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Executive Summary 

Deliverable 8.1 summarises the work that has been carried out within Task 8.1 "Performance 
assessment metrics, framework and certification" within the project period M13-M24. The present 
deliverable describes the individual methodological components that were developed within the task 
comprising the overall euPOLIS NBS Assessment Framework. 
 
Impact evaluation of Nature-Based Solutions (NBS) through appropriate indicators and metrics is 
deemed to be a critical process across the different NBS implementation stages, from a) the selection 
and design of effective NBS interventions to b) the NBS efficiency evaluation and improvement of the 
deployed systems. This fact is reflected within euPOLIS in the different types of indicators with distinct 
functions and purpose, as well as in the developed methodologies used in the analysis. In particular, 
the euPOLIS indicators employed to assess the multi-dimensional aspects and impacts associated with 
NBS implementation can be distinguished in i) Contextual Indicators (CIs) that are used in the planning 
phase by facilitating a site screening analysis and ii) Evaluation Indicators (EIs) that are utilised in the 
NBS deployment and exploitation phase for evaluating the performance of implemented solutions. 
 
Within Task 8.1, several indicator-based methodological components have been developed to support 
and enhance the euPOLIS NBS Analysis and Assessment Framework. Specifically, a simple, yet 
systematic, methodological framework has been developed for providing an initial assessment of 
candidate NBS interventions considered for a specific site through, by means of a preliminary multi-
dimensional impact analysis, as well as a standardised site screening process that exploits readily 
available data to quantify the identified main CIs and assess the severity of the associated Concerns at 
the site. The developed methodology provides a quantifiable analysis, that is not based solely on 
subjective criteria and best practices, and consequently formulates a practical tool for complementing 
and augmenting the implementation of other important urban planning practices and methods. A key 
innovation of the proposed methodology is the simultaneous consideration of the severity of the 
Concerns that are faced by the investigated urban site with the ability of a certain NBS to resolve them 
so as to provide a site-specific scoring and ranking for the potential NBS. This Preliminary Site 
Screening & NBS Selection Methodology, that has also been developed herein as an online tool, is 
therefore considered to offer a useful and practical decision support tool for enabling a first-order 
site-specific selection of the most effective NBS, prior to any in-depth analysis and modelling that 
might be carried out for the final selection and NBS design. 
 
Regarding the NBS deployment and assessment phase, a comprehensive EI selection methodology to 
formulate a tailor-made site-specific performance indicator list was also developed. This methodology 
will inform the design of effective impact evaluation systems and eventually facilitate the assessment 
of the multi-dimensional impacts of the deployed NBS. Moreover, it will enable the evaluation of the 
resulting co-benefits and other significant aspects related to PH & WB that will be evaluated 
irrespectively of the implemented NBS interventions. The proposed structured systematic process is 
once again founded on the relation of the indicators to the standardised site Concerns, in a similar to 
the Preliminary Site Screening & NBS Selection manner. 
 
The complimentary methodological sub-components are synthesised to form an integrated NBS 
Analysis and Assessment Framework, that aims to provide structured guidance to urban planners 
throughout all the different NBS analysis and deployment stages and eventually facilitate the 
evaluation of the euPOLIS solutions or deployed NBS in general. As a proof of concept and to 
demonstrate the proposed integrated approach in a practical and transparent way, the developed 
methodological components were applied to the Akti Dilaveri euPOLIS pilot site in the City of Piraeus.  
This document is an official project deliverable of the euPOLIS project. The dissemination level of this 
deliverable is “Public”.  
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1 Introduction 

1.1 Objectives/Scope 

Impact evaluation is crucial for both the selection and design of effective NBS interventions, as well as 
the efficiency evaluation and improvement of the deployed systems. For this purpose the inclusion of 
appropriate indicators and metrics is required for capturing the multi-dimensional aspects and 
impacts associated with NBS implementation, as well as resulting synergistic interaction effects of 
while also taking into account important contextual information at the sites of interest. 
 
The main aim of Task 8.1 is the development of an appropriate performance assessment framework 
through the identification and inclusion of appropriate indicators and metrics that will eventually be 
used for the performance evaluation of the euPOLIS solutions. 
 
The development of the euPOLIS indicator-based analysis spans across different WPs and for this 
reason the related work started at earlier project stages through corresponding activities in WP3 and 
WP4, as it will be discussed in more detail in Section 1.3. To accommodate for this cross WP 
distribution, to exploit/integrate completed work and to achieve an overall project alignment, the 
indicator-related work that is carried out as part of Task 8.1 covers the following methodological and 
implementation aspects along with the associated tasks: 

 Refinement and classification of Contextual Indicators (CIs) (based on WP3 CIs v1.0) in order 
to formulate a refined and consolidated list of main CIs presenting the most significant / 
representative NBS and PH & WB related issues in urban areas (definition of site Concerns). 

 Development of a quantitative coherent Site Screening methodology using readily available 
data. This process is based on a standardised list of Concerns that produces communicable 
outputs and insights on the current site state and assists in the assessment of the problem 
severity and hence identification of site needs with a focus on PH & WB to ultimately inform 
the selection of appropriate NBS interventions. 

 Facilitate the preliminary assessment and prioritisation of identified potential NBS based on 
their expected effectiveness to address significant issues at the site of interest by developing 
a generic methodology (without the need for detailed/advanced analysis or simulation 
outputs), providing a Decision Support methodology (and tool) for urban planners. 

 Selection of appropriate Evaluation Indicators (EIs) (based on WP4 EIs) for the performance 
assessment of the deployed NBS; Development of a methodology on formulating a tailor-
made site-specific indicator list to assess NBS impacts, related co-benefits and other 
significant aspects associated with PH & WB and overall project objectives. 

 Demonstrate the most significant methodological aspects by means of a case study 
application for verification and guidance purposes (where possible). 

 Development of the overall euPOLIS Assessment Framework as an integrated methodology to 
provide guidance in all different NBS analysis stages and facilitate the evaluation of the 
euPOLIS solutions or NBS in general. 

1.2 Beyond the State of the Art/Innovation 

A key innovation within Task 8.1 is the development of a simple, yet systematic, methodological 
framework to facilitate a first-order NBS selection process. The framework is founded on a rational 
site-specific, multi-dimensional ranking of NBS, rather than on a purely subjective identification of the 
NBS interventions, which might be beneficial to an urban site and its users, yet is built solely on 
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account of past good practices. The ranking of candidate NBS, that were previously identified through 
appropriate urban development methodologies (e.g. Goal Driven Planning Matrix - GDPM), is 
accomplished by means of assessing their effectiveness to address a standardised list of related 
problems (preliminary assessment based on literature and expert judgment), considering also the 
severity of these problems at the site of interest. This standardised list of “Concerns” refers to a 
spectrum of issues that could be associated with one of the following categories: (a) Public Health and 
Well Being (PH & WB), (b) Urban Development, (c) Environment, (d) Social and (e) Economic/Business, 
which can be evaluated through utilising readily available data. The simultaneous consideration of the 
severity of specific Concerns with the ability of a specific NBS to resolve certain kind of problems 
results in a site-specific scoring and ranking of the candidate NBS. On account of the ranked list of NBS, 
the urban planner will be able to select in an informed manner an appropriate set of interventions 
and then proceed with the final selection considering other supplementary important constrains, such 
as budget and/or space availability, as well as the outcome of detailed/technical simulations or 
calculations following this preliminary assessment. The targeted methodology exploits and augments 
already developed euPOLIS concepts and methods in an efficient manner, such as the site screening 
on the basis of a set of indicators (main CIs) and urban planning tools such as the GDPM. The 
methodology has been developed and offered also as an online decision support tool that is 
anticipated to assist urban planning practitioners in the NBS planning process. To the authors’ best 
knowledge, despite the fact that both the indicator-based methodologies for undertaking a site 
screening, as well as the impact of several types of NBS in reducing the impact of certain problems 
have been addressed in past research, no similar practical framework, like the one proposed herein, 
that combines both dimensions (severity/impact) for enabling a site-specific ranking of the NBS is 
currently available in the form of a practical tool. 
 
Furthermore, the euPOLIS indicator-based Assessment Framework was further developed with the 
development of a comprehensive and systematic EI selection methodology exploiting the defined list 
of site Concerns to further facilitate the multi-dimensional impact assessment of the implemented 
NBS, as well as the evaluation of the resulting co-benefits and other significant aspects related to PH 
& WB. The proposed assessment framework is innovative not only because it attempts to monitor the 
multiple societal challenges that could be simultaneously addressed by the implemented NBS and 
consequently provide evidence for their multi-functional role, but also due to the fact that it offers 
guidance to the urban planners on how a tailor-made list of EIs could be prescribed on account of the 
implemented NBS along with a set of persistent EIs that should be monitored irrespectively of the 
implemented interventions. Overall, the proposed methodological approach offers to urban planners 
and related practitioners a complete integrated framework for the analysis and deployment of NBS in 
a structure manner throughout the different project stages, from start to finish. 

1.3 Connection to other euPOLIS WPs 

The euPOLIS evaluation framework and therefore Task 8.1 is related to work spanning across many 
different WPs and project stages, from before the start of Task 8.1 to after it’s finish. In fact, to 
accommodate for this, it was decided to commence related activities within the task before the task’s 
official kick-off date. Specifically, the task was required to run in parallel to a) WP3 and Task 3.2 to 
provide necessary support for the baseline assessment (through Contextual Indicators), as well as b) 
WP4 to provide support in the development of the multi-dimensional indicators (Evaluation 
Indicators). The methodology developed is going to be used in WP6 and WP7 as part of the selection, 
optimisation, design, and the design of NBS appropriate monitoring systems to eventually facilitate 
NBS evaluation through impact assessment until the end of the project (WP8). These main 
interconnections with other euPOLIS Tasks and WPs are represented graphically in the schematic in 
Figure 1. 
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Figure 1 Connection of Task 8.1 to other euPOLIS Tasks and WPs 

1.4 Deliverable Structure 

This report includes in total five main Chapters and the Annex. The Chapters, which include various 
sub-sections, are organised as follows: 

 Chapter 1 outlines the scope/objective of Task 8.1, as well as the innovations developed 
within the task. It also describes the connections with other euPOLIS WPs and the structure 
of the deliverable. 

 Chapter 2 includes a brief literature review on different indicator frameworks focusing on 
assessing the performance related to different aspects at the city scale, as well as on indicators 
related to NBS impact assessment. 

 Chapter 3 is the chapter in which all the methodological approach employed for Task 8.1 is 
described, as well as its application on the selected euPOLIS pilot site as a case study; it is 
organised in the following sub-sections: 

o Section 3.1 presents a general overview of the euPOLIS Indicator Framework and 
related past work (included in past deliverables) and present work (included in the 
present deliverable). 

o Section 3.2 describes the work that was carried out on the CIs, including their 
refinement, classification, Concerns definition and normalisation/scoring, to facilitate 
a site Screening analysis. 

o Section 3.3 outlines the manner in which the preliminary NBS impact Assessment in 
carried out to provide the necessary input to the NBS Assessment tool. 

o Section 3.4 describes the Preliminary Site Screening & NBS Selection Methodology, as 
well as provides some information regarding the related online tool development. 

o Section 3.5 presents the application of the methodology and tool to Akti Dilaveri pilot. 
o Section 3.6 summarises the methodology developed related to EIs, including the 

consideration of gentrification risk and the selection of EIs, which is also 
demonstrated in the same case study. 

 Chapter 4 summarises the overall euPOLIS NBS Assessment Framework and how the different 
steps are connected to the different stages of the project and NBS analysis to form an 
integrated framework. 
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 Chapter 5 summarises and discusses the main outputs of this task, possible future 
developments and outlines the main conclusions. 

 Chapter 6 provides a list of resources/references used for the work carried out in Task 8.1 and 
the present deliverable. 

 Chapter 7 includes the report Annex with (1) more details on the threshold definition of 
specific environmental Concerns, (2) additional information on the water quality status of the 
Akti Dilaveri Canal, and (3) the connecting matrix between EIs and site Concerns. 
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2 Background / Literature Review 

Climate change, increasing urbanisation accompanied with inadequate planning, and environmental 
degradation have made cities more vulnerable to natural and man-made disasters. Additionally, new 
health-related challenges emerge, triggered by many factors such as demographic changes, migration 
dynamics, COVID-19 pandemic crisis, etc. which have a negative impact on the quality of life and the 
WB of citizens. Disasters and emergencies have a direct consequence on the population health, 
causing injuries, diseases, and mental and psychosocial outcomes (WHO Regional Office for Europe, 
2022). To prevent/mitigate the impacts of crises and environmental emergencies, there is the need 
for the cities to first detect which features and processes make them vulnerable. Consequently, they 
also need to recognize the most effective measures and actions to take to reduce risk, prepare and 
hence become more resilient (WHO Regional Office for Europe, 2020). The main challenge faced by 
the cities today is tackling how to properly manage the dependence on ecosystem services and adapt 
to climate change while prioritising PH and quality of life. It is crucial for cities to achieve less natural 
resource consumption (including water and materials) and waste production in order to minimise 
negative environmental impacts. Local authorities need to develop realistic sustainability goals with a 
long-term perspective. To achieve these goals, there is a variety of indicator frameworks related to 
the assessment of the current status of cities, effectively facilitating a screening process, and are 
deemed to be key tools for driving science-based urban planning and management (Science for 
Environment Policy, 2015). WHO conducted a study to examine existing urban indicator frameworks 
so as to assess current urban systemic vulnerabilities related to health focusing on those driven by 
urban processes and planning (WHO Regional Office for Europe, 2022).  
 
According to the Food and Agriculture Organization of the United Nations, indicators allow for the 
measurement of change in a system: “Indicators are selected to provide information about the 
functioning of a specific system, for a specific purpose — to support decision-making and 
management. An indicator quantifies and aggregates data that can be measured and monitored to 
determine whether change is taking place. But in order to understand the process of change, the 
indicator needs to help decision-makers understand why change is taking place.” (FAO, 2002). An 
indicator, according to López Chao et al. (2020) should be: 

• Specific (must clearly relate to outcomes)  
• Measurable (implies that it must be a quantitative indicator) 
• Usable (practical) 
• Sensitive (must readily change as circumstances change) 
• Available (it must be relatively straightforward to collect the necessary data for the indicator) 
• Cost-effective (it should not be a very expensive task to access the necessary data) 

 
A number of indicators and indicator frameworks for assessing the current status and providing a “city 
screening” related to different aspects are described below. 
 
Environmentally sustainable development is closely related to effective management and 
developments impacting on water resources. The Blueprint to Safeguard Europe’s Water responds to 
these challenges (European Commission, 2012). Its aim is to ensure water of good quality and 
sufficient quantity for all legitimate uses. City Blueprint is a set of indicators which has been developed 
to assess the sustainability of Urban Water Cycle Services (UWCS). It includes 24 dedicated indicators 
divided into 8 categories i.e., water security, water quality, drinking water, sanitation, infrastructure, 
climate robustness, biodiversity and attractiveness and governance including public participation (Van 
Leeuwen et al., 2012). The score scale of indicators is between 0 (denoting very poor performance) to 
10 (denoting excellent performance). City Blueprint is usually used as a quick scan to benchmark the 
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UWCS in cities (Philip et al.,  2011) and helps to communicate performance, select appropriate 
strategies, develop technological and non-technological options as future alternatives for the water 
cycle under different scenarios and decide how to integrate these in long-term planning on urban 
investments.  
 
The SmartBlue Camp profiling tool, as part of the Smart Blue Water Camps (SBWC) project, was 
initially developed based on the rationale of the City Blueprint ® framework to support strategic 
planning of integrated water management at the city level (Van Leeuwen et al., 2012; Makropoulos et 
al., 2019). After some adjustments, the final version of the proposed framework aims to not only to 
enable the understanding of water management conditions in the assessed European military camps 
but also to allow the identification of opportunities for change by decreasing water supply, increasing 
water reuse etc. The SmartBlue Camp Profiling Tool consists of two distinct sets of indicators classified 
into Context Factors (CF) and Performance Indicators (PI). CF assess the inherent environmental, social 
and economic background characteristics of the area where the military installations are located and 
explain the values of the performance indicators. PI assess the efficiency, effectiveness and 
sustainability of the water services delivery that result from the combination of several variables 
(Makropoulos et al., 2019). 
 
The European Green City Index (Shields et al., 2009) includes 30 individual indicators at a city level 
taking into account a wide range of environmental areas, from environmental governance and water 
consumption to waste management and greenhouse gas emissions. It assesses the environmental 
performance of 30 leading European cities from 30 European countries. The Index scores cities across 
8 categories — CO2 emissions, energy, buildings, transport, water, waste and land use, air quality and 
environmental governance — and 30 individual indicators. From the 30 indicators, 16 are derived from 
quantitative data and aim to measure the current performance of the cities and the remaining 14 are 
qualitative assessments of cities’ ambitions. 
 
In the context of sustainability and the necessity of increasing efficiency of the resources, it’s 
important to refer to the role of NBS. This term is used to describe “actions to protect, sustainably 
manage, and restore natural or modified ecosystems that address societal challenges effectively and 
adaptively, simultaneously providing human well-being and biodiversity benefits.” (Cohen-Shacham 
et al., 2016). NBS address various challenges to provide urban resilience for cities. Such challenges 
include climate resilience as well as restoring biodiversity, improving human health, mitigating 
consequences of natural disasters (e.g. flooding, erosion), supporting grey infrastructure such as storm 
drains, retaining walls etc. (Ozment et al., 2019; Sudmeier-Rieux et al., 2021). The European 
Commission has published a handbook which serves as a guide to the evaluation of NBS impacts (EC, 
2021). This handbook offers an overall evaluation framework for NBS based on current available 
knowledge and state-of-art technologies and practices. The challenge areas (Figure 2) that can 
potentially be addressed by NBS are the following (EC, 2021): 
 

1. Climate Resilience 
2. Water Management 
3. Natural and Climate Hazards 
4. Green Space Management 
5. Biodiversity Enhancement 
6. Air Quality 
7. Place Regeneration 
8. Knowledge and Social Capacity Building for Sustainable Urban Transformation 
9. Participatory Planning and Governance 
10. Social Justice and Social Cohesion 
11. Health and Wellbeing 
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12. New Economic Opportunities and Green Jobs 
 

 
Figure 2 Conceptual mapping of societal challenge areas that can be addressed by NBS onto the triad of People, 
Planet, Prosperity pillars of sustainable development (EC, 2021) 

 
The evaluation of the NBS' impact relies on the performance and impact indicators. These are used as 
means for quantifying the benefits of NBS and assessing their contribution to achieve specific targets 
at different scales. For each challenge there is a variety of indicators which serve as tools for evaluating 
the impact of NBS. Indicators of NBS impact have been classified as structural, process or outcome 
based (Donabedian, 1966) to support the selection of a suite of indicators that holistically address the 
process of NBS co-creation, co-implementation and co-management (EC, 2021): 
 

• Structural indicators (S) – refer to supporting infrastructure and resources in place to achieve 
the desired goals (people, material, policies and procedures) 

• Process indicators (P) – refer to the efficiency, quality, or consistency of specific procedures 
employed to achieve the desired goals 

• Outcome indicators (O) – refer to accomplishments or impacts 
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3 Methodology and Application 

3.1 Overview  

3.1.1 Indicator Framework Structure 

euPOLIS is proposing a multi-dimensional indicator-based methodology focused on PH & WB aspects 
of NBS intervention impacts, which includes direct PH & WB impacts and PH & WB related indirect 
impacts, such as socio-cultural, environmental, and economic ones. In this context, two sets of 
indicators are identified: (1) Contextual Indicators – CIs (relevant euPOLIS deliverables include D3.2 & 
D4.1, and Section 3.2 of the present report) used for NBS planning, and (2) Evaluation Indicators – EIs 
(relevant euPOLIS deliverables include D4.1 & D4.2, and Section 3.6 of this report) used for monitoring 
during deployment and exploitation (Figure 3). Both sets of indicators are developed in five (5) 
categories: (1) PH & WB, (2) social, (3) business/economic, (4) environmental, and (5) urban 
development and identified associated Challenges and Themes, which represent the main topics and 
processes relevant to NBS implementation. The process of selecting the relevant Challenges and 
Themes, followed by Contextual and Evaluation indicators, is carried out by Working Groups (WGs) 
(v1.0 in WPs 3 and 4), formed by relevant euPOLIS experts under each of the five categories, followed 
by multidisciplinary meetings between the groups, and later discussed in the entire WP consortiums 
(academic and research partners, SMEs, Front Runner (FR), and Follower cities). 
 

