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In the urban context the quest to enhance economic growth and social well-being is
challenged by the need to protect and manage natural resources. In order to promote
sustainable urban planning, sustainability objectives are commonly embedded into plan-
ning policies, and the associated indicators used to evaluate planning interventions and
monitor implementation of such objectives. The applicability of indicators is commonly
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tied in to their ability to address context-specific issues and monitor progress towards
definite goals set at the local level. This paper presents the findings of a participative
methodology applied in five European cities to develop a set of sustainability indicators
with the aim of optimising their applicability for assessing planning alternatives affecting
urban metabolism (i.e. the exchange of materials and energy within cities). The results
indicate that engagement of researchers and practitioners through Communities of Practice
(CoP) helped bridge the gap between science and practice, and facilitated the selection of
consistent and meaningful indicators to be used as a tool for decision-making. However,
the results also revealed that planning priorities can significantly shape the extent and
scope of sustainability indicators, and that a CoP approach may not always be sufficient to
guarantee continuity of collaboration.

Keywords: Communities of practice; indicators; sustainability; urban planning.

Introduction

Sustainable development strives to meet current human needs through adequate
and prudent use of local and global natural resources; and ensuring that such
resources and the carrying capacity of natural ecosystems is maintained to support
future generations (UNWCED, 1987). Increasing support for environmental
conservation (Leiserowitz et al., 2005) and behavioural changes relating to
environmental concerns (Rogerson et al., 2009) are driving the integration of
environmental protection with social issues and economic development (the three
pillars of sustainable development) in political agendas. Achieving sustainability
partly depends on societal behaviour, but also on the suitable provision of urban
infrastructure and services (Karvounis, 2009). In this context, the critical role of
urban planning lies in the protection and improvement of urban environments,
through the appropriate delivery and management of land, water, energy, trans-
port, and waste, while at the same time safeguarding biodiversity, water and air
quality, in addition to promoting economic prosperity, social equality and human
well-being for current and future generations. The integration of all these con-
siderations, taking account of the limitations set by the physical and economic
characteristics of a given plan or project, is often a complex and challenging task.
It is argued that sustainability is difficult to achieve particularly in the urban
context (Rees and Wackernagel, 1996). Nevertheless, as the majority of the world
population lives in urban areas, the assessment, monitoring and mitigation
of effects on natural resources due to new or changing urban environments are
regularly used as tools in urban planning to ensure more sustainable living.

Several approaches have been developed to provide systematic and com-
prehensive methods for supporting sustainable urban planning. Sustainability
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appraisal (UKP, 2004), impact assessment at plan, programme and project level
(CEC, 1997, 1985, 2001), and additional specific legal instruments for the pro-
tection of natural resources (e.g. CEC, 1992, 2000, 2007, 2008), represent critical
drivers in the incorporation of sustainability considerations into urban planning.
Addressing such legislative requirements has significantly shaped planning pro-
cesses; which, as a result, need to evaluate the environmental viability of proposed
planning interventions and monitor implementation to ensure that any potential
negative impacts are avoided, mitigated or remedied.

Impact assessment processes are facilitated by the development of indicators
which help evaluate and monitor progress towards established sustainability
objectives or officially set targets/thresholds. In the quest to achieve sustainability,
several indicator sets have been made available to monitor environmental, social
and economic sustainability (e.g. AI, 2003; EEA, 2005; Bardos et al., 2009).
Among these, the core set of environmental indicators developed at European level
(Smeets and Weterings, 1999; EEA, 2005) and the European common indicators
set (AI, 2003), which focuses on urban sustainability, are of particular importance
given the monitoring procedures put in place, the wealth of data collected, and the
shared practices, experiences and knowledge accumulated in accounting for urban
sustainability. The advantage of referring to indicators from existing consolidated
sets derives from the consistent and periodically available measurements, as well
as from cross-national comparability — valuable aspects which are normally not
provided by ad-hoc indicator sets. In contrast, ad-hoc indicators have the potential
to measure more precisely and more accurately address the problem at hand than
established “generic” indicators. This dichotomy between generic and case-
specific indicator sets represents a common problem when addressing sustain-
ability at the local level. This is apparent from the more specific national indicator
sets that followed European initiatives, which were adapted to priority policies,
objectives and targets (e.g. EPA, 2008; DEFRA, 2009; FNCSD, 2009). These
considerations become more critical when defining a practical tool which is
applicable to different urban contexts and decision making processes. In all cases,
selected indicators need to be representative of the problem at hand and yet
straightforward enough to be effectively measured and easily understood.

Alberti (1996) noted that there is no single definition for sustainability equally
applicable to all urbanised areas; therefore, it can be argued that there is no single
set of sustainability indicators applicable to all urban environments. The compo-
sition of indicator sets and the relative importance given to each indicator are
context-specific and need to be formulated to address the planning framework:
focusing on relevant environmental and socio-economic priorities and issues,
providing an adequate level of detail for the assessment, ensuring measurability
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within set time-frames and existing resources, and effectively informing decision-
making (Nicholson and Fryer, 2002; Donnelly et al., 2006a; Rais and Sharma,
2008). In the light of this, it can be argued that the applicability and selection of
indicators from established indicators sets largely depends on the scope of the
assessment, and that such indicators may need to be complemented with additional
case-specific indicators to accurately address the issue/s under consideration.

In the context of urban metabolism, indicators relate through complex physical,
chemical and biological interactions that represent a common structure which
assures a high degree of transferability. Significant progress has been made in
exploring and defining these interactions, and several numerical models have been
developed to define the linkages between indicators (e.g. Borrego et al., 2003; San
José et al., 2006; Rodriguez et al., 2008; Wang et al., 2008; Grimmond et al.,
2009). The integration of these models enables examination of the urban metab-
olism concept (i.e. the description and analysis of the flows of the materials
and energy within cities). This integration is being pursued by the EU-funded
FP7 project BRIDGE (sustainaBle uRban plannIng Decision support accountinG
for urban mEtabolism), which aims to evaluate the sustainability of urban planning
alternatives, mainly focusing on urban metabolism aspects such as water balance,
energy fluxes and air pollutants (Chrysoulakis et al., 2009).

