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Abstract

Water management is undergoing a transformation towategration, source control

and ecological thinkingln the EU, the Water Framework Directivean beconsidered

asa driver towards this new approach to water management. Innovations are deemed
necessary to deliver this ideal of water management. In this teierts by water
sewerage companiés England& Walesto rectify agriculural pollution at source are
viewed as an organisational innovation towards more sustainable water management.
These source control interventions can help achieving the goals ofVdter
Framework Directive by reducing diffuse pollution from agricultureostering

participation in water management and by reducing overall cost of implementation.

This thesis contributes to understanding the process of change in water management by
devdoping a model of the innovatiedecision process. Insights about how innovation
and therefore change can be influenced is generated by applying this maddel to

process ofource control interventioadoption bywater and sewerage companies

This researth employed a flexible research design using comparative case skatibs.
of the 10 water and sewerage companies in England and \Wepessented an
individual case.Data were collected in two phases using sstmictured interviews
with selected water ral sewerage company representativéfematic analysis,

recurrence counts and content analysis \apmiedto analysanterviews.

It was found that water companies are likely to contribute towards integrated
approaches to water management, since thera tendto adopt source control
intervention Change in water management is influencedthy interaction ofactors

from the domains dNaturatPhysicafi drganisatioal Characteristic§ dRegulatory
Institutionaband 6 | n n o v tibuiesh Mhe Aate b change by water and sewerage
companieds governed by a combination of asset characteristics, environmental state
changes and the funding cyckirthemore,innovation is triggeretby direct regulation

and regulation that requires the gathering of imiation. Contrary to this flexible or
framework regulation performs better in guiding the direction of change.

Keywords:factors, catchment, innovation, flexible design, water framework directive
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Chapter 1 Integrated water management and innovation

Chapter 1

Integrated water management and
Innovation

1.1 Change in water managementi an organisational innovation

perspective

Scholars and practitioners argue ttig present water management system cannot stand
up to the challenge of improving the aquatic environment while pressures from climate
and population increas@Mitchell 2006; Niemczynowicz 1999; Novotny & Brown
2007 PahiWostl et al. 2008) They advocate the tramion towards more sustainable
water managemerpproacks away from the throughput of resources in a centralised
system, towards integration across sectors, actors and disciplines; making use of
wastavater re-cycling and source control in a decentralised system that is based on

ecological thinking.

In the EU, the Water Framework Directive or WEBC 2000)can be viewed as a
driver for change towards such sustainable water management approaches (see the
preamble of the WFD)I'he overarching goal of thR&FD is to achieve good ecological
status and to prevent further deterioration of all waters in the EU. Contrary to previous
EU directives, which focused on chemical parameters to assess water quality, ecological
status is an assessment of water qualay tombines water chemistry, morphology and
biological indicators. The WFD alsmtroducesthe river basin (i.e. hydrological
catchment) rather than administrative boundaries as managementtueigsilires cost
effectiveness and public participation iretprocess of implementation; states that water
management should, as a priority, rectify pollution at sqQuaoel that the polluter
should pay. Article 7 of the WFD asks member states to establish water safeguard zone
for drinking water abstractionso avoid deterioratiorof water resourceandto reduce

the level of purification required.



Chapter 1 Integrated water management and innovation

Examples from NYQCouncil 20@) or Germany showHeinz 2003ajow theideals of

the new approach to water management can be put into practice. Theyaoaisi pr
evidencehat, by attempting to control pollution ithe hydrological catchmerenefis

for the environment,agriculture,water utilities and their customersan arise Other
example that follow the new ideal of water managenmshw how wastewatean be
reused for toilet flushing or washingy employingsimple treatment options and-re
piping of householdgNovotny & Brown 2007) Technologtally more advanced
examplesfrom Australia and Singaporéhey show that by applying a combination of
innovative technologis (desalination, membrane b@actors, demand management)
wastewater can be pfied to levels that enable irdirect potable rewes(National Water
Commission 2008; Seabt al. 2008) Here treated wastewater is discharged, for
instance into reservoirs from which potable water is abstracted. Yet, other approaches
such as Sustainable Urban Drainage Systems (SUDS) and separation of\\gatésice
from sewerage infrastructure improve the effectiveness of wastewater treatment and
avoid @mbined Sewer Overflows (CSOs), while not requiring technological advances

but rather a reonceptualisation of traditiondrainage practice

From theexampls above, it becomes apparent thelhange in water managemasta
result oftechnological progress and innovation, but more importanttyatprocess of
implementing these technologids other wordsthe challenge o&chievingchange in
water managemeis more a matteof adoption of available knowledge and technology
ratherthan developing it anew. This is so becausaecmof the required technologies
andknowledge isalreadyavailable but there is inerti@f relevant actors to adopt these
innovatiors (Daiggeret al. 2007) Thomas and Ford (2005) as well as Cave (2009)
argued thatwater and sewerage companies (WaSsE&W give preference to
engineering solutionleading to the replication of traditional approaches to water
management Furthermore these authorssuggestd that WaSCslack a systematic
approach to R&Dherefore stiflingo the adoption of innovation.

In this studythe population ofVaSCsin E&W, akey player in water managemegsee
next section)are used aa case study example to investigate finecess of change in
water managementTheories of organisationahnovation and decision making are

employedas a theoretical framework. Innovation defined as the adoption of a
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behaviour, practice, object or idea perceived as new to an organigatigaers 2003)
This definition is adopted fothis researchbecauseit focuses on the adoption of
existing knowledge otechnologynew to an organisatigrrather than investigating
artefacts or behaviounsew to the worldMore specifically this thesis examines the
adoption process @ource controinterventions (£1s) as aninnovation.SClsdescribe
efforts by water suppliers téackle drinking water pollution byagricultue. Evidence
suggestthat SCishave in E&W, only been adopted in few isolated cagAndrew
2003a, Ofwat 2009a)while there e more common in Germany, the Netherlands and
France (Brouweet al.2003a).The initial explorative part of this research indicated that
this situation isn the process athange, thusffering an opportunity to investigatbe

factors influencinghange in water management.

Literature suggests thatriovationand change should be perceivedaasulti-factorial
procesqdel Rio Gonzalez 2009; Geels 2002, see also Chaptétri)affected by the
organisatios capability to adopt knowledge and technglogurthermore, nnovatiors
will only be adopted ifit can be embedded in suitable regulatitameworks, markets
or other groups of actors (e.g. private households, NG¥@s)er evidence is provided
for the impact of naturahysicalfactors in shapinghe opportunities of organisations to
change(Russo 2003)Finally, the processf innovation adoption is also a function of
the attributes of an innovation itself.

In this research rganisational innovatiotheorieswere employedas a framework of
investigating change in water managemenhese theoriespropose to viewthe
organisation to exist in a multi factorial enabling environment for chéRggers 2003,

del Rio Gnzalez 200Q This endled in particular those authors that studied
populations obrganisationsto make claims about present and future change as svell a
the factors that influenced innovati¢@leff & Rennings 1999)Authorsthat followed

this tradition alsqorovided evidence for the impact of natural physical fact@sisso
2003)and innovation attributg®kogers 2003)

An alternative concepto the organisational view of innovatias the multi level
perspective, here the | evel of dCeald & s i s
Schot 2010Q)fiThose organisations that in aggregate constitute a recognised area of

institutional life: Key suppliers, resources, and product consumers, regulatory agencies

3
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and other organisations that prodeicservice or products The challenge of this
approach is to investigate change at these different levels. In the present study the
application of the multi level perspective was not feasible due to the scale of the enquiry
this would entail (i.e. study éhpopulation of WaSCs including the organisational field
surrounding each WaSC). Furthermore, the multi level perspective does not account for
the natural physical factors and innovation attributes which may affect innovation

adoption and change.

In the net section relevant background about WaSCs and their regulatory framework
will be provided Thereafter, SCIs will be defined and described as an innovation for
WaSCs in E&W(Sectionsl.3 & 1.4). In the sulBequent two section&ectionl.5 &

1.6) the knowledge gaps in the understandingM#SCsinnovationprocessand the
factors affectingt, are discussedcrom thes knowledge gaps the research questions are
derived and the contributions of this research specifigection1.7. & 1.8). This
introductory Chapter concludes by giviagoverview of the thesis structure.

1.2 Water and sewerage companies antheir regulatory framework

The unit of analysis in this study were the 10 WaSCs in E&W. In 1989 ownership of
water and wastewater assets was transferred to private underfdkensesulted in the
creation of 10 relativellarge (turnover in 2007 £m 314334), vertically integrated and
fully privatised WaSCsHKigure 1-1). These private organisations control all aspects of
water supply and sewerage services (i.e. from abstraction to dischargehavediye
following statutory dutiess defined in the Water Act 2003K 2003}

ot0 develop and maintain efficient and economical systems of wwatksewerage
service provision;

t0 ensure a secure servidenater in a sufficient quality;

oto adhere to the prescribed discharge of pollution into waters regulated by
discharge consents

oto canply with abstraction licensgs

oto draw up 25 year water resource plans and drought management plan
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Figure 1-1: Map of the 10 water and sewerage companies (WaSCs) in E&{ifom DWE 2010).

These statutory duties are controlled in a regulatory framework that ersaks

protection, equity,efficiency and environmental protectiomhe key regulators of
WaSCs areghe Environment Agenc{EA) the Office for WatelServices (Ofwatpnd

the Drinking Water Inspectorate (DWFigurel1-2).

The EA the Ofwat, and the DWI are the non departmentablic executive bodies to
the Department for Food and Rural Affairs (Defthg UK governments department

responsible for the formulation of policies on the environmEmse non departmental

bodieshave to adhere tihe policy guidelines formulated by Defra.

The EA is responsible for the monitoring and enforcement of environmental regulations

including discharge consents and abstraction licendes.EA is alsothe competent

authorityfor the implementation of the Wk

In the absence of a water market Ofwat is responsible for economic regulation of private

water companies. To ensure efficiency and equity Ofwat carries out Price Reviews (PR)

in a five year cycle. For these reviews WaSCs need to draw up Businesméllztiag

Asset Management Plans (AMPs), which have to be approved by Ofwat. Using these

information Ofwat conducts a comparative assessment through which it determines

water bills, operational expenditure and capital investment of Wédas 2006) The
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currentAMP (AMP 5) follows on from the PR 2009 (PR09) and commdnceApril
2010(Ofwat 2009a)

Policing the quality of water delivered by water companies to customers is the duty of
the DWI. The DWI has the legal power to enforce adherence to drinking water quality
standards. For PR09 the DWI requires WaSCs to develop drinking water safety plans
(DWSPs), so safeguard the health of water customers (Sé&c2@n

Brinking Watlor it e AU Environment Agenc
Inspectorate Services (EA) gency
(DWI) (Ofwat)
Set price limits
Police drinking envlizrgfr?rrn’::ntal
water quality Water ortormante

Companies
(WaSCs)

Figure 1-2: WaSCs regulators in E&W.
Natural England (NE) is another non departmental public executive meaningful to this

study, as it is delivering the catchments sensitive farming inigCSFI) on behalf of

Defra. In Chapter 6 it will be shown that the CSFI plays a crucial role in motivating
WaSCs to adopt SCI s. NE is the gov(dE nment 0 :
2010b) Furthermore, it has statutory functions relating to wildlife protection and the

agrienvironment and rural development.
1.2.1 CSFI and Agri-environment schemes

The catchment sensitive farmimgtiative (CSFI) is a Defrdunded (£12.9m annually

from 20082010) initiative which is part of the governments response to meet the
requirements of the Water Framework Direct{izefra 2009a) The initiative is also
anticipated to contribute towards achieving conservation objectives under national and
EU policies (e.g. Habitats Directive). It operates on priority catchments which are
sensitive to pollution from nitrates, phosphorous and sediments. The CSFI was rolled
out in 2006, initially comprising 40 catchments. Due to the success of the initiative 10
new catchments have been added. In total the area covered by the CSFI accounts now
for about 40% of agricultural land in Englafidefra 2009a)
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The CSFI roles are described by NHRsfra 2009a)

e encouraging changes in behaviours and practices by engaging with farmers
through workshops, seminars, farm demonstrations,-hegf groups and

undertaking 1:1drm visits delivered by Catchment Sensitive Farming Officers;
e co-ordinating Catchment Steering Group activity;
e undertaking communications and publicity;
e signposting of agrenvironment schemes and other incentives; and
e assisting farmers with CSF Capi@rant applications.

Since the CSFI does not aim to tackle pesticide pollution to water courses EN has
entered into a partnership with tipesticideVoluntary Initiative (VI). The VI was
formed in 2001, it is funded through sponsorship by organisatmmhgding the NFU.
Staff of the VI will assist the CSFI in pesticide risk assessment of catchments, provision

of best practice advice.

As a result of the CAP reform 2003 and 2084number of agrenvironment grants

were introduced in E&W. It is beyond tlseope of this thesis to discuss these reforms

in detail (for details see Kagt al. 2009; NE 2010a)The key point for this research is

that these grants make finances available to farmers to prevent water pollution from
agriculture As argued above (see also Chapter 6) these grants also acted as sicentive
for water companies to adopt SCIs, partly because to access grants farmers may require

advice and support.

The two key grant schemes in E&W are the Entry Level Steward (ELS) the Higher
Level Stewardship (HLS) schemes. ELS provides grants to farmedefioery of a

range of 50 different options to improve environmental quality (e.g. buffer stripes,
fencing, reducing of soil erosion). HLS is an extension to ELS. They offer additional
grants for more complex environmental management activities thateeaplice and
support. For instance they require the development of a Farm Environment Plan, which
include an inventory of the condition of any features of historical, wildlife, resource

protection, access and landscape interest.
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1.2.2 Drinking Water Safety Plans
The DWI describes drinking water safety plans as:

AThe most effective way of ensuring that
and that it meets the health based standards and other regulatory requirements. It is
based on a comprehensivisk asessmenand risk managemenapproach to all the

steps in avater supply chaifrom catchmento consumer 0

Amongst other things the DWSPs require WaSCs to have a thorough understanding of
each element in the water supply chain including the catchmengemerate this
understanding the DWI recommends having appropriate monitoring in place and the
development of a team of experts. Subsequently, WaSCs are required to identify the
most measure to control risks, taking into consideration all elements of tieswpply

system.

Of interest to this study are the requirements of the DWSPs with respect to water

pollution risk arising from the catchment. In brief the DWSPs require WaSCs to gather

data including the hydrogeology, land use, water source type, skasoiaaility of

water quality etc. Thereafter WaSCs are required to identify and asses the hazards
arising from the catchment. Recommended control measures in response to identified
risks do then include catchment management, reservoir management aegicstra

compliance planning.

1.3 Source control interventionsa broader definition

Throughout the EUwaterpollution from agriculture is one of the main reasons for the
poor quality of water resources. Nitrates in groundwater or phosphorous (nutrient) in
surfae waters are natural phenomenon, caused by the percolation of water through soil
or by the ruroff of water from land. The levels of these substance in surface water and
groundwater can be significantly increase by agricultural practice in terms of tutrien
application (or their handling), soil cultivation and drainage. In addition, pesticides
applied by farmers or land managers may be detected in ground or surface waters. The

cost to drinking water companies in E&W for treating water polluted with nifrates

a
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pesticides or nutrients originating from agriculture have been estimated to total between
£127m and £148m annuall@®'Neill 2007)

By changing agricultural or land management practices, pollution to drinking water
sources can be reduced, resulting in environmental and economic benefits. Examples
from the USA show that activities which aim to control pollution from agriculture at
source can avoid significant operational and water treatoosts Table1-1).

Table 1-1: Selected US cities that have avoided construction of filtration plants through catchment
protection (adopted from Postel & Thompson 2005)

Metropolitan area Popul ati on [ 10 Avoided costs through catefent
protection
New York City 9,000 $1.5bn spend on catchme

protection over 10 years to avo
at least $6bn capital costs al
$300m annual operating costs

Boston, Massachusetts 2,300 $180m avoided cost
Seattle, Washington 1,300 $156200m avoided cost
Portland, Oregon 825 $920,000 spend annually 1

protect catchment is avoidin
$200m capital cost

Portland, Maine 160 $729,000spend  annually
protect catchment has avoide
$25m in capital costs an
$725,000 in operating costs

Syracuse, New York 150 $10m catchment plan is avoidin
$4560m in capital cost

In an EU context, cases studies form the Netherlands and Germany showed that SCls by
water companiesan contribute towards implementing EU water directives such as the
WFD (Box 1-1) and that theycan & more cost efficient than treatment alternatives
(Andrews 2003b; Bacht al. 2007; Heinz 2003a)lhe experience in the Ei$ based on
investigations of agreements between water suppliers and farmers; whilegbdéoras

the USA used the city as the unit of investigation. This entails that the investigations in
the USA include other constituencies than solely water suppliers and the farming

community (i.e. municipalities, local governments).
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Box 1-1: Benefits of SCls for WFD implementation (Heinz 2008)

e Preventing pollution and reversing trends (WFD Article 1).

e Contributing towards drinking water protection in terms of reducing wager
pollution below statutory limits (WFD Article 7).

e Offering a means for cost effive implementation of the WFD through win
win situations such as more efficient farming methods and cost savings injthe
water sector (WFD Article 16(6)).

e Supporting the objective of the WFD for public participation (Article 14
through seHregulation beween water suppliers and farmers.

e Producing learning outcomes which maybe transferred to a river basin scale

N

For the purpose of this thesis focus is on the interaction between water suppliers (i.e.
WaSCs) and the land managers or farmers. Source comi@iventions are

characterised as follows:

e SClIs are based on the -operation between WaSCs and farmers or land
managers. This can also include the interaction between WaSCs and farmers via
intermediariesIntermediaries are defined awdividuals or orgaisations who
facilitating change in agricultural practice (i.e. agronomists, NGOs,
governmental catchment officers).

e SClsare intendedo rectify agricultural pollution at source through change of
farming practices.

e ScClsaretargeing specific raw watequality problem.

e SClsareoperatngat a catchment scale.

The characterisationof SCls adopted in this study is broader than the definition
employed by other authors. For instance Brougtaal. (20033) characterised a specific

type of SCls, namely Goperative Ageements (CAs) as follows:

e CAs are established on a voluntary basis between farmers and water suppliers
(but can include other stakeholders) and rely on the self interest of the parties

involved;
e CAs are based on the sedfgulation among actors;

e CAs invdve the water supplier, either in the negotiation process and/ or in the

provision of financial resources;

10
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e CAs target specific areas (e.g. catchments, water protection zones) of different

size.

For the case of France, Brouwatral6 $2003) indicated that this definition of CAs
was too narrow to capture the various ways in which WaSCs can rectiffigolat
source. Brouweet al. (2003) argued:i As t he i nvol vement of
geneally limited in the French CAs most of them fall outside of our strict definition of
C A s Likewise, Andrews(2003a) who investigated CAs in the UK, recognised that
this definition resulted in the exclusion of activities such as the production and
distribution of leaflets by WaSC and the-@peration of WaSCs with green NGOs or
governmental bods. Thus, by framing the research in terms of CAs these authors
omitted certain interventions from analysis which aim to address pollution at source.
Thereby they also excluded consideration of approaches which can facilitate an
integration and participatn in the process of water management as advocated by the
WFD. By adoptinghe broader characterisation of SQiposed irthis study a greater
variety of SCIs than other studiedl be described

1.4 Source control interventions an innovation for WaSCs

In E&W source control intervention aratchment management activities by WaSCs
have, until recentlybeen the exceptiorAndrews (2003a)found one WaSC to have
implemented CAs in 2003. Similarly data from the last price review in 2004 suggest
that only two organisations applied for funding of catchment management schemes
(Ofwat 2009a) Hence this evidencandicatethat SCls haven the recent pasinly been

adopted by a small minorityf SCls in isolated catchments.

This is partly so becausmurce controinterventions have until recently not been part

of the responsibility of WaSCs. Theyere rather concerned withe maintenance and
operation of water treatment assets and supplyvarks. Furthermore, Andrews
(2003a) suggested that the economic regulation of privatised WaSCs in E&W was a key
barrier to the adoption of CAs, since they were not permitted to raise money for land
managemet activities through customebills. To stimulatethe adoption of CAs
Andrews (2003a) recommended the removal of regulatory barriers and establishment of

agrienvironment schemes. More recently Ketyal. (2009) arguedthat the new agti

11
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environment schemes introduced as a result of the Common Agricultural Policy reform
(CAP; EC 2003)provide an incentive for WaSCs to enter into SCIs. They proposed that
these schemes offer an opportunity for WaSCs to fund and to encourage farmers to alter
agricultural pactices. In addition to the changes driven by the CAP the implementation

of the WFD has progressed since Andrews?®o
initiated policy changes which give opportunities for WaSCs to adopt SCls.

