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Abstract

Recent years have seen a substantial growth in urban metabolism research, resulting from
increasing scientific consensus that metabolic flow assessments can inform resource-efficient
urban policy. However, only a few works report on retrospective evaluation of the relevance
and impact of urban metabolism studies in urban planning. Practice-relevant urban metabolism
research depends on the applicability of assessment methods as well as on the effectiveness of
knowledge transfer between scientists and practitioners. This paper presents a retrospective
evaluation of a collaborative urban metabolism project (EU-FP7 BRIDGE) conducted through
empirical inquiry. The goal of the inquiry was to evaluate the applicability of the BRIDGE
assessment method in urban planning and the effectiveness of the knowledge-transfer approach
in one of the BRIDGE case-study cities (Helsinki, Finland) in a combined fashion. Through gen-
eralization of key findings on strengths and areas of improvement, a combined framework to
evaluate both aspects in the design of urban metabolism projects is proposed. The framework
aims at supporting scientists and practitioners in the development of collaborative research that
can accommodate expectations as well as sustainability priorities and objectives of both parties.
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Introduction

Urban metabolism assessments and relevance for planning practice

Urban Metabolism (UM) research provides an interdisciplinary framework to investigate
drivers of resource demand across urban scales, through quantification of energy, materials,
water, and nutrient flows (Kennedy et al., 2007). UM assessments are key to gearing urban
sustainability strategies and policy toward optimized urban resource management (Kennedy
et al., 2011). Industrial ecology’s material flow analysis and energy accounting are the most
used UM assessment methods (Cui, 2018; Newell and Cousins, 2014). However, only 42%
of flow analyses and 31% of energy accounting studies specifically target planning practi-
tioners and decision-makers, and the remaining majority is disseminated through publica-
tions for the scientific community (Beloin-Saint-Pierre et al., 2017). Shortcomings of UM
methods that limit their applicability in urban planning and policy-making are increasingly
investigated in the UM literature (Li and Kwan, 2018; Perrotti and Stremke, 2018). Since
UM flow assessments primarily respond to the need to establish technical frameworks for
resource accounting (Kennedy et al., 2011), additional expert interpretation is required to
translate results into guidelines for urban planning. Material and energy assessments are
only rarely combined with analysis using environmental pressure indicators such as
Ecological and Carbon Footprints, which are closer to the language of planning practice
(Galan and Perrotti, 2019). The limited applicability of UM studies in urban planning also
results from the use of black-box models, which do not capture the spatial patterns of
resource flow distribution in urban systems (Golubiewski, 2012). Several attempts to geo-
reference disaggregated data and UM flows have been made in the last years (e.g. Pincetl
et al., 2015; Xia et al., 2017). Spatially resolved studies can help express the impacts of urban
forms on the resource-intensity of cities and can, therefore, facilitate the incorporation of
UM thinking in sustainable urban planning practice.

UM knowledge transfer

The question of how results of UM studies can be transferred to urban planning agendas
was at the starting point of the research presented in this paper. The process of UM knowl-
edge transfer can be studied using insights from the wider field of sustainability science
(Mauser et al., 2013). Research into sustainability knowledge transfer highlights the multiple
challenges arising from transdisciplinary discussions among researchers as well as from the
integration of governmental/professional stakeholder knowledge. The underlying assump-
tion is that the incorporation of different communities of knowledge into the same analytical
and/or problem-solving framework is necessary to: (i) gain an understanding of the drivers
and impacts of the studied situation/problem; and (ii) the delivery of effective guidance for
strategies and solutions at the local level (Lang et al., 2012). Among the several knowledge-
transfer models discussed in the literature, there is a growing understanding of knowledge
transfer as an iterative and reflexive cycle, as opposed to a linear, one-way science-to-
practice process (Bocher and Krott, 2014). Mutual learning processes can lead to the
co-generation of new solution-oriented knowledge and produce more practice-relevant
results (Binder et al., 2015). The growth of retrospective evaluations of knowledge-
transfer processes in recent years (Ugolini et al., 2018) reveals an increasing interest from
both sides in bridging the science—practice communication gap in order to better face sus-
tainability challenges. This trend is likely to grow in the future, in response to the strong
emphasis on science—practice knowledge co-production and increasing demand for more
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participative research methods by the European Commission (e.g. Horizon 2020, Interreg,
COST programs) and other funding agencies (Ugolini et al., 2015).

