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1 INTRODUCTION

1.1 Scope

The UrbanData2Decide project aims éatract and process information from two ricsources,
namely public social media and open ddibraries This information, combined with advice from
online expert panels,should support holistic, sustainable and wétlunded decisiormaking
procesgsin local governmentsn specific urban challengsesich as urban renewal, urban safety and
security.

The aim of this Deliverable 2.2 otJrban Decisionmaking and Expert Integrationis to provide an
overviewof existing approachegrocesses, tools and techniguesurbandecisionmaking andthe
usage okexpert knowledgas wellaR I G | YR Y2 NB Iltostpport dedi@ons!o A 3 R G ¢

The report onurban decisioamaking starts out with an overviewof urban decisiormaking
approaches relevant for the projeéh section 2 The focus is on operationaland epert-driven
decisionmaking. Section 3 provides an overviefwecent developments and experiences with data
drivendecisiormakingboth in commercial and public camtts. Section $resentsa broadoverview
of existingdecision support tools, as well as an analysis of the state of thia #re fields ofpublic
safety andurban renewaln section 5. Section @grovides a summary of the findings and relatiesm

to the overall objectiveof the project.

Refaences to othe deliverables: This report complements D2.1 Social and open data visualization
methods and data sources report, and provides the basi®fbIntegrated urban data visualizing
and decisionmaking framework and the concept design in WP3, especiallip3.2
UrbanDecisionMaker Report including methods, specifications and approaches

1.2 Methods

Literatureon data driverdecisionmakingis mainly based owhat was collectedhrough web search
engines such as Google Schotiven thatthe concept of data drivedecisionmakingin relation to

big data is a fairly new concepinly a few journals with a specific focus on the subject could be
found. However, within the private sector some important reports have been published on the
subject by organisations such #&4cKinsey and the Data Warehsu Institute. Along with the
journals, the reports constitut@ literature researchon data drivendecisionmaking Existingiools

and techniques for urbadecisionmakingwere collected using intensive online research, esplycia

© 2015UrbanData2DecidgUrban Europe 5
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through databases and platforms such as CORDIS by the European binldags such as Business
News Dail§ Tools and techniques were collected according to one defined template specifying each
tools name, key words and short description, year, maiganization, location, purpose such as
analysis, monitoring, stakeholder participation etc., access information such as free access or access
for a fee, available features, used visuals such as graphs, maps, etc. We also looked into the usability
of the tool, evaluating if it is easy to use, i.e. no background knowledge is required and the tool is
intuitive, or if it is more sophisticated and can be used only by more experienced users. In total a
number of90tools and techniquesvere collectedand analysed.

The case specific discussioon decisioAmaking tools represent a subsection of more
comprehensive literature review done by the partners working with the Security Respective Urban
Renewal case study. The presented approaches and tools were selected to provide relevant
examples for thelecisionmakingin the respectie area

2 URBANDECISIOIMAKING APPROACHES

& 5 S OAnaking ig usually based on a series of qualitative and quantitative
data related to physical conditions and trends. Cities invest a great deal of
GAYS YR NBaz2dz2NOSa Ay (K&vevwor2veryIBt@isA2y 2F Ay T
1y26y lo2dzi K26 RSOA&A2Y&E& I NB YIRS IyR (KS 1

The following chapters stresgban decisiormakingtoday whileattempting to disentangle some of
the related complexities Urban decisiormakingoccurs at theinterface of varyingopics (urban
planning, transport planning or urban safety) differespiatial scalesadministrative structuresand
local traditions of urban decisiommaking (e.g. more pladed or consensuted decisiormakingor
practices of consultation with public/private entities).

The first part discusses main theories on urban governance and citizen participation in order to
understand prevalent trends and changes of urban decisiaking approaches. The second part
elabaates on different stages of decisionaking processes as well as the most prevalent factors
influencing approaches taken by cities and governments.

! http://cordis.europa.eu/projects/home_de.html
2 http://www.businessnewsdaily.com

3 http://www.gdrc.org/decision/ParticipatoryDecisionMakingIndicators.pdf

© 2015UrbanData2DecidgUrban Europe 6



D2.2 URBAN DECISIOMKING AND EXPERTHSRATION

2.1 Towards wbangovernance and collaborative models ofgmning

Urban decisiormaking today, both in termef key actors andlecisionmakingprocesses have most
significantly been influenced bthe A Y ONB I aAy3 aKATHG WFNRBY 3I2FSNYY!
concepts ofurban governancd & Wa2FaGSyAy3a 02NRSNE 2F 3I20SNYYSy(
they are certénly gaining more and more public attention. Manifold definitions and discussions

about the concept of governance have entered current academic debates. The notion of government

Ada ONBIRSYSR o0& 02 h®Brhdr aindgstood He v Giddl/ mogedtbey andi

unilateral steering, and the latter horizontal, pluricentric, and multilateral 6 | SYRNA {1 & HAamn X
FFGSN) . SOGANI vnamnT tASNNB Hnnnod® 5SALIAGS GKS gAR.
governing systems, Hendrik (2014)mato not fall into traps oflichotomizingA (government) or B
(governance) since elements of governance can be found as long ago as in the 17th century in the
Netherlands (or even ancient Rome) (see Hendriks 2014, 557).

G/ 2T € F02NF GABS 2N LI NI A OA LI { 2 Ndnakirg LdadNBebl Otls a G 2
stakeholders' different, and perhaps competing, perceptions and are therefore often used to ensure
that all perceptions are representeddacisioamakingd & 0 a lal 82608,J4®)i

Urban governance stresses the role and political power of local organizations, NGOs and lastly the
citizens themselves, referring to a more opdercisionmakingprocess which at its best- results in a
transparentdecisionmakingprocess.Transparency may be added to the five identified core values

of good urban governance: ggonsiveness, effectiveness, procedural justice, resilieacel
counterbalance (see Hendriks 2014, 565). Transitions from the more classicaldedisiormaking
approaches, namely togown towards more collaborative and mu#tfakeholder models, can be
observed in recent urban renewal or community development projects. Citizen participation and
more collaborative forms of urban planning (despite widespread debateseammvned advantages)
2F0Sy NBYLIAY Y2 bopppstd to tife rtfeEndie leliedyday/ polifics of most western
societies o0 @lFy . SO1K2@0Sy Si | fiémaroum ph goals) imglementat®o | G S &
and facets of citizen participatiomithin the realm of urban planning could easily fill an entire paper.

Nevertheless, in order to better understand the overall impact of these sshifurban decision
making, main theories and cited work on citizen participation and collaborative planmith be
briefly outlined below.

Perhaps the most weknown and frequently cited work in the body of literature aitizen
participationz A & | RRENW 2 F  / A (i deleBpged ty ISheFryA Abnkteidt (1959 i¥f @hich
she outlines eight stages ghrticipation ranging from a low level of citizen power to the highest

tf SOSt 6KAOK Aa&a WOAGAT SYy O2yiNREQ 64SS CAIdOMO D
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2 KSNBFa ! NyadSAyQa @aneanmisandipradioés ofl gharticip&in réféimdf G S
great value, much criticism has beemmaid at the limitations of the ladder as a metaphor for

achieving participation. Citizen participation in nature proves to be much more complicated than the
KASNI NOKAOIf Y2RSt LINBaSyGadSR o6& ! NyaidSaAyQa fIRR
ultimate goal of participation is problematic since citizen power does not always give the expected
results if it is not accompanied by the essential resourd&m Beckhoven referred to different

(formal vs. informal) opportunities of participation and ethimportance of neighborhood
characteristics (e.g. soecgronomic composition, neighborhood associations) when it comes to the

amount of residents and who participates in the decisioaking.(Van Bekhoven et al., 2005, 218)

8 Citizen Control

7 Delegated Power Citizen Power

6 Partnership

5 Placation

4 Consultation Tokenism

3 Informing
2 Therapy

Nonparticipation
1 Manipulation

Figurel: Ladder of Citizen Participation by S. ArnstéitD69

There is however not one approach or practice of citizen participation, but a variety of approaches
onK2g RSOA&AA2YA I NB 0SAy3 Gthelnfdst active trritasyiioblahnihgy R 6 K S
GKS2NRAT Ay3 (2RI & A dassht@rdrciosay A ©Of S0 @ISSNI ¢ vy R K EARIZR A
Patsy Healey2003) yR ¢ KI i &aKS NBFSNNBR (G2 Fa GKS wo2Yy
Collaborative planningas made explicit by Healey (2008 inspired by the perception of planning as

an interactive process. Some of the main components are to understand planning as an interactive

and interpretative process, which requires respectful interpersonal and -tuural discussion

within the pubic realm (Healey 1996, 221ff.) Collaborative planning challenges thestanding

components of rational planning processesirey analysis evaluation choice of strategyand

monitoring in order to introduce a robust interactive approach wherebyhtdcal language is not

the dominant language. Further the reasoning process moves beyond instrumental rationality (often
financial discussions), allowing the discussion to develop more in moral and emotive terms (Ahmadi,
2014). This asks for a discourseilitated by the planner (rather than being completely under taken

by them) and favors the principles gqarticipatory democracyover the hierarchical forms of
representative democradyiealey, 1996).

