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Abstract

The growth in the interdependence and complexitgamio-technical systems requires
the development of tools and techniques to aitieformulation of better policies. The
efforts of this research focus towards developirgghmdologies and support tools for
better policy design and formulation. In this tlkea new framework and a systematic
approach for the formulation of policies are pragbs Focus has been directed to the
interactions between policy measures, inspired bycepts in process design and
network analysis. Furthermore, we have developeagent-based approach to create a
virtual environment for the exploration and anaysi different configurations of policy
measures in order to build policy packages and tiest effects of changes and
uncertainties while formulating policies. By demgihg systematic approaches for the
formulation and analysis of policies it is possilide analyse different configuration
alternatives in greater depth, examine more alteesmand decrease the time required
for the overall analysis. Moreover, it is possibideprovide real-time assessment and
feedback to the domain experts on the effect ohges in the configurations. These
efforts ultimately help in forming more effectiveoligies with synergistic and
reinforcing attributes while avoiding internal caadictions. This research constitutes
the first step towards the development of a gerfarally of computer-based systems
that support the design of policies. The resulisfthis research also demonstrate the
usefulness of computational approaches in addiggsbi;m complexity inherent in the
formulation of policies. As a proof of concept,etlproposed framework and
methodologies have been applied to the formulatidnpolicies that deal with

transportation issues and emission reduction, dutbe extended to other domains.
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Chapter 1

Introduction

1.1. Introduction

Since the 1950s, engineers have slowly startedatticgpate in policy issues. One of
the earliest examples dates back to 1949, wheripPhiLl950), an engineer turned
economist, invented the Phillips machine for madglithe British economy. The
machine was designed to understand the circulationoney in the economy and the
experiment illustrated the intricacies of syncheimg fiscal and monetary policy
(control of tax and spending vs. control of inténeges). In the late 1950s, Forrester
(1957, 1958) started applying engineering ideasa@mdputer technology to the study
of industrial production and society in generalgenerate insights and to design and

test policies that improved performance and rolessn

Ever since the pioneering research by Phillips laodtester, involvement by engineers

in policy issues has gradually increased. Engméare started to apply engineering



methodology and ideas to policy problems. For edamFiddaman (1997, 2002)
conducted research exploring policy options and efliog) techno-economic systems.
Another crucial factor contributing to this phenarmae was the rapid advancement of
science and the increased pressure on policy-makenegulate technology (e.g.
telecommunications, biotechnology, web security pridacy issues). Policy-makers
could not independently gain deep understandinguoh complex domains and called
on scientists and engineers for advice and supp&utch demands resulted in the
formation of policy committees in engineering pssi®nal associations. For instance,
in response to the growing involvement of enginéersealth care-related issues (e.g.
biotechnology and biomedical engineering) and taviole technical solutions and assist
in the formulation of healthcare policy and regigias, the Institute of Electrical and
Electronics Engineers (IEEE) established the Healthre Engineering Policy

Committee (Bronzino, 1987).

Despite such developments, even 10 to 15 yearshegmvolvement of engineers in
policy-related issues was seen as a niche actwitywas often not taken seriously by
the majority of engineering professionals. Howevers increasingly understood that
the development of technical artefacts and socialangements are closely
interdependent, and in order to be successfulcklitey complex problems their design
and analysis has to be carried out together (BandrHerder, 2009). Traditionally,
there has been a deep divide between technicakacidl scientists (Johnson, 2008;
Wilbanks and Lee, 1985) and there is a generalepéon among them that they
address different problems. Furthermore, theydifferent vocabularies and often have
lack of interest and/or trust in the abilities aich other in addressing the problems we

face.

Fortunately, with the increase in our understandihthe complex interactions between

technical and social systems over the years, apdalthe increasing level of attention



and interest in concepts such as sustainabilitychwhannot be completely satisfied
within just one of these domains, perceptions aeelgplly changing. Consequently,
the involvement of engineers in policy-related esstias been growing at a much higher
rate since the late 1990s. Darton (2003), foramst, stated “We must be able to
measure sustainability in order to check whetheew policy or decision or technical
innovation is making things better or worse.” Sacstatement recognizes the effects of
policy alongside technical solutions on sustaingbibssessment in energy- and

environment-related issues.

Tackling problems as complicated as climate chandech are dependent on various
technical, cultural and geographical constrairgies on the development of mutually
reinforced and integrated policies that create gyrae and avoid contradictions. There
has been a rapid growth in the involvement of eegis in dealing with technical
aspects/issues in policy relating to, for exampies environment (Malcolm et al.,
2006), sustainability (Cannon, 2004), and infragtice (Johnson, 2007, Fassio et al,
2005). Such efforts have already resulted in ti@usion of public policy in the
curriculum of some engineering departments (e.gk Bind Ahearn, 2006) and the
establishment of energy and public policy prograsirsech as the Engineering and
Public Policy Department at the College of Engimegeat Carnegie Mellon University
or the ArcelorMittal Dofasco Centre for Engineeriagd Public Policy at McMaster

University (for a comprehensive list see AAAS, 2D11

While maintaining their traditional role in the ddopment and improvement of
products and technologies and the minimizationost< and risks associated with them,
engineers are increasingly becoming aware of tiengial role they couldiirectly play

in policy-making. While advocating the engineerdde in public policy, Galloway
(2004) states that “over the years, engineers kemply not recognized the direct link

of the public policy process to ethical and moérand responsibility to protect the



health, safety and welfare of the public” as pafrttleeir code of ethics in their
professional organizations. Engineers should aamteodeasible solutions to the
problems faced by society and should maximize pub&lfare and minimize negative
impacts; these opportunities will be missed if eegrs continue their traditional non-

involvement in politics (Galloway, 2004).

Engineers are increasingly becoming involved inpsufing the development of
solutions to address the complex problems we ai@daand are therefore changing
their traditional attitude of just focusing on pidiwg technical solutions. For instance,
a recent role has been contribution to formulatbrJK energy policy (Clift, 2006).
Banares-Alcantara (2010) suggests, “new futuresrdfer engineers] will be as
providers of tools, methods and systems to supforhulation, management and
enforcement of policies”. He provides a numberjudtifications as to why it is
desirable for engineers to get more involved anthés develop their capacity in this
new role. Taeihagh et al. (2009a) emphasises tbeigon of methods, tools and
systems that are fundamentally different from toolsmmonly used in policy
formulation, with the intent to assist (not replapelicy-makers and complement (nor

substitute or compete with) existing mathematicatielling tools.

1.2. Objectives and Contributions

The purpose of this research is to develop metlogies and support tools to facilitate
better design and formulation of policies by udimgwledge gained in other fields that
address design issues, mainly process design aftltesys. A new framework for and a
systematic approach to the formulation of policgeeproposed. Focus has been directed
to the interactions between policy measures, iedpiry the concepts in process design
and network analysis. In addition, an agent-basedelling (ABM) approach has been

developed to create a virtual environment for tkpl@ation and analysis of different



configurations of policy measures in order to buyadicy packages and test the effects
of changes and uncertainties while formulating @ei. The agent-based approach
utilizes techniques such as conceptual design, arkt@nalysis and multiple criteria

decision analysis (MCDA).

By developing systematic approaches for the fortrarlaand analysis of policies it is
possible to analyse different alternatives in greaepth, examine more alternatives,
decrease the time required for the overall anglysmigvide real-time assessment and
feedback to the domain experts on the effect ohgbs in the configurations, and
ultimately form more effective policies with synestic and reinforcing attributes while
avoiding internal contradictions. As a proof ofncept, the framework and
methodologies introduced are implemented as casdiest on the design and
formulation of policies to deal with transportatimsues. These include the promotion
of walking and cycling and emission reduction. phrticular, the use of the framework
and the support system is intended to help decisiakers and policy experts in
selecting appropriate policy measures to form pedi¢or achieving their objectives in

each case study.

This research constitutes the first step towardsdigvelopment of a general family of
computer-based systems that support the desigolieigs — not only for the transport
sector, but also for areas such as energy, bioffeed security, water, health, etc. The
new approach is intended to assist (not replacapsport policy-makers, and
complement (not substitute nor compete with) exgsthnathematical modelling tools. It
should be emphasised that the decision supporemygDSS) described in this
document is intended for the generation of differatiternatives and their initial

screening and not for their evaluation (e.g. wawsation).



The key contributions of the thesis are:
a) A fresh contribution to the methodological depshent of policies and
demonstration of the usefulness of computationgbr@gches in addressing the
complexity inherent in the formulation of policies.
b) Development of a new framework for policy formtibn which has the potential to:
(i) Accelerate the design of new policies andupdate of existing ones;
(i) Improve the chance of policy success througk exploration of more
alternatives; and
(i) Facilitate the specialization of transpormbligies for different regions and
points in time.
(c) Application and integration of network analystechniques for improved
visualization and ranking of policy measures inploécy formulation process.
(d) Development of a more holistic approach toriowe the quantitative assessment of
the merits of policy measures and packages, camsideot only their internal properties
but also their interactions.
(e) Development of a novel ABM approach for thaxfakation of policies based on the
proposed framework that:
0] integrates the results from network analysid policy ranking;
(i) provides a virtual environment for the ex@ton and analysis of
different configurations of policy measures id@rto build policy
packages; and

(i)  tests the effects of changes and uncerisnihile formulating policies.

The ideas and methodologies have already createtest among policy experts and
have been adopted in the ongoing EU project “Ogtifalicies for Transport in

Combination” (OPTIC, 2010), as well as in the “Viss of the Role of Walking and
Cycling in the 2030” EPSRC research project (Tighal., 2011). Aside from creating

interest among policy experts and academics, thiadelogies have created interest



among practitioners e.g. Reading Borough Coundih@ir analysis for the development

of their Local Strategic Transport Plans.

1.3. Structure of the Thesis

In this thesis, we will introduce relevant concegahkating to policy and policy design,

followed by introducing the work that has been iearout on the development of a new
policy formulation framework. The framework andthmologies developed are then
applied in two case studies for proof of concepurthermore, the methodologies and
the results from the case studies are used fadekielopment of support systems in the
formulation of policies and applied to the secoraec study on the promotion of

walking and cycling. Figure 1-1 shows a road naptlie structure of the thesis.

Chapter 2 provides background information on polie@gign and the policy process,
presenting some of the approaches taken in siroanland modelling in the transport
sector. Moreover, problems faced in the formutatad policies and the similarities

between policy design and engineering design (ésheprocess design and synthesis)

are highlighted in this chapter.

The details of our proposed framework for policynfialation are presented in Chapter
3. The backcasting approach and some of the sleththe Visioning and Backcasting
for UK Transport Policy (VIBAT) project, which inged us to develop the framework,

are also introduced in this chapter, as well asesofthe terminology used in the thesis.

In Chapter 4, we focus on the formulation of polpgckages. An overview of the use
of networks and MCDA in policy-making is providetVe provide details of our policy

measure analysis approach through the definitiassdication and storage of different



relation types among policy measures, highlighhiogr this information can be used in

different visualizations and analyses of the poliogasures.

Chapter 1 R
Introduction
N l J
( Chapter 2 R
Policy Design
N l 4

Chapter 3 A
Proposed Policy Formulation

Framework

Chapter 4 ( Chapter 6 )
Policy Packaging Decision Support system
L I .
"1y ‘ (= K
Java L H
LI . J
Chapter 5 ( Chapter 7 )
Analysis of Policy Measures Application of the Decision
____support System
Chapter 8 A
Conclusions
and Future
Work
N J

Figure 1-1 Thesis roadmap



Chapter 5 showcases the application of the framlevaaod methodologies developed
and discussed in chapters 3 and 4 on two caseest(ldK transport-emission reduction
and the promotion of walking and cycling in citiesEach case study contains an
introduction to the particular problem it addressiedlowed by the implementation

details. Results and discussion of the applicabbrassessment and visualization

methodologies are presented, followed by the canmhs reached in each case.

In Chapter 6, the development of an agent-basedyptrmulation methodology is

discussed. An overview of the ABM paradigm is preed, followed by the objectives
of using such an approach for policy formulationl aetails of the system architecture.
A conceptual framework and the details of impleraganh of the system based on the
framework and the methodologies discussed in chapde and 4 are presented.
Furthermore, the roles that different agents amdgsses play are illustrated. Finally,
the importance and some of the details of the disasaalizations and the graphical

user interface (GUI) for supporting policy-makessliscussed

The application of an agent-based approach in dhaulation of policy packages for
the promotion of walking and cycling in cities isrepented in Chapter 7.
Implementation details and the data used are rnifltesd, followed by the results
achieved from the implementation. The advantadesiog an agent-based system in
the development of policy packages are presenteldtla® conclusions reached are

discussed.

Based on the work discussed in the previous chaptes thesis concludes in Chapter 8
with a critical discussion on the limitation of theork and recommendations for its

further improvement and the extension and enhanceafi¢he result achieved.



1.4. Conference and Journal Publications and Collaborabns

Conference Papers

The research presented in this thesis led to flenimg conference papers:

1. Araz Taeihagh, René Bafares-Alcantara & Moshe Gjv@pplication of an
Agent-Based System as a Virtual Environment for Hoemulation of Policies’,
Energy & People: Futures, Complexity & Challendespt. 2011.

(Chapters 6 and 7)

2. Araz Taeihagh, Moshe Givoni and René Bafares-AdcantFormulating a Policy
Package: What to Start With? A New Technique ftoe Ranking of Policy
Measures’, Universities' Transport Study Group (G)Sconference in Milton-
Keynes, UK, January 2011.

(Chapters 4 and 5)

3. Araz Taeihagh and René Bafares-Alcantara, 201Qa#e Study in the Application
of an Agent-Based Approach in the Formulation ofidRes for UK Transport
Emission Reduction’, European Conference on Com@gstems (ECCS2010),
Lisbon University Institute, Portugal, Sept. 201&pecial mentions for remarkable
overall quality).

(Chapter 6)
Video: http://www.assystcomplexity.eu/video.jspfo=114

4. Araz Taeihagh, René Bafiares-Alcantara and Zun Waago, ‘Exploring the

Potential of Relations in Policy Formulation: A @aer Application of Network
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Analysis’, European Conference on Complex SystelB€0S2010), Lisbon
University Institute, Portugal, Sept. 2010.
(Chapter 4 and 5)

5. Araz Taeihagh, Zun Wang and René Bafares-Alcardach ‘Why Conceptual
Design Matters in Policy Formulation: A Case forlategrated Use of Complexity
Science and Engineering Design’, European Conferemt Complex Systems
(ECCS2009), University of Warwick, UK, Sept. 2009.

(Chapters 2 and 3)

6. Araz Taeihagh, René Bafares-Alcantara and Zun W20@f), ‘A Novel Approach
to Policy Design Using Process Design Principl€sgmputer Aided Chemical
Engineering, 27, p2049-2054, doi: 10.1016/S157067@)70732-1. (Chapter
Chapter 2 and 3)

7. Aidid Chee Tahir, Julian Hunt, Araz Taeihagh, R&afiares-Alcantara, ‘Tools to
Support the Development of Energy-related Polici€xford Energy Futures, 12
June 2009 (Poster Presentation). (Chapter 3)

Journal Papers

The research presented in this thesis also ldaetéotlowing journal papers:

1. Araz Taeihagh, René Bafares-Alcantara and Clailéchh, ‘Development of a
Novel Framework for the Design of Transport Pobkcte Achieve Environmental
Targets’, Computers and Chemical Engineering, 2009,
doi:10.1016/j.compchemeng.2009.01.010.

(Chapters 2 and 3)
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2.

3.

4.

Araz Taeihagh, Moshe Givoni and René Bafhares-Adczant ‘Formulating a Policy
Package: A New Technique for the Ranking of Poltgasures’, Environment and
Planning B, March 2011 (Under Review).

(Chapters 4 and 5)

Araz Taeihagh, René Bafares-Alcantara and Zun Walegwork Analysis as a
Tool for Policy Formulation: A Case Study on TramdpEmission Reduction
Policies’ Advanced Engineering Informatics, Jul2qUnder Review).

(Chapters 4 and 5)

Araz Taeihagh, René Bafares-Alcantara and MoshenGitAgent-Based Systems
as E-Laboratories for Design and Formulation of idkd’, Science, (In
preparation).

(Chapters 6 and 7)

Invited Presentations

Araz Taeihagh, ‘A novel approach to policy formidat an integrated application of
complexity science and engineering design’, Trarts@ggtudies Unit, Oxford

University Centre for Environment, University of foxd, Jan. 2010.

Workshops":

Moshe Givoni, Araz Taeihagh and René Bafnares-AdcantWhich policy first? A
new technique for the ranking of policy measura&sion2030 Work Package 6,

Oxford, 6 September 2010.

! Also see Appendix A.11
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* Moshe Givoni, Araz Taeihagh and René Bafares-Adgzant“Building a Policy
Package: Advancing Walking and Cycling in Citieblelsinki Summer School in
Transportation, 8-12 August 2011.

» Araz Taeihagh, James Macmillen, Moshe Givoni, RBaBares-Alcantara, “Policy

packaging workshop”, Reading Borough Council, 1pt&aber 2011.
» Araz Taeihagh, Moshe Givoni and René Bafares-Adcant‘Which Policy First?

Applying Network Theory To Policy Analysis”, Nect&luster 1 Workshop in
Angra Do Heroismo, Crucial Networks For Periphefafritories, University of

Azores, Portugal, 16-17 September 2011.

Collaborations

Collaboration with the following groups and progelso took place:

e Transport Studies Unit, School of Geography andifGnment, University of
Oxford

« Visioning and Backcasting for Transport Policy iondon (VIBAT, 2008) Project

» Optimal Policies for Transport in Combination OPTRD10) EU Project

» Visions of the Role of Walking and Cycling in 20BPSRC project (Tight et al.,
2011)

* Reading Borough Council’s Local Transport Plan (L.2B11-2026 Team.

Other Dissemination Efforts

Presentations and lectures based on this work alsoegiven by Dr. Banares-Alcantara

and Dr. Givoni at:
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“Design and Integration of Policies to Achieve Howimental Targets”, The 18th
European Symposium on Computer Aided Process Eagnge(ESCAPE 18), Lyon,
France, from 1-4 June 2008.

“Synthesis of environmental policies: applicatioh emgineering methods in the
social sciences”, The Mexican Institute of Chemi€abineers Conference (IMIQ),
May 2008.

“Policy Packaging as a tool to improve efficiency molicy making”, Helsinki
Summer School in Transportation: Reason Building Becision-Making in the
Transport Sector, Helsinki, 7-11 June 2010.

“From individuals policies to Policy Packaging”, tepean Transport Conference
(ETC), 11-13 October 2010, Glasgow, Scotland.

“Why and how to move forward: Evaluating the Vissaand making policy choices”,
Vision2030 Advisory Committee meeting, London, 2btarch 2011.

“Formulation and evaluation of policies”, New Caé& Florida, USA, 20 April
2011.

“Advancing Walking and Cycling in Cities A methodgly to support policy
choices”, Reading Borough Council, 7 July 2011.

“Strategic Policy Packaging in Transport Policy Ar&pean Perspective.”, Helsinki
Summer School in Transportation, Helsinki 8-12 Astg2011.

“Formulation and evaluation of policies: a systemqgproach”, Department of

Environmental Engineering, Peking University (PKQJina, 5 September 2011.
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Chapter 2

Background to Policy Design

2.1. Introduction

There is a consensus in the scientific communitpgaizing the effect of man-made
emissions on the climate and acknowledging the mapce and urgency of tackling
climate change to avoid catastrophic consequengatelay in addressing the issue will
result in costlier solutions that may not be as@ifVe or even be too late. In 2007, the
Intergovernmental Panel on Climate Change’s (IPtB(J working group published an
assessment report on climate-change mitigation @lPZD07); however, as the recent
failure of the first phase of EU Emission Tradingh®me shows, the know-how of
effective and acceptable policy development hasg/ée attained. Addressing such a
complex problem requires the formulation of integdapolicies that are coordinated

and reciprocally reinforcing.
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Targets for reduction of the greenhouse gases mmsssre being set by different
governments and organizations to stabilize themnceatrations. The UK published the
Climate Change Bill in March 2007 (DEFRA, 2007; D&, 2008), introducing a
long-term and binding target of a 60% reductiorthe UK’s carbon emissions by the
year 2050 in comparison to their levels in 1990nc®these targets are set, various

alternatives are conceivable for achieving them.

Banares-Alcantara (2007) points out that the peeciature and scope of policies
designed to achieve environmental targets are sagBsgeographically and culturally
dependent, given the variability of resources, s&cto technology and political
constraints at different locations and times. #uwg reason, a one-size-fits-all, static
policy is unlikely to achieve the desired targetd ¢he need for bespoke policies able to
accommodate periodic revisions is now widely recogph Alternative policies can
have different performances in terms of their gostfectiveness, public acceptance,
levels of risk and complexity. Even for a fixech& and place, the identification of a
suite of alternative policies (rather than a sin@gptimal” one), together with clear
indications of their trade-offs, is crucial in acwmodating the diversity of the

stakeholders’ preferences.

The introduction of a systematic approach for ewplp alternative policies using a
computational methodology will accelerate and imprthe process of policy-making.
Based on the visioning and backcasting approachigBa and Hickman, 2006a), a new
framework for policy formulation has been develope&or proof of concept, the
framework and methodologies introduced are impldeteras case studies on the
formulation of policies to deal with transportatisssues, such as the promotion of
walking and cycling and emission reduction. Thdssve been used for the
development of a DSS that aids the developmenblifips. The goal is to accelerate

the task of policy-making and improve the effeatiess of the policies. The transport
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sector has been chosen for the case studies beitagsthe second-fastest growing
source of greenhouse emissions (IPCC, 2007) andtalwsecess to experts in this

domain.

The problems faced during formulation of policiesm de illustrated by an example. In
the context of transportation for instance, forugdg overall automotive emissions,
different measures such as increasing vehicleieffotes, decreasing vehicle usage or a
combination of these measures can be employed. etAmwthese alternatives are not
equal in their associated cost and required imphtatien time or level of public
acceptability or institutional complexities. Astd by Banares-Alcantara (2007), for
instance, “the public may be initially more inclcheo rely on a technological
improvement of car efficiencies rather than givimg car usage; but in fact, as the
Khazzoom-Brookes postulate states, an increasenamgge efficiency may lead to
increased overall energy use (Khazzoom, 1980),santbe appropriate government

policies are put in place.”

In Section 2.2, background information about poli®sign and the policy process is
presented. Section 2.3 details some of the appesataken in simulation and
modelling in the transport sector. Section 2.4cusses the problems faced in the
formulation of policies and Section 2.5 showcades similarities between policy

design and engineering design, especially procesigi and synthesis.

2.2. Policy and Policy Process

The following complementary definitions of policyeaadopted in this thesis:
. A policy is a principle or guideline for action &nspecific everyday-world context
(Pohl, 2008).

. A policy is a purposeful connection of ends withame (Fenna, 1998).
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As stated by Banares-Alcantara (2010), the usgsiéms theory for the explanation of
political processes goes back to 1965 when Eadi®65) defined the function of the
political system as the conversion of inputs (jdit demands and public support) to
outputs (decisions and actions) (Figure 2-1(a)almier (1997) extended the idea to
explain policies. In this case, policies are systavith interacting parts in which inputs
are policy measures (also known as policy instrus)ethat result in a set of desired

outcomes as outputs (Figure 2-1(b)).

public policy
support ~ decisions measure 1 outcome 1
political F——— .
—) — policy [—
——)] System actions : ) >
political policy outcome m
demands measure n

(a) (b)
Figure 2-1 Systems theory view of policy cyclesgagl policies (b) (Banares-Alcantara, 2010)

The policy process (also known as the policy cyde process in which a sequence of
steps are performed: the setting of an agendanitiefi of a problem, development,
analysis and refinement of alternative policiesatiniress the problem, selection of a
policy as solution, and implementation, enforcemamd evaluation of it in a cyclic
fashion (Stone, 1988). Figure 2-2 shows a modéh@fpolicy process and the context
of the policy design step, a step whereby the corapts of a policy are selected and
the overall policy formulated. As can be seerhis figure, the policy process is similar
to many engineering systems that have feedbaclsloopycles. The policy design and
formulation step is the focus of this thesis andasy similar to conceptual design in

chemical engineering, a similarity which will bepdored in more detail in Section 2.5.
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Setting the Problem | 1 | Policy _:_) Policy R Policy Policy
agenda D) definition _Ir) design | ,”| implementation [”| enforcement > evaluation
A A /] I A |

Figure 2-2 A model of the policy process (Taeihaghl. 2009a), based on (Howlett and
Ramesh, 1995)

At present, policy development is done manuallglidRes may have various objectives
and may be related to technological, economic,as@eid political aspects. Simulation
tools and complex models such as MARKAL (Seebregjtsal., 2001) focus on
mathematical modelling of these technological amdnemic factors. However,
although mathematical models provide valuable Mmsigthey are only part of the
required inputs to a general policy-making procéggause decisions about desirable
futures, and the policies to attain them, are d&dbna question of social values and
political choice (Robinson, et al. 2006). Moregveecause of diverse objectives and
interests of the stakeholders involved, they attiifferent preferences to the alternative

solutions (Stirling, 2003).

2.3. Simulation and Evaluation of Policies in the Transprt Sector

The focus in the literature within the transportdon has been on the development of
mathematical models and tools for the assessmdatgd-scale infrastructure projects
and analysis of transport policies. Monetary-basechniques (e.g. Cost-Benefit
Analysis (CBA)) and MCDA techniques such as the Ipinzal Hierarchical Process
(AHP (Saaty, 1990)) and the Simple Multi-AttribuiRating Technique (SMART
(Edwards, 1977))) form the basis of the models #&mamls. Often, risk analysis
techniques and probabilistic models (e.g. MonteldC&mulation (MCS)) are used to

further refine and fine-tune the models. The mjaf the DSS used in the transport
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sector use combinations of the above-mentionedhigahs and focus on the evaluation

and optimization of different alternatives. Thare:

* Generic systems, such as HUGIN EXPERT (which @diBayesian Networks and
Influence Diagrams) (Madsen et al., 2003), Expéni€e (which utilizes AHP), and
Criterium DecisionPlus (which uses AHP and SMART);

« Purpose-built systems for the transport domainh sigcan infrastructure investment
prioritising tool (Tsamboulas and Mikroudis, 2006),G-DSS (Salling et al., 2007),
CBA-DK (Salling and Leleur, 2006), COSIMA-DSS (Sad) et al., 2005), SMILE
(Tavasszy et al., 1998), and the multi-criteriale&on of transport options method
(Sayers et al., 2003); and

« Geographical Information Systems (GIS) (Arampagtial., 2004; Symeonidis et al.,
2004).

A similar trend can be seen with large-scale Eumaperojects that relate to transport
policy and use of DSSs. The main focus, very sintib the development of DSSs, is
directed towards the evaluation of policies. Thejgrts and the issues they address
are:

(a) EVA-TREN (2008): Developing appraisal methods large infrastructure projects
and the suggestion of best practices and systematicods for in-depth comparison of
the projects.

(b) SPOTLIGHTS (2002): Providing access and intiiggaexisting databases and
evaluation models.

(c) LOGIQ (2000): Identifying actors in the decisimaking process and providing
them with information regarding intermodal trangpor

(d) SPIN (2003): Providing statistical data for lgses of geo-referenced data and the

development of a Spatial Data-Mining System.
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(e) STEEDS (Brand et al., 2002): Developing a D&3xploring the influences of the
market on technological development and energytlagid environmental impact (based

on the NAIADE methodology (Munda, 1995)).

2.4. Problems of Policy Formulation

Both in the case of policy design in general andhi@ transport sector specifically,
decisions about what to include in policies (th®inthesis) is done manually. This,
together with the size of the space of possiblécigs, results in a large portion of the
design space being left unexplored (Banares-Alcan2007). New options are made
available for a variety of reasons, such as thedhuiction of new technologies, the rapid
advancement of current technologies and an inadebsel of complexity in socio-
technical systems. The latter is a consequencssokes such as globalization and
increases in the power of multinational corporaijomdemand for energy, and
environmental constrains (both intentional — sushhealth and safety standards — and

unintentional, e.g. global warming).

We believe a systematic approach to explore theespé alternative policies using a
computational methodology will accelerate the tafkpolicy-making and improve

policy effectiveness (Taeihagh et al., 2009a).

2.5. Process Design and Policy Design

The design of different products and processesinegjithe development and use of
various kinds of knowledge and techniques thataiaa be useful for development of
methodologies and tools for policy design. In ppliformulation, first a set of

alternative options is generated (synthesised iz often analysed via simulation and

optimization of the alternatives in order to seltb&t most appropriate courses of action.
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The synthesis of the policies is carried out byoalgination of a number of policy
measures as building blocks, taking into accoumt tharacteristics of the policy
measures and with the aim of reaching a desiregttarHowever, optimization-based
approaches have difficulty in dealing with ‘wickegdroblems (Rittel and Webber,

1973).

Similar to the policy domain and to the transpext®n specifically, there are powerful
simulators used for chemical process design (Faalay 2006), such as ASPEN Plus
(2008), HYSYS (2008), and PRO/Il (2008). Westegh€P004) defines process
synthesis as the invention of a structure and sso@ated operating conditions for a
new process and, in contrast to the policy domaiocess engineers have developed a
set of tried-and-tested synthesis methods that helfhe selection of the items of
equipment and how they are to be interconnectea ithowsheet structure. This
invention of structure often requires discoverytlod best configuration of equipment

from a very large number of possible alternatives.

In process design, “synthesis and simulation stepsapplied in tandem and iteratively:
a synthesis step generates alternative designshandutput from a simulation step is
used to compare those alternatives and informpbécation of the next synthesis step”
(Banares-Alcantara (2007), see Figure 2-3(a)). imtreduction of the aforementioned

techniques radically changed the way in which cleahprocesses were designed.

In this thesis, the focus is on adaption/adoptibexisting process design methods and
the development of new techniques and methodoldgrethe design of policies. The
intention is to provide practical frameworks anolsofor supporting the selection of
best policy measures and the most effective contibima of them into packages for

better policy formulation (the set of tasks inclddaside the dashed box in Figure 2-

3(0)).
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In both policy design and process design, ther@iprior agreement on the criteria or
preferences to use; in fact, both are co-evolutioesveen the desirable results and
possible solutions in a cyclic fashion as showrFigure 2-3.

unique optimum policies, just satisfying ones (SWNA996).

Figure 2-3 Analogy between (a) process design tadgpom Westerberg (1981) and (b) policy

(a) Process design

desired products;
available blocks

Synthesis

alternative
flowsheets

Simulation

Optimisation

selected
flowsheet

(b) Policy design

targets;
measures /
instruments

alternative
policies

design (Banares-Alcantara, 2007)

selected
policy

In short, there are no

The following two

concepts become important to understand the natyelicy and process design:

The exploration-based model of design (Smithers anoxell, 1990), which
understands design as an ill-structured problemrevitiee design goals and the

designed artefact evolve in a single front becaus®mplete specification of the

design objectives is not available at the outs¢hefdesign process.

The use of a hierarchical organization, which matkes analysis, understanding,

description and development of systems easier fibranon-hierarchical structures,

due to their decomposability (Simon, 1996).
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Both of these concepts are reflected in the Hiéieat Design Method (Douglas, 1988)
and have been adopted in DSSs such as n-Dim (\desgeet al., 1993), KBDS
(Banares-Alcantara and Lababidi, 1995) and Imp{dMa&rquardt and Nagl, 2004).

Our hypothesis is that the process by which thieectobn of operators is synthesised is
similar. However, different approaches (and aatertlegree of adaptation of process
synthesis techniques) will have to be employedctsidering the differences between

policy and process design, especially the non-dfiesle factors in policy-making.

2.6. Summary

In this chapter, background information about potiesign and the policy process were
presented. As the transport sector is the focubefcase studies carried out for this
thesis, some of the approaches taken in simulatmohmodelling in the transport sector
have been presented. Moreover, the problems fiacda formulation of policies, and

the similarities between policy design and engimgetdesign (especially process design

and synthesis) have been discussed and highligintads chapter.
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Chapter 3

Proposed Policy Formulation

Framework

3.1. Introduction

Inspired by a normative scenario analysis knownthas visioning and backcasting
approach (Banister and Hickman, 2006a), a new frariefor policy formulation has
been developed. Section 3.2 provides a brief gdgor of the backcasting approach
and Section 3.3 provides some of the details of MH®@AT project and the specific
terminology used throughout the thesis. Sectidnr8roduces the proposed framework
for policy formulation and the six steps that cdngt it. Section 3.5 briefly provides

an overview of the two case studies carried oupfoof of concept.
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3.2. Backcasting

Robinson (1990) proposed backcasting as a hormstigearios analysis technique for
achieving desired end-points. Backcasting workskwards from a desired end-point
trying to establish what policies need to be ircelan order to reach that desired state.
Backcasting is intended to suggest the implicatiohdifferent futures, based on
criteria associated with values and norms sucloeslisand environmental desirability,
which is different from the forecasting techniqubkat try to predict the likelihood of
different futures (Robinson, 2003). Given the tations of current models and the
uncertainty in data, forecasting is better suit@cddressing short-term solutions (the
traditional trend in the transport sector), butijpeons such as climate-change mitigation
and adaptation require long-term planning. Badkegss useful for addressing highly
complex and long-term problems because it has ttenpal to identify unresolved
subproblems and bottlenecks that are critical engblution of the overall problem. It
can thus guide policy-makers as to where actiaregsiired and help them in creating

solutions that are creative and radically differeain the status quo.