The brief review ofSCls inthe last two sectionwould suggest that there is a need to
update the state of implementation of SCls in E&W in terms ofctieracteristics

(types of)of SCls adopted and the number of WaSCs adoftiem
1.5 Lack of innovation process understanding of WaS€in E&W

WaSCs in E&W havebeen criticised for a lack of an overall holistic or systematic
approach to innovatiorfCave 2009; HOL 2007; Thomas & Ford 200%)hich is
deemed necessary to prepare for the water management challenges ahead (e.qg.
population growth, climate change). Having identified thisdaguacy authors have

made several recommendatoof how best to stimulate innovation. Amongst these

recommendatiogiare(Cave 2009)

1. Companies should be given a greater efficiency incentive for significant and
sustained outperformanéee. efficiency and serge outperformance)

2. To give the industry the confidence it needs to invest in new ways of working,
the UK andWelsh Assembly Governments aneédrlators should agree clear
objectives, including legislation and guidance, and communicate them in a
timely fasion.

3. UK and Welsh Assembly Governments, the industry, regulators, suppliers, the
research councilshe Technology Strategy Board and other stakeholders should
come together to produce a vision for the industry enedtea national water
research and delopment body.

4. The economic regulator should be given a statutory duty to promote innovation.
The Office for Water ServicesOfwat i see Chapter 43hould also have a
statutory duty to report to the UK and Welsh Assembly Governments every five
years on theneasures it has taken.

12
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5. The government shouldneourage both head-head competitioni where
companies seek to replace each other to gain market shark collaborative
competition i where groups of companies work together to attract new

customers

Whilst these recommendations may be effective in stimulating more or better
innovation, evidence for this has not yet been provided. For exathplauthor is not
aware of research which has shown that encouraging efficiency has lead to innovation
in the wate sector. With regardséo recommendatioffive above it is also unclear
whether any of the forms of competition proposed will stimulate innovation of WaSCs

successfully and whether it will steer innovation towards desired outcomes.

It appears that these canmendations were developed without specifying the
innovation process they are trying to influence; since the author is not aware of any
description of such processes for WaSCs in E&W. Influencing a process without first
generating an understanding of tpeocess itself is likely to generate unexpected
outcomes. For WaSCs in E&W experience from other sectors, in particular network
industries (i.e. energy suppliers), are transferred to WaSCs. However, there is a lack of
understandin@f innovation from theNaSCs perspective in terms of the proesssid
decisionmaking involved in adapting to change. Understandimgethrocesss might

also assist the economic regulator in more adequately promoting innovation
(recommendation four)The development of such eonceptual model of WaSCs
innovation can contribute to an appreciation of where and how specific measures affect

the process.
1.6 Factors affecting innovation by WaSCs

Transferring the understanding of the innovation processes from other sectors to the
WaSCsmay also be inappropriate because factffecting innovation are context
dependentin particular WaSCs ability to adopt innovations maybe influenced by the
spatial characteristics of theagrritory. This is because the Y9aSCs inE&W operate

within a specified territory or water supply catchment.likie other network industries,

for instance rail or eergy, WaSCs cannot expand im@w areagcommon carriage for

large water supplies is an exceptioR)irthermore, WaSCsinlike other sectorsieed to

13
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source their raw material.¢. water) almost exclusivelyfrom these catchment3hus
WaSCsare significantly inflenced by the land use practices within their territoties.
particular when considering that, with few exceptions, water companies do not own

land in these catchments.

Indeed, the geography of WaSCs water supply catchment largely dictates organisational
characteristics of WaSCdn the present stugyge ogr aphy descr-i bes
Phys i c a:lhgdrolbgy,dandusesand demography in WaS@tchment areas. In
other words aspects of humareography are included(i.e. patterns of human
distribution and behaviour in space see Massey 2881yell as physical geography

(i.e. hydrology, soils, geomorphology, ecology Polmin 2001)

To clarify why water supply catchments have a significant influence on the

characteristics of WaSCs as an organisation consider the following

e The physical geography determines the localtew quality for instance
through mediating rwoff patterns, soil erosion, nutrient load, hardness,
water source and temperature. Thire physical geography has an impact
on the type of water pollution and the vulnerability of pollution of WaSCs
water esources.

e The hydrogeography in different areas can influence number, size and
technological requirements of water treatment assets. For instavee
intakes are usually larger than groundwater abstractions, but require more
sophisticated treatment pexses.

e The size of the population supplied with water is direafigociatedvith the
economic turnover of WaSC€onsequently, WaSCs which serve a larger

population have larger turnovers.

This leads to two conclusions. Firstly, transferring assumptionstatow to affect
innovation from other sectors to WaSCs may not be appropriate, iadactors
affecing the innovation process differ. Secondly, there is a need to corisibtrat
Physicab conditions when studying WaSCs innovatiokspeciallywhen considering
that there is considerable variation between WaSCs, which may influence their

opportunity to respond through SQ[Bable 1-2). So farthis relationship between the

14
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O BturatPhysicab environment and innovation has pnbeen investigated by few
researchers. For WaSCs in E&W there is little understanding ofdNaturatPhysicab
factors influence innovatignalthough recenyl this hasbeen appreciated by Cave
(2009).

Table 1-2: Descriptive statistics of WaSCs characteristics

Descriptor Mean SD Max  Min
Environment
Groundwater abstraction (% of total) 24 23 71 4
@ Surface water abstraction (% of total) 68 26 95 22
b Catchment area water (Kjn 12184 5775 21874 4638
E Land cover: urban, industrial and mining (% supply ar 9 4 17 4
§ Land cover: Agricultural areas (% supply area) 70 9 83 58
S Land cover: Forest and semi natural areas (% su
O area) 14 7 29 7
5 Demographic
E Total connectegroperties to water (000) 1903 1129 3509 511
% Supply/demand balance 06/07 (Ml/d) 0 106 178 -214
O Distribution input 06/07 (Ml/d) 1241 785 2642 363
: = _Assets
_ .. _Length potable water mains (km) 26380 11859 44537 11067
c o Length sewers (km) 29462 19657 66898 8738
© ®  Number of WTW 94 47 181 31
? ; Number of STW 579 231 1017 349
O = Financial
© O Mean turnover 007 (Em) 752 388 1334 344

1.7 Aims and objectives- research approach

The overall aim of this study is tevelop a modeof the process of source control
intervention adoption and to determine the factors influencing the adoption of these
interventions by WaSC in E&W.

In support of this aim the following research questions were formulated.

.  What are the types of source tmh interventions adopted by WaSCs in
England and Wales?

II.  What are the factors influencing the characteristics ofathegption process of
source control interventions by WaSCs?

lll.  What are the implications for innovatidecision theories?

15
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IV.  What are the impliations of the findings for the implementation of water
regulation (e.g. WFD)?

Theresearch questiomaust be understood in the context of the overall research design.
This study followed a flexible case study desiging semistructured interview with

WaSC representatives as the primary data sourmson(2002) describes flexile

design aenquiiesthat require no prdeveloped analytical framework or knowledge of

the phenomena under investigation; they rather evolve and develop as the understanding
of the researcher grows. This flexible design was implemented in two phdass
exploratory phase followed by a phase of detailed investigation of the adoption process
of SCls.

The research questions were developed after the fipkbraxoryresearch phasén this

phase the WFD was used asframework for interviews to invegfate the key
challenges for change faced by WaSCs in E&W in terms of change issues, problems
and response option$his revealed that raw water quality and associated SCls were
change issues o€levarce for WaSCs.The term relevance is used to signifatttsCls

(and the associated driver of raw water qualiygre mentioned frequentlgluring

interviews across the population of WaSCs.

Research questionand Il were investigated in the second research phase. This phase
too employed senstructured intenaws with open questions with representative from

all 10 WaSCs in E&W. These research questions guided the research to develop a
conceptual model of innovation adoption and decision making and to collect the
empirical data to investigate the characteristit$Cls adoption in E&W (Chapters 5

and 6). The innovation adoption model and the empirical data were then integrated to
respond to research questiohbly developing an adapted innovation decision moltel

turn ths model enable insights into water mgulation and policy relevant aspects of

innovation(research question V)

16



Chapter 1 Integrated water management and innovation

1.8 Contributions

This research will makéntee contributions to knowledge by:

e Developng an innovation decision process model adapted to WaSCs in E&W,
which explains the interactiobetween factors of influence from the domains
innovation attributes, organisational characteristic, regulatsttutional
environmentPhynd cddNla@ uereMi r onment .

e Providing an update on the state of implementation of integrated land
managemergolutions in terms of SCIs by WaSCs. More precisely it will assess
the different stages of WaSCs in the innovation decision process, including the
different SCls design types WaSCs have developed.

e Providing insights into how WaSCs innovation process canirflienced,
enabling conclusian about how to influence the progression towards more

sustainable solutions to water management.
1.9 Thesisstructure

This thesis is organised inine Chapters. The present Chapter hasoduced the
organisational perspectivan change adopted by this study and outlined SCIs adoption
by WaSCs in E&W as the case of investigatibhe aims, objectives and contributions

of this study were specifiedabed on the knowledge gadentified.

In Chapter 2the understanding afrganistional innovation, decision making and the
factors influencing these processesleepened, by reviewing the relevatgrature In
this Chapterthe conceptuamodel of innovatiordecision makinggemployedto structure

andanalyse the empirical data inbmequent Chapters developed

In Chapter 3the flexible research designs, the methods used and the strategy of enquiry

adopted in this studgre described

In Chapter 4 the empiri@al results of the initial research phaaee presentedThe
Chapter isconcludel by demonstrating how th#nal research questions this study

were derived

17
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In Chapters 5 and,@he empiri@al results of the second research phasepresented
Thedifference between WaSCs in terms of SCls adoption process stageSlatypes
adoptedare identified in Chapter.5The factorsfound to influence the innovation

decision procesare populated Chapter 6

In Chapter 7the empirical results are used to respond to researabstion | and Il by
discussingevidence for SCIs adoptn in the EU and analysing reasonstfoe variation
between WaSCs in E&Wh terms ofthe innovation decision process stagnd SCls

types adopted.

In Chapter 8implications for theory and policy are discussed in response to research
question 1l and IV.Taking into accounthe empirical findings the final model of
innovation decision makingpplicable taSCls adoption by WaSCs in E&\V¥ arrived

at.

Finally, in Chapter 9the main insights gained in this studye presenéd and final
conclusios drawn Furtthermore, the study limitations are discussed briefly and

reconmendations for future researale made.

18



Chapter 2 The innovation decision framework

Chapter 2

Literature review: Innovation
decisionsz the analytical framework

2.1 Introduction

The purpose of this review Chapter is to define innovation, expgtimportance for
studying change and to develop the analytical framework for this research. The Chapter
is structured as follows. In the next Section the study focus will be defined as
innovation and change in organisations. Thereafter, innovation meildbe reviewed

before turning to intr@rganisational innovation models in Sectid@. This Section

will first present the core structure of the innovation process model and will then
discuss the literature in support ofstimodel. In Sectio2.5the boundary conditions of

the model will be outlined, mainly drawing on decision making theories. Next the
factors that influence the innovation process will be discussed and incorporated into the
modd, resulting in final analytical framework of this study. To develop this framework
evidence for factors influencing innovation of WaSCs in E&W\reviewed; where
available factors affecting the implementation of SCls are emphasised (S2&jion

Finally, in Sectior.7, the analytical framework used in this thesis will be presented.

2.2 Definitions and scope

In the preceding Chapter it was argued that WaSCs have a key role to play in deliver the
innovations necessary to meet the challenges of water management in the future
(Mitchell 2006; Niemczynowicz 1991; Niemczynowicz 1999; Novotny & Brown 2007;
PahiWostl et al. 2008) WaSCs in themselves can be considemsdorganisations,
which aredefined as groupor coalitiors of individuals with shared goal€yert &

March (1963) argual that these shared goals are often highly ambiguous and that
individuals within organisation may also pursue their individual interékiwever,

there is also evidence that key individuals in organisations play a decisive role in

changing organisational practicésee Sectior2.6.1). When specifying the sthods
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used for interviewee selection in Chapter 3 the significance of individuals within

organisation will be revisited.

Innovation is defined as the adoption of a behaviour, practice, object or idea perceived
as new @ an organisatiorfRogers 2003)This definition is most appropriate for the
context of WaSCs and SClIs; because it proposes that an innovation is an adoption
process and that it is sufficient for an innovation to be newdaotganisation rather

new to the world. A range of alternative definitions stress that an integral part of an
innovation is its implementation. Indeed, implementation is part of the innovation
adoption process. This process begins with recognition ofsae @nd the decision to

make us of an innovation followed by its implementation (i.e. the adaptation,
O0Di ffusiond, application andSedidRadu Thuni sati or
definitions that consider innovatioonly as those ideas or artefacts that have already
been implemented, will lead to a restrictive perspective on innovation. Innovations may
be dismissed for analysis that are only at the point of being recognised as an issue and
formulated as a problemhi is relevant for this study because SClIs are only recently
emerging in the context of E&W. Hence, it is likely that WaSCs may babjinthe

process of adoption. Indeed, in Chapter 5 it will be demonstrated that as a result of this
recent developmena number of WaSCs are not yet in a situation where they have

implemented SCls.

The innovation considered in this study (i
greenbob, because it adheres to the foll owi
(Rennirgs 2000):fiEnvironmental innovations are all measures of relevant actors

(firms, politicians, unions, associations, private householdg)ether technological,

organisational, social or institutional, which:

e develop new ideas, behaviour, products and mses, apply or introduce them
e contribute to a reduction of environmental burdens or to ecologically specified

sustainability targets 0

As indicated by this definitigrenvironmental innovationsre notsubstantially different
from 6 nor ma |Réherigeen imnoationsaliffes in one attribute, namely that

they do not exhibit an environment al bur c
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i nnovationso do not di ffer, (dehRiotGenzaleg pr oc e
2009) Thus, no explicit reference to denviroca
study. Nevertheless, where the evidence point towards substantial difference, such as for

regulation (see Sectidh6.3,t he f ocus shall be narrowed to

innovation.

The definitions of the process of innovation adoption discussed above underline a view
held by many who stresdthe importance of knowledge transfer in innovati@ohen

& Levinthal 1990; Trott 193). These authar suggestedhat most knowledge exists
outside the organisation, providing a resource to be exploited by organisations. This
notion is reflected in the contemporary models of innovation, wdnetliscussed now.

2.3 Innovation models

According to Rothwell(1992) innovation models have ew@d in five stages. Initially,

the view on innovation was dominated by th
model a strong science base provides the innovative spark leading to design,
manufacturing, marketing and sales activities; emphastemgnportanceof R&D in

the process of innovationAt the beginning of the 1980a second linear model

emer ged. Her e, cust omer whick isitthtes R&D,derdind e a O m
eventually to innovat i onnsodenwhs Hevetopguie nt | vy,
suggestan integration ocience, technology manufacturing and marketing to generate
innovation. Although this modelas still conceived as a sequential, though not
necessarily continuous procegsbeganto underline the importance of communioati

paths to transfer knowledge between théanise functions, the broader scientific and
technological community and the market place. The focus on knowledge transfer grew

in the fourth model. Here the various departments of the firm work simultaneausly o

the development of a new product or process, linked together through flow of
knowledge.Finally, the fifth model sees innovation as a mualtior process; where

individuals make extensive use of knowledge that is extérbat also internal to the

organi sati on. I n this O6networking model &8 acHt
webs (networks) of knowledge, which enable swift communication and knowledge
transferThe concept of i nnovation OoDiffusiono

innovation malels. It describe§Rogers 2003ji The process by which a
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communi cated through certain channels over
In other wordsé Di f f aas be oegadded as the spread of an innovation in space and

time across members of a social system. In this study the inncvatioter
investigation are&SCls and the social system is the population of Wa&etow it will

be pointed out that hi s o6 Di f f usi on 6 amrintrabrgamisatiomab s an

dimension.

The nodelsof innovation have been taken up by businesses shémngay in which
innovation is manage@Rothwell 1992; Tidd 2006)Hence, theoretically developed
models became management reality, therefore shaping the evidence gathered. All these
models essentially suggest that the innovative organisation is an open system that is
influenced and indeed dependent on its confextnvironment. In Sectior2.6 the
discussion of innovation as an open system influenced by its contiegpened. Now,

attention is draw to a set of models that can assist in managingvation.

2.4 Organisational view on innovation adoption i the analytical
framework
The models outlined in the preceding Section have made a valuable contribution to the
present understanding of innovation; leading to the conceptualisation dominatex by th
flow of innovation through networks and therefore turning the focus from innovation
production to innovation adoption. Furthermore these models provide the vital context
in which innovation occurghereby highlighting the factors that influence innowati
However, to understand why organisations show different innovation behaviours (i.e.
rate of adoption, ability to generate and adopt innovation, type of innovation) a different
set of theories is required’idd et al. 2005) One appropriate theory is provided by
Rogers (2003) perspective on the intra organisational innovation adoption process
(Figure2-1).
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Initiation——————— |

The Innovation process in and organsiation

The innovation decision framework

|
Decision
|

Implementation

\

Agenda
setting

Choice between
alternatives

Redefining/
Restructuring

Diffusion
(intra-organisational)

Routinising

A raw water quality
problems that may
create a perceived

need for innovation.

Figure 2-1: The innovation process in organisations (adaptd following Rogers, 2003; for the

Fitting a raw water
quality problem from
the organisations
agenda with SCI (the
innovation).

SCI are modified and
re-invented to fit the
organisational
needs;
organisational
structures are
altered

The relationship
between the
organisation and the
SCl is defined more
clearly. SCl are
adopted in more
than isolated
patches

SCls become an
every day element in
the organisations
activities, and loose
its identity as an

innovati

on

\j

purpose of this thesis the original names of the second (Matching) and third (Clarifying) process
stage of Rogers model were altered. The rational for this is explained in the text. In addition,
Rogers (2003) explanationsvere specified to include SCI).

According to Rogerg2003) an organisation first needs to perceive a need for an

innovation. This occurs when the organisation is dissedisfith its performance. This

process of 6Agenda Settingd consists of i
attention on one or a number of key issues and searching for potentially useful
innovation in the environment. After this initiation of the ption process Rogers

(2003) suggestd t h a't the organisation wil/l engage
identified during the O&AgendasoMeehetssumgd wit
Rogers proposethat this process can be conceptualised as a reality testing where an
organisation attempts to anticipate feasibility and benefits of the innovation. As a result

of this process the organisation will make a decision whethaddpt an innovation.

For the purpose of the model developed in t
0Choice between Alternatives?o. This was do
conceptual modelresponse options are accepted or rejected a pr ocess of (
bet ween Alternatives©éo. Conceptualising the

way move the model closer to the understanding of innovation as a decision making

process which will be developed below (Seciadb).

The subsequent phases of the model are concerned with the implementation of the

i nnovat

process. In this phase the organisation designs innovations to fit @stieé$ and

on.

O Rei

nnovat.i

on/

capabilities or, alternatively, the organisation-steictures to accommodate the
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innovation. Thus suggesting that, at this stage, both the innovation and the organisation

are modified in order to implement change. It is at this point whereS@\s design

types are developed. For instance, WaSCs may develop an approach where they pay
farmers to change agricultural practice or where they collaborate withtérmediate

actorst o achieve change i n agr i c ulganisatienlon pr act i
the other hand can take place through the import of knowledge by employing new staff

or assigning new tasks to existing staff (e.g. development of new departments).

At the OReinnovation/ Restruct plememegh st age
an isolatedpart of the organisation, toidl and test its performance. More widespread
application of an innovation (i.e. SCI) may take place after such trials and
experimentation, becauselevant knowledgenas been developed leading toe r
framing of the innovation that i's meaningf
thus linked to the intrar gani sati onal spread or oODiffus
research the term 6Di ffusiond wstdgdinthee adopt
innovation decision process;igure2-1). Hence denoting that knowledge (innovations)

need not only be communicated across organisation, but also within organisations (e.g.

departments) to be more widely adopted.

Fnally, the | ast phase is called ORoutini
completed by incorporating the innovation into deyday activities. This maype
considered as a change to organisao n a | cul t urway tlhngs aeeldéner i ng t

around her@ suggesting that innovation has lost its novelty.

2.4.1 Innovation process in literature
Reviewing the literature on innovation adoption, innovation management, and

knowledge transfer, it appears that Rogers (2003) innovation adoption procegtes of
controversy. In fact Rogers (2003) work reflects the views on intra organisational
innovation held by other scholar§able 2-1 is a collation of some of this literature,
emphasising the critical features of the intra oiggtional innovation processes
considered in this studyAll of the innovation and management literatuaad
knowledge technology transfer literatureviewed suggestedhat innovation begins
with the realisation of a demand for innovation. Knowledges considered to be the

pivotal in this. Simon & Marcl{1958)were the first to realise the relationshipvbeen
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information, knowledge and innovation in the 1950s. Tieasord that organisations

wi | | i nnovat e when pafamancehe brgahisatod Geedw ot h t h e
become aware of @ p e r f o r mdahnoagh kngwdedge of their own performance
benchmarked against the external environment (e.g. competing organisations,

|l egi sl ation). T h e oaspgadon ilegeh hased an the iavailablee st a b |
information to decided whether to innovafglarch & Simon 1958) Trott (1993)

suggestedhat this performance gap is established tghoternali within organisation

- and external scanning.