In UM research, early stage integration of stakeholder inputs and knowledge
co-production can foster more versatile assessment frameworks, accommodating different
stakeholder needs and levels of complexity (Dijst et al., 2018). Co-design of UM assessment
objectives, methods, and tools with end-users can favor strong commitment from of all
parties involved in sustainable UM transitions and stimulate more inclusive policy and
action (Huang et al., 2015). It is therefore crucial to establish a comprehensive framework
to investigate the conditions for effective knowledge transfer in UM research. Retrospective
evaluation of existing knowledge-transfer approaches in collaborative UM projects can
provide key insights on strengths and areas of improvement.

A combined evaluation of assessment methods and knowledge transfer

This article aims at proposing a combined framework to evaluate the conditions for both
UM assessment applicability in planning practice and effective knowledge transfer in col-
laborative UM projects. The combined evaluation framework is proposed as a way forward
to leverage more practice-relevant UM research. This paper builds on the results of research
conducted in Helsinki, Finland (September 2015-July 2016). The research consisted of a
retrospective evaluation of a neighborhood UM study in Helsinki, developed within the
collaborative UM project BRIDGE (sustainaBle uRban planning Decision support
accountinG for urban mEtabolism, EU-FP7). BRIDGE (2009-2011) was developed by an
interdisciplinary consortium of scientists and planning practitioners in five case-study cities
(Helsinki, Athens, London, Florence, and Gliwice) (see “Background” section). The main
outcome of BRIDGE was a GIS-based decision support system (DSS) to inform sustainable
urban planning based on UM assessments at the scale of municipalities, neighborhoods, and
urban areas.
The research presented here aims to:

e investigate the potential of the BRIDGE UM assessment method to inform urban plan-
ning orientations and sustainability policy by the City of Helsinki;

e analyze the limits and potential of the knowledge-transfer approach adopted in BRIDGE
to favor collaboration between scientists and practitioners.

The retrospective evaluation was conducted through a set of in-depth interviews with
scientists and local practitioners having participated in the BRIDGE study of Helsinki, and
triangulation with literature on the project and local planning documents. The research
focused on BRIDGE, given its explicit ambition to improve the communication of scientific
UM knowledge to the DSS end-users for the purpose of supporting sustainable urban
planning and by means of science—practice collaborations (Chrysoulakis, 2015).
Moreover, the BRIDGE DSS allowed geo-referencing of disaggregated data on energy,
water, carbon, and pollutant fluxes (Mitraka et al., 2014), an essential aspect to enhance
UM assessment applicability in planning practice (see above). Finally, BRIDGE was select-
ed among other collaborative UM projects (e.g. EU-FP7 SUME, Schremmer et al., 2011)
since it included an internal self-evaluation component on the knowledge transfer in the five
case-study cities (Klostermann et al., 2015), the results of which were already published at
the time the research was conducted.

The paper is structured as follows. The “Background” section provides a description
of the approach to both UM assessment and knowledge transfer adopted in BRIDGE. In
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the “Method and materials™ section, first, the reasons for selecting the Helsinki case study
are described; then, the inquiry strategy and method employed to conduct the interviews and
collect secondary data are presented. Subsequently, key findings of the inquiry are presented
and discussed with respect to the impact of the BRIDGE UM assessment on urban planning
orientations in Helsinki and the interviewees’ perceptions of the knowledge transfer in
BRIDGE. Finally, following generalization of the key findings, the proposed combined
evaluation framework is presented, including recommendations to parties undertaking
future collaborative UM studies.