© 2015UrbanData2DecidgUrban Europe 8
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Citizen participation as well as participation by otlkery stakeholderds a key element of urban
governance, which bears potential to make the decisitaking process more inclusive and
sustainable. The manifold characteristics and realities of participation: e.g. the political power and
temporal dimension bwhen, who and howpeople are being involved in thedecisiormaking
process, poirg towards a great variety of approaches in the realm of urban governance. Whereas
benefits and potentials of collaborative planning and involvement of citizens should not be
disregardedput, be treated with caution, ag fact, policy andlecisionmakingprocesses are often
significantly influenced by existing power dynamics at play in a specific institutional context
(Albrechts, 2003).

There are many differenhethodsof citizen participation, ranging fromnline petitions, interviews,

focus group$and workshops to open housésOftena mix of methods is applied to engage citizens
depending on the timespan and scope of the project (e.g. redesigrsofaineighborhoa park or
redevelopment of an entire urban ared}itizen participation, as discussed above, can involve various
forms of participation, fromonce off signingof an online petition topersonal consultation (e.g.
participation in workshops or discussion gps) over a longer period of timaVhereas some
methods focus more on discussing perspectives regarding current situations, others, like the CIVISTI
method® are approaches used in foresight studies, i.e. developing future perspectives with citizens
(and/or other experts, e.g. architects, urban safety experts).

The CIVISTI method consists of three stepshérif A NB G aiSLI OAGAT Sya owtl &
visions which are then, in a second step, analyzed by experts and formulated as policy
recommendaions. In a third stage the policy recommendation are validated by the citizens and
prioritized before they are finally presented to policy makers.

Additionally, citizen participation refers to not only engaging citizens in terms of e.g. residents of an
area, but also professionals and expetf&sequently citizen participation processes aim at bridging
thesetwo groupyY 6 m0 LIS2LX S tAGAYy3a Ay GKS ySAIKO2NK22R
directly affected by certain activities, as well as (2dfpssionals and experts in the fields of
architecture, engineering, urban safety who bring thematic expertise to the table. For the

W NBFY5FGrH5SOARSQ LINP2SOG 623K INRdzLIA FNB 2F Ay

* http://www.sagepub.com/upmdata/39360_978_1_84787_909_7.pdf

*h LIS Yy K 2adminnunkyér cansultant sponsored event in which the public is invited to review alternative
development scenarios or other products of the planning process. It is generally used to get citizen response to
the development and/or planning alternatives. It is inexgea but not as interactive as other approacihes

(Ohm 1999, 8)

® http://epub.oeaw.ac.at/ita/ita-manuscript/ita_11_03.pdf

© 2015UrbanData2DecidgUrban Europe 9
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2.2 Implications for the wban decisionrmakingprocess

Urban decisiormaking processes vary greatly between countries and their respective cities. Often
cities within the same countrylo not necessarily follow the same decisioraking approach.
Furthemore, there isno onesize fits all approaclin urban deci®n-making. One has to pay
attention to the local context in regards to political and institutional trajectgrieich greatly
influence predominant decisiemaking approaches. For instance, a city with a strong history of
citizen involvement and particgtion will showcase a different decisionaking approach than a city
with a more traditional top down planning approdch

Moreover depending on the issues and topiescity is confronted withwhether it is transport
planning or urban safetyifferent decisionmaking processes take place, which require specific tools
and involve differentstakeholders anddecisionmakers.In this case operational decisionaking
processes are concerneshd demand different procedures (e.fast decisiormaking in case dafrisis
management).

Operational decisiormaking processes in cities are highly complex and dependhe issue, its
duration and urgency as well as the institutional context and histories of deaisidting processes
in cities.

Operation decisions can take place over a long period of time, or can occur quickly (for instance in

the case of a fire hazard). Nevertheless decisions regarding operational procedures to follow in
urgent cases (like fires) are usually basedcrisis mangement procedures set up (over a longer

time frame) by local authorities, including local councils, external stakeholders (fire brigade or rescue
ASNIAOSa0® ! & . SNE 3 Itheselpyotedures (Aldolcalletl conrses df maiion)daiel (0 S
designedto ensure that the operations are as safe and as-effsictive as possibleé 6. SNR3IIA |
Wallace 1994: 1450) Not only decisioraking processes in regards to crisis managefhienblve
riskanalysisWl T 6 KAOK LIR2AY(d R2Sa (BubasaRrategiOdecisoSs@bouti 2 06 S
future housing developments Wg KSNBE aK2dzZA R | (26SN) 6S LI I OSR R
OSNIiFAY 6SFEGKSNI O2yRAGAZ2YyaKQ

Further, operational decisions are often distinguished between decisions that are part of an
automated process and those that need human interventpboth processes to varying extents
include and rely on data. Decisions always reflect certain strategic and political directions of cities,
with decisioamakers who come with specific roles, decisioaking power and agendas to the table.

" Seecountry specific findingg N2 Y 9! LINE2SOG OGtwh{t9o/ ¢{Ww
http://www.its.leeds.ac.uk/projects/konsult/public/levell/sec04/
8/ 88 Y2NB 2y WSYSNBHSyOe NBaLRyasS a2aisSvyaQ !'KNE / ® W2K

Response Systems. Journal of Contingencies and Crisis Management, (16/30p. 80

© 2015UrbanData2DecidgUrban Europe 1C
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Two concepts in operational decisiomaking literature areCommand and Contrahd Coordination

The concept of command and control originates from the military, which has a distinatotop
organization where ords and instructions are centralized and explicit. Within this context the
concept of command & O2y G NBt A a Avertidal iodngtiorSTBw withtinfdrmatioX
flowing up the chain of command and orders and instructions flowing élouis, 2009,59). In this
approach, the concept of command and control can therefore be described as a taunealucracy

with a central authority who has the power to adapt measures based on the operational goal set by
the authority (Uhr, 2009, 60). However, command/ R 02y G NBf OF y | tomplexo S | LIL
system as a system with reciprocal action and feedbédhkr, 2009, 59). This approach to command
and control differs in several ways from the first description, but most importantly it does not
consider thedecision maker to be outside the systeaxertingauthority from the outside, instead

the decision maker is seen as a part of the system, exerting authority in relation to it (Uhr, 2009, 59
60).

According to Uh(2009), the first approach described above can be described as @xXtaydefeat

the chaosoften associated with multiorganizational response managemé&n(Uhr, 2009, 60), and

0KS aSO02yR | LXKNRIE édhithe édge of chadd, éxploiting tleedrage that this might

I £ £ @Bre2009, 60). This makes the concept of command and control appropriate to use as an
influence on how to make operational decisions, and it has also influenced models on how to
prepare and handle civil crises. This condeftowever referred to a€ivilian Command and Control

YR FfK2dzZ3K GKS 02y OSLIi NXaSvyofSa (GKS aiNUzOG dz
differences. Civilian command and control might, for instance, include several stakeholders with
different organizational and structures and cultures, something that will not be found in a military
organization (Uhr, 2009, 58).

The concept of coordination has a different approachdexisionmaking Mainly the concept of
coordination can be described as wafyorganizing available resources in order to respond properly

to an incident or crisis, which means that a consensus among the stakeholders is needed on what to
achieve (Uhr, 2009, 65). A consensus might however be hard to achieve, especially on tiar@gbera
level since each stakeholders might have different operational goals. The fire brigade might, for
instance, be interested in controlling a fire, while the police might be more interested in evacuating a
certain block affected by a fire. The operat#d goals of the two stakeholders might therefore not be
compatible, but an overall goal could be compatible; to return to a functional society (Uhr, 2009, 66).
This implies that goals on an operational level might complement each other to achieve goals on
other system levels in an efficient way. This does not, however, mean that the process has te be top
down driven where one stakeholder sets the overall goal, it can be developed for each stakeholders
perspective and decisions.

