpp H The discussions in section 4.2 on how
science and policy interact in the WFD, where the WFD uses the concept of evidence
based policy making, science has the role of legitimising tlusidas taken by
politicians. This way of taking decisions would lead to transparency and decisions
taken on the basis of facts. From a scientific perspective, the concept of RC has been
criticised quite substantially and there is still a gap betweenolbeof science and
political decisioamaking that has somewhat set its faith on RC. As seen in this study
there are quite large uncertainties in determining the undisturbed state, and still, 11
years after the implementation of the WFD, science appearsstruggling with this.
Therefore, we cannot with confidence say what the RC is for Swedish lakes and we
might never be able to. This study has shown that different inputs to the model would
results in different conclusions regarding the classificatioris smnificant
acidification. The statement above (from the authors perspective) are of course made
with a great deal of caution around it, because the calculations of RC in this study are
not without uncertainties. Therefore, but the point is that thertaictes in science

need to be taken into consideration when political decision are made.

Lagac® ( 2010i8 the mlbred lewveen liow much a scientist needs to
produce to be happy with the outcome and how much science a policymaker needs to

be supported in making a political decision ( p p . 429) . There have
in the scientific literature to the RC. Stoddard et al (2006) propose an alternative way

of using the concept of RC, namely minimally disturbed conditions (MDC) that refers

to areas that only show a slight sign of human disturbances. Least disturbed
conditions (LDC) refer to lowest sign of human disturbance in an area with extensive
human disturbances. Best attainable conditions (BAC) refers to a state that is a state
better han any in existence in a heavily modified region. BAC differs from the above
mentioned conditions because they might not be achievable. It is important to state

that there are alternatives to the use of RC in the WFD. The interaction between

46



science and@!| i cy mi ght romanticaview ofinateie t casa tihe GW st a

lead to an unwarranted use of RC instead of using an alternative applicable and

effective guideline to manage waters in Europe.

One of the sulbesearch questions for this study wasw the relationship between
science and policy and how the role of science and policy functioned within the WFD.
As shown in the above discussion as well as in section 4.2 there is a clear indication
that the political role has overwhelmed the scientiipacity in determining the RC

for surface waters. The view of keeping nature, in a natural, pristine condition is not
something that just has been in WFD but is has followed Swedish ECQ for more then
40 years (section 4.1). It is shown in this study thigtvery difficult to determine the

RC. Two different models gave different results and when the results of two model
showed a mean difference as large as the definition of significant acidification. The
uncertainties of using the concept of RC, as defined in the WFD, make it difficult

to foresee that complexity it brings on the scientific knowledge. In any event, whether
it is science that has promoted itself enough to validate the technical annexes or if it is
the political decision making thatverestimated the capability of science, it remains
important to highlight the uncertainties of using RC as a way of measuring the quality

of water.
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7. Conclusions
This study has analysed the two cornerstones in the WFD, public participation and

good ecological status. The two cornerstones could conceivably have contradicting
perceptions of defining the goals of the WHInis studyraised as its main research
guestimm what relevance reference conditions and good ecological status have to the
general public, stakeholders and public participatemd it went on to ask ifthe
existing calculated reference conditions of good ecological status corresparttd

the percepon of stakeholders in the catchmenhe study hashown the difficulties

of calculatingRC and how significant the uncertainties in the calculationsfare

classification of Swedish lakes.

This study has shown that the two cornerstones iWR®, which supposedly should
work as a unit to support effective management of Swedish surface wateraiadiy,

facttwo separate cornerstoneghout aneffectiveconnection

Local Knowledge
Information
Uncertainties Public Participation

—

Local knowledge as valid information Good Ecological status

Expert judgment
Historical Data

Maodeling

Figure 11. The relationship between the two cornerstones of the WFD.

[The definition of GES is in the initial step and if a classification can be confirmed, then its the
connection to PP is trough information. If there are to many uncertainties and science cannot
estimate the RC the connection between PP and GES is to use local knowledge as valid
information to help in classifying the undisturbed state according to the WFD]

Calculating the RC with the different methods to determine @E®ssifya surface
body is in the first step of the WFD, if a proper classification can be made, this will be
information given to the stakeholders as public participation. If the uncertainties are
too substantial and the mentioned methods cannot determine eh&®&@l¢ of the
public becomes more evident, their local expertise will be used to help in determining
the RC and accordingly classify the lakes with the participation of the general. public
This is illustrated irFig. 11 As shown in this study the uncartaes associated with

calculating the RC can be largeenough to influenceahe classificationtowards
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significant acidificationdependingon which methodis chosenWhat is important to
state is that the local people in a catchment area do have greae#&gewlfhistorical
conditions and the visual understanding of what speddterioratiorhad taken place,
and even posses ideas abaubhat might have caused therfihe concept of local
knowledge could in many cases be used for setting credible and atedptgkts
whereby the understanding of the locals miglaintribute toeffective management of

Swedish lakes.

The overall interpretation of the relevarered correspondenad RC for the general
public in this study has shown that such relevance exigHowever,the basic values
people hold about cleaend unpolluted lakesorrespond wellvith what the overall

goal of GES for lakeds, eventhought inthis study most of the respondents felt that
this goalwas not achievableFrom a governmental approatbo the concept of
undisturbed state or RC is not an appropriate way of convey the information due to
the knowledge gap between the understanding of the locals and the classification of
the WFD.

The final statement of this éBisin relation to the research questisnthatthe two
cornerstones in the WFeéxisttoday,asantagonistic polessiven that the RC is based
on scientific knowledge the issue statb become complexvhen locals without
scientific base are expected pmarticipate WFD places an emphasis on local
knowledge as the last acceptedn of knowledgewhen the uncertainties in the other
approaches aredadarge. Thiswould support the idea thate shouldstop placing so
much focus ordiscussing RC and stddcusingon basic valuessuch ashealthy and
clean water and then maybe we will have directive thatwill present itself asa

harmonious monopole
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7.1 Future research
This study igfar from being acompletestudy. Moreresearch is needed to explore the

connectiondbetweenGES and PP in the WFDThis study was performed during a
short time in a small municipality in Sweden, and | believe a larger study needs to be
contacted in other areas to be able to identify the rdifite perceptions, looking

beyond representation done in this study and one lake.

| am well aware that this study has been a sswlle investigation, in particular the
sample size and representation of the interviews done in the field. There ista need
explore representation of the study to include more stakeholders and even more lakes
to have the possibility to critically investigate the role of PP and GES with in the
WFD and how these two cornerstones could be held together. However, even with the
sample size and representation it still reveals a first glance of public perception, what

they believe is important and the great knowledge the public posses.
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