Christensen1997)under |l i nes the difficulty of becon
gapo6 in a rapidly changing envi r-semsiisent . He
for important signals within a new context. This is in line withhen & Levinthal

(1990) who emphasighat sufficient relevant prior knowledge has to be available to

evaluate and to utilise the information gathered through scanning. It is only then that the
organisations can become aware of theer f or mance gapbé6. I'n thei
Cohen & Levintha(1990)establish the comcpt of Oabsor ptidteheapaci
ability to recognize the value of new information, assimilate it and apply it to

C o mme r c i. Bhey umderlthe the dual importance of R&D activities as a means to

generate internal relevant knowledge. If ang@a ni s at i orptivelcapack§gs 6 abs o
Cohen & Levinthal (1990) reason a firm may never assimilate and exploit new
information. This situation is termelbck outh It can be thought of as a situation where

the company is blind to external changes, resulting in a ofdignarance to external

information. From the notion of absorptive capacity the idea of dynamic capalhiies
developed(Teeceet al. 1997) That is an organisation is capable to reconfigure and

integrate internal and external practices and knowledge. Both R@§€3)and Trott

(1993) suggestd that these capabilities need to be developed to match or overlap in

order to enable adoption an innovation. This makes explicét WwCohen & Levinthal
(1990)argued; namely that relevant knowledge proglidenucleus for further adoption

of new knowledgeThe innovation and management literature reviewed forthigsis

delineate a process resembling the descriptionsaifsorptive capacity search and
(performance gap(Table 2-2); essentially highlighting the confluence of external and

internal information using prior knowledge to trigger innovation activities.
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From ths common point wherethe confluence of @grnal and internal information

triggers innovation activitiesthe descriptionsf the processtart to diverge in terms of

the number of stages, sequerae the labels given. However, it seethat these
inconsistenciesare more a result of the differérperspectives authors adegt The

processes described waretheir core very similarThey all explaied a process that

moves from the realisation of a need for innovation to its final use and exploitation of

an innovation (implementation)lhe authorswith a technology transfer perspective

such asTrott (1993; Trottet al. 1995) Gilbert (1995) describé a process generating
businessopportunities as the third stage (Assimilation) or fowsthge respectively.

Contrary to this Tiddet al. (2005) from an innovation management perspective and

Rogers (2003), who is more concerned witltD i f f aofgninavati@n, proposk a
implementation stage comprising of three sub a g e s . As in the Trot
Gilber t 6s (1995) d e ssapplieg but formidcet kl.{2008) tkisdogke

place through a design and redesign of the innovation and théoBgl s t r wfttheur i ng 6
organisationRedesigns of innovations ocdarR&D departmentsThereby providinga

link backt o Cohen & Levinthalds (1990) absorpt

departments need relevant prior knowledge to fulfil this task.

Routines may be established subsequent®e s t r uvandtradesigm @ilbert (1995)

and Tiddet al. (2005) nadeuse ofthe term routine, which was suggested by Rogers
(2003) above. Indeed, the term was coined by Nelson & W{i@82)to describe
behaviours that are engrained into organisational activities. All three authors suggest
that suchd Ro ut i nléads dotthe anooéporation of the innovation in to -ttaxgay
activities; and subsequently changes in attitudes towards the innovation by altering
the way things are don&hisin turn suggests that the innovation has passed through its
novelty phase. Turning tGalloujet al6 £002)process descriptiornsis found thathe

stages described by them resemble, in its core themes, the previous models. However,
Tidd et al. (2005) andGallouj et al. (2002) provided additional features that round up

the final stages of the innovation preseGallouj et al. (2002)iteratedthe importance

to protect the innovation, whildidd et al. (2005) suggestd a reassessment and

0 Re i n n ophaset Rassessment provides the unique opportunity for the firm to
learn from its innovatiorprocess through evaluation. These additional features are

suggested by these authors because theyarexclusively focusing oadoptionof
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innovation but also on truly ne@ i n v e nHencathey idiclude stages that aim to
protect and promote the iovation.

Roger$ (2003) description of the innovation process stands betause it includes a
phase where the innovation spreads or diffuses through the organis&tienstep
draws attention to the fact that organisations consist of rauseindividuas and
departmentsvhich all individually have to adopt an innovation. This is crucial also for
WaSCs since they are large geographically distributed organisations with functionally

differentiation of departments.
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Table 2-1: Comparison of some innovation management, technology transfer and knowledge transfer models.

(Trott 2005, 1993)(Jeffrey
& Seaton 2004)

(Gilbert 1995)

(Tidd et al.2005)

(Gallouj et al.2002)

(Rogers 2003)

Awareness
Capability to scan for
internd capabilites and

external information and tc
match these to realis

Acquisition

The process of acquiring knowled¢
by the organisation, the ability of a
organisation to learn from it
experience, by employing individual

Search

Searching and selecting incomir
signals about potential for chang
applying mechanisms fo
identification,  processing  an

Gathering information and ideas on
problemi

Any kind of information whéter
internal or external, collected formall
or informally, f

Agenda Setting

General organisational problems th
may create a perceived need |
innovatian.

business opportunities with  new knowledge and by selecting information activity of problem formulationi
scanning. which may in itself be a source ¢
i nnovationbo
Association Communication Selection Research Matching
Internal capabilites anc 6 Di f f u ©f othé acquired Selection of the of technological ar Creation of new knowledge throug Fitting a problem from the
external information are knowledge through communicatio market opportunities which fit the combining  varios  stocks  of organisations agenda  with ¢
linked and an association t mechanisms to encourage the spre technology base of the firn knowledge innovation.

the commercial exploitatior
is made.

of new knowkdge.

(strategy) and develop an innovatic
concept that matches the over
business

Assimilation
The organisational proces
of transforming commercia
associations into a busine:
opportunity

Application

Adoption of the knowledge helpin
the organisation to store th
information and transform it intc
routine procedures

Application

The ability to apply
knowledge to achieve ¢
benefit as judged by th
recipient

Assimilation of knowledge into
routines, involving the transformatio
of individual so
and behaviours

Implementing

Acquiring knowledge resources

A gradual process in which piece
of knowledge are pulled togethe
and conceptual design is generate:

Conception and development
Transformation of he ideas gathere:
into a solution of the problem, test ar
customise the design

Reinnovation/Restructuring

The innovation is modified and -re
invented to fit the organisation an
organisational structures are altered

Executing the Projedt

Integrating various discipline an
backgrounds (incl. market relate
and redesigning the innovation
Launching the Innovation

Production of the solution
In services client participates in tt
productionprocess

Clarifying

The relationship  between
organisation and the innovation
defined more clearly.

th

Preparing the market (external) ai
the organisation (internal) for th
innovation

Marketing of the solution

Selling the innovation internally ol
externally (external or interng
marketing), can involve the protectic
of theinnovation

Routinising

The innovation becomes an ongoil
element in the organisations activitie
and loses its identity as an innovatior

Learn andReinnovate

Exploit  successful  innovation:
further through modifications an
redefinition of features; asss
failing innovations to learn forn
experience
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2.5 Decision makingi boundary conditions of the framework

Models of (analytical) decision making and innovation processes share a common ancestry.
Both have been significantly influenced by the thinkingSaghon (Simon 1997, 255) and
therefore share a number of features. They are further closely associated, since it can be
claimed that every innovation requires one or a sequence of decisions whether implicit or not
(Heerkens 2006)Few authors howevdrave madehis relationship explici{exception are

Du et al. 2007 Heerkens 2006; Rennings 2000; Rogers 2003Jeed, Rogers2003)
referredto an innovationdecision process, because at the end of the matching phase a
decision to innovate must be made. However, the contribution of decision making to the
understandingf innovation goes beyond that. From theories of decision making important
assumptions and boundary conditions that govern the innovation process can be derived.
Figure 2-2 shows how these boundary conditions (i.e. the assunsptonl limitations
underlying the conceptual model) are integrated into the model developed in the previous
Section. In the next Sections this review prosittee background for understanding additions

made to the model.

\j

The Innovation process in and organsiation:

Initiation———————9» Implementation

\

Agenda Choice between Redefining/ Diffusion
setting alternatives Restructuring (intra-organisational)

Routinising

! ‘ ; ‘ )
-t y Feedback (non*sequential) y

- -

every stages requires generation of information and knowledge (decision support) and the evaluation of these information

Boundary conditions:

®  bounded rational choices between alterative options

Evaluation-

rocesses is non sequential hard to trace. A
P b Choice

organisations frame decisions as issues-problems-options (solutions) i stimulus response

organisational characteristics, the environment (Institutional & natural-pyiscial) and innovation attributes affect the innovation process

Figure 2-2: The innovation process in organisations including boundary conditions and assumptions
including elemens of decision making.

For the purpose of developing an analytical and conceptual model unstrudaaistbn
making process are reviewed. These are relevant for innovation because they describe novel
and non recurring decisions. The processes reviewed next also fall under the umbrella of
analyticaldecision makingYet, this is notto suggest that deciis do not rely on intuition

(heuristics), politics or powefEisenhardt & Zbaracki 1992)he political model will be
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presented briefly in the context of argsational factors that ilmience innovation in Section

2.6.1 Heuristis can be viewed as automated and inexplicit analytical or bounded rational
decision making process based on expert knowl¢8gaon 1997; Todd 2007)These are
mainly appropriate to understand decision making of individuals, but have also been detected
in organisations as simple screening or ptigation processes (see next Section). Ladily, t
garbage can modd€lCohenet al. 1972) which describes decision making as the random
interaction between probleamand opportunities (i.e. solutions to problemsil not be
discussed here, as there is little empirical evidence in suppor(Bkénhardt & Zbaracki

199).

2.5.1 Definition
Amongst the various definitions of decision making available in literature, decision making

has been defined a@Mintaberg&Raisingmaninld76)theproaessf i o n
arriving at a decision can beviewads fna set of actions and dyna
the identification of a stimulus for action
(Mintzberg & Raisinghani 19767 his definition hints towards the first parallel to innovation,

namely a stimulus is necessary to generate a decision. This stimoésponse concept

resembles Simons (1992) notion of scanning and performance gap.

More simply decision making couldlsobe regarded as @ocess of selecting from several
alternatives and taking actipwhich emphasises that decision making comprises a choice

between different possibilities or responses.

2.5.2 Rational and bounded rationality
In the dassical- economic decision making model the goals and objectives of decision

makers are well defined at the outset of the process. The choice alternatives and
consequences of choices are known and optimal (maximisation) rational decéong is
undertiken. In hispublication from 185 Simon (1955) describedthis paradigm of the

economic man as follows:

fiTraditional econmmi ¢ t he or y epoon@nic mbiavhoeis theacoursé of
being economic is also rational. This man is assumed to have knowledge of the
relevant aspects of his environment which, if not absolutely complete, is at least
impressively clear and voluminous. He iswmmsd also to have a waltganised

and stable system of preferences, and a skill in computation that enables him to
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calculate, for the alternative courses of action that are available to him, which of

these will permit him to reach the highest attainable point on his preferenceescao

In this and following publicationgSimon 1997, 1955, 1983)hallenged this conception,
arguing that in real world situations choices are not perfectly rational. The known alternatives

are limited as search for them is coslyd future consequences cannot fully be known or

even taken into account in the process of

rational 0. The concept of bounded rati on

comprising of:

e Setting the agenda,
e Representing the problem,
e Discovering alternativesand

e Choosing alternative.

The first stage (setting the agenda), resembles in core the first phase of the innovation model
proposed for this thesis. It is concerned with determining what decisions areatade
particular time. In a real world context, a variety of decisions require the attention of the
decision maker, hence decision issues must be prioritised and dealt with sequ&ntnalfy.
(1997)argue that prioritisation is depending on the degree of urgency (timely action) of an
issue. The process is iteratias the agenda is likely to change over time and requires,
according toSimon (1997) no complex search mechanisms. It is rather a comparative
analysis between the urgency of a set of search priorities. The agenda arrived at in this

manner will consist either of problems or opportunities.

After the agenda has beent,sie problem is formulated. Simaf1997) underlinedthe
importance of the problem formulation. He ardtigat it has significant influence on how the
problem is approached and hence solved. In his work he alsedhiwt the problem
formulation requires intimate knowledge of a situation. Thdsraulated problem reveals
relevant information about an issaad its solution(Rittel & Webber 1973; Simon 1997)
More precisely when a problem can be formulated it casobeed. For instance, @oblem

can be solved it can be expressed as an equati@t contains all the necessary variables.

However, the limits to problem formulation are highlightedRistel and Webbef1973)
These authors suggedtthat most real worldr planningpr obl ems are o6i | |

0 wi c,kiefided as problems where d®acannot eabi be attested and well defined
31
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generators fosolutions do not exisk- u r t h e r ichedd peoblemé @an be formulated in
multiple ways, because a large number of potential solutions exist which degerdthe

decision makers idea of solgrthe problem.

In the contexof this thesisinterviewees coultbrmulatea drinking water quality problems
D:Awater treatments wor ks ar eoratenativalysap @b | e of
Afarmers poll ut e, ddvewselya fafwe cwtaitreg dyruian.kBotmyg wa't
problem formulations are likely to lead to different solutions. In the first instance (I) the
decision maker may opt for investment into the water treatment work. While in the second

(1) scenario a SCI may be attete@. In Chapter 4 this concept of problems and solution will

be employed to investigate WFD response.

As the knowledge to solve a given problemmas always readily available to an organisation,

they need to discover alternatives (generate options) threagrcing and customising
(designing) discoveredoptions (alternatives)De ci si on maker s 6satisf
maximise, suggesting that in accordance with their computational abilities and the resources
allocated towards searching for information,isfattory choices are mad&imon 1997)

This is achi ev ealpiration lewbée whch aap be ugderstond aé a choice

criteria or aminimum value that the searcher will try &attain (Todd 2007) The decision

maker will subsequently make a satisfactory choice, through choosing the alternative that

bestmeets the established aspiration level

Seveal variations and additions to Simsnmodel have been madéne that has received

much attention isMi nt zber g & (B#6)studynof)2bargandational decision
processesThey argud for a non sequential model of bounded rationaligre 2-3). This

model has been conceived in particular to describe unstructured decision processes o c e s s
that have not been encountered before and for whicpraedetermined and explicit set of
ordered response e x(Mistzberg & Raisingthari 1976)Tgeacentrad at i o n
frameworkof Mi nt zber g & (®&)rsda sneggrhbalné s sSi monds (199
0Agenda Settingéo, di scovering alternatives
highlights the non sequential nature of decisidnigure2-3).

First identification; where crisis, problems and opportunities are recognised is described as:
fa difference between information on some a

The second routine in t he stihg and new mforeagien i s 0
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channels are opened to clarify and define issues. The second phase (development) of
Mi nt zber g & (IR®)modelncgnprasesithe search routimal dhe design. The
search routine is madgp of different searclactivities the design routine is then used to
modify the solutionsliscovered in theearch routine.

DEVELOP- o
IDENTIFICATION MENT SELECTION

—* search | screen }»

judgement
4 evaluation/ |

. /|  choice \
4 design K , 3 :

|

authorization }

™ diagnosis h

J
/
J

N

)

. Nt S analysis /
—{ recogpnition L, 58 o & A SRS

evaluation

‘ 4 /

\ bargaining |/

evaluation /
choice

Figure2-3: Mi nt zber g & @%6)smada of thastrateyis decision process.

The last phase is the selection phase, describediasa |l t i st age i terative
progressive deepening investigatiams a | t e Withia this ghase the screen heuristic

is eliminating what is infeasible, the evaluaticimice routine is used to judge, negotiate and
analyse the solution. The last routine in this phase is authorisation (a fact also mentioned by
Simon1997but not formally integrated into the model), which is required when the choices

are made by individuals that are not in the position to commit the organisation to action.

Analysing 25 organisational decision making procesgs® manufacturing firmsnine
servicing firms, five government institutions and five government agenblegyberg &
Raisinghani(1976) suggestd that opportunity and crisis decisions, which need imatedi
attention, present themselves eas@pntrary to this, problem decisions require multiple
stimuli and intense scrutiny of the situation. Furthermbimtzberg & Raisinghan{1976)
classifiedseven decision process types, spanning from those that involve only recognition,
diagnosis and evaluatiezhoice routines to highly complex processes that use most stages
and exhibit feedbacks. Hence, suggesting that decision makingndodsllow a uniform
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pattern.In fact non routine decision making processes are built around multiple feedbacks

between decision support routines and choice routines.

Mi ntzberg & (R9d@4) model gdsemble thes innovation decision process
described in SectioR.4.1in a number of ways. The recognition and the design phase maybe
conceptuali sed as & R@3) modelvAdo ithaaiidn ofi searctRie g e r
explicit. However,Mi nt zber g & (%) nsajomcoritributidn dnaybe thave
demonstrateé how these phases interlock. Their findings suggkdhat sme fom of

0Di agnosi s 0 -ehoiadd alwaysy axdurs.aThis may therefonedicate that all
innovation stages hawe O Di a g n o & Walsafionchaicd phase, too. Whether this is

setting the agenda, matchjipe si gni ng, 6 Di fnf usR owntdi mirs inmagyd.e

rectangle and the circle included in each processgure2-2 visualise this concept.

2.5.3 Evidence for and limitations of decision models
It is widely accepted that organisational decisions are bouratieshal rather than rational

(Dean & Sharfman 1993; Eisenhardt & Zbaracki 19®pirical studies of organisational
decision making reveatithe cognitive linitations of decision makef3odd 2007) Evidence
gathered byEisenhardt & Zbarack(1992)suggestedhat the decision making processre

not sequential, goals are not clearly defined, eshefting. Moreovey their review indicated

that goal definition and alternative generation occur nearly simultaneously. Equally, it could
be found that alternatives are generated in a haphazard and opportunistic fashion, resulting in
a situation where oplfew alternatives are reviewdd@odd 2007) Decsion makers further

rely on standard decision making procedures rather than systematic analysis of alternatives.

Yet, other studies analyse the relationship between the environmental factors and rational
decision making. Theyound that threatening environents, high uncertainty and external
control decrease rationaliffpean & Sharfman 1993Jinally, a number of studies highlight

that decision processes vary depending upon decision characte(islickzberg &
Raisinghani 1976and are rational in some ways but not in oti{&isenhardt & Zbaracki

1992)

Langleyet al. (1995)arguel thatdecisions do not always manifest themselves and hence lack
evidence. Rather than appearing at a point in timgethethos view degsion makng as a
processthai f ol | ows a trajectory of general conver

According toLangleyet al. (1995)this entailedthat instead of viewing the deasi making
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process as a seriesof stefps, t |1 S mor e s e e nasithe coastructiomof ang r at i
i s s tencedhey proposdaheuseof issue streams, in which decision becdine ve nt s t ha
punctuate and modiahd/motehbeyonfidtision pracéss peisssaee s 0
Chapter 3 for application of this concept in this thesis)

2.6 Factors influencing innovationi factors in the framework

Factors that influence the process of innovation adoption have been of interest to many
authors from differendisciplines such as innovation management, policy and econ¢aheics

Rio Gonzalez 2009)This review draws on evidence from these different fields, because each
perspective emphaes different factors or aspects of influence. The factors of influence can

be summarised in four different domaikégure 2-4).

Environment

Characteristics of

the innovator (i.e.
organisational
characteristics)

R Natural-physical

Institutional the innovation

| Characteristics of

l

Innovation-decision
- making process <

Figure 2-4: Factors influencing the innovation process in three domains.

Firstly the characteristics of the innovattecision maker itself; if this is an organisation as in

the present case for WaSCs, then the organisational factors are such as size, structure,
normative bekfs, investment into innovation activities and knowledge have been found to be

of influence. The influence of knowledge was already introduced when discussing the
innovation decision process, but wi l | be exj

Characteristics6é6 as a f aedor of influence bel

The external environment influences innovation and decisions, too. In this thesis the external

environment is defined as everything outside the direct influendheobrganisation. For
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instance organisational knowledge, assets, structure of assets and departments and
innovation activities can be influenced by the organisation (here WaSCs) and they thus are
60r gani sat i on &bntrayhathisaMa$Csohit Bavei cangod aver regulations
andinstitutions they are surrounded by. Likewise, in the specific case of WaSCs they cannot
influence the geology of their catchments, the water resource etc. However, this distinction

into external and internal is imgect. In Chapter 1 ihas beershown that the external
environment does influence Warsléed, thi§ @@segrehni s a't
focuses orthe notion that WaSCs are capable of influencing their surroundings, to improve
water quality. Thext er nal environment i's -bobdi vudedn:
environment -Pagdi cdadNlaG ueali ronment t o mak e t
explicit. Findly, the characteristics of the innovations itself are relevant for the adoption of

the innovation. Specifically, these are the relative advantage, compatibility, complexity of

innovation and triability (Section2.6.4).