© 2015UrbanData2DecidgUrban Europe 11
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When it comes todecisionmaking related to planning the W5 S OA a A 2Dy/dzA RIS|0eH Q
Wt wh { f @dject énfPhasizeshree prevalent approachesdferringto urban transport planning

as the domaipthat have been identifiebased orthe case study cities (e.g. Vienna, Stockholm). The
three approachesare: visiontled, plarled and consensded approaches, whereas the latter
appeared as most common among the cities.

dVisionled: an individual or committee has a clear vision of theasuees needed to improve
transport and land use in the city, and focuses all action on implementing them

Plarled: objectives are specified, and the measures which best satisfy these objectives are
determined, usually by analysis; the resulting plan is ihglemented

Consensuded: discussions take place between the stakeholders involiedNih y & LJ2 NJiMay Yy R | v
et al. 200114)

Some efforts to break down the complexities of decigioaking processes (see Figure 2 below)

focus on differentstepsorpiaS a ® 2 AGKAY GKSAN) I3dzA RS daDeigdra G2 {
making GKS ! b | I 0 A (iphdses Bfiparidigzioty SlécisicihrkiatlJprocessegsee

UNCHS Habitat Report, 2001).

The schemén figure 2describes steps within each of the fadecisionmaking phases this is not to

be understood as a linear process, but rather as different tasks which take place simultaneously.
Within all of the tasks (e.g. mobilizing stakeholders, identifying key issues or agreeing on action
plans) the partiipation process as well as use of data to make informed decisions can vary. Decisions
in an urban renewal projeavith regards to the identification of key issues or the mobilization of
stakeholders can entail different types of information and methodsluiding the analysis of social
media data, spatial data, press releases, policy briefs anduming interviews. The schenuoes

not explicitly assign a role to the use and types of data used within each task or phase (more on the
use of data in urban déion-making from section 3 and 4). Additionally, the implementation of the
different decisioamaking phases also negtb take the specific (national/local) context, i.e. local and
institutional traditions of urban decisiemaking, into account.

° Ot NP & LB®@duges) for Becommending Optimal Sustainable Planning of European Gty
Transport Systems), an Edunded project from 200Q; 2003. For more information, please see:

http://www.ivv.tuwien.ac.at/forschung/projekte/internationaprojects/prospects2000.html

© 2015UrbanData2DecidgUrban Europe 12
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= Municipal - Proposition - Action Planning - Monitoring
Checklist Paper tools
- Programme
= Stakeholder = Facilitation Formulation = Programme
Analysis Evaluation
- City - Demonstration
= Profiling Consultation Project = Institutionalisation
- Vulnerability - Urban Pact - EMIS
Assessment
- Stakeholder - Conflict
- Gender Working Group Resclution
Responsive
Tools

Mobilising stakeholders

Issue and city profiling “

Identifying key issues

Elaborating issues

Building collaboration and forging consensus

Or+—--

Formalising commitment on ways forward

Formulating priority strategies

Negotiating and agreeing action plans

Designing and implementing demonstration project 6

Integrating projects and plans into strategic approaches

Implementing action plans

Monitoring and evaluation

Up=scaling and replication

Institutionalisation

Phase One: Phase Two: Phase Three: Phase Four:

Figure2: Participatory DecisiorMaking Process: Application by Phase (UNCHS Habitat Toolkit, 2001)

Phase 1: Preparatory and Stakeholder Mobilization

Phase 2: Issue Prioritization and Stakeholder Commitment
Phase 3: Strategy Formation and Implementation

Phase 4: Follovup and Consolidation

Factors influencing urban decisiemaking approaches

Seven main factorthat influencethe decisionmaking approaclare outlined below (figure 3)These
factors areinstitutional embeddeehess,administrative structure, funding, spatial scale, duration of
the project the stakeholders and data.

© 2015UrbanData2DecidgUrban Europe 13
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Institutional
Embeddedness
Administrative
Structure

N

Urban
Decision

sl Making pu Funding
Stakeholder (public/private)

Duration of
Spatial Scale

Figure3: Factors influencing UrbaecisionmakingApproacheé0

Data

The use of data in urban decisiamaking processes is not new, however the quantity and diversity of
data available to cities todais. The diversity of data caimfluencethe tasksthat were outlined
above, for instance an active twitter account (and sepa hashtags for the city boroughs) of the city

of Manchestet' (UK) used as a channel by citizens to communicate demands and worries regarding
new urban development projects and so forth. Besides local traditions of deeisading (for
instance a city geernment that has been more oriented towards citizen participation) also other
interdependent factors influence urban decisioraking approaches.

Institutional embeddedness

Urban decisiormakingin cities has been developed for centuries ang sensitiveto political and
institutional trajectories of local governments. Hence in most cases degisitimg approaches are
not directly compatible to other cities or countries (especially considering that degiséiing
practices also vary nationally). Diffate decisionmaking practices further illustrate different
availability, use and (internal) knowledge of data to be considered by degisders. The EU
t N22S Ol e»ndidediialTiaiadte® ofdecisionmaking approachege.g. whether they are
more planrled or more consensuded) also dependon the size of a citylongsideits geographical

S| NJXarkd a LN RasitatO (

% Thisfigure has been compiled from findings of8h 9 dzNR LIS+ y NB & 0t
OALI G2NEB ! NBlYy 580
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" https://twitter.com/mancitycouncil
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location (northern European cities tend to showcase higher levels of urban governance, i.e. citizen
participation}?.

Spatial scale and duration ofrpject

Depending on the projects spatial scale and duratpmhether it refers to national transport
infrastructure implementation or a smaller local community development projedecisionmaking

approaches can vary. Further, different approaches may everotedfwithin the same project:

decisions made about land use regulations on a national level canbe more BadR X dza Ay 3 Wi NI
a2d2NOSaQ 2F RFEGEFEZ 6KSNBFa (KSladNds well @d darticipatohf SY Sy (
decisionmaking processeB YR Wy SgQ F2N¥Xa& 27T RHniMienna QusEapford 2 OA I f
instance the decision to build a new metro lite *pw@s taken without the involvement of citizens
beforehand(more of a pladed approachwhereas the actual implementation on achl level did

so far- ask citizens to vote for a neweolor of the metro.Furthemore, local authorities have varying
autonomies in decisiomaking.

Administrative gructures

Each city government is embedded in an administrative structure, dependingeoadministrative
divisions of the respective federal state into e.g. provinces, boroughs, municipalities, local councils
and so forth. Moreover the divisions of administrative structuogsinternational, EU, national and

local levels stress differemtecisionmaking levels, institutional autonomy and powén Austria for
instance where spatial planning is regulated on the level of the nine Austrian federal states
(Bundeslandér spatial planning regulations that are relevant for the local level (cities and
municipalities) are done oa regional level There are mie in ¢ in some waydifferent ¢ spatial
planning laws in Austri&Zoning and land use plans are in the respongibilf the local levef but

have to be in line with higher level regulations. The city of Vienna is a special case because the city is
not only a municipality but a federal state at the same time.

Funding(private/public)

Funding resources greatly impagtan thetime planning of a projecivailable resources whickiso
affect forms of citizen participatiorfe.g. duration of engagement, methodolognd ultimately the
decisionmaking approache.g. fast decisiomaking without consultation of experts or greding
analysis of current situatioriaken by cities.

Y088 twh{to9o/¢{Z 5StADPSNadflEyd wSHas NBY¥SyiasaQ 550A4aArz2
http://www.ivv.tuwien.ac.at/fleadmin/mediapool
verkehrsplanung/Diverse/Forschung/International/PROSPECTS/pr_del_1.pdf

13 http://www.wien.gv.at/verkehrstadtentwicklung/fahrplan/uSplan.htmi
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Stakeholders

The number and constitution of (key) stakeholders in urldagisionmakingprocesses depend on
the projects topic and scale as well as institutional traditions of local (citizen) pattai. Some of
the (key) stakeholder and actors ate

1 NationalRegionalLocal Government and Institutions: City Council, Policy Advisors,
District Level Representatives, Public Administration

Developers, Architects

Urban and Region&lanners and Technic&xperts, External Advisors

Private sector

Research sector

Citizens, Local Community

NGOs, interest groups

Media

= =4 4 4 -—a -8 -

Summing up this chaptdras shown the complexity and multifacetedss of urbardecisionmaking
approaches. Urban decisianaking has experienced major shiiitsthe past decades from more tep
down to bottomup approachesgiven the increasing trends of urban governance (as opposed to
government).However there are many forms and types oitizen participation and engagement,
ranging from lowlevel participation (e.g. online petition) to highvel participation (e.g. participating

in workshops throughout a project)f citizens and expertdDepending on the scope (e.g. spatial
scale, financingand timespan of a project as well as a cities approach towards deaigikimg,
various forms of citizen participation can be fouta addition, tirther findings from thetheoretical
discussions andhnalysis ofprevious research projectias found a lack of discussiorand no
transparencyin regards toexpert integrationwithin decisioamaking (e.g.what are experts and at
which points of the decisiomaking process are they involedBesides citizen and expert
engagement, other factors impactingoon urban decisionmaking approaches have been discussed,
including: data, funding, duration of project, spatial scale, administrative structure, institutional
embeddedness and stakeholders.