Background

The BRIDGE UM assessment method

The main goal of BRIDGE was to provide urban planning practitioners with a GIS-based
DSS tool to assess urban planning interventions and visualize the results on maps. Three
alternative planning proposals were assessed in each case-study city in terms of their impact
on UM flows and related sustainability performance (Chrysoulakis et al., 2013). The main
ambition and novelty of the project was to include both environmental and socioeconomic
aspects of the UM in the assessment. These included: fluxes of energy, water, carbon,
and pollutants (environmental); demographics, employment, human wellbeing, mobility/
accessibility, social inclusion, and investment costs (socioeconomic). A core part of the
project was the selection of a set of indicators for the DSS, to assess the planning alter-
natives against both aspects of the UM. First, the sustainability objectives of the local
authorities were identified. Second, these objectives were translated into criteria to evaluate
the sustainability of the planning alternatives in each city (e.g. air quality, energy/water
balance, thermal comfort, economic viability, accessibility). Finally, environmental and
socioeconomic indicators were established for each criterion (Gonzalez et al., 2013).
Examples of indicators include: pollutants/carbon concentration, energy usage in buildings
and transportation, renewable energy potential, surface run-off/evaporation (environmen-
tal), number/type of dwellings, population growth, percentage of owned/rented dwellings,
travel time to work, and use of public transport (socioeconomic). Consideration of all
indicators in one single assessment framework was possible through the use of multicriteria
analytical techniques (see methodological framework and flow diagram in Supplemental
Figures S1 and S2). Indicator lists were initially established at the level of each city (see
list for Helsinki in Supplemental Table S1). Subsequently, through comparison of the five
indicator lists, a final set of “core” indicators (for all case-study cities) and “discretionary”
indicators (city-specific) were identified and used to assess the planning alternatives
(Supplemental Table S2). Spider diagrams were used to visualize and compare the score
of each alternative against each objective (compared to a reference baseline), as well as an
overall performance index for each alternative. The DSS also included a strategic scenarios
component. Each planning alternative could be assessed against three different scenarios to
2030, expressing high environmental pressure (“climate change” scenario), economic con-
straints (“lack of energy” scenario), or the absence of both constraints (“BRIDGE in
Wonderland” scenario) (see description in Supplemental Table S3). Assumptions on envi-
ronmental conditions were based on the IPCC scenarios A2, A1F1, and Bl (Marques et al.,
2015). Finally, to prioritize indicators according to specific sustainability policies in each city
and the characteristics of each scenario (e.g. prioritizing environmental gains over socio-
economic benefits in the “climate change” scenario), indicators could be weighted through
pair-wise comparison (Castro and Marques, 2015).
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Knowledge-transfer approach

A Community of Practice (CoP) approach was adopted in BRIDGE in order to structure the
collaboration and mutual learning process between environmental and social scientists and
the DSS end-users (Klostermann et al., 2015). Two rounds of local CoP meetings were
organized in each city with representatives of local planners, as learning spaces to bridge
science—practice knowledge gaps. The first round of CoP meetings allowed building net-
works, discussing local urban development issues, and identifying sustainability objectives.
Sites and existing planning proposals to develop the DSS were proposed. The second round
of CoP meetings focused on the development of the indicator list at the level of each city. At
the end of the local CoP meetings, two umbrella CoP meetings were organized with the entire
BRIDGE consortium. In the first meeting, the final indicator set was agreed, and a beta
version of the DSS tool was introduced to the end-users. The second umbrella CoP meeting
focused on the strategic scenarios exercise and weighting system. A final project seminar was
organized to test an updated draft of the DSS prototype with end-users and other interested
parties, and to gather feedback before its final release. The DSS tested at this stage was indeed
only partially developed; the final version was issued at the end of the project.

Method and materials

Selection of the case study

Helsinki was selected as a case study due to the nature and ambition of the City Council’s
urban planning policy at the time the research was conducted. The “New Helsinki City
Plan—Vision 2050” was drafted in 2013 and approved in 2016, in order to support long-
term urban development, based on a predicted population increase of 40% by 2050 (com-
pared to 2013). Helsinki in 2050 is described as an “urban, rapidly growing rail-transport
network city.” The following urban development drivers are identified in the New Plan: new
“local centers” developed through urban densification and clustering of housing and services
in suburban areas, fast-rail network connections between the city’s inner-core and the new
suburban centers, and enhanced accessibility to green spaces and the urban waterfront. In
light of these ambitions, the research focused on the potential of the BRIDGE results to
inform urban planning orientations and sustainability policy in the context of the imple-
mentation of the New Plan.