Few authors make explicit where factors affect the organisational innovation process. In th
literature there is rather a tendency to assess implemented or completed innovations. Due to
this lack of evidence and the multiple feedbacks involved in the innovaddicision process;

it is proposedherethat factors from all three domains can inflaerthe process at every

stage. Nevertheless, where the literature provides evidence some inferences were made as to

where factors affect the innovation procebale2-2).
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Table 2-2: Literature of factors influencing innovation-decision making categorised in the three domains that moderate organisational innovation

Description Reference

60rgani sational Characteristicsé

The organisational structure (mechanic ganic) affectghe capabilityof organisations to innovateecause (Burns & Stalker 1968)
they create different preconditions for the communication and development of ideas, knowledge and inv

Larger organisations have more slack resources to invest in innovation activities; they are more likely to (Quinn 1985; Stanwick & Stanwick 1998)
target of stakeholder/ regulatory pressure

Customerktakeholder preferences influence adoption of innomatiecause they can act as a selection

pressures (e.g. organisational images).

Attitudes towards innovations and framingiohovations influences adoption, forskance through preferenc (Buysse & Verbeke 2008harma 2000)
of a particular alternatives.

The aility to accumulate, use and transfer knowletgerucial to develop and adopt innovations. (Cohen & Levinthal 1990; Rothwell 1992; Sharma
Vredenburg 1998; Teeat al. 1997; Trott 1993fHorbach
2008)

Water industry evidence

WaSCs give preference tatablished egineeringsolution rather than innovation. It is proposed that they (Cave 2009; Thomas & Ford 2005)
locked in to specific engineering approach to innovation, which replicates old structures.

WaSCs show a comparativelgw investment into innovatignwhich is though to #te advancements ir

technology.

Attributes of innovation

The ate of adoption of an innovation is higherewmhinnovations provide a relative advantage, are compe (Rogers 2003)
with existing organisational capabilities, are easilyaliée and outcomes are easily observed their. Comple
of the innovation is negatively related to adoption.

SCI attributes

SCls are uncertain and long term which makes outcome of SCis difficult to observe and trial SCls w (Brouwer 2003; Heinz 2003b)
incompatible with existing regulations in E&W

Natural -physicallocation i natural capital)

Local context can be oducive to the adoption of innovation, because of greater urgency or suitable conc (Hart 1995; Ormrod 1990; Russo 2003)

Water industry evidence

No evidence
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Regulatory and institutional environment

Sudden and unexpected changes (disrugliam markets and environments can lead to radical technolo (Christensen 1997)
change Established companies can find it difficult to adapt to these new circumstance, since prevailing
models become unsuitable in a new contex

Environmental regulationan act as a selectionteria or stimulus foinnovation (Porter & van der Linde 1995)

Competitioncan lead to more R&D investment and innovatmmientially resulting in higher rates (or mo (Tang 2006)
success) of innovation.

Water industry evidence

Market and regulatory frameworkshould encourage competition to generatfficiency gains througt (Cave 2009)

innovation
The regulatory frameworks a barrier forchange towards mores sustainable practice in WaSCs in Englar (Cashman & Lewis 2007; HOL 2007, 2006; Thomas
Wales Ford 20®)
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2.6.1 Organisational factors
It is well established that organisational learning or the ability of organisations to

generate, accumulate, use and transfer knowledge is essential for successful innovation.

In addition there is a large spectrum of author®pgmsing other factors that affect

knowledge transfer. Burns & Stalkét968) suggestd that management structures

affect innovation. T h ey identi fied 6fl exi bl ebd organi
organisational structures and proposed that the former is conducive for innovation.
Organic structures are characterised by the absence of formality, lateral hierarchies and

short communicatiorchannels and a low degree of specialisation of individual tasks.
Mechanistic structures represent the other end of the spectrum with a high degree of
formality, vertical hierarchies, longer or indirect communication and high levels of

specialisation of indidual tasks.

Closely related to the notion of organisational structure is organisational size. While it
has been found that smaller organisations tend to have more flexible organisational
structures, larger organisations were shown to have more res@wadable to invest

into knowledge generation and the search for knowléQueénn 1985; Rothwell 1992;
Sharma 2000)Largerfirms were also found to receive a higher level of attention from
external stakeholdersvhich can result in pressures to invest into innovaii@onzalez

Benito & GonzalezBenito 2006; Stanwick & Stanwick 1998)

It can be assumed th8/aSCs are large engineering organisai@arnover > £1bn).

Hence, it could be possible that mechanistic structures dom{fmatemas & Ford
2005)Whet her this | ead g00b)ndingithat waZCs ia Bndlan& or d 6 s
and Wales have an underdeveloped innovation culture and are lacking an overall

holistic approach to innovation isxcertain (see also Cave 2009).

One expression of the lack mfovation by WaSCs in E&W is thougto be the low
investment into innovatior-{gure2-5). The relevance of R&D spend was discussed in
Section2.3 There it was suggested that R&D is crucial to avidwledge lockins,

which are described as the ignorance towards new knowledge resulting in ever similar
technological (innovation) trajectori¢&eels 2002; Rotmanst al. 2001; Smithet al.

2005) In the context of this thesis, Thomas and H&005) proposé that it is the
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dominance of engineering knowledge within WaSCs that poses a barrier to the adoption
of certain types of innovation.

For SCls specifically, Hein2003b)highlighted that their adoption was constrained by
water companies preference to resolve raw water problems through technological
options such as treatment or blending. Furthermore, Broatval. (2003 suggestd

that a lack of raw water and soil monitoring can constrain the implementation of SCls.
Hence, emphasising that a lack of relevant knowledge (here knowledge of the problem
and its causes and effects), makesramsition to other new approaches to water
management, such as SCIs, more challenging (see S&c8omhen discussing the

relevance of relevant prior knowledge).

£m
50

40

30 +

20 +

10

0
1989/1990 1994/1995 1999/2000 2004/05

O£M cash m £M current

Figure 2-5: Research and development spending by WaSCs. Spending is betw@b - 0.66 % of
industry turnover compared to 1.7 % spend by all the UK industry(Cave 2009)

Other authors emphastethe role of individuals in promoting innovation and
developing knowledgéBuysse & Verbeke 2003; Sharma 200Rgsearch of relevance

for the present study IS h a r rfe®@@)sanalysis of the environmental strategy of
Canadianoil companies. He found that thkkelihood of adopting a voluntary
environmental strategwas greater when issues were framed as opportunities rather
than threatsAssociated with this was also a more open search for solutions. rolier

of individualswere described gRoberts & Fusfeld 1987)
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o Gatekeepers keep abreast with change outside the comantyinterpret agh
communicatenformation into the firm,
e Innovators expersin a small number dields and producerof new ideas,

e Championd promote new ideas to others in the organisation.

However, individuals can also have negative influence on organisationalatioro

This was underlined in the political model of decision making, which argues that
individuals within organisations can have conflicting prefereiieéstfer 1981) Power

and negotiation are here central elements to arrive at a decision or innovation. The
author is not aware of research in the UK water sector which has investigated the role of
the individual. Indeed, the notion that specific people in an organisationitakeoles

in stimulating and shaping innovation is exploited in this study, since interviews with
people in specific functions (gatekeeper, innovators) to investigate change in WaSCs
(see Chapter 3)

Which stages of the innovation decision process ddaitters reviewed above affect?

The ability of an organisation to accumulate, use and transfer knowledge can affect

every stage of the innovation process. This was discussed in depth in S&ctions

There it was demonstratedattknowledge is crucial to recognise a need for change and

that internal and external knowledge is necessary to match external options to
organi sational capabilities, thus affecting

Al ternati ves &arslearning werekalsmangliee tb dpe relevant to reframe

Yy

an innovation, thereby contributing to it

routines.

The size of the organisation appears to be of relevance for the recognition of a problem,
when stakeblders exert pressure for change. However, as larger organisation also have
more resources to invest in knowledge generating activities it is likely that size may
affect all stages of the innovation process. SimiJaosganisational structures may
affectall stages of the process, because they influence how information and knowledge
are communicated in the organisation. Individualswaoe suggested to be crucial at
every point of innovation process. Gatekeepers will inform about new external
developmentand may even match them to organisational needs; thereby, recognising

problems and potential opportunities. Innovators can be capable of redesigning
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i nnovations and c hampi ons 0 Bptinisatiod tofe thet h e
innovation. Management on tbéher will play a role in restructuring the organisation to

accommodate the innovation.

2.6.2 Natural-physical environment
The models of innovation reviewed aboy&ection 2.3) demonstrated that the

organisationatcontexbis affectng innovation. Thistontextis commonly referred to

as the organisational environment. Shrivastg@94) noted that this termwas almost

exclusively reserved to denote economic, social, political and technological aspects of

organizational environmentsmitting considerations of the natural environmsuach as
availability of resourcesSince Shrivastav§1994)therehave beerfew studieswhich
have viewed the 6 N a t-Rilr yad i eavardnrdent as a variable that influences
organisational behaviour and inragon. Often these studies are founded on the
thinking of Hart(1995) who arguedhat the resource based view of the firm (a view

which suggests that knowledge, human capital and financial capital are resources that

influence the pedrmance ba firm) systematically ignorethe constraints imposed by
the biophysical (natural) environment. In later publications Ba(8@§2)included the
natur al capi-Rhaysi(cialeb.) OGaNsatasrrad sour ce of

natural and physical environment can be perceived as being internal rather than external

to the organisation, because they are now regarded as a resowassetan

One of the few organisational studies that were able to demonstrate the impact of the

natural environment on organisational innovation is Ru2003) In a study
investigating the growth of sustainable wind industry Russderaaanumber of points of
importance to this study. Fitgt he indicatedthat wind is an immobile natural capital,
while for instance coal or oil is routinely moved overardistances. Secondly, he
noted that therefore the location relative to such immobile resources is of influence.
This notionwasrefined by drawing attention the fact that the dependence on location or
spatial characteristics is continuous. Applied to thresent context, WaSCs are
dependent on the availability of water of an adequately quality to supply customers.
Unlike wind, water can be moved, but only if there is a negative difference of height
this does not require additional inputs, while any pesitilifference of height will

involve pumping. Indeed, pumping costs are by far the highest cost item for WaSCs,
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making a transport over longer distances undesirables and thus WaSCs revert to end of
pipe treatment alternatives. Hence, WaSCs operationsitaralependent, but only
continuously so, because with increasing transport distance cost increase. In Chapter 1 it
was further underlined that WaSCs in E&W operate in discreet Bratchmentsfrom

which they have to draw water resourddsnce, his emphasises their dependence

location and the natural environment, which is proposed to be a variable affecting the

adoption ofSCls inChapter6.

Russo(2003) concludedfrom his research that the presence of natural capital, in his

case wind, is necessary to stimulate the adoption of a certain technologies. Similar
results were obtained i n r eseaconditoningoncerne
Ormrod (1990)and Minerva(2007)concludel that local natural environmental factors,

here temperature, humidity and wind constrain and shape the decision to install air
conditiorersin private household and offices. These studliesce suggestl that the
naturalenvironmenis associated with location and affebe decision to adopt specific

innovations.

The only independent account about the effect of geographical properties on WaSCs
operation and innovation comes from C#2809) He makes several recommendations
to stimulate innovation in the UK water industhut also notesthdi because of t}
very different circumstances prevalent across England and Walesdiare of water
and wastewater markets and companydtres], the Review does not recommend a
onesizefits-all approach. Some recommendations will be more applicable in some
areas than others and s houBeyondidhat thera kiren f or v
claims by WaSCs themselves arguing that certashnt@logies are necessary or not
implementable because of specific hydrologic, consumptioasset characteristics
International evidence about the impact of location and the natural environment for the
adoption of SCls (specifically CAs) was providedBrpuweret al. (2003) andHeinz
(2003b)

e Environmental pressures must exist (i.e. nitrate, pesticide etc.)

e Size of catchment features make caefect relationship difficulto establish

e CAs are more likely on groumgiter catchments but can be found on large

catchmerg where they provide mainly advisory service
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e Farmsize- smal farmers are more receptiveagronomic advice

Russ@® $2003)and Ormrods (1990)studies discussed above also sedvthat natural
capital alone wa not sufficiet to explain innovation adoption. Natural capital must
rather act in concert with converging economic and social fagiursso 2003)In a
similar vein Berkhout & Gzen (2002) and del Rio Gonzalez(2009) argued that
multiple factors with similar orientation are necessary to stimulate change. Likewise
Mintzberg & Raisinghani(1976) argued that some problem decisions need multiple
stimuli (Section2.5.2. Contrary to Russ@2003) and Ormrod(1990) these authors
were concerned with investigating the interaction between innovation, environmental
policy, stakeholders and @h organisations. In shorthe institutional environmental

factors that affect the organisation.

2.6.3 Regulatory-institutional environment

The institutional environment of organisations does not only comprise markets, but it

also includes rules and regulatsorSpecific focus in this study is on the impact of
environmental regulation. In the EU one of the key objectives of environmental
regulation is to stimulate innovati¢Maria 2005) In line with this isPorter & van der

Linded s(1995) now famous proposition thafi pr oper | vy desntafj ned en
standar ds can t (regudagoa rpushipulln drkisa telationstop was

confirmed by Horbach{2008; Jaffe & Palmer 1997Avho analysed 753 firms in the

German environmental sector. Cleff & Rennin(@999) also bund evidence for the

accuracy of thishypothesis and argdethat, as inPor t er & va@oon) er Lin
hypothesis, companies understand-effwiency as overall efficiencyHowever,Porter

& van de@993) hypotthesié sfferednore detail. They argdethat regulation

that requires organisations to gather information can result in improved enviniahme
performance by raising companiesd awarenes

regul ation can affect the 6Agenda Settingd

Porter & van der Lind€1995)propose further that more stringent regulation can lead
to more radical changes. They ardubat light touch regulation can be addressed by
end of pipe solutions or secondary treatment without innovation, while stricter

regulations requires more fundamentally new ohs, like reconfiguration of products
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and processes. Therefore, environment al re

bet ween Al ternatives?o.

Several regulatory instruments exist. Relevant to this study are command control
approaches or directgelations, where a legal requirement is specified and enforced by

a regulator. Examples relevant for the present context are for instance the drinking water
standards (see Chapter 5). Further, economic instruments which create incentives and or
disincentives for change, in the present context this is for instance the role of the
economic regulator. Other instruments are negotiated agreeriéety are similar to

SCls, but usually involve the bargaining of regulations between organisations and the
regulator (Harrison 1999) In Chapter 5 the notiomf flexible regulation will be
introduced, which is an umbrella term for regulations which gaéintn freedom on the
choice of how @ achieve its goalsby setting ambitious frameworks for change
(Majumdar & Marcus 2001)

In E&W, the viewof the EA on 2" cenury environmental legislation is that direct
regulation is tobe avoided where appropriate and replaced by flexible regulations
including voluntary agreements, education and negotigfi@y 2007) This because
direct regulation can stifle innovation, can dmnomically inefficient, can be difficult
to enforce and places a greagulatory burden on the governmegi@eorg 1994;
Harrison 1999; Steinzor 1998)

For WaSCsn theE&W it was found that innovation was driven by wpwn (e.g. EU)

water and environmental standafdssociated wit direct regulation)This resultedn,
predominantly, large scale capital expenditure on incremenpbvement to existing
technologies or approach@Save 2009)National policies and regulation of WaSias

E&W was criticised by manyCashman & Lewis 2007; HOL 2007, 2006; Thomas &
Ford 2005) Cashmar{2007)suggestdthat it isthe focus of the regulator on rationally
measurable outcomes and efficiency gains embedded in a short term five year cycle that
constraintsnnovations for sustainabilityn a similar vein, but for the specific case of
CAs, Andrews (2003a)concludes thati One o f t he maiabsentsofasons f
CAs in the UK]is that water suppliers are heily regulated and are unable to pass on

the cost of CAs to the consumer. It has been demonstrated that if this obstacle can be

overcome, CAs offer a plausible alternative
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Internationally, otheregulatory aspects that affect SCI iepentationspecificallyare
provided by Brouweet al& (2003) investigation ofCA adoption in Europe; these are

e Livestock farming is more difficult to manage under CAs because of potential
high compensation payments for livestock changes
e Establishment of water protection zones providegnicial supporand improves

enforcement of behavioural changes in agriculture

One wayproposedt o overcome t hi sby®hSCs hE&W fisthennovat.
introduction of competition and market based instrum@atge (2009) It is however

still questionable whether the introduction of competition is possible and wiitethkr

stimulate innovation. The underlying concept of competition is closely associated to the

market pull model discussed above. A positive relation between competition and
innovation was for instance found by Taf&906) He concludd his research of 8916
manufacturing firms in 21 industries by arguing that market completion between similar
products is positively correlated to R&D investment and product innovation.

Yet, another way the institutional environment can affect the ability of organisation to
innovate is through disruptive events (see Se@idh Chrisensen(1997)has showd

that established companies striggtp adopt to rapidly changing external conditions.
Here things happen outside the nor mal frame
now be inappropriate to deal with new challenges. Realising that the rules of the game
have changed becomes a challentgelf as organisations might be sensitive to
inappropriately defined criteria under the new situatidence, the rate of change in the
environment appears to be a factor that tends to affect problem recognition and
matching. In the context &&W the WHD can be viewed as such a disruptive element.
Though water policy has a long history it is frequently claimed that the WFD is the
most challenging piece of water legislation so far. Hence, it raises questions whether
WaSCs are able to break out of theid élames of reference quickly, so as to achieve

the changes that maybe necessary to meet the WFD objectives by 2015 deadline.

2.6.4 Innovation attributes
There is further evidence that the adaptation process is influenced by characteristics of

the innovation. Rgers (2003) provided evidence that relevance dhe perceived
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characteistics of the innovationaffects its rate of adoption. Indeed, he found that they
can explain up to 50% of the variance of the rate of innovation adoption. These
characteristics ar@gRogers 2003)

Relative advantagei Is thedegree to which an alternative/ innovatiorpesceived as
being better thathe icea it supersedes The criteria for judging
on what the decision maker beliefs to of relevance. The relative advantage as perceived

by the organisation is positively related to the adoption ointh@vation.

Compatibility T Is the degree to which annovation is perceived as consistent with the
existing values, past experiences and needs of potential adopters. An innovation can be
incompatible or compatible with (1) co-cultural values and belis, (2) previously
introduced ideas and/ or (3) organisational sefed innovation Good compatibility of

an innovation supports the adoption.

Complexity 1 Is the degree to which an innovation is perceived as relatively difficult to
understand and us&he complexity of an innovation is negatively related ® it

adoption.

Trialability 1 Is the degree to which an innovation may be experimented with on a

limited basis. New ideas that can be easily tried are generalptextimore rapidly

Observablity 7 Is the degree to which the results of innovations are visible to others.
An innovation that leagko easily observable resultssgenerally adopted more readily.

SClIs have not been described in terms of these five characteristics. However, from
studying regvant literature the attributes were assigned to SCI innovaidathet al.

2007; Brouwetet al. 2003, Heinz 2008) SCisare complex and a difficuto trial, due

to the long time delays and complex hydrogeoldgkewise, results of SCls are not
easily observable, precisely because of a delayed -tasgense relationship. In
addition the review of literature indicated that SCIs maybe not easily compatible with
existing regulations. Howeveas will be outlinedn Chapter5, SCIs may provide a
relative advantage, since they can potentially resolve multiple pressures (h&inwin

situation) including higher cost efficiency.
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2.7 Summaryi the analytical framework

In summary, this Chapter showed that innovation inrusgdions can be thought of as a

process that involves multiple decisions in a five stage innovation process (Sedtion

and2.5; Figure 2-6). Furthermore, innovation isomplex non linear, bounded rational

and frequently hard to trace (Secti®d). In addition innovation is affected by a large

array of factors i n t he domains -00rgani .
I nstituti walkPlhyy saodl @Nand 61 nnov2®t Withn At t r i
regards to the WaSCs in E&W it could be shown that they appear to be influenced by

the factors identified form literature. However, the evidence is limited aradlyxow

factors affect the innovatiedecision process is not understood. In ChaptéW&SCs,

will be located along the innovatiatecision process; and in Chapter 6 the factor
influencing the implementation @HysSCclasl,6 wi
characteristics, will be presented and discussed. The methods employed to generate

these results are presented next.