3.1.2 Indicator Types & Functions 

CIs are used during the planning phase to provide an initial site screening and site characterisation, by 
facilitating an initial baseline assessment that will assist in gaining a better understanding of the site 
and its needs (Step 1). The evaluation of CIs is based on readily available data and sources, including 
national and international databases, local agencies and authorities, existing reports, questionnaires, 
site visits, etc. The data is used at the temporal and spatial resolution most appropriate (and available) 
for each pilot site.  
 

 
Figure 3 Different types of indicators with different purpose & functions 

 
CIs together with various euPOLIS urban planning tools and methodologies (e.g. GDPM) are used to 
identify, select and design appropriate NBS that will target specific issues, as these are represented by 
Challenges and Themes, of the location at which their implementation is planned (Step 2). Specifically, 
by quantifying CIs it is possible to identify the specific needs, trends, and pressures of each site, which 
subsequently in conjunction with the GDPM and urban planning participatory processes (e.g. 
recording of stakeholders' concerns) allow for the identification of potential interventions/NBS to 
address these site needs according to the euPOLIS project aims and focus. These initial identified NBS 
interventions are then evaluated through the NBS preliminary selection tool (Step 3) (see Section 3.4) 
and applicable simulation and assessment methods (Step 4) in order to select and design the final NBS 
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to be implemented at a site. Following the final selection of NBS a list of EIs is produced based on the 
expected impacts of the implemented NBS (Step 5) (see Section 3.6). 
 
Table 2 Number of Challenges, Themes, Contextual (v1.0) and Evaluation Indicators 

Categories No of 
Challenges No of Themes 

No of 
Contextual 
Indicators 

No of Evaluation 
Indicators 

Health and Well-being 6 28 15 16 

Urban Development 8 46 10 15 

Environmental 6 22 20 24 

Social 9 31 25 16 

Economy/Business 6 14 7 9 

 
The data needed to estimate EIs will be collected either via monitoring (environmental sensors, 
questionnaires, wearables), modelling/simulations or targeted data collection, addressing in both 
cases the conditions prior to and after the implementation of the NBS at the site of interest. 
Consequently, by means of comparing the indicator values at these two stages one could undertake a 
multi-dimensional impact assessment of the implemented NBS. The proposed indicator-based 
assessment framework is innovative not only because it attempts to monitor the multiple societal 
challenges that could be simultaneously addressed by the implemented NBS and consequently 
provide evidence for their multi-functional role, but also due to the fact that it offers guidance to the 
urban planners as to how a tailor-made list of evaluation indicators could be prescribed on account of 
the implemented NBS along with a set of persistent evaluation indicators that should be monitored 
irrespectively of the implemented interventions. 

3.1.3 Summary of present work 

This deliverable report describes the work carried out within Task 8.1 following the completion of the 
related indicator work within the earlier stages of the project (WP3 and WP4). Specifically, the report 
describes the refinement and categorisation of the initial CIs (v1.0) to formulate the refined list of CIs 
(v2.0), from which a group of the most critical ones in terms of NBS is selected, the main CIs, which 
are used for the definition of a standardised list of site Concerns. The evaluation of the site Concerns, 
following the definition of appropriate scoring thresholds for each related indicator, are then used for 
a structured and quantitative site screening process producing communicable outputs and insights for 
each site. Most importantly, an innovative preliminary NBS Selection methodology is developed within 
this task, which uses the site screening results in terms of problem severity in conjunction with an 
initial NBS impact assessment to produce a scored and ranked list of potential NBS interventions for a 
particular site. This complimentary simple decision support methodology is also developed as an 
online tool and is applied for demonstration purposes to one of the euPOLIS pilots, Akti Dilaveri in 
Piraeus. The work carries on with the development of a connected methodology for the selection of 
appropriate EIs for each site based on the final interventions, as well as a list of persistent EIs. Finally, 
the scope of this work is to produce an integrated methodology that is applied in the different project 
stages and facilitates the evaluation of the euPOLIS solutions. 
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3.2 Contextual Indicators for Site Screening 

3.2.1 Initial Contextual Indicators 

An initial first version of the euPOLIS CIs (version 1.0) was developed to facilitate the preliminary 
baseline assessment carried out in Task 3.2 with the support of Task 8.1. In total 82 CIs were defined 
at this early stage of the project, which were then estimated for all euPOLIS pilot sites in FR cities. 
These indicators, which are common for all pilot sites, were quantified based on readily available data 
at the best scale possible and most applicable to the site. In fact, this early process of data collection 
of available data was very useful in identifying possible data gaps as this assisted later on in identifying 
the required data collection organisation throughout the subsequent phases of the project where 
more site-specific and specialised data will be required. The list of CIs version 1.0 is included in D3.2, 
as well as in the Annexes of D4.1, and their estimated values and gathered information for the pilot 
sites is summarised in the Annexes of D3.2. The refinement, including categorisation and 
scoring/normalisation, of these initial CIs as part of the work carried out within Task 8.1 is described 
in the following sections. 

3.2.2 Indicator Selection, Refinement & Categorisation 

CI refinement and Classification 

The work carried out within Task 3.2 on the preliminary baseline assessment revealed various issues 
and potential for improvement of the initial CIs. For this purpose, during the course of Task 8.1 it was 
requested from the euPOLIS WGs to review the initial CI list (version 1.0) (Figure 5) and recommend 
appropriate modifications and refinements on the CI definitions and other indicator characteristics 
(e.g., units, related variables, data sources, spatial extent) according to the lessons learned from their 
initial quantification during the sites’ baseline assessment and always in accordance to the project 
needs. Specifically, problems identified with the initial CI estimation (Figure 4) (e.g., unclear indicator 
definitions, data availability, boundary/spatial extent, etc.) by all the relevant partners and groups 
involved in these estimations were taken into account so that appropriate modifications were applied 
in the specification of CIs, where and if necessary. 

 
Figure 4 Refinement process of CIs – Pilot estimation worksheets 
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Figure 5 Refinement process of CIs – CI version 1.0 worksheet 

 
Following the refinement of CIs the updated indicators were classified according to discussions and 
feedback received by the euPOLIS WGs (Figure 6). The main aim behind this indicator grouping is to 
create a concise (universal) CI list to i) identify and present more effectively the most critical issues in 
a site of interest as part of a site screening analysis and ii) to identify the more pressing issues that 
could be addressed through the implementation of an NBS so as to assist later on urban developers 
and practitioners selecting the most appropriate interventions. The latter is central in the Preliminary 
NBS Selection Methodology that is presented in Section 3.4. Within this context, CI were classified in 
three main CI groups/categories as follows:  

 Main – Indicators referring to specific issues that could potentially be solved through an NBS 
(e.g., flood risk); these will be central in the NBS Selection methodology for assessing the 
severity of relevant concerns/problems at the site of interest. 

 Important – Indicators addressing important/critical issues that however cannot be directly 
resolved through an NBS (e.g., poverty). Even though these are not going to be used in the 
methodology they need to be explicitly considered during an urban design process. 

 Informative – These indicators offer further information and insights on the status of the site 
of interest and their assessment is encouraged as these can further assist in the design 
process. 
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Figure 6 Classification process of CIs by euPOLIS WGs 

 
The outcome of this work, the refined list of the euPOLIS CIs (version 2.0) along with their classification 
in the three groups described above, is presented in Table 3. The code of main indicators is marked 
with bold and relevant colours (according to the corresponding Category), whereas important 
indicators are just marked with bold. The table also includes the indicator codes used in previous 
euPOLIS deliverables for reference and correspondence. Indicator rows that are marked in grey colour, 
denote indicators that have been either excluded completely from the refined CI list, 
duplicate/overlapping indicators across the different categories or indicators that have been replaced 
by other ones with improved definitions/scope. 
 
Table 3 euPOLIS Contextual Indicators (CIs) version 2.0 and classification 

D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

c50 E1 

Heat Risk (Number 
of combined tropical 
nights (>20 °C) and 
hot days(>35 °C)) 

Number of combined tropical nights 
(>20 °C) and hot days(>35 °C) days/year City/Neighbourh

ood Level Main 

c51 E2 Freshwater scarcity 
(EEA WEI+) 

Freshwater scarcity in the 
respective river basin % River basin Main 

c52 E3 Groundwater 
scarcity (EEA WEI+) 

Groundwater scarcity in the 
respective aquifer % Local aquifer Main 

c53 E4 
Groundwater 
salinization / 

Seawater intrusion 

Existence and level of Groundwater 
salinization / Seawater intrusion Qualitative Local aquifer Main 

c54 E5 

River & sea floods 
(% of the area that 
would flood for a 

specific return 
period) 

% of the area that would flood for a 
specific return period % Site Level or 

catchment  

c54 E5 Flood Hazard 
Classification of the area according 
to the probability or magnitude of 

flood occurrence 
Qualitative  Main 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

c55 E6 
Urban Drainage 
Flooding (% of 

impervious area) 

Percentage of impervious areas at 
the site % Site Level Informative 

c56 E7 Surface water 
quality 

Surface water quality status 
relevant to ecological and chemical 

characteristics. 
In the case there are water quality 
measurements for a specific water 

body near/on site, local 
assessments are included too 

Quantitative / 
Qualitative 

River basin (or 
site level if 
applicable) 

Main 

c57 E8 Groundwater quality Groundwater quality status relevant 
to chemical characteristics 

Quantitative / 
Qualitative Local aquifer Main 

c58 E9 

Climate change 
adaptation 

(existence of 
environmental 

policies in general) 

    

c59 E10 Wastewater 
treatment coverage 

Percentage of wastewater treated 
with at least secondary treatment % 

City/Urban 
Water Zone 

Level 
Main 

c60 E11 Level of wastewater 
treatment 

The level at which wastewater is 
treated (no treatment, primary, 

secondary, tertiary) 
Qualitative 

City/Urban 
Water Zone 

Level 
Informative 

c61 E12 Air Quality 

The air quality in the vicinity of the 
site (nearest air quality station). The 
European Air Quality Index is used, 
based on concentration values for 

up to five key pollutants (PM10, 
PM2,5 O3, NO2, SO2). the index 

corresponds to the poorest level for 
any of the five pollutants. 

Concentration of 
pollutants 

City / 
Neighbourhood 

Level 
Main 

c62 E13 Water reuse (on-
site) 

Percentage or volume of reclaimed 
water supplied to the site % or m3 Site Level Informative 

c63 E14 Land surface 
temperature 

For earth observation methods: The 
Earth’s radiometric (or skin) 

temperature derived from the solar 
radiation, where “surface” denotes 

any type of surface the satellite 
captures (snow, vegetation, soil, 

roofs, etc.) (°C or K). 
For ground-based methods: 

Radiance over spatially 
homogeneous sites. 

° C Neighbourhood / 
Site Level Informative 

c64 E15 Waste Management 

Level of waste management on site 
and the surrounding area (Level of 

recycling: 0 - none, 1 - some, 2 - 
everything. Additional indication of 

types of recycling (separating all 
recyclable materials on site, doing 

compost, etc.) 

Qualitative Neighbourhood / 
Site Level Informative 

c66 E16 Share of green 
urban areas 

The proportion of all vegetated 
areas within the city 

/neighbourhood boundaries in 
% 

Neighbourhood / 
City Level 
(Minimum 

Main 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

relation to the total area of the 
city/neighbourhood. 

mapping unit 
0.25 ha) 

c67 E17 Ecological 
Connectivity 

Measuring the potential for the 
demo sites areas to amplify the 

connectivity and multifunctionality 
of other urban green/blue areas. 

Connectivity can be defined as the 
degree to which landscapes and 
seascapes allow species to move 
freely and ecological processes to 

function unimpeded. There are two 
types of connectivity: structural 

connectivity related to the spatial 
configuration of green patches and 

how they are linked with a 
landscape matrix and then 
functional connectivity that 

describes the ability of organisms to 
move amongst these patches 

distance (m) to 
the next nature 
area (e.g. park, 

Natura 2000 
park) and 

presence of 
barriers (e.g. 

roads) between 
the project site 
and the nature 
area (e.g. park) 

// scoring 
system for the 

proximity of the 
green areas and 
another scoring 
system for the 

barriers 

Site / 
Neighbourhood 

Level (or city) 
Informative 

c68 E18 
Quality (BD, tree 

condition, soil 
viability) 

Quality (BD, tree condition, soil 
viability) 

Field scheme to 
assess the 

general nature 
quality of the 
demo site - 
Qualitative 

method 

Site / 
Neighbourhood 

Level (or city) 
 

c69 E19 Greenery use 
(intensity, type) Greenery use (intensity, type) Qualitative and 

quantitative 

Site / 
Neighbourhood 

Level 
Informative 

c70 E19.2 Public green space 
distribution 

Measure of the distribution of 
public greenspace (total surface or 

per capita) and identification of 
greenspace categories (i.e., street 
trees, residential gardens, school 
green areas, parks) as an index to 

increase quality/quantity of 
green/blue existing, restored and 

new NBS with a high degree of 
multifunctionality 

ha per capita 
City / 

Neighbourhood 
Level 

 

c71 E20 Level of recycling of 
resources Level of recycling of resources Qualitative 

City / 
Neighbourhood 

Level 
Informative 

c72  

NDVI (Normalized 
Difference 

Vegetation Index) 
Average 

The NDVI is a measure of greenness 
based on the land surface reflection 

of visible (red) and near-infrared 
parts of the spectrum. It could be 

used to quantify a biodiversity-
related indicator 

dimensionless - 
It ranges 

between +1 and 
-1 

Neighbourhood / 
Site Level Informative 

New E21 Habitat Diversity 

Presence of suitable habitats for 
specific animal groups of interest: 

Pollinators (especially bees and 
butterflies), birds, and amphibians. 

Qualitative 
Assessment - 
presence of 

suitable habitat 
covering all the 
life cycle phases 

Site / 
Neighbourhood 

Level 
Main 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

of the selected 
animal species 

that have a good 
impact on PH& 

WB (birds, 
native 

pollinators such 
as bees, 

butterflies, and 
amphibians). 

New E22 Species Diversity General diversity in animal species 

Qualitative 
Assessment - 

No. of species of 
selected groups: 

plants, birds, 
pollinators (bees 
and butterflies), 
and amphibians. 

Site / 
Neighbourhood 

Level 
Main 

 E21 
Number of native 

species (please see 
comment) 

Provides an overview of the species 
diversity, with distinctions able to be 

made across taxonomic groups if 
multiple groups can be covered. Defined 

species can also serve as an indirect 
"indicator" for the habitat quality. The 
total number of native species within a 

defined area (site/neighbourhood/ 
region/city). This can compromise one 

or more of the following taxonomic 
groups (it should be specified which 

groups are covered): a. Plants, b. Birds, 
c. Butterflies, d. Invertebrates, e. 

Mammals 

Number of 
species in a 

defined area 
(quantitative) 

site/neighbourho
od/region/city 

level 
 

 E22 
Extent of habitat for 

native pollinator 
species 

Pollinators play a key role in ecosystems, 
supporting crop production and 
pollinating trees and wildflowers 
necessary for supporting other 

ecosystem functions. Global declines 
mean that provision of habitat for 
supporting these species has been 
identified as a critical conservation 
target internationally. Evaluation of 

extent of habitat for native pollinator 
species is a proxy measure of the health 
of pollinators and the ecosystems and 

crops they support. Pollinators are 
organisms that facilitate the transfer of 
pollen from a male part of a plant to a 

female part of a plan, supporting 
fertilisation and seed production. This 
includes many groups of insects and 

some birds, and bats. In order to 
support pollination, it is vital that 
habitats suitable for supporting 

pollinators is retained. This can include 
such diverse provisions as pesticide free 
zones, wildflower-rich areas, and bare 

ground for nesting. The critical first step 
of defining extent of habitat for native 

pollinator species is to define the target 
habitats that are being quantified. 

Typically, this comprises an assessment 
of wildflower areas, or nectar and 

pollen-rich flowering areas. However, 

All 
methodologies 

characterise 
pollinator 

habitat extent in 
terms of a 

proportion of 
the total area 

(e.g., % or 
m2/ha). 

Site / 
Neighbourhood 

Level 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

more detailed characterisation of 
pollinator habitat needs, and associated 
habitat characteristics provides a more 
effective measure of biodiversity value. 

c73 U1 Surface area of 
demo-site 

The surface area is a measure of the 
total area that the surface of demo-

site occupies 
m2 Demo-site Informative 

c74 U2 Average green space 
(UGS) per inhabitant 

Ratio of the total natural land (blue 
and green) m2/inh. Urban green 
space is a component of public 

open spaces and common services 
and is accessible for all members of 
the urban community. Urban green 

spaces are open space areas 
reserved for parks, public gardens, 

other public spaces covered by 
vegetation, including plant life, 

water features and other kinds of 
natural environments. 

m2/inh Demo-site / 
neighbourhood Main 

c75 U3 Number of houses 
Number of houses inside the demo-

side or adjacent to the borders of 
demo-site area 

Number of units Demo-site / 
neighbourhood Informative 

c76 U4 Multifunctionality 
Functional diversity of adjacent 

buildings and functional use of open 
space 

<2; 3-5; 6> 
and description 

of functions 
Demo-site Main 

c77 U5 Accessibility 

Measure of the ease of reaching 
(and interacting with) destinations 

or activities distributed in demo-site 
space. Universal accessibility also 

measures the easy of accessing for 
any individual, including those 

whose mobility, communicative 
ability or understanding is reduced, 
to approach and enjoy a place and 
its services safely and without any 

obstacles. 

Qualitative Demo-site Main 

c78 U6 
Parking facilities for 

different private 
transport 

Parking facilities for different 
private transport Number Demo-site Informative 

c79 U7 Frequency of public 
transport service Trip rate Times/hour Demo-site Important 

c80 U8 Available urban 
open space 

Potential open area that can be 
transformed and improved % Demo-site Important 

c81 U9 
Presence of 

obstacles in the use 
of the public space 

Presence of obstacles in the use of 
the public space 

Present (number 
and description) 
– Non existent 

Demo-site Main 

c82 U10 

Presence of unique 
spatial elements 

(sculptures, 
monuments etc.) 

Presence of unique spatial elements 
(sculptures, monuments etc.) 

Present 
(number) – Non 

existent 
Demo-site Informative 

c27 U11 Life expectancy Number of years that a person can 
expect to live at birth if subjected to Number of years City/National Important 



      Report on the performance assessment metrics, framework & certification 
 

27 
 

D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

current mortality conditions 
throughout the rest of their life. 

New U12 Exposure: 
Population Density Population Density residents/km2 Neighbourhood, 

Municipality Important 

c19 S1 
Age and gender 

distribution in the 
neighbourhood 

The proportion of people of 
different genders in age cohorts. 

Age distribution 
-- years 
Gender 

distribution -- % 
of genders or 

just the number 

Site or 
Neighbourhood 

level 
Informative 

c20 S2 Social status 

The relative socioeconomic status 
(including respect, assumed 

competence, position in society) a 
person is considered to hold. 

% of residents 
Site or 

Neighbourhood 
level 

Informative 

c21 S3 Education level The highest level of education that 
an individual has completed. % of people 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Important 

c22 S4 Quality of education Average results in the final exam in 
primary school. 

Depends on the 
grades scale in 

the given 
country. 

City or country 
level Informative 

c23 S5 Unemployment 

The number of people between 15 
and 64 who are available for work 

and are actively seeking for one as a 
percentage of the labour force. 