 For a more elaborated discussion on stakeholdmnalysis regaiidg the different cities please see our
Deliverable 2.3.
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3 DATA DRIVENECISIOIMAKING

This section focuses on the facdrR I G I ¢ G KI (i deyisfofinua€ng @ SullinesizNebroley”
of data in the decisiomaking process and provides examples for edigendecisionmaking

3.1 The information hierarchy

Cities are complex systemgsan interplay of different stakeholders with different interests and
intentions such as policy makers, public administration, industry sector, researcher, real estate,
service providers, citizens, etc., and an interaction of various thematic fields andirdoswch as
society, economyand environment.In order to make sound decisions for a githecision makers
need to cross thematic borderas welladministrativeones which is whyurban decisionmaking
requires cooperation between different departments aoijanisations.

An example that highlights th@npactsthat urbandecisionmakingcan havedif plans require towns

and cities to grow in compact ways and there is a bias against permitting single family houses to be
built in the countryside for urban pgde, the commuting distances will be reduced with associated
reductions in greenhouse gas emissions; biodiversity will be less threatened; water quality in
countryside streams will be protected from inadequately maintained sanitation systems; and last but
by no means least, significant cost savings will be made in the provision of essential &ervices
(McCormack et al. 20121).

The example highlights facets of urbaecisiormaking namely, its role in the avoidance or
reduction of negative effects sucls &nvironmental stress, waste of resources, inequalities, and its
role in the support of quality of life, sustainability, and resilience of cities and regions. Sound
decisionmakingdwhich avoids the negatives and reaps the positives requires a strong, solid evidence
base, which is itself built on good, relevant and up to datg ¥ 2 NI MoCdrBagkéet ah 2011, P1

and useful tools which help to collect, analyse, model and moniteerde (spatial) data and
information in a rapid and efficigrmanner (Salvemini et al. 20 TThe challenge fourbandecision
makingis &to use and to connect datfi.e. discreteobjective facts about an eventh a way that
information [a message]and then knowledge[experience, values, context that is applied to a
messaggcan be generated, to finally reach better and mustified decisionsod 6 A A R2 Yé 8¢ 0 { Ol
et al. 2012, 10jFigured).
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Reporting, definition of goals and measures, review of messuanddecisions must be based on
well-founded facts that are of utmost importance for economic activities of private and public
enterprises, politics, administration, citizens, media, and planners (Schrenk 2001).

»WISDOM"
’ KNOWLEDGE
_ECONOMY INFORMATION PLANNERS
DATA
POLITICS MEDIA
‘ADMINISTRATION POPULATION

¥ Y

Figure4: From Data to Information, Knowledge and Wisdom for bettdecisionmaking (based onSchrenk
2001)

Data sources have been discussed in UrbanData2Decide Deliverable 2.1, especially social media data
and open (government) data. The following section lookspee into the potential of big data for the
urban decisiormaking process.

3.2 Big Data

The vast amount of data available today is the result of an increasingly bigger part of our lives that
have become digitized. Computers, internet and smartphones argeakrating huge amounts of
data, and as technology continues to advance, the variety and volume of this data will continue to
grow (Dumbill, 2013). The social and economic value captured in this data has given rise to the
recognition of personal data as emf the most valuable resources of the 21th century (WEM, 2011).
But in order to reap the benefits of this data, one must be able to manage, analyse, visualise and
extract it from large datasets. The techniques developed to do this are referred to adataig
analytics (Chen, Chiang and Storey, 2012)

The concept of big data is relatively new, but it is growing in importance and attention (Provost and
Fawcett, 2013). Known that the concept is fairly new, a precise definition of it is hard to come across.
In an article by Edd Dumbill big data is referred to as:

z A N v oA A o~

dodd8 RIGF GKFEG SEOSSRa (GKS LINRPOSaaiay3d O LI OAadG e
Yy2@gSa (22 FLadz 2N R2SayQd FAG (GKS aidNXMS dzNBa 2
RFEGlI X @2dz Ydzali OK224&S +y FEGSNYFGADS gl & (2 LINEC
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This definition is more or less consistent with how other authors define the term in articles and
reports. However, an importargoint is that the emphasis should not orthg on the volume of the
data. By limiting the concept to only volume, other important attributes such as data variety and
data velocity will be overlooked. Volume will, however, still be the primary attribute of big data.

In 2012, about 2,5 exabytEsof data was created each ddyThese huge volumes of data are a
result of the technological advances made in the last decades. Data generated in these domains
includes messages, logs from the web, readings from sensors, GPS signals from mobile phones and
updates and images posted on social networks (McAfee and Brynjolfsson, 2012). The wide variety of
sources is referred to as data variety (Rossum, 2011). Given that data are generated in different
digitals domains they can also be generated faster. Thrgbate is referred to as data velocity, or

the speed at which data can be generated. The velocity of big data also allows us to analyze and
interpret the data faster, in regime or nearly reatime (Rossum, 2011And it allowsfor identifying

change paerns in the data produced aan indication of current or upcoming problematic
developments.

l'a F adzYYINERI (GKS GKNBS +Qa 2F oA3 RIFGI 602 dzYS:s
definition of the term big data since each V is essentialndeustand the concept. More importantly,

GKS GKNBS +Qa ftaz2z GSyR (2 TFdzSf SIFIOK 20KSNI GKS
and vice versa (lbid, 2011).

3.3 The spatial dimension of big data

Even though big data is generated from a wideiaty of sources, most of these sources share similar
attributes and can broadly be divided into three different categories based on how they are
generated: directed, automated and volunteered data (Kitchin, 2013).

Directed data: Is mainly generated frondigital forms of surveillance, which means thatist
generated from technologies (such as surveillance cameras) monitoring a specific person, place or
activity.

131 exabyte = 1 million terabytes = 1 billion gigabytes

® A comparison can be made to the amount of data that Walmart collects each hour from its
customers: 2,5 petabytes. 1 petabyte is equivalentibout 20 million filing cabinets worth of text,
and one Exabyte isd00 petabytes (McAfee, A. and Brynjolfsson, E., 2012)
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Automated data:ls generated automatically from devices or systems recording how usersdhtera

with them. Examples of automated data could be transactions made by credit cards, travel passes
NEIAAZGSNAY3I LI aaSyaSNRa AGAYSNINEZI aYIFINILK2yS N
sensors measuring levels of humidity, temperature, movenogrspeed.

Volunteered data:Volunteered data is generated completely voluntarily by users. Volunteered data
includes interactions made on social media such as Facebook, Twitter or Instagram, but also crowd
sourced data collected by users and shared vieommaon platform such as OpenStreetMap or
Wikipedia (Ibid, 2013).

Even though data deriving from these sources will differ in structure and form, most of the data will
still share a common denominator, namely spatial attributes. The spatial attributes itnpkssible

to link the data to a specific place or location, addilgaationbasedcontext to it. This will not only
create a comprehensive source of data for geographical analysis, it will also make it possible to study
how businesses, institutions, palations, and entire nations are changing, or being changed by, the
physical world in realime (Kitchin, 2013; Tucker, 2013). However, the spatial attributes of big data
also incorporate a number of challenges.

Firstly, a number of ethical and legahallenges need to be addressed before processing and
analyzing data with spatial attributes. This especially applies to data on a local level where it might be
possible to draw conclusions about specific persons (Kitchin, 2013). This type of data néeds to
handled with great care since the consequences can be fatal.

Secondly, the scale of accuracy in the spatial attributes will vary and might therefore not be reliable.
For instance, if a user decides to disable his WiFi and GPS sensors on a mobilelgedmace will

y2i0 0SS ofS G2 O2ttSOG Fa FOO0Odz2NI 0SS AYyF2NNIGAZ2Y
Furthermore, the feature to add a location to data is usually optional in mobile and social
applications, meaning that the user decides wiwt to include it or not (Gorman, 2013). It might
therefore be hard to add a location based context to some volunteered data unless the user agrees
to it. In some studies the location of the user has been used instead of the location of the data to
createa placebased context, but this is not entirely accurate either (Crampton et al., 20W3%n
collecting data from the Twitter ARdr example the spatial location can either be accessed by the
location ofthe tweet or the location of the user. This means that even if the user chooses not to use
his or herlocation as a feature when posting the tweet, the tweet can still be associated with a
physical location based on information about the yseig. his resideral address But if a user lists

his or hers location as X, and then tweets from location Y, the spatial information which the tweet is
associated with will not be correct (Ibid, 2013).
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In spite of the fact that big data and spatial attributes incorperabme challenges, the possible
applications of big data within the context of geographical analysis are still numerous (Tucker, 2013).
In section 3.4 some of these applications will be presented.