The BRIDGE project aims to provide a standardised method, based on a
Decision Support System (DSS) that integrates numerical models of environ-
mental fluxes (e.g. air pollutants) and spatial data within a Geographic Information
Systems (GIS) framework. The DSS enables quantification and comparison of
environmental and socio-economic indicators between planning alternatives in
order to inform decision-making of urban interventions. The DSS is currently
being tested in five European cities: Athens (Greece), Firenze (Italy), Gliwice
(Poland), Helsinki (Finland) and London (UK). The varying planning systems,
geographical extent, and historical, cultural, social and economic characteristics of
these five cities provide a spectrum of urban systems, where different development
goals are prioritised and different planning strategies are applied to achieve
sustainability. The development of the DSS required the integration of a set of
indicators to operationalise the tool in order to mediate the assessment. Environ-
mental and socio-economic indicators represent the interface between the sus-
tainability objectives set by the DSS end-user and the underlying spatial data and
numerical models, and thereby used to assess planning alternatives (Fig. 1).

Cognisant of the availability of a range of indicators at international and
national level, the BRIDGE project opted for the identification of case-specific
indicators that were able to address practitioners concerns related to specific plan-
ning issues. As the DSS-based assessment of alternatives requires consideration
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of a significant number of environmental and socio-economic criteria, a multi-
criteria assessment method based on the Analytical Hierarchical Process (AHP)
was applied. The AHP, developed by Saaty (1980), provides a comprehensive and
rational framework for structuring a decision problem. The technique entails
breaking down the decision problem into a hierarchy of more easily comprehen-
sible sub-problems, each of which can be analysed independently. Therefore, this
multi-criteria assessment approach implemented in the DSS requires end-users or
decision-makers to define the problem hierarchy by structuring it in tiers, com-
monly including a generic goal (i.e. urban sustainability in the BRIDGE context)
that branches out into associated objectives, criteria and indicators. Subsequently,
decision-makers determine the relative importance attributed to each of the par-
ameters (e.g. objectives and indicators) in the problem hierarchy. These hier-
archical values are used to assign significance weights to each parameter in the
decision problem and, thus, prioritise key issues of concern. The weighting of
parameters is left to the discretion of the individual DSS end-user and, therefore,
the grounds for establishing such relative values are not examined in this paper.

A participative and semi-structured approach (i.e. guided by a number of
questions but with the flexibility to allow new questions to be incorporated based
on the context and the feedback of participants) to the development of sustain-
ability indicators was adopted to ensure that indicators were fit for purpose. Such a
participative approach was based on the notion of Communities of Practice (CoP).
CoP are naturally emerging and self-organised groups of professionals who meet
regularly to share experiences and learn from each other (Wenger et al., 2002).
In the context of BRIDGE, CoP meetings were organised to bring together
researchers and practitioners (e.g. urban planners, architects, environmental
experts, decision-makers) with the purpose of reaching a common understanding
on sustainable urban development, determining planning priorities to move
towards sustainability, and developing indicators in order to evaluate the sus-
tainability of planning interventions. In addition, CoP were to provide insight into
what aspects would be important for future BRIDGE DSS end-users, as well as to
create a space for broader debate on urban sustainability and a medium for making
scientific knowledge available to local practitioners.

Figure 1. Simplified representation of the process of using the DSS developed in the BRIDGE
project.
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Sustainability aspects (i.e. environmental and socio-economic) were an integral
part of both the methodology and the CoP debates; however, this paper mainly
focuses on the environmental factors of water, energy and air pollutants associated
with the key BRIDGE research areas. It presents a methodology applied in five
European cities to develop a set of sustainability indicators in close collaboration
with local planning professionals. The resulting set of indicators is included in a
DSS for use by these local planning authorities to facilitate sustainable planning
decisions to be made. In addition, the paper aims to evaluate the effectiveness of
employing such participative methodology to select indicators. Special attention is
given to the effectiveness of CoP as an underpinning methodological concept.

Methodological Framework

The methodological framework for the development of objectives and indicators
integrated: (a) a driver-pressure-state-impact-response (DPSIR) framework,
applied to define the core goal and associated objectives that set the indicators
selection structure; (b) the decision-support framework proposed by Donnelly
et al. (2006b) to filter the information, define criteria and identify potential indi-
cators; and (c) the SMART concept to assure indicators are Specific, Measurable,
Achievable, Relevant and Time-bound (Schomaker, 1997), thus applying a set of
common criteria to validate and select individual indicators.

The participative process was based on the CoP approach where groups of
people come together on the basis of a common interest or concern, to work in a
shared learning mode (Wenger et al., 2002). Thereby, CoP membership implies
expertise (drawn on practice) and commitment to a specific domain (e.g. urban
sustainability). In pursuing their interest in the domain, members regularly engage
in joint activities and discussions. Particular attention is paid to interactive
knowledge sharing, building relationships that enable them to learn from each
other and, as a result, improving understanding and practice in a given topic/sector
(Wenger et al., 2002). There is no set of standard rules to establish a CoP as it
develops organically (Bouma et al., 2008). However, three basic principles —
namely the domain (e.g. common interests), the community (e.g. networking
practitioners) and the practice (e.g. methods, activities of CoP members), provide
the basis for the creation, development and evaluation of a CoP.

During the period 2009–2010, the CoP members of the BRIDGE case studies
came together twice in each city to share experiences in urban planning and
discuss sustainability issues. A final Umbrella CoP meeting brought together
representatives from each city to exchange ideas and knowledge on urban sus-
tainability across Europe, and jointly develop a common set of indicators for
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inclusion in the DSS — used to evaluate the sustainability of planning interven-
tions. CoP participants included BRIDGE researchers and local practitioners;
efforts were made to gather a similar number of participants from both groups.
Practitioners were invited based on the project’s domains of interest (e.g. sus-
tainable planning, energy fluxes, water balance and air pollutants). Although the
content and structure of the meetings were prepared by the research team, local
practitioners also had specific input, contributing their expertise and insights
through programmed presentations as well as during the open debate sessions. The
scope and objectives of the BRIDGE project focused discussions at these meetings,
particularly during the first and second round of CoPs; the meetings concentrated on
the development and selection of decision-making criteria in the form of sustain-
ability indicators for the DSS. Nevertheless, during the Umbrella CoP time was
allocated to enable participants to freely exchange ideas and voice queries and
concerns in relation to urban sustainability, the DSS and the project in general.