3.3. VIBAT

The VIBAT project studied the potential for a 60%duction of emissions due to
transport by the year 2030 through the use of aasaebuilding and backcasting

approach (Banister and Hickman, 2006a). It coedisf three stages:
1 — Setting a 60% reduction target for 2030 anckdasting the business-as-usual

scenarios for transportation in the UK and develgpa baseline in order to allow

assessment of the level of change required foesotyg the emissions-reduction target.
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2 — Development of transport systems in 2030 thailevachieve the reduction target.
This was done in form of development of two altér@afuture images which would

push various technological and behavioural options.

3 — Backcasting approach in which alternative popackages were combined to lead

to the future images.

Unlike the traditional forecasting approaches, YHBAT project considered a 60%
reduction target for the year 2030 and proposeddassting to select policy measures
and policies/paths to design a policy. Policy meas were placed in 11 policy
packages in VIBAT project with the hope of creatsygergies among them (Banister
and Hickman, 2006b). The policy packages were themdled into policy clusters

aiming to achieve the emission reduction target.

In summary, the study examined an array of poli@asures and considered whether
they could be effectively combined in order to fedhe target. The goal was to
establish whether reaching the target is feasidemtify the difficulties, and the key

decisions that need to be taken.

3.3.1. Definition of Terms used in the Development of Paty Hierarchies

The terms ‘policy measure’, ‘policy package’, ‘myli cluster’, ‘future image’ and
‘policy pathway’, which are used in this thesisg @dopted from the VIBAT project.

Below, a definition of each term is given and FeggGr1 illustrates their relation:

* Policy measure (also known as a policy instrumen@§ombinations of policy
measures constitute policies. A policy measurthésbuilding block used for the

creation of policy packages, clusters and, ultityatde future images to reach the
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target. A total of 123 policy measures were ideedi based on various pieces of
research (Banister et al.,, 2000; Marshall and Bani2000; VTPI, 2007). Policy
measures have been categorized in various formsdgrmBan and Davis (1998)
classify policy measures as: (a) exhortation (esgucation); (b) economic
incentives/disincentives (e.g. subsidies and taXeys)yovernment provision; and (d)
legislation/regulation.  Banister and Hickman (2006categorize policies as

technological, regulatory, economic and social.

Policy package. Policy packages help in structutine policy measures by grouping
those that are similar, work together, and/or haveynergistic effect. Policy
measures are not equivalent in terms of their pt@se(e.g. cost, effectiveness,
risks, etc.) or interactions with other policy meas and levels of dependencies they
have. A good policy package is a set of policy sneas that creates synergies and
avoids contradictions and conflicts or mitigatesnth) ensuring that the policy will
address the problem effectively and equitably dkerlong term (Badami, 2004). In

VIBAT, 11 policy packages were proposed which calktransportation modes.

Policy cluster. Clusters are formed based on qmmekages to which other
supporting packages are added. Their purpose lisatth the emissions-reduction
target levels for each image (scenario) of ther&uturhere is no claim on the clusters

being comprehensive.

Future image. Each future image is a result ofitii@dementation of one or several

policy clusters to reach the emissions-reductiogeta

Policy pathway. The policy pathways indicate tleenporal ordering in which
certain decisions need to be made. They are usefoé, for example, long lead

times are required for implementing groundbreakimglicies, e.g. introducing
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legislation, providing incentives for industries move towards the target,

changing public attitudes and individual behaviour.

and

60% CO2

Target Transport emissions
reductior

Image of Image 1 Image 2
the future New Market Smart Social

Policy Policy Policy Policy

Package 1A Package 3 Package 1B Package 4
Cluster of
policy
packages ooy Policy

Package 4 Package 3

1

oy | L1 1 T 1

packages Package 1 Package 2 Package 3 Package 4 Package ... Package N
+ Measure 1 + Measure 1 * Measure 1 + Measure 1 + Measure 1 + Measure 1
* Measure 2 * Measure 2 * Measure 2 * Measure 2 * Measure 2 © oo
* Measure * Measure * Measure * Measure + Measure 3 * Measuren

Policy Key Measures

pathways \ /
* Measure 1
and key \ * Measure 2 /

measures ¢ Measure 3

Figure 3-1 Packages, measures and pathways, bagahister and Hickman (2006b)

3.4. Proposed Framework for Policy Formulation

The proposed policy formulation framework (Taeihaghal., 2009a) is broken down

into six steps (see Figure 3-2).
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Identification of the relevant
concepts, goals and target

v

Development of a library of policy
measures

v

Specification of relationships among
policy measures

‘

Generation of possible
combinations of policy measures
into policy packages

v

Creation of clusters using planning
techniques

v

Evaluation of the different
alternatives (creation of future
images)

Figure 3-2 Policy formulation process
(Taeihagh et al., 2009a)

3.4.1. Identification of Relevant Concepts

The target has a numerical value relating to aoperdnce metric that is to be attained
by a given date, e.g. 60% @®missions reduction by the year 2030 in the césbeo
VIBAT project. The terms ‘goal’ and ‘objective’ @used interchangeably, and are the
desired results of a strategy. A goal has a moaditqtive nature, although associating
numerical values is also possible. Achieving a benof goals will facilitate achieving
the ultimate desired outcome, which is definedhastarget. For instance, the goal can

be to avoid or mitigate climate change.
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3.4.2. Development of a Library of Policy Measures

The creation of a repository of available measueggiires the participation of experts
in the field and different stakeholders using aataig scientific data and reverse-
engineered knowledge from existing policies. Newasures may be created at any

point in time.

Policy measures have very different natures andachexistics. For instance, in the
transportation context, they may be economic ¢exgation on multiple car ownership),
regulatory (e.g. introduction of low emission zopnéschnological (e.g. introduction of
electric cars to the vehicle fleet) or social (eawareness campaigns). Some of the

measures are expressed quantitatively, but marg &aualitative nature.

Policy measures have different properties, such dagree of effectiveness,
implementation time and costs, levels of technarainstitutional complexity, public
acceptability, requirements of implementation, éseg objective(s), level of
uncertainty, level of risk, associated cost(s), eAcsimplified example of the “hybrid

technology vehicles” measure is shown in Figure 3-3

Policy Measure Name:Hybrid Technology Vehicle
Policy Measure Id: 122
Policy Measure Type:Technological and Economig
Effectiveness:High
Uncertainty: Low
Timescale of Implementation:Long
Cost: Medium
Risk Level: Low

Figure 3-3 Example policy measure (Taeihagh e2@D9a)
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3.4.3. Specification of Relations Among Policy Measures

The relations among policy measures are currengiggorized as ‘precondition’,
‘facilitation’, ‘synergy’, ‘potential contradictionand ‘contradiction’. For instance, a
precondition of a policy measure is defined as lagomeasure that is required for
successful implementation of a policy measure, twitoould therefore be implemented
earlier. A precondition relation is directionaEach policy measure is depicted as a
node and its preconditions as its links. As anmgla, Figure 3-4 illustrates the
preconditions for “Advanced traffic management eyst”. Note our convention for the
direction of the relation: in this example, the Y4&ghced traffic management systems”
policy measure has the rest of the policy measase$s preconditions. The details of

the definition and classification of the policy eaee relations are provided in Chapter 4.

Advanced
Traffic
Management
Systems

ultipurpose
personal

communicationj
devices

Broadband,
'Wi-fi, and other
technological |
improvementg

Driver
information
systems

Travel
information

Infrastructure
technology

Traveller
information

Figure 3-4 Example policy measure and its precandit

3.4.4. Generation of Policy Packages

In this step, synthesis and configuration techrsqake applied to generate alternative
combinations of policy measures into packages. iRstance, three simple policy
measures such as “ban non-hybrid vehicles fromelgreareas”, “consumer tax
incentives” and “higher fuel taxes” could form ackage that encourages public to use
“hybrid technology vehicles” (see the lower mid el in Figure 3-5). The nodes

labelled “MIX” in the Figure 3-5 represent that doimes the policy measures.
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Powerful concepts and methods such alstraction/refinement hierarchies and
Generate& Test can be utilized for formulating policy packagese($®esterberg (2004)
for different techniques used in process synthesis)addition to the aforementioned
techniques, graph theory and network analysis igakes can be used for exploring the
relations among different policy measures, in orttebetter understand the overall

effect of the implementation of policy measureglmnsystem and on each other.

reduce car
emissions
increase car decrease car
efficiency use
hybrid Ilghter public urban
technology materials transi)ort\ planning
reserve areas increase vehicle
/ for hybrids efficiency
manufacturing m ™ thEI
infrastructure axes
¢ consumer
. . L, -é’ tax et
Incentives to /@Y incentives | Same measures as in left branch !
manufacturers S T s
Q\

Figure 3-5 A simplified example set of alternatpaicies (Banares-Alcantara, 2007)

Figure 3-5 represents several alternative polithed all aim at reducing emissions.
Such alternatives can be constructed by using tbhery of policy measures.
Furthermore, the alternatives can be assessed resipect to different criteria, and

ranked based on their desirability.
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3.4.5. Application of Planning Techniques

Going back to the example in Figure 3-5, sommariufacturing infrastructure” needed

to produce hybrid vehicles will obviously need ®ih place beforehybrid technology
vehicles” become more popular. Similarly,iftentives to manufacturers’ should
precede tonsumer tax incentives’, and both types of incentives may be decreased
gradually as production and consumption increaseisshown in the figure). Temporal
aspects should be considered during the formulatibrthe policy measures into
packages. For instance, some of the policy messwaee long implementation time,
delays before their effects are felt or preconditi@quirements. Moreover, it is
important to consider the effects of decision mgkim the potential policy measures

that are likely to be considered in the future.

3.4.6. Evaluation and Comparison of Alternative Policy Cliwsters

This step involves evaluation of the alternativesayated and recommendation of the
most suitable ones by aiding the user in their amspn. Furthermore, a sensitivity
analysis will be employed in order to observe ttiects of perturbations on the overall

system.

3.5. Application of the Framework

The framework and a set of methodologies basedtofChapter 4), allowing a
systematic approach to the synthesis and configarabf policies, have been
implemented in two case studies (Chapter 5). Taméwork and the methodologies
based on it have also been used for the developwiest DSS that aids in the

development of policies (Chapter 6) and its impletagon (Chapter 7). The case
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studies focus on the formulation and analysis dicjgs required for achieving GO
emission targets in transport sector and promatibwalking and cycling. The aim
behind the development of the framework and thehoukilogies based upon it is to

accelerate the task of policy-making and improeedfiectiveness of the policies.

3.6. Summary

The details of our proposed six-step frameworkpiolicy formulation and some of the
terminology used in the thesis were presented is thapter. Furthermore, the
backcasting approach was introduced, along withesoithe details of the VIBAT

project which aims at studying the potential fo6G26 reduction of emissions due to

transport by the year 2030.
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Chapter 4

Formulation of Policy Packages

4.1. Introduction

Many ‘policy problems’ are commonly referred to‘amessy’ (Ney, 2009) or ‘wicked’
(Rittel and Webber, 1973) due to the inherent taahninstitutional and political
difficulty of addressing them. As understandingiloé complexity of policy problems
has increased along with wide experience gainetrying to tackle them through
various measures, and as knowledge and experisnogoie easily shared, policy-
makers are rarely short of options. Rather, pali@kers more often face the opposite

problem of having too many avenues and optionspioee.

Considering a rational policy-maker (putting adide debate raised by Kingdon (1984)
on the extent to which policy-making follows a loatal’ goal-oriented process), or an
analyst advising the political decision-maker op thest strategy to address a policy

problem, the number of possible direct actions i¢goimeasures in this thesis) is
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considerable. With respect to transport policy,drample, the VIBAT-London study
identified over 120 individual measures to combabate-change challenges in London
(Hickman et al., 2009). Similarly, the Policy Seens for Sustainable Mobility project
(POSSUM - Banister et al., 2000) identified close X00 measures to advance
sustainable transport in Europe and the Vision®23@8ject (used as the second case
study in this thesis in chapters 5 and 7) iderttifid2 measures to promote walking and

cycling in cities.

Given the variety of options available, the infotioa available on them, and various
influences on the policy-makers, the answers tajthestions of what to do and what to
do first are becoming increasingly complex. Giadof the available information and
various options, Kelly et al. (2008) and Joned.€2809) point out there is evidence of
inertia and insufficient attention and considenatis often given to more than a few
options. This problem is more likely not to be daelifficulty in coming up with list of

policy measures or ideas for action but due todiffeculty inherent in considering all

the options.

Silver bullets do not exist in policy-making ancetheed to explore and implement a
wide range of options to increase the rate of goBaccess is increasingly being
recognized. Instead of implementing individual ippl measures, a combination

(package) of policies needs to be implemented surenthe successful and efficient
attainment of a given policy objective (May and Budb, 1995, Banister et al., 2000,
Feitelson, 2003). Givoni et al. (2010) define alipy package’ as “a combination of

individual policy measures, aimed at addressingam@ore policy goals; a package is
created in order to improve the impacts of theviddial policy measures, minimize

possible negative side-effects, and/or facilitdte interventions’ implementation and
acceptability”. The main thrust behind policy pagkg is that more than one policy

measure is considered and the relations among dlectad policy measures are
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explicitly taken into account, with the intentidmat these policy measures are mutually

supportive.

The decision on what to start with in addressiqglcy problem or a policy goal is not
straightforward. To facilitate this step, a newtimoelology is proposed to assist policy-
makers in exploring a large number of differentetypof measures simultaneously,
while examining both their own properties and tlelations with other measures. The
methodology is based on the previously proposedts policy formulation framework
(Taeihagh et al., 2009a) and brings together twabéshed and well-researched
concepts: network theory and MCDA. The methodolagys to provide a tool for
policy-makers to explore a large number of meashyesisualizing and mapping the
relations between them and by ranking them. The iainot to provide a result or
suggest a ‘solution’, but only to aid policy-maké&nsexploring a large field of options
and in understanding why certain policy measurgseap better than others. The
methodology is based on user input (e.g. policyemakstakeholders or other experts

participating in the policy formulation processyas generic.

In Section 4.2, an overview of the use of netwaasksl MCDA in policy-making is

provided. Section 4.3 provides details of our apph to policy measure analysis by
the definition, classification and storage of diéfiet relation types among policy
measures, and highlighting how this information banused in different visualizations

and analyses of the policy measures.

4.2. Overview of the Use of Networks in Policy- and Desion-Making

Network analysis has been used extensively in tieypdomain, for example in social
network analysis (e.g. Freeman et al. 1991, Wassend Faust 1995), including the

examination of policy networks and policy commussti(e.g. Rhodes and March,
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1992). Social network analysis is an importanitiow for the systematic description
and analysis of relational dimensions in politicel &ociety (Schneider, 2005). With
recent advances in network science, the use of matimiques is becoming even more

widespread (Newman et al., 2006, Milo et al., 2@&;caletti et al., 2006).

The policy networks approach is not without itgigties. It has been argued that this
approach is only descriptive rather than being axaiory (John, 1998, McPherson and
Raab, 1988). Some have considered it a metaphaframework rather than a theory
(Dowding, 1995, Jenkins-Smith and Sabatier, 199@) i has been criticized due to

lack of attention to the motivating factors thdeat the actors (Peters, 1998).

In this thesis, we aim to advance the use of nétwaaoalysis in policy-making. We are
not concerned with a network of actors and therautions between them, but with the
policy measures considered to address a definadypmioblem. We are interested in
the use of networks as a tool to improve our urtdeding of the interactions between
policy measures and to streamline and improve tieypformulation process. The
nature of the relations defined and used in thesithis fundamentally different from
relations in traditional policy networks analysex@émined in detail by Burt (1980) and
van Waarden (1992)). Furthermore, we combine #eaf policy measure networks
with a MCDA approach, to assist policy-makers immining a wide range of actions

and in selecting the measures to implement.

4.2.1. Networks and MCDA

As mentioned above, one of the difficulties in pgliformulation is the effective
processing of the information available about eadividual policy measure, especially
in cases where the experts are faced with manyyatieasures and even a larger

number of combinations between them. This probteexacerbated by considering the
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different types of relations that often exist betwehe policy measures and by time and
resources constraints. Such problems can exph@ndandency to explore a limited

number of alternatives (Kelly et al., 2008, Joneal ¢ 2009).

CBA and MCDA techniques are commonly used in thécpadomain. Often, the
merits of the available policy measures are asddsased on a polyvalent set of criteria
and their associated weights using MCDA technigsesh as the AHP (Saaty, 1980) or
the SMART (Edwards, 1977). General directives guidelines are available to
support such evaluation methods (e.g. Stewart 1@8@2ouni and Martel 1998 and
Dodgson et al., 2001). These techniques haveba&so the traditional techniques used
in transport policy decision-making, with a recshift from CBA to MCDA in Europe

(Grant-Muller et al., 2001) and especially in thié {Glaister, 1999 and Price, 1999).

Some new evaluation techniques have integrated onketwoncepts with multiple

criteria decision-making. Examples include theloiwing: a new approach that

combines several MCDA methods using network strestiyHanne, 2001); a generic
decision-making procedure and framework that irstesgr Bayesian Belief Networks

with MCDA (Fenton and Neil, 2001; Watthayu and Pe2{@04); and the reasoning map
concept, which enables multi-criteria evaluatiordetision options using causal maps
(Montibeller et al., 2005). Importantly, the Anabdl Network Process proposed by
Saaty (1996) is a general form of AHP geared towaapturing the complexities that
arise from the interdependence of the criteria betwthemselves and vis-a-vis
alternatives, rather than towards the multiple frmof interdependence among
alternatives. As a result, as the number of elésnand their interactions increase, the

use of the technique becomes more complex in anearlfashion.

An alternative proposed here is the use of a Néw@antric MCDA approach, which

allows policy measures to be ranked based on tim@rnal properties and the
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interactions they have with other policy measurdsis enables ordinal comparisons
(and possibly quantified comparisons as well) betweolicy measures and, in
principle, can also be used to compare betweererdift policy packages. The

methodology we propose is described in detail below

4.3. The Policy Measure Analysis and Ranking Methodology

Faced with a specific (transport) policy probleroligy-makers have many options for
action. Below, a methodology is proposed, and lasted, to assist policy-makers to
systematically consider and rank a large numbepadicy measures and identify a
measure, or a set of measures, to implement fifdte ranking is based on context
specific criteria such as the effectiveness of asuee in achieving (part of) the policy
target(s), and its efficiency in doing so (accoogtifor the resources required to
implement it), including overcoming different obdts (financial, technical,

acceptability, institutional, etc.). The proposadthodology, and its components and

stages, is illustrated in Figure 4-1.

Visualisation and
analysis of the
policy measure

Composition of the
library of Policy
measures

Definition of the

7 criteria for analysis

»

Definition and
Classification of the
policy measure
interactions

networks

Ranking of the
policy measures

Selection of policies
for implementation

Figure 4-1 The proposed methodology for policy measinalysis and ranking

The first step in the proposed methodology is @madup a list of measures of various

types (infrastructure, regulation, financial, mdnkg, etc.) that can directly affect the

policy target, i.e. a library of primary measure$o fully exploit the benefits of the

method it is advantageous to start with a relagivatge library. Next, the criteria
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against which to examine the measures are decidsdappropriate, given their nature

and the information available for the specific airistances of the policy problem, the
criteria can be measured in a quantitative or tatalte manner. After the properties of
each measure are assessed by the analyst, thésarstated to scores (for example,
ranging from 1-low to 5-high). This stage of iy the basic information for each of

the measures in the library completes the preapeidtstage. There are no restrictions
on expanding the library with additional measurearsy stage of the analysis, although

naturally this will be more time consuming aftee #mnalysis of the initial library begins.

The initial stage above follows standard MCDA piaetand indeed can be used to
generate a ranking of measures. However, thestegs in the proposed methodology
provide additional and crucial information that gwoe more robust decision-making

and different results from those produced by tredifional MCDA approach.

4.3.1. Definition of Policy Measure Relations

Five types of mutually exclusive relations amondigyomeasures are considered and
defined: precondition, facilitation, synergy, pdiah contradiction and contradiction

(Taeihagh et al., 2009b).

Precondition (P) — defined as a relation that is strictly requifed the successful
implementation of another policy measure. Foransg, if policy measure B is a
precondition to policy measure A, the successfyll@mentation of policy measure A
can only be achieved if policy measure B is sudadlgsmplemented beforehand. The

precondition relation is a directed relation.

Facilitation (F) — in a case where a policy measure ‘will work éetif the outcome of

another policy measure has been achieved, theiorel& considered a facilitation
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relation. For instance, policy measure B faciditafpolicy measure A when policy
measure A works better after policy measure B le&sn bmplemented; however, policy
measure A could be implemented independently atpoheasure B. The facilitation

relation is also a directed relation.

Synergy (S — a special case of facilitation relation in whittte ‘will work better’
relation is bidirectional (undirected relation)t cen be argued that such a relation can
be treated as a two-way facilitation; however, vatidve treating this relation as a
separate type is advantageous, as it suggestsigher leffectiveness of both of the

policy measures having the synergistic relatioravigs the overall policy.

Potential Contradiction (PC) — a potential contradiction exists between pofiasures
if the policy measures produce conflicting outcornesncentives with respect to the
policy target under certain circumstances. Theegfthe contradiction is ‘potential’.

This relation is undirected.

Contradiction (C) — unlike potential contradiction, which is condital, the
contradiction relation is defined when there aré&ic¢gdy” conflicting outcomes or
incentives between policy measures. Similar topibtential contradiction relation, this

relation is undirected.

The classification of the individual relations amgguairs of policy measures is carried
out by the domain experts (e.g. policy-makers, yatg] etc.) and stored in an adjacency
matrix. This task can be done individually or irg@up setting. Using a collective

decision-making procedure for identifying the riglas is advantageous and is likely to
increase the robustness of the analysis, since leam@lations often exist between the

policy measures and, at times, it can be diffitmltlearly distinguish the relation type.
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Various techniques can be employed to ensure theeps is robust and without errors,

like using ‘outside the box’ methods as definedlbges et al. (2009).

4.3.2. Classification and Storage of the Policy Relations

For the storage of the relations among n nodes;layn adjacency matrix is used. In
the adjacency matrix, each element represents atiomlbetween the nodes in the
corresponding row and column. In this study, thkatrons between policy measures
(edges) are not weighted, yet this is an optionfimther development. Initially, a
multi-relational adjacency matrix is used for stgrithe different types of relations
among policy measures. The method requires thiysasiaf only two measures at a
time, in total isolation from the other measureshia library, thus simplifying the task
for the analyst. Still, when dealing with a langember of policy measures that often
have complex relations, it is inevitable that insistencies will arise and that in some
cases a precise identification of the relation agnpalicy measures will be difficult to
determine. For this reason, an iterative approablere at least one iteration is
performed for the identification of each type oflat®n is important for the
identification of inconsistencies and errors. Tiext step, visualization based on the
defined interactions (edges) and policy measuredds), also serves as a final check on

the integrity and validity of the defined relations

4.3.3. Visualization and Analysis of Policy Measure Relatins

Figure 4-2 depicts a sample multi-relational adj@gematrix. An edge exists between

nodesa andb if element §,b) of the adjacency matrix is equal to P, F, S, PCp

depending on the type of relation between the twdes. In cases of undirected

relations, both elements (,b) and(b,a) have the same value.
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1D 1 2 3 4

3 0 P 0 P

4 S PC 0 0

Figure 4-2 Sample multi-relational adjacency matrix

Figure 4-3 below is the visualization of the samplelti-relational adjacency matrix
presented in Figure 4-2. In this network, nodes@ 3 facilitate node 1, nodes 1 and 4
have a synergistic relation, nodes 2 and 4 potgntantradict each other and nodes 2

and 4 are preconditions for node 3.

Figure 4-3 Network visualization of the sample data

When dealing with a large network (i.e. a large banof measures), visualization of
the data becomes difficult using a single multatieinal network. Therefore, the multi-
relational adjacency matrix formed in the previstep is decomposed into individual
adjacency matrices that only entail a single typelation (in our case, five networks
corresponding to the five relations defined in fec#.3.1). Once the separate network
visualizations have been checked and the expertdvied in the process are satisfied

with the data, an analysis of the networks candséopmed.

4.3.3.1. Identification of Cycles

Figure 4-4 illustrates an example cycle in a neknafrpolicy measures (a Precondition

network). In order to favour modern urban designew urbanism”) in the
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development of cities, a precondition is to movevaals clustered land use and
providing different functionalities in each distriof a city. A prerequisite for such
development is the creation of low-emission zomesttract residents to the clusters,
which in turn may be achieved by reducing car eimiss (e.g. through car-free
planning). In order to have successful car-fremping, other means of transportation
such as public transport, cycling and walking neebde promoted. In turn, in order to
have a successful switch towards the use of bisyaled walking, cities should be
compact, so that travel distances are reducedtlyl.aach compact cities can be created

by moving towards a new urbanism approach in daypmng.

A large number of cycles consisting of five or mpadicy measure can exist in a policy
measure network, as demonstrated by Taeihagh @089a). Two alternative methods
for cycle identification were used. One was tarddhe list of nodes in a branch when
the termination criteria during search was reaahesito repetition of a node, indicating
the existence of a cycle. In addition, the Extrgcle function in the Combinatorica
package of Mathematica (Mathematica, 2008) was wsegkturn a list of maximal

edge-disjoint cycles in the network (Pemmaraju Skigna, 2004).
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Car Free
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Figure 4-4 Example of a cycle in a policy measwesvork)

Analysis of the relations between the individualigomeasures and their ranking and
assessment helps in better understanding the cy€lesknowledge gained through this
analysis will be used to break the cycles in thestnappropriate manner, leading to a
feasible order of implementation for the policy m@a@s with minimal overall cost,
implementation time and maximum effectiveness.thia hypothetical situation where
all the measures that form a cycle have the sareagih, cost, implementation time,
risk, etc., the order of implementation does nottengassuming that the measures do
not have relations outside the cycle). Howevera irealistic scenario, the degree of
importance of the measures, cost, implementatime, tietc. differs, and through their

appropriate scheduling significant gains can beenad
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4.3.3.2. Community Structure Analysis

Community structures often correspond to functionmlts in networks (Newman,

2004). This method can provide a generic clusteigientification technique based on
the interactions between policy measures. This aitlerstanding of the structure of
the complex and highly inter-related policy measuised in formulating policies and

supports us in selecting more appropriate policgsuees.

4.3.3.2.1. The Girvan-Newman Algorithm

The Girvan-Newman algorithm (Newman and Girvan,40@ a popular algorithm
used for exploring community structures within netiks by recognizing that nodes
within communities are more densely connected than inter-community nodes
(Figure 4-5). Exploration of the community struetsi is carried out by calculation of
the betweenne$scores for all edges and understanding that g@emmunity edges
have high betweenness values as they create edg@wsen communities of highly
connected nodes. The algorithm separates the caoifiesu from each other, by
removing the edges with high betweenness scoresfter Aeach removal, new
betweenness scores are recalculated for the ramgagdges. Several methods have
been developed for calculating betweenness basgdadesic paths, random walks and
current flows. Newman and Girvan (2004) illustchtdhat, in practice, the three

methods produce similar results.

Calculation of the betweenness scores and removadges in iteration steps is
terminated when the optimal community structureachieved (measured by the

modularity Q). Newman and Girvan (2004) defineniedularity as:

“Betweenness Centrality is a measure the importahaeode in a network. See Section 4.3.4.1.
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Q =X (e;i — af) = Trace ) - |le?|| Eq. 4-1

In Eq. 4-1,eis defined as &-by-k symmetric matrix ok communities whose element
g; is the fraction of all edges in the network thak lvertices in community to vertices

in communityj. Elementeg; is on the leading diagonal, aadis the row sum of the
matrix e (Newman and Girvan (2004). The trace of this maffrace €) =) e;; gives
the fraction of edges in the network that connectiees in the same community. The
modularity measures the proportion of the edgesdbianect same types of nodes in the
network (edges within a community), minus the expacvalue of the community
structures with random edges between the nodes.Qalue ranges from 0 to 1, with
values typically between 0.3 and 0.7. If the numiieedges within communities is
similar to random network, Q will be calculatedCaand in case where there is a strong

community structure present Q approaches 1 (NewandrGirvan, 2004).

In non-technical language, the Girvan-Newman athoriconsists of the following

steps:

1. Calculation of the betweenness scores based agetigesic paths method;

2. ldentification of the edge with the highest betweess score and its removal from
the network (one edge is chosen at random if tisesiie for the highest score);

3. Recalculation of the betweenness scores for thaireng edges;

4. Repetition from the second step 2 and terminatibthe iteration loop when an

optimal Q value is reached.
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Figure 4-5 An example of a network with three comitias, which have dense internal and
sparse external connections (based on Newman awadrnG2004)

After proposal of the Girvan-Newman algorithm, Gayy Newman, and Moore
proposed the CNM algorithm, which is a more soptaséd and efficient version of the
original algorithm (Clauset et al., 2004). Theutesfor the application of community
structure analysis and a discussion of the imptinabf the results, are presented in

Section 5.2.

4.3.4. Ranking and Assessment of Policy Measures

When dealing with a large number of policy measyoggions) in the formulation of
policy or a policy package, one of the problemthes systematic and effective analysis
of the available information. In a project such\ABAT (Banister and Hickman,
2006b), policy-makers are fed a large number ofcgaiheasures (123 to be precise)
and this entails an enormous number of possiblebamations of these policy measures.
The problem is further exacerbated by the existavfcenultiple types of relations

between policy measures.

50



By development of a ranking and assessment methggdbr policy measures, we aim
to address the problem by calculating the perfogeaanf the policy measures based on
user-defined criteria and using the policy measunésrnal properties, interactions and
other relevant available information in each specdontext. The ranking and
assessment methodology effectively allows quant@éatomparison of the merits of
alternative policy options, which can be policy s@as or their combinations in the

form of policy packages.

For the ranking of policy measures, we have identithree essential building blocks:
(1) a library of policy measures; (2) definitiondadassification of the relations among
the policy measures within the library; and (3) tbke of the individual policy measures
within the networks of relation they belong to. eThoncepts relating to the policy
measure library and the relations among policy mmeakave already been introduced.
In the next section, network centrality as a measorr better understanding the role that
individual policy measures play within a networkirgroduced. Subsequently, the
general methodology that can be used to combire ittiormation for ranking and

assessment of policy measures is presented.

4.3.4.1. Centrality

Centrality of a node is a measure of its importamicefluence in a network. Freeman
(1979) identified four types of network centralieDegree Centrality, Betweenness
Centrality, Eigenvector Centrality and Closenesstfadity. The most common

centrality measure is the Degree Centrality whighused in calculating the network

scores in this thesis along with Betweenness Céwgtra
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* Degree Centrality
Degree Centrality is a measure of the centralitya afode in a network based on the
number of input and/or output links a node has.grBe Centrality is calculated based

on the proportion of all nodes that are conneateal given node.

Number of Incident Links

Degree Centrality of a Node= T —

Eq. 4-2

Furthermore, the Degree Centralization Index (DfSl)also calculated. The DCI
indicates the variability of the centrality scores a network (a more centralized

network will have a larger DCI value). DCI is dedd as:

_ Y All nodes(Max Degree Centrality—Node's Degree Centrality)

DCl Number of Nodes—2

Eq. 4-3

* Betweenness Centrality

Betweenness Centrality is the extent to which aenfadls on geodesic paths (i.e. the
shortest paths between nodes) of pairs of noddsmat network (a high Betweenness
Centrality indicates that a node frequently appeamsthe geodesic paths). The
Betweenness Centralization Index (BCl) measuresvémmbility of the Betweenness
Centralities. BCI values range from 0 to 1 (a higlue indicates the existence of nodes

with high Betweenness Centralities).

4.3.4.2. General Structure of the Ranking Methodology

The structure for ranking policy measures by conmgrthe previously introduced

building blocks will be described in this subsewtiolt is possible to develop a fixed
structure based on the building blocks; howevedessribed in Chapter 2, it is evident
that, when dealing with complex policy issues, pneblem at hand is almost always

context specific and a degree of flexibility to eelks the problem given the

52



geographical, temporal, political, and/or attituolethe domain experts is necessary.
Therefore, a general structure for the ranking afcy measures is presented in this
chapter and details of two cases of implementagi@npresented in Chapter 5. Figure
4-6 illustrates the proposed structure for the irmpland assessment of policy measures

in a given network.