% of people 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Main 

c24 S6 Sectors of the 
employment 

Proportion of people employed in a 
certain group of occupations (main 

sectors of employment). 
% of people 

Site or 
Neighbourhood 

level 
Informative 

c25 S7 

Economic situation 
of households 

(average income of 
the household) 

The average income of the 
household in local community (net) 

and compared to average 
household income for the city (in 

euro). 

euros (converted 
from local 
currency if 
applicable) 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Important 

c26 S8 
Type of housing 

arrangement (type 
of residency) 

The tenure status is the 
arrangement under which a private 
household occupies its housing unit 

(dwelling). Although EU-SILC 
distinguish four different categories 
we will reduce them to three main: 

- owners; 
- tenants, rent at market price; 

- tenants, rent at a reduced price or 
for free, i.e. social housing. 

% of people 
Site or 

Neighbourhood 
level 

Informative 

c27 S9 Life expectancy 

The mean number of years that a 
person can expect to live at birth if 

subjected to current mortality 
conditions throughout the rest of 

their life. 

Number of years 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Important 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

c28 S10 Racial, ethnic, and 
religious diversity 

% of people that have different 
physical traits (racial diversity), 

ethic descent (ethnic diversity), or 
different religion (religious 

diversity) from the majority of the 
country. 

% of people 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Informative 

c29 S11 Number of children 
in foster care 

The number of children living in 
foster care in the given area. 

Number of 
children 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Informative 

c30 S12 
Number of families 

receiving social 
benefits 

The number of families receiving 
social benefits in a given area. 

Number of 
families 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Informative 

c31 S13 Poverty 
% of people living below the at-risk-

of-poverty line (as defined by the 
United Nations) 

% of people 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Important 

c32 S14 Voter turnout in the 
last election 

The number of votes cast in an 
election as a proportion of the 

voting age population (people over 
18 with voting rights). 

% of people 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Main 

c33 S15 
Number of 

community-based 
organizations 

Number of community-based 
organizations (CBOs) (non-profit 
groups, non-governmental, civil 

society organizations, etc.) 

Number of 
organizations 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Main 

 S16 
Number of local 

businesses and type 
of businesses 

The number of local businesses and 
sectors in which they operate. 

Number of 
businesses 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

 

c34 S17 Access to culture 
Availability and variability of 

cultural events taking place in the 
site neighbourhood 

Qualitative/ 
Quantitative 

Site or 
Neighbourhood 

level 
Main 

c35 S18 Access to sport 
facilities 

Availability and variability of open 
to public indoor and outdoor sport 
facilities in the neighbourhood, i.e. 
swimming pools, open gyms, etc. 
freely accessible for citizens in the 

given area. 

Qualitative/ 
Quantitative 

Site or 
Neighbourhood 

level 
Main 

c36 S19 Crime rate 

The crime rate at the site or 
neighbourhood level 

Overall crime rate is calculated by 
dividing the total number of 

reported crimes of any kind by the 
total population, then multiplying 

the result by 100,000 (because 
crime rate is typically reported as X 

number of crimes per 100,000 
people). 

No of 
crimes/100 k 

people 

Site or 
Neighbourhood 
level compared 

to the 
municipality level 

Main 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

c37 S20 Population change 
rate 

Percentage change of population 
within a specific reference period.  

(Final Population - Initial 
Population) / Initial Population x 

100 

% 

Neighbourhood 
level (however, it 

would be very 
difficult to 
achieve) 

Important 

c38 S21 
Local government 

expenditure on 
similar projects 

Local government spending on 
similar to euPOLIS projects (i.e. 

including participatory processes, 
environment, NBS). 

euros (converted 
from local 
currency if 
applicable) 

Municipality 
level Informative 

c39 S22 Things to enjoy in 
the existing space 

Activities that can be freely 
performed and public objects that 

can be freely used in the given area 
and which residents consider as 

enjoyable. 

% of the most 
popular 

activities on the 
site 

Site or 
Neighbourhood 

level 
Main 

c40 S23 Functions of the 
existing space 

Facilities and equipment that 
already exist in the demo site as 

well as activities which can be freely 
performed in the given space. 

% of the 
functions of the 

site 
Site level Informative 

c41 S24 Aesthetic of the 
space 

The subjective measure of the 
aesthetic of the demo site. Qualitative Site level Main 

c42 S25 Type of users 
The proportion of different types of 

users of the space (visitors, 
residents). 

% of residents or 
visitors Site level Informative 

New S26 Vulnerability - 
Elderly population 

% of elderly people (over 65 years) 
in total population % 

Site or 
Neighbourhood 

level 
Important 

c43 B1 

Existing regulations 
restricting or 
allowing only 

specific business 
activities 

Existing regulations restricting or 
allowing only specific business 

activities/facilities at the 
demonstration site of interest 

YES / PARTIALLY 
/ NO Site Important 

c44 B2 

Existing businesses 
related to the site 

(i.e. interacting with 
euPOLIS 

interventions) 

Number of existing businesses 
related to the demonstration site 

which are likely to interact with/be 
affected by the euPOLIS 

interventions (e.g. restaurants, 
cafes, bars, bakeries, kiosks, hotels, 

retail stores) 

Qualitative 
definition of the 
thresholds based 

on number of 
businesses and 
overall site and 
neighbourhood 

conditions 

Site or 
Neighbourhood 
(depending on 

the local 
conditions) 

Main 

c45 B3 

Comparative 
(surrounding) 

property value (a. 
Offices b. 

Residential, c. 
Commercial) 

Median property value at the site 
neighbourhood (in euros/m2) / 

Median property value at the city 
(in euros/m2) 

considering three property uses: a. 
Office, b. Residential, c. Commercial 

unitless 
Neighbourhood 

or City (for 
comparison) 

Main 

c46 B4 

Neighbourhood 
people 

acceptance/satisfact
ion on the site's 

impact on PH&WB 
(current condition) 

The level of acceptance/satisfaction 
on the demonstration site's impact 

on PH&WB prior to the 
implementation of the NBS 

Qualitative: Low 
/ Medium / High Neighbourhood Informative 

c47 B5 Unemployment rate Unemployment rate (people 
between 15 and 64) in the % 

Neighbourhood 
(preference) or 

City 
Main 



      Report on the performance assessment metrics, framework & certification 
 

30 
 

D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

neighbourhood close to the 
demonstration site 

(More descriptive information could 
also be included) 

c48 B6 

Local companies’ 
interest in 

supporting euPOLIS 
vision 

List of companies that are likely to 
be interested in supporting the 
euPOLIS interventions for their 

benefit (e.g. improve company's 
reputation, brand identity) 

List of 
companies City Informative 

c49 B7 

Municipality 
budgeting for NBS 

interventions at the 
demonstration site 

Municipality budgeting for NBS 
interventions at the demonstration 
site excluding the euPOLIS budget 

% of 
[infrastructure] 

expenditure 
Site Informative 

c1 H1 
Prevalence of 

allergic respiratory 
diseases 

Percentage of people diagnosed 
with allergic respiratory diseases 

among the population of the 
location in particular time 

% Municipality, 
Region Informative 

c2 H2 Prevalence of 
smoking 

Percentage of smokers among the 
population of the location in 

particular time 
% Municipality, 

Region Informative 

c3 H3 Incidence of chronic 
respiratory diseases 

Number for new diagnosed COPD 
and asthma cases per year per 100 
000 population (chronic obstructive 

pulmonary disease- COPD and 
asthma) 

No of new 
diagnosed cases 

per 100 000 
population / 

year 

Municipality, 
Region Main 

c4 H4 Mortality of chronic 
respiratory diseases 

Number of deaths related to COPD 
and asthma per year per 100 000 
population (chronic obstructive 
pulmonary disease- COPD and 

asthma) 

No of deaths per 
100 000 

population / 
year 

Municipality, 
Region Informative 

c5 H5 
Incidence of 

cardiovascular 
diseases 

Number for new diagnosed cases 
with cardiovascular diseases per 

year per 100 000 population 

No of new cases 
per 100 000 
population / 

year 

Municipality, 
Region Main 

c6 H6 
Mortality of 

cardiovascular 
diseases 

Number of deaths related to 
cardiovascular diseases per year per 

100 000 population 

No of deaths per 
100 000 

population / 
year 

Municipality, 
Region Informative 

c7 H7 Prevalence of 
hypertension 

Percentage of people with 
hypertension among the population 

of the location in particular time 
% Municipality, 

Region Informative 

c8 H8 Incidence of 
diabetes 

Number for new diagnosed 
diabetes cases per year per  

100 000 population 

No of new cases 
per 100 000 
population / 

year 

Municipality, 
Region Main 

c9 H9 Mortality of 
diabetes 

Number of deaths related to 
diabetes per year per 100 000 

population 

No of deaths per 
100 000 

population / 
year 

Municipality, 
Region Informative 

c10 H10 Prevalence of 
diabetes 

Percentage of people with the 
diabetes among the population of 

the location in particular time 
% Municipality, 

Region Informative 
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D3.2/ 
D4.1 
Code 

Code CI name Definition Units Scale? Type 

c11 H11 Prevalence of 
obesity 

Percentage of people with obesity 
among the population of the 

location in particular time 
% Municipality, 

Region Main 

c12 H12 Prevalence of 
arrhythmias 

Percentage of people diagnosed 
with arrhythmias among the 
population of the location in 

particular time 

% Municipality, 
Region Informative 

c13 H13 Health related 
quality of life 

Self-reported good health by the 
citizens by age group % Municipality, 

Region Important 

c14 H14 Prevalence of 
depression 

Percentage of people diagnosed 
with depression among the 

population of the location in 
particular time 

% Municipality, 
Region Main 

c15 H15 Prevalence of 
physical activity 

Percentage of people reported with 
physical activity among the 

population of the location in 
particular time 

% Municipality, 
Region Main 

c16 H16 
Incidence of 
alimentary 
infections 

Number for new diagnosed cases 
with alimentary per year per 100 

000 population 

No of new cases 
per 100 000 
population / 

year 

Municipality, 
Region Main 

c17 H17 Incidence of vector 
borne diseases 

Number for new diagnosed cases 
with vector borne diseases per year 

per 100 000 population 

No of new cases 
per 100 000 
population / 

year 

Municipality, 
Region Main 

c18 H18 Incidence of 
zoonoses 

Number for new diagnosed cases 
with zoonotic diseases per year per 

100 000 population 

No of new cases 
per 100 000 
population / 

year 

Municipality, 
Region informative 

 

Concerns’ Definition through CIs 

The rationale behind categorising CIs is to select from each category the most critical indicators that 
will help us identify/highlight critical issues in each pilot site and as a result assist in the selection of 
effective NBS specifically for addressing the site’s needs. Furthermore, these main indicators will be 
communicated for each pilot in a concise and structured manner effectively exploiting all the 
information that has been collected during the early stages of the project in Task 3.2 (additional 
information is also gathered where necessary). The Site Screening results are expected to provide 
valuable insights to each pilot. 
 
Within this context 28 Concerns were identified through the main CIs across the five Categories. Table 
4 presents all the defined euPOLIS Concerns in each category along with the related main CIs used to 
estimate these Concerns. Some of the Concerns are being assessed by means of more than one CIs 
that eventually form the so-called composite indicators. The overall objective was to attempt covering 
the most significant euPOLIS Challenges and Themes, and therefore depicting the most significant 
issues faced by urban areas. The list of Concerns is common in all sites to facilitate a standardised 
screening process to the extent possible. 
 
An element to highlight is that three of the Concerns, namely Extreme Heat (C1), Flooding (C4) and Air 
quality (C6), are all dealt with in a consistent manner and estimated as the risk to the corresponding 
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peril. Specifically they are all composite indicators accounting for the three following distinct 
elements:  

 Occurrence of the peril (flood, extreme heat, air pollution) representing the hazard  
 Exposure to the peril, that accounts for the amount of people exposed to it (population 

density in all cases) 
 Vulnerability to the peril, expressed by a representative measure in each case 

 
For simplification, only one measure of vulnerability was selected for each of these Concerns 
considered the most appropriate according to the nature of the Concern. A more elaborate approach 
could potentially be employed by taking into account multiple vulnerability factors, but this was 
considered out of the scope of this preliminary analysis; it could be considered however for future 
developments of the proposed methodology. 
 
However, in the case of readily available risk assessments or maps for a specific area then it is 
recommended that this more detailed/accurate information is used directly instead of carrying out a 
more approximate indirect estimation through sub-indicators. 
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Table 4 euPOLIS Concerns and related main CIs 

Category Concern 
No Concern Name Related Challenges & Themes Comp. 

Indicator 
Related CI 

code Related CI Name & Definition 

En
vi

ro
nm

en
ta

l 

C1 Extreme Heat 
Climatic resilience / UHI, Thermal 

comfort & Air Cooling 
Ch1Th1 

Yes 

E1 Occurrence/Hazard: Number of combined tropical nights (>20 °C) and hot 
days(>30 °C) 

U12 Exposure: Population Density 

S26 Vulnerability: % of elderly people (over 65 years) in total population 

C2 Water scarcity 

Water Management / Water 
availability (surface & GW) & 

consumption 
Ch2Th2 

YES 

E2 Freshwater scarcity (EEA WEI+): Freshwater scarcity in the respective river basin 

E3 Groundwater scarcity (EEA WEI+): Groundwater scarcity in the respective 
aquifer 

E4 Groundwater salinization / Seawater intrusion: Existence and level of 
Groundwater salinization / Seawater intrusion 

C3 Water quality 
Environmental Pollution / Water 

Quality 
Ch5Th2 

YES 

E7 
Surface water quality: Surface water quality status relevant to ecological and 

chemical characteristics. In the case there are water quality measurements for a 
specific water body near/on site, local assessments are included too 

E8 Groundwater quality: Groundwater quality status relevant to chemical 
characteristics 

C4 Flooding 
Water Management / Runoff & 

Flooding / Urban Drainage 
Ch2Th1 

YES 

E5 Flood Hazard: Classification of the area according to the probability or 
magnitude of flood occurrences 

U12 Exposure: Population Density 

S13 Vulnerability: Poverty - Vulnerable population 

C5 Wastewater 
treatment 

Water Management / 
Sanitation/Wastewater Treatment 

Ch2Th3 
 

NO E10 Wastewater treatment coverage: Percentage of wastewater treated with at 
least secondary treatment 
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Category Concern 
No Concern Name Related Challenges & Themes Comp. 

Indicator 
Related CI 

code Related CI Name & Definition 

C6 Air quality Environmental Pollution / Air Quality 
Ch5Th1 YES 

E12 

Air Quality: The air quality in the vicinity of the site (nearest air quality station). 
The European Air Quality Index is used, based on concentration values for up to 

five key pollutants (PM10, PM2,5 O3, NO2, SO2). the index corresponds to the 
poorest level for any of the five pollutants. 

U12 Exposure: Population Density 

S26 Vulnerability: % of elderly people (over 65 years) in total population 

C7 Biodiversity 

Integrity-Biodiversity / Species 
diversity & Habitat type creation and 

restoration 
Ch4Th2Th4 

YES 
E21 Habitat Diversity: Presence of suitable habitats for specific animal species of 

interest (Pollinators especially butterflies, birds, and amphibians). 

Ε22 Species Diversity: General diversity in animal species 

C8 Share of green 
areas 

Access to ecosystem services / Green 
space availability 

Ch6Th1 
NO E16 

Share of green areas: The proportion of all vegetated areas within the city 
/neighbourhood boundaries in relation to the total area of the 

city/neighbourhood. 

Ur
ba

n 
De

ve
lo

pm
en

t 

C9 Accessibility Accessibility / Safety 
Ch2, Ch3 NO U5, U9 

Accessibility measures the ease of reaching (and interacting with) destinations 
or activities distributed in demo-site space. Universal accessibility also measures 

the ease of accessing for any individual, including those whose mobility, 
communicative ability or understanding is reduced, to approach and enjoy a 

place and its services safely and without any obstacles. 

C10 Green space per 
inhabitant 

Multifunctionality/Blue-green spaces, 
(Sustainability, Maintenance) 

Ch1Th1 (Ch1Th2, Ch3Th6) 
NO U2 

Average urban green space (UGS) per inhabitant: Ratio of the total natural land 
(blue and green) m2/inh. Urban green space is a component of public open 
spaces and common services and is accessible for all members of the urban 

community. Urban green spaces are open space areas reserved for parks, public 
gardens, other public spaces covered by vegetation, including plant life, water 

features and other kinds of natural environments. 

C11 Multifunctionality 
Multifunctionality/Flexibility, 

Interactivity 
Ch1Th5, Ch1Th6 

NO U4 Functional diversity of adjacent buildings and functional use of open space 
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Category Concern 
No Concern Name Related Challenges & Themes Comp. 

Indicator 
Related CI 

code Related CI Name & Definition 
So

cia
l 

C12 Community 
engagement 

Willingness to participate, Social 
Cohesion 
Ch7, Ch3 

NO S14, S15 

Community engagement: Willingness of local residents and groups to work 
collaboratively to address issues affecting the situation of local community. 
Under the euPOLIS project, we operationalize it as the combination of two 
following Contextual Indicators: voter turnout in the last elections and the 

number of community-based organizations in the neighbourhood. 

C13 Access to sport 
facilities 

Comfort of use, Strengthening local 
community ties 

Ch5, Ch9 
NO S18 

Access to sport facilities: Availability and variability of open to public indoor and 
outdoor sport facilities in the neighbourhood, i.e. swimming pools, open gyms, 

etc. freely accessible for citizens in the given area. 

C14 Access to cultural 
facilities 

Comfort of use, Strengthening local 
community ties 

Ch5, Ch9 
NO S17 Access to culture: Availability and variability of cultural events taking place in the 

site neighbourhood 

C15 Crime Sense of Safety 
Ch1 NO S19 

Crime rate: The crime rate at the site or neighbourhood level 
Overall crime rate is calculated by dividing the total number of reported crimes 

of any kind by the total population, then multiplying the result by 100,000 
(because crime rate is typically reported as X number of crimes per 100,000 

people). 

C16 Aesthetics Comfort of use, Sense of place 
Ch5, Ch6 NO S24 Aesthetic of the space: The subjective measure of the aesthetic of the demo site.

C17 Quality of 
experience 

Comfort of use, Sense of place, 
Friendliness 

Ch5, Ch6, Ch2 
NO S22 

Quality of experience: Composite Indicator describing subjective measures 
related to 1) quality of users' aesthetic and sensory experiences, 2) opportunities 
to enjoy the positive aspects of climate, 3) human-scale elements increasing the 

experience of being welcomed in the space 

Bu
sin

es
s/

Ec
on

om
y 

C18 Property value 
Increase of neighbourhood value  - 

surrounding property value 
Ch6 

YES 

Β3b 
Comparative residential property value: Median residential property value at 

the site neighbourhood (in euros/m2) / Median residential property value at the 
city (in euros/m2) 

Β3c 
Comparative commercial property value: Median commercial property value at 
the site neighbourhood (in euros/m2) / Median commercial property value at the 

city (in euros/m2) 

C19 Unemployment Comprehensive positive impact from 
business on neighbourhood - Ch4 NO B5 Unemployment rate: Unemployment rate (people between 15 and 64) in the 

neighbourhood close to the demonstration site 

C20 Business activity 
Site related business initiatives - 

opportunities for SME + individual 
business - Ch2 

NO B2 
Existing businesses related to the site: Number of existing businesses related to 

the demonstration site which are likely to interact with/be affected by the 
euPOLIS interventions. 
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Category Concern 
No Concern Name Related Challenges & Themes Comp. 