3.4 Data anddecisiorrmaking

Given the difficulty to find a necise definition of big data, the general idea of the purpose is
surprisingly coherent; to compute our way towards better decisions (Dumbill, 2013). By leveraging
the vast amount of data available, governments and organizations will be able to make better
decisions simply because they will know more, and therefore also will be able to make decisions
based on the analysis of data rather than purely on intuition (Provost and Fawcett, 2013).

The ability to compute our way towards better decisions through uke of data is referred to as
data-drivendecisionmaking To base decisions on data is not a new concept. Modern theories of the
value of information began to take shape in the 1950s and tried to explain how decision makers
could improve performance bycting on information, or more precisely; how they could identify the
best possible outcomes from a set of all possible outcomes (Brynjolfsson, Hitt and Kim, 2011).
Theoretically, this means that better information will lead to better decisions. Complementa
theories argued that in order to identify the best possible outcome, organizations needs to be able to
process a large amount of information. Processing large amounts of information would allow the
organizations to minimize the risk for poor outcomesdaherefore also allow them to make better
decisions (Brynjolfsson et al. 2011). Considering this, technologies that could collect and analyze a
large amount of data would be beneficial to organizations, something that has been shown to be
true.

In a stugy conducted by Eric Brynjolfsson et al. (2011), a way to measure the use efirilaa
decisionmakingin publicly traded firms was developed. In the study, ddti@en decisionmakingis
related to productivity, financial performance and market valueeTesults show that companies

that consider themselves as datliven experience as much as & %6 increase in their output and
productivity (Ibid, 2011). Given these results, economic growth could be seen as one of the major
drivers for big data and datdriven decisionmaking There are, however, sectors where
performance canot be measured in just economic growth, such as the public sector (Misurac,
Mureddu and Osimo, 2014). In this sector, the potential of big data is still largely unexploited, but
there is a growing interest in how to utilize itgévernment initiatives undertaken during the past 15
years have also ensured that much of the data within the sector already is digital, the possible
applications of big data and datlrivendecisionrmakingshould therefore be numerous (MGI, 2013).

But as mentioned above, few examplef how to exploit this data can be found.
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Governments and the public sector do, however, regularly collect a large amount of data on
individuals and business through variousutedory proceduresand other filings. The problem is that
much of this data is not compatible with other data collecteain the public sector. Data collected
from the tax agency might not be compatible with data collected from the labor agency becayse the
were collected in different formats, and data from the labor agency might not be compatible with
data from the environmerdl agency. The inconsistent data formaighich the data isollected in

make itdifficult for the public sector to fullpynderstand the potential of big data (Ibid, 201B).view

of the above issueghere arestill several initiativesaiming towards the harmonization of public
sector data across several thematic fields.highlight in this contexis the INSPIRE Directigehe
European Directive for the establishment of a European Spatial Data Infrastructure across Europe.
INSPIRE provides standards and specifications to harmonise public data so thetoihes
accessible, comparable and exchangeable between departments aaganisations (European
Commission, 2007Based on INSPIRE thdrasbeena variety of activities and projects supporting
compatibility of datd” as part of a longer processn a technical as well as on a strategic level
Furthermore, legal constraintmight also affect how data is used and shared between the agencies.
Agencies might not be allowed to share the data they have because of spolaggs or they might

not be allowed to access data from another agency because of security reasons (18)d, 20

This data inaccessibility makes it difficult for agencies within the public sector to collaborate around
mutual problems But if the public sector were to overcome some of these difficulties, it could
benefit hugely from big data according to McKipsg&lobal Institute (MGI). Most of the cost savings
would be made through operational efficiency such as a reduction in the cost of errors and fraud in
administration, and an increase in tax receipts by narrowing the tax gap (Ibid, 2013). But MGl also
claims that the public sector could benefit in areas such as public services and public sector
accountability. Big data would allow them to gain a greater understanding about how public services
are used, andconsequently inform them how tmptimize them basedn the vastinformation
collected Public trust could be enhanced by presenting collected data to the citizens, giving them the
possibility to measure the effects of programs and policies (Ibid, 2013).

Given the examples above, the potential areas wheagedata could be beneficial within the public
sectorare wide. But there is still a growing interest in how to leverage big data for other applications
such as making poliey F { Ay3 Y2NB WAYyGSttA3aSyiQ FyR AYyONBI a&s

' For examplethe eContentplus projecPlan4all www.plandall.e) for the harmonisation, accessibility and
comparability of spatialplanning data the ICT PSP projecHLANDATA(www.hlandata.ey for the
harmonisation of Land Use and Land Cover data, FP7 project Plan4Business focusing on urban and regional
planning data Ifttp://www.plandbusiness.eyy FP7 project HELM for harmonised Epgan land monitoring
(http://www.fp7helm.eu/), HUMBOLDT  http://www.esdi-humboldt.eu/home.htm)  towards  the
harmonisation of spatial information in Europe, and many more.
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Osimo,2014). This would allow the public sector to address crime, public safety and quality of life
issues in an even more effective way.

3.5 Examples of datalriven decisionmaking

As mentioned before, the possible applications of big data within the context of geographical
analyses are numerous. In this section some examples of how big data have been leveraged for data
driven decisioamakingwill be presented. The examples have bestegorized into five different
topics: Public Governance, Healthcare, Retail, Movements and Safety.

Public governance

Utilizing big data would not only allow the public sector to address crime, public safety and quality of
life issues in a more effecevway, it would also allovgovernmental authorities tovork more
predictivey; to address issues before they happen by making-datzen decisions. One of the cities
that have adapted techniques to do this is New York City (Goldsmith, 2011). By explwtiagge
amount of data which the city collects each year, New York City has been able to come up with a
methodology to address issues in some of the areas mentioned above.

The methodology basically derives from the possibility to combine-sitts fromdifferent agencies

to find out what information is missing. For instance, to run a coffee shop, a number of different
permits need to be in ordeg permit to serve food, permit on how many people are allowed in the
premises, permit on tax obligation etBy combining this datdt is possible to identify places that
should have data, bulo not have, and investigate it further (Howard, 2012). But this methodology
can also be used for more preventative work by looking at places where data conforms inktead o
places where data is missing. An example of this is how New York City works with fire prevention. By
creating a file containing all of the 900 000 buildings existing in New York City and populate it with
data from 19 different agencies, including dataoabthe owner of the property and information
about the property, it was possible to cresgbulate it with 5 years of historical fire data to find out
which attributes that were highly correlated to fires. The results were then passed on to the
Departmentof Fire or the Department of Buildings to go out and inspect the areas and properties at
risk (Howard, 2012).

According to Howard (2012), the introduction of data predictive analysis anddiaten decision
makingin New York City has resultadhong otlersin:

~ oA LA = a4

GOddPB8 |y AYONBlFaS Ay GKS NIXidS 2F RSGSOGA2Yy F2NJ
firefighter injury or death, a fivéold return on the time of building inspectors looking for illegal
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apartment [and] more than doublingthe it 4§ S T2 NJ RA&AO02@3SNAy3 ai2NBa &
(Howard, 2012)

These results indicate that datiriven decisionmakingwill allow the public sector to work more
proactive and benefit from it.

Healthcare

The benefits of big data and dathiven decisionmaking within healthcare are numerous. One
application, that has received a lot of attention, is the possibility to predict seasonal influenza
outbreaks in specific regions based on data from Google. By monitoring local search queries on
Google researches have managed to predict where and when the seasonal influenza breaks out.
Being able to identify and locate a possible disease outbreak might not stop it from spreading, but an
early detection might reduce the impact since healthcare providerdd take necessary measures
(Ginsberg, Mohebbi, Patel, Brammer, Smolinski and Brilliant, 2009).

A similar example is the possibility to map areas with epidemiological issues to improve patient care.

In Louisiana, USA, the department of health leverdgigddata and GIS to find areas with poor birth
outcomes, such as babies with a low birth weights. By collecting data about every live birth in

[ 2dZA &AL Yl YR O2YO0AYAYy3d Al 6AGK GKS Y2G0KSNDRa NB
identify clusers in certain areas where babies are most likely to be born with a low birth weight. The

results made it possible for the department of health to take preventative healthcare measures to

lower the risk of poor birth outcomes in these ardsigaxer, 2014).

Retalil

Datadriven predictions within the context of retail business can result in huge advantage compared

to other competitors. One retailer, that has utilized these possibilities, isM#at. When hurricane

Frances hit the coast of US in 2004, \Mairt used tt5 A NJ a K2 LILJISNDR& KA &G0 2NE Rl
hurricane to forecast which products that they would experience an increased demand for. By doing

this, they were not only able to predict which products they would experience an increased demand

for, but they ould also project the amount of increase in sale due to the hurricane (Provost and
Fawcett, 2013).