Figure 2 illustrates the steps taken, representing the basis of the underlying
causal network, and the questions that were used to aid the establishment of
sustainability objectives, criteria and indicators during the CoP meetings in each of
the cities. The first round of CoPs focused on the planning practices and priorities
for the city: discussing drivers, pressures, opportunities and challenges for sus-
tainable urban planning and, based on these perceptions, developing preliminary
sustainability objectives and indicators for the city in question. Collated obser-
vations were reviewed, and preliminary objectives and indicators were examined
at the second round of CoP meetings on the basis of a selected project (and its
alternatives) within the city. Subsequently, these objectives and indicators were
revisited and scrutinised by BRIDGE researchers to align them with the scope and
requirements of the specific planning alternatives in each case study. The resulting
indicators were subject to the selection criteria and thus validated by the research
team to establish an initial set. This set of indicators was further discussed at the
Umbrella CoP meeting where the final set of indicators was agreed for inclusion in
the DSS. In order to provide a systematic and comprehensive tool which could be
used in different contexts, the urban sustainability indicators agreed and included
in the DSS were categorised as core (i.e. common to all contexts) and discretionary
(i.e. specific to one or several urban systems).

The DPSIR approach provided a systematic basis for selecting an indicator set
based on a domain of interest, as well as framing it within the boundaries of the
system object of study. In the case of BRIDGE, the domain of interest was
sustainable urban development, and the boundaries were determined by the
receptors being analysed (i.e. water, energy and air pollution, and the associated
socio-economic considerations). The identification of the drivers and pressures for
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each case study determined the aspects to be considered for the definition of
assessment criteria. Although the DPSIR approach enables the logical analysis and
the subsequent monitoring of complex interactions, it entails the definition and
monitoring of indicators for each of its components (e.g. D = quantity of energy
consumed; P = volume of greenhouse gases produced, S = changes in air

Are these indicators available?
(i.e. are they regularly recorded/monitored at city level and/or

measurable/modellable by BRIDGE) 

What indicators are required to demonstrate achievement of each
target? Do these indicators address key planning issues in the city

or planning area?

Propose their inclusion in
the monitoring system

or
Identify suitable proxy data

or alternatives
or

Remove from the
preliminary indicators set

YES NO

What are sustainable urban practices in the city?
Methodological approach: what the DSS can/cannot do

What needs to be done to protect/improve the state of natural
resources? (i.e. sustainability objectives)

What are the planning priorities for the city? What are the main
drivers for urban development? How do drivers affect the urban
environment? (i.e. consequent pressures on natural resources) 

Main Outcomes: Common understanding of sustainability
& agreement on sustainability objectives 

Insight into planning practices and priorities

What are the EU legislation and/or national targets (i.e. criteria) set 
for each sustainability objective? What are the targets set at 

plan/project level in the city? And the alternatives to achieve these?

Main Outcomes: Defined targets/criteria & agreed set of 
sustainability indicators for each city 

Are they in suitable form to
be used in the DSS? (i.e.

specific, spatial, measurable,
achievable, relevant, timely)

NO

YES

Which indicators reflect local planning issues? Which are
applicable to all cities? (i.e. prioritisation & categorisation)

Final Outcome: Agreed set of sustainability indicators for 
all cities

1. First round of 
CoP meetings

Technique: Enhanced DPSIR 

Athens

London

Firenze 

Gliwice

Helsinki 

2. Second round of  
CoP meetings 

Technique: Decision-support

Athens

London 

Firenze 

Gliwice 

Helsinki 

3. Validation

Technique: SSMART

4. Umbrella 
CoP meeting

Technique: Open debate

Figure 2. Framework for establishing criteria and indicators through the participatory Communities
of Practice process.
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pollutant concentration; I = number of people affected; R = % of energy from
renewable sources) and can produce quite complex and onerous causal diagrams.
Consequently, a more simplified and practical methodology was applied, limiting
the indicators to those relating to state and impacts, which facilitated the process
and encouraged practitioners to devise specific indicators suited to their particular
urban and planning contexts.

Once the core objectives were established through the DPSIR process, the
potential impacts associated with the drivers and pressures were addressed for each
receptor, to determine whether or not the particular receptor required further
attention. The decision-support methodology proposed by Donnelly et al. (2006b)
was applied to the environmental and socio-economic receptors for the definition of
criteria and indicators. According to the level of policy under discussion in each of
the case studies, it was presumed that local partners already had a conceptual
framework in mind. This helped them tracing back from pressure or state-indicators
to processes to be modified (i.e. objectives) and vice versa, facilitating the
subsequent definition of criteria and indicators. Therefore, it was anticipated that
this systematic and logic-oriented decision framework could help practitioners
focus on relevant and significant issues, optimising assessment and monitoring
systems (Donnelly et al., 2006b). To assist the definition of sound criteria existing
legislation was first addressed, looking at time limits and/or thresholds used as a
measure against which impacts could be assessed (e.g. the ambient air quality
Directive —CEC, 2008, establishes that a concentration of PM10 of 50µg/m

3 is not
to be exceeded more than 35 times in any calendar year). Based on these, specific
indicators were expected to be easy to define and easily understood by participants
(e.g. in the light of the air quality Directive, PM10 concentration values).

The indicators proposed at the CoP meetings were validated and filtered using
the following SSMART selection criteria, based on Schomaker (1997) with added
spatial considerations:

. Specific: the indicator is clearly and unambiguously defined.

. Spatial: the indicator links measurements to a location. This was imperative as
the DSS is based on GIS and urban planning has strong spatial connotations.

. Measurable: the indicator is quantifiable and measured on a regular basis
without entailing excessive cost (i.e. monitoring procedures should be in place
or could be planned).