Ranking Score

in a Network
Score in Score in Score in
Criteria Set i Criteria Set ... Criteria Set n
Desirable Undesirable Desirable Undesirable Desirable Undesirable
Attnbute Attnbute Attri3bute Attrlbute Attrlbute Attrlbute Attrlbute Attll;iblute Attrikbute

Figure 4-6 Proposed structure for the ranking asgéssment of policy measures in a
given network

The initial step is defining a set of attributesg(eeffectiveness, cost, etc.) from the
policy measure library. Aside from the more trewtial properties described earlier,
centralities (Degree In, Degree Out, Betweenness)measures of complexity
(Institutional Complexity, Public Unacceptabilitygtc.) can also be considered.
Consideration of the attributes only takes intocact the properties of that policy
measure, whereas — as has been established eavlierwould also like to take into
account the relations of policy measures in thewodts. As an example, the
calculations and significance of properties suchTatal Cost and Total Time in a
Precondition network can be explained as follovey: Total Cost — Total cost of a
policy measure (the sum of costs of the measure ingreconditions). Since

preconditions of a policy measure are strictly neglfor its successful implementation, the
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real cost of the policy measure is its cost plescibst of its preconditions. (b) Total Time —

Total Time equals the sum of the time for the pofieeasure and its preconditions.

All the criteria in each set were assigned positikghts and were fixed to a sum of
“1”. Every individual criterion within each setlfs into one of the two categories
‘desirable’ and ‘undesirable’. A criterion is dexble when a high score is considered
better, e.g. Effectiveness, and is undesirable wadéower score is considered better
(e.g. Total Cost, Total Time). When a mix of dakle and undesirable criteria is
present, by using the reciprocal of the values @atal with undesirable criteria, the
scores are transformed to desirable (Grunig anchK@h09)). The scores obtained in
both desirable and undesirable categories aredkperessed as a proportion of the sum
of all of the scores for each criterion. The scoaéculations are then based on the
weighted summation of the score for each policy sueaacross different criteria (Eq.

4-4 and 4-5):

Calculation of the score of the policy measure withespect to the desirable criteria

in a set
L

sd(k) = Zfﬂ(_zf:lzjc” X wj) Eq. 4-4
where:
sd(K): Score of the policy measukavith respect to the desirable criteria
d: Number of desirable criteria
p: Number of policy measures
Cij: Score of the policy measusgith respect to criterion
w;: Weight assigned to criteripn
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Calculation of the score of the policy measure withespect to the undesirable

criteria in a set

1
su(k) = ;l=1 <Z”CLL X w]-) Eq. 4-5
l=1ci’j
where:
su(k): Score of the policy measw®ith respect to undesirable criteria in a set
u: Number of undesirable criteria
p: Number of policy measures
Cij: Score of the policy measukeith respect to criterion
W Weight assigned to criteripn

By adding up the policy measure scores acrossdesinable and undesirable categories,
the performance score was then calculated. Hehegyolicy measure with the highest

score is the top-ranked policy measure in thab&etiteria (Eq. 4-6):

Score of the policy measure k in a set = sd(k) + su(k) Eq. 4-6

Finally, the ranking score in a given network idimed as the weighted summation of
the different criteria sets considered. Similausiures can be defined and used for
comparison of policy measures in different networksorder to provide better
understanding of the interactions among policy mess and a clearer picture to the
experts. Effectively, this methodology convert®imation on qualitative relations into

quantitative scores.

By considering the context and the importance donexiperts give to the different

networks (by assigning weights), it is possibleatso calculate an overall score and

55



subsequently rank the policy measures. Howevemust be noted that, although
overall ranking of policy measures across diffemegtivorks is possible, the manner in
which this quantification is carried out and thgitobehind it is crucial and must be
defendable. The temptation to over-simplify andkenannecessary assumptions is real
and often a visible shortcoming of using computaloapproaches when dealing with
“soft” issues. The decision on what networks tasider for analysis is dependent on
the opinion of the experts involved in the study déimeir priorities. For instance, in a
study carried out by Taeihagh et al. (2011c), thfermation from the precondition,
synergy and facilitation networks were directly dise the ranking of policy measures

(see Chapter 5 for more details).

The ranking methodology: (a) combines the infororatabout properties of a node (a
policy measure) such as effectiveness, cost, tetee,with the edges (the interactions
between the nodes defined as relations in Sect@d)4 and (b) allows for calculation
of an overall score for every policy measure whigim be used for ranking of the
measures. As a result, the ranking and assessmetitodology can provide a

structured means of comparing policy measures.

4.4, Summary

In this chapter, we focused on the formulation oliqy packages. An overview of the
use of networks and MCDA in policy-making was pdad. We provided the details of
our policy measure analysis approach. Five typesnteractions between policy

measures were defined and the methodology usedassification and storage of these
different types of relations among policy measuvess presented. Finally, we

highlighted how this information can be used fdfedent visualization and analyses of
the policy measures in order to gain a better wstdeding of their performance and

complexity. The methodologies developed in thispthr can provide additional
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insights into the process of policy formulation dralip domain experts and policy-makers
to better assess policy measures and understancotim@lexities involved. The
methodologies can be used as a stand-alone témilkassessment of policy measures in
the development of policy packages (Chapter 5)ancin also be used in an ABM

system for the formulation of policy packages (Gkep6 and 7).

57



Chapter 5

Analysis of Policy Measures in the

Formulation of Policy Packages

5.1. Introduction

Using the framework (Chapter 3) and the set of oadlogies based on it (Chapter 4),
systematic analyses of policy measures for thehggn and configuration of policies
have been implemented in two case studies in tlapter. The case studies focus on
the formulation and analysis of policies required dchieving CQ@ emission targets in
the transport sector and the promotion of walkimgl &ycling. The goal of the
development of the framework and the methodologesed on it is to accelerate the

task of policy-making and improve the effectivenetpolicies.

The first case study was carried out initially ipkere some of our ideas using the data

from the VIBAT project (Banister and Hickman, 2006While carrying out the study,
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the results were shared with the experts at thesp@t Studies Unit of the Oxford
University Centre for the Environment. This resdlin a close collaboration with the
Transport Studies Unit and the carrying out of $keond case study on the promotion
of walking and cycling for further proof of concems well as adoption of the
approaches in the ongoing OPTIC (2010) and Visi@mght et al. 2011) EU and UK

projects.

Section 5.2 showcases the initial case study ontidKsport-emission reduction and
Section 5.3 provides the details of the case sapplied to the promotion of walking
and cycling in cities. Each case study containsftoduction to the particular problem
it addresses followed by the implementation detaiResults and discussion of the
application of the assessment and visualizationhaugtiogies and the conclusions

reached are presented for each of the case studies.

5.2. Case Study: UK Transport Emission Reduction

5.2.1. Introduction

One of the most urgent and serious challenges fagdaimanity in coming years is the
global warming caused by greenhouse gases (IPC@7)20CQ formed by human
activity is one of the most important gases contiitg to global warming. Since the
industrial revolution, the levels of G@missions in the UK have risen more than 30%
(Banister and Hickman, 2005). As mentioned in iBac?.1, the transport sector is the
second-largest contributor to greenhouse gas emss{IPCC, 2007), contributing
around 25% of C@emissions while having no contribution to emissi@auction

(Hickman et al., 2010).
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Table 5-1 illustrates the increase of UK transmorissions in million tons of carbon
(MtC) from 1985 to 2000 and the projected increims2015 and 2030 (Banister and
Hickman, 2005). A sharp increase in the level missions is evident from the table.
Banister and Hickman (2006a) suggest that thiseas® is attributed to the increased

travel intensity and growth in road traffic.

Table 5-1 UK CQemissions in MtC, Taeihagh et al. (2011b) baseBamister and Hickman (2005)

1985 1990 2000 2015 2030
Road Transport 28 35 38 42 49
All Transport 31 39 41 47 52
All Emissions 156 161 149 153 166

Based on the UK government’s target to reduce pamssector's C@ emissions by
60% by 2050 and the VIBAT project’'s goal of a 60%ission reduction by 2030
(Section 3.3), the importance of the design ofdpamt policies to achieve G@mission

reduction is evident. Successful design of pddicier dealing with such complex

problems requires a systematic analysis of thenmition.

In this case study, an analysis of policy measisrearried out for formulating transport
policies. This is done by performing:

* A Classification of the policy measure relations;

« Visualization of the networks and identificationtbé community structures; and

¢ Ranking and assessment of policy measures.

By using the framework and methodologies describecthapters 3 and 4, not only do
we consider the policy measures and their intepnaperties, but also — by considering

a network perspective — analyse and account far ¢cbenplex interactions.

The 123 policy measures from the VIBAT project fothe basis for these policy

measure networks. Based on the interactions dkfimeSection 4.3.1, the relations
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between policy measures were classified into fieworks (Section 4.3.2). By
analysing the networks and considering the intepmaperties of policy measures, a
ranking and assessment of policy measures has da@eed out and the community

structures within different policy measure netwohnlkse been examined.

5.2.2. Library of Policy Measures and Their Relations

The 123 policy measures from the VIBAT project ddoge the core of the library.
Properties such as the policy type, effectivendss Cost (C) and timeframe of
implementation (T) were populated (these valuesdiable by the user) using explicit
and implicit information provided in the Stage 3oe of VIBAT (Banister and

Hickman, 2006b). For example, the ‘Standards foissions, noise and safety’ policy

measure had low cost, high effectiveness, and aumetimescale of implementation.

Subsequently, based on the interactions define®antion 4.3, different relations
between policy measures were classified as presondiP), facilitation (F), synergy

(S), potential contradiction (PC) and contradicti@) and stored in a 123-by-123
adjacency matrix. In each network, a node reptes&molicy measure, which has its

own internal properties, and each edge represeatetation between two nodes.

5.2.3. Application of the Ranking and Assessment Methodolgy

This section illustrates the implementation of th@king methodology described in
Section 4.3.4. Figure 5-1 demonstrates the streicissed for the ranking and
assessment of policy measures based on precorgliaon is used for illustrating the
general principles. Other relationships have simstructures and all follow a similar

logic.
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Overall Score

T

Network Score Primary Score
Desirable Undesirable Desirable Undesirable
Deg. In Betweenness Deg. Out E Total C Total T
| I [ I | |
A Vs vV, A W, W,

Figure 5-1 The structure of the ranking and assessmethodology based on preconditions
(Taeihagh et al., 2011b)

In the first step a set of attributes, i.e. effestiess (E), Time (T) and Cost (C) from the
policy measure library were defined for the caltola of the primary score, and

centralities (Degree In, Degree Out, Betweennegs).mentioned in Chapter 4, aside
from consideration of the attributes of the polrogasures, we would like to consider
interactions within the networks. The calculaticarsd significance of the attributes

considered in Figure 5-1 are explained as follows:

e Total Cost — Total cost of a policy measure (the s costs of the measure and its
preconditions). Since preconditions of a policyaswee are strictly required for its
successful implementation, the real cost of thecpoheasure is its cost plus the cost of
its preconditions.

» Total Time — Total Time equals the sum of the impdatation time for the policy
measure and its preconditidns

» Effectiveness — Effectiveness of a policy measarengasure of its contribution to

emission reduction). In the case of effectivenesdy the policy measure’s effect is

® The implementation is assumed to be done in senitiEh is an upper bound of the implementation
time.
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considered as determining the extent to which &yoheasure is more or less effective
due to the implementation of its precondition measieing difficult to quantify.

» Centralities — Degree and Betweenness centrafdiefined in Section 4.3.4).

All of the criteria in each set were assigned pasitveights and were fixed to a sum of
“1”. The weight assigned to the criteria in thentrality score calculation reflects the
importance of each of the attributes. For instaadagh In-Degree-Centrality of a node
in the Precondition network suggests that it isex@ndition to a large number of policy
measures, and is considered desirable. In bogh(pamary and network), a mix of
desirable and undesirable criteria was presensedan equations 4-3 to 4-5, the score
calculations for each policy measure with respedifferent criteria were carried out in

the two sets (primary score and network score).

Finally, the overall score for a particular typerefation is defined as the weighted sum
of primary and network scores. Similar structuaes defined and used for comparison
of policy measures in different networks in orderprovide better understanding of
their interactions and a clearer picture to theeetep This methodology effectively

converts information on qualitative relations iguoantitative scores.

5.2.4. Results and Discussion

Based on the policy measure analysis methodoladgssribed in Chapter 4 and the
implementation details presented earlier, the tesuld discussion of these analyses are
presented in this section. First, the basic infdram on the networks is presented,
followed by results and discussion of the policyaswee ranking and assessment
methodology. Finally, the results from the comntyisiructure analyses of the policy

measure networks are explained.
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5.2.4.1. Network Information

The summary of the policy measure networks credigsed on the five type of

interactions defined in Section 4.3.1 is shown abl€ 5-2:

Table 5-2 Summary of network information

P F S PC C
No. of Nodes 123 123 123 123 123
No. of Edges 158 790 70 35 1
No. of Connected Nodes 88 123 72 25 2

Table 5-2 illustrates that Precondition, Faciltatiand Synergy networks have high
connection density (number of edges) and conneessdfnumber of connected nodes),
which is expected given that the VIBAT project’snaivas developing policy measures
that work well together and have minimal contradits. Table 5-2 shows that the
Contradiction network is extremely limited; nond#ss, it is included in the research as
the developed framework can later be used for pt®j;n which a large number of

contradictions might exist.

5.2.4.2. Results of the Ranking and Assessment Methodology

5.2.4.2.1. Network Centralities

The degree and betweenness centralities of theonktvare shown in tables 5-3 and 5-
4. In directed network degree centralities basethe number of edges going in or out
of node are calculated and results are presentéadbie 5-3. In undirected networks,
the mean and standard deviations are the samenfand out degrees; however, in
directed networks the standard deviations of th&rabties differ. For betweenness

centralities, the analyses were carried out fomested nodes in the networks only (see
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Section 5.2.4.4). The Degree and Betweenness dligntiscores are used for

calculating the network score of the policy measimehe next section.

Table 5-3 Summary of Degree Centrality results {fagh et al., 2011b)

P F S PC C
# of nodes 123 123 123 123 123
# of Links 158 790 70 35 1
Average Degree 1.285 6.423 0.569 0.285 0.008
‘Mean In-Degree Centrality 0011 0053 0009 0005 0
Std. Dev. In-Degree Centrality 0.018 0.035 0.011 0.011 0.001
Min In-Degree Centrality 0 0 0 0 0
Max In-Degree Centrality 0.115 0.156  0.049 0.049 0.008
‘Mean Out-Degree Centrality 0011 0053 0009 0005 0
Std. Dev. Out-Degree Centrality 0.014 0.064 0.011 0.011 0.001
Min Out-Degree Centrality 0 0 0 0 0
Max Out-Degree Centrality 0.066 0.426  0.049 0.049 0.008
‘NetworkDClIn 1051% 10.39% 4.02%  4.49% 0.81%
Network DCI Out 5.55% 37.67% 4.02% 4.49% 0.81%

Table 5-4 Summary of Betweenness Centrality re¢tiisihagh et al., 2011b)

Distribution of node Betweenness Centrality scores P = S PC C
Mean 0 0.017 0.001 0 0
Std. Dev. 0.001 0.028 0.005 0 0
Min. 0 0 0 0 0
Max. 0.006 0.141 0.029 0.002 0

Network Node Betweenness Centralization Index  0.005% 0.125% 0.028% 0.002% 0.000%

5.2.4.2.2. From Attributes to Policy Measure Rankings

By defining the policy measure relationships (Setté.3.1), populating the policy
measure library (Section 5.2.2.), and calculathey dentralities (Section 5.2.4.2.1) it is
possible to perform the ranking of the policy measufollowing the methodology
described in Section 4.3.4. Table 5-5 shows tke@rdition-based ranking for the first

20 policy measures:

65



Table 5-5 Simplified sample of the assessment ifypmeasures based on preconditions, policy
measures 1-20

PM Basic Data Index Based on Preconditions
. " Timescale of norm-P- norm-P-  norm-  Utility Value Utility Value of Utility Value Network Primary Combined
PM 1D Policy Measure Effectiveness implementation Cost in out Betwns of Cost Effectiveness of Time Score Score Index
04 0.4 02 0.4 04 02 02 08
1 E;Z"::f'e‘fv for emissions, noise 3 2 1 00443 00081  0.0607 0.0053 00118 00039 00331 00076 00127
2 Fuel quality standards 3 2 1 00380 00082  0.0000 00159 00118 00097 00185 00130 00141
3 [Altemative fuel research and 3 2 2 00000 00082 00000 0.0080 00118 00097 00033 00098 00085
development
Efficiency improvement of
4 materials and energy (e.g 2 2 1 0.0000 0.0082 0.0000 0.0159 0.0079 0.0097 0.0033 0.0114 0.0098
factor 4)
g |Dematerialisation of products 3 2 1 00000 00082  0.0000 00159 00118 00097 00033 00130 00111
and miniaturisation
6  Vehicle test cycles 1 2 1 00127 00081 0002 0.0080 0.0039 00048 00088 00057 00063
7 Enforcement and monitoring 2 2 1 00885 00082  0.0000 00159 0.0079 00097 00387 00114 00169
g |'mprovement of public transport 3 2 2 00063 00081 00217 00032 00118 00033 00101 00068  0.0074
- bus, guided bus, etc.
g |Increased rail capactty and 3 3 1 00000 00081 D0O0OOD  0.0053 00118 00039 00033 00076  0.0067
high speed trains (HST)
1g  Public transport subsidy 3 2 2 |oo36 o002 oo 00080 00118 00097 00159 00098 00111
(investment)
11 Deregulation 2 2 1 00000 00082  0.0000 00159 0.0079 00097 00033 00114 00098
12 Fare ltegration and schedule 1 2 2 | oo oooet 00000 00053 00033 00065 00033 00050 00046
13 Intermodality 1 2 2 00000 00081  0.0000 0.0040 0.0039 00039 00032 00039 00038
14 Traveller information 1 1 1 00127 00082  0.0000 00159 0.0039 00194 00083 00118 00111
15 Bus sewice improvement 1 1 2 0.0000 0.0081 0.0000 0.0027 0.0039 0.0039 0.0032 0.0034 0.0034
16 Park and ride 3 1 2 00000 00081  0.0000 0.0032 00118 00048 00032 00070  0.0062
17 Rail freight facilities 1 1 1 00000 00082  0.0000 00159 0.0039 00194 00033 00118 00101
18 Walking and cycle facilities 1 1 2 00316 00080 00716 0.0032 0.0039 00048 00302 00038 00091
19 ﬁ{;;: ':;:"C transport 1 1 2 00000 00081  0.0000 0.0040 0.0039 00085 00032 00045 00042
20 Cycle parking 1 1 1 00316 00081 00065 0.0080 0.0039 00097 00172 00067 00088

The weight of each index defined in Section 4.3 4lisplayed below its respective
column header, i.e. (a) Primary Score: Total TirG&o2Effectiveness 40%, Total Cost
40% and (b) Network Score: Degree In. 40%, Betwessn20%, Degree Out. 40%.
The combined index score is the weighted summatfdarimary and Network Scores

(Primary score 80% and Network score 20%).

The primary score is calculated as the weightednsatmon of these values using
equations 4-3 to 4-5, as seen in Chapter 4. Fample, for PM1 ‘Standards for
emissions, noise and safety’, its Primary Sgore(0.4x0.0053) + (0.4x0.0118) +
(0.2x0.0339) = 0.0076.

The network score of PM1 is Network Scpre (0.4x0.0443) + (0.4x0.0081) +
(0.2x0.0607) = 0.0331
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Finally, the overall score in the preconditions f1 is calculated in the column

‘Combined Index’: = (0.0331x0.2) + (0.0076x0.8) 8127

Following similar structures, an assessment basdti@ other types of relations can be
carried out. In this section of the thesis, theuk has been on the Precondition
network, as it is the strongest type of interact@wnong policy measures. In Section
5.2.5 (sensitivity analysis), an alternative scenar which the Precondition network
accounts for 80% of the weight in the calculatiénthe overall score is considered (the
remaining 16% is equally divided between Synergy @ontradiction networks and 4%
equally divided between Facilitation and Potenflahtradiction networks.). As will be
demonstrated in Section 5.2.5, the preference angsponding weight given to the
Precondition network was strong enough to overshatie other networks’ scores and
justify focusing solely on the Precondition network addition, information from the
networks has been successfully used both quablgtand quantitatively in an agent-
based system for the formulation of policy altenes (Taeihagh and Banares-

Alcantara, 2010, Taeihagh et al., 2011a).

5.2.4.2.3. Interpretation of the Ranking Results

In this section, we will only discuss the top-thfdee highest ranked) and bottom three
(the lowest ranked) policy measures (Table 5-6pnbld 5-7 illustrates the complete
results from the assessment and ranking of the&yatieasures (see Appendix A.2 for
more details). To ensure the robustness and tlabity of the methodology results
were carefully examined. The sensitivity analysit different aspects of the
methodologies used in the assessment and rankitigegbolicy measures and in the

community structures analysis is carried out inti®ad.2.5.
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Table 5-6 (a) the top three and (b) the bottometipaicy measures in detail

Top-three policy measures Rank  Overall score
PM7 — Enforcement and Monitoring 1 0.01690
PM31 - Integrated Planning 2 0.01491
PM2 — Fuel Quality Standards 3 0.01411
Bottom three policy measures Rank  Overall score
PM39 — New Urbanism 121 0.00366
PM15 — Bus Service Improvement 122 0.00337
PM113 — Cycle Priority and Road Space 123 0.00336

* The top-three policy measures:

The top-three highest ranked policy measures (PMehfercement and Monitoring,
PM31 — Integrated Planning and PM2 — Fuel Qualign8ards) are all preconditions to
a large number of policy measures (PM7 is a preatondfor 14 policy measures,
PM31 to seven policy measures, and PM2 to six poheasures). They act as high-
level policy measures, enabling and supportinginii@ementation of other measures.
Another characteristic of the top policy measureghat they can be implemented

relatively fast and have lower cost requirementgentteing highly effective.

* The bottom three policy measures:

The bottom three policy measures (PM39 — New UsraniPM15 — Bus service

improvement, PM113 — Cycle Priority and Road Spatele the exact opposite

properties in comparison to the top policy measufesne of them serve as

preconditions to other policy measures but allheint have a large set of requirements
for successful implementation). This results irenth having a higher cost and/or

implementation time requirements, while being re&dy ineffective.
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Table 5-7 Policy measure ranks based on the Prammmdetwork

PM oex | "ok moex | Rek
Policy Measure INDEX PMID Policy Measure INDEX
D SUM SUM
SUM SUM
7 |Enforcement and monitoring 0.016905 1 108 |Trafficbundling 0.007563 62
31 [Integrated planning 0.014912 2 30  |Broadband, Wi-fi, smartdust and other technological development 0.007531 64
2 |Fuel quality standards 0.014114 3 89  |Road pricing - congestion or environmental basis 0.007446 65
88 |Carand cycle parking standards for new development 0.013393 4 8 Improvement of publictransport - bus, guided bus and LRT, ultra light rail, palletisq 0.007438 66
32 |Regional development policies, strategic planning 0.013083 S 83 |Fiscal incentives for relocation in designated areas 0.007272 67
1 |[Standards for emissions, noise and safety 0.012717 6 22 [Small wheeled publictransport/paratransit 0.007272 67
68 |Home delivery of goods/services 0.012627 7 53 |TDM marketing 0.007272 67
103 [Road capacity restraint 0.01238 8 35 Mixed use 0.007272 67
82 |Pedestrian and cycle friendly developments 0.012376 39 27  [Telematics, informatics available locally 0.007272 67
46 |Carfree planning 0.011842 10 28 [Infrastructure technology 0.007272 67
118 [Travel information 0.011626 11 120 [Personalised travel planning, travel blending 0.007267 73
99 |Airport charges 0.011367 12 104  |Advanced traffic management systems 0.007161 74
21 [Shuttle services 0.011367 12 115  |Priorities for bus, tram and high occupancy vehicles (HOV) 0.007161 74
102 |Good trafficrestraint 0.011367 12 74 [Carbontax 0.007161 74
44 |School travel planning 0.011367 12 77 |Decentralisation of health and social services 0.007042 77
64 |Guaranteed ride home 0.011367 12 78 |Decentralisation of education facilities 0.007042 77
114 |Direct routes for walking, cycling and PT relative to the car 0.011333 17 81  |Low emission zones 0.00682 79
71 |Ecological tax reform 0.011263 18 S0 |Ecolabelling of vehicles 0.006815 80
42 |Pedestrianisation 0.011184 13 9 Increased rail capacity and high speed trains (HST) 0.006748 81
14 [Traveller information 0.01112 20 34 |Decentralised concentration and polycentricity 0.006553 82
5 |Dematerialisation of products and miniaturisation 0.011076 21 75  [Taxesand feebates based on fuel consumption and weight 0.006466 83
62 |Carsharing 0.011076 21 6 Vehicle test cycles 0.006331 84
67 |Increased load factors 0.011076 21 92 Fuel tax/escalators 0.006319 85
85 |Development restrictions and green belts 0.011076 21 25 |Te g 0.006248 86
10 |Publictransport subsidy (investment) 0.011064 25 16  |Park andride 0.006213 87
111 [Road space reallocation 0.010848 26 95  |Parkingtariffs/pricing 0.006188 88
49 |Commuter planning 0.010829 27 123 |Casualty reduction targets (Zero objective) 0.006118 89
72 |Tradable mobility credits 0.010553 28 106  [Street reclaiming 0.006012 90
119 [Transport chaining awareness 0.010323 29 105 |Home zones 0.005934 31
45 |Special event management 0.010323 29 55  |Alternative work schedules 0.005899 92
54 [Changed activity patterns - commuting, retail and/or leisure trips 0.010312 31 63  |Flexitime 0.005722 93
17 |Rail freight facilities 0.010107 32 56  |Changinglifestyles—e.g not travelling at weekends 0.005488 94
24 |Taxi services 0.010107 32 59 Career downsizing 0.005488 34
110 |Village/area bypasses 0.010107 32 93  |Vehicle purchase tax 0.005483 96
112 [Pedestrian priority and road space 0.009846 35 98 |Excise tax for aircraft fuel 0.005483 96
91 |High occupancy vehicle (HOV) pricing 0.009817 36 116  |Segregated rights of way for publictransport 0.005478 98
48 [Car clubs 0.009817 36 97  |Pay as you drive vehicle insurance 0.005472 99
4 [Efficiency improvement of materials and energy (e.g. factor 4) 0.009817 36 43 |Commute trip reduction programmes 0.005373| 100
11 |Deregulation 0.009817 36 100  |Airtravel restrictions/rations 0.005306 101
61 |Locally sourced retailing 0.009817 36 70  |Locally sourced distribution chains 0.005213| 102
96 |Parking restrictions/controls 0.009572 41 58 Job location 0.005064 103
117 [Increased awareness of publictransport services 0.009563 42 51 |Commuter financial incentives 0.005053| 104
29 |Multipurpose personal communications 0.009563 42 57 |Home location 0.004961| 105
37 |Publictransport orientated development (PTOD) 0.009545 44 80  |Carfree orlow car housing 0.004355| 106
109 [Driver information systems 0.003329 45 38 Smart growth 0.004955 106
60 |Promotion of local destinations and local activity patterns 0.0093 46 52 |Parking cashouts 0.004354| 108
84 [Relocation of activities 0.009297 47 33 Compact cities 0.004342 109
18 |Walking and cycle facilities 0.009083 43 94 |Car ownership tax 0.004876| 110
69 |Freight distribution - centralised/decentralised centres 0.009038 43 26 |Te pping/ king/ 0.004714( 111
101 |Entry restrictions/access control/environmental zones 0.009008 50 65  |Teleworking and teleshopping 0.004701| 112
41 |Access totransport services 0.008823 51 12 |Fareintegration and schedule co-ordination 0.004642| 113
20 |Cycle parking 0.008793 52 90  [Roadtolls for freight 0.004343| 114
121 [Incentives to motor industry to increase hybrid car output 0.008532 53 86  |Regeneration of decaying areas (city centre, inner city, waterfront, suburban) 0.004228| 115
3 |Alternative fuel research and development 0.008532 53 19 [Cycle/publictransport integration 0.004212| 116
66 |Logistics management 0.008532 S3 23 Demand responsive services 0.004155 17
40 |Clusteredland use/location effcient deviopment 0.008175 56 79 Car free district 0.003993 118
36 |Zoning regulations 0.008022 57 13 [Intermodality 0.003793| 113
73 |Carbon rations/domestic tradable quotas (DTQs) 0.008015 58 47  |Campus management 0.003694| 120
122 [Hybrid technology research 0.008015 58 33 |New urbanism 0.003663| 121
76 |Vehicle scrappage bonuses and tax increases 0.00801 60 15 |Busservice improvement 0.003375| 122
87 |Housing renewal, improvements to neighbourhood quality and facilities | 0.007768 61 113 |Cycle priority and road space 0.00337 123
107 |Traffic calming 0.007563 62
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5.2.4.3. Generation and Visualization of Policy Measure Netarks

A closer look at the network of policy measures #mar relations can provide useful
information for the refinement of the relations ahé evaluation of the policy. The
average number of connections to and from a nodeaHlarge variation in some of the
networks. For instance, in a Precondition netwsrkne measures act as foundations
and their implementation plays an important parttihe success of other policy
measures, which makes them crucial for overallggoBuccess. However, a large
number of connections can also be caused by tls¢eexe of hierarchies among policy
measures (policy measure landscape not beingrithsame measures being inclusive

of other measures).

Analysing the nodes in terms of their input andpatitconnections can also provide
valuable information. Nodes with a large numberigduts should be implemented
earlier, whereas nodes with a large number of dstpte harder to implement as they
require more resources for implementation. Nalyrapecial attention should be paid
to nodes that have a large number of both inputangut connections, as they are a
precondition to a large number of nodes and reqairkarge set of preconditions
themselves. Moreover, nodes with the fewest nunolbeyutputs are also important,

since they are more flexible in terms of the impdeation of the network.

In their initial study, Taeihagh et al. (2009a)uatzed the network created from the
precondition relations among policy measures usihg open-source Graph
Visualization Software (GraphViz) (Ellson et alQ@), which uses the Dot plain text
graph description language (Koutsofios and Nort93). Figure 5-2 depicts the
resulting network of preconditions among policy sweas (in figures 5-2 and 5-3, each

node (circle) represents a policy measure). Tow fh Figure 5-2 is from left to right,

70



83

which means the policy measures on the right-hand side are preconditions to those in

the left and thus should be implemented first.
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Figure 5-2 Network of preconditions with directibflaw from left to right (Taeihagh et al., 2009a)

Figure 5-3 presents the same network with manually imposed clusters by Taeihagh et al.
(2009a), thus creating a timeline for implementation (flow is left to right). Policy
measures in the same column have the same implementation time. This type of
visualization provides insights into how to order the policy measures for
implementation when there are complex relations between them. However, there is an
important shortcoming of the method used to produce figures 5-2 and 5-3: although
each node has its own internal implementation timeframe, this has not been taken into

consideration. This can have drastic effects on the desired order of implementation,
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especially for the placement of measures that have a long implementation time.
Furthermore, it is preferred to utilize tools and techniques to create communities of
policy measures not because there are of similar type, but because of their interactions.

This resulted in the use of community structure analysis, which is presented in the next

section.
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Figure 5-3 Clustered network of preconditions wveittirectional flow from left to right (Taeihaghadt, 2009a)

5.2.4.4. Results of Community Structure Analysis

Table 5-8 presents the summary results from application of the CNM algorithm (see
Section 4.3) on the policy measure networks for identification of the community

structures. The second column shows the optimal numbers of communities in each
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network which occurs when the modularity (Q) reachis maximum (Q is normally
between 0.3 and 0.7). The reason for the very legél of modularity in the synergy
network is that the synergy network consists adrge number of isolated components.
The CNM algorithm only considers the connected sode the networks. The
unconnected nodes are excluded from the analyssofitimal modularity is indifferent
to inclusion of the unconnected nodes). In the acdslirected networks, directed edges

were ignored, and the networks were treated asestdd.

Table 5-8 Summary of community structure resultseffiagh et al., 2011b)

Network Number of Communities Maximum Modularity

P 7 0.656
F 4 0.362
S 16 0.848
PC 4 0.527
C 1 0.0

5.2.4.4.1. Assessing the Adequacy and Implications of the Comumity Structures

The community structuring approach provided by@NM algorithm was tested for its
adequacy as a tool for supporting the domain egperpolicy packaging. A detailed
analysis of the policy measures was carried ouwtheck whether the policy packages
obtained by the use of computational methods malsipal sense. Given the different
nature of the networks of interactions among polmgasures, it was important to
understand which network benefited the most froranidication of community
structures and how this information could be used udnderstanding the complex

interactions and hidden structures of the policasuees used in formulating policies.