Indicator 
Related CI 

code Related CI Name & Definition 
He

al
th

 &
 W

el
lb

ei
ng

 

C21 
Chronic 

respiratory 
diseases 

Risks for Respiratory Diseases 
Ch3 No H3 

Incidence of chronic respiratory diseases: Number for new diagnosed COPD and 
asthma cases per year per 100 000 population (chronic obstructive pulmonary 

disease- COPD and asthma) 

C22 Cardiovascular 
diseases 

Risk for cardiovascular diseases 
Diabetes type 2, Obesity - Ch4 No H5 Incidence of cardiovascular diseases: Number for new diagnosed cases with 

cardiovascular diseases per year per 100 000 population 

C23 Diabetes Risk for cardiovascular diseases 
Diabetes type 2, Obesity - Ch4 No H8 Incidence of diabetes: Number for new diagnosed diabetes cases per year per 

100 000 population 

C24 Obesity Risk for cardiovascular diseases 
Diabetes type 2, Obesity - Ch4  No H11 Prevalence of obesity: Percentage of people with obesity among the population 

of the location in particular time 

C25 Depression Mental health 
Ch2 No H14 Prevalence of depression: Percentage of people diagnosed with depression 

among the population of the location in particular time 

C26 Physical activity Physical activity 
Ch1 No H15 Prevalence of physical activity: Percentage of people reported with physical 

activity among the population of the location in particular time 

C27 

Communicable 
Diseases - 

Alimentary 
Infections 

Risks for Communicable Diseases 
Ch5 No H16 Incidence of alimentary infections: Number for new diagnosed cases with 

alimentary per year per 100 000 population 

C28 
Communicable 

Diseases - Vector 
Borne Diseases 

Risks for Communicable Diseases 
Ch5 No H17 Incidence of vector borne diseases: Number for new diagnosed cases with 

vector borne diseases per year per 100 000 population 
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3.2.3 CI Normalisation & Scoring 

Following the refinement, selection, and categorisation of CIs, appropriate thresholds were set for the 
main CIs, which are used for defining the Concerns, so that a score can be assigned to each one of 
them during their application at a given pilot site so that planners and decision makers will be able to 
effectively assess in a transparent manner the severity of each Concern as part of the site screening 
process. Three different thresholds were defined for each of the main CIs, x1, x2 and x3, so that the 
estimated CIs can be classified in one of the four categories, namely “Not a problem”, “Low”, 
“Moderate”, and “High”, that signify the severity of the problem related to each indicator. This process 
also enabled the normalisation of the considered indicators since the same scoring system has been 
applied to all CIs.  
 
The identification of these thresholds was based on literature review or expert judgement, but the 
process was to some extent different for each indicator according to their nature. Some thresholds 
are quantitative, whereas in some other cases the description of the four different severity categories 
has been done in a qualitative manner. The resulting thresholds, quantitative or qualitative, that will 
be used for scoring each CI and consequently the assessment of the problem severity together with 
the relevant justification (references sources, etc.) used for their selection are presented in the 
following five tables for each one of the euPOLIS Categories, i.e. Environmental in Table 5, Urban 
Development in Table 6, Social in Table 7, Business in Table 8, and Health and WB in Table 9. 
 
In the case of Concerns being assessed by means of composite indicators, i.e. their severity is being 
assessed by means of more than one CIs, such as the risk-related Concerns, these are calculated as 
the geometric mean of the respective sub-indicators after having assigned to each scoring category 
(“Not a problem”, “Low”, “Moderate”, and “High”) the values of 0, 1, 2, and 3. An equal weight 
approach is assumed for each sub-indicator and the resulting value is rounded to the closest integer 
to get the final scoring for the corresponding Concern. 
 
The estimation of the thresholds for a number of key Environmental and Urban Development 
Concerns and the respective CIs has been described in more detail in the Annex 7.1, including the 
Concerns related to related to Urban Green Areas (C8 & C9), the Extreme Heat Concern (C1), the 
Flooding Concern (C4) and the Air Quality Concern (C6). 
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Table 5 Environmental Concerns and related CIs 

Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

C1 Extreme 
Heat Yes 

E1 

Occurrence/Hazard: 
Number of 

combined tropical 
nights (>20 °C) and 

hot days(>30 °C) 

days/year Low 1 10 30  

This is the main report and threshold: 
https://www.eea.europa.eu/publications/uneq
ual-exposure-and-unequal-impacts - Map 3.6 
(Based on historical data, not projections for 

the future) 
https://www.eea.europa.eu/data-and-

maps/figures/projected-average-number-of-
summer-1 

Fischer and Schär, 2010 © Nature Geoscience 
https://www.nature.com/articles/ngeo866 

EEA, 2012, http://www.eea.europa.eu/data-
and-maps/explore-interactive-maps/heat-

wave-risk-of-european-cities-1 
https://www.eea.europa.eu/publications/urba

n-adaptation-to-climate-change 

U12 Exposure: 
Population Density residents/km2 Low 3,000 5,000 10,000  

European Environment Agency (EEA), 2012. 
Urban adaptation to climate change in Europe. 
Challenges and opportunities for cities together 
with supportive national and European policies, 

Report No 2/2012, 143p., Copenhagen, 
Denmark. 

S26 

Vulnerability: % of 
elderly people (over 

65 years) in total 
population 

% Low 14% 17% 20%  

European Environment Agency (EEA), 2012. 
Urban adaptation to climate change in Europe. 
Challenges and opportunities for cities together 
with supportive national and European policies, 

Report No 2/2012, 143p., Copenhagen, 
Denmark. 

https://ec.europa.eu/eurostat/web/products-
eurostat-news/-/ddn-20210316-1 

European Environment Agency (EEA), 2018. 
Unequal exposure and unequal impacts: social 

vulnerability to air pollution, noise and extreme 
temperatures in Europe, Report No 22/2018, 

97p., Copenhagen, Denmark. 

C2 Water 
scarcity YES E2 

Freshwater scarcity 
(EEA WEI+): 

Freshwater scarcity 
% Low 10% 20% 40%  

EEA website, Indicator Assessment, Use of 
freshwater resources in Europe
https://www.eea.europa.eu/data-and-
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

in the respective 
river basin 

maps/indicators/use-of-freshwater-resources-
3/assessment-4 
Manungufala T. (2021) Water Scarcity: 
Classification, Measurement and Management. 
In: Leal Filho W., Azul A.M., Brandli L., Lange 
Salvia A., Wall T. (eds) Clean Water and 
Sanitation. Encyclopaedia of the UN Sustainable 
Development Goals. Springer, Cham.
https://doi.org/10.1007/978-3-319-70061-8_7-
1 
World Resources Institute (2021) Aqueduct 
Water Risk Atlas.
https://www.wri.org/data/aqueduct-water-
risk-atlas 
Hofste, R.W., Kuzma, S., Walker, S., Sutanudjaja, 
E.H., Bierkens, M.F.P, Kuijper, M.J.M., Faneca 
Sanchez, M., Van Beek, R., Wada, Y., Galvis 
Rodríguez, S., and Reig, P. (2019). “Aqueduct 
3.0: Updated Decision-Relevant Global Water 
Risk Indicators”. Technical Note. Washington, 
DC: World Resources Institute. Available online 
at: https://www.wri.org/research/aqueduct-
30-updated-decision-relevant-global-water-
risk-indicators 
The indicator “Baseline water stress” used in the 
Aqueduct Water Risk Atlas measures the ratio of 
total water withdrawals to available renewable 
surface and groundwater supplies. This 
definition is equivalent to the WEI+ indicator. 
The “Baseline water stress” indicator is ranked 
in 5 categories, i.e. <10% - Low, 10-20% Low–
medium, 20-40% Medium–high, 40-80% High 
and >80% Extremely high. 

E3 

Groundwater 
scarcity (EEA WEI+): 

Groundwater 
scarcity in the 

respective aquifer 

% Low 10% 20% 40%  Same as above 
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

E4 

Groundwater 
salinization / 

Seawater intrusion: 
Existence and level 

of Groundwater 
salinization / 

Seawater intrusion 

Qualitative Low 
No 

salinisation is 
observed 

Only localised 
salinisation is 

observed 

Scattered 
salinisation is 

observed 

Widespread 
salinisation is 

observed 

Qualitative assessment according to the spatial 
extent of the phenomenon/impact in a similar 
way as in Table 3 of the following publication: 

Zaccaria, D., Passarella, G., D'Agostino, D., 
Giordano, R. and Solis, S.S. (2016), Risk 

Assessment of Aquifer Salinization in a Large-
Scale Coastal Irrigation Scheme, Italy. Clean Soil 

Air Water, 44: 371-382. 
https://doi.org/10.1002/clen.201400396 

C3 Water 
quality YES 

E7 

Surface water 
quality: Surface 

water quality status 
relevant to 

ecological and 
chemical 

characteristics. In 
the case there are 

water quality 
measurements for a 
specific water body 
near/on site, local 
assessments are 

included too 

Quantitative / 
Qualitative High  

<65 (Poor 0-
44, Marginal 

45-64) 
65-79 (Fair) 

80-100 
(Good 80 - 

94, Excellent 
95-100) 

Proposed WQI: CCME WQI 
(https://prrd.bc.ca/wp-

content/uploads/post/prrd-water-quality-
database-and-analysis/WQI-Users-Manual-

en.pdf) 
This WQI is "universal" as it depends on the 

user defined scope of chemical parameters and 
parameter objectives (can be customized to fit 

the use of water - drinking, surface, 
groundwater, ambiental... and to fit local 

regulations) 
An example of water quality parameter 

standards: 
https://www.oecd.org/env/outreach/3820566

2.pdf 
Environmental quality standards for priority 
substances: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32008L0105&
from=EN 

Bathing waters can be evaluated without CCME 
WQI by bathing water directive (evaluated by 

Enterococci and E.coli) https://eur-
lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32006L0007&
from=EN 

E8 

Groundwater 
quality: 

Groundwater quality 
status relevant to 

chemical 
characteristics 

Quantitative / 
Qualitative High  

<65 (Poor 0-
44, Marginal 

45-64) 
65-79 (Fair) 

80-100 
(Good 80 - 

94, Excellent 
95-100) 

Same as above 
Groundwater directive: https://eur-

lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32006L0118&

from=EN 
EU groundwater directive - member states to 
set thresholds for: Arsenic, Cadmium, Lead, 
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

Mercury, Ammonium, Chloride, Sulphate, 
Trichloroethylene, Tetrachloroethylene, 

Conductivity  
Serbian law - Annual average: Pesticides 0.1 

ug/L, Nitrates 50 mg/L 

C4 Flooding YES 

E5 

Flood Hazard: 
Classification of the 
area according to 
the probability or 

magnitude of flood 
occurrences 

Qualitative Low 

Very Low 
(According to 
Flood Hazard 
classification

) 

Low 
(According to 
Flood Hazard 
classification) 

Moderate 
(According to 
Flood Hazard 
classification) 

High / Very 
high 

(According to 
Flood Hazard 
classification

) 

European Environment Agency (EEA), 2012. 
Urban adaptation to climate change in Europe. 
Challenges and opportunities for cities together 
with supportive national and European policies, 

Report No 2/2012, 143p., Copenhagen, 
Denmark. 

Barredo, J.I., de Roo, A., Lavalle, C. (2007). 
Flood risk mapping at European scale, Water 

Science and Technology, 56 (4), pp. 11-17. 
Zoran Vojinovic, Michael Hammond, Daria 
Golub, Sianee Hirunsalee, Sutat Weesakul, 

Vorawit Meesuk, Neiler Medina, Arlex Sanchez, 
Sisira Kumara, Michael Abbott, "Holistic 

approach to flood risk assessment in areas with 
cultural heritage: a practical application in 

Ayutthaya, Thailand", Nat Hazards, DOI 
10.1007/s11069-015-2098-7. 

https://www.fema.gov/flood-maps 
https://www.nationalflooddata.com/data/fem

a-flood-maps 

U12 Exposure: 
Population Density residents/ km2 Low 3,000 5,000 10,000  

European Environment Agency (EEA), 2012. 
Urban adaptation to climate change in Europe. 
Challenges and opportunities for cities together 
with supportive national and European policies, 

Report No 2/2012, 143p., Copenhagen, 
Denmark. 

Bathrellos, G.D., Karymbalis, E., Skilodimou, 
H.D., Gaki-Papanastassiou, K., Baltas, E.A. 

Urban flood hazard assessment in the basin of 
Athens Metropolitan city, Greece, Environ. 

Earth Sci., 75 (4) (2016), p. 319 

S13 
Vulnerability: 

Poverty - Vulnerable 
population 

% Low 16% 20% 24%  
Eurostat (2022). Persons at risk of poverty or 
social exclusion by age and sex. Dataset and 

Indicator 2015-2020, Available in: 
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

https://ec.europa.eu/eurostat/databrowser/vi
ew/ilc_peps01n/default/map?lang=en 

Barredo, J.I., de Roo, A., Lavalle, C. (2007). 
Flood risk mapping at European scale, Water 

Science and Technology, 56 (4), pp. 11-17. 
Kandilioti G, Makropoulos C (2012) Preliminary 
flood risk assessment: the case of Athens. Nat 

Hazards 61:441–468 

C5 WWT 
coverage NO E10 

Wastewater 
treatment coverage: 

Percentage of 
wastewater treated 

with at least 
secondary 
treatment 

% High  60% 80% 95% 

Expert judgement,  
OECD Indicators, Wastewater treatment 

indicator 
https://data.oecd.org/water/waste-water-

treatment.htm 

C6 Air quality YES 

E12 

Air Quality: The air 
quality in the vicinity 
of the site (nearest 
air quality station). 
The European Air 
Quality Index is 
used, based on 

concentration values 
for up to five key 
pollutants (PM10, 

PM2,5 O3, NO2, SO2). 
the index 

corresponds to the 
poorest level for any 

of the five 
pollutants. 

Concentration of 
pollutants (μg / m3) 

 
Poorest level 

(highest level) of 
any of the 5 

pollutants (PM2,5, 
PM10, NO2, O3, 
SO2). Therefore, 

there is not a single 
normalisation rule, 
but it will depend 
on the levels of 
each pollutant. 

Low 

PM2,5 (x 
<10), PM10 (x 
<20), NO2 (x 
<40), O3 (x 
<50), SO2 (x 

<100) 

PM2,5 (10< x < 
25), PM10 (20< 

x <50), NO2 
(40< x <120), 

O3 (50< x 
<130), SO2 

(100< x <350) 

PM2,5 (x >25), 
PM10 (x >50), 
NO2 (x >120), 
O3 (x > 130), 
SO2 (x >350) 

 

Eurostat (2022). Persons at risk of poverty or 
social exclusion by age and sex. Dataset and 

Indicator 2015-2020, Available in: 
https://ec.europa.eu/eurostat/databrowser/vi

ew/ilc_peps01n/default/map?lang=en 

U12 Exposure: 
Population Density residents/ km2 Low 3,000 5,000 10,000  

European Environment Agency (EEA), 2012. 
Urban adaptation to climate change in Europe. 
Challenges and opportunities for cities together 
with supportive national and European policies, 

Report No 2/2012, 143p., Copenhagen, 
Denmark. 
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

S26 

Vulnerability: % of 
elderly people (over 

65 years) in total 
population 

% Low 14% 17% 20%  

Eurostat (2021) 
https://ec.europa.eu/eurostat/web/products-

eurostat-news/-/ddn-20210316-1 
European Environment Agency (EEA), 2012. 

Urban adaptation to climate change in Europe. 
Challenges and opportunities for cities together 
with supportive national and European policies, 

Report No 2/2012, 143p., Copenhagen, 
Denmark. 

European Environment Agency (EEA), 2018. 
Unequal exposure and unequal impacts: social 

vulnerability to air pollution, noise and extreme 
temperatures in Europe, Report No 22/2018, 

97p., Copenhagen, Denmark. 

C7 Biodiversity YES 

E21 

Habitat Diversity: 
Presence of suitable 
habitats for specific 

animal species of 
interest (Pollinators 

especially 
butterflies, birds, 
and amphibians). 

Qualitative 
Assessment - 
presence of 

suitable habitat 
covering all the life 
cycle phases of the 

selected animal 
species that have a 

good impact on 
PH& WB (birds, 

native pollinators 
such as bees, 

butterflies, and 
amphibians). 

High 

No presence 
of habitats 

covering any 
of the life-

cycle phases 
(nesting, 

overwintering, 
foraging) for 
the specific 

type of species 
(pollinators, 

birds, 
amphibians). 

Presence of 
suitable habitats 
covering only 1 
of the life-cycle 
phases (nesting, 
overwintering, 

foraging) for the 
specific type of 

species 
(pollinators, 

birds, 
amphibians). 

Presence of 
suitable habitats 
covering 2 of the 
life-cycle phases 

(nesting, 
overwintering, 

foraging) for the 
specific type of 

species 
(pollinators, 

birds, 
amphibians). 

Presence of 
suitable 
habitats 

covering all 
the life-cycle 

phases 
(nesting, 

overwintering, 
foraging) for 
all the group 

of species 
selected 

(pollinators, 
birds, 

amphibians). 

Expert opinion 

E22 
Species Diversity: 

General diversity in 
animal species 

Qualitative 
Assessment - No. of 
species of selected 

groups: plants, 
birds, pollinators 

(bees and 
butterflies), and 

amphibians. 

High 

No presence 
of species of 
the selected 

groups (plant, 
birds, 

butterflies, 
amphibians) 

Low diversity 
among the 

selected groups 
(plants, birds, 

butterflies, 
amphibians). 

Medium 
diversity among 

the selected 
groups (plants, 

birds, butterflies, 
amphibians). 

High diversity 
among the 

selected 
groups (plants, 

birds, 
butterflies, 

amphibians). 

https://www.statology.org/shannon-diversity-
index-calculator/ 

C8 Share of 
green areas NO E16 

Share of green 
areas: The 

proportion of all 
% High  20% (or 25%) 40% 60% (or 55%) 

Thresholds were set according to: 
EEA (2017). Percentage of green urban areas in 
EU-27 core cities, maps and graphs, European 
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related CI 
code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

vegetated areas 
within the city 

/neighbourhood 
boundaries in 

relation to the total 
area of the 

city/neighbourhood. 

Environment Agency (EEA), 
https://www.eea.europa.eu/soer/data-and-
maps/figures/percentage-of-green-urban-

areas-1 
Maes J, Zulian G, Günther S, Thijssen M, Raynal 

J (2019) Enhancing Resilience Of Urban 
Ecosystems through Green Infrastructure. Final 

Report, EUR 29630 EN; Publications Office of 
the European Union, Luxembourg, 2019, 

doi:10.2760/689989, JRC115375.  
https://publications.jrc.ec.europa.eu/repositor

y/handle/JRC115375 

 
Table 6 Urban Development Concerns and related CIs 

Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code Related CI Name & Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium (x2) 
x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) 

References for 
thresholds 

C9 Accessibility NO U5, U9 

Accessibility Measure of the 
ease of reaching (and 

interacting with) destinations 
or activities distributed in 

demo-site space. Universal 
accessibility also measures 

the easy of accessing for any 
individual, including those 

whose mobility, 
communicative ability or 

understanding is reduced, to 
approach and enjoy a place 
and its services safely and 

without any obstacles. 

Qualitative High 

Physical 
obstructions make 
it difficult to reach 
the place and the 

area has a low 
number of 

entrances. Lack of 
orientation makes 

it difficult to 
navigate the site 

and to move freely 
around. Access for 

disabled is 
impossible because 

of obstructions 
(barriers like edges 
or long distances). 
Traffic is complex 
(not separated) 

Roads or pathways 
gives access to 

some of the area. 
Lack of overview. 
Access is possible 

by either foot, 
public transport or 

car. Access for 
disabled is possible 
to parts of the site 
but help is needed. 

Traffic is partly 
separated. Paths 
gives access to 

important 
attractions. Less 

than half of the site 
is accessible for 

people with 

Roads or 
pathways gives 
access to all of 
the area. Lack 

or little 
overview of the 

site. Access is 
possible by 
foot, public 

transport and 
car. Traffic is 
separated to 

most of the site 
attractions. 

Most of the site 
is accessible for 

people with 
physical 

demands and 

Easy public transport, 
pedestrian paths and 
bicycle lanes makes 

clearly separated 
traffic. Sufficient 
parking capacity. 

Several routes make 
it easy to reach all 

destinations in 
different ways. 