The Innovation process in and organsiation: >

Initiation———————» Implementation >

Agenda Choice between
setting alternatives Restructuring (intra-organisational)

Redefining/ Diffusion Routinising

i A i A i

» A J E ial) A J »

- Feedback (nonsequential) >

T3 = 88 - T3 - 88 v8 -

S5 ®© o Ss © = S5 © o Ss © o Ss © o

32 53 S8 22 sg S8 32 53 S8 52 5§ S8 S2 5 S3
S0 52 ®©>3 CC 53 @2 So 52 > S0 53 ®©2 S0 53 @2
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g8 22 2% 8¢ 82 2% g8 22 2% 8¢ 22 2% §¢ 82 2%
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QO [eX®) [eX¥) [oX®) [eX)
Environment Environment Environment Environment Environment

Boundary conditions:

® bounded rational choices between alterative options

processes is non sequential hard to trace.

organisations frame decisions as issues-problems-options (solutions) i stimulus response

Diagnosis Evaluation
9 - Choice

every stages requires generation of information and knowledge (decision support) and the evaluation of these information

organisational characteristics, the environment (Institutional & natural-pyiscial) and innovation attributes affect the innovation process

Figure 2-6: The innovation-decision making model andhe factors of influence in three domains.
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Chapter 3

Methodology

3.1 Introduction

This Chapter gives a detailed account of the research strategy, design and methods
employed in this study; thereby offering the opportunity to assess the validity of the
results and @nclusions reached. Likewise, it is also underst@sé source of designs,
methods and ideas for future researchers interested in flexible qualitative designs. This
Chapter commences by defining the research strategy in terms of its underlying
ontologicd assumption. Thereafter, in SectiB2 the overall research design and the
analytical tools usedreintroduced and discuss¢8ection3.3). In Sectiors 3.4and3.5

the fieldwork design and analysis in two research phaseset out The Chapteis

concludedoy describing how an ethical research process was ensured (Se6tion

3.2 Research grategy

Four researchtsategies, or the logics of enquiry, can be distinguisheduction,
Deduction, Retroduction and Abductigmote: research strategies describe the approach
taken to answer research question in terms of the underlying ontology and associated
epistemology) These research strategies differ in terms of their ontological
assumptions, starting points, sequence of steps, use of theory, explanation
understanding and the character of their outcai@kskie 2000) Blaikie (2000)argues

that the choice of a research strategy is a matter of judgment involving personal criteria,
but he also emphasises that the research strategy adopted must be suitable for answering
the research questions. An abductive researekegly is adopted in thstudy, thereby
following the philosophy that the perception of social actors can explain observed
patterns and phenomena. In other wptle interpretation of events or rules by social
actors (such as WaSC representatives) can explain decisions andfdligngnof
events. Abductive designs are abie to describe andnderstand change process

They alscenableevaluation and impact assessm@iaikie 2000)
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3.3 Research design flexible

This study followed a flexible case diudesign i(e. research designs describe how a
research is implemented and operationalised). Ro{0P) describes flexible design

as designs that require no fteveloped analytical framework or knowledge of the
phenomena under investigation; they rather evolve and develop as the understanding of
the researcher grows. Contsato this, fixed designs demand the development of an
analytical framework and thus rich knowledge of the research problem prior to the
investigation. In other words, flexible designs offer the opportunity to first explore
social phenomena and then devetbp analytical framework to match the empirical
data. Flexible designs are frequently referredgajualitative studiebecause they are
dominated by methods that lead to the collection of qualitative data. In this study too,
the primary data collecteare qualitative, but as will be discussed later (Se@iGm)

the distinction between qualitative and quantitative is not entirely adequate and flexible
designs should make use of both techniques. The explorative charadtexilue
designs implies that research questions have a tentative character at the outset of the
study. In other wordgesearch questions may be reformulated or the resisetihcan
undergo a reorientatigficisenhardt 1989However Eisenhardt (1989) as well as Miles

& Huberman (1994)emphasisethat an initial definition ofresearch questions is

essential to provide an initial research focus.

This research has been designed wo tphases.The first fieldwork phase was

explorative, aiming to develop an initial understanding of the key water and wastewater
management challenges WaSCs will face in the future. For this purpose the WFD was
viewed as a stimulus for change in water ng@maent. This thinking has been set out in

Chapter 1. Thus the case, or the unit of analysis, in this research phase was defined as
WaSCs in the cont ext FusHermWWatress tmfhe ieteariewt at i on
partners was hoped to be easidren choosg a theme of contemporary controversial

debate to frame the inquirye®i-structured interviews witbpenrended questions were

employed to collect qualitative data; where appropriate qualitative data was transformed

into quantitative data through an assment of interview coverage and recurrence

(Section3.3.3. This enabled comparison and identification of variety.
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Time:
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\j

Initial research questions
What are the main WFD
challenges for WaSCs in
E&W?

What challenges other than
the WFD do WaSCs face?

How do WaSCs organise
WEFD responses?

What are the implications of
the findings for water
regulation?

Figure 3-1: Overview of the flexible research design adopted in this study (arrows indicate which

T &

R

Phase 1 Chapter 4
Aim
WEFD challenges of WaSCs in
England and Wales

Data collection
Semi-structured interview with
open ended questions

Data analysis
Inductive thematic analysis
Recurrence count
Content analysis

Output
Priority WFD challenges of
WaSCs
Initial description of SCI

<

Research questions

I. What are the types of
source control interventions
adopted by WaSCs in
England and Wales?

Il. What are the factors
influencing the
characteristics of the
adoption process of source
control interventions by
WaSCs?

lIl. What are the
implications for innovation-
decision theories?

IV. What are the
implications of the findings
for the implementation of
water regulation (e.g.
WFD)?

G 1

Phase 2 Chapter 5,6
Aim
Develop a model of the process of
source control intervention
adoption and to determine the
factors influencing the adoption of
these interventions by WaSC in
E&W.

Data collection
Semi-structured interview with
open ended questions

Data analysis
Inductive and deductive thematic
analysis
Recurrence count
Co-occurrence

Output
Types of SCI adopted and
proposed for adoption by WaSCs
State of each WaSCs in the SCI
innovation decision process
Factors influencing SCI

research questions are responded to each research phase)

innovation-decision process

N

Results of phise one inform—T

The first research phase resulted in a prioritisation of the key water management

challenges faced by WaSCs in the context of theOWHRformed by these findings the
initial research questions were revisétig(re 3-1). The most prevalent WFD change

issue, namelyaw water quality issues and associgbétis responsebecame the focus

of investigation. Followig this reorientation of the study the unit of analysis was

redefined

to be

OWaSCs in

design was conceived, which employed the DrRerssureStatelmpactResponse

E&W i n

t he

cont e X

(DPSIR) framework $ection 3.4) and innovation decision making theories as

frameworks for investigatiomnd analysis GQhapter2). Explorative design elements,

such as open endeéaterview questions, werenaintained in thdieldwork, asresearch

guestiors | and Il required thefurther exploration of SG andthe factors influeng

innovation decision makingThe analysis of interviews combined theory driven

analytical techniques with data driven design elements.

3.3.1 Data type

In social scientificiterature it is common to distinguish designs that aim to collect data

as words, qualitative, or data collected in numbers, quantitative. However, since data

can be transferred into eé&h form this distinction is not wholly adequaiBlaikie
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2000) Qualitative data may be transferred into quantitative data by counting the
occurrence of concepts to establish their representativédibssman 2001)Numbers
on the other hand are readily turned into verbal descriptammsa means of

interpretation:

AQuantitative data i s u sharadta, whiclpisreddcedcte d by ¢
a number by stripping off the context and removing content from it. Later, after
manipulating the numbers, they are interpreted, that is, expanded by adding content and
context which enables one to see through the numerigahsoback to the social

w o r |(Halfpenny 1996)

Although this study employed methods to turn qualitative data into quantitatiyéheata
primary data(i.e. data produsd by the researcher Blaikie 2008llected in this
research wagqualitative (i.e. interview textlthus it is necessary to discuss some of the

advantages and limitations of qualitative data.

The keyadvantage of quiative designs ighat they generatdetailed insights into the
processes underlying causal relationships. Thus these studies can surface complexities
in o6rich descriptionsd of. Inpheaconted sfetis and ¢
research a qualitative approach can hence contribwegds providing insights into the

causal decision making processes of WaSCs. As indicated above, fliguaitative

designs are also appropriate when the research aims to generate a better understanding
of a new field or phenomena (explorative reseavdigre little prior knowledge exists.
Therefore, flexible designs are able to investigate the unexpected and unusual. Thus,
qualitative designs arsuitable to explor&sCls and for change in water management
perceived by WaSC3he characteristic of qualiise designs to explore the unexpected

and new,is closely related the most crucial advantage ofitfle designsnamely that

they can function without preelection of a theoretical framework or perspective.
Eisenhardt(1989) underlines the value of this by arguing thme-selection of an
analytical framework may bias and limit the findings.addition qualitative designs

are also useful to generate and advanceryhavhich, in the context of this study, is
relevant to develop and gmainnovationdecision making theory for the context of
WaSCs in E&W (i.e. research questidi).|
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Qualitative designslo howeverhavelimitations. Miles & Huberman(1994)argue that
qualitative data are often messy and time consuming to analyse, poteesalkting in
60dat a dorthe réseascklet Furthermore, there are concerns about reliability and
validity. Reliability can be understood as an internal consistency and replicability
(Silverman 2001) Validity refers to the extent to which a finding reflects the reality of
social phenomengSilverman 2001)Silverman(2001)differentiates between two types

of threats to validity:

e Type one error is believing a statement to be true when it is not
e Type two error is rejecting a statement which, in fact, is true

Some scholars argue that these positivisieasures of validity are inappropriate for

qualitative social inquirie¢Eisenhardt 1989; Robson 200Zhe key argument of these

scholars is thait is not possible to test foralidity by replicating theihdings, because

in non experimental designs the exact equal circumstances cannot be replicated.
Another argument suggests that results are subjective and not replicable because the
6researcher i s the i nstis thenratural ciencés relymm | y si s .
specialist standardised tgobnd instruments, which are better suited to produce

redicable results(Eisenhardt 1989; Robson 2002j this vein Miles & Hulerman

(1994)argue

AThe most serious and centr al di fficulty i
are not well formulated. For quantitative data there are clear conventions the
researcher can use. But the analyst faced with a bank of qualitative data has very few
guidelines for protection against selélusion, let alone the presentation of unreliable

or invalid conclusion to scientific or poldi

Miles & Huberman(1994) suggest thatoncerns about validity can be overcolne
usinganalytical methods that enable a transparent and traceable account of how results
and conclusion are generated. Analyticaitware (such as the software used in this
studyi NVivo® 7&8) is helpful in this process as it assists the researchsrutcture

and analyséarge amounts of data.
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The scholaship that rejects positivistic measures of validity argues for alternative
corsiderations of validity. For instancédodkinson & Hodkinson(2001) suggest

judging qualitative case studies on questions like: Do the stories ring true? Do they
seem well supported by evidenand argument? Does the story tell us something new
and/ or different, that is of value in some sort of way? Is the theorising better or more
vauable than alternative model$fowever, other authors argue thatthough more

difficult, a positivist meases of validity can be adopte@Blaikie 2000; Eisenhardt

1989; Robson 2002Hetre reliability is established when two or more researchers obtain

the same results from similar observation. Alternatively, participant validation can be
used to ensure that an adequate account of observed phenomena is given. Nonetheless,
these methods ofalidation pose their own challenges. These incltraedifficulty

accesmg participants for validation and the fact that the peoples attitudes and view
may change as time passes. Therefore, participant validation may not confirm the
findings of previoug nqui ri es. This does not necessar.i
but rather it can reveal a process of chanis (property isfor instance used in

longitudinal studies).

Other limitations of qualitative studies afee high cost 6 data collection ad analysis
and thedifficulty of presenting quantitative data simphut adequately.

3.3.2 Sampling method- case study
This research generates data in a seshiral setting(as opposed to naturdl or

experimental settings)that is individuals are asked forovide accounts of their
activities, perceptions, attitudes and knowledge. Saniral sampling methods can be
surveys or case studies. The main difference betwapreys and case studissthe
sampling strategy. While surveys use statistical sampiimgghods (e.g. random
sampling), case studies are based on theoretical sampling methods, most frequently
purposive sampling. This is because case studies are defineshpascal inrdepth
investigations of specific contemporary phenomena taking into atdbe natural
setting of the casgyin 2003) Case studies require the definition of cases that include
the research object and its contexs, they aim to investigate a specific problem or

phenomena, often a situatithat is extraordinary or special.
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Case studies as a research design have the advantages of qualitative enquiries discussed
above. Yet, they have a number of characteristics that make them appealing as a design
for this research. A key strength of catedy research is that it can be designed as a
multiple case study to compare different cases or units of andbgtiseenfour to 10

cases was found to be an appropriatenber to maintain complex insights on the one

hand, while also ensure empirical gnoling of result{Eisenhardt 1989)In multiple

case design®ach case is equivalent to an experiment and multiple cases are equivalent
to multiple experimentg§Yin 2003) Contrasting between cases can be applied to tease

out idiosyncrasies of cases and to validate cases against one @ast@nardt 1989)

In thisreseach, such a multiple case study design was adopted. Each of the 10 WaSC in
England and Wales presented a case enabling the comparison between the WaSCs and
the elicitation of differences and similarities. The approach was also vital to determine
factors ofinfluence, because multiple samples (i.e. WaSCs) permitted identification of
recurring causal relationships or such relationships that were idiosyncratic. Case studies
are also practical to study specific congegt sites where social phenomenon occur
(Miles & Huberman 1994)Hodkinson & Hodkinson(2001) argue that case studies
retain more of the external context than other types of research and thahtbig can

be highly significant to expose complexities and causal relationshgeed, onef the
objectives of this research w#s investigate whether and how environmental factors
(i.e. the context) affect innovatiatecision makingsee Chapter 2 faa discussion of
factors influencing innovation and chang&hus a case study dgs was usefulsince

it offered a means for cofporation of the findings ttough comparison, wte also

being ablgo highlight idiosyncrasies irich descriptions and acoated for the context

as a potential explanatory variable.

Case study designs also share the disadvantages of qualitative studies, but researchers
carrying out case studies are faced with some more specific challenges. By definition
case studies investite one or a few specific cases in depth, therefore it is often
challenging for researchers to draw general conclusions from case study research. For
instance Eisenhardti989)finds that a number of case studies only produtatdow

and idiosyncratitheory.However, she also suggests that:
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ARnThe | ikelihood of val i d -buideg processiissohi gh b
intimately tied with evidence that it is verykély that the resultant theorwill be

consistent with empirical observation. o
She continues by arguing that:

fCreative insight often arises from the juxtaposition of contradictory or paradoxical
evidence.That is, attempts to reconcile evidence acrossesatypes of data, and
different investigators, andbetween cases and literature increase the likelihood of

creative reframing into a new theoretical v

Careful sample selectiocan furtherimprove the generalisations made from empiric
enquiries Since statistical rigouthrough selection of a large number of samples is
neither possible nor desired in case studies desitpes,selection of theoretically
relevant casegpurposive sampling)s vital to produce relevant outcomeb the
specific case fothis study the entire population of WaSCs in E&W was sampled, thus
the results can be assumed to be applicable for the WaSCs in E&W. The application of
the findings beyond the context of E&W may however be limited, because of different
organisational ah governance structure addition to different geographies and

geologies.

3.3.3 Analytical toolsemployed
Threeanalytical tools of fundamentally different character were applied in this study,

namely thematic analysis, content analysis and e Each othese methods have
their strength and weaknessebut in combinationthey can perform wellproviding

insights about causal relationships, strucdared scientific rigour.
Thematic analysis

The primary analytical tool enigyyed in this study wathematicanalysis It is a method

to identify patterns or themes in transcribed interviews. Braun & Cl@6@6) argue

that themati c anal posrlybrandes method] ia that it dossenat b u t
appear to exist as a named analysis in the same way as other néethdd® . g . narr at
analysis, grounded theory, qualitative content anglysideedtheliterature showshat

a variety of labelgor no label at all see Macht al. 2005)is given to processes which

resemble the stepwise and iterative approach of thematic an@isi& Kyngas 2007,
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Hsieh & Shannon 2005; Miles & Huberman 1994; Strauss & Corbin 1998)
Familiarising with the datajefining, collating and renaming themas® the phases of
thematic analysigFigure3-2). Therefore, rather thamtering into a discourse about the
different names given to qualitative data analysis techniques, the following discussion is
restricted to crucial consideratiomghich provide necessary background knowledge.
Grounded theory will be discussed, because tlose to the approach adopted in this
research and it is an established method of data analysis. Similarly, content analysis is a
method with a long history, but is more frequently associated with quantitative aspects
of text analysisTo avoid confusionthe decision was made to reserve the term content
analysis for quantitative assessment of the text.

with the data initial ideas.

Generating
initial codes
Searching for
themes
Reviewing
themes

\»< Defining and > Ongoing analysis to refine the specifics of each theme, and the

/_< Familiarizing > Transcription, reading and re-reading the data, noting down

Coding features relevant to the research question in a
systematic fashion across the entire data set until saturation is
reached (Strauss and Corbin 1998). Collating data relevant to
each code until.

Collating codes into potential themes, gathering all data
relevant to each potential theme.

Checking if the themeswork in relation to the coded extracts
(Level 1) and the entire data set (Level 2), generating a
thematic émapbof the analysis.

naming themes overall story the analysistells, generating clear definitions and
names for each theme

Figure 3-2: Description of the phases of thematic analysigmodified following Braun & Clarke
2006)

The coding of text is a key charactegsthat thematic analysis shares with other
approaches such as grounded theory. Strauss and Gb#98) define coding in two
stages, open coding which i®he analytical process through which concepts are
identified and their properties and dimensions are discoverdd line daadt aaial

and selective coding where broader categories are developed and linked to form a
theoretical scheme. In more simple terroading breaks up the text in discreet parts

such as events or decispand subsequently collates related cotsep broader
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categories (in this study for instanssues,problems, options Sectiod.1). Miles &
Huberman(1994)suggest that coding begins with descuptcodes, which require little
interpretation, but are rather based on attributing phenomena to a segment of text. Later
in the process, when the researcher has gained knowledge about fleedizgamight
become more interpretive and inferential. Thisessh follows this guideline. It begins

by employing abductive coding, which is similar to descriptive codimgjthen makes

use of deductive coding, whichis comparable to interpretative coding. The
distinguishing features of abductive coding is thattalys as close as possible to the
language, the concepts and meanings of the social actors rather than imposing their
concepts and categori@Blaikie 2000) This closeness to tHay language warrants, to

an extent, the direaeflection of the perceptions of social actors. In grounded theory

abductive coding is not udeBlaikie (2000)argues the following:

i e various forms of coding [inrgundedtheory] are a search for technicabncepts

that will organise and make sense of the data. While these concepts can be either those
that are already in use, or can be developed by researcher for a particular purpose,
there appears to be little attempt to derive them from lay concepts, ke nsa of lay

meanings associated with the concepts, or to tie them to lay concepts. For this reason,

grounded theory is not strictly an abduct:i

Codingfurtherrequires labels that reflect the coded content, a definition that deéseat

the boundaries of the coded theifoe concept) and a definition of the coding unit.
Coding units are the elements of the text which constitute an analytical entity. They can
be as small as words and as large as whole paragraphs. There are no gelginegui

in literature about the size of these units. Rather coding units should be appropriate for
the purpose at handndtypically this can besentences or monothematic chunks of text
(Miles & Hubermanl994)

The principal advantages of thematic analysis compared to grounded theory are that it is
theoretically less bound angl more open to integrate various analytical methods. For
instance grounded theory analysis requires the developmeniuséfa theorydthat is
grounded in the interview data. Grounded theory assumes that themes can be derived

from the text without the application of an underlying theoretical framework. This

conceptualisation of an objective researcher, which simply echoes the paci pant 6s
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views, has been critiged. Qitics claim thatresearchergmtroduce biasby inexplicitly

appling theories to analyse daf&ilverman 2001)Contrary tothis thematic analysis
does notdemandthe development of @ u s ¢heomd It is rather a flexible research
method, capable of integrating a variety of research toolaukedt is compatible with

multiple research strategié@@raun & Clarke 2006)
Content analysis

Conent analysis is a method for making replicable and valid inferences from texts by
condensing the data into categorigsippendorff 2004) In this vein content analysis is

very similar to tlematic analysis, but contrary to thematic analysis, content analysis has
a tradition of quantitative datanalysis. However, the quantitativejualitative
distinction is considered inadequate because both methods are indispensable for text
analysis(Krippendorff 2004) in this thesis the termontent analysis shall be used as an
umbrella term to cover all and only quantitative data analysis techniques. This is done to
avoid onfusion of terms. The qualitative elements of content analysis are provided for

by the thematic analysis.

Like thematic analysjscontent analysis requires the definition of codes and units of
analysis.In its simplest form content analysis is based ovoed count usually applied

for defined units of investigation (for instance certain artickestiors of articles or

even titles). In more complex forms content analysis focuses ometagonships
betweenunits of investigation(relational content analysis Buset al. 2005) In this

study a nurber of methods were used, namely recurrence counts of themes, interview

coverage of themes and a modified relational content analysis.

The representativeness of certain concepts was assessedagsimgnce counts of

coded thenes. Interview coverage assedthe penetration of themes or codes in
interviews. In other word# showed how(l) frequently a theme occurs and (Il) the
amount of OGOspaced6 it occupies in the text.
provide an assessment of prevalence, wliah be associated with importance of

themes within single interviews and between multiple interviews.
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However, it is not proposed here that only frequenttyineng themes or themes with a

high coverage are of relevandgather themes must reveal infation with regard to

the research questiomccordingly unusual themes (i.e. themes with low recurrence or

coverage across interviews) provide valuable insights that enable the explanation of
relationships (see Sectidh3.1onEi senhardt 6s (1989) di scussi
above). Furthermore,oanting recurrence and prevalence (interview coverage) was an
important toolin identifying difference and similaritieacross the population of WaSCs
(Sections3.4.2and3.5.2.