. Achievable: the indicator can be measured, collated or modeled within the
project.

. Relevant: the indicator is user-driven and addresses the sustainability objectives
and criteria in the specific urban context.
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. Time-bound: the indicator can provide information sensitive to change (gener-
ated by the planning intervention) in a timely manner within the planning and/or
decision-making processes.

The initial step in the validation of the proposed indicators included cross-
checking them with existing sustainable development indicator sets at European
and national/regional level (e.g. Smeets and Weterings, 1999; AI, 2003; EEA,
2005; DEFRA, 2009; FNCSD, 2009) to ascertain if indicators were appropriately
defined, and to verify data availability or measurability. This procedure was par-
ticularly valuable for those indicators which could not be modelled within the
BRIDGE project. Where an indicator was identified at the CoP but was not
measurable/modellable with the available resources, it was still judged to be valid
if included in existing indicator sets as it was considered that indicator values were
available and thus they could be potentially gathered and assessed. The validated
and relevant indicators were presented to key practitioners from all the repre-
sentative cities and subject to a final review through open debate.

Developing Sustainability Objectives and Indicators:
Communities of Practice Results

The first and second round of CoPmeetings differed among the five cities in terms of
number and background of participants and the thematic aspects covered (Table 1).
The number of experts and researchers was larger in the first round of CoPs, ranging
from 19 in Firenze to 38 in Athens. The meetings gathered, on average, a similar
number of BRIDGE researchers and local practitioners. The majority of prac-
titioners in each city had a link to the relevant local authorities’ planning section;
several planners, engineers and architects as well as environmental, transport, for-
estry, energy and water experts (mainly from the public but also from the private
sector) attended the meetings. Although the number of participants generally
decreased in the second round of CoPs (e.g. 14 in Firenze and 29 in Athens), with
the exception of Gliwice where the same number of participants was recorded, the
majority of these participants had attended the first meeting. The smaller size of the
groups gathered during the second meeting, together with a better understanding of
BRIDGE goals by participants, facilitated a more focused discussion. Once the ten
CoP meetings were completed (two in each case study), an Umbrella CoP meeting
was held, which brought together two representatives from each case study together
with 13 BRIDGE researchers.

Each of the CoP meetings was a full day event. A significant amount of time
(i.e. approximately half a day) was dedicated in the first round of meetings to
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setting the city’s development context and to get to know each others’ perceptions
on urban planning practices and sustainability issues. Although time constraints
affected the discussion around sustainability objectives, the meeting yielded a clear
set of planning priorities to improve urban sustainability (Table 1). Preliminary
indicators were briefly discussed; in some cases these preliminary indicators were
proposed by BRIDGE researchers based on the established planning priorities and
sustainability objectives.

Table 1. Summary of planning priorities and alternatives considered.

Planning Priorities & Alternatives

1st CoP 2st CoP

ATHENS Planning priorities at city level:
Public transport, air quality, quality
of building, energy consumption
and thermal discomfort.

Planning alternatives at project level:
Re-development of Thivon Avenue and its
immediate surroundings using different
materials and planting schemes, to address
thermal discomfort and to provide green
spaces, car-parking and improved urban
infrastructure.

FIRENZE Planning priorities at city level:
Transport, air quality, protection of
green spaces and energy efficiency.

Planning alternatives at project level:
Refurbishment and restoration of Cascine
Park with various layouts and planting
schemes, to protect its natural and heritage
features, enhancing its function as a key
amenity area.

GLIWICE Planning priorities at city level:
Transport and mobility, air quality,
energy efficiency urban expansion
and water management.

Planning alternatives at project level:
Provision of new services in the academic
district, including alternatives for an access
road, a sports hall, a centre for new tech-
nologies, and developing all above urban
features.

HELSINKI Planning priorities at city level:
Housing, public transport, protec-
tion of green spaces and sustainable
energy sources.

Planning alternatives at project level:
Development around Meri-Rastila Metro
station (various layouts, housing types and
densities) to provide housing, address
social polarization and improve accessi-
bility to nature areas.

LONDON Planning priorities at city level:
Economic development, public
transport, provision of green and
physical infrastructure and services,
and climate change adaptation.

Planning alternatives at project level:
Consolidation of the London Central
Activity Zone with alternatives to increase
green-space, improve air quality, reduce
heat-island effect and prevent flash-floods.
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Table 2. Summary of environmental objectives and indicators proposed during the CoP meetings.

Objectives
(1st CoP) Indicators (2nd CoP)

ATHENS Improve air quality
and reduce
emissions

. Concentration of pollutants: NOx, SOx, PM10, PM2:5

(µg/m3)
. CO2 emissions (tonnes or % of reference value)
. Source of emissions (% per building/sector type)
. Number of days above established air quality thresholds
. Effects of meteorological conditions (e.g. temperature) on

pollutant concentrations
Improve energy

efficiency
. Energy consumption for lighting the avenue (kWh/m2)
. Percentage of energy from renewable sources such as solar

panels (%)
Reduce thermal

discomfort
. Average outdoor air temperature (○C) and humidity (% RH)
. Average surface temperature in roads, buildings, etc. (○C)
. Wind speed (m/s)

Optimize water use . Volume of water used for irrigation (m3)

FIRENZE Improve air quality . Concentration of pollutants: PM10, PM2:5, NOx, CO (µg/m3)
Improve energy

efficiency
. Urban temperature outdoors — compared to rural tempera-

tures (○C)
. Potential renewable energy from the volume of biomass

produced (% of total biomass volumen)

GLIWICE Improve air quality . Spatial distribution of pollutants: PM10, PM2:5, NOx, SOx,
CO2 (µg/m3per m2)

. Contribution from single boilers to total pollutant
emissions (%)

. Relationship between pollutant concentrations and wind
direction

Improve energy
efficiency

. Energy demand (kWh/m2 or % change)

. Heating demand (kWh/m2 or % change)

. Percentage and structure of thermo-insulation (%)
Improve water

management
. Urban water supply and use (m3/capita)
. Percentage of wastewater treated and houses connected

to WWTP (%)
. Flooding zones (location and extent in m2)