The synergy network shows the positive reinforagfigct of policy measures on each
other. The synergy network, as explained earientains many isolated components;
Figure 5-4 depicts a part of the synergy networkijctv contains a large number of

nodes. Visualization of the network provides atyie of the positive reinforcing
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interactions; however, application of the CNM alton allows us to better identify the

structures formed by the policy measures.

d 1%65
Node78 5 ‘ No e29 Node30
Nogem :
: 04———>o
Node10 Nodes Nodellz/de?ZO NodelOQ;
"""""""""""" NOde43N°d925 Node41 Node13 i
Go7

Figure 5-4 Visualization of three clusters credigdhe CNM algorithm over the synergy
network

Figure 5-5 is the list of the policy measures ioreaf the three clusters identified by the
CNM algorithm in the synergy network depicted irglie 5-4 (the manually created
VIBAT policy packages are shown for comparison).clése look at the clusters makes
it evident that there are often strong connectioesveen different synergistic sets of
policy measures that form clusters of measuresthéncase of Figure 5-5a, the ten
measures are from policy packages five, six ankit@ngthe selected community. These
policy measures all relate to community planningués and the allocation of road
spaces. In Figure 5-5b, all of the measures rétatkecentralization and the promotion
of public transport. Figure 5-5c revolves aroumdoimation technology and the
enabling of personalized travel plans for travellerSimilar to the aforementioned
clusters, all other clusters have themes suchrasa&el, parking and vehicle pricing,

rail freight, vehicle taxation and incentives, etc.
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(a) Cluster G65
VIBAT PP5
42 Pedestrianization

113 Cycle priority and road space
112 Pedestrian priority and road space
VIBAT PP6

57 Home location

80 Car-free or low-car housing
81 Low-emission zones

105 Home zones

111 Road space reallocation
79 Car-free district
VIBAT PP8

60 Promotion of local destinations and local attipatterns

(b) Cluster G67
VIBAT PP6

77 Decentralization of health and social services

78 Decentralization of education facilities
VIBAT PP4

10 Public transport subsidy (investment)
8 Improvement of public transport - bus, guided and LRT, ultra-light rail, etc.
VIBAT PP7
25 Teleworking/telecommuting/teleconferencing
43 Commute trip-reduction programmes
VIBAT PP3
51 Commuter financial incentives
VIBAT PP8
117 Increased awareness of public transportcEsvi

(c) Cluster G68

VIBAT PP8

119 Transport chaining awareness

118 Travel information

12 Fare integration and schedule co-ordination
120 Personalized travel planning, travel blending
VIBAT PP7

14 Traveller information

109 Driver information systems

29 Multipurpose personal communicators

30 Broadband, Wi-Fi, smartdust and other technotdglevelopments
VIBAT PP6

13 Intermodality

41 Access to transport services

Figure 5-5 Details of the policy measures in thegwnity structures presented in Figure 5-4
(Taeihagh et al., 2011b)

The Girvan and Newman algorithm was designed ferahalysis of sparse networks
and is not suited for densely connected networksh sas the facilitation network

(Girvan and Newman, 2002). In the case of thelifaton network, the algorithm
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yields four clusters with a very large number ofles, which is not well suited for

direct use in the selection of policy measures.

The Precondition network illustrates the dependeaigaolicy measures on each other
for successful implementation. Application of iBIM algorithm on the Precondition
network results in the identification of commurstief policy measures that are closely
dependent on each other. The clusters facilita¢eidentification of self-containing
units of policy measures that can be implementedessfully with minimum reliance
on policy measures from outside of a cluster. ustrbe noted that, given the complex
nature of interactions among policy measures, ipnadictable that not all of the
requirements of the policy measures are withinrglsi cluster. However, the aim
would be to identify groups of policy measures witkommunities that maximally
satisfy each other’'s implementation requirementsigure 5-6 illustrates one such
cluster, where the selection of policy measuresfmwithin the cluster satisfies the
majority of the requirements of the measures. Wsrgointing out of the central box

indicate policy measures which have requiremewnts foutside the central cluster.

Figure 5-6 A sample cluster from the Preconditietwork
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Identification of policy measures that sit on thmubdaries of the clusters is important,
as they — unlike the core policy measures of atetus are more likely to have diverse
requirements and a higher likelihood of requiriradiqy measures from outside of the
cluster for their successful implementation. Vigmaion of the networks and
identification of the communities makes understagdhe requirements of the policy
measures easier. This can result in better desisihile considering whether and/or
how to consider the boundary policy measures iackage. Any decision made should
also consider the interactions that have not besrsfied within a package and
minimize the negative effects in case dependereied. In Figure 5-6, it is apparent
that if nodes 7, 36, 46 and 96 are selected fotamentation in a package they would
support the successful implementation of many ef dther policy measures. Nodes
such as node 90, however, do not directly benefitaher nodes in the cluster and can
be easily removed from any potential package withmgative effects. In contrast,
border nodes such as 7 or 81 can have a directtmpamany nodes within and outside
the cluster. In such cases, their removal frompiekage can result in severe problems
in the implementation of other policy measures initthe package. However, in the
case of node 81, its removal has a minimal impacpalicy measures outside of the
cluster and only affects one node internally. démtcast, nodes such as 89 or 96 are

located in the core of the cluster and do not atiey of the nodes outside it.

Figure 5-7 illustrates the application of the CNIMaaithm on the largest component of
the Potential Contradiction network, which hastsiplio two clusters. This clustering
can help in identifying policy measures that canvehamaximal potential
incompatibilities with each other, as well as hefpto avoid such nodes being placed
within a package. It might be inevitable to hawo tpolicy measures that can be
potentially contradictory within a package but, d&yplying the CNM algorithm, it is

possible to identify the more complex negativeratéons and avoid them.
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Figure 5-7 A sample cluster from the potential cadiction network

From examination of the different networks, it ddent that “not all networks are
equal” when it comes to the application of the camity structure analysis. These
differences can stem from the nature of the netwoorkan be context specific and due
to the nature of the policy measures under analysishould be stressed that we are by
no means suggesting that these results are antableeplternative to expert opinion

during the manual formulation of policy packages.

5.2.4.4.2. Analysis of the Patterns of Policy Measure Communigs in Different
Networks

An observation resulting from the analysis of tlnmunity structures in different

networks was that certain policy measures were y@wibgether in the same

community. The significance of this phenomenorihis identification of the strong

structural dependency that a policy measure hathar policy measures. This
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phenomenon also occurs when two policy measuresmtbave a direct tie with each
other but keep appearing together in the sameeckugt different networks. Analysis
was carried out on the Precondition, Synergy andlitedion networks. In order to
identify these patterns, the communities that epolicy measure belonged to in
different networks were identified. The intersens of these communities were found
and policy measures that always remained in the sammmunity as the policy measure
under analysis were identified. The analysis veken one step further by identifying
the intersections of the resulting pattern obtaiftech the previous step for individual
policy measures. For instance, when consideriigypmeasure 76 (Vehicle scrappage
bonuses and tax increases) in the community stestaf the Precondition, Synergy
and Facilitation networks, it was identified thatlipy measures 71, 75, 92, 93, 94 are
always in the same structure. However, policy meag6 has no direct links with
policy measures 93 (Vehicle purchase tax) or 94r (Ganership tax). Such
observations can help policy experts identify thpebcy measures with the strongest
interactions and the nature of these dependendiesictions, which might not always

be apparent when visualizing the networks.

5.2.5. Sensitivity Analysis

5.2.5.1. Sensitivity Analysis of the Ranking Methodology tdnput Relations

There are 123 nodes present across the five netwatk 1054 links between them. It

is important to consider the fact that there magtme errors in defining such a large
number of interactions. In order to understanddtiect of such errors on the overall
system, a sensitivity analysis was carried outh@ninput data matrix in the form of a

Monte Carlo simulation (MCS) with 10,000 iteration®ssuming a 3% error rate in

defining the relations, in each iteration 32 conioes were manipulated randomly, and
the results from the rankings were compared wi¢hattiginal data. In each iteration, 32

sets consisting of two integers from 1 to 123 and @al number between 0 and 1 were
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Frequency

generated. The first two random integers idemtifiee location of the cell in the matrix
containing all of the relations. In cases wheeertfatrix cell was already occupied with
a relation, it was removed and, when the cell waptg, a relation type was defined
using the third number in the sets (a random reaiber between 0 and 1). The space
between 0 and 1 was divided into five sectionse®gnting five types of relations in
segments that were proportional to their relativenber. For instance, the precondition
relation constitutes 0.1499% of the overall [iINk§§/1054). If the random real number
generated was between 0 and 0.1499 and the celemigsy, a precondition relation

was defined in that cell.

After manipulation of the overall matrix, resultem® compared with the original results
from the analysis. Figure 5-8 and Table 5-9 depiet frequency in which policy
measures have a change of ranking of more thannil028 positions. They also
summarize the sensitivity analysis on the policyasuge ranking results, when matrix
manipulation is carried out in the MCS. The hardmased for the sensitivity analysis
consisted of an Intel Core i7 640m CPU and 8Gb RAMe MCS was performed in

approximately seven hours for the 10,000 iteratigee Appendix A.1 for MCS code).

2,000

Mean =1.95
Std. Dev. =1.332
N=10,000

Mean = 3.94
Std. Dev. = 2.246
N=10,000

Frequency

T T 0
00 5.00 10.00 15.00 20.00 00 200 4.00 6.00 8.00 10.00

Number of Policy Measures with 10 Ranking Position Number of Policy Measures with 20 Ranking Position
Changes After Matrix Manipulations hanges After Matrix Manipulations

Figure 5-8 Frequency of change of policy measunking: (Left) More than 10 positions;
(Right) More than 20 positions

80



Table 5-9 Sensitivity of the policy measures tauingata

Ranking Position % of the Overall Standard 95%
Changed After Matrix Mean Policy Measures Median Deviati Confidence
; ; eviation
Manipulations (For Mean) Range
>10 3.94 3.2 4 2.246 0-8
>20 1.95 1.58 2 1.332 0-4

The results from the MCS show the robustness ofraéin&ing system to a relatively
large number of random errors in the input data (@nipulated relations). As
indicated in Table 5-9, on average less than fauicy measures had a change in
ranking of more than 10 positions and less than palicy measures had a change of

ranking of more than 20 positions out of the 12Bcganeasures in 10,000 iterations.

In our experience of working with experts in thevelepment of relational datasets, the
occurrence of a 3% error rate is unlikely. It isrmlikely that the experts miss some of
the relations rather than defining them incorrectiyhich makes the 3% error

assumption in this section an upper bound limitrtfrermore, smaller sets of MCS of

1000 iterations each with a variety of differeroerates were performed, which further
illustrates the robustness of the ranking methagiokt 4 and 5% error rates as seen in
Table 5-10. Overall, the sensitivity analysis shahat the resilience towards random

input data manipulation is very high and that @eking results are robust.

Table 5-10 Number of ranking position changes basedifferent error rates

% Error Introduced 2 3 4 5 7.5 10 15 20

Mean 1.3990 1.9370 25410  3.1020 4.6220 6.2260 8.7840 .7610
Median 1.0000 2.0000 2.0000  3.0000 4.0000 6.0000 9.0000 .0002
Std. Deviation 1.12475 1.31330 1.52665 1.64569 1.96646 2.32343 772% 3.31356
0.95 Confidence Range 0-3 0-4 0-5 0-6 0-8 0-10 0-14 0-18
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5.2.5.2. Sensitivity to the Change of Weights of the InternkCriteria

A 10% change of weight to the criteria used for ta¢culation of both primary and
network scores was applied. In every instance &/haights were changed, the rest of
the weights were adjusted proportionally. Figur® Shows the shift in ranking
positions of the policy measures under six sceraviith different weights for the three
criteria used in primary score calculations (wesghtre changed by £10%). In none of
the six scenarios was there a significant changlerranking of the policy measures.
Increases in the effectiveness weight has the migsificant effect on the ranking;
however, even in this case only two out of the fi@licy measures (1.6%) had a change

of ranking greater than 20 positions (16%).

Sensitivity to primary score weights

16
14
12

B Number of policy measures with 10
change of ranking greater than 10

positions

% Number of policy measures with
change of ranking greater than 15
positions

H

N

Number of policy measures with
change of ranking greater than 20
positions

: I l

0.4 0.35 0.5 0.35 0.3 0.46 0.45

0.4 0.5 0.35 0.35 0.46 0.3 0.45

0.2 0.15 0.15 0.3 0.24 0.24 0.1

Weights assigned in each column from top to bottom:
Cost, Effectiveness & Implementation Time

Number of policy measures with change of position
[«)]

Figure 5-9 Sensitivity of the primary score weigiNsmber of changes to policy measures
position in the overall ranking out of 122 maximpwossible changes of rank.

Figure 5-10 illustrates the shift in the rankingpions under six scenarios, varying the
weights of the three criteria used for network scoalculations by £10%. Similar to
the previous test, none of the six scenarios caasegnificant change to the ranking of
the policy measures. At most, three of the pali@asures out of the 123 (2.4%) have a

change in ranking greater than 20 positions (16%).
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Sensitivity to network score weights
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Figure 5-10 Sensitivity to network score weightdumber of changes to policy measures
position in the overall ranking out of 122 maximpossible changes of rank.

Figure 5-11 depicts the effect of changing the Wesigassociated with network and
primary scores used for ranking of policy measur€le effects of a £10% change in
weights were considered. As anticipated, the effiéchanging the weights associated
with the network and primary scores on the ovamaiking of the policy measures was
stronger than for the change of weights associatédindividual criteria. Overall, less

than eight policy measures out of 123 (6.5%) habamge of ranking of greater than 20

positions (16%).
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Sensitivity to combination of network
& primary score weights
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Figure 5-11 Sensitivity to change in weights assibto network and primary scores for the
calculation of the overall scores. Number of cleeni policy measures position in the overall
ranking out of 122 maximum possible changes of rank

Analysis of the different scenarios therefore shoavdigh level of resilience to

reasonable levels of variation in the weightingateria

5.2.5.3. Sensitivity to the Weights Assigned to Different Nevorks

As mentioned earlier, the focus in this case shaly/been on the Precondition network,
as it is the strongest type of interaction amonigcponeasures. An alternative scenario
in which the Precondition network accounts for 86Pthe weight in the calculation of
the overall score and an intermediate scenariohitiwpreconditions account for 90%
of the score were also considered. In the scemdrare 80% of the weight is assigned
to the Precondition network, 16% of the total weiglas equally divided between the
Synergy (8%) and Contradiction networks (8%), af@ between the Facilitation (2%)
and Potential Contradiction (2%) networks. In theermediate scenario, the
distribution was 90% (precondition), 4% (synergy% (contradiction), 1%

(facilitation), and 1% (potential contradiction).
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Figure 5-12 depicts the effect of considering otheetworks aside from the
Precondition network in the ranking of policy me@su Naturally, the effect of
considering multiple networks is more pronounceghtthe effects seen in the previous
sensitivity analyses. However, in the intermedizse only one policy measure had a
change in ranking of more than 20 positions (16%)the more extreme case, 12 policy
measures (9.7%) had a change of ranking of mome 208apositions (16%). The high
level of resilience of the ranking mechanism (mihi@n 90% not having any significant
change in ranking) confirms the decision to focuslesively on the Precondition

network.

Sensitivity to network weights
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W Number of policy measures with
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Weights assigned in each column from left to right: Precondition,
Facilitation, Synergy, Potential Contradiction, Contradiction

Figure 5-12 Sensitivity to change of compositiohaatworks considered for ranking of the
policy measures. Number of changes to policy measposition in the overall ranking out of
122 maximum possible changes of rank

5.2.5.4. Sensitivity of the Community Structure Analysis tothe Input Data Errors

While analysing the robustness of community stnestuKarrer et al. (2008) state that,
for real networks “we can say that about 20% ofdtiges must be rewired before 20%
of the vertices move to different communities”. lime with this observation, the effect

of 3% random input errors in the specification ofigy measure relations (described in
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Section 4.3.1) on the community structures formadss the Precondition, Facilitation,

Synergy and Contradiction networks was insignifican

5.2.6. Conclusion

The purpose of this case study was to explore a@inme a number of network
analysis techniques in the context of policy foratign. We have worked on a case
study to reduce the UK transport emissions. Intresh to traditional approaches to
policy design, we have concentrated on the intenastbetween policy measures,

inspired by concepts from process design and n&tamalysis.

Using the policy measure library extracted from YHBAT project, we explored five
types of policy measure relationships: precondjtiacilitation, synergy, potential
contradiction and contradiction. By definition acldssification of these relations, five
networks of policy measure relations were creagzath with the 123 nodes (policy
measures) and their interactions as the edgester&it analyses were performed on
these networks of policy measures. A policy measanking and an assessment
methodology was developed to improve quantitatiemngarison of the policy
measures. The methodology systematically combihespolicy measure properties
(effectiveness, cost and implementation time),qyoineasure relations and the relative
importance of a measure in the network measurezkebiralities, through application of
a weighting mechanism defined by the user. Moregonetwork visualizations and
community structure analysis using the CNM alganitivas carried out in order to help
experts to better understand the interaction ampolicy measures. Finally, an

extensive set of sensitivity analyses was perfortoezhsure the validly of the results.

Significant effort has been invested in the desaga implementation of the policy

measure assessment and ranking methodology; howlewerer enhancements in the
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structuring of the system can be made. We ackrdgel¢hat policy measures may have
other attributes that have not been consideredfanlder enhancements to include a
more complete set of criteria are possible. Funtioee, the policy measures used in the
analysis are not flat and include hierarchies. sTims already been identified as a
limitation in the VIBAT project and has been addess by testing the methodology in
the second case study on the promotion of walkimdy @/cling in close collaboration

with transport policy experts.

The potential areas for future work have been ifledtand are presented in Chapter 8.
The methodological framework is generic and camafggied to other domains (energy,
water, etc.). We believe that the assessmentaridng methodology could be applied
successfully in other projects and we present ¢éoersd case study in Section 5.3. The

results from this case study make a fresh conighub formulation of policies by:

1. Developing a new approach to the analysis and mgnkf policy measures that
captures the relationships among them alongsideithiernal properties;

2. Providing a quantitative framework for comparisdnpolicy measures based on
user-defined criteria; and

3. Exploring the community structures to help expgam deeper understanding of

the relations among policy measures in differemvoeks.

5.3. Case Study: Promotion of Walking and Cycling in Cites

5.3.1. Introduction

Transportation, or mobility, is an integral part @fir society. Transportation is a
driving force in economic growth and our lifestylesd is a catalyst for globalization.

However, transportation is also a major cause whate change and air pollution.
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Transportation systems are often subject to pyllicy due to their importance and

effect on our socio-technical systems and theivigron is not left to the markets.

Banister (2008) defines the current approach taarynprove the cost/benefit balance
of our societies’ transportation needs as sust@nabbility (sustainable transport). In
many countries, the focus is on increasing thelsewé walking and cycling (see
Boarnet 2006, Tight and Givoni 2010, Pucher andhiBre2008 and Rietveld and
Daniel 2004). The main policy objective in citi@sd countries is to encourage active

travel (i.e. use of non-motorized transport).

Walking and cycling have been in decline and thera substantial potential for an
increase. Cycling declined from 23 to 5 billionspanger kilometres (DfT, 2007)
between 1952 and 2006 in Britain, despite the largeease in population, especially in
cities. However, 66% of trips are under five miéasl 19% under one mile, which are
distances suitable for walking and cycling (DfT02). A few countries that have seen
a decrease in the use of walking and cycling hasenbable to reverse the trend
successfully, therefore providing evidence of sasfid policies to promote walking

and cycling (Pucher and Buehler, 2008).

The “Visions of the role of walking and cycling #030” research (Tight et al., 2011)
examines the development and evaluation of thiteenaltive visions for the year 2030
in which walking and cycling play a more signifitaimle in urban transportation in
comparison to the current state. Tight et al. (20#lentified almost 150 individual
policy measures to promote walking and cycling. cémbination of these policy
measures is required in order to change the custate in which walking and cycling
represented just 26% of trips in urban areas irf0201a future state in which walking
and cycling represent about 70% of trips in urbaeas by 2030 (see Tight et al., 2011

for more details).
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Well-designed and thought-through policy packagesneeded to achieve the visions
developed by Tight et al. (2011). With about 18liqy measures and various possible
combinations of them as choices for action, howgvelicy-makers cannot be expected
to be able to systematically consider them all. stipport and facilitate policy-makers
in carrying out such considerations, the methodplogposed in Chapter 4 is applied

to the question of improving rates of walking aydlng.

5.3.2. Application of the Ranking and Assessment Methodolgy

In order to apply the methodology described in Géad, the following inputs are
required: a library of policy measures, the intéqmm@perties of each policy measure,
and the type of relation between each pair of gateasures in the library. To test the
methodology and simplify its application and illagion, 38 measures — from the 142
originally identified by Tight et al. (2011) — weselected for analysis in order to carry
out a more detailed study than in first case samyto avoid some of the limitations of
the initial case. The measures were selected goesent different types of policy
measure (infrastructure, regulation, education),eddl likely to affect the propensity to
walk and cycle in different ways (through pull gmash factors, changes in cycling and
walking conditions, changing attitudes, effectihg tise of other modes, ett.)The list

of 38 measures is described in Section 5.3.3 (abeBH-12).

Eight attributes for each policy measure were a®ersid, representing two dimensions
of a policy measure’s characteristics, one withpees to itsperformance and the other
with respect to itsmplementation complexity (Taeihagh et al., 2011c). The latter is

considered the cost of overcoming issues such ascaband institutional barriers

* The selection process focused on ensuring thé&relift types of measure were included, and was
performed by experts at the Transport Studies atrtihe University of Oxford.
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represented as the “transaction costs” relatechpdeimenting a measute Splitting the
criteria into two sets, and assuming mutual inddpane among criteria within each set,
effectively allowed two separate assessments of piblecy measures. Following
Dodgson et al. (2001) completeness, operationatitytual independence and other

relevant factors were considered in the definitdthe criteria.

The five ‘performance’ attributes considered were:

e Cost (C): cost of the implementation of the polgasure.

e Effectiveness (E): effectiveness of the measusadfercting the policy target.

* Timescale of implementation (TI): time requirednglement the measure.

* Delay (D): length of time from the implementatiointioe policy measure to the
time its effects are felt.

* Timescale of Effect (TE): length of time during whithe measure’s effect will be

felt after implementation.

Three additional properties are used for assesbmdimplementation complexity’ of
the policy measures. These three additional pti@sewere used by de Bruin et al.
(2009) to rank different measures to address cérmohange policy. In the context of

policy packaging, these three properties are essesven if difficult to measure:

* Technical Complexity (TC): degree of technical tdrades in the implementation
of the measure.
*  Public Unacceptability (PU): degree of likely pubtipposition to the

implementation of the measure.

®> Milgrom and Roberts (1990) define transaction s@st ‘the costs of deciding, planning, arranging an
negotiating the action to be taken and the termsxohange when two or more parties do business; the
costs of changing plans, renegotiating terms asdlvang disputes as changing circumstances require;
and the costs of ensuring that parties perforngeeseal’.
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* Institutional Complexity (IC): degree of tension tlwiexisting practices and
structures when implementing the measure. In otlerds, the barriers to
implementation stemming from current proceduresiwithe relevant bureaucratic
organizations and the mismatch between desire,odatythand jurisdiction to

implement a measure.

All eight criteria/properties were qualitatively sessed by the analyst using a low,
low/medium, medium, medium/high and high scale @gpendix A.3 for more detail).
Later, these qualitative assessments were tradglatie scores ranging from 1 (low) to
5 (high). For example, a policy measure such awake motor vehicle ownership
restrictions’ was established to have a relatidely cost, high effectiveness, low
implementation time, long-lasting effect, mediummei period required for the effect to
be felt from the time of implementation, high teiah and institutional complexity and
high level of public unacceptability in comparistm other policy measures under
consideration. These values correspond to scofe$, &, 1, 5, 3, 5, 5 and 5,

respectively.

Next, identification of the relations between eguir of measures was required, to
determine if no relation exists or which of theefivrelations defined in Section 4.3.1
exists, followed by inputting this into the related matrix (Section 4.3.2). This process
forces the experts to explicitly analyse and cagrseach policy measure and how it
interacts with other policy measures. Eventually,38-by-38 adjacency matrix
representing all of the interactions between thikcypaoneasures present in the library

was produceti(see Appendix A.4).

For the assessment and ranking of policy measwesfocus on the precondition

relations and use facilitation and synergy relaian a limited fashion. The

® An Excel spreadsheet was used to enter the rnelagtoween each pair of measures
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precondition relations aggregate the nodal inforomabf each criterion; for example,
the total cost equals the sum of the Cost (C) efpiblicy measure and its preconditions.
Other calculations and aggregations are made insdirae manner following a
Traditional MCDA approach but also accounting foe precondition measures. In all
of the score calculations, the following two rubgsply: (a) preconditions of a policy
measure are strictly required for its successfypl@mentation; and (b) it cannot be
generically prescribed that all of the precondsi@an be implemented concurrently (in
parallel). Therefore, in the various calculatioakted to timescales (described below)
the total time required for implementation is themsof the implementation time of a
policy measure and those of its preconditions {he.implementation is assumed to be

done in series, which is an upper bound of the @mgintation time).

In order to compare and highlight the effect of fiwicy measure relations on the
ranking result, two approaches were used for aizalffse Traditional MCDA and the
Network-Centric MCDA. In both cases, ranking wasdd on the weighted summation
of the score for each policy measure. Weights dsedhe criteria in each set were
identical in both approaches In the Traditional MCDA case, policy measuresave
ranked according to their scores based on therngit properties and assuming
independence between the policy measures. Howevite network-centric approach
interactions with other policy measures were taikém account alongside the intrinsic
properties of the nodes; therefore, the policy mess scores were also dependent

upon the types and numbers of interactions they had

The following calculations were performed to derbthe score for a measure in the

Network-Centric MCDA approach. Total Implementatidime equals the sum of the

" Assignment of weights to the criteria was basedhenjudgement of experts at the Transport Studies
Unit of the University of Oxford. The weights useere as follows: Performance ranking: Total
Implementation Time 20%, Total Effect 40%, Cost 40%omplexity ranking: Technical Complexity
20%, Public Unacceptability 40%, Institutional Cdexyity 40%.
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Timescale of Implementation (TI) and the Delay @) the policy measure and its
preconditions. Total Effect equals Timescale ofe&f (TE) of the policy measure
multiplied by the policy measure’s Effectiveness, (B this case without considering
the effect of the preconditions, since determirtimg extent to which a policy measure
is more or less effective due to the implementatdrits precondition measures is
difficult to quantify. For Public Unacceptabilitand Technical and Institutional
Complexities, the value associated with the pofiegasure is the sum of the scores it

has for the individual measure and all of its prettons.

Figure 5-13 demonstrates the structure used foulzing performance and complexity
scores. As explained in Section 4.3.4 and apjpti¢de first case study in Section 5.2.3,
all of the criteria in each set were assigned pasiveights and fixed to a sum of “1”. In
the first set (performance criteria), a mix of daisie and undesirable criteria was present.
The scores obtained in both the desirable and uabés categories were then expressed
as a proportion of the sum of all of the scoreseach criterion and multiplied by the
weight assigned to that criterion (equations 4-8 d4M). By adding up the policy
measure scores across both desirable and undesoatielgories, the performance score
was then calculated. Hence, the policy measute tivé highest score in the first set was

ranked as the top policy measure in terms of pexdioce (Eq. 4-6).
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Time

Figure 5-13 Structure of the performance and impiatiation complexity scores

As all of the criteria in the second set (impleraéiph complexity criteria) were
undesirable, there was no need to convert the uabés criteria to desirable.
Therefore, the policy measures scores were simpiynged up and the policy measure
with the lowest score was the top ranked, i.e ot with the least transaction costs (EQ.

5-1).

Calculation of the implementation complexity scorgsecond set of criteria)

Implementation complexity score of the policy measure k = Zl-";l(% X wj)
i=1"4J

Eq. 5-1

where:

m: Number of criteria

Cij: Score of the policy measumith respect to criterion

p: Number of policy measures

W Weight assigned to criteripn
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In the network-centric approach, facilitation angnergy relations were used to
discriminate between policy measures in cases where was a tie in the overall score
(rank). For instance, everything else being egaamimeasure that has facilitation or
synergy relations with other measures is prefetoezhe that does not have this type of
relations. It must be noted that it is difficult éstimate the magnitude of these positive
effectsa priori and thus it is not possible to compare policy raess quantitatively in
terms of the number of facilitation or synergiesytthave and conclude which one is

more advantageous.

5.3.3. Results and Discussion

The results of the analysis of the 38 measuresn¢ease walking and cycling are
presented below. First, the network analysis és@nted and discussed, followed by the

results for the ranking of measures.

5.3.3.1. Analysis and Visualizations of the Policy Measure &tworks

Using common network analysis indices (e.g. densiverage degree and
connectedness — Krackhardt, 1994), the overall orétwharacteristics of the library of
measures can be described. This, however, istttd importance since there is no
intention to implement or select all of the policyeasures in the library. What are of
importance and interest are the individual netwohlaracteristics of each measure.
Below, each network is visualized separately amttpendently from the others using
the Fruchterman and Reingold (1991) algorithm, Wwhataces the most connected

nodes in the centre of the network.
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The Contradiction network consists of only two meas, “on-road cycle-path”
(measure ID: 54) and “Dutch-style segregated cpealias” (57). While it is clear that
implementing both is not possible in the same placright be appropriate to use each
in different parts of a proposed cycle network. e Ttetwork visualizations are more
helpful in showing different aspects of the netvgovkhen the networks of relations are
more complex. Figure 5-14 visualizes the Pote@@htradiction network. It provides
visual information on policy measure combinatiomat tshould be avoided or should be
carefully considered before implementation. Theltizd node in the Potential
Contradiction network is the “On-road cycle patltS4) node. It has four potential
contradictory relations with other policy measumesthe library, which might be a
reason to opt for segregated cycle paths. Whéthept for on-road or off-road cycle
paths is generally undecided and there is a rialfy baf literature available on the
subject matter (Pucher and Dijkstra, 2000; Fore2@01). Therefore, in order to make
a decision, local circumstances would have to bsidered.

o
57 Dutch-style sedtegated cycle paths

118 Orange

@)
Pmo

2 All PT fully accessible ®)

o 70 Widespread pry& car-sharing schemes

11 Raised pedestrian crossings instead-of dropped kerbs

5 -roac? cle paths o
P 30 Flexible Avorking hours
O
56 Pavement widening
(@)
29 Workplace créches
@)
87 Cycle trafﬁc'?f:)rcement

o

42 Velib-style cycle hire scheme (including 'accessible' bikes)

Figure 5-14 Visualization of the Potential Contridin network
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Figure 5-15 visualizes the Precondition networkjclvhis more complex. It is difficult
to envisage that policy-makers would be able terigimilar information in regard to
the complex precondition relations of the policy aseres and their implications
without performing the pairwise analysis of theippimeasures and the visualization of

the resulting networks.

By analysing the network information in this casedy, it is evident that successful
implementation of “car-free housing development14]l is only possible if policy
measures 2, 3, 61 and 70 have been successfullgnmpted. Of course, some of
these policy measures have preconditions of their. oFor instance, “mandatory core
walking and cycling networks” (61) has “mandatangfencing of walking and cycling
funds” (34) as a precondition and these complexisbould be recognized when

planning to use a measure like a “car-free houdewglopment” (112).

Furthermore, Figure 5-15 highlights policy measurdsat enable successful
implementation of a large number of other measuré®r example, if “Pavement
widening” (56) is implemented, this enables thesideration of many other measures
(7, 10, 13, 21, 57, 61). Therefore, it might bendfecial to include such a policy
measure in a policy package to increase walkingcgoling regardless of whether such
a policy measure is perceived to have low valueslifferent criteria. “Pavement
widening” (56) has a high appeal as, aside fromoign merits, it serves as a
precondition for “Mandatory ‘core’ walking and cyad networks” (61), which in turn
is a precondition for “Private motor vehicle owrtepsrestrictions” (103). Without the
use of visualizations, the centrality of a policgasure such as “Pavement widening”
(56) can be overlooked when considering a large baunof policy measures in a
library. Moreover, using visualizations can hetpbietter communicating the need for

such a policy measure. One interesting observasiaimat almost all of the policy
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measures forming the Precondition network are edlab infrastructure, implying the

perceived importance of such policy measures.