The specific type of relational content analysis used in this study is proximity analysis
(Buschet al. 2005) Proximity analysis describes the-accurrence of two codes in a

unit of analysis Co-occurrence can be understood asiratication for correlationor
relationshipbetween codeslo clarify, a ceoccurrence takes place when in a coding

unit two concepts are codeddividually. For instance the sentenéePoor r aw wat e
gual ity i ncr easeas betcodedaadawewater qualitgsas well @s

&cost@ Therefore the themeaw water quality and costs occur together once. Themes

that occur more frequently together can therefore be considered to indicate a frequently

stated relationship.
Narratives

Narratives aresuitable to explain a process by describing its stagthe oder of their
occurrencgRobson 2002)Moreover, narratives also generatedapth understanding

and explantons of causal processes. This crucial role of written accounts for analysis is
emphasised biisenhard{1989)

AWithin case anal ysi s swugdyiwita ugs yor eaah wiel ves d
These write ups are often simply pure descriptions, but they are central to the
generation of insight because they help researchers to cope early in the analysis

process with the often enormous volume of d

In this vein the narratives in this study were constructed by describing process and
causal relationship in the words of the author. Narratives were constructed for each

WaSC rather than for each interview. Since narratives are extensive anth&ngre
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not preseted in full in this researctiRatherChapters 45 and 6 contain elements of the

narratives and are outcomes of the sense making process facilitated by writing.

3.4 Phasel

The first fieldwork phase was designed as an explorative enquiry withssertiured
interviews and open ended questions as a method of data gathering. An interview guide
was sed to structure the interviewthis ensured some degree of comparability between

the interviews. The interview guide consisted of the following four main questions

What are the main challenges posed by the WFD?
What priority does the WFD have in relation to other activities?

How are responses to the WFD being organised?

0N PR

What kind of benchmarking information would be useful to have?

The first interview questioaimed to explore theVFD change issuefaced byWaSCs.

It was anticipated that this questiovould result in the population of key areas of
concern to WaSCdherefore providing an assessment of where SCls can be positioned
in the context WFDQdrivenchange The second question was developed to capture other
stimuli for change perceived by WaSC representatives. Question three was intended to
deliver an understanding of the mechanisms of responding to the WFD. The purpose of
this was to generate a comparisoihthe approaches to WFD response adopted by
WaSCs. At this early stage of the studiyvas anticipated that an understanding of how
responses to the WFDereorganised may have explanatory value for differences and
similarities between cases. Howewihis was not followed uphecause the orientation

of the research changed as a result of the outcomes of the first phase enquiry. Finally,
question four aimed to elicit benchmarking information of interest to WaSCs, to inform
the next phase research desigowever only very few interview partners expressed a
need for benchmarking information; as a result this question did not contribute to the

subsequent research design.

3.4.1 Fieldwork

Interviews were carried out in 200Participantswere identified through ietnet
search consultation with industry lales (Water UK, British Waterand snowballing.

Sampling was purposive with all interview partnsetected based on their function in
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the WaSCs. Accountability foWWFD response planningvas a precondition to be

considered for interviewsindividuals with this dutywerec onsi der ed O0gat eKke
who filter the data and information the organisation receives. Thus they influence which

issues are emphasised or subdued in processes of setting objectives, formulating
problems and generating respon§ékeckland & Holwell 1998)Hence, the interview

results serveas a proxy for the response of the organisation to the WFD.

In total 13 interviews, with 17ndividuals innine English and Welsh WaSGsere
conductedn phase oneTable3-1). Each intervigvee received a short document prior to
theinterview outlining the research and presenting the quesiiobs aisked during the
interview Appendixl). All interviews lasted between 4dd 90 min and were recorded
with a digital voice recorder.

Table 3-1: Distribution of interviews and interview partners across the population of WaSCsn
fieldwork phase 1.

WaSC Number of interview Number of interview partners
A 1 2
B 1 1
C Could not be accessed for intervidaspite several attempts
D 2 2
E 1 1
F 1 1
G 3 4
H 1 2
I 1 1
J 2 3
Total 13 17

3.4.2 Interview analysis

Recorded interviews were transcribed and imported into the softwam®N7. To
understand change issues and associated problems and responss ibgtioatic
analysis was applied. Prevalence of issues, problems and response options was assessed
using recurrence counts and interview coverage. Written accounts of issues, problem

and response options were generated through narratives.

Thematic analysis

Thematic analysis as described in SectoB.3 was applied to analyse the interview
transcripts. Data were codedan abductivdashion, using labels directly derived from
the language used by the interview partner (e.gestment, benefits, cost, treatment

etc.). Thereafter codes were collated and summarized in broader categories issues,
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problem and optionslhese broader categories too were directly derived from the data.

To clarify, consider the following quotavhich demastrates that interview partners
conceptualised problem and response in issue streams as propdsacgley et al.

(1995) and discussed in Chapter 2fiSo we are reasonably optimistibat the

framework directive will give us the opportunity to highlight those isswesare
expecting to see, measures being taken | i ke
(a water only company) or @AdAThe dissuevasr behi

suchit's how they're addressed in terms of programs of measureS F ) 0

The hierarchical coding function of NVifo7 was used to facilitate coding. The
categories derived wer€&igure3-3):

e issues- important topics of debater symptoms of importance to one or more
actors, e.gwater quality in the environment

e problems- the specific implications of issues for each adt@t present some
need for change.g. achievingjood ecological stas

e options- a set of possible alternativésolutions to problemsgonsidered by

different actors, e.g. bundles of possible treatment technologies

Issue

Stimulus
Resolves

Response

Figure 3-3: Coding framework of this researt

The logic of the coding framework was the followi@ptionsand problemsre entities
of issueslssues are very much like themes, a global title for a situa@orthe other
hand,problemsarise from an issue within a specific context and might thezdfe case
specific; they require analysis and understanding of the specific characteristics of an
issue (Simon 1997) Response options, are generated as a result of the problem

constituting an activity that aimshe sampleincluded also desired or anticipate
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activities) to resolve the problem, but not necessarily the issueslasiiswther words

the coding framework follows a stimulus response concept, where problems trigger
innovation. From this perspective innovatidecision making as discussed elsewhere in
this thesis (Chapter 2), provides the core theories to explain lgt®mships between
issues, problem and option (i.e. performance gab, recognifionklarify consider a

hypothetical example of two water companies.

Two organisations A and B face an increase in investment to iastafiate removal

plant (i.e. ion exisange), costing100m[issue] These investments are usually financed
through water bills. For organisation A this implies an increase of water bills to say 2
£/m°. However, company B already charges a water price ah24d cannot increase
their waterprice due to existing regulatiofgifferent problems]Hence due to different
preconditions the two companies have to follow different approagksponsesto

raise the necessary funds; while company A simply increases water bills. Company B
might needto borrow money. In this, admittedly simple example we can observe how
an issudé investment- is perceived as a problem depending on the colitextwater
companyA increasd water bills, whilewater companyB canrot increase water prices)

and how thiscan generate different responses.

Since it was the objective of this first research phase to understand the key challenges
posed by the WFD it was necessarydistinguishthe issues driven by th&FD from
thosedriven under other EU directives or othewsmess concernsto do thisthe

following criteria were applied:

e |Issues directly associated with the WFD by the interviewee (i.e. interviewee
refers to the WFD as a driver for this issue) and

e |Issues legislated for in the WFD (i.e. ecological status, bathabstraction)

If both criteria were methe issue was termetd WFD change issue. By applying this
approach it could be ensured that the issues were perceived to be stimulated by the
WFD. However, this does not preclude that other stimulus are irr¢ldudeed, it has

been arguedbovethat a combination of pressures rather than a single stimulus maybe

necessary to trigger change. This is reflected in the coding framework through the
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creation of a separate O0i ssuer ssot raeraemdc oulnldae
(Chapter 4)

Content analysis

Two modified content analysis methods were applied to assess the prevalessoesof

problens and options. These methods were recurrence counts and coverage analysis.
Recurrence counts simply enumerate Hosgquently a theme (i.e. issue, problem or

options) occurred in the text. Coverage analysis is more complex and was only applied

to determine the prevalence of issuesr this purpos¢he unit of investigation asset

to be the text coded as issues in tiiematic analysis. Then redundant words, such as

articles, pronouns and common verbs (i.e. to be), which contribute to understanding in

context but do not convey issue specific information, were deleted. By removing these

words from the transcripts, axtewas producedvhichwas fr ee of o6irr el e\
Hence, the transcriptserec onsi dered dds oéedacdagditdhe cont
words. The advantagef this approach is that itan, to an extent, account for the

complexty of language(i.e. wads can have different meanings in different contexts)

because it uses monothematic chunks of text as a unit of analysis.

Ledgend Interviews

In/ Output—p> Count of

all
interview
words

Determine
articles,
verbs and
pronouns

Eliminate
words in
WFD
change
issue

Eliminate
words in
entire
interview

Thematic
analysis

Calculate
coverage
of WFD
issue

Figure 3-4: The process of content analysis and coveragé WFD change issue assessment.
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The selection of words to be excluded from the text was approached using the following
technique. The words of all interviews under investigation were listed and rank ordered
according to their marginal contribution to tezbverage Figure 3-4; using the
Software Hamlet fi). Moving from high ranks to low ranksvords were eliminated

from the list until the marginal contribution of each word approached Eegare3-5).

In total 86words were selected, with their summed marginal contributions constituting
more than 50% of the entire interview tekigure 3-5). Finally the remaining words
under each WFD change issues were counted and expredbedpascentage of words

remaining in the transcript.

-+ marginal contribution
- cumulative contribution

6 - 60
-} =
O —= © 3
S 5 <
-‘é'g 4 F40 @ %.
e o <
S = T o
o < = 0
TG - 3
c 8 24 F20 @ =
£9 25
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c = o

>

0 -0

10 20 30 40 50 60 70 80 90
words

Figure 3-5: Cul minating distribution functi(henfuncion 6r edund:
displays how the marginal catribution of words in the text diminishes with increasing number of
selected word}.

3.5 Phase 2

The second fieldwork phase employed ssiniictured interviewsl he Driver-Pressure
StatelmpactResponse framework (DPSIRyas used to structurend analysethe
interviews (Figure 3-6). It is a framework developed by the European Environment
Agency to analyse and structure environmental problems in terDBSIR At the EU
level DPSIR now actasan approach to reporting of environmergadblems and as a
tool for policy makers to develop and assess policy cho{éestensen 2004)
According to the DPSIR framewarklevelopments in society exert pressore the

environment, which leatb changes in environmental conditions. Subsequethibse
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changes have an impagh individuals, sectors or whole societies and their ability to

function. Impacts then may trigger a feedback (response) towards drivers, pressures,

states or impact$Smeets & Weterings 1999)

For the pupose of this studthe element of the DPSWeredefined as followgSmeets
& Weterings 1999)

Responses

&7

Figure 3-6: The Driver Pressure State Response Framewor{Smeets & Weterings 1999)

The Drivers are the social, demographic and economic developments in societies
that influence the pressure on the environment. Inrégsarchthis coud be the

WFD or the CAP, but also chargg@ agricultural practice driven by market forces

(i.e. prices of crops and fertiliser).

The Pressures describe developments in release or consumption of substances,
physical and biological agents, the use of resemiand the use of land. Examples

are the agricultural practicestermsof land use and agrchemical applicationThe
pressures exerted by society are transported and transformed in natural processes to
manifest themselves in changes in environmemiadlitions.

The State reflects the environmental conditiohsatural systems using quantitative

and qualitativandicators of physical phenomena (such as temperature), biological
phenomena (such as fish stocks)d achemical phenomena (such as nifrate
concentrations the water).

The changes in the state of the environment then have impacts on social and
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economic functionsin the presentase for instangéhe coss of water treatment to
reduce nitrate levels
e Responserefers to solutions, approachegptions or alternatives of WaSCs to

compensate, ameliorate or adapt to changes in the state of the environment.

Figure3-7 shows the DPSIR framework applied during the fieldworkAs can be seen

the DPSIR was ot facilitated in its original sequence. The sequence was altered,
because 5 pilot interviews (with University staff and students) indicated that the logical
sequence of the DPSIR should commence with the descriptiampactsand their
causesfollowed by the investigation othe responses. The pilot interviews further
demonstrated that questions containing wadills drivers, pressures oistate were
difficult to respondo; rather why, who or where questions performed better in eliciting

causes foperceved raw water quality problems.

Please identify areas of special importance to your organisation with regards to raw
water quality problems?

Describe the physical and geographical characteristics of the area.

Impact = Implication of the
state change for your

organisation

How is your organisation

affected? State = condition of the

environment

Pressure = environmental
stress caused by human
activities

What is the state
of the
environment?

Driver = Human activities
causing environmental
stress

Which activities

. is affecting the state?
Response = Options to

mitigate impact on your
organisation
How is your organisation

responding? Who is carrying out the

activity?
So\u\"oﬁ

Which other responSes have you considered?
OR What could be alternative responses?

How have you chosen this response?

Figure 3-7: DPSIR as sento the interview partners
In addition the interview protocol (Appendix)l required participants first to identify
geayraphical areas where their organisation faced raw water (water resource) quality

issues. Interviegeswere then asked to group the geographical areas in agésy
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felt appropriate. Subsequentithe physical and geographical characteristitghese
areaswere described by the interviewe@$en the DPSIR framework waapplied In a
last stepthe interviews exploreth detail how specific responses were selected, why
othes were rejectedand which role the local physical and geographical charaaterist

played during the choice of alternatives.

Compared to the first fieldwork phase the DPSIR presented a more structured interview
framework. This design was chosenimprove the comparability between interviews

A higher degree of comparability betweenierviews was essential to produce the
outputs necessary to meet the research objectives. Furthermore, data were to be gathered
in a single contact event of little more than one hour. Longer or more frequent inquiry
was assessed to be infeasible or iskyr because of limited access to participant and

the limited period of funding.

Methods such as problem stturing or causal mapping aedternative tothe DPSIR
(Ackermannet al. 2004; Belton & Stewart 2002As the DPSIR they are suitable to
investigate a problerandto detect causal relationship. However, problem structuring
and causal mapping are time intensive and usually require more than one contact event.
Moreover, these designs are less suitable for understanding the environmental context in
which SCls or other raw water quality responses take place. DPSIR on the other hand
was specifically designed for thiRoot cause analysi@Belausteguigoitia 2004pr

impact pathway analysi$Rabl & Peuportier 1995pare alternative to the DPSIR
framewok, which were designed to elicitenvironmental cause effect relationships.
However, these methodandin fact ausal mapping and problem structuring) do not
formally introduce the concept of impact or response. Hence, the DPSIR was more
suitable for the central task of this study, which was to identify the relationship between
multiple factors and theirnfluence on causal processes as perceived by WaSC
representatives. The DPSIR offered an opportunity to work from the perception of a
problem back to its cause, and similarly to work from the perception of a problem

forward to the solutionRigure3-7).

3.5.1 Fieldwork
In Phase twp1l7 semi structuré face to face interviews with 2ihdividuals were

conductedfrom May to August 2009Table 3-2). Interviews were recorded with a
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digital voice recader and lasted between 40 and 90 minukes. ®lection of interview
partners was purposefubll interview partners were responsible for water quality
management and drinking water asset management and planning. Their responsibilities
included the implen@ation of the Drinking Water Safety Plan (DWSP) approach
(Chapter 4) ensuring compliance to drinking water standards and the protection of
drinking water resource®VaSCs staff in these positions was likely to hold knowledge
about the causes of raw wapailution and the action taken by WaSCs to resolve these

problems, includingCls.

Intervieneeswere identified througtsnowballing, during conferencesd via internet
search. To ensure all individuals held the knowledge necessary to answer thenntervie
guestionstwo documentsoutlining the aims of the researq®ppendix 1ll) and the
interview questiongAppendix Il) were sento the interview partnersalong with an
opening letter asking them to assess their expertise against these doclihrenigh

this process it became apparent that in a number of organisations no positions that
unified all required characteristic existed. For instance, some interview partners were
more familiar with surface water quality rather than ground water quality problains an
responses. In other instances, different interview partners focused on differend iregion

a WaSC catchment or specific aspects of the business (coordination of activities
strategic, implementation of activities on the grourabnstruction, samplingdvice).

For the majority of WaSCs ¢hdifferent focus and knowledge ioterviewees could be
compensated for by interviewing two or more individud®wever, ina number of
organisationgi.e. F, H, D)individuals that could provide the required adifitinsights

could not be identified or accessed. In some of these instances it was suggested that the
desired knowledge was not held within the organisation (i.e. H, D). For instance,
catchments could not be described in detail @sgures and their casseere not

known.
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Table 3-2: Distribution of interviews and interview partners across the population of WaSCsn
fieldwork phase 2.

WaSC Number of interview Number of interview partners
A 2 3
B 2 3
C 2 2
D 2 2
E 1 2
F 1 1
G 2 2
H 1 1
I 2 3
J 2 2

Total 17 21

3.5.2 Interview analysis
The analysis of transcribed interview text used narratives, inductive and deductive

thematic analysisAs in phaseone all interviews were ainscribed and imported into

NVivo 8 for analysis.

Narrative and thematic analysis

In phase twpdat analysis commenced with writing pérratives for each catchment
area identified during the interviewNarratives were written to reflect and summarise
the interviews in a structured waylThey contained information about roles and
responsibilities of the interview partners, descriptions of catchments, raw water
problems, proposed causes and responses to these protdsnmeell asinformation

about choiceshade.

Each narrative was supplemented with an influence diagram of the DP§iRe3-8).

This graphical representation provided as summary of the written text. Drivers were not
represented abe data gathered abadriverswaslimited. The narratives also provided

a first insight into the factors that influenced causal relationsfiips concest of

causal factors and Mderatin@ variableswere used toelicit the factors influencing
decision making and innovatioiModerating variables are definetiere as variables
which affect the relationship between a dependent and independent vabiatbkere
themselves not altere(Van de Ven 2007; Whetten 200Z2Jhe outcoms of this
approach were descriptions of the factors and their effects on planned raw water

problem responses of WaSCs.
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Opex
Pressure: savings
Farming close to the T T T T T e —
reservoir Response:
Historic investment
\ into GAC
\ . ;
Small catchment —A\ / /
State: N
Emerging intermitted Defrafunded T /
pesticide pollution catchment officer _>\ / .
2a
: High Costs
No treatment in IRE|tlab|et
reatmen
place Impact:
Final water failure
Legend
Moderating variable Eeedback of
_= i i —_— =
negative effect (i.e. response
existence of variable is a q
N PSIR variable
barrier/ reduces response)
+= positive effect (i.e.
existence of variable
enhance/ enables response) Causal »
x relationship

Figure 3-8: Example of DPSIR moderating variable technological externalities and management
objectives (note drivers are omitted in this figure as noidect evidence on drivers was gathered).

Thematic analysis

Abductive thematic analysis was employed to determine the faictthugncing the
innovation decision proces3ext was coded as ad@r influencing the innovation
decisionmaking processwhen a ausal relationship was expressed by the interview
partner. In other wordthe text was isolatedf the interviewee indicated thaspects
such as costs, assets, land use or any other feature influenced their decision. For
instance(A): 1 C a r toaipnints,sustainability, energy, WFD is driving us that way so

a whole host, operating costs, customers bills, you know, it is just the right thing to,
t hat 6s what Each codehwasudiven adabel that reflected the coded text.
The coding unit was herbéa smallest monothematic unit. In the example above this is a
word or two words (e.g. operating costs). But coding uagsally encompasd a

sentencer paragraph

The factors of influence were populatédrough several iterations of this processl
until saturation was reached (i.e. no new themes were dete&at$equently these

factors were allocated into tli®mmains of factors of influence developed in Chapter 2,
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namel y: -P&Mai endrdnient, (Regulatorylnstitutionab environment,
60rigaati onal C h dmavationeAtributes) iThe all@catianncudteria for
factors into these domainare presentedn Table 3-3. Apportioningof factors in these
groups was ambiguouis a number of casdsecauséhe factors matched more than one
allocation criteria. Thisambiguity appeared to be a function of crossrrelations
between factors. IlChaptes 6 and 7these interrelationships will be exposed, thus
accounting for the shortcoming of this allocation framework.

Table 3-3: Criteria for allocating factors into factor domains (for more information about the
factor categories see Chapter 2)

Factor category Reference or statement indicating

NaturatPhysical geographical circumstance, land use, hydrogeology

environment

Organisation knowledge, organisational structure, assets owned by the organisation

Characteristics

Regulatorylnstitutional ~ markets, regulation, laws
environment

Innovation attributes complexity (i.e. dificulty of adoption), trialability, relative advantage i.
cost, observability

To differentiate types of S€lan abductive coding process was employed. Types of

SClswere distinguished according to tfedlowing criteria:

e requirement on organisationahdwledge (i.e. the level of detailed agricultural
and catchment knowledge),

e method of intervention(i.e. direct or indirect involvement with farming
community),

¢ financial commitment by the WaSCs (e.g. employ staff, sampling, compensation
payment) and

e the scale of intervention (i.e. national, regional, catchment, individual farm).