The huge amount of data collected by W&rt is also utilized to make their own organization more
effective. For instance, the data collected by checke@ansers is used to optimize the working hours

for the personal by analyzing sales history at certain hours at a particular store (Hayes, 2004). In this
way WaiMart can make sure that they will have enough personal on duty during the lpaads.
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Movements

Mobile devices are probably the single most important source for user generated data. Mobile
devices today are location aware and contain multiple sensors including cameras, microphones, GPS
and WiFi, generating huge amount of data whether theeu knows it or not (Tene and Polonetsky,
2013). Since much of the data generated from mobile devices will contain spatial attributes, this data
is ideal to process in GIS.

One example of how the spatial attributes of mobile devices data is leveragee isdltime traffic
monitoring in Google Maps. A user who has his or hers GPS transmitter enabled on their mobile
device and utilize Google Maps automatically sends anonymous data to Google describing how fast
they are moving. This data is then combineithwdata sent from other users (also utilizing Google
Maps) and allows Google to calculate the live traffic conditions. These calculations can then be sent
out to other users, allowing them to get an idea about how long it will take to travel from pdimt A
point B and take the live traffic conditions into account (Barth, 2009).

Another example is research group who used mobile phone data to track peoples movement and
discovered how it seemed to follow a mathematical pattern, allowing them to forecaS B 2 Y Q &
future movement with93,6 % accuracy (Hotz, 2011).

Safety

Much user generated data derives from social media networks such as Facebook, Twitter and
Instagram. The data generated from these networks is usually unstructured, sometimes making it
hardto analyze further. However, in recent years a lot of research has focused on how to extract and
interpret this type of data. One outcome spawning from this research is the ability to identify
earthquakes and send out warnings to affected persons mesepdnitoring tweets on Twitter.

By scanning Twitter for geocoded tweets with specific keywords such%$ NI Kdrdzb 2 8¢ A G A &
a KI 1 and applying a semantic analysis on the tweet (making sure that tweets suéhLas | Y
aKI1Ay3 KI geR Sored adui),Kesearthes have been able to develop a system which
identifies earthquakes in specific regions. The system has proven to be successful, identifying 96 % of
the detected earthquakes in Japan with a seismic intermitythe Richterscale of 3 or mar. The

built in warning system, which sends out ammail to registered users notifying them about the

event, has also been proven to warn users faster than the warning system used by the Japan
Meteorological Agency (Sakaki, Okazaki, and Matsuo, 2010).

Scial media data can also be combined with other data to map out points of interest or other
AYF2NXYIGAZ2Y O2yOSNYyAy3 alFSted 9{wL>X (GKS 62NI RC
begun to exploit possible applications within this area. To demratesbne possible application, they

use a scenario where a hiker is lost in a national park and the search leader has to narrow down the
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search areas with GIS as a tool (Tucker, 2013). In the scenario, the search leader has access to a
database with recorsl from 30,000 lost hiker sear@ndrescue missions. From querying the
database, the search leader finds out that a majority of the lost hikers are found downhill, two miles
from the last spot seen. To find areas fitting these facts, a two mile buffeldisdain GIS to the areas
where the hike was last seen, and an elevation layer is also added, pointing out the areas where it
slopes downhill or uphill (Ibid, 2013). From the database, the search leader also finds out that most
lost hiker stops walking aftethree hours. From this information, the search leader can create a
predictive model based on elevation data and land cover data to map out place that needs to be
prioritized. To further improve the analysis, the map is also shared with the public. Pe&bple
mentioned on social media that they would be hiking in the same national park that day are targeted
specifically, allowing them to add information of interest to the map (Ibid, 2013). This will narrow the
search area even more, and will probably alkv searchand-rescue team to predict where the lost

hiker might be.

4 EXISTING TOOLS ANMCHNIQUES FOR DEOINSSUPPORT

4.1 General overview

Computerizeddecisionmaking support already exists for over 40 years and is assisted by an
overwhelming collection of regular tools and techniques that have the same intention. In this part an
overview is constructed of thgood practices and useful tools and techniques within thregess of
urbandecision support. In order to construct such an overvimgearch was done onlinand there

has beenresearchon tools that support different purposes in therban decisionmakingprocess.

The purposes that have been identified afmalysis, Knowledg&xchangeMonitoring, Question &
Answer, Simulation, Stakeholder Participation and VisualizaBased on these purpose categories a
collectionof over90 tools and techniquesvas conducted and analyse8ome features of the tools

and technques which were added to thkst during this researclare highlighted belowDetailed
examples and descriptions of selected tools are given in the following chapter.

Figure Spresents different purposes of the collected decisgrpport tools and techijues. Itshows

that there was found a relatively balanced amount of tools and techniques serving each purpose.
some cases tools would fit more than one purpose, e.g. analysis tools often also include visualization
functionalities. In such a case theain purpose of the tool was identified so that in the chart each
tool belongs to only one category.

The results shovthat almost a third of the tools investigated are intendfedt data analysis These
are tools suitable for the analysis of statistics,kstaolder mapping and analysis, market research,
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multi-criteria analysis, pros & cons, rating and voting, economic analysis, decision matdkestsT
decision trees, codbenefit analysis, or effect measuring. Examples are tools and techniques such as
PS&, Geographic Information Systems, etc.

Purpose
Visualisation

a,
12% Analysis

23%

Stakeholder
Participation

10%
Knowledge
Simulation Exchange
12% 12%
Question &
Answer Monitoring

12% 19%
Figure5: Main purpose of thecollecteddecisionsupporttools and techniques

Common ools for knowledge exchangeare information hubs or web platformincluding a
discussion forum, city profiles, a news sectifumctions such as commeraipplaud, vote, blog, share
ideas,includedatabases such as best practice catalogues, case studies, eatmtdar etc. They are

for example the Market Place of theEuropean Innovation Partnership on Smart Cities and
Communitie¥’, Open Ide®, or the Nordic Urban Platforfl. A specific form of knowledge exchange
is guestion & answer siteghat where observed separately as they are for specific interest for the
UrbanDat&Decide expertlriven UrbanDecisionMakeExamples are Quota the locationbased
tool Askalé® or ThumB*. With the help ofmonitoring tools users can observe developments over a
certain period of time to identify changes. These tools also support stafigtialysissocial media
monitoring orthe creation ofstatisticaltimelines.They are for example iMonitoriAtor TracebuZZ.
Simulation toolsand techniques can be used for scenario planning, finafaretast, modeling, and
system dynamics. ExampleseaCUBE for transportation modelfig UrbanSirff, and NetLog®.

'8 http://www -01.ibm.com/software/analytics/spss/
9 http://eu -smartcities.eu/

%0 https://openideo.com/

! http://www.ifhp.org/news/new-opentplatform-showcasesordic-urban-development
22 \www.quora.com

2 http://www.askalo.info/

* http://fthumb.it/

25 www.internetmonitoring.nl

%8 \www.tracebuzz.com

2 http://citilabs.com

*® http://www.urbansim.org
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Tools that supporstakeholder participation community outreach and civic engagement in urban
decisionmaking processes include functionalities such as comment, blog, post, tag locations and
attributes in a map, news, voting and rating, reporting etc. Examples are Birgerbafjstane
Clean Streef" or MachMit®2 Specificvisualization toolsprovide all kinds of data and information
visualisations like charts, infographics, maps, etc. Examples are visualiziGmadgigrani®, Stack*

or CityServer3b.

Usability
Unkown
1%

Highly
sofisticated tool
for specialists
18%

Mare
sofisticated tool
for specialists

18% Easy to use

63%

Figure6: Usability of thecollecteddecisionsupporttools and techniques

Concerning the usability othese tools figure 6 shows that two third of all found tools and
techniques are easy to us€hey can be used by users without much or any background on specific
technologies and methods and are intuitiviéhis amount can be partly explained by the high number

of easy to use question and answer based websites and partly by the high number of fully
commercial tools, where no additional actions by the user are needibd more sophisticated and

highly sophisticated tools and techniques include somere advancedsimulation and analysis
softwaresuch as ArcGIS, SPSS and as well as some open source software and tools that require some
additional technical skillsThe urknown group is formed by tools that areurrently not used
anymore and therefore could not be tested.

Figure? illustrates the amount of tools and techniques that were developed #ir@nced research
projects or industry projects. It shows that while nésols and techniquesiave not beenfunded,

# ccl.northwestern.edu/netlogo/

% http://buergerbautstadt.de

%! https://www.cityoflondon.gov.uk/aboutthe-city/what-we-do/Pages/sociamedia.aspx
s https://open.wien.gv.at/site/machmit/

% http://www.quadrigram.com/

3 http://www.webdesignerdepot.com/2009/06/5)reatexamplesof-data-visualization/
% Cityserver3D
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15% actuallyhave Among this 15% almost three quarter¥6)have beerfunded by the European
FP7 program. Other funders are other research programs by the European Union and the U.S.A.