Information like signs 
or other visual 

recognition creates 
an overview of the 

site. Ramps and 
railing make the area 

accessible for 
disabled without 

further assistance. No 

Analysing the Role of 
Accessibility in 

Contemporary Urban 
Development. H. S. Hansen, 

2009 Good practices of 
accessible urban 

development. United 
Nations. Department of 

economic and social affairs, 
2016 

https://www.un.org/develo
pment/desa/dspd/2016/10/

good-practices-of-
accessible-urban-

development/ 



          Report on the performance assessment metrics, framework & certification 
 

45 
 

Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code Related CI Name & Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium (x2) 
x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) 

References for 
thresholds 

and becomes 
dangerous because 
of lack of overview. 

physical demands 
and there is 
occasionally 
illumination 

some of the site 
is illuminated. 

physical obstructions 
and significant 

illumination make the 
site safe and 

accessible for all ages. 

C10 
Green space 

per 
inhabitant 

NO U2 

Average urban green space 
(UGS) per inhabitant: Ratio of 

the total natural land (blue 
and green) m2/inh. Urban 

green space is a component 
of public open spaces and 
common services and is 

accessible for all members of 
the urban community. Urban 
green spaces are open space 

areas reserved for parks, 
public gardens, other public 

spaces covered by vegetation, 
including plant life, water 

features and other kinds of 
natural environments. 

m2/inh. High 

According to WHO, 
every city is 

recommended to 
provide minimum 
of 9 m2 of urban 

green space (UGS) 
for each person 
(provided that it 

should be 
accessible, safe 
and functional).  

Bellow 10 m2/inh 

10-20 m2/inh. 
Ideal UGS 50 
m2/inh. (per 

capita) 
 

Urban Green Spaces: a brief 
for action, WHO, 2017. 

 
Used EEA map to define the 
thresholds (EEA, 2020) and 

EEA report (EEA, 2020b)  
https://www.eea.europa.eu

/data-and-
maps/figures/surface-area-

of-publicly-accessible 
 

Suggested thresholds for 
the current analysis: 

10, 20, 50 m2/cap 
<10 m2/cap – Low  

10-20 m2/cap – Moderate  
20-50 m2/cap – High  

>50 m2/cap – Not a problem 

C11 Multifunc-
tionality NO U4 

Functional diversity of 
adjacent buildings and 

functional use of open space 

<2; 3-5; 6> 
and 

description 
of 

functions 

High Monofunction, <2 <2 3-5 6> Expert opinion 
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Table 7 Social Concerns and related CIs 

Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code Related CI Name & Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

C12 Community 
engagement NO S14, S15 

Community engagement: 
Willingness of local residents and 
groups to work collaboratively to 

address issues affecting the 
situation of local community. 

Under the euPOLIS project, we 
operationalize it as the 

combination of two following 
Contextual Indicators: voter 

turnout in the last elections and 
the number of community-based 

organizations in the 
neighbourhood. 

Quantitative High 

Voter turnout 
significantly 

lower than the 
city average (-2 

SD or lower); No 
active 

community-
based 

organizations/in
itiatives in the 

neighbourhood 

Voter turnout 
lower than the 

city average 
(between -2 SD 
and -1 SD); One 

active 
community-

based 
organization/ 

initiative in the 
neighbourhood 

Voter turnout 
close to the city 
average (more 
than 1 SD, but 

less than 2 SD); 
Two active 

community-
based 

organizations/ 
initiatives in the 
neighbourhood 

Voter turnout 
visibly higher 

than city average 
(2 SD and more); 

Three or more 
active 

community-
based 

organizations/ 
initiatives in the 
neighbourhood 

Expert opinion 

C13 
Access to 

sport 
facilities 

NO S18 

Access to sport facilities: 
Availability and variability of open 
to public indoor and outdoor sport 
facilities in the neighbourhood, i.e. 
swimming pools, open gyms, etc. 
freely accessible for citizens in the 

given area. 

Qualitative/
Quantitative High 

No sport 
facilities in the 

site 
neighbourhood 

Low access and 
variability of 

sports facilities 
in the site 

neighbourhood 

Moderate access 
and variability of 
sports facilities in 

the site 
neighbourhood 

High access and 
variability of 

sports facilities in 
the site 

neighbourhood 

Expert opinion 

C14 
Access to 
cultural 
facilities 

NO S17 
Access to culture: Availability and 
variability of cultural events taking 

place in the site neighbourhood 

Qualitative/
Quantitative High 

No cultural 
events are 

taking place in 
the site 

neighbourhood 
on annual basis 

Limited 
number and 
variability of 

cultural events 
are taking 

place in the site 
neighbourhood 
on annual basis 

Some cultural 
events with some 

variability are 
taking place in 

the site 
neighbourhood 
on annual basis 

Sufficient cultural 
events with 

considerable 
variability are 
taking place in 

the site 
neighbourhood 
on annual basis 

Expert opinion 

C15 Crime rate NO S19 

Crime rate: The crime rate at the 
site or neighbourhood level 

Overall crime rate is calculated by 
dividing the total number of 

reported crimes of any kind by the 
total population, then multiplying 

No of 
crimes/100 

k people 
Low 20 30 55   
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Concern 
No 

Site 
concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code Related CI Name & Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-High 
(x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

the result by 100,000 (because 
crime rate is typically reported as X 

number of crimes per 100,000 
people). 

C16 Aesthetics NO S24 
Aesthetic of the space: The 

subjective measure of the aesthetic 
of the demo site. 

Qualitative High 

The overall 
perception of 
site aesthetic 

among visitors 
is extremely low 

The overall 
perception of 
site aesthetic 

among visitors 
is low 

The overall 
perception of site 
aesthetic among 

visitors is 
moderate 

The overall 
perception of 
site aesthetic 

among visitors is 
high 

Relevant question included in 
Q3 

C17 Quality of 
experience NO S22 

Quality of experience: Composite 
Indicator describing subjective 

measures related to 1) quality of 
users' aesthetic and sensory 

experiences, 2) opportunities to 
enjoy the positive aspects of 

climate, 3) human-scale elements 
increasing the experience of being 

welcomed in the space 

Qualitative High 

User's quality of 
experience very 

low (dirty, 
noisy, smelly, 
unprotected 

from weather, 
no places to sit) 

User's quality 
of experience 
moderate (to 
some extent 
dirty, noisy, 

smelly, 
unprotected 

from weather, 
limited places 

to sit) 

User's quality of 
experience good 

(overall well 
maintained, 
clean, quiet, 

some parts of the 
space protected 
from weather, 
some places to 

sit and enjoy the 
weather/shade) 

User's quality of 
experience very 

high (well 
maintained, 
clean, nice 

smells, quiet, 
protected from 
weather, places 
to sit and enjoy 

the 
weather/shade) 

Relevant questions included in Q3 
I. Please, rate on scale from 1 to 7 

whether you agree or disagree 
with the following sentences, 

where 1 -- I strongly disagree; 5 -- 
I strongly agree 

1. I like spending time in (demo 
site/case location)  

2. I feel attached to (demo 
site/case location)  

3. I feel at home in (demo 
site/case location) 

II. Please rate the following 
characteristics of the demo site / 
case location on the scales below 
1. Quality of Air, on a scale from 1 
to 5, where 1 -- Polluted air and 5 

-- Clean air 
2. Street Hygiene, on a scale from 

1 to 5, where 1 -- Dirty and 5 -- 
Clean 

3. Noise in the area during the 
day, on a scale from 1 to 5, where 

1 -- Loud and 5 -- Quiet 
4. Noise in the area during the 
night, on a scale from 1 to 5, 

where 1 -- Loud and 5 -- Quiet 
5. Maintenance, on a scale from 1 

to 5, where 1 -- No or poor 
maintenance and 5 -- well-

maintained 
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Table 8 Business Concerns and related CIs 

Concern 
No 

Site concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium (x2) 
x1<=i<x2 

Medium-High (x3) 
x2<=i<=x3 

High 
(i>x3) 

References for 
thresholds 

C18 Property value YES 

Β3b 

Comparative residential 
property value: Median 

residential property value 
at the site neighbourhood 

(in euros/m2) / Median 
residential property value 
at the city (in euros/m2) 

unitless High  0.6 1.1 1.6 

Thresholds based partially 
on expert opinion and 

https://doi.org/10.1016/j.
cities.2018.11.008 

Β3c 

Comparative commercial 
property value: Median 

commercial property value 
at the site neighbourhood 

(in euros/m2) / Median 
commercial property value 

at the city (in euros/m2) 

unitless High  0.6 1.1 1.6 

Thresholds based partially 
on expert opinion and 

https://doi.org/10.1016/j.
cities.2018.11.008 

C19 Unemployment NO B5 

Unemployment rate: 
Unemployment rate 

(people between 15 and 
64) in the neighbourhood 

close to the demonstration 
site 

% Low 1.00% 5.00% 10.00%  

Thresholds based partially 
on expert opinion and  

https://doi.org/10.1787/f
actbook-2013-57-en 

https://data.oecd.org/un
emp/unemployment-

rate.htm#indicator-chart 
https://www.investopedi
a.com/articles/personal-
finance/062315/unemplo
yment-rates-country.asp 

C20 Business 
activity NO B2 

Existing businesses related 
to the site: Number of 

existing businesses related 
to the demonstration site 
which are likely to interact 

with/be affected by the 
euPOLIS interventions. 

Qualitative 
definition of 

the thresholds 
based on 

Number of 
businesses and 
overall site and 
neighbourhood 

conditions 

High 

Site and its 
surrounding area 
have no or very 

limited number of 
businesses related 
to the site that are 

likely to interact 
with/be affected 
by the euPOLIS 
interventions 

Site and its 
surrounding area have 

some businesses 
related to the site that 

are likely to interact 
with/be affected by 

the euPOLIS 
interventions but 

there is potential for 
more 

Site and its 
surrounding area 

have a high 
number of 

businesses related 
to the site that are 

likely to interact 
with/be affected 
by the euPOLIS 
interventions 

Site and its 
surrounding area 

are saturated 
with businesses 
related to the 
site that are 

likely to interact 
with/be affected 
by the euPOLIS 
interventions 

Expert judgement based 
on CI B2 and knowledge 

of the local area 
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Table 9 Health & WB Concerns and related CIs 

Concern 
No 

Site concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-
High (x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

C21 
Chronic 

respiratory 
diseases 

No H3 

Incidence of chronic 
respiratory diseases: 

Number for new diagnosed 
COPD and asthma cases per 
year per 100 000 population 

(chronic obstructive 
pulmonary disease- COPD 

and asthma) 

Number of new 
diagnosed cases 

per 100 000 
population / year 

Low 0.1 30 60  
https://www.erswhitebook.org/chapters/chron

ic-obstructive-pulmonary-
disease/epidemiology/ 

C22 Cardiovascular 
diseases No H5 

Incidence of cardiovascular 
diseases: Number for new 

diagnosed cases with 
cardiovascular diseases per 
year per 100 000 population 

Number of new 
diagnosed cases 

per 100 000 
population / year 

Low 0.1 30 60  https://pubmed.ncbi.nlm.nih.gov/33309175/ 

C23 Diabetes No H8 

Incidence of diabetes: 
Number for new diagnosed 
diabetes cases per year per 

100 000 population 

Number of new 
diagnosed cases 

per 100 000 
population / year 

Low 0.1 10 30  https://diabetesatlas.org/atlas-
presentation/?dlmodal=active&dlsrc= 

C24 Obesity No H11 

Prevalence of obesity: 
Percentage of people with 

obesity among the 
population of the location in 

particular time 

% Low 0.10% 5% 10%  https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight 

C25 Depression No H14 

Prevalence of depression: 
Percentage of people 

diagnosed with depression 
among the population of 
the location in particular 

time 

% Low 0.10% 2% 4%  

http://ghdx.healthdata.org/gbd-results-
tool?params=gbd-api-2019-

permalink/d780dffbe8a381b25e1416884959e8
8b 

C26 Physical 
activity No H15 

Prevalence of physical 
activity: Percentage of 
people reported with 

physical activity among the 

% High  20% 40% 99.9% 

https://www.euro.who.int/en/health-
topics/disease-prevention/physical-

activity/data-and-statistics/physical-activity-
fact-sheets/2021-physical-activity-country-

factsheets 
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Concern 
No 

Site concern/ 
Challenge 

Comp. 
Indic. 

Related 
CI code 

Related CI Name & 
Definition Units 

Desirable 
Indicator 

Value 

Low (x1) 
i<x1 

Low-Medium 
(x2) 

x1<=i<x2 

Medium-
High (x3) 

x2<=i<=x3 

High 
(i>x3) References for thresholds 

population of the location in 
particular time 

C27 

Communicable 
Diseases - 

Alimentary 
Infections 

No H16 

Incidence of alimentary 
infections: Number for new 

diagnosed cases with 
alimentary per year per 100 

000 population 

No of new cases 
per 100 000 

population/year 
Low 0.1 10 30  

https://www.ecdc.europa.eu/en/climate-
change/climate-change-europe/food-borne-

diseases 

C28 

Communicable 
Diseases - 

Vector Borne 
Diseases 

No H17 

Incidence of vector borne 
diseases: Number for new 

diagnosed cases with vector 
borne diseases per year per 

100 000 population 

No of new cases 
per 100 000 

population/year 
Low 0.01 0.1 1  https://www.cdc.gov/mmwr/volumes/67/wr/

mm6717e1.htm#T1_down 
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3.3 Preliminary NBS Impact Assessment 

The “preliminary NBS impact assessment” refers to a first-order assessment of the expected/projected 
impacts on the euPOLIS Concerns, as these have been defined with the use of CIs (described in Section 
3.2.2), resulting from the possible future deployment of certain NBS interventions identified (by means of 
the Goal Driven Planning Matrix (GDPM) or any other appropriate tool) for a specific pilot site. 
 
Since this process corresponds to a stage of preliminary analysis it is based either on literature evidence 
and/or expert judgement. It is assumed that no detailed information and site-specific evidence on impacts 
is available at the time of the analysis, e.g. model simulation results or other detailed calculations/analysis. 
This impact assessment forms the second pillar of the preliminary NBS selection methodology (Section 3.4) 
that aims at identifying the most promising and effective interventions for a specific site of interest 
following a rapid NBS evaluation. The selected NBS will be further analysed in subsequent stages utilising 
more detailed data and studies prior to reaching the final NBS selection and design, during which other 
factors will also need to be accounted for, such as budget considerations and other more specific 
technical/regulation constraints that might arise. This initial stage therefore serves as a screening and 
ranking process of possible effective interventions as identified from urban planning processes for a specific 
site. 
 
For the objectives of this analysis, as outlined above, a simplified impact assessment is required at this 
stage, through the selection of one out of three options i) Direct Impact, ii) Indirect Impact or iii) No Impact, 
for each examined potential NBS and for each site Concern/problem. Regarding the distinction between 
Direct and Indirect Impacts within the suggested methodology, impacts are assessed as indirect in two 
cases, either when the associated mechanism/process is considered indirect or when the magnitude of the 
impact is not anticipated to be of notable importance due to various site-specific implementation factors 
(e.g. intervention scale, location, comparison to the baseline state, etc.). The impact differentiation in terms 
of magnitude will assist in the comparison among interventions in terms of their effectiveness in addressing 
certain issues. 
 
The main aim of euPOLIS is the improvement of the PH and WB of citizens, therefore a lot of emphasis was 
put on the impacts associated with the users’ PH & WB as a result of the NBS deployment. The identification 
of impacts, directly or indirectly related to PH & WB through the definition of appropriate indicators (EIs) 
that will facilitate their evaluation and eventually measure the NBS effectiveness, has been the main topic 
of Deliverable 4.1 (D4.1). In particular, the work carried out within the relevant WP4 tasks was mainly 
focused on the impacts and related EIs grouped in the five euPOLIS Categories, environmental, urban 
development, social, business/economic and PH & WB. The definition of appropriate EIs was carried out 
through the defined euPOLIS Challenges and Themes, as these have been explained herein in Section 3.1.1. 
 
For the purposes of this analysis (i.e. preliminary NBS impact assessment) the same general framework has 
been utilised and the projected/expected impacts on the different Concerns stemming from the 
implementation of identified NBS have been grouped in the corresponding five euPOLIS Categories. To 
further structure this work the possible impacts stemming from the NBS implementation have also been 
grouped according to how direct and immediate they are considered to be in resolving/mitigating certain 
Concerns, and to this end three incremental “impact levels” were assumed according to the conceptual 
schematic illustrated in Figure 7. In particular, the impacts on the physical and urban environment, i.e. 
environmental and urban development impacts, are considered the most direct and immediate ones from 
the NBS deployment due to the directly affected natural processes and modifications of the urban 
environment; these comprise the first impact level. The more complex and in many cases more indirect 
social and business/economic processes translate into the second impact level, in which many impacts are 
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not immediately apparent and could arise more in the long-term as a result of the changes in the natural 
or urban environment. Impacts on PH & WB are seen as the third impact level as they are influenced by all 
other impacts in an either direct or indirect manner. Additionally, interactions between the different 
Categories and impact levels have also been represented showing the basic interactions among them. 
Apparently, this diagram is merely an abstract representation, a bird’s-eye view, showing the basic 
interactions for overall methodological purposes without getting into the details of representing complex 
inter-relationships among specific processes and the related Concerns. However, it would be of great 
scientific interest to further explore these more specific and complex cause and effect interactions in more 
detail on account of the anticipated euPOLIS outcomes. 
 
In fact, it is the overall aim of the euPOLIS project to contribute towards this knowledge and further help 
establishing some of the less well-researched and validated cause-effect relationships, especially those 
related to the impacts on citizens’ Health & WB, which are the main focus of this project, through 
implementing a monitoring and modelling framework in the euPOLIS FR cities. Ultimately this approach 
could lead to validated connections between different NBS interventions and specific benefits on Health & 
WB. Although this topic is beyond the scope of the current task, the methodological framework developed 
within Task 8.1 can provide the foundation upon which this work can be based and further 
developed/exploited within the project framework. 
 
The proposed NBS impact assessment methodology is demonstrated at the pilot site of Akti Dilaveri in 
Piraeus (Section 3.5.5), which is the selected case study for implementing the entire euPOLIS 
methodological framework, as a proof of concept and for demonstration purposes. Section 3.5.5 describes 
in detail the impact assessment of site-specific NBS on the Concerns, based on literature review on either 
the direct relations between specific NBS and environmental, social, health, etc. impacts or between 
different processes, as well as on expert judgement. 
 

 
Figure 7 Possible NBS Impacts on euPOLIS Concerns, grouped in Categories and Impact Levels 
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3.4 Preliminary Site Screening & NBS Selection Methodology 

3.4.1 Aim & Benefits 

Within the framework of Task 8.1, a methodology has been developed to eventually formulate an urban 
design assisting tool for the preliminary selection of NBS at a specific urban site, accounting for: (a) the 
problems/concerns that are present/negatively affecting at variable severity levels the conditions of the 
site and (b) the capacity of each potential NBS to mitigate or fully resolve those problems. The developed 
methodology is founded on a rational site-specific, multi-dimensional ranking of the NBS, rather than on a 
purely subjective identification of the NBS which might be beneficial to an urban site and its users, that is 
built solely on account of past good practices. It is unique in that it blends together the severity of the 
problems encountered at the urban site of interest with the capacity of certain NBS interventions in 
mitigating certain problems, to eventually offer to the urban planners a list of the potential NBS, that have 
been identified at an earlier stage (utilising for instance the euPOLIS GDPM methodology developed in WP6, 
see D6.1), ranked on the basis of their ability to resolve the most severe/important site problems. 
 
Hence, the score assigned to each NBS, could be considered as a proxy of its site-aware efficiency. The “site-
aware efficiency” essentially implies that the same NBS will be assigned a higher efficiency score if it 
considered as a potential intervention at a site that faces a particular severe problem, and this problem can 
be efficiently tackled by this NBS. By contrast, the same NBS when implemented at a different site could 
well score lower, if the site does not face such problem or the severity of the problem per se is lower. 
Having the ranked list of the potential NBS for a particular site at hand, the urban planners will be able to 
take more informed and quantifiable decisions for the candidate NBS interventions and consequently 
reduce the required time-consuming detailed re-design cycles.  