N o

78 Contra-flow bicycle lakes in one way streets — L
rict liability legislation
(@)
(@) 87 Cydle traffic enforcement
2 All PTfullgt accessible
(@] (@}
54 On-roa

paths O 70 Wi:ﬂeMate car-sharing schemes
vehicle ownership restricti

ous|ng developments
(@]

34 Mandatory ring fencing.of WaC funds
fge NEV/HWS 20mph

O
61 Mandatory )¢ore' WaC networks o
3 Maintenance o aCirﬂW
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3

57 Dutch-style segregated cycle path©

ement\wideni )
Velib-style cycle hire sch¢gme (including "accessible' bikes)

Walking buses to school for young children
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21 Minimum cycle parking in new/developments 115 Consolidated neighbourhood goods delivery

@] \
13 Tree planting/ greenery @)

(@) 10 Fine-grained provisfbn of quality public space
7 Widespread Sheffield stands

()
(@) 26 Freight windows
6 Regular public realm maintenance/cleaning

Figure 5-15 Visualization of the Precondition netiwo

Through analysis of the facilitation and synergywuweks, focus is shifted from the
implementation aspects to the effectiveness optiiey measures to promote walking
and cycling. The level of complexity of the fa@alion network is such that it is more
difficult to examine the visualizations; nonethslesmportant information can be
inferred. Similar to the Precondition network, ipgl measures that facilitate the
effectiveness of many other measures (in-degree@) policy measures that are
facilitated by many other measures (out-degrea)iregpecial attention. To assist our

understanding the facilitation network, Table 5grbvides the number of edges going
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out and into each policy measure in the networlrtHermore, the facilitation network
has been visualized in two separate figures (fg€6 and 5-17), where nodes are

scaled based on the number of links connecteceta {ldegree).

Table 5-11 Representation of the walking and cgchacilitation network

Out- In-
degree degree
All public transport fully accessible (2) 4 0
Maintenance of walking and cycling (WaC) infrasture (3) 1 5
Regular public realm maintenance/cleaning (6) N 5
Widespread Sheffield stands (7) 1 3
Opt-out travel training for all school children (8)
Fine-grained provision of quality public space (10)
Raised pedestrian crossings instead of dropped Ka )
Tree planting/ greenery (13)

Minimum cycle parking in new developments (21) G
Freight windows (26)

Strict liability legislation (28)
Workplace creches (29)
Green belt (31)

Smart 'oyster-style' cards for all mobility (33) 0
Mandatory ringfencing of WaC funds (34) 0 9
All city parking for private car to be pay and despor permit (36) O

Removal of 'rat runs' for motorized vehicles (38) (
Velib-style cycle hire scheme (42) 14 0
Dutch-style railway parking facilities (47) 3 3
Community leisure walks and bicycle rides (52) 1p
Walking buses to school for young children (53) 10
On-road cycle paths (54) 3
Pavement widening (56) 3
Dutch-style segregated cycle paths (57) 4 P
Mandatory 'core' WaC networks (61) 3 9
Widespread private car-sharing schemes (70) 1 1
City-wide 20mph speed limit (72) 1 7
Limits on car advertising (75) 2 5
Contra-flow bicycle lanes in one-way streets (78) 3 3
Public fithess campaign (79) 4 2
Smart bicycle storage units (86) 2 0
Cycle traffic enforcement (87) 1 1

Policy Measure (ID from the original study)

ololNv| o
INE

N

Nk O|O

WIO|O|N|F

N

N

AR O
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Retrofitting cul-de-sacs for WaC connectivity (94) 1 8
Private motor vehicle ownership restrictions (103) 5 1
Car-free housing developments (112) 10 3
Orange NEV/HPV routes 20mph (118) 2 4

Note: Out-degree represents the number of policysones that facilitate the individual measure. In-
degree represents the number of policy measurethéhindividual measure facilitates.

Policy measures that facilitate a large numbertb&opolicy measures (i.e. have a high
in-degree value in Table 5-11 and a large numbar@ws pointing towards them in
Figure 5-16) are more interesting to policy-makets. Figure 5-16, “Mandatory core
walking and cycling networks” (61) and “Mandatomgfencing of walking and cycling
funds” (34) are examples that facilitate nine otpelicy measures each. It is therefore
important to try to include these policy measures: ipackage, after considering policy
measures’ internal characteristics (such as costcewed effectiveness, etc.) in
contributing to walking and cycling. By checkingitothe Precondition network, it
becomes apparent that policy measure 34 is a pidimonto 61. This suggests that it is
desirable to include both of these policy measures package and, if only one can be

included in a package due to constraints, it magidlicy measure 34.
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Figure 5-16 Visualization of the Facilitation netkdased on in-degree values (nodes are scaled
based on the number of links connected to them)

The out-degree column in Table 5-11 and Figure 5eh7the other hand, illustrates the
extent to which a certain policy measure’s effemtiess can be enhanced by the
implementation of other policy measures in thelifation network. As described in
Section 4.3.1, it is worth emphasising that a faibn relation is not defined as a
restriction, although it might be perceived as # ssstriction. “Velib-style cycle hire
scheme” (42) can be facilitated by 14 other pohwgasures and stands out as a measure
that can be made much more effective with the sdppb other policy measures.
Bicycle hire schemes have become widespread almiob their introduction on the
streets of Paris (although not the first of suchestes), London introduced its own

scheme in 2010. While “Velib-style cycle hire soteg (42) is a policy measure that
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directly addresses the goal of promoting cyclingsievident that its success can be
facilitated by a wide range of other policy measumut is not necessarily dependent on
them). It might be possible for some of the relasi defined here to be changed to
precondition relations as more experience and stalailing is gained on this particular
type of a policy intervention. The facilitationtm@rk also implies that policy measures
such as “Community leisure walks and bicycle ridés2) and “Walking buses to

schools for young children” (53), which are relatyw‘simple’ and cheap, might have a
real impact when other policy measures have be@temented. The importance of

considering a policy measure’s relations with othezasures alongside its internal

properties is therefore apparent.
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Figure 5-17 Visualization of the Facilitation netkdrased on out-degree values (nodes are scaled
based on the number of links connected to them)

The last visualization shows the network of synerghations (Figure 5-18), where
nodes are scaled based on the number of links cteth® them (degree). From Figure
5-18, “Private motor vehicle ownership restrictiofB03) immediately stands out as a
policy measure that has synergy with a large nundbesther policy measures (12
synergy relations), implying it is a very importapolicy measure to include in a
package to increase walking and cycling. Of cqumdicy measure 103 does not
directly address walking and cycling, which highlig the significance of considering a
combination of policy measures, including some wittirect effects on the policy

goals. Such a policy measure might not appearetantportant in terms of the
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formulation of walking and cycling policy withoulé use of visualization. It must be
noted that these visualizations do not provide arfgrmation about the internal
characteristics of the policy measures. For ircgafPrivate motor vehicle ownership
restrictions” (103) is likely to be very difficulfpublicly and therefore politically) to
implement, something not apparent from the visaélins. It is possible to use colour,
size variations or different shapes for policy meas to represent some of the
properties; however, it would be very challengingadequately represent all of the
properties in the same figure. Furthermore, thisrdase in the complexity of the
networks has its own drawbacks and can even cawsiston in cases where both
internal and relation information are presentethasame figure. Therefore, obtaining
information about the internal properties of polimgasures through data gathered for

the assessment and ranking of measures is easier.
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As demonstrated in this subsection, visualizatwinge policy measure networks offer
vital additional information that can be used whdensidering their ranking and
selecting which policy measure to implement. Theial step of bringing together the
knowledge gained through the analysis of the difiemetworks and relating it to the
performance and implementation criteria, as wethasresults yielded by the ranking of

policy measures, is left to the judgement of theests.

5.3.3.2. Results for Ranking of the Policy Measures

Using the methodology described in Chapter 4, taokings have been generated
(Table 5-12): gerformance-based ranking where measures are ranked based on their
cost, effectiveness and time-related propertied, amimplementation-based ranking,
where the ranking reflects the technical and iastihal complexity of the measures as
well as their public (un)acceptability (see Apperdi A.5-A.8 for more detail ). The
philosophy of MCDA suggests that weights can be putthe performance and
implementation rankings to produce one index, bistwas avoided in order to prevent
the dilution of the information that would resultofn merging the two different
dimensions. We propose instead considering théompeance of various measures
before paying attention to the barriers for themplementation, since implementation
barriers can often be overcome with supportive i(eddhl) measures. For each of the
two ranking sets, two further sets are presentestdan (a) a Traditional MCDA
ranking and (b) a network-based MCDA ranking, whitye precondition relations are

accounted fd

® The scores for each measure, which determineatiiéng, are not shown.

105



Table 5-12 Ranking of measures to promote walkmy@ycling based on their ‘performance’
and ‘implementation’ attributes using TraditionaCMA and Network-Centric MCDA

Performance Implementation

MEASURE TITLE — —

Traditional | Network Traditional | Network
All public transport fully accessible (2) 28 20 1 1
Maintenance of WaC infrastructure (3) 24 15 1 1
Regular public realm maintenance/cleaning (6) 30 37 1 23
Widespread Sheffield stands (7) 23 30 1 21
Opt-out travel training for all school children (8) 37 31 19 10
Fine-grained provision of quality public space (10) 26 35 29 33
E;lts)g(zlplcidestnan crossings instead of dropped 31 26 19 10
Tree planting/ greenery (13) 31 38 10 33
Minimum cycle parking in new developments (21) 2 14 9 23
Freight windows (26) 9 33 34 30
Strict liability legislation (28) 8 5 34 25
Workplace creches (29) 31 26 30 19
Flexible working hours (30) 31 26 34 25
Green belt (31) 7 3 37 27
Smart 'oyster-style' cards for all mobility (33) 31 26 25 15
Mandatory ringfencing of WaC funds (34) 5 2 10 6
g\i”s 5;2; %arrlszr?n 1:?2 ?E)é;vate car to be pay and 15 6 10 6
Removal of 'rat runs' for motorized vehicles (38) 9 4 10 6
I\gtzlégsssti)g:ae'cg;:klgsr)nEizs)cheme (including 17 18 8 o8
Dutch-style railway parking facilities (47) 25 21 19 10
Community leisure walks and bicycle rides (52) 19 8 1 1
Walking buses to school for young children (53) 11 25 10 18
On-road cycle paths (54) 12 7 10 6
Pavement widening (56) 16 12 28 17
Dutch-style segregated cycle paths (57) 17 16 33 30
Mandatory 'core' WaC networks (61) 20 19 25 37
Widespread private car-sharing schemes (70) 38 32 1 1
City-wide 20mph speed limit (72) 4 1 19 10
Limits on car advertising (75) 21 9 25 15
Contra-flow bicycle lanes in one-way streets (78| 1 11 10 22
Public fitness campaign (79) 36 24 1 1
Smart bicycle storage units (86) 22 13 19 10
Cycle traffic enforcement (87) 13 23 10 29
Retrofitting cul-de-sacs for WaC connectivity (94) 14 10 31 20
Private motor vehicle ownership restrictions (103) 2 17 37 36
Car-free housing developments (112) 5 22 10 33
Consolidated neighbourhood goods delivery (115) 28 33 19 30
Orange NEV/HPV routes 20mph (118) 26 36 31 37

Note: When the difference in ranking between thaditional MCDA and the Network-Centric MCDA is
more than 10 places, the network-centric rank iptemised (bold numbers).
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Based on their intrinsic performance attribute® (fmaditional MCDA), the three top
ranking measures are: “Contra-flow bicycle lane®me-way street” (78), “Minimum
cycle parking in new developments” (21), and “Pwvanotor vehicle ownership
restrictions” (103). When accounting for the fabiat these measures all have
precondition measures (see Figure 5-17), theiringskin the Network-Centric MCDA
change to 11th, 14th and 17th respectively. Assgrtiie precondition relations have
been correctly identified, not accounting for thesould result in a misguided choice of
policy measures. For example, the measures “Limitscar advertising” (75) and
“Public fitness campaign” (79) are ranked 12 pldaigher in the network-centric than
in the traditional ranking because they have nocgmditions attached to them.
Whenever preconditions are present, they must h@emented to allow successful
implementation of their supporting policy measufiéis increases the costs and, given
the high weight assigned to Cost in this analy€is-(40%), the existence of a
precondition is seen as undesirable. The rankinthe measure “Freight windows”
(26) (i.e. restricting the delivery of freight intbe city to certain hours only), on the
other hand, has dropped 24 places. Because pfatonditions, this policy measure
has moved from being a relatively attractive measgianked 9 using Traditional
MCDA) to being one of the least attractive in terofsits performance (ranked %3
using Network-Centric MCDA). The performance &itites of the policy measure and
its precondition therefore make policy measure 2éttwactive. This information could

not have been directly inferred from the visualizas.

Based on the Network-Centric MCDA ranking, the ¢hneost effective measures in the
library are: “City-wide 20mph speed limit” (72), “&hdatory ringfencing of walking
and cycling funds” (34) and “Green belt” (31 — ttestriction of city development to

within a “belt” surrounding it). When two measurgsare the same ranking (i.e. they
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received the same score), they can be furtherichs@ated by also considering the

facilitation and synergy relations they have withey measures.

The “implementation complexity” ranking providesarmation on potential barriers to
the implementation of various policy measures (e, public unacceptability and
institutional barriers — Section 5.3.2). Seventltd policy measures with the least
implementation barriers are ranked jointly firste@sures 2, 3, 6, 7, 52, 70 and 79).
Five of these seven policy measures remain asatoied policy measures based on the
network-centric ranking, as they do not have argc@nditions attached to them. When
considering their precondition measures, the pofiwasures “Regular public realm
maintenance/cleaning” (6) and “Widespread Sheffstlthds” (7 — provision of metal
bars placed in the road/pavement for bicycle papkdrop to the 23rd and 21st ranking
positions. The policy measures that have relatifelv implementation barriers, not
surprisingly, have a relatively poor performancenkiag, with the exception of
“Community leisure walk and bicycle rides” (52), ish is ranked 8 in the

performance ranking using the Network-Centric MCathod.

The policy measures “Removal of ‘rat runs’ for nrited vehicles” (38 — designation
of small streets as one-way streets in order tadashavers using them as short cuts) and
“Mandatory ringfencing of walking and cycling furid¢34) both have a high
performance ranking {2 and 4" and both rank ®in the implementation complexity
ranking, making them relatively attractive to implent first. Policy measure 34 is also
central in the facilitation network (Table 5-11he policy measure “City-wide 20mph
speed limit” (72) is considered highly effectivedams ranked first in terms of
performance. Furthermore, it has no particularlémentation barriers (ranked "1,0
which means medium/high public unacceptability lmw institutional and technical
complexity) and appears as an attractive policysmesato include in a package for

promotion of walking and cycling.
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In contrast, policy measures such as “Green §8ltj and “Strict liability legislation”
(28) which rank highly in terms of their performan@® and %' respectively) appear to
be very problematic in implementation, ranking"2ahd 2%' in the Network-Centric
MCDA implementation ranking. This is due to thehiinstitutional complexity of

implementing such measures, which make them raiiegppealing.

Similarly, “Private motor vehicle ownership restioms” (103), which has a large
number of synergies with other policy measuresuféid-18) and is ranked“n terms

of performance in the Traditional MCDA ranking,dsly ranked 1% in the network-
centric ranking and is not so attractive, especiatinsidering that it is almost the most
complicated policy measure to implement. This@oineasure ranked 37th and 36th in

the traditional and network-centric implementatcmmplexity rankings.

5.3.4. Conclusion

In this case study, the methodology for the analgsid ranking of policy measures was
applied to the policy to promote walking and cyglin cities. The methodology allows

policy-makers to systematically consider a largenber of measures in dealing with a
specific policy objective and to gain a better usthnding of the potential effectiveness
and implementation complexity of each measure, tenown and when considered
together with other measures within a policy paekagdhe methodology relies on the
application of network theory and MCDA approached &acilitates policy design and

policy effectiveness.

An innovative aspect of the methodology is the mefin and identification of five
types of relations between policy measures andr tapplication when selecting

measures for implementation. In addition, the métthogy allows policy-makers or
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analysts to consider and input data in a systemedi for pairs of measures; this is
especially important when a large number of measare considered. It also provides
a visualization of the network of relations betwedlirmeasures and a ranking of policy
measures to assist in their analysis and selefioimplementation and to improve the
understanding of the alternatives within a regibthe decision space much larger than
is otherwise possible. Alongside the focus onetkgected effectiveness of one or more
policy measures, emphasis is also placed on theypateasures’ implementation
attributes. Overall, the methodology allows thesideration of additional information
(relations between measures and implementationbwis) to that traditionally
considered, while also simplifying the analysisotigh visualization and ranking. A
large amount of vital information can be gleaneuirirthe visualization of the policy
measures network, information which might be owatkal otherwise simply due to the
difficulty in grasping the multiple links betweewolfy measures. Moreover, the use of
the policy measure networks has also been demeettira the formulation of policies
in ABM systems (Taeihagh and Banares-Alcantarap20&eihagh et al., 2011a). The
methodology can clearly increase the understandirtpe analysis and its results and

thus the level of ‘knowledge utilization’ in thelmy process (Landry et al., 2001).

The methodology is entirely based on the analystpertise and is generic in nature,
making it relevant for any policy circumstancescél regional, national, etc.) and
policy domain (transport, energy, water, etc.)islseen as an essential first step in the
formulation of policy packages. In no way does thethodology replace policy-
makers. They still need to ‘bring together’ thederstanding gained from considering
each of the networks separately, combining this witormation on the characteristics
of each measure as reflected in its rank and wedpect to the performance and
implementation dimensions (which together can besictered to represent a measure’s
efficiency — Givoni et al., 2010). Moreover, sooféhe ‘hidden’ undesirable properties

of the measures can be exposed using the methgdoldthe application of the
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methodology to the two case studies on policieprtonote walking and cycling and
emission reduction demonstrated its capabilitied @vantages. The usefulness of the
approach is further demonstrated by adoption ofaffproach in the OPTIC (2010) and
VISIONS (Tight et al., 2011) EU and UK projects.

The use of computational approaches is essentiabnsider a larger fraction of the
decision space and to fully utilize the knowledgel ghe experience of policy-makers.
Such approaches, which support but do not replaegolicy-maker in analysing and
selecting individual policy measures, have beemp@sed in this chapter. The analysis
in both case studies suggests the methodologyeisilus dealing with a large number
of policy measures (123 in the first case and 3®ésecond), which already represent

a much larger section of the decision space tharidvaherwise be considered.

5.4. Summary

This chapter highlighted the application of thenfeavork and methodologies developed
and discussed in chapters 3 and 4 on two caseestudi UK transport-emission
reduction and promotion of walking and cycling ities. Each case study contains an
introduction to the particular problem it addressiedlowed by the implementation
details. Results and discussion of the applicatibthe assessment and visualization

methodologies, and the conclusions reached in easdh are presented.
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Chapter 6

Development of the Formulation Support

System

6.1. Introduction

Unlike in the cases of physical sciences and ecasnthe use of computational
approaches in the policy realm has mainly focusedhe simulation and optimization
of the policy alternatives rather than on the sgsih and generation of such
alternatives. A trend that increases the succéspolicies is the formulation of
integrated policy packages, rather than a loosebgmation of policy measures to be

considered and deployed in isolation.

In this chapter, we focus on the development ohigent-based approach to create a
virtual environment for the exploration and anaysi different configurations of policy
measures in order to build policy packages and tlest effects of changes and

uncertainties while formulating policies. The agbased approach utilizes and
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integrates technigues such as conceptual desigworke analysis and MCDA.
Information about the policy measures’ internalgandies and their interactions with
other policy measures and the user preferencessackin the analysis and formulation
of policies. The final decision on which policyitaplement will rest with the decision-
makers, who may decide to include additional politgasures or remove some of the

recommended ones.

We believe that by developing systematic approaftrethe formulation and analysis
of policies it is possible to decompose the probleno subproblems with more
manageable sizes. This allows us to analyse diffealternatives in greater depth,
examine more alternatives, reduce the time requaethe overall analysis, and provide
real-time assessment and feedback to the domaartexgn the effect of changes in the
configurations. This will ultimately help in formg more effective policies with
synergistic and reinforcing attributes, whilst alooiding internal contradiction. The
approach is based on a previously proposed six-Bwpework (Taeihagh et al.,

2009a).

This new approach has been applied to the fornamatf policies to deal with
transportation issues and emission reduction bhubeaextended to other domains. Our
initial work was on the application of an agentdxhspproach in the formulation of
policies (Taeihagh and Banares-Alcantara, 2010g¢das the data from the VIBAT
study that analysed GQemission targets in the UK (Banister and Hickm2006b).
This chapter explains the development of a gersadlmethodology for using an agent-
based approach for the formulation of policies. ®¥plicate the system by applying
the methodology to the formulation of a policy twrease walking and cycling in

Chapter 7.
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Section 6.2 provides background information andlarp the approach taken in this
chapter in applying the previously described framdwand methodologies. Section
6.3 provides a brief overview of the ABM approadascribes the architecture used and
details the objectives of the approach taken. ddwceptual framework used in the
application of the ABM approach is presented inti®ac6.4. Section 6.5 details the
phases of the ABM approach and Section 6.6 deitlsapplication. Section 6.7
discusses the importance and some of the detailseofise of visualizations and the

GUL.

6.2. Application of the Framework and Methodologies for Policy
Formulation

The major challenge faced by policy-makers is nogéy lack of understanding of
solutions and lack of options to implement. Gitka complexity of the problems we
are facing, the challenge is how to analyse andoexp large number of complex
options and arrive at the best solutions given tigeographical, budgetary and a
myriad of other constraints. To put the problenpérspective, in the VIBAT project
123 policy measures were considered (Banister ackhtan, 2006b) and, in the case of
the VIBAT-London study, over 150 individual policpneasures were identified
(Hickman et al., 2010). The Visions 2030 projacgd as a case study in this thesis —
Tight et al., 2011) identified 142 measures to ptarwalking and cycling in cities. It
iIs apparent that without having a systematic apgroand tools to aid decisions,
considering several options and finding suitablenloimations, dealing with the large
amount of information and the high level of compexs a difficult and a daunting task
if approached manually. Research has shown thatumtag and processing large
amounts of information is difficult for the humannd (McKee, 2003). Furthermore,
Jones et al. (2009) points to evidence that exeessnounts of information can cause

inertia and consideration of very few options. Wédieve that the traditional approach
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to policy-making is not well suited for solving theventy-first century’s complex
problems. The methodology for the generation tdrahatives can be greatly enhanced
and a systematic approach will accelerate thedégblicy-making and improve policy

effectiveness.

We use the proposed six-step framework describe@hapter 3 to facilitate policy
formulation for achieving a set of user-defined Igoand targets (Taeihagh et al.,
2009a). The software system is implemented usirggftamework with consideration
for reusability and flexibility of use with differé targets, sectors and geographical

scopes.

6.3. ABM Approach

6.3.1. ABM: A Brief Overview

Bonabeau (2002) defines ABM as an approach in whigdystem is modelled as a
collection of autonomous decision-making entitiealletl agents. Each agent
individually assesses its situation and makes aesdased on a set of rules. Agents
may execute various behaviours appropriate to thieyehey represent. ABM allows
the modelling of complex actions by the agents r@adtions to other agents and to the
environment, also enabling observation of the aute® and system effects given a set
of parameters (North and Macal 2007). As a re&\BiM systems are well suited for
exploring complex system states in which nonlinead adaptive interactions happen
(Srbljinovic and Skunca, 2003). These system statght not be otherwise explored
due to their complexity. These considerations caake decision-making more
successful and allow the observation of these systeffects and their anticipation

prior to the implementation of policies. As Les$&099) points out, multi-agent
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systems are reliable, scalable and modular, whielalhdesirable features to have when

formulating policies.

6.3.2. System Architecture and Implementation Environment

Figure 6-1 illustrates the software architecturettid DSS. The Java programming
language (Java, 2008) has been chosen for the opeweht because of its
characteristics of platform independence, autonmagmory management and access to
an extensive library of freely available code anflvgare. Analyses performed on the
network of relations among policy measures are uitéd to Excel files, which are, in
turn, imported by the agent-based toolkit. Then&dpased toolkit used for the analysis
is Repast Simphony (Recursive Porous Agent Sinmurakoolkit, North et al., 2005).

Wolfram
Mathematica7 (
E—",
—
Java

Repast (Recursive Porous Agent
Simulation Toolkit)

Combinatorica
package

Network analysis
package

Figure 6-1 Software architecture of the DSS

6.3.3. Obijectives of the Agent-Based Formulation System

For some time, virtual environments have been usedhe analysis and improved

understanding of complex systems such as markeBeveloping such virtual
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laboratories enables testing of different regulatand market structures, e.g. the
Electricity Markets Complex Adaptive Systems modeVeloped by Argonne National
Laboratory (North et al., 2002) . Our focus istbe development of an agent-based
approach to create a virtual environment for thpl@ation and analysis of different
configurations of policy measures in order to bl assess policy packages and to
carry out tests to observe the effects of changdsuacertainties in policy formulation.
The only somewhat similar policy formulation supptmol is GB-QUEST (Carmichael
et al., 2004), which focuses on a small and fixkedhty of policy measures and a set of

predetermined combinations (this support tool da#sise an ABM approach).

Although the system does not provide adaptationl@ching abilities in the agents, the
reasons for adopting an agent-based approach aréad possibility to combine top-
down and bottom-up approaches; (b) the possiltdityevelop flexible systems that can
handle incremental discovery, design and developiiNorth and Macal, 2007); (c) the
ability to decompose the overall problem and, thgrouhe use of a multi-layered
approach, accommodate abstraction and the usermirtiical structures (similar to the
hierarchical design procedure (Douglas, 1988)); @f)dthe ability to deal with the

organizational relationships found in complex sysgJennings, 2000). The addition

of adaptation and learning capabilities to the &gyenviewed as part of the future work.

As demonstrated above, there is a plethora of nsagor choosing an agent-based
approach; however, one of the prodigious advantafjesing ABM is the flexibility it
provides in dealing with different types of dat&his is especially important in cases
where qualitative information is abundant and gifiaation and use of this qualitative

data at hand is not possible or perhaps questienabl

The proposed system has been designed to be opleat stata can be added at any time

and not be a limiting factor. This effectively @lls the user to adopt the design
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approach (advocated by strategic thinkers suchre®f (1991)) or the organizational
learning approach (advocated by Mintzber (1990)sfaategic thinking). The user can
first develop the system with the best availabferimation and then has the possibility
to enhance it further as knowledge about the subjatter increases. It would also be
possible to use the system earlier in the desigogss (with partial data) in order to

understand the complexities involved.

It is worth emphasising that in this ABM system thgthors are more interested in
exploring and tackling the technical problems resglfrom the complexity in policy
formulation and in showcasing the use of a compnat framework rather than in
exploring or simulating human behaviour in decismaking. Therefore, using agent
architectures such as BDI (Bratman et al., 1988Rad and Georgeff, 1995) or PECS
(Urban, 2000) is not the focus of this researctihoaigh they are relevant from a social

science perspective.

6.4. Conceptual Framework

In the ABM system, a Model Initialiser agent casr@ut the task of reading the required
information to generate different agents and devehetworks that represent the
interactions among them. Policy Packer agents rntaidce the selection of policy
measures to create the policy packages. Assegsntsaevaluate the alternatives based
on the given criteria, rank them at different hiehécal levels and provide real-time
feedback to agents to help them in their decisi@hking processes. When focusing on
the creation of policies rather than packages, tossible to use Policy Clusterer agents
to combine packages and finally have a higher E&oticy Selector agents that form
alternative future images using the outcomes frbe Rolicy Clusterers. Figure 6-2

illustrates a conceptual ABM framework for the fadation of policies.
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The initial data required are the details of thailable policy measures and their
interactions that are read from an Excel file argbtof preferences that are acquired

from the user as global parameters and throughla GU

/—[ Model initialiser

A
\

[ Policy Measures J [ Policy Packers J [ Policy Clusterers J ( Policy Selectors

\_ \ >( Assessor(s)
N

Y
. Package selection Cluster selection Development of
\-—>[ Network generation

Figure 6-2 Overall conceptual ABM framework for joglformulation

6.5. ABM Phases

Figure 6-3 illustrates different phases of the ABMplementation using the Repast

Simphony ABM Toolkit (North et al., 2005):

Pre-initialisation

'

Initialisation J

l

Iteration Step j<— X

!

No
|
Termination check /

Yes

B
E Post Processing J

!

e

Figure 6-3 ABM phases
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1) Pre-initialisation: in this step, the structuré the score file (the overall meta-
structuring of the agents, their properties, gmd global parameters (Figure 6-4)) is
developed and the runtime environment is set ue Repast Simphony’s runtime
environment contains a scenario tree that showsusaraspects of the system (data

loader, data sets, displays, charts, outputters;-etee Figure 6-4).

2) Initialisation: in the initialisation phase, tModel Initialiser agent is created. This in
turn creates various agents used in the systengnassheir properties and forms

networks of interactions among them.

3) Iteration steps: while the termination criterimas not been reached, different types of
agents perform their assigned tasks at each tiepe(stg. make decisions according to
their algorithms, pass on information to each qthssess different types of agents, etc.)

or perform special routines when conditions are. met

4) Post processing: in this step, analysis of tharts and data collected during the

simulation and the initial validation of the simtidm results are carried out.
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6.6. Details of the Agent-Based Approach

Repast Runtime (North et al., 2005) uses a met&isting file called the “score file” to

manage user-defined agents, their structural oglatand the global parameters used in

the system (Figure 6-4). Moreover, Repast Simpisomuntime agent editor provides a

range of facilities that includes:



(a) Creation, cloning and deletion of different typésgents during runtime;
(b) Provision of lists of existing agents and their mections;

(c) Selection of the agents and change of their pragseduring runtime;

(d) The ability to take snapshots or video while th&tam is running; and

(e) Creation or deletion of links between agents ifedént network structures.

The rest of this section details the four typeageénts used for the formulation of policy

packages:

* Model Initialiser: generation of the agents andedepment of the networks;
« Policy Packer: creation of policy packages;
« PPScheduler: scheduling of Policy Packer agentk; an

* Assessor: evaluation of the policy packages.

6.6.1. Initialisation Process and Model Initialiser Agent

The Model Initialiser agent is scheduled to startha beginning of the simulation run
and carry out the initialisation tasks. These udel the creation of the agents,
assignment of their properties, creation of netwodf interactions among policy
measures (i.e. network projections, created usheg lung Network/Graph Library
(O’'Madadhain et al.,, 2005)) and the definition &k tstructural relations between
different agents and networks in the system. Bwfiof the policy measure properties
and interaction data from the Excel files was earmut using the JExcel Java library
(Khan, 2004). Figure 6-5 depicts a simplified v@msof the initialisation process

carried out by the Model Initialiser agent:
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Policy Packer and PPScheduler

Policy Packer agents undertake the selection ofcypaheasures to create policy

packages. These agents can formulate policy paskaging only global parameters or



user inputs (in the interactive mode). The maskgsacarried out by a Policy Packer

agent include:

(a) ldentification and consideration of preconditions tbe policy measures under
analysis;

(b) Consideration of the different constraints imposedthe system through global
parameters or via the Contradiction and Potentait@diction networks;

(c) Utilization of the synergy and facilitation netwerko create synergy within the
policy packages;

(d) Utilization of user inputs during runtime for thermulation of policy packages;
and

(e) Assessment and update at each iteration step qioliey package properties based
on the policy measures they contain. This inforomais used by the Assessor

agent to compare the packages.

Each Policy Packer agent starts with a top measelezted on the basis of its ranking
score, which is calculated through a policy measarking methodology (Chapter 4
and Taeihagh et al. 2009b). It is possible foruker to add additional Policy Packer
agents to the system at any time. Policy Packentagcheck to see if the selected
policy measure has any preconditions and, in tke taat it does, they are added to the
package. In the next step, the highest rankedcyaineasure that has positive
interactions (synergy or facilitation) with the mseses in the package or its
preconditions is identified and added. This additfwith a variety of options available
to the user) can continue in successive iterattonsxpand the size of the packages,
allowing the user to experiment with different dgafations and to observe the effects

on the performance of the packages.
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Figure 6-6 depicts a simplified version of the dem process of the Policy Packer
agents in the interactive mode. It can be sedrctréain behaviours are executed when
a particular circumstance is reached. In thoseesashere distinguishing these
conditions is difficult, the desired changes in thehaviour of the agents are
implemented through “watchers”. Watchers triggerntan agent behaviours when an
expected circumstance occurs and can have compme®dsling and/or analysis
processes to identify these circumstances. Ftainos, one of these watchers monitors
the state of all the Policy Packer agents when #meyin the precondition analysis
phase. Once all of the agents have carried out phecondition analyses, the watcher
triggers a change in the state of the agent thawslit to consider other aspects of the
policy measure analysis. In addition, a PPSchedgent schedules the Policy Packer
agents in performing tasks that can be affectethbyorder in which the agents carry

out their assignments.