HELSINKI Improve air quality . Concentration of pollutants: O3, PM10, PM2:5 (µg/m3)
. CO2 and other greenhouse gas emissions (tonnes)
. Emissions from transport and split per type — private and

public (%)
Optimise energy

consumption
. Energy demand — electricity consumption (kWh/m2)
. Energy balance in buildings (i.e. % energy required for

heating)
. Percentage of energy from renewable sources (%)
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The results in Table 2 show a correlation among the cities in relation to some of
the sustainability objectives identified during the first CoP meetings — note that
only urban metabolism aspects (i.e. environmental) are presented in this table.
These environmental sustainability objectives were directly linked to the planning
priorities previously defined (Table 1). Improving air quality was considered to be
one of the key objectives (with particular emphasis in reducing emissions from
health-damaging contaminants such as particulate matter), followed by the need to
improve energy efficiency (mostly related to the poor insulation and poor energy
performance of aging built infrastructure) and to mitigate the effects of climate
change (in relation to both temperature increases and flooding events). It is worth
noting that water supply and water consumption were rarely viewed as issues
during the first round of CoPs. The case studies also highlighted mobility and
green space issues, stressing the need to improve such aspects to promote sus-
tainability. These objectives were outside the scope of the project as existing
modelling capacities did not allow for the necessary simulations.

During the second round of CoPs, local practitioners provided new and valu-
able insights with regards to existing and potential issues related to the proposed
planning alternatives (Table 1). As a result, the initial sets of indicators were
extensively discussed and, in many cases, reshaped according to the specific
characteristics of the case study (Table 2); the majority were reconsidered and/or
reformulated to fit the context and scale of the assessment, and new indicators
were proposed to address anticipated specific changes resulting from the planning
interventions. For instance, the implications for the green area in the Firenze case
study yielded additional indicators such as number of trees per person per hectare,

Table 2. (Continued )

Objectives
(1st CoP) Indicators (2nd CoP)

Protect water
balance

. Water balance: surface run-off, evapotranspiration, and fil-
tration (mm3/m2 or m3/m2)

Improve air quality . Concentrations of pollutants: PM10, PM2:5, NOx, NO2 and
O3 (µg/m3)

. Number of days above established air quality thresholds
LONDON Decentralize energy

generation
. Percentage of energy created (%)
. Additional heat generated (W/m2)

Mitigate heat
islands effect

. Ambient temperature at 1m above street level (○C)

. Number of days above 33○C/per area (“heat waves”)
Reduce flood risk . Number and extension of flood risk areas (location and

extent in m2).
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accessibility to the green area and number of services available per person. The
regeneration plan for improving thermal comfort in Athens also shaped the dis-
cussion with a significant focus on indicators that addressed the type and reflec-
tance of building materials used (i.e. albedo) and the number and type of trees
planted. Similarly, the urban development and regeneration alternatives considered
as case studies in Helsinki, Gliwice and London, defined the scope of the dis-
cussion at these locations. Socio-economic issues were also examined: financial
cost of the intervention, land use changes and mobility (associated with key
indicators such as urbanised area, increase/decrease in open spaces, road transport
intensity and public transport use) were considered to be critical factors in all
cities; human well-being and social inclusion (with indicators such as access to
housing, number of residents affected by flash-floods or inhabitants affected by air
pollution and heat waves) were mainly prioritised in Athens, Helsinki and London.

Despite the differences in the debated issues and the sustainability priorities
pursued, all proposed indicators were consistent in that they targeted the most
significant considerations — to be assessed and monitored in order to ascertain the
success/failure of the planning interventions in question. The results indicate that
certain environmental and socio-economic considerations and, therefore, indi-
cators remain common to all the cities (possibly due to the existing correlation
between sustainability objectives — Table 2). For instance, key pollutant emis-
sions and concentrations, together with their relative sectoral share, were the main
proposed indicators for air quality. Energy consumption and demand, as well as
percentage of supply coming from renewable sources, were suggested as indi-
cators to monitor energy performance. Flooding events was the most widely
suggested indicator to monitor water balance. Therefore, it could be concluded that
despite context-specific considerations (such as differences in seasonal energy
consumption rates related to local climate), this set of indicators is indicative of
crosscutting urban sustainability issues in all the analysed urban contexts and
assessment levels. Accordingly, it could be argued that this set of indicators could
potentially be used in urban metabolism assessments for other European cities
outside the case studies — particularly those indicators which are also included in
EU indicator sets, such as concentration of (acidifying) pollutants, sectoral energy
consumption or annual urban average temperature.

Indicators were reviewed based on the SSMART selection criteria and validated
by the research team before being presented as a starting point for discussion at the
Umbrella CoP. The proposed objectives and indicators were, therefore, subject to a
final review by case study representatives. An overview of planning and sus-
tainability considerations in each of the cities was provided at this meeting;
the shared understanding of emergent issues facilitated the identification of the
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common and most critical objectives across all cities. The results correlate with the
findings of the first and second CoP meetings (Table 2). This is apparent, for
example, in the final set of indicators agreed for the air quality criteria, as
improving air quality is a clear sustainability objective for all participant cities.
Although some emphasis was given to the correlation between emission dispersion
and climatic conditions (e.g. in Gliwice and Athens) or the contribution of certain
sectors to GHG emissions (e.g. single boilers in Gliwice and transport in Helsinki),
these were context-specific indicators and were, subsequently, removed from the
final core set as illustrated in Table 3. Air quality indicators applicable and
transferable across all the case studies included concentration of pollutants, GHG
emissions and exceedance of air quality thresholds, which highly correlate to those
defined for the individual cities.

There was consensus among participants for the incorporation of these core
objectives and indicators sets in the DSS, agreeing that these were critical in
promoting overall sustainable development. The remaining relevant objectives and
indicators were classified as discretionary, not for their lack of significance but

Table 3. Final set of environmental objectives and indicators agreed at the Umbrella CoP meeting.