In Helsinki, the BRIDGE consortium concentrated on the analysis of urban densification
strategies in Meri-Rastila, a low-density residential neighborhood in the East-Helsinki dis-
trict of Vuosaari. Meri-Rastila had been classified as a priority area for mixed housing and
service development in the former Helsinki City Plan 2002 and was subsequently identified
as one of the city’s new local centers in the New Plan. In 2013, the neighborhood was
characterized by poor architectural and urban quality and lack of services, although fea-
turing an extensive urban forest punctuated by ice-age geological outcrops (Figure 1), and
good public transport accessibility (Rastila metro station) (Nikinmaa and Vesala, 2010).
Meri-Rastila concentrated the highest percentage of the nonnative Finnish population
within Helsinki, equaling 30% of the neighborhood’s population, compared to an average
10% in the rest of the city (Vilkama, 2011). The BRIDGE UM study focused on the plan-
ning alternatives proposed by the City Planning Department for a housing development and
new workspaces on a forested area along the western waterfront of Meri-Rastila (Meri-
Rastila Lansiranta) (27 hectares forest, 7 hectares water, Figure 1). The question addressed
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Figure |. (a) Location in Helsinki City and administrative boundary of Meri-Rastila neighborhood (light-
shaded) and Meri-Rastila Lansiranta area (dark-shaded) (based on Orthophoto 2017 ©Helsinki City), (b)
Meri-Rastila forest and ice-age rock outcrops (©author), and (c) Forest edge, Meri-Rastila residential
neighborhood (©author).

in the BRIDGE Helsinki study was “What kind of neighborhood should be built within a
walking distance (600 m radius) to the Rastila metro station?”

In light of the urban planning orientations in Helsinki in 2015-2016, the research focused
on the impact of the BRIDGE study on the planning process in Meri-Rastila Lénsiranta,
through analysis of primary and secondary sources.
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Primary sources

The research involved a set of in-depth, semi-structured interviews conducted over six
months (January—June 2016) with Helsinki-based practitioners and scientists having partic-
ipated in the BRIDGE study of Meri-Rastila (12 interviewees in total). These included six
practitioners at the City of Helsinki (five urban planners and one employee at the main, city-
owned energy company in Helsinki) and six scientists at the University of Helsinki (or
University former employees at the time BRIDGE was conducted). The interview question-
naire was developed based on the analysis of key secondary sources, including scientific/gray
literature and planning documents (see “Secondary sources” section). The questions were
clustered around four main themes, addressing one or both aspects of the evaluation (appli-
cability of the BRIDGE UM assessment in the local planning process, and effectiveness of
the CoP knowledge transfer in BRIDGE) (Table 1). The first thematic cluster (knowledge
transfer) addressed the roles played by scientists and practitioners in the Helsinki CoP
meetings, and the relations between the BRIDGE participants. The second cluster (UM
assessment method) addressed the impact of the BRIDGE UM study on the planning pro-
cess in Meri-Rastila Lansiranta, i.e. whether and to what extent the study had informed
follow-up steps of the process. The third cluster (both aspects) focused on the strengths and
limitations of the BRIDGE CoP approach and DSS tool. The interviewees were asked to
suggest possible methodological improvements to enhance both project components.
Finally, the fourth cluster (both aspects) was meant to record a more general appraisal of
the added value of the BRIDGE approach (compared to other approaches the interviewees
may have experienced/have knowledge of) and feedback to improve future collaborative
UM projects. Additionally, the practitioners were asked to provide more specific suggestions
for the development of practice-relevant UM assessment tools. Open questions were used
throughout the questionnaire in order to better gather interviewees’ tacit knowledge and
open the investigation to previously unforeseen perspectives. Supplemental Table S5
presents examples of questions in each thematic cluster.

Secondary sources

Analysis of the secondary sources allowed, in a first instance, to identify the four main
themes around which the interview questions were clustered (Table 1). They were also

Table I. The four thematic clusters in the interview questionnaire and aspect of the evaluation addressed
in each cluster.