Through deductive coding, the innovatiodecision process was described and
determined &which stage of the innovatiodecision making process WaSCs were
located at the time © interviewing. The innovatiowecsion making process model
developed in Chapté&? was employed as a coding framework. Text was considered to
provide evidene for a process stage when the features describ@able 3-4 were
detected
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Table 3-4: Criteria for coding text as a stage in the innovatiord e ci si on process (i .e.
Settingd, 6Choice 0lReti we®wv aAl tomdnatoiDvéddasi ond and OR
Process Phase Evidence as a statement or reference to
Agenda Setting Reference or statement describing the identification of a problem or issues
Choice between Reference to alternatives to resolve the problem identified,
Alternatives
Reinnovation Reference to desigor adaptation of the organisation or the innovation to spec
contextual features
Diffusion Further adoption of an intervention within the organisation
Routinisation Intervention as a standard response mechanism embedded in organisationa
practice

Content analysis

The factors and process stages identified using the methods above were then integrated
through proximity analysisT@ble 3-5). Proximity analysis was applied to reveal co
occurrence of process stages and factorsnéifience. More preciselyproximity
analysis revealed whethtaxt coded as a factor has also been cadsh innovation

decision processThus this indicated where factors from each domain affect the
innovation decision proces$he matrix coding functio in NVivo 8 facilitated this
assessmentesulting in a recurrence count of eackocourrence (examplEable3-5).

Table 3-5: Example matrix of co-occurrence of factors in innovaton-process stage for innovation
attributes

Process stages Trendsand Hydrogeology  Source Catchment Land
peaks type size use

Agenda Setting 10 1 0 0 0
Choicebtw
Alternatives 2 3 7 1
Reinnovation 1 3 2 6 0
Diffusion 2 0 2 1 0
Routinisation 0 0 0 0 0
3.6 Ethics

When using interviews as a method of inquiry researchers must be awtreirof
obligation to research subjectshél Social Research Associati®GRA 2003)defines

this obligation as:

"Social researchers must strive to protect subjects from undue harm arising as a
consequence of their participationinresearch. §© r equi res t hat subj ec
should be voluntary and as fully informed as possible and no group should be

disadvantaged by routinely being excluded from consideration."
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The obligations towards the research subject were addressed in the fiaying

3.6.1 Informants consent
All i nterviewswereconduced after permission to do s@asobtained. Participanisere

informed of their right to refuse or taithdraw from participation. Any refusal or
withdrawalwasfinal and no furtheattempt vas made to ol#in consent. Furthermore,
interviewees wre askedfor permission to take notemnd voice recordthe interview

The recording devicevasturned off at any point during the interview if thesearcher
wasasked todo so.Interview partners were also askedctimplete and sign a consent
form prior to starting the interview @pendix IV). The purpose of this was to provide
evidence that interview partners were informed about their rights, the research process

and limitation to the access of data.

3.6.2 Deception
When obtaining the intervieweeonsentit was important to provide honesand

transparent insight into the purpose and the aims of the inquiry. To éremsparency
both fieldwork phases used amerview primerwhich was send to thénterviewee
before conent of participation wasobtained. The interview primgrcomprisedorief

descriptions of the researoljectives,output, method of inquiry and autline of the

questions thatvould be asked during the interviei&ppendix LIl & 111).

3.6.3 Avoid undue intrusion
Physical activities, intrusive questions or disclosafenformationcan cause physical

andpsychological harm (defined here as any form of emotional distress) or héne to
careerof the interview partnerTherewasa low risk in this researcfor ary physical
harm to be inflicted during interviewsTo preempt any harmful behaviour or
guestiomng, the interview questions were carefullyrgparel and eflecied onprior to

the fieldwork.In this process consideration was given to the following:

e Are thequestions intrusive and harmful to the interview partner?

e Attempt toplace myself in the shoes of interviewees.

3.6.4 Protecting the interests of subjects
Information revealed during the interviews can be harmful to the partisipdren

made public. In thepecific case of this researchvitas necessary to ensutbat no

75



Chapter 3 Methodology

informationwasrevealedwhich could cause harm to the individual the organisation
(i.e. financial loss, harm to the imagd companies Thus datawere codified at an
early stage of thanalysis process$n addition, any data collected during the interviews
was onlypublishedwith the consent of the intervie& To ensure thisinterviewees
were provided with a copy of documentbefore publication. Publicatioronly
commenced if no objeans to the content of the document were received.
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Chapter 4

Source control interventions and WFD
change

4.1 Introduction

This Chapter reports the results of the first fieldwork phase. The purpose of this Chapter
is to demonstrate how the initial explorative resegrhhse contributed towards the
development of the final research questions. To do so, the key water and wastewater
management challenges perceived by WaSC representatives in terms of issues and
problems will be described. Furthermore, the proposed resptmsieese problems will

be populated and described. The investigation centred on the changes stimulated by the
WFD as the general, broad, framework of enq(€iapter L Due to the broad focus

of this first inquiry this Chapter does not solely focusSfls, but rather investigates

SCls in the context of other WFD change issues.

In Section4.2 & 4.3WaSCr e pr e s eintérmetatiomsef thé WFDin terms of
changessues and probleswill be presentedResponses to the WFD arkssfied and
describedin Section4.4. Sections4.3 & 4.4 also investigate the varig and the
recurrenceof WFD problemsand proposed responses acrosspthygulation of WaSCs.
Following on from this the findings are discussed (Sec#op) resulting in the

development of the final research agenda (Seédti®n

4.2 WaSCs- perceptionof WFD change issues

I nterviewees?®o c ampleneeptdtionaressuses ds iSaUed related to
wastevater and water supplyFigure 4-1). dNater Supplyd ¢ 0 m @ativitieseheht
related to the delivery of clean water to the customer, widil&/stewatdd included

activities associated with the collection, treatment and discharge of effluent.
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Water Framework
Directive

Water Supply Wastewater
1 |
4 A 4 \ 4 l
Raw Water Quality Water Quantity Nutrient Removal SUE;:?;:ges
(RWQ) (wQ) (NR) =

Figure 4-1: WFD change issues percead by WaSC representatives.
In the analysis@Nater Supplg was further distinguished inttRaw Water Qualit§y

managemeni{ RWQ) and 6 Wa taeagemedtu(&@)t RWQ é@ncems the
quality of the water environment in general and water quality at poiabstiraction
more specifically (relevarVFD Articles 1a, b and 7)WQ encompassissues about
flows of water in the environment, abstraction and demand (rel®VE&Dbt Article 1c).
Aspects concerning wastewater treatment were divided into Nutrient ReifhNRal
Priority Substances (PSNR describes efforts to reduce emission of nutrients and
associated substances (COD, BODSS, N and R relevantWFD Article 10). PS
comprises efforts to phase out chemicals harmful to humahhh@alevantWFD

Article 16 and Annex X).

Not all WFD change issues were referredwith equal intensity Kigure 4-2). For
instance, WaSCs |, A and E address&d/Q issuesnoreintensivelythan other issues
WaSCF on the contrary exhibited a clear focusWw@. Other organisations were more
balanced in their reference to particular issues. For example, WaSCs J addressed all
issues, except WQ, relatively frequently. Similarly, D and H perceived RWQ and NR

with similar strength, but focused less on WQ and PS.
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Issue AVG STDEV

25- RWQ 9.7 5.6 RWQ
9 wQ 3.2 4.9 B WQ
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Figure 4-2. Coverageof the four WFD implementation issuesn the interviews and descriptive statisticsS RWQ i raw water quality, WQ 1 water quantity, PS
T priority substances, NRi nutrient removal, AVG 1 average, STDEVi standard deviation)
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More detail about the prevalence of issues was revealed by the descriptive statistics
(Figure 4-2). RWQ is, on averagethe most frequently mentioned WFD issue. The
average coverage BWQ across the sample is 9.7%he issue®S and NR show mean
values of 4.8% and 6%, heniteey can be considered to be perceived as less significant
to WaSCrepresentativesThe least coverage with a mean of 3.2%s found for WQ

which constitted a third othe coverage of RQ.

The standard deviations suggest that there was more consensus about wastewater issues
than water supply issues. Thighest deviation from the mearas foundor the supply
issuesRWQ and WQ implying that responses showed a greasgrety. Themaximum

coverage in the sampté 20% was detected for the issue RWQ (WaSCs |).sHwend

highest valuavas 13% (WaSC A)The lowestvaluewasassociated taompany B with

6.5%. Finally,company F did not address RW&3ues during the intemiv.

Strong positive and negative outbBewere detected for WQ. Company F shewva
coverage three times higher than the remainder of the samgplé5%). Reference to

WQ issues could not be detectied two organisations (H, B).

The standard deviatiofor both wastewater issues is comparatively low (PS 3.9, NR
3.4). In both instances company J shows the highest coverage (PS 9% NR 12%).
Likewise company A is located at the other end of the spectrum in both instances, not
mentioning PS issues and, togetidth company |, attaining the lowest coverage of
2.5% for NR.

4.3 WEFD problem perception
The WFD implementation problems indicated by WaSC representatives are now

presented for each issue.

4.3.1 Raw water quality (RWQ) problems
Intervieweessiewedt h e 0 h o § p e fithe WplBasn opportunity to improve
water quality and therefot®e save water treatment costs. Specifically, watdeguard

zones required under Article 7 of the WFD were conside®dn opportunity to
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achieve such cost savin@®: | tliink Article 7 is a big opportunity for us, in terms of

reducing our water treatment costs in the f

However, concerns were raised whether this new approach can be implemented under
the present regulatory framework. Ofwat was the prime focus oftismiti The
enforcement of thefpolluter pay$é principle as well as the asset based funding
mechanism were specific examples of the current regime's policy consthores
specifically the polluter pays principle in the WFD states that pollution should be
rectified where it arises (WFD Article 9Dfwat followed this principle and did not
permitWaSCsto fund SCls through customer billasset based fundingrises because
Ofwat assesses company efficiency atldws returns based on the cost of capital, thus
may encouraging asset investment rather than investment intd/Al@ls 2006; Cave

2009 E)fiThepr ob |l em we 6 v eis thpotheir systemhs dédignedtod fund us

to i mprove our assetséSo if we go and inves

which we dondét own, thenowebdve effectively

RWQ problems were also expressed as related to diffustipoll Here the gains that

can arise fronthe improvement of environmental water quality were not expressed.
Problems were rather externalised, emphasising the role of agriculture in the pollution
of the ajuatic environment, as one Wa$€presentative formlated it (D):A é di f f us e
pollution from agriculture will be present. That's probably from our point of view a

slightly lower order, because we're not in the firing éine

Uncertaintywas often expressed as a hindrance to the implementation process of the

WFD, which was considered not to be transparent enough and lacking in measurable

t ar g et Aricld Gis exerdising us a lot. Whabes it mearfor the upstream

cat c hmilsowasCql)ior gani sati onal cul t uather of tre
than enwronmental management on a catchment scale was considered inadequate to

tackle wate pollution issues effectively.

4.3.2 Water quantity (WQ) problems
Water quantity problems arising for the WFD included the impact of abstraction on
protected sites and the assotied r educti on ofTheaWFDtis acti on

coming along and pretty muchFlall our | icens
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However, it was also argued that the WFD brings the opportunity to improve river
flows, which will secure water availability and cahtte towards a better water quality

in the future As a result reducing treatment sind ease of achieving discharge
consentfs:yofué have things right in terms of
because you have more dilution ( J ) . s Breseuges suchuas increasing household
demand, demographic changes and climate change were further viewed as factors
generatingincreasing water consumption and hence the need to abstract increasing

volumes of water from the environment.

4.3.3 Nutrient removd (NR) problems
Intervieweesindicated tkeir concern that more stringent requirements for nutrient

removalwerel i kel y to arise as a resul t@ieoah t he 0c¢
integrated assessment of biological, chemical and physical wquzdéty i WFD Article

4) of the WFD. However, the wathis was expressed in terms of problems varied.
Companies pointed towards the need to invest in technologies for phosphorous and
nitrogen removal. Other companieslicatedconcerns about the uncertairf required
standards and tr ¢ tibhkre¢ the momentcvendonlt &ngw which
standards to achiew®. (I ). The r epr es enedhighertreasnendtf ot he
requirements as a driver forcreased C@emissions(J). If vie are force down the

route of having to i mplement new solutions.

impact on energy consumption, and clearly an impact on carbon emissions

4.3.4 Priority substances (PS) problems

Across the secton lack of appropriate techrmgy as well as scientific and engineering

knowledge about P@asa recurring problemThe detection of PS and the approach to
treatmentwere specific pblems of concern Statements similar to the following

occurred throughout the interview survély:écurrently we are technically not able or

we don't know for certain how we actually treat this kind of substantée) o . As in t
previous statement uncertainty was a problem that occurred several times in conjunction

with concerns about knowledge and technoldgys problem not only includkalack

of knowledge but was also focused on missing standards ancisedtthe WFD

implementation process. WaSC representatives indicated further that technological
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adapt at drieerhugeyéxgndes iri the industdy (ahtl)potentially increase GO

emission.

4.3.5 Other WFD implementation problems

The discourse about WFD implementation revolved around the mismatch between the

WFED and the AMP 8n particulad thenfgst rouad [of ahd WFDij,

doesn't fitverywellwt h our funding structureéwe could
a clear view of wh at we' (eé)redhiiséthd st decda
Programme of Measures doesn't come out until @afterwat er compani es hayv
their asset management ptanvhich bears a commercial risk, as investment might be
underestimated. However, one interviewee perceived the mismatching cycles as a
constraint, b u Our angayemena with the grocdss [aftestablihing

WFD measures carried out by the Elfpans that we can get a reasonable insight into

the kind of issues tfDat are |ikely to be ad

Uncertainties related to tlaefinitions of requirements and responsibilitresreanother
concernassociated withVFD. For instance, the definition gbod ecological status and

associated definitions, such as disproportionate ¢@W¢ED Article 4a), were unclear

(A): TofAunderstand disproportionate cost you need good estimations of both the costs

and the benefit. Economic valuations of benefitsargvewo ol | y; it 6s a ver:

at the momen.

Interviewees also highlighted the conflicts arising from the interplay between the WFD
and other EU directives. The clash between Habitats Directive and WéEB specific

case of concern fasbout half (ive) of the intervieweesThe WFD requires member
states to conduct a cost assessment of implementation measures and allows for
extension of deadlines as well as achievement of less stringent objectives based on
disproportional costs (Article 4.4 and 447). On the contrary, the Habitats Directive

(EC 1992) which requires the protecticand restoration obiodiversity at designated

sites doesnot include cost consideratiorisleaves the potential for implementation of

di sproporti onat &Sometomsesttie yHabitats Dieectiveavithinthe WED i
can have more of an impact s (D) ét here i s no del egati on
difficulty or anything else, so we have got Habitats Directive which is being wheeled out
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at the moment to take away just under 6MI of water and there is no appeal mechanism
agai nst nbwadaysétads thetween £ 3millioin £5 million per Ml to restore
it( E) O

Moreover, the Urban Wastewater Treatment Directive or UWWHO 1991)presents

a pressing concern for WaSCs kngland and Waled his Directive requireanember

states to put in place specific levels of treatment and infrastructure to achieve effluent
quality standards. In areas designated as nutrient sensitive higher infrastructure and
treatments obligations need to be miatthe view of the EC, several coastal waters
surrounding the British island (i.e. Wash, Humber and Thames estuaries, NorthfCoast o
Wales, South Coast of Scotland) should be designated as nutrient sensitive under the
UWWTD (EC 2007b) If the appeal of the UK government against this decision fails, it
would result in the designation of large river stretches asemtitsensitive (personal
communication with company A). The investment to meet the associated treatment and
infrastructural targets could be substan{id): A € i f t hat woul d be
sensitive we would have to paoitrate removal in for about half foour population
equivalent. That would cost about £1.2 billion of capital and a massive amount of

operating expenditure. o

4.3.6 Variety of problem perception
Table4-1 shows that the set of VilFproblems perceivewere with exception of the PS

issue, heterogonous cross the population of WaSCsonhtie didtwo organisations
exhibit the same problem perceptions acrasssues. Instead, it appearétit there
wereclusters of organisations itsimilar problem perceptions for specific issues. For
instance, WaSCs A, E, | and J were similar in terms of perceptions about RWQ
problems. They perceideébenefits from the WFD and found the legal framework to be
constraining. Four organisations poiniverds additional investment needs arising from
the WFD for NR. Smaller chters are detected for WQhrEe organisations were
concerned about the impact of abstractions, another three perceived benefits from

improved flows yet anothethree did not expresany WQ problems.
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Table 4-1: Problem perception of WaSCs across the WFD change issues (abbreviations
CC=Climate Change).

Water Supply Wastewater
RWQ WQ NR PS
2]
2
5]
i 3
e}
c g 3
il - o c
> S c =% = S
c o = c © 9 £ o o}
kel 2 © < E 9 = 0 ° = 1%
= = o ] o = = < 2 Q <
= 3 g >|® ©T B o - S > o > 8 S =
o =1 ) - - & c n 2 o i n <
S )] © £ ‘S o) ) [} 0 £ o)) £ a 0 [}
- a3 s | S § & o = s £ 8 © £ =
2 o v T = = 2 © =& g E £ © £ 2 e £ =
o 9 £ 8 [} I o = O© @ o o 5 o 2 o 9 5
& E 8 & 2l 28 ¢ 9 & > & 2 2 2 g d = 2
m O m £ ) E £ O m < O D 0 o £ o £ (@)
A X X X X X 5
B X X X 4
D X X X X X X 7
E X X X X X X 6
F X X X X 4
G X X X X 4
H X X X X 4
| X X X X X X 6
J X X X X X X 7
N=9 5 3 1 5 3 3 2 2 2 4 2 3 1 2 6 1 2

PSwas te only issue that showed relatively homogenous problem percesieven
of the nine investigated companies expressed concerns about inappropriate technologies

and uncertainties.

A general finding is that investmemtasmore of a concern for wastewater issues rather
than for water supply issueflable 4-1). Likewise uncertainty or technological
inabilities are emphasised for wastewater. For water supply \mositcentives arise

from the WFD. In this veinwastewater is dominated by negative financial incentives
while for water supply financial benefits play a more important rbhes finding was
supportedoy a r epr es ent ailauhae toef potantobenefasnon theA : f
drinking water side, hopefully we can realise that through the Article 7 requirement.

But most of the risks for us are on the wastewater side, so that is where it sits at the

moment( A) 0
4.4 Responseoptions

Response options to the WFD neelassified as follows:
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e Diagnosisi Activities to better understand and define a problem through
investigation of the properties of a system, aiming to identify the character of
viable response optiorfMintzberg & Raisinghani 1976Fxamples: monitoring
and modelling

e Process R&D As distinct from the diagnosis process R&D is not focused on
understanding systems, but rather on improving or installing technical processes
or artefacts. Examplegslevelopment of new treatment technologies and their
installation;

¢ Management Non technical interventions that seek to change a process, not
excluding the use of technology to achieve management gdatse include
SClIs and catchment management apgreacExample: metering to reduce
water consumptigradvising farmers on land management options

e Change legal framework Activities aiming to influence and thus change the
legal framework under which WaSCs operate. Examples: lobbying policy,
collaborationwith policymakers;

e Wait and see Deferral of action(see Berkhoutt al. 2006) Examples: delay

action until legal requirements are specified.