Objectives Indicators

Common Aspects (Core)
Improve air quality . Concentration of pollutants: PM10 and PM2:5, O3, NOx (µg/m3)

. CO2 and other GHG emissions (tonnes or % of reference value)

. Number of days above established air quality threshold (days)
Improve energy efficiency . Energy demand (kWh/m2)

. Potential for renewable energy (type of renewable sources)

. Additional heat generated (W/m2)

. Percentage of energy created from renewable sources (%)
Anticipate climate

change (Flooding)
. Flooding zones and risk areas (location and extent in m2)

Optimize water use & Mgmt . Surface runoff, evapotranspiration and filtration (m3/m2 or
mm3/m2)

. Water consumption per capita (m3)
City-Specific Aspects (Discretionary)
Increase green space areas . Density of green areas (m2/m2 or % of total)

. Canopy/green surface or area newly created (m2)

. Accessibility to green areas (no. inhabitants within 500m of
green area)

Thermal comfort . Ambient & surface air temperature (○C)
. Number of days above established threshold (days)

Optimize materials used . Volume of material re-used/recycled (m3 of total)
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rather for their city-specific nature. Examples of these include the indicator
addressing the city-specific concern in relation to emissions from coal heating
proposed in Gliwice and the indicators on social usability of public areas (e.g.
number of crimes, distance from residential areas to public open spaces) put
forward in Firenze. During the Umbrella CoP, these indicators were deemed not
applicable to all urban contexts, but provided valuable information for a given
decision-problem and, consequently, were maintained in the final set. The DSS
was developed with the flexibility to accommodate additional indicators referring
to local criteria and, thus enabled the assessment parameters to be adapted to
specific local needs (i.e. the end-user can incorporate additional objectives and
indicators).

Effectiveness of a CoP Approach to the Development
of Indicators: Lessons Learnt

A number of advantages and disadvantages of applying the methodological fra-
mework through a CoP approach were observed during the case studies. These are
examined within the three basic principles of a CoP: domain, community and
practice (Table 4).

Contributions to the domain

Scientific and local knowledge sharing and integration have been widely
acknowledged to facilitate collaborative learning (e.g. Bouma et al., 2008;
Morgan and Matlock, 2008; Letsela et al., 2010). This is commonly the case in
CoP, which are practice orientated and, over time, members develop a unique
perspective on the domain of interest contributing to improved knowledge,
procedures and methods (Wenger et al., 2002). The rationale behind the CoP
approach within BRIDGE was the early involvement of practitioners and end-
users of the DSS to share knowledge and experiences on sustainable urban
development (i.e. the domain of interest) across Europe, with particular emphasis
on the understanding and assessment of urban metabolism components. Project
researchers, municipal departments and external organisations within each city, as
well as among the case studies, interacted and exchanged ideas and expertise on
sustainable urban management. The meetings facilitated the exploration of com-
monalities and divergences between the case study cities, as well as means to
improve the sustainability of urban environments and planning interventions.
Therefore, the project achieved the target of enhanced understanding and the CoP
helped provide the practitioners’ perspective to the research team.
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The bottom-up approach enabled CoP members to learn from each other and
gain insights into sustainable planning issues in their own city, contributing to the
development of a shared understanding on sustainability issues across Europe. The
identification of specific planning interventions at city level and the agreement
reached at the Umbrella CoP meeting on the core and discretionary sustainability
objectives and indicators contextualised and prioritised issues. This consistent set
facilitated the incorporation of critical considerations into the DSS, enabling the
development of a tool that responds to the sustainability objectives and indicators
in each city, as well as to the specific needs of end-users.

Nevertheless, a significant disadvantage was in trying to reconcile the nature of
CoP and the requirements of a project such as BRIDGE, which had strict deadlines
and set outputs. The scope of the project determined the domain of interest.

Table 4. Advantages and disadvantages of applying a Communities of Practice approach to the
development of sustainability objectives and indicators.

Domain Community Practice

Advantages
Increased insight into urban

sustainability issues, and
exploration of commonal-
ities and divergences across
the case studies.

Opportunity to closely engage
stakeholders and DSS end-
users from different organ-
izations and build a
professional network.

Development of participants’
professional capabilities by
building and exchanging
knowledge and experience.

Improved understanding of
urban metabolism and
agreement on sustainability
objectives and indicators.

Opportunity to bridge the gap
between science and practice
in the field of sustainable
urban planning.

Improved understanding and
awareness of the impli-
cations of sustainable urban
design and planning.

Disadvantages
Representatives solely from

certain sectors and meeting
outcomes voiced by a min-
ority, significantly shaping
the development of sustain-
ability objectives and
indicators.

Participation and interaction
based on willingness to
contribute; participation
based on different reasons
and in different ways.

Trying to reconcile the nature of
CoP (to explore additional
common interests) with strict
project requirements.

Interests and priorities of stake-
holders not always merging
with the scope of BRIDGE
objectives.

Limited resources and time
within the project restricting
further CoP interactions,
therefore hindering their full
potential and realization of
additional benefits.

Lack of monitoring affecting the
evaluation of the effects of
incorporating newly
acquired knowledge/experi-
ences into practice.

Community of Practice Approach to Developing Urban Sustainability Indicators 607

J.
 E

nv
. A

ss
m

t. 
Po

l. 
M

gm
t. 

20
11

.1
3:

59
1-

61
7.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SA
SK

A
T

C
H

E
W

A
N

 o
n 

03
/1

7/
15

. F
or

 p
er

so
na

l u
se

 o
nl

y.



Moreover, the identified objectives and indicators, were largely shaped by the
professional background and personal perceptions of certain case study repre-
sentatives. The key issues and concerns, in the form of planning priorities, that
arose during the first and second CoP meetings confirm this (Table 1); in par-
ticular, planning priorities and resulting sustainability objectives were based on
those aspects highlighted by the invited speakers (i.e. key CoP participants). It was
considered that the limited participation of urban planners represented a notable
limitation to the project — given the planning rationale and the end-purpose of the
DSS. Similarly, it was considered that the participation of representatives solely
from certain sectors resulted in less emphasis being placed on other key con-
siderations (e.g. land contamination, biodiversity, etc.). Therefore, it can be argued
that the inclusion of a wider range of practitioners and a more structured partici-
pative approach would have increased the effectiveness of the methodology and
the meaningfulness of participation, with the potential to render more diverse
indicators (albeit constrained by the scope of the project) and obtain the support of
a wider group of urban planning professionals on critical aspects of the domain
of interest.