Evaluation of Evaluation of
UM assessment knowledge-transfer
Thematic clusters of questions method approach
I. Roles of practitioners and scientists in the X
BRIDGE knowledge-transfer process, relations
between participants, and effectiveness of the process
2. Applicability of UM study in urban planning X
in Meri-Rastila Lansiranta
3. Strengths and limitations of CoP approach and X X
DSS tool, suggested methodological improvements
4. General appraisal of the project, added value, and X X

shortcomings of the BRIDGE approach

CoP: Community of Practice; DSS: decision support system; UM: urban metabolism.
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used to triangulate the results of the primary data sourced through the interviews, by com-
paring evidence from the sources with interviewee claims. Three categories of secondary
sources were used in the research: scientific and gray literature on the BRIDGE results
produced by the consortium, and planning documents at the neighborhood and city scale
by the Helsinki City Planning Department. Supplemental Table S4 provides sources, details,
and description of documents in each category.

Data analysis technique

Qualitative techniques were preferred to quantitative methods in order to gain depth of
meaning from the analysis of the data collected (Creswell, 2014). Transcripts of the inter-
views were researched by means of systematic qualitative content analysis, using iterative
coding techniques (Miles and Huberman, 1994). The transcript texts were screened to iden-
tify content analytical units (e.g. key statements repeated throughout the texts and recurring
expressions within the same cluster of questions) and to detect recurring patterns. To ensure
internal validity, the results of the transcript content analysis were triangulated with data
from the secondary sources (see above).

Results

The BRIDGE study of Meri-Rastila Lansiranta concentrated on three planning alternatives
for housing development. The alternatives were elaborated prior to the start of BRIDGE, at
an carly stage of the local “Component Master Plan” (see description in Supplemental Table
S4). The three planning alternatives differed in population density (500, 1500, 1800 inhab-
itants, respectively), urban form and building volumes, location of building units on site,
and built/green area ratio. Details of each planning alternative are provided in Supplemental
Figure S3. The first planning alternative with the lowest density was used as a default case
(all indicator equal 1). As shown in the spider diagram (Figure 2(a)), assuming equal weights
for all indicators, the three alternatives had similar average performance indexes. The
second alternative scored slightly higher than the default case and the third alternative,
although the water balance and mobility/accessibility criteria had lower scores. Moreover,
the results of the strategic scenarios exercise showed little contrast between the performances
of the alternatives in the three scenarios (Figure 2(b)) (Chrysoulakis et al., 2013). In the
absence of both economic and environmental constraints (“BRIDGE in Wonderland” sce-
nario), their performances were almost equal. In other words, the assessment showed no
clear gains in increasing the neighborhood built areas when a long-term perspective is taken.
The third alternative (higher-density) scored better in the “climate change” and “lack of
energy” scenarios, even if only with a marginal advantage over the second alternative. The
nearly undifferentiated outcomes of the assessment demonstrated the need for more accu-
rate socioeconomic input data in order to predict the performance of planning proposals in
the long term and to produce actionable results for planners. Hence the scenarios exercise
revealed the limits of indicator-based evaluations in the definition of sustainable urban
planning agendas on a long-term basis. Rather than representing an additional aspect of
the quantitative assessment, the broader dimension brought by the scenarios exercise
allowed confronting opinions on future strategic visions in the five cities (Marques
et al., 2015).
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(8] Aernative 1 | Alternafive 2 [T Alfernafive 3"
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Energy : Mobility/Accessibility
Thermal Comfort Green Spaces and Materials
(b) Alternative 1 Alternative 2 Alternative 3
1. BRIDGE
in Wonderland 1.00 0.99 098
2. Climate Change 1.00 1.10 1.12
3. Lack of Energy 1.00 1.14 1.15

Figure 2. (a) Overall performance indexes of the three planning alternatives and spider diagram (using
default weights for all indicators), with score | representing the baseline (alternative | = default case). The
higher the score, the better the performance, and (b) scores of the three alternatives in each scenario
(Source: Adapted from Chrysoulakis et al., 2013).