3.4.2 Methodology 

The development of the preliminary NBS selection methodology is built upon two main pillars as follows:  
 
1. The first pillar involves the initial screening of the urban site of interest for identifying the problems that 
are most relevant to it along with their severity. This essentially comprises the baseline assessment, which 
is formulated as an indicator-based method built upon a refined version of the Contextual Indicators (CIs) 
previously defined in WP3 and documented in D3.2. A refined list of the main CIs has been developed, 
according to the process described in Section 3.2.2, which will be utilised for the identification of the most 
critical issues that could potentially be solved through the deployment of appropriate NBS interventions. In 
particular, in order to standardise, to the extent possible, the screening process, a so-called “persistent” list 
of Concerns was initially formulated based on these main CIs, in the sense that this list will be always utilised 
and checked irrespectively of the considered site (see Section 3.2.2). The identified list of Concerns is 
deemed to address the most common problems that are likely to be encountered in contemporary urban 
sites (accounting for future aggravation of several problems due to climate change) across five different 
problem categories (i.e., PH & WB, urban, environmental, social, economic/business) and to some degree 
can be resolved/affected by the implementation of NBS. The persistent list of Concerns was formulated in 
close collaboration with the relevant euPOLIS WGs and is deemed to be suitable not only for addressing 
the most important issues at the four euPOLIS demonstration sites but also at the majority of urban sites 
across Europe and other developed countries worldwide. Yet, should a need arise to expand this list of 
concerns in the future, this modification/extension can be relatively easily accommodated by the proposed 
methodology. 
 



         Report on the performance assessment metrics, framework & certification 
 

54 
 

For each one of the defined Concerns, the urban planners should provide an informed assessment for the 
severity of each problem selecting one of the following options: “High”, “Moderate”, “Low”, “Not a 
problem” and “Not a concern”. Although the available options are offered in a qualitative manner, the 
assessment of the problem severity is anticipated being fully informed by the outcomes of an indicator-
based screening that should be undertaken each time at the site of interest. This screening is fully supported 
by the selected main CIs which have been paired to each one of the Concerns (one or more CIs are 
connected to each Concern). Consequently, the evaluation of the main CIs, either individually or 
collectively, provides estimates for the problem severity. For this purpose, specific thresholds have been 
proposed for each main CI according to the methodology described in Section 3.2.3 to signal the transition 
from one level of severity to the other. It should be noted herein, that in case a stakeholder has a higher 
level of information/knowledge than the one required for estimating a proposed indicator and 
consequently the severity of the associated concern monitored by this indicator, then it is advised to utilise 
the higher available level. Also, in case of complete absence of data, the assessment of a certain problem 
could be founded solely on expert opinion, yet an extensive use of this option is not encouraged. It should 
be pointed out that the “Not a problem” option differs from the “Not a concern” option. In particular, the 
“Not a problem” indicates that a particular problem could be an issue for the site of interest but for the 
time-being (and for reasonable future projections) due to appropriate measures that have been taken or 
other reasons its intensity is below the threshold that signifies the existence of a problem. By contrast, the 
“Not a concern” option denotes that a particular problem is irrelevant to the site of interest and could not 
be materialised at present or in the future considering reasonable projections that also allow for the effect 
of climate change.  
 
The output of this process is fully quantifiable, since each of the aforementioned options with regards to 
the severity of a problem is paired to a score ranging from 0 (for the “Not a problem” option) to 3 (for the 
“High” option) in increments of one. In case of the “Not a concern” option, the problem is completely 
disregarded from the remaining process. Once completed, the urban planners would know the severity of 
each Concern, the performance of the site per concern category, the overall performance of the site on 
account of all concerns and the share of each concerns category over the entire spectrum of problems 
encountered at the site. In this step, the urban planners are also asked to identify what sort of concerns 
should be treated with higher priority since they could be of particular interest to them and/or have been 
identified as top concerns by the relevant stakeholders. In this version of the developed methodology a 
maximum of three top priority Concerns could be identified for each urban site.  
 
2. The second pillar of the proposed methodology involves the identification of the impacts that certain 
potential NBS, being considered for the investigated urban site, could have on each one of the Concerns. 
Given that NBS are too many to provide an exhaustive list and explicitly provide their mitigating ability on 
certain concerns, the impact assessment of the NBS at the urban sites should be founded on expert opinion 
and literature evidence. Hence, contrary to the persistent list of problems that remains constant across 
sites the NBS list is site-specific. Each potential NBS could be characterised as having a “Direct impact”, 
“Indirect impact” or “No impact” on a certain Concern. For example, an NBS that implements a surface 
water treatment system is anticipated to have a direct impact on an environmental related concern that 
has to do for instance with the water quality, but it is anticipated to have no apparent meaningful impact 
on, for instance, a social concern related to the access of the citizens to sport facilities. The methodology 
for this preliminary impact assessment is described in more detail in Section 3.3. Similarly to the baseline 
assessment, each option is paired to a score, with 1 being assigned to the “Direct impact” option, 0.5 to the 
“Indirect impact” and 0 to the “No impact” option.  
 
The aforementioned two-pillar process essentially results in two score matrices. The first one, that reflects 
the Problem Severity Scores (PSS), could be expressed as a diagonal [C x C] matrix (with C being the number 
of the persistent concerns that are being considered for the baseline assessment). The second matrix 
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contains the scores that reflect the ability of each NBS to resolve certain problems and is essentially a [C x 
N] matrix (with N being the number of the potential NBS at the site of interest). The elements of the latter 
matrix will be denoted herein as Impact_cn (i.e.  Impact of cth Concern and nth NBS), with c denoting the cth 
concern for which the impact of the nth NBS is being assessed and n denoting the potential NBS. Using 
standard linear algebra matrix manipulation, the product of the diagonal Severity and the Impact matrices 
may be computed, to eventually derive an [C x N] combined matrix, as follows,  
 ��������_������ = ����_1 ⋯ 0⋮ ⋱ ⋮0 0 ���_C� · �������_11 ⋯ ������_1N⋮ ⋱ ⋮������_C1 ⋯ ������_CN� = 

= ����_1 · ������_11 ⋯ ���_1 · ������_1N⋮ ⋱ ⋮���_� · ������_C1 ⋯ ���_� · ������_CN� 

 
Each column of the resulted combined matrix essentially reflects the site-specific efficiency score 
associated with each NBS across the various site concerns. To express those efficiency scores and 
consequently allow meaningful comparison one could compare the performance of each NBS at each 
concern or concern category against the “fully efficient NBS”, i.e. an NBS that has a “Direct impact” on the 
problem (hence its Impact_cn=1). On account of the above for each concern category the site-specific 
efficiency (SSE) of the nth NBS (SSEn) may be evaluated as: 
 ���� = ∑ ���_� ∙ ������_�������� �� �������� ��� �����������∑ ���_� ∙ 1������ �� �������� ��� �����������  

 
The same equation may be applied for evaluating the overall SSE for each NBS, if one considers all persistent 
site concerns.  
 
The developed methodology eventually results in a) site screening and b) NBS assessment and ranking, that 
are communicated through various tables and figures. Below in Figure 8 some indicative outputs are 
presented for NBS assessment/efficiency. The entire spectrum of outputs is demonstrated for the case 
study application that is discussed in detail in Sections 3.5.3 and 3.5.6. 
 

(a) (b) 
Figure 8 a. Radar diagram showing the score estimated for an NBS at each concern category, b. Column diagram 
showing the overall score for a set of NBS 
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3.4.3 Online tool development 

The aforementioned methodological framework for facilitating a preliminary/first-order assessment of the 
identified NBS interventions at a site of interest has been developed in the form of an online application / 
tool (Figure 9) that can be accessed from: https://eupolis-nbs-tool.uwmh.eu/. It should be noted that this 
is an initial, but fully functional, version that is going to be further refined, mostly in terms of graphical user 
interface, before being offered to urban planners, researchers and other practitioners that are might be 
interested in utilising decision support tools for their NBS analyses. A short technical description on how 
this online tool was developed is provided below. The tool, as well as the entire methodology is 
implemented in one of the pilot locations in Piraeus, Akti Dilaveri, and this case study application is 
presented in detail in Section 3.5. 
 
 

 
Figure 9 Landing page of the online NBS Preliminary Selection Tool 

 

Back-end development 

The euPOLIS NBS Tool webpage has been built on top of the object-relational database management 
system (RDBMS) SQLite. SQLite is a well-established and easy to manage RDBMS, commonly used for small 
and medium-sized Python applications, capable to handle workloads of many concurrent users. It comes 
with a free and open-source license, as do all other components of the euPOLIS Tool. The programming 
language used for the back-end development of the application is Python and the relative web framework 
is Flask. Flask is a Python web framework, that cooperates efficiently with SQLite-based databases and is 
capable to support and handle the complexity of the elements’ relationships existing in the database. It 
includes an object relational mapper (ORM), which is a technique that lets the programmer query and 
manipulate a database using an object-oriented paradigm. Basically, the programmer is able to manipulate 
everything inside the database, using classes of the object-oriented programming language of choice, 
instead of direct SQL commands, hence making the task of managing and expanding the database relatively 
easier. The application utilizes several software modules, some acquired directly from the Flask web 
framework, while others from third-party libraries. 
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Front-end development 

The euPOLIS Tool front-end has been developed using several technologies. The main web framework 
utilized is Flask, while the design of the web pages is based on the markup language HTML5 and the style 
sheet language CSS3. Additional styling has been achieved using the popular CSS framework Bootstrap. In 
order to increase the functionality of the application and be able to manipulate all HTML elements, the 
Javascript programming language was used. All charts of the application have been created via a well-
established Javascript framework, called Chart.js. The communication between the back-end and the front-
end of the application is achieved with the so-called Jinja2, which is a web template engine for the Python 
programming language and is actually the Flask’s default template engine. 
 

3.5 Case Study – Methodology Application 

3.5.1 Piraeus Pilot – Akti Dilaveri 

Akti Dilaveri is one of the pilot locations in the euPOLIS FR City of Piraeus (Figure 10). Akti Dilaveri and 
Mikrolimano are adjacent areas, and both have a hyper-local nature attracting thousands of visitors every 
year, both national ones, as well as tourists, due to the attractive promenade area that has many local 
restaurants and cafes; the area has a uniqueness in its character. However, various problems, which are 
going to be analysed in Section 3.5.2, are present in the area especially around Akti Dilaveri, which is 
currently underdeveloped and gives the impression of a rather rundown area. Despite these problems, the 
area offers great potential which could be further enhanced through the implementation of appropriate 
NBS interventions. The main objective of implementing the proposed methodology at the pilot area is to 
initially identify its main issues/concerns (Section 3.5.2 and 3.5.3) and according to the site screening results 
identify the most promising interventions (Section 3.5.5 and 3.5.6) for the area. 
 

 
Figure 10 euPOLIS pilots in Piraeus 

 

Ralleion School 

Mikrolimano 
Akti Dilaveri 
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3.5.2 Contextual Indicators and Site Concerns 

In the following paragraphs an extensive site screening is carried out, through the evaluation and grading 
of each Concern based on the estimation of the corresponding CIs (Table 4) under each euPOLIS Category, 
i.e. Environmental, Urban Development, Social, Business, Health & Wellbeing.  
 
Compared to the initial CI evaluation that was carried out within Task 3.2, only the main CIs, as well as some 
additional indicators required for the estimation of euPOLIS Concerns were quantified. As described in 
detail in Section 3.2.2, the updated indicators and definitions (v2.0) were used for this improved site 
screening exercise, using however all relevant data from the early task. Furthermore, besides the use of the 
updated indicators, the estimations were refined where possible including, the use of more refined/new 
data, more accurate boundaries, etc. Summary tables with the screening results and some information on 
the estimation of these indicators and Concerns are included in each Category. 
 

Environmental 

The area of the considered demo site has a Mediterranean climate, that is characterised by dry, hot 
summers and mild, wet winters. During the summer months high temperatures are quite common; indeed 
the number of combined tropical nights (>20 °C) and hot days(>30 °C) (Table 10) is well above the upper 
threshold for indicator E1 (Table 5). This condition combined with a very high population density (indicator 
U12) and a relatively high percentage of vulnerable population in terms of elderly people (indicator S26), 
indicate a high risk associated with the Extreme Heat (C1) making it thus a High Priority for the pilot site 
(Table 10). Daily temperature timeseries from the closest meteorological station, Athens Marina, as well as 
demographic census data, have been used for this analysis. 
 
Additionally, the share of green in the area around Akti Dilaveri is also relatively low, approxmately 26% 
(indicator E16), but definitely much higher than the overall share within the 2nd Municipal Department in 
which the pilot site belongs to administratively. This is due to the fact that the selected pilot boundary also 
includes the right side of the Canal in which the SEF park (Figure 11) is located. Green areas were calculated 
utilising Google maps satellite images instead of using publicly available land use data (Urban Atlas land use 
maps) as in the initial assessment that provided a less accurate estimate. The area boundary has also been 
updated to better reflect the area of interest and the analysis scope. A Moderate Priority was assigned to 
the Share of green areas (C8) Concern. 
 
The low presence of vegetation and permeable surfaces in general, in conjunction with the climatological 
conditions in this dense urban area result in an intense Urban Heat Island (UHI) effect, which could impose 
a serious health risk on vulnerable population. It should also be added that the initial site investigation 
showed that the shading of public spaces in the pilot site is extremely limited or absent in some cases and 
therefore, it is considered insufficient for users’ wellbeing during the hot summer months. 
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Figure 11 Akti Dilaveri pilot area boundary 

 
The region has very limited water availability due to the low precipitation and the high population 
concentration. In fact to cover the water supply needs of the greater Athens area, water is transferred from 
Western Greece via a complex and long-distance water supply system (containing a series of reservoirs, 
aqueducts, etc.). This fact is also demonstrated by the individual indicators under the Water Scarcity (C2) 
concern. According to the EEA (2019) the WEI+ corresponding to the sub-basin of Attica (WSB0000032) is 
very high, approximately 40% (indicator E2), indicating a high pressure on water resources. Even though 
the index is marginally below the high limit threshold the corresponding area should definitely be 
considered as a water scarce area, hence Water Scarcity is marked as a High Priority Concern. Surface water 
abstractions have been estimated equal to 56 hm³ (EEA, 2019). 
 
For the groundwater scarcity assessment, groundwater abstractions have been estimated equal to 16 hm³ 
according to the EEA (2019). Even though the entire aquifer status has been marked as having a “good” 
status in the respective River Basin Management Plans (Ministry of the Environment and Energy, 2017) due 
to the water balance improvement as a result of the decrease in groundwater abstractions, the water 
balance in comparison to the natural state is in deficit due to the highly urbanised nature of the catchment 
resulting in reduced aquifer recharge. Taking also into account the salinization issues reported for the 
southern part of the respective aquifer, it can be assumed that the groundwater salinization at the location 
of the site must be widespread (indicator E4) even though no local groundwater analysis is currently 
available. Consequently, even though a moderate priority has been assigned to groundwater scarcity 
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(indicator E3) due to the aquifer's good quantitative status, an overall High Priority has been assigned to 
Water Scarcity (C2). 
 
According to the Flood Hazard Assessment for Attica by Bathrellos et al. (2016), the area of interest is in 
the high Flood Hazard area (indicator E5), as was also expected by the high percentage of impervious areas 
and low elevations at the outlet of the catchment. Furthermore, the exposure to flood events, as indicated 
by the high population density (indicator U12), is also very high, whereas the vulnerability to floods, as 
indicated by the percentage of people at poverty risk (indicator S13), is moderate. Regarding the poverty 
indicator no data were found at the neighbourhood or the municipality level. Hence, only data available at 
a national level as well as additional relevant studies at the municipality level were used for this assessment. 
In particular, the percentage of the population at poverty risk or social exclusion in Greece has been 
estimated being approximately equal to 28.3% for 2021 (from 27.4% in 2020) (Hellenic Statistical Authority, 
2022). According to a local study within Attica (Attica Region, 2015) in which the Composite UN Human 
Poverty Index (HPI) is estimated for all municipalities, Piraeus municipality scores below average (23rd worst 
of 66 municipalities). Taking these two estimates into account it can be inferred that there must be a 
considerable poverty risk within Piraeus. However, since the pilot area is located in a wealthier 
neighbourhood in the municipality it was deemed more reasonable to characterise this Concern as 
“Moderate”. However, a more local /targeted analysis and assessment need to be carried out. Based on 
the categorisation of these three individual components (sub-indicators), a High Priority was assigned to 
the Flooding (C4) Concern. 
 
In terms of the environmental pollution, the traffic in the surrounding area is quite heavy resulting in high 
levels of air and noise pollution. The air pollution status is also verified via measurements from the 
neighbouring air quality station “Piraias I” (PIR), which takes daily or hourly measurements of various 
pollutants, including CO, NO, NO2, O3, PM2.5, PM10, Smoke and SO2. The air pollution was assessed according 
to the processed available data and provided statistics for the specific air quality station for the year 2021 
published by the European Environment Agency (EEA, 2022a and 2022b). Specifically, the investigation for 
the five key pollutants of the European Air Quality Index over one calendar year indicated that the levels of 
PM2.5 and O3 were moderate, the levels of SO2 were fair, whereas the levels for PM10 and NO2, were poor 
and very poor, respectively. Since for two pollutants the assessment on an annual basis was poor and very 
poor, Air Quality (indicator E12) was characterised as being of High Priority. The other two components of 
assessing the Air Quality Concern, exposure (U12) and density (S26), have been classified as High and 
Moderate Priority, respectively, as explained for the Extreme Heat Concern. Hence, an overall High Priority 
has been assigned to the Air Quality (C6) Concern. 
 
In terms of water pollution, the general assessment was made according to the River Basin Management 
Plans for the Attica River Basin District (Ministry of the Environment and Energy, 2017b), since no local 
water quality data and reports were available. Regarding surface water, no rivers or lakes are present at 
the sites and the relevant coastal system (EL0626C0012N - Inner/Central Saronikos) has been characterised 
with medium ecological status and good chemical status (overall medium status). However, there are 
serious pollution issues in the inland seawater canal along Akti Dilaveri, as identified by residents as well as 
from the experts during the site visits (see the relevant water quality report in Annex 7.2 for a more detailed 
assessment of the current status). In fact, the improvement of the canal’s water quality has been identified 
as one of the top priorities for the City of Piraeus. Currently, no relevant quantitative data from water 
quality measurements are available, but this will be obtained by the euPOLIS water quality monitoring 
programme to be implemented in the project due course. Consequently, surface water quality is 
characterised as High Priority (indicator E7). Similarly, groundwater quality is also characterised as High 
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Priority as the respective aquifer is reported to have poor quality (chemical) status. Especially in the 
southern part of the aquifer, high concentrations of NO3 and Mg are reported due to the intense 
urbanisation and the upstream industrial activity (Ministry of the Environment and Energy, 2017). However, 
as above, specific localised quantitative data is not available. Hence, an overall High Priority has been 
assigned to the Water Quality (C3) Concern. 
 
Wastewater management in the city of Piraeus and the entire greater Athens area is carried out centrally 
and all produced wastewater from Piraeus is transported via the sewage network to Psyttalia Wastewater 
Treatment Plant (WWTP), where it is treated via secondary wastewater treatment before its disposal. 
Separate wastewater and stormwater networks have replaced the older combined system, however 
according to site visits it is assumed a stormwater network does not cover the entire area. Nevertheless, 
since all of the produced wastewater is treated via secondary wastewater treatment (indicator E10), the 
Wastewater treatment coverage (C5) Concern is assigned to the Not a Problem severity rating for the 
entire site. 
 
Regarding biodiversity, there is a lack of data on biodiversity and soil quality, in general. Therefore, the 
present assessment was mainly based on expert opinion, field visits and overall knowledge of the local 
conditions at the considered site. The field assessment indicated that in terms of environmental health, 
many trees are in poor condition due to diseases, most probably caused by a combination of insufficient 
design (e.g., small tree pits, inconsistent planting), poor maintenance and insufficient irrigation. The 
biodiversity level in most of the pilot site is very low, as it is a highly urbanised area. However, since the 
area of interest also includes the area right of the canal, which is already a green park, this improves the 
site’s overall biodiversity status. Using a weighted average approach based on the extent of each area (the 
park right of the canal is approximately 20% of the entire area) both individual biodiversity indicators, 
Habitat Diversity (E21) and Species Diversity (E22), are characterised as of Moderate Priority and so is the 
priority of the overall Biodiversity (C7) Concern. 
 