125



START

~ T

Add the
preconditions to
the queue to be
analysed in next

steps

Find preconditions
for the measure
under analysis by
checking the nodes
itis connected to in
the precondition
network

Yes

No

Beginning of Polic:
Packer’s Algorithm
in each iteration*

package is still
active

Yes

. Assess content . eck if there i eck if theren:
Initial - Check Cost > Check time > - N
o Preconditions No of the package contradiction in No a potential
precondition <Yes— threshold —No» threshold —No»r FA. ~
check? and update ; = the core of the contradiction in
check? . specified specified
properties packaget he package
No
Yes
Any policy Message user and
measure in the No Yes askwhattodo |[«—VYes
queue (deactivate/ignore)
[ Yes
N
Yes v Deactivate v °© No
package
Precondition check
for the policy Y
measure under Update the Acquire the . .
analysis penalisation data percentage the aauzaylhithe JASUILOOT the
(Used by Assessor package should be package should contradiction to the
) be penalised user by a message
S agent) penalised from user
Add the first element
N\ of the queue to the -
package and remove it No
from the queue
¥
Find top ranked d Byfl:usi:g"network
Acquire penalisation Yes ontradiction, No Check time/ No Contradiction measure and its at:/it':: Saner:eaf::res dd Synergy;
percentage from potential cont. cost>treshhold ) <— with core preconditions from Satt ;/Faciﬁ;/ation < (_ Facilitations to
user and apply ith measure specified measurest the pool of measures J’e eggin P he package?
Yes found in previous step P 9
¢ preference
No y
Y
Add the measure & &

its preconditions to

the package

Assess content
of the package
and update
properties

Message user

Remove the top (a

and ask what to
do

measure

No

Data

r

) €2

Reference

Legend

Figure 6-6 Simplified version of the Policy Packsetection process

*when there is a reference back to the start ofitherithm the continuation of the analysis hapgartee next iteration step.
tpartially implemente as the implementation does not make a differemageginly one contradiction relation existed in¢hee study.




6.6.3. The Assessor Agent

The Assessor agent evaluates the alternative pplankages based on two sets of
criteria: performance (Total Cost, Total Implensimn Time and Total Effect) and
implementation complexity (Public Unacceptabilityiechnical and Institutional
Complexity). Similar to the policy measure rankohgscribed in Chapter 4, the ranking
of the policy packages is carried out by the Asseagent using MCDA methods, i.e.
the weighted summation of the scores with respethe criteria specified by the user
through the GUI (discussed in Section 4.3). Thase&sor agent provides real-time
feedback to the user through the GUI, helping ity the more promising packages
and understand the implications of changes in miffepackages. Moreover, the scores
are communicated to the Policy Packer agents tp thelm in their decision-making
process. Figure 6-7 illustrates the Assessor &y#atvchart for the assessment of the
packages. The Assessor agent retrieves informagigarding the packages from the
Policy Packer agents and uses it to rank the paskaglrhe retrieved information

includes:

(a) Total Cost: sum of the cost of all of the policgasures in a package;

(b) Total Implementation Time: sum of the Timescaldroplementation (TI) and the
Delay (D) for the policy measures in a package;

(c) Total Effect: defined as summation of the valuetawmied from multiplication of
the Timescale of Effect (TE) of the policy measurgsheir Effectiveness (E); and

(d) In the case of Public Unacceptability, Technicalmptexity and Institutional
Complexity, the value associated with the packagie sum of the scores of the

individual policy measures it contains.

% It cannot be generically prescribed that all of godicy measures in a package can be implemented
concurrently (in parallel). Therefore, in the wars calculations related to timescales, the totaé t
required for implementation is the sum of the impdmtation times of the policy measures (i.e. theeup
bound of the implementation time).
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Figure 6-7 Simplified version of the assessmentgss applied by the Assessor agent

The ranking is based on the weighted summatiomefstores of the policy measures.
Weights used for the criteria in each set are §pdcas global parameters defined by
the user and can be changed at any time durinsjttgatiort’. All the criteria in each
set were assigned positive weights fixed to a s@ifl’®o Every individual criterion
within each set falls into one of the two categ®ridesirable’ or ‘undesirable’. A
criterion is desirable when a high score is consdidetter (e.g. Total Effect) and is
undesirable when a lower score is considered béteer Cost, Total Implementation

Time, Public Unacceptability, and Technical andtitnsonal Complexities). In the

19 The weights assigned to the criteria were basetherauthors’ judgment and expertise. The weights
used were: Performance ranking: Total Implememafiome 20%, Total Effect 40%, Cost 40%.
Complexity ranking: Technical Complexity 20%, Pgblinacceptability 40%, Institutional Complexity
40%.
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first set (performance criteria), a mix of desieabhd undesirable criteria is present. All

the scores were transformed to desirable by usi@gdciprocal of the values associated

with undesirable criteria (Grunig and Kuhn (2009))The resulting scores were

normalised and then multiplied by their correspagdiveight (see Eg. 6.1 for desirable

criteria and Eqg. 6.2 for undesirable criteria).

where;

sd(K):

where;

su(Kk):

_vd Chej ,
sd(k) = jzl(Zﬁ’:lcu X Wj) Eq. 6.1

Score of the policy packagevith respect to the desirable criteria
Number of desirable criteria

Number of policy packages

Score of the policy packagaith respect to criterion

Weight assigned to criteripn

1
su(k) = yﬂ(z”ckji xw,) Eq.6.2

i=1c; )

Score of the policy packageavith respect to the undesirable criteria
Number of undesirable criteria

Number of policy packages

Score of the policy packageith respect to criterion

Weight assigned to criteripn

The performance score is calculated by adding thieyppackages’ scores across both

desirable and undesirable categories. Hence,dleypackage with the highest score

in the first set is ranked as the top policy paekagterms of performance (Eg. 6.3).
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Performance score of the policy package k = sd(k) + su(k) Eqg. 6.3

As all of the criteria in the second set (implenagion complexity criteria) are
undesirable, there is no need to convert the uratdsicriteria to desirable and the
package with the lowest score (lowest level of claxipy) is simply the top-ranked

policy package with respect to implementation caxipy (Eq. 6.4).

Implementation complexity score of the policy package k = Z}’;l(% X Wj)
i=1"UJ

Eqg. 6.4

where:

m: Number of criteria

Cij: Score of the policy packaige@ith respect to criterion
p: Number of policy packages

w;: Weight assigned to criteripn

6.7. Visualization and GUI

Due to the level of complexity in the interactiomsmong policy measures in different
networks, provision for a variety of visualizatiarptions is essential. Different
visualizations illustrate the networks of policy asare interactions, and the policy
packages with the policy measures they containadtfition, various data sets are used
for collecting data from different agents in eatdration step. By using the data sets,
we can develop various charts depicting the evarudif various properties of the agents
during the formulation process, such as Perform&utge vs. Time, Complexity Score

vs. Time, or Performance vs. Complexity Score. &oaf the details of the
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visualizations are presented in the rest of thisice and the results of their application
are presented in Chapter 7. Figure 6-8 is a sshe¢rof the GUI of the system. Aside
from the simulation run options and global paramdtbs, a user panel is also
embedded in the same area (see tabs at the botttdme &eft panel) and a variety of
network visualizations and charts (central andtrigdéinels) are presented to the user
through the GUIL. The central panel in Figure 8h8strates the precondition relation
network among policy measures. All of the netwarlie be visualized using a variety
of network visualization algorithms, and networktadgnodes and edges) can be
manipulated by the user. The panel on the rightgmts the evolution of the policy

packages’ properties, which is updated in eachtitar step.
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Figure 6-8 Screenshot of the policy formulation GUI

The development of complex technical systems isnoftot the main expertise of
policy-makers. This factor should not be neglectdten developing DSSs in this
domain. As the experience of the authors shows&naortant factor in the acceptance

and use of such systems is their level of transggredomain experts should be
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empowered by the tools. This issue boils downédtiing policy-makers to trust that
there are no hidden parameters/features that dffeatutcome produced by the system
and that they are in control, not the machine. tHfaumore, another important feature
that helps in the adoption and use of the systesideafrom providing a detailed
explanation of the steps taken, is providing thiéitglio interact with the system. It is
essential to give policy-makers the ability to makanges to the assumptions and data
“on the fly” and offer various override featuresathallow the user to carry out
adjustments on different aspects of the decisigorahm. Providing the user with the
ability to intervene and make changes or providelli@ack can be crucial in those cases

where the policy measure’s properties or its resquants are context specific.

Aside from the features that Repast Simphony’simmmiagent editor provides (Section
6.6), a custom panel was added based on feedl@ukifie domain experts. This panel
provides detailed information about individual pag&s, the policy measures they
contain and those that are outside of the pack#geen a policy package is selected, a
list containing all of its policy measures is shoand, by selecting an individual policy
measure within the list, all of the interactions thht particular policy measure are
presented to the user. In addition, the abilityatlo/remove policy measures to/from

policy packages was added to the custom panel.

Moreover, an interactive mode has also been degdlopn this mode, agents rely on
the user input for a variety of decisions. Foitanse, when the cost, time or size of a
policy package has exceeded the acceptable thokshal potential contradictions exist,
the agents do not use the default values in thieslyand prompt the user for input on

whether to deactivate or penalize a package (avdhay percentage).
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The source code of all of the previously descridggects of the ABM approach and its
application in formulations polices for promotiofivealking and cycling is presented in

Appendix A.9.

6.8. Summary

In Chapter 6, the development of an agent-basedoapp to create a virtual

environment for the exploration and analysis ofedént configurations of measures for
policy formulation was discussed. An overview loé tABM paradigm was presented
and this was followed by the details of the systchitecture and the objectives of
using such an approach for policy formulation. dheceptual framework for using such
a system was presented and subsequently the detgdsding the implementation of
the system based on the framework and methodolatisesissed in chapters 3 and 4
were presented. The roles that different agents @ocesses play were illustrated.
Finally, the importance of the use of visualizatioand the GUI for supporting the
policy-makers in such systems were discussed. Mapt@r 7, we describe the
application of the ABM approach in the promotionvedlking and cycling in cities,

providing details of the input data and the resaitsieved.
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Chapter 7

Application of the Agent-Based
Approach in the Formulation of Policy
Packages for Promotion of Walking and

Cycling in Cities

7.1. Introduction

The importance and nature of transport policy makespecially difficult to address
(e.g. Ney, 2009). As mentioned in Chapter 5, ist@nable transport policy a major
objective is to facilitate a shift from the use afotorized to non-motorized
transportation, which can be translated as inangafie level of walking and cycling
(see for example Boarnet (2006) and Rietveld ancidd§2004)). The “Visions of the
role of walking and cycling in 2030” research pmbj€Tight et al., 2011) seeks to

develop and evaluate alternative visions in whididkimg and cycling play a more
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central role in urban transportation by the yeaB®0 It is understood that a
combination of policy measures (policy packaging)necessary to support the shift

from motorized to non-motorized transportation, ae increase in walking and cycling.

In this chapter, we describe the approach takepptying the development of a virtual
environment to build and assess policy packagesc(ied in Chapter 6) for the
promotion of walking and cycling (based on the ingata gathered in the second case
study in Chapter 5) and to observe the effectshainges and uncertainties on the
formulated policy packages. In Section 7.2, detailthe input data used by the system
are provided and Section 7.3 details the resuligeged from the implementation of the
agent-based approach to the promotion of walkirdg@ling in cities. In Section 7.4,

the conclusions are presented.

7.2. Input Data

7.2.1. Policy Measure Properties

Thirty-eight policy measures that promote walkimgl @ycling constitute the core of the
library of policy measures used in the system. fdpository was created from the
Visions 2030 project (Tight et al., 2011) througk participation of domain experts and
the use of scientific literature. These policy swas have different natures and
characteristics; some can be expressed quantliativet the majority are of a

gualitative nature. These properties and theiessaent were discussed in detail in

Section 5.3.2:
« Cost (C) * Timescale of Effect (TE)
e Effectiveness (E) *  Technical Complexity (TC)

e Timescale of implementation (TI) Public Unacceptability (PU)
* Delay (D) * Institutional Complexity (IC)
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7.2.2. Policy Measure Interactions and Initial Ranks

As described in Chapter 4, once a library of pohlegasures and their properties have
been developed, the first step in the analysis &udy, identify and formalize relations
that capture the policy measure interactions. Fypes of interactions between the
policy measures were identified: Precondition, Ration, Synergy, Potential
Contradiction and Contradiction (see Section 4f8rldefinitions). The classification
of the policy measures’ interactions was carrietliyudomain experts and stored in an
adjacency matrix in an Excel file (see Section2).3.The multi-relational adjacency
matrix is read from the Excel file and, during timtialisation phase of the ABM
system, used to form network structures which @mtail a single type of relation (in
the case under study, five networks). These nésvare visualized and used in the
formulation and analysis of policy packages. Thekrof the policy measures is

obtained during the initialisation step and is usedifferentiate between them.

7.3. Results from the Application of the Agent-Based Apmach

7.3.1. Development of Policy Packages

The ABM system provides a virtual environment wtle ability to explore, formulate
and analyse different configurations of policy meas in order to build policy
packages, and to test the effects of changes noatte tpolicy packages. The outputs
from the ABM are the formulated policy packagesjohitan be used independently or

in the development of wider policies that addressmbler objectives.
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Figure 7-1 is an illustrative example of a set ofigqy packages that have been created
by the system. Each green circle represents ayPBacker agent and the blue circles
connected to it represent the policy measuressisbéected to build a package. In order
to simplify the explanation and visualization oétholicy packages in this example, the
number of policy packages has been limited to &nd the number of time steps to

three. Table 7-1 presents the top policy measures.

Package 5 ) R -
Policy measure 11 Strict liability legislation

Policy rgasure 5 Opt-out travel training for all school chilkdren

Policy measure 21 Community leisure walks and bicycle rides

Policy measure 26 Mand{ ‘core’ WaC networks

Policy measure 35 Private motor

>0

Pdlicy measure 14 Green belt

Pdicy measure 16 Mandator@igqg fencing of WaC funds

Policy measure 18 Removal of *

Package 2

Package 1

Figure 7-1 A sample of policy packages createchbyRolicy Packer agents
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Table 7-1 List of top policy measures used by RdHacker agents

Policy Packer 1, holicy measure in the package

number
1 Policy measure 28 City-wide 20mph speed limit
2 Policy measure 16 Mandatory ringfencing of Wafdf
3 Policy measure 14 Green belt
4 Policy measure 18 Removal of 'rat runs' for miatat vehicles
5 Policy measure 11 Strict liability legislation

For example, policy measure 14 (“Green belts”)he starting point of Package 3
because it is the highest-ranking measure availalfier the first two have been used to
initialise packages 1 and 2; different policy payg® may contain common policy
measures, but we preferred to initialise the fiaekages using a different policy
measure). Policy measure 14 is ranked highly tmxaof its low cost, high

effectiveness, high duration of effects after impdmtation, and because it has no
preconditions. It is evident that the introductioihgreen belts can play an important
role in the promotion of walking and cycling as yth&top the expansion of cities and

thus help in stopping the increase of average ltdisgances.

Other measures are then added to the package bettas either have synergy or
facilitation relations with the policy measuresealdy in the package. Policy measure
35 (“introduction of private motor vehicle ownerghestrictions”) was selected on this
basis. Policy measures added to a package arkechéar their preconditions and, if
such relations exist, they are also added to thekgmes. Policy measures 26
(“Mandatory ‘core' walking and cycling networksfidal (“All public transport fully
accessible”) were identified as preconditions tbgganeasure 35 and thus were added
to the package. This process is carried out itergt until no further precondition
exists for the measures within a package. It ighie reason that policy measures 16
(“Mandatory ringfencing of WaC funds”), 23 (“On-mbacycle paths”) and 24
(“Pavement widening”) were added following the didai of policy measures 26 and 1.

Lastly, after addition of policy measure 35 andgteconditions, the next best policy
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measure with synergistic relation is policy meas28e(“20 mph speed limit”), which
has no preconditions. A 20 mph speed limit makesafer to walk and cycle and

discourages the use of private vehicles.

Figure 7-1 also illustrates that packages 1 andn4erged and are identical. Package 1
was started by considering policy measure 28 (“@itye 20 mph speed limit”) and
package 4 by considering policy measure 18 (“Remo¥drat runs' for motorized
vehicles”). After the selection of the top policyeasure, the Policy Packer agents look
for synergistic relations with the top policy measuand choose the highest ranked in
order to enhance the package. The top policy mesdgar both of these packages are
synergistic and thus they are added (i.e. policpsuee 18 is added to package 1 and
policy measure 28 to package 4). Furthermorehenext iteration step both packages
have had the same set of synergy options and Heseie policy measure 23 (“On-road
cycle paths”) to be added to their packages. Assalt, these two packages have

converged to the same set of nodes.

Finally, in the case of policy package 5, policyasiere 11 (“Strict liability legislation™)
constitutes the core of the package and policy orea21 (“Community leisure walks
and bicycle rides”) and 5 (“Opt-out travel trainifay all school children”) have been

added because of their synergy with policy measfre

7.3.2. Visualization of the Assessment Data

As described in Section 6.6.3, at every iteratitap $he Assessor agent calculates the
performance and complexity scores of the packadégures 7-2 and 7-3 present the
evolution of the performance and the complexityres®f the five policy packages over
a short number of iterations. Figure 7-2 shows the addition of policy measures in

the second iteration greatly increased the perfoomaf policy package 3. However,
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further additions in the third iteration decreastsdperformance. Figure 7-3 shows a
monotonic increase in the complexity of all polggckages. It can be seen that while
addition of policy measures to package 3 in theomséciteration increases the
performance of the policy package, it also greatiyreases the complexity of this
package in comparison to other packages. The ehanghe ranking of the policy
packages is dependent on the policy measure beldgdato the package at each
iteration step and on its requirements (preconaio Not all of the policy packages
behave in the same way. The addition of a syncgislicy measure to policy package
5 in the second iteration step decreases its peaioce score but increases its
complexity (although only very slightly).
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Figure 7-2 Package Performance Scores
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Package Complexity Scores Time Series
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Figure 7-3 Package Complexity Scores

Package 2 is a special case. Its top policy meadaes not have preconditions or
synergistic relations. Therefore, it has remairssdiated. Although it is evident that
policy package 2 has had no addition of policy mess during the iteration steps
(visible in Figure 7-1), it had a change in perfarmoe. The reason is that the
performance score of the policy packages is redatoy other packages. Figure 7-4

illustrates the complexity versus the performaraes for the packages.

Unlike performance scores, the complexity scor@sardy increase with the addition of

policy measures. The best policy packages willdsated in the bottom right corner,
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where performance is at the maximum and complaxityymum. This visualization
enables the user to quickly identify the effectoblanges to the packages and the
package “sweet-spots”. Using this and other relewaformation, experts can form
better opinions on the optimal size of a packadfeis evident from Figure 7-4 that
policy package 3 has the highest performance inpaoison to other packages but that
this comes at the cost of an excessive level dtuti®nal complexity. Furthermore, by
analysing the final step, it is evident that it lsasegative effect in the performance

score and also results in an increase of the cositplef the package.
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Figure 7-4 Complexity Score vs. Performance Score

In order to provide more visual cues, the perforoeaand complexity scores can be
incorporated in the visualization of the policy kages. The size of the green circles
(Policy Packer agents) in Figure 7-5 is adjustesedaon the performance scores of the

individual packages. The size is based on a ggédictor. For instance, a scaling factor
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of 15 would result in the Policy Packer with thg@tmest score having an icon size 15

times the smallest one.

7.3.3. Scalability of the System

One of the benefits of using the system is theitglid analyse and explore a larger
number of options in parallel at no extra costjisashown in Figure 7-5. This is
particularly important in tasks such as policy fatation where complex interactions
exist and experts are not able to recall all thesiat information at the right time and
have difficulties judging the effects of changeste data. A support system such as
the one discussed in this thesis can play a crugi@lin providing real-time feedback to
the user and help in comparing different policy kzages and identifying optimal

configurations.
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Figure 7-6 highlights how the visual cues and #exlback from the Assessor agent can
be used to inform the experts exploring large andémplex sets of policy packages.
The visualization was done using the Fruchtermath Beingold algorithm (1991),
which positions the most connected nodes in th&eaf the visualization. The policy
measures (blue nodes) that are highly connectatiegdPolicy Packer agents (green
nodes) are placed in the centre of the networky thlay a crucial role in the
implementation of a large number of policy packageBor example, pavement
widening is one such policy measure that has betected by half of the policy
packages in Figure 7-6. In turn, Policy Packemégégreen nodes) that are centrally
located depend on a larger number of policy measamd typically have a high level of
complexity. As mentioned eatrlier, the size of ¢jneen nodes (policy packager agents)

Is dependent on their performance scores.

Use of the Fruchterman and Reingold algorithm (}9@hen large numbers of
packages are under analysis helps in identifyimgdhthat are closely related to each
other and share similar nodes. A look at the upfgt corner of Figure 7-6 very
quickly identifies two packages (6 and 9) that helentical scores (sizes) and contain
the same policy measures. On the left side, pask8g18 and 15 are closely related;
however, in this instance it is evident that paeka§ has the lowest performance score.
The complexity vs. performance chart correspondimghe data on Figure 7-6 is

included in Appendix A.10 and illustrates the dymesyof the formulation process.
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7.3.4. User Panel and User Interaction

Additional information about individual policy paafges and full details of the policy
measures within and outside each package can lametitusing the custom-defined
user panel. Figure 7-7 illustrates the use ofllser Panel in the analysis of policy
package 17 (as shown at the centre of Figure AB)f the policy measures within the
package are displayed and, by selecting an indiViduae, it is possible to probe its

relations in the five pre-defined networks. Polipgckage 17 has seven policy
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measures, and Policy Measure 35 (“Private motoicielbwnership restrictions”) does
not have any contradiction or potential contradictirelations; however, it has two
preconditions, ten synergies and one facilitatigkt. the bottom of the User Panel, a
Legend button will display the full details of apglicy measure (i.e. full name, ID,
properties and score) and there is also a faditityadd or remove policy measures

to/from policy packages manually.

 User Panel =B
PP to analyse: :Padcage 17 « ‘ W
’ Scores of PMs outside this package I

Policy measure 24 Pavement widening

Policy measure 16 Mandatory ring fencing of WaC funds
PMin the package: Policy measure 23 On-road cyde paths
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Policy measure 1 All PT fully accessible
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Figure 7-7 Package analysis and manipulation irdger Panel

146



As illustrated in Figure 6-6, at different stagdseach iteration step Policy Packer
agents perform a set of operations to check thkiliaof the policy packages they
have created. These examinations include chectteg cost, time required for
implementation and the existence of contradictionpotential contradictions. In the
default mode, the Policy Packer agents perform s@uions based on global
parameters provided by the user. These actions imayde notifying the user,
rejecting the addition of a policy measure to akpge or penalizing the score of a
policy package. Under the interactive mode, tratesy relies on the user’s judgement
for performing these critical steps. For instantghe maximum cost allowed in a
package is exceeded, this will result in dialogaleirt Figure 7-8 being presented to the
user. If contradictions exist within the core opackage (top policy measure and its
free of preconditions), the package will be deattd. In the case of the interactive
mode, a message similar to that seen in Figuréaj-B presented to the user, who can
then decide whether to keep the package or degetivaln cases where contradiction
appears due to the addition of new policy measinaswithin the core of the package),
the system can skip those policy measures or seeértejudgement (depending on
whether the default or the interactive mode has lsstected). In all the cases when
potential contradictions arise within the packaties score of the packages can be
penalized by a default percentage based on the enoflpotential contradictions or, in

the interactive mode, based on user input as sloWgures 7-8 (b) and (c).

choices X|

Should Package 3 be removed (exceeds maxPackageCost) ?

Yes | Mo | | Use default I
(a)
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x|

0 Policy measure 24 Paverent videning and Policy measure 23 \Dn road cycle pachs” hAw: a ypotential contradiccion in Package 3

Policy measure 23 On-road cycle paths and Policy measure 1 Axl PT fully acce-:xble have a potential contradiction in Package 3

Should Package 3 be penalised?

(€)

Figure 7-8 (a) Notification of a policy package egding the maximum allowed package cost (b)

Notification when potential contradictions existtive package (c) User input for package penalisatio

7.3.5. Real-time Feedback and Design Exploration

In order to explore certain aspects of a formulatelicy in traditional policy-making,

the relevant information can often be obtained aftgr a long period of time and by
investment of significant effort. We need to sfgaintly reduce the time and effort
required for such analyses, which in turn will allexploring a larger portion of the

design space and thus improve understanding otfileets of the choices at a finer

granularity. The disconnect between various aspactl phases of analyses has to be

resolved, as it is important to see the effecthef thanges not only on the immediate
issues they affect but also on the overall syst&¥ith such facilities, experts can gain
immediate feedback and visual cues when changesnade and they can better
understand the effects of their decisions with madi effort, which in turn will further

encourage the carrying out more detailed analyses.

The agent-based system can assist experts in gxpliifferent aspects of the packages
or policy measures and provides them real-timeldaekl The system can support

changes to the properties of the policy measurdgoatheir interactions, the manual
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addition or removal of policy measures to/from eliént policy packages, or changes to
the criteria weights assigned for the assessmetiteopackages during runtime. The
effects of these changes can be immediately obs$ervahe next iteration step in

various charts and visualizations.

For instance, Figure 7-9 is the visualization & folicy package scores from Figure 7-
1 scaled according to the default criteria weigit8% Cost, 20% Timescale of
implementation and 40% Total effect). These weaiglan be changed during runtime.
In the next iteration step after a change of weigtiie Assessor agents carry out the
comparison among packages, re-evaluate their packagores and various
visualizations are updated. By coupling the ragkmethodology, the selection
algorithm and the visualization of the resultsthits becomes possible for the user to
immediately observe the effects of the input patense(in this instance criteria
weights) on the system. Figure 7-10 is a visuabnaof the performance scores based
on updated values for performance criteria weig@®&% Cost; 10% Time scale of
implementation and 70% Total effect). In Figur®,7Package 2 (which only contains
one policy measure) has a similar score to paclafeith a much larger number of
policy measures). This is because a weight of 40%he performance score is highly
favourable to small packages with low costs, siglpackage 2. However, when cost
only accounts for 20% of the score, the performarigeackage 2 decreases (see Figure

7-10).
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Opt-out travel traning for all school chidren

Package 1

Figure 7-9 Policy packages performance scores baseéfault criteria weights: Cost (40%),
Time scale of implementation (20%), and Total &ffd©%)
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Figure 7-10 Policy packages performance scoresimasenodified weights: Cost (20%), Time
scale of implementation (10%), Total effect (70%)

7.4. Conclusions

The complex nature of many policy problems is mgkihe task of policy-making

increasingly difficult. Our efforts are focusedMards developing methodologies and
support tools to improve policy design and formolat We have explored the potential
of applying an ABM system as a virtual environmiamtthe exploration and analysis of
different policy measure configurations in orderftsmulate and assess alternative

policy packages for the promotion of walking andlimyg in cities.
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The agent-based approach utilizes information alfoaitinternal properties of policy
measures, their interactions with each other, dnder preferences for the analysis and
formulation of policies. The agent-based approatdiegrates techniques such as
conceptual design, network analysis and MCDA, affdr® an interactive mode in
which agents rely on user input for a variety ofid®ns. The approach enhances the
ability of policy-makers to systematically considefarge number of policy measures,
configure and analyse different policy packages ishorter period and at a greater
depth and provides real-time feedback and a vaoétyisualization options to help
them grasp the implications of their choices. Pphgiose of the research is to facilitate
the design of policies and help in forming moreeefiive, synergistic and reinforcing
policies while avoiding internal contradiction. i# based on ideas that originate in

engineering design and complexity science.

7.5. Summary

In this chapter, we described the approach takerapplying the methodologies
described in Chapter 6 for the development of tuairenvironment to build and assess
policy packages for the promotion of walking analig in cities based on the input
data gathered for the second case study (Chaptéris) implementation details and the
data used were illustrated, followed by the resiutimn the system. The advantages of
using the agent-based system in the developmerdlioly packages (i.e. providing real-
time feedback, various visualizations and chartpaading the portion of the decision
space considered, and providing user interacti@rewresented. Finally, conclusions

were provided.
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Chapter 8

Conclusions and Future Work

8.1. Summary
8.1.1. Background and Motivation

The complex nature of many problems is making dis& bf policy-making increasingly
difficult and requires the development of new methdo assist policy-makers in
making choices and decisions. There is a consem®swsg experts that due to these
complexities, most policy problems can only be appately dealt with through a
range of different policy measures (i.e. a poli@ckage). However, this requires the
consideration and assessment of numerous optionmficy action and the processing
of a vast amount of relevant information in ordemiake an informed decision. The
use of computational approaches is essential teidena larger portion of the decision

space and to fully utilize the knowledge and exgrere of policy-makers.

8.1.2. Goals of the Research
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The purpose of this research is to facilitate thsigh and formulation of policies by
developing methodologies and support tools. Thidane by using knowledge gained
in other fields that address design issues in dasinvay to policy design. In particular,
our ideas originate in engineering design and cerigyl science and our focus has been
especially directed towards the similarities betwpeocess and policy design with the
specific aim of introducing a new framework andteggatic thinking to the problem of
policy formulation. The purpose of these approadhdo accelerate the task of policy-
making and to help in forming more effective, sypstic and reinforcing policies while

avoiding internal contradictions.

8.1.3. Deliverables and Contributions

A six-step framework (Chapter 3) and a set of mawhmgies based upon it (Chapter 4)
that allow a systematic approach to the synthesis anfiguration of policies have
been implemented in two case studies (Chapter H)ey have then been used for
development of a DSS that aids in the developmérgoticies (Chapter 6) and an
example of its implementation (Chapter 7). The hndblogies developed for the
analysis and ranking of policy measures for thenfdation of policy packages were
applied to two case studies aiming to reduce eansdrom the UK transport sector and

to promote walking and cycling in cities.

An innovative aspect of the research is the dédimiand classification of five types of
relations between policy measures (preconditiorgilifation, synergy, potential
contradiction and contradiction) and their applmatwhen selecting measures for
implementation. Using libraries of policy measurethe two case studies, we explored
these relations among policy measures and five arésvof policy measure relations
were created in each case, with policy measure®dss and their interactions as the

edges.
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A policy measure ranking and assessment methodolegy developed to enable
quantitative comparison of the policy measures smdssist in their analysis and
selection for implementation by relying on the épgion of network theory and

MCDA approaches. Moreover, network visualizatiamsre carried out to help the
experts in better grasping the interactions amarsiggypmeasures. The visualizations
allow gleaning a large amount of vital informatityom the policy measure networks,
which might have been overlooked otherwise simplg ¢tb the difficulty in grasping

the multiple links between policy measures.

Overall, the analysis in both case studies sugglestBamework and the methodologies
are useful in dealing with a large number of polegasures (123 in the first case and
38 in the second), which already represent a maiget portion of the decision space
than would otherwise be considered. The methodgdogllow policy-makers to the
systematically consider a large number of measuratealing with a specific policy
objective and take into account additional inforimrat(e.g. relations between measures
and implementation attributes), going beyond tihaditionally considered while also
simplifying the analysis through visualization arahking. Consequently, this allows
policy makers to gain a better understanding of pwential effectiveness and
implementation complexity of each measure, on s and when considered together

with other measures within a policy package.

Furthermore, a unique working prototype DSS has lieseloped. We have explored
the potential of applying an ABM system as a virteiavironment for the exploration
and analysis of different policy measure configora in order to formulate and assess
alternative policy packages. We have applied theocase of the promotion of walking
and cycling in cities. The agent-based approaitizag information about the internal
properties of policy measures, their interactionthweach other, and user preferences
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for the analysis and formulation of policies. ntaegrates techniques and methodologies
developed for the analysis and ranking of policyasuges and offers an interactive

mode in which agents rely on user input for a \tgrod decisions.

Considering the vast amount of information avagadéhd recognizing the high level of
complexity in the policy measure networks, the ptyjge DSS further enhances the
ability of policy-makers to systematically considlee large number of policy measures,
configure and analyse different policy packagea shorter period and in greater depth
and provides real-time feedback and a variety stialization options to help them
grasp the implications of their choices. Furthemna trend in decentralization is
apparent in the medical field with the introductiom tailor-made diagnosis and
treatment solutions, in the energy sector through introduction of small-scaled
decentralised power generation units, and in tHeyoealm by empowering the city
councils and local authorities in decision-makingJse of DSS systems can help

decentralised decision-making.

Overall, these methodologies and the support taal iocrease understanding of the
analysis and its results and thus the level of Wedge utilization’ in the policy

process (Landry et al., 2001). The proposed metlhod the computer implementation
are fundamentally different from the tools commoniged in the transport sector
specifically and in policy-making in general. Asch, they complement (not substitute
nor compete with) existing mathematical modelliogls. The methodologies and tools
are intended to support policy-makers. These é¢xpee still needed to ‘bring together’
the understanding gained from considering sepgragelch of the networks and
combining this with information on the charactedstof each measure, experimenting
with and analysing different configurations of tbegolicy measures. It should be

emphasised again that the DSS described in thésstieintended for the generation of
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different alternatives and their initial screeniagd not for their evaluation (e.g. via

simulation).