Establishing a community

The application of a CoP approach enabled the creation of a community of pro-
fessionals interested in urban sustainability issues and facilitated establishing
important communication channels between BRIDGE researchers and local prac-
titioners. These communication channels initiated and facilitated the exchange
of information among the project team and the practitioners who were potential
DSS end-users (i.e. the community), bridging science and practice. Information
exchanged between researchers and practitioners outside the CoP meetings mainly
related to clarifications on project goals and requirements, the capability of the DSS
and the availability of modelled results, in addition to planning structures and cur-
rent/planned projects for each city. The existence of such communication channels
also resulted in increased exchange of information among participants in each city
(e.g. transfer of spatial data between local authorities and project partners).

Community interactions were based on each participant’s willingness to partake
and contribute. Efforts were made to actively involve potential end-users early in
the process and, in this way, to increase the usability of the methodological fra-
mework and the DSS developed in BRIDGE. Despite such efforts, the meeting
outcomes were often voiced by a minority of representatives — as is commonly
the case with workshops and other group engagement methods (Connor, 2001;
Cooke and Kothari, 2001; Carver, 2003). This difference in the levels of
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participation is considered to be common in CoP as people participate in a
community for different reasons and in different ways (Groot et al., 2009).
Moreover, it was observed that in each of the case studies, a different culture
towards participation exists, as in some cities it was considered more common to
interact on an equal basis.

The aforementioned friction between the CoP and project requirements
also affected the establishment of a community. CoP are different from other
organisational groups such as formal working groups, project teams or informal
networks. They are voluntary and self-directed and their purpose is to develop
members’ professional capabilities by building and exchanging knowledge and
experience. Commonly there are no set structures or agendas, and interactions
develop naturally and occur based on the interest and willingness of members to
do so (van Winkelen, 2009). However, defined commitments and strict deadlines
within the BRIDGE project required that key participants (i.e. urban planners,
engineers, environmental consultants and decision-makers) were identified and
formally invited to the first round of meetings. Therefore, CoP were created by
BRIDGE initiative rather than relying on existing groups. Although the open
nature of CoP also had implications for the implementation of the methodological
framework (due to the common lack of a formal structure and time-constraints),
the framework provided semi-structured interactions between participants through
open debate and group work. Nevertheless, the limited resources within the project
restricted the networking and learning opportunities to two CoP meetings in each
city and one generic Umbrella meeting, potentially constraining the realisation of
their full potential. The maturing and continuity of the CoP established and
coordinated during the BRIDGE project, that is, the viability of CoP and the
interest of participants to coalesce and network on a regular basis in the future, is
unknown due to its open-ended nature.

Improving practice

CoP enabled the creation of learning networks; participants increasingly perceived
CoP as a means for enhancing knowledge and improving sustainable planning
practice. The project confirmed that, supporting Fraser et al. (2006) and Holder
(2011), the participative identification of sustainability indicators not only pro-
vided reliable grounds for making planning decisions, but the process of involving
people also presented learning opportunities, and contributed to shared under-
standing and urban governance.

Despite the learning opportunities and enhanced understanding of the impli-
cations of urban metabolism in urban planning, practitioners’ interests and

Community of Practice Approach to Developing Urban Sustainability Indicators 609

J.
 E

nv
. A

ss
m

t. 
Po

l. 
M

gm
t. 

20
11

.1
3:

59
1-

61
7.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SA
SK

A
T

C
H

E
W

A
N

 o
n 

03
/1

7/
15

. F
or

 p
er

so
na

l u
se

 o
nl

y.



concerns were not limited to urban metabolism aspects; they included other
considerations such as public health, infrastructural capacity and governance. As
the free exchange of ideas and concerns between participants was limited to the
Umbrella CoP, the contribution of BRIDGE to promoting further dialogue among
CoP participants outside the scope of the project remains uncertain. Moreover, the
project did not encompass any process to monitor the extent to which CoP par-
ticipants incorporated newly acquired knowledge/experiences into practice. As a
result, it is unclear whether the CoP meetings had any effect on planning practices.
Nevertheless, CoP input contributed to the research strategy, supporting the
development of a DSS tool aimed at enhancing planning practice.

Applicability of Indicators: The Issue of Context and Scale

Indicator sets evolved throughout the CoP due to the fact that during the first round
of meetings city-wide issues were examined while the second round of meetings
focused on the local context, addressing case-specific considerations related to
planning interventions. Some of the differing aspects also related to very different
political and economic development junctures of the countries involved. Con-
trasting views on sustainability and approaches to urban development were
apparent, for example, between Finland and Poland — illustrated by the prior-
itisation of public transport effectiveness versus the need to develop additional
road infrastructure to improve competitiveness. Such perceptions visibly shaped
the city’s planning priorities and, consequently, the definition of objectives and
indicators. The fact that a set of indicators becomes partly dependent on the
opinions of a small group of practitioners at a given point in time entails the risk of
limited applicability in other contexts. For instance, in London only a few air
quality indicators were high on the political agenda. If the development of the DSS
was to be based on such priorities only, new insights or shifts in policy priorities
would rapidly outdate the tool. Such limitations were overcome by combining the
results of the five cities, incorporating the experience of BRIDGE researchers and
by linking to the scientific debate on sustainable urban planning, in order to
provide a more holistic approach to urban sustainability. Moreover, the DSS was
conceived to enable the integration of new indicators as these become a priority
and/or available and, thus, provides the flexibility to adapt to changing political
and planning agendas.