Key findings were extrapolated from the qualitative content analysis of the interview
transcripts. They are summarized in Table 2 according to the questionnaire thematic cluster.
They express the practitioners’ and scientists’ perceptions of the applicability of the
BRIDGE UM assessment method/DSS tool and the effectiveness of the knowledge-
transfer/CoP approach in BRIDGE. Key findings were derived from representative
practitioners’ and scientists’ responses in each cluster, listed in Table 2 and Supplemental
Table S5. They were interpreted in light of the specific context of the Finnish planning
system and distinctive cultural aspects that may have influenced the development of the
BRIDGE study in Helsinki (e.g. practitioners’ educational background, controversies on
urbanization of Meri-Rastila forest, impacts of public consultation on Component Master
Plan). Moreover, in line with the results of the BRIDGE self-evaluation of the CoP
approach in all case-study cities (Klostermann et al., 2015), it should be mentioned that
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the practitioners’ perceptions of the DSS were influenced by the fact that the DSS version
tested in the final BRIDGE seminar was not fully functional (see “Background” section).
Therefore, it was essential to inquire whether the practitioners had subsequently made use of
the full DSS version that was released at the end of the project. None of the practitioners,
however, affirmed having used it in their practice.

In general, all of the practitioners showed a high level of commitment throughout the
interviewing process, providing extensive responses to all questions. They all acknowledged
the relevance of a retrospective evaluation of the BRIDGE approach a few years after the
end of the project, especially in terms of its applicability in their own planning practice. The
scientists provided, on average, shorter responses than the practitioners and manifested a
more moderate interest in engaging with the evaluation. At the time the interviews were
conducted, they were all involved in other research projects (in some cases on UM-related
topics) and some felt that BRIDGE was already “behind them.”

Discussion

UM assessment method

Generalization of the key findings from both scientists’ and practitioners’ responses point-
ed to the following main drivers of effective UM assessment methods: (i) clear connection
between scientific research and problem-based applied approaches, in order to respond to
local societal needs and practical aspects of urban planning; (ii) improved understanding
of UM aspects by practitioners with no scientific background through training or regular
exchange/face-to-face meetings with scientists; (iii) development of a common language
across science and practice, accommodating priorities and concerns from both parties;
(iv) preliminary consultation to make sure visions and objectives are shared
between parties.

Two main areas of improvement were identified more specifically by practitioners for the
BRIDGE-DSS and its applicability in the Meri-Rastila Lansiranta Component Master
Plan: the strategic scenarios exercise and the weighting system. Beyond the observation
that the DSS was not fully functional at the time the practitioners tested it (see “Results”
section), it should be noted that these two components of the DSS were at the core of both
local and umbrella CoP meetings (Klostermann et al., 2015). Hence, it is fundamental to
analyze areas of improvement for the UM assessment method in parallel to the interviewees’
perceptions of the knowledge-transfer approach.

Knowledge transfer

Both scientists and practitioners expressed a strong interest in the BRIDGE CoP approach.
Concerns were, however, raised on the limited time that both groups could invest in the CoP
meetings. It is, therefore, crucial to design knowledge-transfer processes that are compatible
with the time availability of both sides. Beyond actual availability of participants, previous
knowledge-transfer studies report that knowledge sharing in science—practice collaborative
research are often perceived as an additional burden, and can lead to fatigue and disen-
gagement on both sides, especially when the added value and real-world impact of the
process are unclear (Ugolini et al., 2015). Therefore, discussion on the expected impacts
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of UM projects in real-world practice (considering expectations on both sides of the knowl-
edge transfer) and identification of the participant roles in achieving project goals are essen-
tial from the early stages of the project. Practitioners also expressed a strong need for
transdisciplinary collaboration with scientists to be able to familiarize themselves with
UM assessments due to the complexity of the UM framework and broad spectrum of
technical competencies required. Beyond the Helsinki case, this can be explained by the
increasing compartmentalization of public service departments and outsourcing of expertise,
as observed in other studies (Ugolini et al., 2018).