Table 10 Environmental CIs and Concerns estimation for Akti Dilaveri Piraeus 

Concern 
No 

Site 
concern/ 
Challenge 

Related CI 
code Indicator value or qualitative description Units Indicator 

Score 

Comp. 
Indic. 
Score 

C1 Extreme 
Heat 

E1 75 days/year High Priority 

High 
Priority U12 15,066 residents/km2 High Priority 

S26 19% % Moderate 
Priority 

C2 Water 
Scarcity 

E2 39.76% % High Priority 

High 
Priority E3 39.76% % Moderate 

Priority 

E4 Widespread salinisation is observed Qualitative High Priority 

C3 Water 
Quality E7 

Assessment mainly based on the water quality 
status and pollution issues present in the 

inland seawater canal along Akti Dilaveri as 
identified by residents as well as from experts' 
site visits. Currently, no relevant quantitative 
data from water quality measurements are 

available. 

Quantitative / 
Qualitative High Priority High 

Priority 
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Concern 
No 

Site 
concern/ 
Challenge 

Related CI 
code Indicator value or qualitative description Units Indicator 

Score 

Comp. 
Indic. 
Score 

E8 

The respective aquifer (EL0600110) is reported 
to have poor quality (chemical) status, 

especially in the southern part of the aquifer 
due to the intense urbanisation and the 

upstream industrial activity. However, specific 
localised quantitative data is not available. 

Quantitative / 
Qualitative High Priority 

C4 Flooding 

E5 High / Very high 
(According to Flood Hazard classification) Qualitative High Priority 

High 
Priority 

U12 15,066 residents/ km2 High Priority 

S13 

Bases on available sources (Hellenic Statistical 
Authority, 2022; Attica Region, 2015) it is 

assumed that there is considerable poverty 
risk within Piraeus. However, the pilot area is 

located in a better neighbourhood in the 
municipality and the risk is lower. 

% Moderate 
Priority 

C5 
WW 

Treatmen
t 

E10 100% % Not a Problem  

C6 Air 
Quality 

E12 

From Europe’s air quality status 2022 (EEA, 
2022a) - different Data Aggregation Processes 

for each pollutant for the year 2021: 
- PM10: 1 year 90.41 percentile -- 55 μg/m3 -- 

Air Pollution Class: 4 (Poor) 
- PM2.5: Annual mean / 1 calendar year -- 13 

μg/m3 -- Air Pollution Class: 3 (Moderate) 
- O3: 1 year 93.15 percentile daily 8h maximum 

-- 107 μg/m3 -- Air Pollution Class: 3 
(Moderate) 

- NO2: Annual mean / 1 calendar year -- 57 
μg/m3 -- Air Pollution Class: 5 (Very Poor) 

- SO2: Annual mean / 1 calendar year -- 9.4 
μg/m3 -- Air Pollution Class: 2 (Fair) (year 

2020) 
For two pollutants, PM10 and NO2, the 

assessment on an annual basis was poor and 
very poor, respectively. 

Concentration of 
pollutants 

High Priority 

High 
Priority 

U12 15,066 residents/ km2 High Priority 

S26 19% % Moderate 
Priority 

C7 Biodiversi
-ty 

E21 

Presence of suitable habitats covering only 1 
of the life-cycle phases (nesting, 

overwintering, foraging) for the specific type 
of species (pollinators, birds, amphibians). 

Qualitative 
Assessment 

Moderate 
Priority 

Moderate 
Priority 

E21 Low diversity among the selected groups 
(plants, birds, butterflies, amphibians). 

Qualitative 
Assessment 

Moderate 
Priority 

C8 
Share of 
Green 
Areas 

E16 26.0% % Moderate 
Priority  
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Urban Development 

The city of Piraeus is a very densely populated urban area with lack of public green spaces. This is also 
verified by the indicator Green space per inhabitant (U2), which was estimated using the 3rd Municipal 
Department administrative boundaries. Green areas within this administrative division were estimated 
through satellite images, as in the case of the Share of green areas indicator (E16). Unlike though the latter 
indicator, in the case of Green space per inhabitant, the resulting value is very low, appr. 4.11 m2/cap, well 
below the acceptable lower threshold of 10 m2/cap. The reason for this difference is that the entire 
administrative area is taken into account, which on average is much more urbanised. In fact, the local 
community identifies the lack of green spaces and recreation areas (parks, meeting places, etc.) as one of 
the major problems of the area. It appears also that the area’s public open spaces and buildings, that are 
currently inactive, are not utilised in an efficient manner, therefore not promoting potentially additional 
social activities and further interactions. Therefore, the Green space per inhabitant (C10) Concern is 
characterised as a High Priority and is identified as one of the top site concerns. 
 
In terms of accessibility (indicators U5 and U9), even though there is a quite good road network in the area 
and all sites are accessible by public transport, there are currently no designated pedestrian areas, nor 
bicycle routes. As indicated by residents there are also many issues with the existing sidewalks, since in 
many cases they are not well maintained (e.g. broken paving slabs by tree roots) or are not adequately 
designed, and in some cases, there are issues with the lighting of public areas. On that basis, the 
Accessibility (C9) Concern is considered to have Moderate Priority. 
 
The area around Akti Dilaveri has a hyper-local interest for a variety of social groups, as mentioned before. 
Five different functions have been identified in the overall area of Akti Dilaveri, including housing, sport 
clubs, coffee and dining establishments, offices, and retail shops, resulting in relatively high functional 
diversity (indicator U4); hence a Low Priority has been assigned to the Multifunctionality (C11) Concern. 
 
Table 11 Urban Development CIs and Concerns estimation for Akti Dilaveri Piraeus 

Concern 
No 

Site concern/ 
Challenge 

Related 
CI code Indicator value or qualitative description Units Indicator Score 

C9 Accessibility U5, U9 

Roads or pathways gives access to some of the 
area. Lack of overview. Access is possible by either 
foot, public transport or car. Access for disabled is 

possible to parts of the site but help is needed. 
Traffic is partly separated. Paths gives access to 

important attractions. Less than half of the site is 
accessible for people with physical demands and 

there is occasionally illumination. 

Qualitative Moderate Priority 

C10 
Green space 

per 
inhabitant 

U2 4.11 m2/inh High Priority 

C11 Multifunction
ality U4 3-5 

<2; 3-5; 6> 
and description of 

functions 
Low Priority 
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Social 

Two indicators were combined to provide an overall score for the Community engagement (C12) Concern, 
namely Voter turnout in the last elections (S14) and the Number of community organisations (S15). Voter 
turnout in Piraeus municipality was calculated in comparison to other municipalities within the same district 
based on the latest municipal elections according to public data from the Greek Ministry of Interior. During 
the initial investigation several community structures/organisations were identified, including the Public 
Benefit Municipal Enterprise of Piraeus (KODEP), the Volunteering Office and the Culture, Sport and Youth 
Organisation (OPAN PIRAEUS). However, there is no information on how local and active these 
organisations are. Furthermore, based on the questionnaires it can be inferred that citizens feel that their 
opinion is not taken into account for resolving local issues, nor in the local project design. Therefore, a more 
conservative assumption was made, and the Community engagement (C12) Concern was considered to be 
of Moderate Priority. However, it should be noted that the initial investigation has shown that there is vivid 
interest and willingness by identified local stakeholders to participate in the euPOLIS project. 
 
Regarding the Access to sport facilities (indicator S18) even though there are many sailing/sports clubs 
around Akti Dilaveri and Mikrolimano area, these are restricted to enrolled members and are not readily 
accessible to the general public. The park next to Peace and Friendship stadium is however used by citizens 
who want to exercise (jogging, etc.). Overall, there is low access and variability of sports facilities in the site 
neighbourhood and as a result the Access to sport facilities (C13) Concern is deemed to be a Moderate 
Priority for the site. Similarly, the Access to cultural facilities (indicator S17) is very limited in the pilot area, 
apart from the Delfinario Theatre and the Peace and Friendship Stadium, no other cultural facilities exist. 
The variability of cultural events taking place is also low and therefore the Access to cultural facilities (C14) 
Concern is also a Moderate Priority for the site. However, it should be noted that the area in general has a 
significant cultural potential (e.g. unexploited archaeological sites, cultural heritage monuments). 
 
The estimation of Crime rate (indicator S19) in the area of Akti Dilaveri is based on a qualitative assessment 
since no specific data on reported crimes were publicly available in the vicinity of the pilot area. Specifically, 
available data on the perception of crime and safety for the neighbouring 2nd Municipal District of Piraeus 
were used from the project BeSecure-FeelSecure report (Zarafonitou et al., 2020). According to the analysis 
carried out for the neighbourhoods close to the euPOLIS pilot areas, they are in general considered safe by 
the majority of the residents, with only a small percentage feeling unsafe. The crime level is evaluated as 
moderate to low; only a small percentage of residents have been victimised in the previous year (0 - 10%) 
of the analysis and the majority of crimes have been thefts & burglaries (60%), robberies, vandalism, frauds 
and car thefts. Consequently, the Crime (C15) Concern is considered as a Low Priority for the examined site. 
 
Both last two social site Concerns, Aesthetics (C16) and Quality of experience (C17), have been 
scored/assessed based on early completed questionnaires, Q1.5 and Q3, and specific related questions. 
Overall, despite the unique elements of the neighbourhood, the overall perception of the site aesthetic 
among visitors is low and the quality of experience for users is moderate. Both Concerns have been 
characterised as being of Moderate Priority. 
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Table 12 Social CIs and Concerns estimation for Akti Dilaveri Piraeus 

Concern 
No 

Site concern/ 
Challenge 

Related 
CI code Indicator value or qualitative description Units Indicator Score 

C12 Community 
Engagement S14, S15 

Voter turnout lower than the city average 
(between -2 SD and -1 SD); One active 

community-based organization/initiative 
present in the neighbourhood 

Quantitative Moderate Priority 

C13 Access to Sport 
Facilities S18 Low access and variability of sports 

facilities in the site neighbourhood 
Qualitative/
Quantitative Moderate Priority 

C14 Access to 
Cultural Facilities S17 

Limited number and variability of cultural 
events are taking place in the site 
neighbourhood on annual basis 

Qualitative/
Quantitative Moderate Priority 

C15 Crime S19 Based on qualitative assessment Qualitative Low Priority 

C16 Aesthetics S24 The overall perception of site aesthetic 
among visitors is low Qualitative Moderate Priority 

C17 Quality of 
Experience S22 

User's quality of experience moderate (to 
some extent dirty, noisy, smelly, 

unprotected from weather, limited places 
to sit) 

Qualitative Moderate Priority 

 

Business 

A median residential property value of 2,200 euros/m2 was assumed for the neighbourhood around Akti 
Dilaveri based on various online sources, including a real-estate study in collaboration with the National 
and Kapodistrian University of Athens (NKUA) for properties in Attica, Governmental Agencies related to 
the value of property conveyance (Register of Real Estate Conveyance Values), as well as online real-estate 
sites. Different Zones relevant to the pilot site were taken into account for this analysis (Govgr, 2022), as 
well as appropriate market coefficients. A median residential property value of 1,650 euros/m2 was 
assumed for the entire municipality of Peiraeus based on the same real-estate study for properties in Attica 
that was conducted by NKUA. The indicator value for comparative residential property value (Β3b) was 
estimated to be approximately equal to 1.3, classifying it therefore as a Low Priority. Since relevant data on 
commercial values were not easily obtainable during the current analysis (median commercial property 
value for Piraeus), the specific indicator (Β3c) was not estimated at this point, and the Property value (C18) 
Concern was characterised as being of Low Priority by means of considering only the residential sector.  
 
The overall unemployment rate (indicator B5) in the municipality of Piraeus is very high, approximately 20%. 
Consequently, the Unemployment (C19) Concern for Piraeus has been scored as a High Priority for the area 
of interest. The data at the time of the analysis could only be obtained at the municipality level, and not at 
the neighbourhood level, from data obtained from the 2011 census undertaken by the Hellenic Statistical 
Authority. For a more accurate site screening process, as well as for subsequent stages of the analysis and 
the actual NBS impact on unemployment, more recent and local data need to be obtained. On a more 
general yet more recent note, the unemployment rate in Greece increased substantially following the 
financial crisis in 2008 reaching a maximum level of 27.8% in the first quarter of 2014 (Fanourgiakis and 
Kanoupakis, 2016). The highest unemployment rate was recorded among young people between 15–24 
years old, with rates over 50%. The unemployment rate for the entire country started a slow decline to 
reach 20.9% in 2017. 
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As mentioned previously, the area around Akti Dilaveri has many different businesses due to its hyper-local 
character and many visitors apart from the local residents. Besides the numerous dining establishments, 
seafood restaurants in particular, cafes and bars which are mostly located around the promenade area, 
other types of business are also present, such as retail shops, sport clubs, offices, etc. Hence, from the 
overall knowledge of the area and the recent site visits, it was concluded that the site and its surrounding 
area are currently saturated with businesses related to the site that are likely to interact with/be affected 
by the euPOLIS interventions and the Business activity (C20) Concern is of Low Priority for the Akti Dilaveri. 
 
Table 13 Business CIs and Concerns estimation for Akti Dilaveri Piraeus 

Concern 
No 

Site concern/ 
Challenge 

Related 
CI code 

Indicator value or qualitative 
description Units Indicator Score 

C18 Property Value 
Β3b 1.3 unitless Low Priority 

Β3c - unitless - 

C19 Unemployment B5 19.62% % High Priority 

C20 Business 
Activity B2 

Site and its surrounding area are 
saturated with businesses related to the 

site that are likely to interact with/be 
affected by the euPOLIS interventions 

Qualitative definition of the 
thresholds based on number of 
businesses and overall site and 

neighbourhood conditions 

Low Priority 

 

Health & Wellbeing 

Experts were not able to find the required health data specifically for the city of Piraeus, since such a health 
data registry does not exist in Greece. Therefore, available data at the national scale were used for this 
analysis. Even in this wide spatial scale, the required data could not be found in all cases, and necessary 
assumptions had to be made based on expert judgement and other available data. 
 
No data were found regarding the incidence of Chronic respiratory diseases (COPD, asthma) (indicator H3) 
in Greece. Instead, only data regarding their prevalence and associated mortality at a national level are 
available. According to Tzanakis et al. (2004) COPD is a substantial health problem in Greece, in fact Greece 
has one of the highest rates of smoking and COPD in Europe (Mitsiki et al., 2015). Overall prevalence of 
COPD is reported within the range of 8.4-13.5%, increased values with male gender and age (Kourlaba et 
al., 2016; Tzanakis et al., 2004). Higher rates have been observed in urban areas compared to rural areas 
(Kourlaba et al., 2016). According to Zervas et al. (2012) the prevalence of asthma and associated symptoms 
in Greece is high, showing a substantial increase during the recent decades and Gangadi et al. (2016) report 
that their prevalence in the general adult population in Greece is higher than the global ones estimated by 
the World Health Survey. Specifically, rates of 9% for physician-diagnosed asthma and 23.3% for nasal 
allergies were reported by Zervas et al. (2012), whereas the Hellenic Statistical Authority reported 
prevalence for asthma in the range of 3.3% (Hellenic Statistical Authority, 2019). Based on these 
information resources a qualitative assessment was made that the Chronic respiratory diseases (C21) 
Concern is a High Priority for Greece. Based also on the fact that prevalence was increased in urban areas, 
a high concern was also assumed for the city of Piraeus, which is a densely populated urban area. It is 
apparent that specialised site-specific data collection is required to verify the severity of the particular 
concern in the vicinity of the pilot site.  
 
According to the WHO report on Greece (2016), the county performs worse than other European Member 
States as regards to Cardiovascular Diseases (indicator H5), for which it has the widest gap despite some 



         Report on the performance assessment metrics, framework & certification 
 

67 
 

improvements in recent years. In fact according to Michas et al. (2019) Greece is one of the EU Member 
States that are on the top of the list of deaths due to ischemic heart disease and stroke. Even though 
mortality from CVD in Greece has been decreasing during the last years partially probably due to a decrease 
in active smokers and an increase of physical activity, mortality rates are still worse than the European 
average (Michas et al. 2019). A prevalence in stroke was reported approximately equal to 1.7% and CVD 
mortality equal to 48% (WHO, 2016). No specific data were found regarding the incidence of chronic 
cardiovascular diseases in Greece. According to the available information it is considered that 
Cardiovascular Diseases (C22) are a High Priority Concern for Greece and the pilot site. 
 
No data were found regarding the incidence of Diabetes (indicator H8) in Greece, only data on prevalence 
at a national level. Specifically, the Hellenic Statistical Authority reported 8% prevalence in diabetes type II 
(8.1% in men and in 7.9% women) (Hellenic Statistical Authority, 2019). Other international databases have 
lower estimates for the prevalence in diabetes, such as the 6.4% reported by the International Diabetes 
Federation (IDF, 2021). Greece seems to be close and maybe slightly below the European average. Based 
on the above information it was considered that the Diabetes (C23) Concern is a Moderate Priority. 
 
According to a very recent WHO report (WHO, 2022), the prevalence of Obesity (indicator H11) among the 
adult population in Greece is 24.9% (24.2% in males and 25.4% in females) one of the highest percentages 
in Europe. Even more alarming is the fact that Greece holds the first place in the percentage of obese 
children aged 10-19 years old, equal to 11.7%. Clearly, Obesity (C24) is a High Priority Concern for Greece 
and the same is assumed for the site of interest. 
 
According to the Hellenic Statistical Authority’s 2019 health survey (Hellenic Statistical Authority, 2019), 
41.5% of the people walk at least 15 minutes a day, 13.6% use a bicycle to commute and 26% carry out a 
sport or exercise for leisure between 1-7 days a week. However, while the WHO (2020) also reports a 
sufficient Physical Activity (indicator H15) in adults (self-reported), the amount of physical activity reported 
by 15-year-olds is substantially lower, with only one in eight reporting doing some moderate activity each 
day. Based on the above data it was assumed that the Physical Activity (26) Concern has a Moderate 
Priority. 
 
According to the Hellenic Statistical Authority’s 2019 health survey (Hellenic Statistical Authority, 2019), 
the reported prevalence of Depression (indicator H14) at a national level is 3.8%, 2.4% among men and 
5.0% among women. It should be noted that this is a relatively low percentage among European countries 
according to Eurostat data, however it might be underestimated. According to the defined thresholds 
Depression (C25) is a Concern with Moderate Priority. 
 
No specific data on the incidence of Communicable Diseases (indicators H16 and H17) were found for 
Greece, however according to WHO (2016) the reported incidences of various infectious diseases in Greece 
are very low and well below the European average. Consequently, both Concerns, Communicable Diseases 
- Alimentary Infections (C27) and Communicable Diseases - Vector Borne Diseases (C28), are considered 
of Low Priority at the worst-case scenario. However, more detailed data would be required to consider 
them as no problem at all. 
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Table 14 Health & WB CIs and Concerns estimation for Akti Dilaveri Piraeus 

Concern 
No 

Site concern/ 
Challenge 

Related 
CI code 

Indicator value or qualitative 
description Units Indicator Score 

C21 Chronic Respiratory 
Diseases H3 

High severity based on corresponding 
literature, mostly on prevalence of 

COPD and allergies at the national level. 

No of new diagnosed 
cases per 100 000 
population / year 

High Priority 

C22 Cardiovascular 
Diseases H5 

High severity based on corresponding 
literature, mostly on prevalence and 

mortality of CVD. 

No of new diagnosed 
cases per 100 000 
population / year 

High Priority 

C23 Diabetes H8 
Moderate severity based on 

corresponding literature, mostly on 
prevalence of Diabetes. 

No of new diagnosed 
cases per 100 000 
population / year 

Moderate 
Priority 

C24 Obesity H11 24.90% % High Priority 

C25 Depression H14 3.80% % Moderate 
Priority 

C26 Physical Activity H15 26% - 41.5% % Moderate 
Priority 

C27 

Communicable 
Diseases - 

Alimentary 
Infections 

H16 
Low priority based on the reported 

incidences of various infectious 
diseases in Greece. 