The local identification of planning interventions enabled a more detailed
examination of potential problems, exposing the issue of scale. The case study
alternatives to be evaluated by the DSS differed significantly between the cities
(Table 1); some entailed new urban development (e.g. residential area in Helsinki
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and academic campus in Gliwice) and others focused on the improvement of
existing areas (e.g. greening London city centre and enhancing open spaces and
urban infrastructure in Athens). The more specific the plan (e.g. local area plan),
the larger the scale and the greater the level of detail required in the spatial datasets
used in the assessment (González, 2010). Therefore, in the context of a GIS-based
DSS platform, the scale of application incorporates new considerations into the
applicability of indicators. Data-driven approaches that are conditioned by the
geographical scope and values of indicators available may limit the extent and
level of detail of the assessment (Niemeijer, 2002; João, 2007; González, 2010).
This potential scale issue was overcome in BRIDGE by the incorporation of a
cascade modelling technique (from city-wide to local scale models) in the DSS —

which enabled estimating indicator values at different assessment levels (San José
and Pérez, 2009). Nevertheless, the selection of the final set of indicators was
subject to the project’s context and requirements: the boundaries determined by the
scope of the project (i.e. water, energy and air pollutants), and the availability of
data and models. Thus, the indicators were verified against the selection criteria
and validated to ascertain their applicability. The scope of BRIDGE constrained, in
principle, the applicability of indicators and the detailed assessment of additional
sustainability issues, particularly socio-economic aspects such as mobility and
human well-being identified as important during the CoPs, due to the lack of both
detailed data at the local level and availability of specific models within the
project. As previously noted, this limitation can be addressed through the DSS’s
flexible and dynamic approach to the incorporation of parameters: the end-user can
incorporate additional objectives and indicators when these are relevant and
applicable, and where data are available.

In general, the planning issues discussed during the first round of CoPs were
connected to the international debate on urban sustainability issues, and are
potentially common to a wide range of cities. Consequently, it could be argued that
the sustainability objectives defined during the BRIDGE project are, in principle,
transferable to other European cities, enabling comparability. These objectives
commonly relate to indicators which are also reflected in international indicator
sets used for cross-national assessments of urban sustainability (e.g. EEA, 2005)
making the case studies’ performances comparable among each other as well as
among other European cities. In contrast, the indicators defined in the second
round of CoPs were only able to reflect some of the generic and long-term sus-
tainability objectives defined at the city level in the previous round of CoPs, given
the more limited range and scale of the spatial and sectoral plans proposed as case
studies. Therefore, these indicators do not allow for comparability across case
studies, as planning problems identified were not similar among the case studies,

Community of Practice Approach to Developing Urban Sustainability Indicators 611

J.
 E

nv
. A

ss
m

t. 
Po

l. 
M

gm
t. 

20
11

.1
3:

59
1-

61
7.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
Y

 O
F 

SA
SK

A
T

C
H

E
W

A
N

 o
n 

03
/1

7/
15

. F
or

 p
er

so
na

l u
se

 o
nl

y.



neither in scale nor in kind, and trends and values observed varied between single
applications. Although the scope of the project required that indicators were
specifically fitted to given planning interventions, and crucial decision-making
criteria, the indicators identified at the local level could contribute to establishing
an operative indicator set for sustainable planning and assessment of urban
metabolism within a city. The tiered approach adopted in the methodological
framework (where objectives were defined at city level and, in contrast, indicators
at project level) determined the scope and level of detail of selected objectives and
indicators, representing a potential limitation to the research.

Conclusions and Final Remarks

A participatory approach to the development of sustainability indicators was
employed in this research to bridge the gap between environmental science and
urban planning practices. The approach assisted in enhancing the knowledge of
planners and scientists on sustainability in urban planning and enabled the
establishment of new networks and the expansion of existing networks (e.g.
between researchers and local authorities, and within the research community).
This is exemplified by the information exchanged between researchers and prac-
titioners outside the CoP meetings, as well as the creation of new collaborative
opportunities outside the scope of the project (e.g. London Greater Authority and
Kings College London on the subject of green areas and flood risk). The CoP
meetings yielded new insights into what constitutes urban sustainability in a range
of European cities, enabling the identification of patterns to improve urban
development, enhance quality of life and protect natural resources, and better
inform planning decisions. The identification and validation of sustainability
indicators through the methodological framework presented in this paper aided
structuring interactions between researchers and local practitioners. Although CoP
members’ expertise and background influenced indicator selection, developing
indicators through participatory approaches improved their applicability by com-
bining scientific and local knowledge, by tailoring them to context-specific
objectives and by making them understandable by both scientists and practitioners.
Moreover, the incorporation of end-user perceptions and needs supported the
research by facilitating the development of a functional and practical DSS to assist
planning and decision-making processes.

The CoP approach rendered valuable results for the BRIDGE project but the
contribution of the meetings, and the information flow, was often one-sided mainly
due to project requirements and time constraints. The CoP approach was found to
be valuable in promoting participation and end-users’ interaction within the project
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but no mechanism was provided to ensure continuity of collaboration outside the
scope of the project. Therefore, and despite the legitimate intention to create a
longer term interaction between researchers and practitioners, as well as among
practitioners themselves, it can be argued that the ambitious goal of creating viable
CoP in the case study cities was not fully achieved and that CoP have limited
capacity to fully evolve in the context of objective-driven projects (e.g. with clear
time-frames, scope and outputs). In this context, further research is needed to
identify opportunities for an earlier and more efficient engagement of local prac-
titioners in research projects and, in particular, examine the constraints imposed
by the local capacities for organisation and facilitation, as well as to define
mechanisms to maintain the viability of CoP for continued involvement in
decision-making.

These research results illustrate the complexity of addressing sustainable urban
planning and of developing a set of indicators that are widely applicable. The final
set of indicators agreed in BRIDGE was linked to the domain of interest (i.e.
sustainable planning), was context-specific and critical for decision-making (i.e.
addressed core issues of planning interventions), had high usability and could be
monitored (i.e. DSS-compatible and measured on a regular basis). Nevertheless,
the common tendency to focus on sustainability issues high on the political agenda
has to be overcome through flexibility to adapt to change (as in the case of
BRIDGE DSS indicators) to provide a robust and functional tool to support urban
planning. This is crucial for indicator-based assessment tools to meet the diverse
urban planning contexts and sustainability principles, particularly as assessment
(and monitoring) efforts tend to take place at local or project level.
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