Funding
Others

FP7 %
9%

Not Funded
86%

Figure7: Funding of thecollecteddecisionsupporttools and techniques

Another interesting feature is the accessibility of the tools and techniques concerning the costs of
usage(figure 8) Almost two third §4%) of all foundools canbe used free of charge. Ttiategory
mainly consists out of free to use question and answer websites and commonlystaezholder
participation and decisionmakingtechniques. Théfully commercidlategoryis mainly formed by
social media monitoringools and some highly sophisticatesimulation and analysis software
provided by commercial copanies This type of software is also found in the third group, but in this
case they also offer some free features, like trials or limited software pack@esnknown group
partly consiss$ of toolsthat are not on the market anymore.

Accessibility

h Unknown
5%

Commercial wit
free features
10%

Fully commercial
21%

Free
64%

Figure8: Accessibility ofcollecteddecisionsupporttools and techniques
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Within a conducted shortlist o§oodpracticetools, some additional features were described as well,
such as the amount and types of vigeationsthe tool or technique offers, the data that it uses and
the main organization that is behind it.

4.2 BExample tools and techniques for decisiesupport

This part will describ some of thecollectedgood practices in detailExamples are provided for the
following categoriesAnalysis, Knowledg&xchange Monitoring, Question & Answer, Simulation,
Stakeholder Participation and Visualization

4.2.1Analysis

Analyzing can be of great support when it comesdazisionmaking By analyzing the context,
problems, alternativesolutionsetc. onecanmake ainformedRSOA aA 2y o6l aSR 2y 2y SQ

Multiple Criteria Decision Analysis (MCDA)

MCDA is a worldwide sed technology in the field of compledecisionmaking MCDA explicitly
considers multi criteria in a compladecisionmaking environment. The analysis is based on the
belief that most decisions we make are not simply based on one criterion, such asufiaplexcosts.

This especiallgppliesfor complex environmergwith multiple stakeholders as is often the case in
dzNb Iy OKFffSyaSaod !'a Ay &adzOK Ol asSa | o0Said az2ftd
preferences are used to differentiate betweeheanatives. In the process the first step is to identify

and define all alternatives and criteria that are important in the process. Then the criteria are given a
number based on their relative importance and all alternatives are being scored on theeiliffe
criteria. By combining the importance of the criteria and the scores of the alternatives a hierarchy
arises among the alternatives. Based on this hierarchy one can make a deliberate decision on which
alternative to implement.

It is free to use butwe consider ithighly sophisticatedas it cannot be used without any pre
knowledge. The results of a MCDA can be visualized in several @dyiSd/ RAy 3 2y 2y SQ&a LN

Basic Information

Name Multiple Criteria Decision Analysis
Year established 1979

Organisation Unknown

Funding No

Location Worldwide

% http://en.wikipedia.org/wiki/Multiple-criteria_decision_analysis
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Access Free

Features Personal preferences are involved

Visuals Mainly tables, based on users preferences

Usability Highly sophisticated tool for specialists

Reference (URL) http://en.wikipedia.org/wiki/Multiple-criteria_decision_analysis

Decision Tre&

The decision tree is just like the MCDA a tool that suppakecisionmaking It maps out the
consequences concerning costs of all the alternatives and in that way suppdetssion based on

costs, utility and chance event outcomes. All alternatives are visualized as branches from a tree
When there is a choice to be made or a chance event, the branch splits. This ongoing process
produces a set of outcomes on the differemihches, forming a tree all together.

In a decision treenodes that represented bgquaresindicatedecisions that need to be made, while
nodes represented by circles indicatdhance eventsand are annotatedwith the probability

distribution. End ndes ae represented by a triangle andre annotated withthe cost thatis
associated withthat particular branch.

Like the MCDA, the decision treeojgen source and can hesed freelywithout any costs for the user
but it is a bit less sophisticated.

Example Decision Tree:
Should we develop a new .
product or consolidate? n1qu:ﬂ
—_— $1.000,000
04—t
\‘-'\'9‘:’ j:.:‘}-- n'l.:i:cercrﬂ $50.000
oy~ _meoderate
(85 —
(o2 Pog,
g oo —  $2,000
G‘Q’/
i
ri-\
[
-/ gy,
& Lo __ $1,000,000
f' g = goo®
, el $50.000
o/ =" moderafe $50,000
=/ - T—
i —
/ BPoge
o ~  $2,000
d
\
\.\ __— $400,000
.\ __(___,__--"'
o\ 03 goot
X e A $20,000
2\ g 05T —
T @ B
R A FOoF T L, s
5\ & ! $6,000
\ £ 10
\ o
~
__—  $20,000
S
oy
0.4 T —
o
oor $2,000

Figure9: Example of a decision tree, about the possibility to develop a new product

3" http://www.businessnewslaily.com/614 Zdecisiontree.html
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Basic Information

Name Decision Tree

Year established Unknown

Organisation Unknown

Funding No

Location Worldwide

Access Free

Features Chance events are taken into account

Visuals Clear, tre€dlike, overview on the consequences of different decisions
Usability More soplhisticated tool for specialists

Reference (URL) http://www.businessnewsdaily.com/614decisiontree.html

4.2.2Knowledge platform

Knowledge platforms can be of great help in tecisiormakingprocess. It mainly functions as an
information database or knowledge hub. All knowledge and information could be used to make a
structured and deliberately decision.

Market Place of the European Innovation Partnership on Smart Cities and Commutiities

The market placés a common platform focities, industry and citizern® improve the life in cities
through innovative solutions. These are for examplepplied innovation optimised planning
processes stakeholder engagementenergy efficiency transport solutions, intelligent use of
Information and Communication Technologi@€T) etc. This platform functions as an information
sharing hub and was funded by the European @ission. The aim is to provide information on
innovative solutions in various thematic fields such as energy, transport or ICT by cities for cities. It is
based on user generated content and is free and easy tpamgkholds a variety of visualizatiorsdli

maps and charts concerning many topics.

% http://eu -smartcities.eu/
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Home Abost FAQs Help ImporiantLegalNofice Contact

% m-"b Market Place ofthe European Innovation Partnership on Smart
ot Cities and Communities
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FigurelO: Interactive map provided byhe market place of the EHSCC

Basic Information

Name Market Place of the European Innovation Partnership on Smart Cities
Communities

Year established | 2011

Organisation EC (DG Energy)

Funding Yes, European Commission

Location Europe

Access Free

Features Forum, project selector, city profiles, news, action clusters, post ¢
practices, comments

Visuals Interactivemaps, chartsmind maps

Usability Easy to use

Reference (URL) | http://eu-smartcities.eu/

Eltis*®

Eltis is an urban mobility observatory. It is a platform tfetilitates the exchange of information,
knowledge and experiences in the field of sustainable urban mobility in Europe. It is aimed at

% http://www.eltis.org/mobility-plans/europeanplatform
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individuals working in transport as well as in related disciplines, including urban and regional
development, health, eergy and environmental sciences.

The platform was founded in 2014 and funded by thtelligent Energy Europe Programme of the
European Union Besides knowledge, information drexperience Eltis also provides networks,
events and forums. And the websitelds a wide range of photos and videos concerning case studies
and projects.

ntact us Cookies Legal notice English -

o = Uisgha; Decoma e Péend Bade
’ E l.t | S The urban mobility observatory

RESOURCES PARTICIPATE
°

Tools
Photos

materials
EU ng
Promotional materials

s Awards

ged to submit their
gioStars Awards in go
2015

wards identify good practices in regional development and highlight
original and innovative projects that can inspire other regions.

e -
'
‘ wy Read more

CCCCe

Case studies News

Sustainable deliveries of €550 000 for cyding infrastructure in Galway
goods in Paris (France) (Ireland) Logn ©
B Marco Valerio Saluc

Figurell: Website interface of Eltis

Basic Information

Name Eltis

Year established | 2014

Organisation European commission

Funding Yes|ntelligent Energy Europe Programme of the European Union

Location Europe

Access Free

Features Information hub with tools, best practices, networlksents, and case studie
forum

Visuals Photos and videos

Usability Easy to use

Reference (URL) | http://www.eltis.org/mobility-plans/europeanrplatform
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4.2.3Monitoring

Monitoring is another approach tsupport thedecisionmakingprocess. Social media monitoring for
example tracks opinions of a greater audience concerning new projects, plans, trends etc. With tools
to monitor social media, data can be generated to supportdheisionmakingprocess. Online there

is a great varist of free to use, fully commercial and partly commercial social media trackers.
Regular monitoringansignal a trend or problem in the field in which the decision maker operates.
An example o monitoring tool is added below.