We believe that the development of tools that alkhw quantitative assessment of
policy merits is a significant step towards a marstematic approach to policy
formulation. The results have the potential toeta@te and significantly improve the
design of policies through the use of a computationethodology. In so doing, they

clearly improve a policy’s chances of success.

The contributions of the thesis (with transporthescase study) are:
a) A fresh contribution to the methodological dewshent of policies and
demonstration of the usefulness of computationgbregches in addressing the
complexity inherent in the formulation of policies.
b) Development of a new framework for policy formtibn which has the potential to:
(i) Accelerate the design of new policies and thdating of existing ones;
(i) Improve the chances of policy success throtigh exploration of more
alternatives for target achievement through theegsion, representation and
evaluation of alternatives and support to the enahary nature of the design by
incremental operation; and
(i) Facilitate the specialized development ofngport policies for different
regions and points in time and provide supporthi@ integration of different
systems, tools and information for decision-making.
(c) Application and integration of network analystechniques for improved
visualization and ranking of policy measures inploécy formulation process.
(d) Development of a more holistic approach to iowerthe quantitative assessment of
the merits of policy measures and packages, thasidgring not only their internal
properties but also their interactions.
(e) Development of a novel ABM approach for therfatation of policies that:
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(1) integrates the results from network analygsid policy ranking;
(i) provides a virtual environment for the ex@ton and analysis of different
configurations of policy measures in order to bpiddicy packages; and

(i)  tests the effects of changes and uncerisnihile formulating policies.

8.1.4. Scope and Limitations

There are three possible bases for comparing thatseof a model during its validation:
(1) with respect to the real system; (2) with resge the results of another model; and
(3) with respect to what would be expected by theeés in the specific field (North
and Macal, 2007). With regard to policy formulatiand design, it is not possible to
compare the results with respect to the real systasnthis would require the
implementation of the policies beforehand. Fotanse, in the study undertaken, which
deals with promotion of walking and cycling by tyesar 2030, this would imply waiting
for two decades to compare the predicted resuits) fthe DSS with a real system
implementation. As this work is first of its kindther methods and models cannot be
used for its validation. Therefore, in this thesi® validated the results by seeking
expert opinion from transport policy experts. Tisign line with the survey by Heath et
al. (2009) that shows 95% of agent-based modetiproaches employ expert opinion

as the primary form of validation.

The first case study was carried out initially igplkere some of our ideas using the data
from the VIBAT project (Banister and Hickman, 2006While carrying out the study,
the results were shared with the experts at thesp@t Studies Unit of the Oxford
University Centre for the Environment. The expagseed with the approach taken in
the development of the policy formulation framewakd the methodologies based
upon it at the time and realised there were aspctise policy measures which they
had not thought about or considered before usiegrtethodologies. In particular the

simplicity of the ranking approach while takingardccount various aspects of policy
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measures that traditionally were neglected, thegoaf the visualisations and different
visual cues in helping the experts in identifyiragtprns, gaps, outliers and clusters, and
the advantages of the decision aid tool were apgezt This resulted in a close
collaboration with the Transport Studies Unit ahd tarrying out of the second case
study on the promotion of walking and cycling, adlvas adoption of the approaches in
the ongoing OPTIC (2010) and Visions (Tight et &011) EU and UK projects.
During a period of more than two years, the methagles and the support system were
validated by experts involved in these projects ahd results were verified.
Furthermore, alongside numerous presentations amdlicptions, a number of
workshops were conducted to gain feedback fromragkperts and further validate the

work (see Section 1.4).

We believe that this research constitutes the &tep towards the development of a
general family of computer-based systems that sugbe design of policies. The
framework, methodologies, and decision aid tool lzased on the analysts’ expertise
and have been successfully applied to the transeator. The results demonstrate the
use of computational approaches in addressing tmaplexities inherent in the
formulation of policies. We believe these appr@aclre generic in nature and are
applicable to different domains (transport, eneffged, health, water, etc.) aiming to
achieve environmental, security, health or safetygdts for different policy
circumstances (international, regional, nationalunibipal, etc.). It is worth
emphasising that as Banares-Alcantara (2010) poutswe should not be under the
illusion that these approaches can always be aecuva complete due to the
intrinsically unpredictable nature of some of thestems. However, even in such
systems these approaches can be useful as thefpe@@arus in better grasping the

complexities involved.
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The development of the framework, methodologies desion aid tool has a number

of limitations. These include:

1. Policy measure assessment and ranking:
Assessment and ranking of the policy measure aokbgas was done by MCDA using

a weighted summation of the scores; this methodeagnhanced.

2. Policy measure network:
The policy measure networks analysed in this thegaot weighted, which means that
all relations are equal. By switching to weighteetworks the importance of the

relations among policy measures can be betterrdiiteated.

3. Policy measures:
We only considered policy measures that directligcfthe policy goals (primary
measures). However considering non-primary pal@asures can also be beneficial,

e.g. if they support the implementation of primangasures.

4. Goals:
Currently only a single type of a goal is considene this research. Consideration of

multiple goals and the trade-offs between themerdrance this work.

5. Stakeholders:
Currently we assume that the data provided to yetem is based on consensus (which
has been the case in the case studies). Howeveases where such consensus cannot

be reached having the ability to consider multgibkeholders would be beneficial.
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8.2. Future Work

The work presented in this thesis has introducednaber of original ideas that can be
enhanced and expanded in further research. Theamanues to explore to improve

this research are:

1. Policy measure assessment and ranking:
In this study, MCDA was carried out by summationtloé scores, as the focus of this
thesis was on the development of the methodologytlie assessment of policy

measures. More suitable MCDA techniques couldibatified and adopted.

2. Switch to a weighted network:

In this thesis, the relations between policy measedges) are not weighted. A switch
to a weighted network would result in differentoatiof the level in which measures
relate to each other, thus better capturing thelifeanteractions among the measures.
However, the extent to which a relationship cargbantified, e.g. the degree to which
facilitation can increase effectiveness, is questibe. That said, if models exist that
could provide estimations of the effects (e.g. houch measure X is likely to facilitate

measure Y), such information should be considerdte analysis.

3. More detailed network analysis:

The community structure analysis has resulted senkations that could improve the
understanding of domain experts during the desigh farmulation of policies. The
area of network analysis is rapidly advancing atehapts should be made to utilize its
latest advancements. Future work should try torimarate in the algorithm the internal
properties of the policy measures in addition taeirthstructural interactions.

Furthermore, several other network features, ssctolaustness, eccentricity and graph
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colouring, can also be investigated for potentsd in the refinement and evaluation of

policy alternatives.

4. Integration with GIS:
At present, the extent to which a policy measureniglemented (for example, the size
of the area covered by a new bicycle hire schemapi accounted for, although it will

of course affect the implementation complexity &kl of effectiveness.

5. Consideration of non-primary measures:

The methodologies developed only deal with the prinpolicy measures. The non-
primary policy measures (measures that are nototegdo directly affect the policy
objectives, but are expected or anticipated toea®e the efficiency and success of a
policy package by facilitating its implementatioogn also be included in future
analyses. Such measures can have positive effigcteducing unintended effects

and/or increasing their level of acceptability.

Furthermore, the generation and evaluation proesdof the ABM system could be

improved by considering:

6. Temporal analysis:

Detailed consideration of the temporal aspectsotitigs has not been the focus of this
thesis. It is important to address the temporaineints and consider the effects of a
failure or a delay in the implementation of a measteplacement of a measure with a
new measure with different characteristics, oruf&lto take account of the risks and
uncertainties that could affect the policies. H®ffect of such occurrences could be
analysed on other policy measures and on the dyeiady. As a result, the robustness

of the envisaged alternatives with regards to swchirrences can then be examined.
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7. Multiple goals:

The current prototype only considers a single typa goal relating to the promotion of
walking and cycling. Exploring multiple competiggals and considering their effect
on the ranking and development of policies is ingoa; as in such a case policy
measures might contribute to or adversely affefferint objectives in a different
fashion. The goals may be formally defined usimgethod similar to the one proposed
by Hashmi et al. (2003), were each goal has a nuofiggroperties such as a reduction
target, a desired time frame for implementatioleval of priority, and a context for the
actions. The system will examine policy measuresaill try to match them with the
properties of the goals. Furthermore, the priootythe goals will be utilized in the

evaluation of policy alternatives.

8. Consideration of multiple stakeholders:

Currently, we assume that their differences arelved before the data is provided to
the system. The development of a methodology ¢basiders multiple stakeholder
involvement in the policy formulation process isidable. Furthermore, future DSSs
could be enhanced so that they could be used farvimg non-specialist users, in

particular the people that get directly affectedliy policies.

9. Exploring the possibility of integrating the systemwith evaluation models:

This can be achieved by finding suitable simulatimrdels and feeding them the results
from the system, running them to see the effectthefproposed alternatives. The
process can be carried out to find out the trade-affdifferent policies, using external

systems alongside the internally developed asseggeahniques.

10. Exploring the use of ontologies:
An ontology is a formal, machine-readable and exphepresentation of knowledge
about a domain in terms of concepts (classes asinoes) and different types of
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relationships among them, resulting in a richlyermbnnected network structure. In
simplistic terms, ontologies can be seen as exiessiof the object-oriented

representation. The use of ontologies (Uschold @ndhinger, 1996) is advantageous
for the DSS due to features such as the abilityefmesent concepts, their properties,
and their relations. Moreover, the possibilityusiing abstraction and scaling on the
ontology because of the existence of hierarchiesfisther advantage. Transition from
databases can be achieved by the development ofogids for the domains of

transport policy and environmental targets, fotanse in the case studies in this thesis.
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Appendix

A.1 MCS Code for Sensitivity Analyses
MCS runs for sensitivity analysis to input data &performed by changing the number
of matrix manipulations and number of simulationgun different scenarios in Section

5.2.5 by using the following Visual Basic Macro eod

Sub MCSAnalysis()

‘number of matrix manipulations
changes = 159

‘number of simulation runs
numberRuns = 1000

'in each iteration randomize the matrix, obtain and store 'the results
due to changes
For m = 1 To numberRuns

‘clear matrix
Sheets("Overall").Select
Range("D4:DV126").Select
Selection.ClearContents

'update cleared matrix based on the data
Sheets("Backup").Select
Range("D4:DV126").Select
Selection.Copy
Sheets("Overall").Select
Range("D4").Select

Selection.PasteSpecial Paste:=xIPasteValues, Op eration:=xINone,
SkipBlanks _

:=False, Transpose:=False

‘create random numbers for randomizing the matrix
Forn =1 To changes

i =Round(123*Rnd + 1) + 3

j=Round(123*Rnd + 1) + 3

k = Rnd
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‘randomize the matrix

Sheets("Overall").Select

If Cells(i, j) <>"0" Then

Cells(i, j).vValue = "0"

'‘MsgBox "Removed now is empty!"

Elself k < 0.1499051233 Then

Cells(i, j).Value = "P"

'MsgBox "Added P"

Elself k >= 0.1499051233 And k < 0.89943074 Then
Cells(i, j)-Value = "F"

‘MsgBox "Added F"

Elself k >= 0.89943074 And k < 0.9658444023 Then
Cells(i, j).Value = "s"

'MsgBox "Added S"

Elself k >= 0.9658444023 And k < 0.9990512334 Then
Cells(i, j).Value = "PC"

'MsgBox "Added PC"

Elself k >= 0.9990512334 Then

Cells(i, j).Value ="C"

‘MsgBox "Added C"

End If

'store the results from randomizing the matrix
Next
Sheets("Index-Combined").Select

Range("AA5").Select

Selection.Copy

Cells(4 + m, 30).Select

Selection.PasteSpecial Paste:=xIPasteValues, Op eration:=xINone,
SkipBlanks _

:=False, Transpose:=False
Cells(4 + m, 29).Value = m

Range("AB5").Select
Selection.Copy
Cells(4 + m, 33).Select
Selection.PasteSpecial Paste:=xIPasteValues, Op eration:=xINone,
SkipBlanks _
:=False, Transpose:=False
Cells(4 + m, 32).Value =m

Next

End Sub

A.2 Assessment of Policy Measures in the First Giaady

The details of the assessment of the policy measurethe first case study are
presented. The first case study’s Excel workbdwets are well above 100 pages long
if printed. Therefore, the actual files with thelipy measure relations adjacency
matrix, various decompositions based on the ma#tix, are available on the internet

addresses provided in Appendix A.9 along with ABMdwal.
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PM Basic Data Index Based on Preconditions
. Timescale of & nom-  Utility Value of Utility Value of Utility Value of Network  Primary Combined
PMID Policy Measure Effectiveness impl = Cost norm-P<in norm-P-out B Cost Effici Time s s Indx
04 04 02 04 04 02 02 08
y  Sencwdefor amimions. noise and 3 2 1 0043 00081 00807 0.0083 oo118 0003 00331 00076 00127
2 Fuel quaity standards 3 2 1 00380 00082 00000 00150 oo11g 00067 00185 00130 0.0141
Altemative fuel research and
3 3 2 2 00000 00082 00000 00020 00118 00067 00033 00098 0.0085
development
Efficiency improvement of materials
ey o o) 2 2 1 00000 00082 00000 00150 00070 00007 00033 00114 0.0068
Dematerialisation of products and
5y 3 2 1 00000 00082 00000 00150 o018 00067 00033 00130 00111
8 Vehicietestcycies 1 2 1 00127 00081 00022 00080 00038 00048 00088 00057 0.0083
7 Enforcement and monitonng 2 2 1 00838 00082 00000 00150 00070 00007 00387 00114 00160
Improvement of publiic transport - 0088
B T 3 2 2 00063 00081 00217 00032 oo118 0003 00101 O 0.0074
Increased rail capacity and high
] el b 3 3 1 00000 00081 00000 00053 oo11g 0003 00033 00078 0.0067
10 :“"‘" ""j;”" subsidy 3 2 2 00318 000822 00000 0.0080 00118 0.0007 0015¢ 00098 00111
11 Deregulation 2 2 1 00000 00082 00000 00150 00078 00067 00033 00114 0.0008
12 :';;m negraton and schedule co- 1 2 2 00000  0.0081 00000 0.0083 0.0030 00085 00033 00050 0.0048
13 Intermodality 1 2 2 00000 00081 00000 00040 0003 00038 00032 00039 0.0038
14 Travellerinformaton 1 1 1 00127 00082 00000 00150 00038 00194 00083 00118 00111
15 Bus service improvement 1 1 2 00000 00081 00000 00027 00039 0003 00032 00034 0.0034
16 Parkand ide 3 1 2 00000 00081 00000 00032 00118 00048 00032 00070 0.0062
17 Rail freight faciliies 1 1 1 00000 00082 00000 00150 00038 00184 00033 00118 0.0101
18 Walking and cycle facilties 1 1 2 00316 00080 00716 00032 00038 00048 00302 00038 0.0001
19 Cyclelpublic transport integration 1 1 2 00000 00081 00000 00040 00030 00085 00032 00045 0.0042
20 Cycle parking 1 1 1 00316 00081 00085 00080 00030 00007 00172 00087 0.0088
21 Shutde senvices 2 1 1 00000 00082 00000 00150 0.0078 00184 00033 00134 00114
2 Smalwhesled publiy 2 2 2 00000 00082 00000 0.0080 0.0070 00087 0003 00083 00073
transport/paratransit
23 Demand responsive senvioes 2 2 1 00000 00078 00000 00023 00070 00018 00031 0004 0.0042
24 Tai services 1 1 1 00000 00082 00000 00150 00030 00184 00033 00118 0.0101
% T""f:’:"“"""’“"’"‘“w""“‘ 1 2 2 00253 00081 00195 0.0032 0.0030 00022 00173 00035  0.0062
2 ;WWM 1 2 2 00127 00081 00065 00032 00039 00032 00008 00035  0.0047
7 L’;‘,‘;"’“ informatics svailable 2 2 2 00000 00082 00000 0.0080 0.0070 0007 00033 00083  0.0073
28 Infrastructure technology 2 2 2 00000 00082 00000 00080 00070 00067 00033 00083 0.0073
Multipurpose personal
2 e 1 2 1 00127 00082 00000 00150 00038 00067 00083 00090 0.0008
Broadband, Wi-fi, smartdust and
) | WAL 1 2 2 00190 00082 O Y 00039 00067 00108 00087 0.0075
other technological development 0000 0.0020
31 Intagrated planning 2 1 1 0043 00082 00000 00150 00078 00184 00210 00134 0.0149
jonal development policies,
2 e 3 2 2 00570 00082 00000 00020 oo11g 00007 00281 00098 0.0131
strategic planning
33 Compactcities 3 2 2 00000 00077 00000 0.0011 o018 0.0011 00031 00054 0.0040
% MWD“‘"’,"." conceniration and 3 2 2 00127 00080 00043 0.0020 00118 00019 00001 00050 0.0068
35 Mixeduse 2 2 2 00000 00082 00000 0.0020 00078 00067 00033 00083 0.0073
38 Zoning regulations 2 2 1 00253 00081 00260 00040 0.0078 00032 00188 00054 0.0080
Public transport onentated
7 .01. 1 X 1 .01 .0007 . . X
3 p 3 2 2 00127 00082 00000 00080 oo1e 0.0 00083 00088 0.0005
38 Smartgrowth 2 2 1 00000 00081 00000 00040 0.0078 00032 00032 00054 0.0050
38 Newurbanism 2 2 1 00000 00077 00000 00011 00078 00010 00031 00038 0.0037
4 Osterdiand usaoosion effclent 2 2 1 00316 00081 00000 0.0053 0.0070 00048 0015 00082 00082
41 Accessto transport services 2 1 2 00000 00082 00000 00020 00078 00184 00033 00102 0.0088
42 Pedestianisaton 2 1 2 00063 00081  0.1301 00040 00078 00085 00318 00080 00112
43 Commute tip reduction 2 1 1 00000  0.0081 00000 0.0083 0.0070 00032 00032 00050 0.0054
44 School travel planning 2 1 1 00000 00082 00000 00150 00078 00184 00033 00134 00114
45 Special event management 2 2 1 00063 00082 00000 00150 00078 00007 00058 00114 00103
48 Carfree planning 2 2 1 00253 00082 00000 00150 00070 00007 0013 00114 00118
47 Campus management 1 1 1 00000 00080 00000 00032 00030 00048 00032 00038 0.0037
48 Carcubs 2 2 1 00000 00082 00000 00150 00070 00007 00033 00114 0.0068
40 Commuter planning 2 2 1 00127 00082 00000 00150 00070 00007 00083 00114 00108
50 Ecolabeling of vehicies 3 1 1 00063 00080 00043 0.0040 00118 00028 00088 00080 0.0068
51 Commuter financial incentives 2 2 2 00000 00081 00000 00040 00078 00038 00032 00055 0.0051
52 Parking cashouts 2 1 2 00000 00080 00000 00032 00078 00048 00032 00054 0.0050
53 TOM marketing 2 2 2 00000 00082 00000 00080 00070 00067 00033 00083 0.0073
Changed activity pattems -
54 commuting, retail andlor leisure 2 3 1 00127 00082 00000 00158 00078 00085 00083 00108 0.0103
tips
55 Atemative work schedules 2 3 1 00063 00081 00022 00053 00078 00028 00082 00058 0.0058
Changing lifestyles — e.g. not
5 ekt wedkends 2 3 1 00000 00081 00000 00053 00070 0003 00033 00080 0.0055
57 Home location 2 3 2 00000 00081 00000 00040 0.0078 00032 00033 00054 0.0050
53 Joblocaton 2 3 2 00000 00081 00000 00040 00078 0003 00033 00055 0.0051
50 Career downsizing 2 3 1 00000 00081 00000 00053 00078 0003 00033 00080 0.0055
Promotion of local destinations and
80 o 2 3 1 00000 00082 00000 00158 00078 00085 00033 00108 0.0083
local activity patterns
81 Localy sourced retailing 2 2 1 00000 00082 00000 00150 00078 00007 00033 00114 0.0068
82 Carsharing 3 2 1 00000 00082 00000 00150 oo11e 00067 00033 00130 00111
8 Flextme 2 1 1 00063 00081 00085 00040 00070 00032 00071 00054 0.0057
84  Guaranteed ride home 2 1 1 00000 00082 00000 00150 00070 00184 00033 00134 00114
85 Teleworking and teleshopping 2 2 1 00000 00081 00000 00032 00078 00032 00032 00051 0.0047
88 Logistcs management 3 2 2 00000 00082 00000 00080 oot1g 00067 00033 00098 0.0085
87  Increased load factors 3 2 1 00000 00082 00000 00150 oot1e 00007 00033 00130 00111
82 Home delivery of goodsiservices 3 1 1 00000 00082 00000 00150 o018 00104 00033 00150 00128
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Freight istibution -
8 Eectleccnased 3 2 2 00083 00082 00000 0.0080 00118 00097 00058 00088 00060
70 Locally sourced distribution chains 2 2 2 00000 00081 00000 0.0040 0.007¢ 00048 00033 00057 00082
71 Ecological tax reform 3 2 1 0043 00081 00271 0.0053 00118 00032 002864 00075 00113
72 Tradable mobilty credits 3 3 1 00000 00082 00000 00150 00118 00085 00033 00124 00106
73 Carbon renscomest fradable 3 3 2> | oo o002 oo00 0000 00118 00085 00033 00082 00020
74 Carbon tax 3 1 2 00000 00081 00000 0.0053 00118 00085 00033 00081 00072
Taxes and feebates based on fuel
% wdweght 3 1 1 00083 00078 0008 0.0027 00118 00019 00076 00082 00085
78 :mendmaw bonuses and tax 3 1 1 00000 00081  0.0000 0.0080 00118 00065 00033 00002 0.0080
77 ‘Decenkralisalion of heethand 3 3 2 | ool o000  oooes  ooos 00118 00018 00121 00058 00070
social services
78 m"m of aducalion 3 3 2 00160 00080 00085 0.0018 00118 00018 00121 00058  0.0070
70 Carfree distric 2 2 2 00000 00078 00000 0.0018 0.0070 00018 00031 00042 00040
80  Carfree orlow car housing 2 2 2 00000 00081 00000 0.0040 0.0078 00032 00022 00054 00050
81 Lowemission zones 3 1 1 00083 00077 00304 0.0018 00118 00012 00117 00058 00068
Pedestrian and cydle friendly
1 1 1 031 0081 171 ! ! 0007 O ' 0124
8 . 00318 00081 O 0.0053 0.003 0.000 0%3 00056 0012
gy Fiseslincentives for relocation in 2 2 2 00000 00082 00000 0.0020 0.0079 00097 00033 00083 00073
designated areas
84 Relocation of activites 2 2 2 00253 00082 00000 0.0020 0.0078 00067 00134 00083 00063
85 mb"' heck Feskicons snd gres 3 2 1 00000 00082 00000 0.0150 00118 00087 00033 00130 00111
Regeneration of decaying areas
88 (cty centre, inner ciy, waterfront, 1 3 1 00000 00081 00000 0.0053 0.003 00032 00033 00045 00042
suburban)
Housing renewal, improvements to
87 echbuationd iy fackies 2 3 2 00127 00082 00000 0.0080 0.0070 00085 00083 00078 00078
Car and cycle parking standards for
Nl 2 1 1 00253 00082 00000 0.0150 0.0078 00194 00134 00134 0014
Road pricing - congestion or
w e 3 2 1 00127 00080 00185 0.0027 oot18 00024 00122 00083 00074
00 Road tolls for freight 2 2 1 00000 00080 00000 0.0027 0.0078 0002 00022 00048 00043
g1 Highoccupancy vehidie (HOV) 2 2 1 00000 00082  0.0000 0.0150 0.0078 0007 00033 00114 0.0088
92 Fueltaescalators 3 1 2 00000 00081 00000 0.0040 00118 0003 00032 00071 00063
93 Vehicle purchase tax 2 1 1 00000 00081 00000 0.0053 0.0070 0003 00032 00080 00055
94 Carownership tax 2 1 1 00000 00080 00000 0.0040 0.0078 00028 00032 00053 00040
95 Parking tarfisipricing 2 1 1 00083 00081 00011 0.0053 0.0078 00048 00080 000822 00062
08 Parking restictions/controls 3 1 1 00160 00081 00011 0.0080 00118 00085 00111 00082 00066
97 Pay as you drive vehicle insurance 2 1 1 00000 00081 00000 0.0040 0.0079 00085 00032 00080 00055
98 Excise taxfor aircraft fuel 2 2 1 00000 00081 00000 0.0053 0.0078 0003 00032 00080 00055
00 Aiport charges 2 1 1 00000 00082 00000 00150 0.0070 00184 00033 00134 0014
100 Airtravel restrictions/rations 2 3 1 00000 00081 00000 0.0053 0.0078 00028 00022 00058 00053
Entry restrictions/acoess
101 - 2 1 2 00190 00081 00607 0.0040 0.0078 0003 00230 00055 00060
102 Good traffic restraint 2 1 1 00000 00082 00000 0.015 0.0070 00194 00033 00134 00114
103 Road capacity restraint 2 1 1 00127 00082 00000 0.0150 0.0078 00194 00083 00134 00124
104 Advanced traffic management 3 1 1 00000 00081 00000 0.0053 00118 00085 00033 00081 00072
105 Home zones 2 1 2 00000 00081 00000 0.0040 0.0078 00097 00033 00067 00060
108 Street reciaiming 1 2 2 00000 00082 00000 0.0080 0.003 00067 00033 00067 00060
107 Traffic calming 1 1 2 00000 00082 00000 0.0020 0,003 00194 00033 00088 0007
108 Traffic bundiing 1 1 2 00000 00082 00000 0.0020 0.003 00194 00033 00088 0007
109 Driverinformation systems 2 1 2 00083 00082 00000 0.0080 0.0070 00194 00058 00102 00063
110 Villagelarea bypasses 1 1 1 00000 00082 00000 0.015 0.003 00194 00033 00118 00101
111 Road space reallocation 2 1 2 00253 00082 00000 0.0020 0.0079 00194 00134 00102 00108
112 Pedestrian priorty and road space 1 1 1 00083 00081  0.1410 0.0032 0.0039 00048 00340 00038 00068
113 Cycle priority and road space 1 1 1 00000 00080 00000 0.0027 0.003 0003 00032 00034 00034
Direct routes for walking, cycling
e e 1 2 2 0010 00078 0.1822 0.0011 0.003 00018 00472 00024 00113
Priorities for bus, tram and high
115 vehices (HOV) 3 2 1 00000 00081 00000 0.0053 00118 00085 00033 00081 00072
118 vs:"”"" rights of way for public 2 2 2 00000 00081  0.0000 0.0040 0.0070 00085 00033 00080 0.0055
Increased awareness of public
T e vces 1 2 1 00127 00082 00000 00150 0.003%9 00097 00083 00080 00066
118 Travel information 1 1 1 0010 00082 00000 00150 0.003% 00194 00108 00118 00118
119 Transport chaining awareness 2 2 1 00083 00082 00000 0.0150 0.0078 00097 00058 00114 00103
120 ;‘ m”m“"""’ ravel planning, travel 2 1 1 00000 00081 00000 0.0020 0.0078 00097 00033 00083 00073
121 Inoentives to motor industy to 3 2 2 00000 00082 00000 0.0080 00118 00067 00033 00088 00085
increase hybrid car output
122 Hybrid technology research 3 3 2 00000 00082 00000 0.0020 00118 00085 00033 00082 00080
Casualty reduction targets (Zero
123 1 1 1 00083 00081 0037 0.0053 0.003%9 0003 00127 0045  0.0081
|____objective)

A.3 Policy Measure Properties in Second Case Study

The second case study’s policy measure properégtions and ranking results are
presented through appendices A3-A8 and the actedlHile is available on the internet
at addresses described in Appendix A.9 along WwghABM code and other relevant files.
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Measure Properties
# MEASURE TITLE . Time from end of
5 Timescale of lasting | . N .
Cost (C) Effectiveness (E) U implementation effect W LA Institutional complexity
implementation (T) to effect being complexity (un)acceptability
(L)
felt (delay) (D)
2 All PT fully accessible medium Low medium long term immid. low low low
3 Maintenance of WaC infrastructure High High medium medium immid. low low low
6 Regular public realm maintenance/cleaning medium medium short short med. low low low
7 Widespread Sheffield stands medium medium medium long term med. low low low
8 Opt-out travel training for all school children medium Low medium long term long medium low medium
10 Fine-grained provision of quality public space High medium long long term med. medium low High
11 Raised pedestrian crossings instead of dropped kerbs medium low long long term immid. low Medium/high  |low
13 Tree planting/ greenery medium low medium long term med. low low medium
21 Minimum cycle parking in new developments Low high short long term med. low low medium/low
26 Freight windows Low Low short long term immid. medium Medium/high  Jhigh
28 Strict liability legislation low Medium/high long long term long low high high
29 Workplace créches medium low long long term immid. high low high
30 Flexible working hours medium low long long term immid. high Medium high
31 Green belt low high long long term long high high high
33 Smart 'oyster-style' cards for all mobility medium low medium long term med. high low medium
34 Mandatory ring fencing of WaC funds low high medium long term long low low medium
36 All city parking for private car to be pay and display or permit low low medium long term immid. low medium low
38 Removal of 'rat runs' for motorised vehicles low low short long term immid. low medium low
42 Velib-style cycle hire scheme (including 'accessible’ bikes) high high medium long term med. medium low low
47 Dutch-style railway parking facilities high medium medium/long long term med. medium low medium
52 Community leisure walks and bicycle rides low low short medium long low low low
53 Walking buses to school for young children low medium short long term long low low medium
54 On-road cycle paths medium high medium long term immid. low medium low
56 Pavement widening high high medium/long long term immid. medium low/medium medium
57 Dutch-style segregated cycle paths high high high long term immid. high low/medium high
61 Mandatory 'core' WaC networks high High high long term med. high low medium
70 Widespread private car-sharing schemes medium low medium medium med. low low low
72 City-wide 20mph speed limit low high medium long term med. low medium/high  Jlow
75 Limits on car advertising low low/medium short short long low low high
78 Contra-flow bicycle lanes in one way streets low high short long term immid. low medium low
79 Public fitness campaign medium low/medium short short med. low low low
86 Smart bicycle storage units medium/high medium/high medium/long long term immid. medium low medium
87 Cycle traffic enforcement medium medium short long term immid. low medium low
94 Retrofitting cul-de-sacs for WaC connectivity medium/high high medium long term immid. high medium medium
103 Private motor vehicle ownership restrictions low high short long term med. high high high
112 Car free housing developments low high high long term med. low medium low
115 Consolidated neighbourhood goods delivery medium low medium long term immid. medium low medium
118 Orange NEV/HPV routes 20mph high medium high long term med. high medium medium

A.4 Policy Measure Relations in the Second CasdyStu
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pc

All PT fully accessible

Maintenance of WaC infrastructure

o

6

Regular public realm maintenance/cleaning

Widespread Sheffield stands

Opt-out travel training for all school

children

10

Fine-grained provision of quality public

space

pc

Raised pedestrian crossings instead of

dropped kerbs

13

Tree planting/ greenery

21

Minimum cycle parking in new

developments

26
28
29
30
311

Freight windows

Strict liability legislation
Workplace créches

pc

pc

pc

Flexible working hours

Green belt

33

Smart 'oyster-style' cards for all mobility

34

Mandatory ring fencing of Wac funds

36

All city parking for private car to be pay and

display or permit

38

Removal of 'rat runs' for motorised vehicles

pc

42

Velib-style cycle hire scheme (including

'accessible' bikes)

47

Dutch-style railway parking facilities

5

Community leisure walks and bicycle rides

53

Walking buses to school for young children

pc

pc

pc

pc

54
56
57
61

On-road cycle paths

pc

pc

Pavement widening

pc

Dutch-style segregated cycle paths
Mandatory ‘core' WaC networks

pc

70

Widespread private car-sharing schemes

72
iZ5]

City-wide 20mph speed limit
Limits on car advertising

78

Contra-flow bicycle lanes in one way

streets

79

Public fitness campaign

86

Smart bicycle storage units
Cycle traffic enforcement

pc

pc

87

94

Retrofitting cul-de-sacs for waC

connectivity

103

Private motor vehicle ownership

restrictions

112

Car free housing developments

S

Consolidated neighbourhood goods

delivery

pc

pc

pc

118

Orange NEV/HPV routes 20mph
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A.5 Traditional Performance Ranking in the SecoadeCStudy

Timescale of Tirme fromend of . - Weighted
. Timescale of X X K . Utility value of | Utility value of
Effectiven|. lasting implemeantation | Utilityvaluz | . . valuz ofthe
Cost (C) implemenia | X X implementation] lengthof o
ess (E) . implementation | toeffect being ofcost . individual
tion (7) time effect
effect L 7) felt {delay) (D) measure
Weight 04 0.2 04
[»] Policy Measure