4.4.1 Raw water quality (RWQ) responses
The findings suggest that there are three response oftio®NQ, i.e. dliagnosi$ |,

0 ma n a g end &lmanhgé legal framewodk Managerial optiongi.e. SCI$ focused
predominatel vy, but not excl uWe doeallgt,of on t
catchment managememnwork whereby we help farmers to apply for highel
stewardship schemes and the agrmmh vi r o n me n t(l). Eregunentiyethesed
managerial respwes focused ohaising with land managers or farmers to improve

water quality at the point of abstraction therebgucing water treatment costs (opex

and capex). Twananagerial response mechanistosild be distinguishedntegration

of pollution sourcecontrol measures into organisational decision making and project
based responsetvidence for mtegration into organisational decision making was
directly expr es s eAl thdse thridbas SoCeservmits meedfdiffdremt. g . A
collaborative ded i on maki ng and Wa8CH and nanifestediin thewe d o .

employment of agricultural extension workers, readily available cost benefit analyses
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and close cooperation with local green NG(WaSCs: E and I) Projectbased
managerial responses wernege or time limited activitieWaSCs: A, J and G)

Diagnosticresponse optiaaimedto identify sources of pollution and to model their

i mpact on the aquatic e nv Whad s meeded is@an a C:
catchment based approach, now possille catchment basednonitoring and

modelling @J). Four WaSCs explained how they influence policy . e . 6Change |
frameworld dhrough successful implementation of case examfilédsh e t ec hni ques
methodologies have been adopted by Defra for thehoant sensitive farming wark

( E) Ofwatiiwere not keen on this approach [working with farmers to improve
groundwater quality], it was funding the polluter and using customer money to support
agriculture. But we've got a lot of support from the DWI. Thegeweally keen that we

actually tried this out. But at the end of the day if this approach doesn't work, we will

still have to build these treatment plaits. ( | ) . Ot h euggestetiiblayingts at i ons
change the | elgthink you rpbaldywave toreview the common

agricultural policyo( B) . Finally, one organisation ind
deferring decision making until the PoMs will be availafil®: Th& driver behind all

of this isn't necessarily the issue as sitds howit is addressed in terms of Programs

of Measure®

4.4.2 Water quantity (WQ) responses
The reponse options considered for WiQr o b | e diagnosi§ Gmanagemeidt an d

O pr oc e s BHereRli&gddsis is concerned with modelling and assessing flows and

their impact on water quality. Management is aimed at reducing water consumption
through managing demands wusing edB8xaweti on, r
need to encourage people to change their behaviour which we can do if they are on a

meter 0 ( Ether respamse was to manage the upstream catchment in order to

i mprove f Il ows dhnds likeacatahments semsitivie fayming, finproved

infiltration, reduced runoff; you address quantity issues but you also potentially address

quality issues byosing less water straight out into the sea ( A) . Lastl vy, pr c
was useds a respong® address the design of technological options to increaser

s u p p IHowevsould ydu replace that water? The only alternative is to continue down

desalinato n r o t (eFs)é.
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4.4.3 Nutrient removal (NR) responses
Nutrient Removalresponses focused on influencing the legal framework either through

joint projects with regulating authoritie:| n t he trade effl uent W e
Defra to develop the programofmes ur.edos é( G) or negoti aMei on wi t
said hold on, this in not sensible [the discharge consent] you know the discharge is very

close to the mouth of the rivier ( B) . Ot her WaSCs specificall

trade effluent regulations éor a ban ophosphorou# detergents.

Furthermore, WaSCs argued for a strategy that aimed to improve treatment processes
(process R&D) to meet tighter standards. An important criterion of these process
innovations was to reduced @®missions or energy o s fThe :key thing would be

what we can innovate to reduce energy costs [of treatment] D) . Further mor
organisations pointed towards diagnostic activities such as modelling of discharges or
investigations into implementation phosphorousour@ control measure@d): Al

this year we are actually leading a project on souwrertrol ofphosphorous

Management activities such as mantnankenance
spend is actually WFD spendé malldesigntsheem [t r e
that would make an improvemeéntd) or management of sewers to improve treatment

efficiency of sewage treatment wor{es only). @ Wént to separate all property and

surface water drainage and foul sewers because that reduces the amsenage that

we get when it rainsé that meeepoposedas can d
response options. Furthermore, catchment consenting, an approach where discharge
limits are set on a catchment rather than indivickeabage treatmentorks bais, was

also proposed by one organisatiéinl f argloaking at abstractions, discharges and

diffuse pollution separately you will come to a point where you can't make decisions any

mor e unl ess t he yLastyraestrategylof deferral iy anc se@® waso

p r o p oWeeerpect that probably in the first round we will be doing more of the same

sort ofdF)t hi ngsé

4.4.4 Priority substances (PS) responses
The major response to PS problems is to change the legal framework; predominantly

aiming to catrol PS at source. Lobbying was indicated as one way for achieving policy

¢ h a nOpeaheyiigovernment] not want to start and think about where the dangerous
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substances are being used in the first pace Al t er nati ves were e
approaches to infence regulatiomi é y ou want to i nfluence regu
a position of influenceéyou use res@arch as:s
( G) Process R&D a Didgno¥® were seen as activities that took place

simultaneously to drivingolicy change.

Process R&D was experimental, almost like diagnosis, aiming to understand the
fundament al s of P S fdresomecdf ithe mriority nhdzardowes mo v a |
substances, the value of the environmental quality standard is actually lesghéhan

limit of detection of the analytical methindiAnd we are doing work on a pilot plant as

part of this five year investment ()l an, | o
Diagnosis was a descriptor for research that focuses on isolating the odgiate of

PS i n the wasWedavaleanheasdlyirsvdlvedin thefiesearch on PS and
their souUbreéEducation and new approaches
proposed as manageri al me a Ve hagesto makam® ng t o
that people are awar®fi t € adudationthat they cannot put certain kind of things

down the sewer. We are lookinghaiw trade effluent is being chargddF ) o

4.4.5 Variety of response
The mix of responses along the four WFD change issues varies sigfhyfiaaross the

sector and no organisation proposed the same set of respbaisiegi(2).

Similar to theproblem perceptions, there was oloviousresponse patterit appeaed

that there were types of responses preferred bypgrad companies. For instance,

under the change isst®WVQ, five companiesised management responsesile the

remaining four WaSCs did not indicate this. Rather they relied solely©@h ange of t h
|l egal f r a mgnosid rokad and &e@ or a comhmnation of this Closer

investigation further reveadl that companies which indicated management responses

also tendd to engage ind @Agnosi@ NR issues showed a mix oésponses, with

pref er e nhange of kegal fran@wodkand 6 p r o c e s. Som&addndore

homogenous responses were detected for PSand W®.For i t washaneound t h
of legal framework was the dominant response option. Likewise, the majority of

WaSCs did not propose any response to water quantity issues taadgusganisation

i ndi c process R&Dresponse.
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Table 4-2: Responses of the population of WaSCs across tWé-D changeissues.

Water Supply Wastewater
RWQ wQ NR PS
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A X X 2
B X X X X 3
D X X X X X X X 6
E X X X X X X X X 8
F X X X X X X X X 8
G X X X X X 5
H X X X 3
I X X X X X X 7
J X X X X X 6
N=9 5 4 5 1 3 1 3 2 5 3 2 2 2 6 5 1

A general conclusion from these data wihat water supply problems are mainly
responded to through [agnosi® a nathagemetd On the other hand, wastewater
problems are approached mainly through actions seeking fange the legal
frameworlé and process R&D . H o w éagnesi®,s ofad/ance for wastewater
issues too. In particular for NR, diagnostic responses were of importance, while under

PS process R&D and influences on the legal framework dominated.

4.5 Relevance of RWQ and SCI responses

RWQ change issues showed the highest high malales and standard deviations in the
coverage assessment. From this it can be concluded that RWQ issues are of variable,
but significant concern to WaSCs. Maybe more noteworthy however are the results
obtained for WFD responses. These findingdicate tha the WFD was more
successful in stimulatingnnovative approaches to water supply rath#ran to
wastewaterarrangementsThis is so because for the water supply issues, RWQ and
WQ, responses were detected that contained aspectke afew water managenten
approach Chapterl). Of specific interest for this thesis is thatusce control through
integration of land and water management was put forward by a number of
organisationsin addition desalination, a technological innovation, was proposed by

one oganisation as new response mechanism.
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Contrary to the findings for water supplyew organisations referred to new
technologies or fundamentally new approaches for the wastewater issues. There was
nearly (exceptions E, Jno reference to membrane techrys, decentralisation or
wastewater reuse, which are innovations advocated as part of the new water

management paradig(vitchell 2006; Niemczynowicz 1991)

Furthermore, the evidence sug@gekthat two types of SCIs can be distinguished,
namely project based SCls and SCIs which appeared to be part of the starmtarseres
of WaSCsWhatwerethe factors responsible for the development of two differens SCI
typesby WaSCs in E&W? And, whatan explain the difference in response to water
supply and wastewater issues? These questionaawlbe addressed.

4.5.1 What can explain the difference in response to water supply and
wastewater issues?
In the majority of cases, WaSCs argued that the national regulatory framework needs to

change to stimulaténnovation in wastewater. For instande was mentioned that
source control ofphosphorousis best achieved through a ban of phosphorous
detergents or zinc in skin creanis. the few instances where innovative wastewater
management solutions were mentioned (e.g. SUDS and catchment consenting)

regulation was also found to be a doasing factor.

Water supply innovatioralso faced regulatory constraintsin the case of SCishé
enforcement of the polluter pays princifg Ofwatconstrained WaSCs ability to fund
land management activitieBurthermore, benefits likely to arise frdamd management
activities are often long term armbuld not beaccounted for in the five year funding
cycle of WaSCsSimilar conclusions were draw by Andrei{@003a)who suggested
that the most significant barrier for SCls implementati@asthe economic regulation

in E&W, which does not allowosts for SCls to bpasgdon to customers.

Hence regulatory constraints alone cannot explain why innovations, such as/&€l,

more readily taken up for water supply issues rather than wastewater ASqwential
explanation can be offered when climate change as a selection pressure is taken into
account. Climate change and associated €Qissions were often perceived to be in

conflict with the demands of the WFD for higher, more energy intense treatment
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standards. Pollution source control on the other hand has the potential to reduce energy
demand for pesticide, nitrate or dissolved organic carbon (often associated with water
colour) removal, while requiring little investmentikewise, SC$ can, in specific
circumstances, assist in meeting WaSCs conservation interests (such as those driven by
the Habitats Directive), through restoring habitats, reducing pollution and ameliorating
summer low flows.This finding could provide evidence fothe argumentthat to
stimulate preenvironmental change and innovatigrerception of policies, financial
interest and other force must conver@ee Berkhout & Green 2002; Kaganhal.2003;

Smithet al.2005)

Another explanation can be offered when considering the past investments in the water
sector. The UWWTDEC 1991)required significant wastewater asset investments in
the in the 90s and the early®2dentury. For ingince, it required all agglomerations
(populationequivalent> 2000) to have a sewage collection system and sets out specific
wastewater treatment targets. The investment (unintentionally) encouraged by the
UWWTD was characterised by centralised solutiomswvastewater treatment, more
closely associated with the water management paradigm of throughput, conveyance and
treatment rather than one of recycling, reuse and decentralisation. Hence, it is possible
that WaSCs are still locked into their past investisiefihe opportunity for innovation

may therefore arise when assets apprdhetend of theiruseful life (see also Chapter

8).

It further appeaadthat the innovative responsegreoccurring where ther@asa more
immediate opportunity for cost cuttingjnéncial gain or simply urgencyThis
corresponds tdiGeel sé6 (2006) finding that | ocal
econanic viability of change optionsThe desalination plant implemented by one
particular WaSGvasan example for theite specific ature of responsefn additionto

the influence of location,nnovative wastewater treatment solutions (e.g. catchment
consenting)were constrained because they appear either not yet possible for
regulatory reasons, not yet financially attractive fartigpular WaSCs or possibly not

yet technically understood sufficientlhe last two aspectsereespecially relevant for

PS responses, as was evident in the frequent reference to diagnosis and process R&D.

Lastly, it could also be demonstratdthtd @anisationabfactors such athe preference
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for treatment plagd a role in fostering similar technological trajectories. However,
therewasno immediate evidence thabuld explain why this would lead to differences
between water supply and wastewater apgino Literature suggests that the framing of

a problem can have significant impact on environmental responses of organisation.
Sharma(2000) found that the implementation of pawtive environmental strategies
was more likely in organisationshere managerformulaed problemsopportunities

The findings of the present viastigation showed that water supply isswesre
perceived as opportunitidsy many WaSCswhile wastewater isssewere always

vi ewed as pr obl e (B300)finddrgsnmayg offer & perspectanghere

the problem perception of water supply issues leadte mnovation in water supply.

4.5.2 What are the factors thatare responsible for the detection of different

typesof SCIs?
At this stage of the researghcan only be hypothesised tofactors responsible for the

detectionof different SCls typesOne hypothesiss thatthe detected SClypes present
different development stages of an innovatiohnother hypothesiss that these different
approaches have developed as a result of favourable environmental conditions. Lastly,
these types could have been chosen to fit organisational characteristic. Indeed a fourth
proposition could be made, namely that the SCI types aarepresentation of a
combination of all three factors.

When SC$ are viewed in terms of the innovation decision making process, project
based responses and integrated responses maybe understoodaasettienovation at
different stages of development. This view suggests that the project type is symptomatic
for WaSCs which are in the process of test]
of the innovatiordecision making model these WaSCs are tloegefin the
ORei nnovati ond phtlesnegrate@ typetdR\Wr rgspobses woulda t
indicate a SCivhich waswidely applied throughout the organisati According to the
innovation decision making model this would thus signibyDi f f acsosstha 6
organisatioro r e v e n 0 Rlo this framewsrka WaSGswticdid proposeSCls

as aresponseould be considered to have not statted innovation decision process,
they were either not aware of this response option or did choose not to emgtuys

type of response.
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An alternative explanation for the variety of SCI types might be sougbthha t-u r a |
Physi calr@ganisationd factots One line of argument is that different
geographical or spatial conditions favdahe adgtion of certain €ls types.That is, in
certain circumstansespecific types of SCls may offer an advantage, while in other
situationsthese advantages do noaterialise, because of differences in geographical or
spatial conditions (for examples s€bapter6). In the cas of WaSCghis could imply

that organisationsA, J, G bund favourable conditions only at isolated sites, while
WaSCs | and Edundfavourable conditions in most of their catchments. Alternatively,

an explanation could be sought in the differences betweganisations in terms of
structure, knowledge, managerial attitudes, size etc. In this case the argument is that
different design types of SCls were selected because they better match existing
organisational structures, knowledge, management objecliiesideais developed in
Chapter8 when discussing the different types of SCls designs detected phaise two

of this study

4.6 Summary - a research agenda

The major purpose of this Chapter was to report on the first research phase and to
develop a reseahn agenda for the second fieldwork phase. The rational for this flexible

design was set out in the previous Chapter 3.

It was foundthat RWQ problems and associated S@&is of concern to WaSC

E&W. RWQ issues were shown to attain on average the hightesview coverage
recurred frequentland also exhibited rich responsesirthermore, results indicate that
responses to raw water quality issues undergo a change and innovations orientated on
the new ideal of more integrated water management are beiogted by WaSCs.
Therefore, the results of this first research phase indicated that further research into the
development of SCls in E&W presented an opportunity to observe and describe change

in water management towards more integration and sustaipabili

The findings of this research phase already hint towards Spomses to research
guestion | andll. Two different types of SCIs were found to be implemented by

WaSCs. The reasons for observing these different types can however only be
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hypothesised tathis stage of the study. In the next Chapter types of SCis will be
distinguished using the interview data from the second research phase.
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Chapter 5

Source control intervention types and
the innovation decision process

5.1 Introduction

The purpose of this Chapter is show differences between WaSCs in terms of the
innovation decision process stages and in terms of the types of SClIs adopted by them.
The structure of the Chapter follows the innovation decision making framework

(Chapter 2). Each Section responds tpecHic question:

e Section5.26 Agenda Settingo
What are the raw water quality problems WaSCs in E&W face?

In this Section the raw water quality issues of concern to WaSCs are being
defined and enumerated.

e Secton536 Choi ce between Alternatives?d
Which WaSCs chose SCls as a response to raw water quality issues and what
were the alternative responses considered?

In this Section the responses to raw water quality isstgssed by WaSCs are
set out. Then it is shown which WaSCs chose to adopt SCls. Finally, the
purposes of SCls adopted in E&W is outlined.

e Section5.40 Rei nnovationé
What are the different types of SCls desidf@SCsn E&W have implemented
or are considering?

In this Section SCls designs (types) are defined and described.

e Section5. 56 Restructuringd
Do WaSCs as an organisation adapt to SCIs?

In this Section evidenceis providedto show whichWaSCs haveset up
departments and developeslevant expertise tinplement SC3.

e Section5.66 Di f f usi ond
Is there evidence that WaSCs begin to adopt SCls more widely across the
organisation?

In this Section it is evaluated whether WaSCs did adopt SCIs more widely
within their water supply areas.

e Section5.76 Routini sationd
Have SCls become part of WaSCs standard response mechanism?

In this Sectionit is shown which WaSCs can be considered to have turned SCls
into routine operations.
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Table 5-1 provides an overview of the findings presented in this Chapter. It shows

where WaSCs can be located in the innovatiecison process.All WaSCs perceived

raw water quality issues, inferring that water quality is on the agenda of WaSCs. Eight
WaSCs chose SClIs as a response alternative and were found to be in the process of
implementing or planning designs. Of these eightedhiorganisations provided
evidence for oO0Diffusiond and four for ORou:
without intraor gani sati onal o0Di ffusiond. Whi | e
ORoutinisationd was inferred frdme oseconda
involvement). Next each of these innovataecision phases will be described more
closely, beginning with O0Agenda Settingé.
Table 5-1: WaSCs and their position (stage) in the innovation decision pogss. Coloured boxes

signify that a WaSC is in the according innovation decision process stagéertical lines indicate
secondary evidence for ORoutinisationo6).

WaSCs Agenda Choice SClI Diffusion  Routinisation
Setting between design
Alternatives

A

B

C

D

E

F

G LI
H

| I
J

5.2 Agenda Setting- Raw water quality issues of concern to WaSCs
CryptosporidiumDissolved Organic Carbon (DOC)egticide pollutionalgae, nitrates

and acute pollution incidenagere theraw water quality issuedentified by WaSCs in

E&W (Figure 5-1). Nitrates are naturally occurring nutrients, which, when ingested in
excess, can cause a lack of oxygen in tlhedl(Metleemoglobinamia). The drinking

water quality standard(DWQS) for nitrate in drinking water is 50mg(EC 1998)
Pesticides describe a group of chemicals, which can be harmful to human health. The
EU drinking water standard for pesticides is 1ug/l for individual pesticides, but a

maximal 5ug/l for acombination of pesticidedEC 1998) Metaldehydewas perceived
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as different from other pesticides as present treatmentodeetfailed toremove it.
DissolvedOrganic Carbon (DOC)is an umbrella term for a range of complex organic
molecules. Discolouration of water is often associated IMIIC. There is no statutory

limit for DOC as long as it is acceptable for customers. HewedOC contamination

of drinking water is a precursor for the creation of carcinogenic disinfection by
products. Algae are pelagic protozoa or metazoan (phytoplankton). Nutrients, here
mainly Phosphorous (P) can cause excess growth in the summer moethsaldr
radiation is high. Some species of algae can release toxins when they die off. There is
no drinking water standard faalgae; however they areassociatedvith DOC and

Mi crocystin (a Hepatotoxin stat wtotozogy st and
parasite which can cause sevdi@rhoea The diseases transferred by the ingestion of

the Qyptosporidium oocyst. After a change of drinking water regidas
Cryptosporidium can now be inactivated rather than removed physically. Acute
pollution refers to spillages or other eo# pollution incidence of various types.
Further background information about raw water quality issues is summarised in
Parsons ahJefferson2006)
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Crypto Algae DOC Metaldehyde Pesticides Nitrates Acute pollution
AVG 8.8 6.7 18.4 5.1 11.4 14.3 5.1
STDEV 5.9 2.5 19.0 3.2 5.7 13.7 6.6

Figure 5-1: Variation of raw water quality issue perception between WaSCs. (AVG average; STDEV= standard deviation)
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The coverageor thetime spend discussing a speciR¥VQ issues during the interviews

is displayed inFigure 5-1. This is taken to provide an indication as to which RWQ
issues are perceived important for WaSCs (i.e. are on their ageadahapters 2 and
3). On averagaitrates and gsticides were the most frequentlyntiened RWQ issues
(nitrate AVG = 14.3%; pesticides AVG = 11%). Pesticides showed a low standard
deviation, while the standard deviation fotrate pollution issues was the highest in the
sample (itrate AVG = 13.7%; pesticides AVG =5.7%; Figure 5-1). In other words
pesticides wera concern fomost intervievees, while the perception afitrate issues
varied more significantly between interviews. The average coverage for the remaining
issues was lowgjFigure 5-1). Of the remaider, DOC showed the highest average and
a high standard deviatio(AVG = 18.46, STDEV =19) Thus indicating a large
variability in the perception of DOC issues (&andJemphasied DOC issueswhile

A, C and F did not mention them at alfryptosporidim was nbamajor topic in most
interviews(AVG = 8.8%) with the exception of interviews witH, | andF. Interviews
with WaSC AandB showed comparatively frequent references to Metaldehyde issues,
followed by interviews wittD andl. Algae wasno majorconcern on averag®.7%)

with exception of interviews witB andE. Finally acute pollution was not specifically
referred to by most interviees but representatives df and C. For the water
representativef WaSC Facute pollubn had the highest mmity.

The factors that influence the O0OAgenda Set
For now it is crucial to emphasise that the issues identified in this Section are
perceptions. They do not reflect the reality of the state of the environmemsEmnce,

the issue coverage of company F suggests that nitrates are of no or little cBigrem (

5-1). To conclude from this that the nitrate levels in raw water were below the statutory
standard of 50 mg/l is not necessardlorrect. The perception of raw water quality

issues depels rather on a combination of$setcharacteristics, environmental trends

and attitudes towards risk (Chapter 6).

5.3 Choice between Hernativesi SCI choice

In the previous Section it was illusteat that WaSCs perceive a number of raw water
quality issues as problematic. According to the innovation decision making model it

would be expected that WaSCs choose from a number of alternative options. The
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