Cisior{®

Cision does not dw track all desired information about a topic on social media, but also monitors
classic media worldwide such as newspapers, television and magazines. It givesndaaw over
what is happeningon the web related to your specific topic or companyhis service is fully
commercialbut easy to uselt provides a personal dashboard with a clear overview a specific

topic.
C I S ' ON D (jl [ [F]'L > 5 Vanessa Settings Help :‘.:o-;;..z'

Plan your campaign ~  Connect with To media ~  Monitor coverage ~  Analyze results ~ B - & |

Home

]

st Cortacs
Yesterday 85,970 1,591,935
Last week 654,957 10,009,943
Year-To-date 15625354 234363972

c 888884

Number of articles

Figurel2: Overview of some features in Cision

“© http://www.cision.com/us/pr-software/
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Basic Information

Name Cision PR software

Yearestablished Unknown

Organisation Cision

Funding No

Location Worldwide

Access Fully Commercial

Features Looks at online and offline media, media database
Visuals Graphs, personalized dashboard

Usability Easy to use

Reference (URL) http://www.cision.com/us/pr-software/

Land Information System Austria (LISA)

Thegoalof the Land Information System Austria is to provedéstingspatialdataon land cover and

land usein Austria to public authorities and the private sectbiSAaims to contribute with this new
information to thematicfields such asurban and regionaplanning, forestry, agriculture, water
natural hazard managemeras well as environmental protection amnservation.Reflecting the

work of the European GMES Lakidnitoring System (Land Monitoring Core Service, LMCS) LISA is
defined as a twestage project, namely the LISA mapping service and the LISA subject application (see
corresponding menu item)he LISA mapping based on the LISA data model has been devayoped
complex process chain for a automate evaluation of orthophotos and satellite Blagadownstream
services of LISA integrate the results of the LISA mapping services in order to create additional
products.

Figurel3: Land Ifiormation System Austriag monitoring Land Use and Land Cover data

“http://www.landinformationsystem.at
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Basic Information

Name LISA Land Information System Austria

Year established 2009

Organisation Geoville

Funding EESA, BMVIT

Location Austria

Access Free access for publarganisations

Features Add layerspverlay,datavisualizationmapping analysis of land cover change
Visuals Maps

Usability More sophisticated background knowledge required

Reference (URL) http://www.landinformationsystem.at

4.2.4Question &Answered Sites

Question and answered based websites can be very useful in the deaiaking process. On one
hand they operate as opinion trackers that offer the possibility to track sentiments within the direct
surroundings of a project. On the other tththey are a source of knowledge and questions can be
asked to experts in different fields.

Askald?

Askalo is a location based Question & Answer website, which operates worldwide. Its content is user
generated and it focuses on local communities whetizenscan post a question or comment about

their region.It isa free and easy to use service by Yalwa and the clear maps that are attached make it
rather easy to find the region of your interest. Indacisionmakingprocess such a question and
answer website could be used to track opinions about, for example, new urban development
projects.

alo

Art & Cultu

ommendations London

9 Results for Art & Culture recommendations London (0.01 seconds) 0

Category
London - Special Rates in London - Agoda.com

s Best Curry House in UK - shebabricklane.com

Insider Guide to London - urbanjunkies.com

Where is the best muscum in London?

Tags for Arts & Culture London

What are the people fike in London?

Figurel4: Overview of some features on Askalo

*2 http://www.askalo.info/
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Basic Information ‘

Name Askalo

Year established | 2010

Organisation Yalwa

Funding No

Location Worldwide

Access Free

Features Chose a city, post and answer questions, like and dislike
Visuals Tags & Maps

Usability Easy to use

Reference (URL) | http://www.askalo.info/

Thumb®

Thumb is a redime Question& Answered based website, which also comes in a mobile app version
and in a pro version for business. The website allows users to get feedback-tmesand the
feedback can be rated by giving thumbs up or down. Besides asking quessersgan alsaupload
pictures andask for opinions.

@ Askfor Opinions

6-) Give Your Opinion

What is Thumb? )

Figurels: Interface on the thumb.it website

* http://thumb.it/
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Basic Information ‘

Name Thumb

Year established | 2010

Organisation Ypulse, Inc.

Funding No

Location Worldwide

Access Free

Features Askquestions, get opinions, voting (thumbs up or down)
Visuals Pictures

Usability Easy to use

Reference (URL) | http://thumb.it/

4.2 .5Simulation

When a complex decision needs to be made, simulations can be used to map all possible outcomes
and consequences of a particular decision. Whether it is a discrete event or a continuous process,
with the variety of simulation software that is on the marketwadays, anglecisiormakingprocess

could benefit from a certain type of simulatio&imulation systems might also be part of early
warning systems e.g. predicting future behavior of water levels in case of heavy rainfall.

Vensint*

Vensimprovides software to model system dynamics and helps to fully understand complex systems,
including nonrlinearity. The software cannot be used withoptior expertisein mathematical
modelling It needsboth relevantdata anddomain expertisgo define the relationships within the
system. Vensim is a commercial company but offers free packages (mainly for students).

The biggest plus of Vensim and system dynamics is the possibility to simulate different alternatives
and decisions and see the effect theyvhaon the rest of the system over time. When all
consequences of all possible decisions are calculated and mapped, it is slightly easier to make a well
founded decision.

“\www.vensim.com
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Figurel6: Example of System Dynamics in Vensim software

Basic Information

Name
Year established Unknown

Organisation Vensim

Funding No

Location Worldwide

Access Commercial with free features

Features Simulation, policy/decision testing

Visuals Graphs and Relationgithin a system

Usability Highly sphisticated tool for specialists

Reference (URL)

WWW.vensim.com

NetLogd®

NetLogoprovides atype of simulation and modelprimarily agent based situations. The NetLogo
environment enables exploration eimergentphenomena It comes with an extensive model library
including modelsfor a variety of domains, such asconomics biology, physics chemistry
psychology and system dynamicsNetLogo allows exploration by modifying switches, sliders,

“ ccl.northwestern.edu/netlogo/
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choosers, inputs, andther interface elements. Beyond exploration, NetLogo allows authoring of
new models and modification of existing models.

NetLogo and agent based modeling is less sophisticated compared to system dynamics and can be
used for free. It cod be of supportn the decisiormaking proces when a decision in an agent
based environment adjusts the input, conditions or boundaries.

B2 k122

setup | ‘ g0 =| |E8"ﬁ. show-energy? |

Grass settings

1 o7 | rr——]

Sheep settings Wolf senmgs

hiﬁd—nu 100 hiﬁal—nulrtu—unlus 50
I_I'

sheep—g&l-l'mm-'fmd w-ﬁmn-food 20

uheep—upmduu 4% | unli-repmduu 5%

sheep wolves grass [ 4
146 104 248

populations
429 M sheep
N\ W wolves
= grass [ 4

Figurel7: Example of agent based modeling in NetLogo

Basic Information

Name NetLogo

Year established 1999

Organisation Northwestern

Funding No

Location Worldwide

Access Free

Features Simulations, environmental adjustments
Visuals Graphs, Statistics, Basic simulation overview
Usability More sophisticated tool for specialists
Reference (URL) ccl.northwestern.edu/netlogo/

4.2.6Stakeholder Participation

In the process oflecisionrmaking stakeholder participation can be of great influence. Stakeholders
could help in developing ideas, alternatives or solutions for problems that address them. Also in the
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implementation phase they could be very useful or be experienced as an obstadiee
engagement of stakeholdernsitiated by city municipalities also strengthens the commitment of
citizens to new urban developmente.g. in case of bigger transportation projectBjther way a
project could greatly benefit when stakeholders are involfredn the start

4.2 .7 Visualisation

Visualisations of data, decision processes and simulation results mainly support human sense making
and decifons based on it. Visualisation todse thus animportant support for decisiomaking.
Besides the tools presented below, the reader is referred to Delivef@aBl& Social and open data
visualization methods and data sources report

Javascript InfoVis ToolKit

With this toolkit it is possible to create interactive data visualizations fomteke and it is free to use.
This toolkit features different visualizations including: Hypertree, Treemap, Sunburst, Bar and Area.
Theinteractivity creates an extra dimension in understanding the complex data.

Figurel8: Exampleof datavisualisationwith the Javascript InfoVis Toolkit

Basic Information

Name Javascript InfoVis Toolkit

Year established 2013

Organisation Unknown

Funding No

Location Worldwide

Access Free

Features Discussion platform, community

Visuals Multiple visual processes, charts, graphs
Usability Easy to use

Reference (URL) http://philogb.github.io/jit/index.html

“® http://philogb.github.io/jitindex.html
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