The selection of a set of relevant indicators for Meri-Rastila proved to be the most intense
aspect of the CoP meetings. Longer and more regular meetings would have been essential to
engage properly in a knowledge co-production process focusing on such a broad spectrum
of UM socioeconomic and environmental indicators. The communication of UM assess-
ment results/delivery of DSS to end-users in early stages of the planning process was
highlighted as a crucial factor that could have favored applicability in planning. In line
with Binder et al. (2015) and Lang et al. (2012), this points to the significance of proper
planning and scheduling the timing of the knowledge transfer, in terms of both harmoni-
zation with policy-making timeframes and synchronization with other steps/Work Packages
of collaborative UM projects.

Combined evaluation framework

Building on the generalization of key findings from the Helsinki case, it is possible to
outline an evaluation framework that can facilitate science—practice collaborative UM
projects for effectively informing urban planning (Table 3). The framework is based on
a three-tier model. The variables in each tier provide recommendations on aspects that
scientists and practitioners should focus on in UM project design. The framework can
support decision-making on both the UM assessment method (e.g. DSS tools) and
knowledge-transfer approach (e.g. CoPs). The framework’s philosophy is that these two
components of UM project design should be considered in a synergistic fashion. The
variables of each component can be evaluated by themselves as well as in terms of
their potential impacts (or tradeoffs) on variables of the other component. An example
of cross-reading of variables in the two components is provided in Figure 3. The frame-
work is grounded only on findings from the Helsinki research, and, therefore, does not
address all aspects of collaborative UM projects (e.g. only limits of quantitative UM
methods are listed). Hence the framework should be conceived as open-ended. Variables
at all levels can be combined and/or further disaggregated based on results of future
research, and new variables can be added if required, according to specific conditions
and goals of UM projects.
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COMBINED EVALUATION FRAMEWORK

4§—>UM ASSESSMENT METHOD

Conceptual underpinnings
based on specialist knowledge
of disciplinary field

UM concept and
interpretation of
sustainability

UM concept
for scientists

i Conceptual underpinnings ;
i based on educational background ;
or previous experiences i

UM concept
for practitioners

Disciplinary fields represented / required in UM study :

Attitude towards / experiences in transdisciplinary Scientists'
search, understanding of other disciplinary langua specialist knowledge

Limits of specialist knowledge and disciplinary bias

owledge gaps influencing decision on UM assessment;
method, interpretation of data and assessment resu

Practitioners’educational
background /'know-how' «—
cquired through experience

Previous / current experiences that
can compensate knowledge gaps

Actions required to bridge knowledge gaps Available knowledge

S . and gcpy

KNOWLEDGE TRANSFER

Figure 3. Cross-reading of variables in the two components of the framework: interdependency and
feedback paths occurring between the first-tier variables “I. UM concept and interpretation of sus-
tainability” (UM assessment method) and “6. Available knowledge and gaps” (knowledge transfer) through
their respective second- and third-tier variables.

Conclusion

Investigation into applicability of UM assessments in urban planning and effectiveness of
science—practice knowledge transfer is essential to foster more practice-relevant UM
research. Therefore, these aspects should be addressed as two essential and intertwined
criteria in the design of science—practice collaborative UM projects. Learning from retro-
spective evaluation of the BRIDGE Helsinki case study, this paper has demonstrated that
UM assessment applicability and knowledge-transfer effectiveness can be evaluated in a
synergistic fashion by taking stock of previous collaborative UM initiatives. The proposed
combined evaluation framework provides recommendations on variables of both aspects
that should be considered at the outset of collaborative projects and can help identify and
assess areas of improvement for the two aspects in parallel. Based on the findings of the
Helsinki study, these include, among others: acknowledgement of limits and potential of
both scientists’ specialist knowledge and practitioners’ backgrounds/tacit knowledge, con-
sideration of budget and time availability of both sides, proper embedding of knowledge
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transfer in the research timeframe, as well as the use of high-quality input data for long-term
scenario assessments. Ultimately, the framework illustrates a way forward to catalyze dis-
cussion on shared visions and understanding of sustainable transition pathways through the
use of the UM holistic concept.
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