2 Al PT fully accessible 3 1 3 S 1 0.0161 0.0306 0.0093 0.0163
3 Maintenance of WaCinfrastructure S S 3 3 1 0.0086 0.0306 0.0279 0.0211
6 Regular publicrealm maintenance/cleaning 3 3 d 1 3 0.0161 0.0206 0.0056 0.0148
7 WidespreadSheffieldstands 3 3 3 S 3 0.0161 0.0204 0.0279 0.0217
8 Opt-out travel training for alls chool children 3 ] 3 S S 0.0161 0.0153 0.0092 0.0132
10 Finegrained provision of quality publicspace s 3 s s 3 0.0096 0.0152 0.027% 0.0181
11 |Raised pedestrian crossings instead of dropped kerbs 3 1 S S 1 0.0161 0.0204 0.0083 0.0142
13 |Tree plantingfgreenery 3 1 3 S 3 0.0161 0.0204 0.0092 0.0142
21 Minimum cycle parking in new developments 1 S 1 S 3 0.0432 0.0306 0.0465 0.0440
26 |Freight windows 1 1 1 S 1 0.0482 0.0613 0.0093 0.0352
28  |Strict liability legis lation 1 4 S S S 0.0482 0.0123 0.0372 0.0366
29 |Workplace créches 3 1 5 S 1 0.0161 0.0204 0.0093 0.0142
30 |Flexible working hours 3 1 S S 1 0.0161 0.0204 0.0093 0.0142
31 |Greenbelt 1 S S S S 0.0482 0.0123 0.0465 0.0403
33 Smart 'oysterstyle’ cards for all mobility 3 1 3 S 3 0.0161 0.0204 0.0092 0.0142
34 |Mandatoryringfencing of WaCfunds 1 S 3 S 5 0.0482 0.0152 0.0465 0.0409
36 |Allcity parking for private carto be pay and dis play or permit 1 1 3 5 1 0.0482 0.0206 0.0093 0.0291
38 Removal of 'rat runs 'for motoris ed vehicles 1 1 1 5 1 0.0482 0.0612 0.0092 0.0352
42  |Velibstyle cycle hirescheme (including 'accessible'bikes) 5 S 3 S 3 0.0096 0.0204 0.0465 0.0265
47 |Dutch-style railway parking facilities S 3 4 S 3 0.0086 0.0175 0.0279 0.0185
52 |Communityleisure walks and bicycle rides 1 1 1 3 S 0.0482 0.0204 0.0056 0.0256
53 |Walkingbuses toschool foryoung children 1 3 1 S 5 0.0482 0.0204 0.0279 0.0345
54 |On-road cycle paths 3 S 3 S 1 0.0161 0.0306 0.0465 0.0311
S6 |Pavement widening S S 4 S 1 0.0086 0.0245 0.0465 0.0273
57 |Dutchstylesegregated oycle paths S S S S 1 0.0096 0.0204 0.0465 0.0265
61 Mandatory 'core' WaCnetworks s - s 5 3 0.0096 0.0152 0.0465 0.0255
70 Widespread private carsharings chemes 3 1 3 3 3 0.0161 0.0204 0.0056 0.0127
72 |City-wide 20mphspeed limit 1 S 3 S 3 0.0482 0.0204 0.0465 0.0418
75 Limits on car advertising 1 2 1 1 S 0.0482 0.0204 0.0037 0.02498
73 Contra-flow bicycle lanes in one waystreets 1 S 1 S 1 0.0432 0.0612 0.0465 0.0501
79 |Publicfitness campaign 3 2 1 1 3 0.0161 0.0306 0.0037 0.0140
86 |Smart bicyclestorage units q q q S 1 0.0120 0.0245 0.0372 0.0246
87 |Cycletrafficenforcement 3 3 1 S 1 0.0161 0.0613 0.0279 0.0298
94  |Retrofitting cul-des acs for WaC connectivity q 5 3 s 1 0.0120 0.0306 0.0465 0.0285
103 |Private motorvehicle ownership restrictions 1 s 1 s 3 0.0482 0.0306 0.0465 0.0440
112 |Carfree housing developments 1 s s S 3 0.0482 0.0153 0.0465 0.0409
115 |Consolidated neighbourhood goods delivery 3 1 3 S 1 0.0161 0.0306 0.0093 0.0163
118 |Orange NEV/HPY routes 20mph S 3 S S 3 0.0096 0.0152 0.0279 0.0181
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A.6 Traditional Implementation Complexity Rankimgthe Second Case Study

. . L Weighted
Technical Public Institutional .
. - . complexity of
complexity |(unpcceptability | complexity +ha MEsTLES
0.2 0.4 0.4

2 Al PTfully accessible 1 1 1 1
3 Maintenance of WaCinfrastructure 1 1 1 1
6 Regular publicrealm maintenancefcleaning 1 1 1 1
7 Widespread Sheffieldstands 1 1 1 1
8 Opt-out travel training for all s chool children 3 1 3 2.2
10 Finegrained provision of quality publicspace 3 1 S 3
11 Raised pedestrian crossings instead of dropped kerbs 1 q 1 2.2
13 |Tree planting/greenery 1 1 3 18
21 Minimum cycle parking in new developments 1 1 2 1.4
26 Freight windows 3 q s 4.2
28 Strict liability legis lation 1 [ s 4.2
29 |Workplace créches S 1 S 3.9
30 Flexible working hours S 3 S 4.2
31 Greenbelt S S S S
33 |Smart'oysterstyle'cards forall mobility S 1 3 2.6
34 |Mandatoryringfencing of WaCfunds 1 1 3 18
36 All city parking for private carto be payand dis play or permit 1 3 1 18
38 Removal of 'rat runs'for motoris ed vehicles 1 3 1 18
42 |Velibstyle cycle hirescheme (including 'accessible' bikes) 3 1 1 1.4
47 |Dutch-style railway parking facilities 3 1 3 2.2
52 Community leisure walks and bicycle rides 1 1 1 1
53 |Walkingbuses toschool foryoung children 1 1 3 18
54 On-road cycle paths 1 3 1 18
56 |Pavement widening 3 2 3 2.6
57 |Dutchstylesegregated cycle paths S 2 S 38
61 Mandatory 'core'WaC networks S | 3 2.6
70 Widespread private cars haringschemes 1 1 1 1
72 City-wide 20mphspeed limit 1 q 1 2.2
75 |Limits on caradvertising 1 1 S 2.6
78 Contra-flow bicycle lanes in one waystreets 1 3 1 18
79 |Publicfitness campaign 1 1 1 1
86 Smart bicycle storage units 3 1 3 2.2
87 |Cycletrafficenforcement 1 3 1 18
94 Retrofitting cul-desac for WaC connectivity S 3 3 3.4
103 |Private motorvehicle ownership restrictions S s s S
112 |Carfree housing developments 1 3 1 18
115 |Consolidated neighbourhood goods delivery 3 1 3 2.2
118 |Orange NEV/HPV routes 20mph S 3 3 3.9
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A.7 Network Centric Performance Ranking in the $elcGase Study

Timescaleof | Time fromend of Uiility valuwe of - .
Effectiveress | 'ﬁmexalecff lasting implemantation | Uity valwe toial Utility valueof | Weighted valus o'\‘

# MEASURETITLE Cost (C) implementation | . . . i . total length of |measuresand their

(E) implementaitio | toeffect beirg | of total cost |implementation .

™ neffectL7) | felt (delay)(D) time effect preconditiors
0.4 0.2 0.4

2 All PT fully accessible 3 1 3 S 1 0.0233 0.0437 0.0083 0.0218
3 Maintenance of WaCinfrastructure S S 3 3 1 0.0140 0.0437 0.0279 0.0255
6 Regular publicrealm maintenance/cleaning 3 3 1 1 3 0.0087 0.0146 0.0056 0.0086
7 Widespread Sheffieldstands 3 3 3 S 3 0.0087 0.0159 0.0279 0.0173
2 Opt-out travel training for all s chool children 3 1 3 S S 0.0233 0.0218 0.0093 0.0174
10 Finegrained provision of quality publicspace S 3 S S 3 0.0054 0.0092 0.0279 0.0151
11 Raised pedestrian crossings instead of dropped kerbs 3 1 s s 1 0.0233 0.0291 0.0083 0.0189
13 |Tree plantingfgreenery 3 1 3 S 3 0.0054 0.0092 0.0093 0.0077
21 Minimum cycle parkingin new developments 1 S 1 S 3 0.0117 0.0194 0.0465 0.0271
26 |Freight windows 1 1 1 S 1 0.0175 0.0291 0.0083 0.0165
28 |Strict liability legislation 1 q S S S 0.0698 0.0175 0.0372 0.0463
29 |Workplace créches 3 1 S S 1 0.0233 0.0291 0.0083 0.0189
30 |Flexible working hours 3 1 S S 1 0.0233 0.0291 0.0083 0.0189
31 |Greenbelt 1 S S S S 0.0699 0.0175 0.0465 0.0501
33 |Smart 'oysterstyle' cards for all mobility 3 1 3 S 3 0.0233 0.0291 0.0093 0.0189
34 |Mandatoryringfencing of WaCfunds 1 5 3 S S 0.0699 0.0218 0.0465 0.0509
36  |All city parking for private carto be payand display or permit 1 1 3 5 1 0.0699 0.0437 0.0093 0.0404
38 Removal of 'rat runs 'for motoris ed vehicles 1 1 1 S 1 0.0699 0.0873 0.0083 0.0492
42 |Velibstyle cycle hirescheme (including 'accessible'bikes) s s 3 s 3 0.0047 0.0097 0.0465 0.0224
47 |Dutch=style railway parking facilities S 3 9 S 3 0.0140 0.0250 0.0279 0.0217
52 Community leisure walks and bicycle rides 1 1 1 3 S 0.0699 0.0291 0.0056 0.0360
53 |Walkingbuses toschool foryoung children 1 3 1 S S 0.0117 0.0175 0.0279 0.01983
S4 |On-road cycle paths 3 S 3 S 1 0.0233 0.0437 0.0465 0.0366
S6 |Pavement widening S S 9 S 1 0.0140 0.0348 0.0465 0.0312
S7 |Dutchstylesegregated cycle paths S S 5 S 1 0.0070 0.0159 0.0465 0.0246
61 Mandatory 'core'WaCnetworks S 5 S S 3 0.0050 0.0070 0.0465 0.0220
70 |Widespread private carsharingschemes 3 1 3 3 3 0.0233 0.0291 0.0056 0.0174
72 |City-wide 20mphspeed limit 1 S 3 S 3 0.0699 0.0291 0.0465 0.0529
75 Limits on car advertising 1 2 1 1 S 0.0699 0.0291 0.0037 0.0353
78 Contra-flow bicycle lanes in one waystreets 1 H 1 S 1 0.0175 0.0291 0.0465 0.0314
79 Publicfitness campaign 3 2 1 1 3 0.0233 0.0437 0.0037 0.0185
86 |Smart bicyclestorage units q q q S 1 0.0175 0.0249 0.0372 0.0289
87 |Cycle trafficenforcement 3 3 1 S 1 0.0175 0.0146 0.0279 0.0211
94 |Retrofitting cul-des ac for WaC connectivity 4 S 3 S 1 0.0175 0.0437 0.0465 0.0243
103 |Private motorvehicle ownership restrictions 1 s 1 S 3 0.0073 0.0109 0.0465 0.0239
112 |Carfree housing developments 1 s S s 3 0.0041 0.0058 0.0465 0.0214
115 |Consolidated neighbourhood goods delivery 3 1 3 S 1 0.0175 0.0291 0.0083 0.0165
118 |Orange NEV/HPV routes 20mph S 3 S S 3 0.0039 0.0073 0.0279 0.0142
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A.8 Network Centric Implementation Complexity Ramdiin the Second Case Study

. Weighted
Technical Public Institutional | Total technical ok p"b:’f AToml complexity of the
complexity |{un)accepiability | complexity complexity X '.:n ) measweand
7 pecy v preconditions
0.2 04 04

2 Al PT fully accessible 1 1 1 1 1 1 1

E Maintenance of WaCinfrastructure 1 1 1 1 1 1 1

6 Regular publicrealm maintenance/cleaning 1 1 1 q 2 6 9

7 WidespreadSheffieldstands 1 1 1 q 3 q 3.6
8 Opt-out travel training for alls chool children 3 1 3 3 1 3 2.2
10 Finegrained provision of quality publicspace 3 1 S 7 q 11 7.4
11 Raised pedestrian crossings instead of dropped kerbs 1 q 1 1 q 1 2.2
13 Tree planting/greenery 1 3 3 7 q 11 7.4
21 Minimum cycle parkingin new developments 1 1 2 4 3 S 4

26 Freight windows 3 q S 6 s 8 6.4
28 |Strict liability legislation 1 s S 1 s S 4.2
29 Workplace créches s p | S S 1 S 3.4
30 Flexible working hours s 3 S S 3 S 4.2
31 Greenbelt S S S S S S S

33 |Smart 'oysterstyle' cards for all mobility S 1 3 S 1 3 2.6
34 |Mandatory ring fencing of WaCfunds 1 1 3 1 1 3 18
36 All city parking for private carto be pay and display or permit 1 3 1 1 3 1 18
38 Removal of 'rat runs 'for motoris ed vehicles 1 3 1 1 3 1 18
42  |Velib-style cycle hirescheme (including 'accessible'bikes) 3 1 1 7 3 7 5.4
47 |Dutchstyle railway parking facilities 3 p | 3 3 1 3 2.2
52 Community leisure walks and bicycle rides 1 1 1 1 1 1 1

s3 Walking bus es tos chool foryoung children 1 1 3 2 2 q 28
54 |On-road cycle paths 1 3 1 1 3 1 18
S6 Pavement widening 3 2 3 3 2 3 2.6
S§7 |Dutchstylesegregated cycle paths s 2 S 8 q 8 6.4
61 |Mandatory'core'WaCnetworks S 1 3 10 7 10 88
70 Widespread private carsharingschemes 1 1 1 1 1 1 1

72 City-wide 20mphspeed limit 1 q 1 1 q 1 2.2
75 Limits on car advertising 1 1 S 1 1 S 2.6
78 Contra-flow bicycle lanes in one waystreets 1 3 p | 2 6 2 3.6
73 Publicfitness campaign 1 1 1 1 1 1 1

86 |Smart bicycle storage units 3 1 3 3 1 3 2.2
87 Cycle traffic enforcement 1 3 1 2 g8 6 6

94 |Retrofitting cul-desacs for WaC connectivity S 3 3 S 3 3 3.4
103 |Private motorvehicle owners hip restrictions s s S 11 7 9 8.6
112 |Carfree housing developments 1 3 1 9 7 7 7.4
115 |Consolidated neighbourhood goods delivery 3 1 3 6 s 8 6.4
118 |Orange NEV/HPY routes 20mph 3 3 3 12 8 8 88
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A.9 Agent-Based Modelling Code

The source codes for the agents, visualizationstl@mdustom user panel in the Repast
Simphony Agent Base Modelling Toolkit are roughl§06 lines. If they were to be
printed, the length of the codes would have beagdothan the thesis itself. Therefore,
the source codes are not printed in the thesighieytare accessible from the following

address along with other relevant details:
Preferred address: http://db.tt/AXP3dg50

Backup address: https://spideroak.com/browse/shaBPHIL_THESIS/OXFORD2011

The breakdown of the ABM code:
» Policy Packer and PPScheduler Agents: 40%
* Model Initialization and Miscellaneous Codes: 30%
» Custom User Panel and Visualizations: 30%

* Assessor Agent: 10%

Important directories in the ABM model:
» Src: Contains the source codes
e Lib: Contains the external Java library files used
» Data: Contains the policy measure properties ae titeractions
» .rs: Contains the score file, and the details efrtimntime environment
parameters and visual styles (datasets, displagsts; etc.)

e Doc: Contains the automatically generated docuntientaf the source codes
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A.10 Complexity vs. Performance Score of the PolRgckages and

Measures Discussed in Figure 7-6.

Complexity vs. Performance

Complexity

0.02 0.03 0.04 0.05 0.06 007 0.08 0.09 010 011 012 013 014 015 016 017 018 019
Performance

-=- Package 1 -~ Package 2 + Package 3 ~ Package 4 — Package 5 ~ Package 6 ~ Package 7 -+ Package 8 —+ Package 9 — Package 10 -= Package 11 Package 12
-+ Package 13 —- Package 14 — Package 15 -+ Package 16 — Package 17 + Package 18
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A.11 Policy Packaging Workshop

Aside from academics and policy experts, the fraorgywmethodologies and the
support tool have created an interest among pi@wits. An analysis and a workshop

conducted based on a mid-sized city’s data is ptedehere.

Criteria:

Effectiveness criteria:

User benefits (scheme benefits across more polteisea groups by age, mode...)
Geographical benefits (how widespread geograplicaight the benefits be)
Public health benefits

Implementation criteria:

Cost

Funding risk
Engineering/technical feasibility
Partnership involvement
Political/community support

Types of relations:

Whether the relation between '‘Measure X and Measucan be best described as:

(P) Preconditional (i.e. X must be implemented bef6 can be implemented

(3] Faciliatory (i.e. X would improve the effectivess/implementation of Y)

(S) Synergistic (i.e. X and Y would improve effeetiness/implementation of
each other)

(PC) potential contradictory' (i.e. X and Y migh #etrimental to each other in
terms of effectiveness/implementation)

(C) contradictory' (i.e. X would be detrimentaltke effectiveness or
implementation of Y)

) insignificant (i.e. X and Y are not relatedany of the ways described
above)

Library of Measures:
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DWW OO0 BEWNEOW®-OOHEWNIEREOW®-ONOMHEWRNIRO

MEASURE TITLE

Publictransport trip-based smartcard cycle hire
Long-term rental cycle hire

Short-term ‘free’ with membership/deposit cycle hire
Low-carbon pedestrian level white street lighting
20mph speed limits (signs and road markings)

Traffic calming (humps, cushions, chicanes)
Additional dropped kerbs

Widening pavements

On-carriageway cycle lanes

On-carriageway bus lanes with permitted cycling
On-carriageway contra-flow cycle lanes
On-carriageway contra-flow bus lanes with permitted cycling
Shared footway/cycleway alongside carriageway
Segregated footway/cycleway alongside carriageway
Shared footway/cycleway away from carriageway
Segregated footway/cycleway away from carriageway
Branded cycle network map

Branded cycle route maps

Branded signing along cycle routes

Bikeability cycle training for children

Cycle training/awareness courses for adults

Public health campaign on walking/cycling
Signalised toucan crossings

Zebra crossings

Sheffield Stand Cycle Parking

Advanced stop lines

Workplace travel planning

Residential travel planning

School travel planning

Social media campaigns

Cycling or walking competitions

Cycling or walking events

Safe routes to schools

Strategic walking network

Pedestrian/cycle bridge over Thames

Publicrealm de-cluttering

Footway resurfacing

Carriageway resurfacing

Planting trees

Low Emission Zone for lorries

High
High
High
Low
Low
Medium
Low
Medium
Low
Low
Medium
Medium
Low
Low
Medium
Medium
Low
Low
Low
Low
Low
Low
Medium
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Medium
Medium
High
Medium
Medium
High
Medium
hMedium

Medium
Medium
High
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
High
Low
Low
Low
Low
Medium

Medium
Medium
High
Medium
Low
Medium
Medium
Medium
Low
Low
Medium
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium

Measure Properties

High
High
High
Medium
High
Low
Low
Low
Low
Medium
Low
Medium
Low
Low
Medium
Medium
Low
Low
Low
Medium
Medium
High
Low
Low
Low
Low
High
Medium
High
High
Medium
Medium
Medium
Low
Medium
Low
Low
Low
Low
Medium

High
High
High
Medium
High
Low
Low
Medium
Medium
Medium
Medium
Medium
Low
Low
Medium
Medium
High
High
Medium
High
Medium
Medium
Low
Medium
High
Medium
Medium
Medium
Medium
Medium
High
High
Medium
Low
High
High
High
High
High
Medium

User benefits Geographical Public health
benefits benefits

Medium High High
Low Medium Medium
Low High High
High Medium Medium
High Medium High
Low Low Medium
Medium Low Low
Medium Low Medium
Low Low Low
Medium Low Medium
Low Low Medium
Medium Low Medium
Low Low Medium
Medium Low Medium
Medium Low Medium
Medium Low Medium
Medium High Medium
Medium High Medium
Low Medium Medium
Low High High
Low High High
Medium High High
Medium Low Medium
Low Low Medium
Low Medium Low
Low Low Low
High High Medium
High Medium Medium
High Medium Medium
High High Medium
Medium Low Medium
Medium High Medium
High Medium High
Medium High High
Medium Medium High
High Medium Medium
Medium Medium Medium
High Medium Medium
High Medium High
High High High
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Precondition Network (In degrees) => The largerdize of the node means it serves as precondtiomote policy measures

(o}
Traffic calming.()nﬁps, cushions, chicanes)

20mpW(mgns and road markings)

Zebra crtssmis/q,,qﬁes to schools

Addlth | dropped kerbs

Moucan sings ""/—Er—a;;: le network map
Branded signing alorg.cycle routes
Shared footway/cysf/ eway alongside carriageway

<+

) Segregated footway/cyc way alongside carriageway
Pubtic realm demcluttering
o

Shared footway/cycleway a\|<f.rom carriagew
/@‘Tng paxwr:ts

Branded cycle route maps

Pedestrian/cycle bridg‘w

Segregated footway/cycleway away from carriageway

Footway resurfacing
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Precondition Network (Out degrees) => The largerdize of the node means it has more precondiéiguirements

O

Traffic calmin‘g}pa{nps, cushions, chicanes)

o]
20mph sM{signs and road markings)

Zebra crpssings O
/%Utes to schools
(@)

Additity#’dropped kerbs
O

rSI/ o Branded cy€le network map
analised toucan crossings
Branded signing alongsycle routes

Shared footway/cyeteway anngsMe carriageway
O«

Publicréalm dg-cluttering Segregated footway/cyc wayalongsidecam’ageway O

Branded cycle route maps
Shared footway/cycleway aN:m carriagewa

o
Pedestrian/cycle bridge overThame /m;g pabints

Segregated footway/cycleway away from carriageway

Footway resurfacing
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Facilitation Network (In degrees) => The larger #iwee of the node means it facilitate more poli®asures

o
Cycling or \'ﬁldng events Q0
O . Stratagic walking network
Advanced 59 lines
(o} t O
Workplace travel planning %
Peadestrian/cycle bridge over Thames
P 4
O; v O
Zebracrossings o Public realm He-cluttering
School travel planning
«
» .
o} y °
B 4 Safe routes*to schools Planting trees
Social miliaeampaigns » b
“
. RN O
o i Residential trSvel planning resurfacing -
Signalised touesf crossings 3 X o
Lix i i, « 7 Low Emission Zone for lorries
6‘ Cycling or walking competitions { o
¥ \ 3
Sheffield Stand !Eyd. Parking Cortiadonsy sl ocing e
(o) i g v Public transport trip-based smartcard cycle hire
Public health campaign on walking/cycling F] ‘l ’:
¥ " shesbity cyceiraning for chidren v O:
o P g 3 Widening pavements <
Branded cycle route maps 3 o i 4 ®

o!

Cycl hain'ng/awa’l;miss P P Short-term 'free’ with membership/deposit cycle hire

v

A
“ N
1 : o
v o ; Long-tarm rental cycle hire { o

Branded signhgablgqck routes 20mph speed imls‘('iigns and road markings)

M G0
ol

Brandad cycle network map 2

‘,Df B
i O

Low-carbon pedastrian level white street lighting

Segregated footway/cycleway away from carriageway

o'

Shared footway/cycleway away from carriageway

Segregated footway/cycleway alongside carriageway ™ »

Shared footway/cycleway alongside carriageway 16 t"’

On-carriageway cycle lanes  Traffic calming (humps, cushions, chicanes)

-»

- On-carriageway contra-flow cycle lanes 7 i
(@) FO
Additional dropped kerbs
A
On-carriageway contra-flow bus lanes with permitted cycling o
On-carriageway bus lanes with permitted cycling
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Facilitation Network (Out degrees) => The largex flize of the node means it is facilitated by npmiécy measures
(&)

Cycling or'waking events "O'
O Strategic waking network
Advanced &p lines
(@) to
Workplace travel planning Pedatrian/cyde‘ridge over Thames
& a
O; O
Zebracrossings o Public realth He-cluttering
School travel planning
G
O) Safe "ego chools .
% roul s )
Social mecm“npaig'ns oY Pliqting traes
. <
; 0 &
[e] ’ Footway rfacing
Signalised tou®an crossings Residential travel planning - A o
E4Y & i o ¥ Low Emission Zone for lorries
» \ vy
o Cycling or walking cqm:ieb’ﬁcns QO «
Sheffield Stand @Jcle Parking Carriagenaytesurfacing ‘o
(@] a Public transport trip-based smartcard cycle hire
Public health campaign on walking/cycling S { »
< Bikeabl 9 ~’ ‘fof h 66
o’ ity cycle training ‘:ﬁw. Widening favements .
Branded cycle route maps 2 o 3 s o
Cycle training/awareness courses for adults Short-term ‘free” with membership/deposit cycle hire
« : -
ded signi "?2;‘: e o 9
Srinded signing o rwg : d Long-term rental cycle hire  20mph speed limits (signs and road markings)
& vo.
\ . Low-carbon pedestrian level white street lighting
(&] Branded cycle network map 3
Segregated footway/cycleway away from carriageway £ :
"\ Shared footway/cycleway alongside carriageway - ‘...
(o] o) ()
Shared footway/cycleway away from carriageway 3 On-carriageway cycle lanes  Traffic calming (humps, cushions, chicanes)
»
o
o\ On-carriageway contra-flow cycle lanes f‘
gregated footway/cycleway alongside carriageway g, Additional dropped kerbs

° ‘(
On-carriageway contra-flow bus lanes with permittad cycling (]
On-carriageway bus lanes with permitted cycling
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Synergy Network => The larger the size of the nm@ans it has more synergistic relations
0
Bikeability cycle tf8 :W o

..

R CroS=H
o
Widenjrfg favements

O

" oA - Pyblic realgd! de-tiuttering
Sheffield Stand CyeEF ‘
9 ,.O (o]
- /~\ o B ehpd trdss /m;resurfacing
VAN
Shared footway/cycleway awaw aITiegeyd) \ ] M- ‘Wk\.o
l 3 , 4/ Additional dropped kerbs
>&o

edestrian level white street lighting

o

Shared footway/cyclewa Ao ide carriageway

o

Planting trees

TN
ng or walRindey

(@) \‘h-.lp"h.‘.ﬁ- 370
/”“"&
Branded signing along cycl@reute 7220 % \.\\

7
Segregated footway/ \V“\g’-‘:f' =
s> |

(&}
A ‘ o
o «— C|0W8Y alongside carriageway

On-carriageway contra-flow bus lanes with permitted cyc
Branded cycl ;}tbqlps "' *
‘; ayded g ) network map
o ’ \ ,
(@} \ 0
o

Advanced stoplines (®]

n-carriageway bus lanes with permitted cycling

o ° _On-carriageway cycle lanes
Low Emission Zoneforlorries )
On-carriageway contra-flow cycle lanes
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Potential Contradiction Network => The larger fiee of the node means it has more potential cdictrans with other policy measures

(o]
Workplace trdvel planning

(o}
Segregated footway/cyclew away from camageway

On-carriageway bus laneswith permitted

On-carriageway contra-fl

raffic calmingfhumps, cushion

(&)
Low-carbon pedestrian level white street lighting

Widening pavements
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Contradiction Network => The larger the size &f ttode means it has more cantradiction with otbdes

@)
Advancf stop lines

@)

Zebratrossings

o

Public transport trip-base}s%:‘rd cycle hire o
Signalised to an‘cr}m'qg‘s

SWM Ye Parking

O ——o

Public realm ie-cluttering Planting trees

O

o
Short-term ‘free’ with membership/deposit cycle hire

Shared footwa c

o

Strategi€ walking network

Segregated footway/cycfeway alongside carriageway

A/Mg pavements

~3%

Shared fooMaWway away from carriageway 0/ o
o rriageway bus lanes with permitted cycling
o
Segregated footway/cycleway away from carriageway On-carriageway cycle lanes
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Facilitation List

Out-degree in | In-degree in
Policy Measure Facilitation Facilitation
Network Network
Publictransport trip-based smartcard cycle hire 10 1
Long-term rental cycle hire 20 0
Short-term ‘free’ with membership/deposit cycle hire 13 1
Low-carbon pedestrian level white street lighting 3 12
20mph speed limits (signs and road markings) 4 13
Traffic calming (humps, cushions, chicanes) 1 6
Additional dropped kerbs 4 6
Widening pavements 4 16
On-carriageway cycle lanes 4 7
On-carriageway bus lanes with permitted cycling 4 7
On-carriageway contra-flow cycle lanes 5 7
On-carriageway contra-flow bus lanes with permitted cycling 4 7
Shared footway/cycleway alongside carriageway 7 11
Segregated footway/cycleway alongside carriageway 6 8
Shared footway/cycleway away from carriageway 6 10
Segregated footway/cycleway away from carriageway 5 9
Branded cycle network map 6 10
Branded cycle route maps 6 12
Branded signing along cycle routes 2 20
Bikeahility cycle training for children 15 8
Cycle training/awareness courses for adults 17 9
Public health campaign on walking/cycling 5 0
Signalised toucan crossings 4 11
Zebra crossings 8 4
sheffield Stand Cycle Parking 17 5
Advanced stop lines 5 7
Waorkplace travel planning 14 0
Residential travel planning 20 2
School travel planning 12 0
Social media campaigns 1 18
Cycling or walking competitions 25 1
Cycling or walking events 11 1
Safe routes to schools 7 10
Strategic walking network 3 3
Pedestrian/cycle bridge over Thames 1 7
Publicrealm de-cluttering 6 6
Footway resurfacing 7 15
Carriageway resurfacing 4 22
Planting trees 4 0
Low Emission Zone for lorries 1 )
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MEASURE TITLE

Segregated footway/cycleway away from carriageway
Safe routes to schools

Shared footway/cycleway away from carriageway
Segregated footway/cycleway alongside carriageway
Signalised toucan crossings

Branded signing along cycle routes

Branded cycle route maps

Traffic calming (humps, cushions, chicanes)
Widening pavements

Shared footway/cycleway alongside carriageway
Low Emission Zone for lorries

20mph speed limits (signs and road markings)
Planting trees

‘Workplace travel planning

Social media campaigns

Public transport trip-based smartcard cycle hire
Low-carbon pedestrian level white street lighting
Public health campaign on walking/cycling
Residential travel planning

School travel planning

Strategic walking network

Public realm de-cluttering

Carriageway resurfacing

Pedestrian/cycle bridge over Thames

Zebra crossings

Branded cycle network map

Cycling or walking events

Short-term “free’ with membership/deposit cycle hire
Bikeability cycle training for children

Cycle training/awareness courses for adults
Footway resurfacing

On-carriageway bus lanes with permitted cycling
On-carriageway contra-flow bus lanes with permitted cycling
Cycling or walking competitions

Long-term rental cycle hire

Additional dropped kerbs

On-carriageway contra-flow cycle lanes

Sheffield Stand Cycle Parking

On-carriageway cycle lanes

Advanced stop lines

Effectiveness and Implementation Rankings

Effectiveness

Ranking MEASURE TITLE
1 Weights used: Segregated footway/cycleway away from carriageway
2 user benefits (509%); 20mph speed limits (signs and road markings)
3 geographical benefits (20%); [ ow-carbon pedestrian level white street lighting
4 Public Health benefits (30%); Bikeability cycle training for children
5 Cycling or walking competitions
6 Cycling or walking events
7 Public health campaign on walking/cycling
8 Workplace travel planning
9 School travel planning
9 Social media campaigns
11 Shared footway/cycleway away from carriageway
12 Branded cycle network map
12 Sheffield Stand Cycle Parking
14 On-carriageway bus lanes with permitted cycling
14 Cycle training/awareness courses for adults
16 Residential travel planning
16 Safe routes to schools
16 Additional dropped kerbs
16 On-carriageway cycle lanes
16 Advanced stop lines
16 Branded signing along cycle routes
16 Branded cycle route maps
16 Segregated footway/cycleway alongside carriageway
24 ‘Widening pavements
25 Traffic calming (humps, cushions, chicanes)
26 Signalised toucan crossings
26 Public realm de-cluttering
28 Footway resurfacing
28 Planting trees
28 On-carriageway contra-flow bus lanes with permitted cycling
28 Zebra crossings
32 Short-term “free’ with membership/deposit cycle hire
32 Shared footway/cycleway alongside carriageway
32 On-carriageway contra-flow cycle lanes
35 Carriageway resurfacing
35 Pedestrian/cycle bridge over Thames
37 Public transport trip-based smartcard cycle hire
38 Long-term rental cycle hire
39 Low Emission Zone for lorries
39 Strategic walking network
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Implementation
ranking
1
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Weights used:

cost (40%);

funding risk (15%);

feasibility (15%);

partnership involvement (10%)
political/community support (20%)
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