No of new cases per  
100 000 population / 

year 
Low Priority 

C28 
Communicable 

Diseases - Vector 
Borne Diseases 

H17 
Low priority based on the reported 

incidences of various infectious 
diseases in Greece. 

No of new cases per  
100 000 population / 

year 
Low Priority 

 
The Concerns classification from all categories is summarised in the following section as they have been 
used as inputs to the online tool to provide the site screening results. 

3.5.3 Site Screening results 

The outcomes of the site screening analysis for all the Concerns in the five considered Categories, in terms 
of problem severity, presented in Section 3.5.3 were used as an input for the web-based tool (Figure 12). 
Three Top Site Concerns were selected, according to the priorities set by the city and stakeholders’ 
consultation, namely, Green Space per inhabitant (C10), Extreme Heat (C1), and Water Quality (C3). The 
site screening input was analysed and presented in a clear and concise manner in the form of summary 
tables and graphs. Specifically, Figure 13 shows the summary table of the site Concern distribution in the 
five Categories, as well as the overall Category and site score, i.e. problem severity. These results are also 
presented in the form of a pie and a column chart for more effective communication of the findings to the 
relevant stakeholders, i.e. to offer a better overview of the site’s main challenges and overall performance 
across different sectors. Figure 14 goes into more detail and shows the severity of each individual Site 
Concern, i.e. Not a Problem, Low Priority, Moderate Priority, High Priority; this presentation helps visualise 
the most pressing specific issues in the area of interest. 
 
The site screening study for Akti Dilaveri revealed that the most pressing concerns are those related to the 
environmental issues, followed by issues associated with the health and wellbeing, and then the urban 
development issues (Figure 13). A closer look into the specific Concerns in Figure 14 reveals that there are 
four different environmental issues with High Priority, three PH & WB, and one related to urban and 
business. Apparently, there are many environmental issues that need to be addressed of which two have 
been highlighted as top site priorities. The urban development Concern, the lack of public green spaces for 
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residents, is also critical and was considered being a top priority. The three identified PH & WB Concerns 
are related to the overall environmental conditions, however more site-specific data would be required to 
draw some useful related conclusions. 
 

 
Figure 12 Site Screening: Main Concerns following their input in the online tool 

 

 
Figure 13 Site Screening Results: a. Summary table, b. Distribution of Concerns chart, c. Site Concern overall and 
Category scores chart 
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Figure 14 Site Screening Results: Severity of Site Concerns and individual scores 
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3.5.4 Identified Potential Interventions 

In parallel to T8.1, euPOLIS tasks, mainly within WP6 (Tasks 6.1 and 6.2) developed the euPOLIS urban 
planning GDPM methodology and implemented it in all euPOLIS FR cities. This process led to the 
identification of appropriate potential NBS interventions in each site, that are especially focused on the 
issues and needs identified in each pilot, in collaboration with relevant stakeholders taking into account 
their preferences and the various site constraints. The possible locations of the identified interventions for 
the Akti Dilaveri pilot in Piraeus are presented in the following map (Figure 15) and a short description of 
nine selected possible interventions is also provided in this section. 

 
Figure 15 Location of potential interventions location on Akti Dilaveri 

 

NBS1: Biofilter, surface water treatment 

The biofilters to be installed along Dilaveri street aim at the cleaning of the stormwater runoff from nearby 
streets/urban area through filtration. Stormwater runoff tends to have substantially larger pollutant loads 
which are highly detrimental to the health of receiving waters. The biofilter design will be such that part of 
the stormwater will be diverted into the biofilter, where it will flow through the vegetation and temporarily 
pond on the surface, before slowly filtering down through the filter media. A piping system will drive the 
treated water in the canal. 
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The upper part of biofilters is visible and in fact, biofilters besides providing the positive impacts from their 
function can also be designed in such a manner so as to be aesthetically pleasing and therefore appreciated 
by the local community. 
 

 
Figure 16 Examples of biofilters (NBS1) 

 

 
Figure 17 Proposed possible cross-section of the biofilter (NBS1) with the bicycle and pedestrian walkways (NBS4) 

 

Biofilter Bicycle route with 
permeable materials 

Pedestrian walkway with 
permeable materials 
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NBS2: Pocket park 

Two possible locations in the area of Akti Dilaveri have been identified for the creation of a pocket park: i) 
on Akti Dilaveri itself and ii) near the Dolphinarium theatre on the other side of the canal. It is considered 
that the development of an NBS MF public pocket park would support the physical and mental WB, as well 
the sociability of all its visitors. Visitors will be entertained in a thermally comfortable environment provided 
by native and exotic plant species adapted to the local environmental conditions. The plant selection 
emphasises the local history and coastal landscape character and the pocket park is designed in accordance 
with the principles of sustainability and NBS principles. 
 
The proposed pocket park would be inclusive to various social groups including socially vulnerable groups 
such as the disabled, elderly, and mothers with prams offering various opportunities for passive and 
moderate exercise as well as social interaction and recreation. Centrally an open-spaced sheltered by the 
canopies of trees with informal seating is proposed to host various events such as exhibitions, small plays, 
outdoor markets, educational programs, etc. Adjacent, a small fountain area with underground jets 
shooting water at varying heights and with floor lighting surrounding the jets will be developed for the 
visitors, particularly children to safely interact within the pocket park. The planting surrounding the 
fountain would constitute a botanical garden that will include amongst other plant species, species found 
in coastal areas to enhance the natural coastal landscape character and provide opportunities to visitors to 
learn about the ecological importance of preserving and protecting endangered natural coastal areas. 
Kiosks located within the park would provide information to visitors, and store equipment for hosting small 
events. The open space would provide opportunities to host casual or organized moderately intensive, low-
impact activities such as walking, yoga, tai chi, etc. A variety of seating is provided throughout the pocket 
park to meet various needs and host different activities such as reading a book, having a picnic, playing 
chess or board games, chatting, and relaxing. All seating areas are sheltered by the canopies of trees. The 
paved surface of the pocket park is porous facilitating root development of trees as well as reducing the 
effect of stormwater runoff. 
 

 
Figure 18 Possible design of pocket park on Akti Dilaveri (NBS2) 

 

Pocket Park Akti Dilaveri 
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Figure 19 Possible 3D visualisation of pocket park on Akti Dilaveri (NBS2) 

 

NBS3: Roof/vertical garden - private buildings 

Potential NBS intervention in private, mainly residential, buildings, such as green roofs and green 
walls/vertical gardens combined with greywater recycling. No specific locations are provided at the time of 
analysis. 
 

Figure 20: Green roofs examples (NBS3) 

 

NBS4: Planting of trees & shrubs for shading bicycle and pedestrian walkways 

This intervention is part of the overall regeneration of Akti Dilaveri that includes planting of trees and shrubs 
along the Akti Dilaveri for shading bicycle and pedestrian walkways. Porous pavements are also included. 
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Figure 21 Plan view of Akti Dilaveri and location of walkway (NBS4) 

 

 
Figure 22: 3D visualisation of Akti Dilaveri walkway vegetation i) current situation ii) after NBS4 implementation 

 

NBS5: Tree shading on car parks and buildings 

No exact location is provided for this intervention, but probably various locations within the pilot would be 
selected and are suitable. One of these possible locations could be the car park that is currently under 
development by Piraeus Municipality in the connecting part between Akti Dilaveri and Mikrolimano as 
indicated in the intervention map (Figure 15). 
 

NBS6: Waterfront mobiliary (sunflower benches, etc.) 

Special design of benches to provide shading, to be integrated at various locations within the pilot, including 
the pocket park and along Akti Dilaveri. 
 

NBS7: Environmental / Cultural route/pathway 

Creation of an environmental and cultural route/pathway within the Dolphinarium theatre area, along the 
east side of the Akti Dilaveri canal. This is going to be a shaded path, which will be enriched with vegetation 
and trees where appropriate and will provide various local cultural and environmental information. Along 
the canal banks, chairs with a view to the canal could also be included. 
 

Bicycle route and 
pedestrian walkway 
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Figure 23: Example of a conceptual 3D visualisation of the Environmental / Cultural route/pathway (NBS7) 

 

NBS8: Vertical wall or/and roof garden including greywater recycling - commercial properties 

Potential NBS intervention in restaurants/coffee shops, such as green walls/vertical gardens, green roofs, 
gardens, and landscaping works in general combined with greywater recycling. Their location is not 
confirmed yet, but various potential locations have been identified from various site visits and discussions 
with the local shop owners. Some of the potential locations have been identified on the intervention map 
(Figure 15). 
 

  
Figure 24: Green walls examples in commercial locations (NBS8) 

 

NBS9: Green harbour elements 

Develop an NBS - BG seawall that would restore and/or rehabilitate natural habitats thus increasing 
biodiversity and improving the water quality inside the canal, making the underwater area attractive 
cleaner and eco-friendly.  
Artificial marine structures such as seawalls lack the complexity required for a biodiverse marine 
environment. Dilaveri canal consists of almost 900m of such seawalls. Installation of artificial 3D marine 
habitats which feature complex modular designs that mimic the natural rocks thus provide adequate 
surface areas, habitats and protection for marine organisms to flourish. The use of key species such as 
oysters or seaweeds that are attached to their surface, accelerates the development of diverse and 



         Report on the performance assessment metrics, framework & certification 
 

77 
 

functional ecological communities. The potential benefits for the marine environment of such an 
installation, beyond the additional space for attachment by marine organisms, include addition of moisture, 
shade and water retention critical for intertidal marine life, protective habitats for filter feeders such as 
oysters, which can improve water quality and complex habitat features offering protection and foraging 
areas for fish and larger invertebrates. Moreover, with the use of appropriate signage and community 
engagement, greater community awareness of the importance of marine biodiversity is expected. 
 

 
Figure 25 Example of living seawalls implementation in the seawater canal (NBS9) 

 
All the above pilot potential interventions are very local in spatial scale, they are related to the 
neighbourhood level, however if their effectiveness across different sectors is demonstrated then these 
could possibly be replicated at the municipal or city level according to the euPOLIS vision. 
 
With the aim of assessing more effectively the impact of the identified potential interventions for Akti 
Dilaveri across the different Concerns considered within the scope of this project, these were grouped in 
broader NBS categories, mainly according to the classification rationale suggested within the NBS Catalogue 
developed by the World Bank (2021) (Figure 26). Urban NBS can be applied at many different spatial scales 
in and around cities. euPOLIS is focusing on the implementation of small-scale interventions, at the 
neighbourhood scale, such as green spaces on buildings, green corridors along streets and water bodies, 
urban parks, etc., and therefore only such NBS groups have been used for this analysis. 
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Figure 26 Categorisation of NBS interventions according to the World Bank (2021) 

 
Specifically, the nine possible interventions described previously were classified into the following NBS 
categories/groups. It should be noted that some NBS are part of more than one NBS groups, in which case 
their secondary classification is marked in grey colour. 

1. Open green spaces: NBS2 - Pocket park, NBS7- Environmental / Cultural route/pathway 
2. Green corridors: NBS4 - Planting of trees & shrubs for shading bicycle and pedestrian walkways, 

NBS5 - Tree shading on car parks and buildings, NBS7- Environmental / Cultural route/pathway 
3. Building solutions: NBS3 - Roof/vertical garden - private buildings, NBS8 - Vertical wall or/and 

roof garden - commercial properties 
4. Bioretention areas/SUDS: NBS1 - Biofilter, surface water treatment, NBS4 - Planting of trees & 

shrubs for shading bicycle and pedestrian walkways 
5. Inland seawater canal/Coastal canal ecological restoration: NBS9: Green harbour elements / 

Living Seawalls)  
6. Other: NBS6 - Waterfront mobiliary (sunflower benches, etc.) 

 

3.5.5 Preliminary NBS impact assessment 

The identified possible interventions along with their descriptions were provided to the different euPOLIS 
WGs so that they would carry out a preliminary impact assessment on the euPOLIS defined 28 Site Concerns 
based on literature review and expert judgement. The term "impact" essentially denotes the ability of an 
NBS, if property implemented, to address/mitigate a particular problem. As mentioned in Sections 3.3 and 
3.4 three options are available for characterising the type of impact, namely Direct, Indirect or No Impact. 
Since the identified interventions were not fully designed at the time of this analysis, but were instead still 
at a conceptual phase, WGs were asked to assume that the NBS would be implemented in an optimum 
manner and scale taking into account of course the site/NBS characteristics and general constraints. If 
budget or other specific constrains are likely to affect the full implementation of the NBS at the site of 
interest, then this will be taken into account later on in the proposed methodology. The outputs of this 
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analysis are the expected impacts of each potential intervention and are going to be used as input in the 
methodology/tool described in Section 3.4.  
 
The NBS impact assessment is organised per NBS Group, as outlined in Section 3.5.4, and within each group 
the impacts are described for each of the five (5) euPOLIS main Categories. Impacts are analysed as per the 
methodology described in Section 3.3, using the defined three impact levels, i.e. starting first from the 
directly affected physical processes and main Environmental impacts, as well as the Urban Development 
impacts (1st impact level) due to the NBS deployment. Then social and business impacts (2nd level) are 
assessed, as a result of the environmental and/or urban development impacts, before finally moving to the 
possible impacts on Health & WB (3rd level) based on the estimation of all other impacts (direct from 
environmental / urban development or through the other categories). As mentioned in Section 3.3 the 
distinction between Direct and Indirect Impacts is based on a) the associated mechanism/process and b) 
the magnitude of the impact. 
 

Open green spaces (NBS Group 1) (NBS2, NBS7) 

Urban green spaces, such as parks and other unpaved green areas of various sizes (pocket parks, residential 
gardens, natural playgrounds, etc.), offer a multitude of diverse benefits (World Bank, 2021), by enhancing 
socio-economic and environmental functions and therefore improving the overall quality of life for people 
who live in urban environments, as also described in euPOLIS Deliverable 5.6 (Baki et. al, 2022). Below, the 
specific expected impacts for the two relevant potential NBS interventions for Akti Dilaveri, that are related 
to the Open green spaces category, i.e. NBS2 (Pocket park) and NBS7 (Environmental/Cultural 
route/pathway), are outlined. 
 
In terms of Environmental impacts, one of the most significant benefits of urban green areas is the 
regulation of the local climate by providing shade and evaporative cooling that contribute to climate change 
adaptation (Gehrels et al., 2016). The Pocket park (NBS2) is considered to have a direct impact on mitigating 
the UHI effect, and therefore the Extreme Heat Concern, due to the presence of greenery. Vegetation and 
water features which may be located in a pocket park provide a cool climate which may encourage the 
population to use these spaces more often (Elmaghraby, 2019). For instance, as reported by Lin et al. (2017) 
pocket parks and their surrounding areas in Hong Kong have a moderate UHI intensity (0.1 °C) during the 
daytime, but a very high night-time UHI intensity (2.39 °C). Planting trees is an effective measure to reduce 
the UHI intensity inside the parks for high-rise high-density urban environments. However, a threshold for 
Tree Cover Ratio-TCR (around 42%) needs to be achieved to maximize its cooling effect. Hou et al. (2022) 
demonstrated that the higher the tree density of a pocket park, the greater the cooling effect is on the 
surrounding thermal environment. Ma et al. (2022) evaluate the cooling effect of a pocket park by analysing 
the ratio of the tree and the grass, the layout of the tree and the grass, and the layout of the paving, at 
different proportions of greening and paving. A positive impact on Extreme Heat is also expected from the 
implementation of NBS7, due to the same affected natural processes, however, since this intervention 
refers to the improvement of an existing green area, the difference from the existing conditions is not 
expected to be as large in comparison to the creation of a new green area. Consequently, an indirect impact 
has been assigned on the Extreme Heat Concern. 
 
Urban green areas can also build resistance against drought and therefore could have a positive impact on 
Water Scarcity. Elements of the pocket park (NBS2) that may reduce the risk for water scarcity in the area 
include vegetation and porous paved surface. Areas with trees capture several times more water compared 
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to the areas without trees. In such areas, soil infiltration and moisture storage are increased. Tree cover 
can contribute to providing water elsewhere (they provide water vapor and condensation nuclei) (Ilstedt 
et al., 2016). Porous pavements allow water (stormwater runoff) to pass through it and infiltrate into the 
soil influencing groundwater recharge or saving water by recycling (Scholz and Grabowiecki, 2007; 
Knappenberger et al., 2017). A small fountain can help reduce water shortages in the case that recycled 
water is used. The implementation of the environmental and cultural route/pathway (NBS7) is also 
expected to have similar impacts on related processes as the pocket park due to vegetation and trees 
planting and both NBS2 and NBS7 are considered to have an indirect impact on the Water Scarcity Concern. 
 
Urban green spaces can also assist in the removal of pollutants from the water and as a result have a 
positive impact on Water Quality. There is an increased number of studies dedicated to find the extent of 
ecosystem services provided by urban parks (including small scale pocket parks) (NBS2), which show a 
positive effect of all types of vegetation on water purification (Mexia et al., 2018), mostly by influencing 
nutrient, carbon, and metal flows. Depending on vegetation functional types (evergreen or deciduous trees, 
shrubs, grass) varies the level of modification of soil physico-chemical parameters (which in turn dictate the 
resulting water quality) (Setälä et al., 2017). Similarly to their role in the pocket parks, vegetation around 
the environmental and cultural route/pathway within the Dolphinarium (NBS7) influences the resulting 
water quality by intercepting nutrient, carbon, and metal flows. Both interventions are expected to have 
an indirect impact on the Water Quality Concern. 
 
Another critical benefit of urban green areas, is stormwater management and flood mitigation by reducing 
stormwater and sewage discharge, having consequently a positive impact on the Flooding Concern. The 
pocket park (NBS2) has a direct impact on reducing flood risk due to the presence of greenery and pervious 
areas with a dual purpose – to intercept water and to slowly infiltrate it in the below areas. The resulting 
effect is the decrease of the water quantity reaching the sewer system through the implementation of 
integrated green spaces and storage facilities, which significantly attenuate the urban flooding effects 
(Alexander et al., 2019). In the case of the environmental pathway (NBS7), unlike conventional pathways 
made of impervious asphalt and requiring a drainage system to collect and direct water into the sewer, in 
this case water infiltrates into the aquifer, and hence it is much more effective in terms of reduction of 
flooding. Of course, environmental pathways are not appropriate for every purpose, especially because 
after rainfall events they might become mudded. Therefore, pedestrian pathways should be covered with 
gravel or crashed stone or made of pervious pavers 
(https://www.urbangreenbluegrids.com/measures/porous-paving-materials/) through which water 
infiltrates into deeper layers. Overall, since the area of implementation for NBS7 is already pervious, only 
the planting of the additional vegetation and trees is anticipated to have some sort of impact on Flooding, 
therefore an indirect impact was assigned.  
 
NBS2 and NBS7 were considered to have no impact on Wastewater Treatment. 
 
Urban green areas can also assist in pollutant removal from the air and have a positive impact on Air 
Quality. Specifically, the pocket park (NBS2) is expected to have a direct impact on improving the urban air 
quality. NBS may provide a huge contribution to tackle air pollution, while delivering a wide range of 
Ecosystem Services. Sebastiani et al. (2021), showed that PM10 removal efficiency largely varies seasonally 
and across different functional groups of vegetation, highlighting the role of functional biodiversity in the 
provision of Ecosystem Services under Mediterranean climate conditions. According to Ascenso et al. (2021) 
green parks are effective NBS with a better potential to improve air quality in the city in comparison to 
green roofs for the same area of intervention. The environmental pathway (NBS7) is assumed to have an 
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indirect impact on Air Quality with a similar rationale to the Flooding Concern due to the expected low 
impact magnitude. 
 
Another important characteristic of urban green spaces is that urban ecosystems may create suitable 
habitats for many plants, animal, and fungi species and some of them serve as critical shelter for 
Biodiversity (World Bank, 2021). The pocket park (NBS2) can have a direct impact on biodiversity due to 
the creation of new habitats and an enhanced connectivity. Pocket parks form part of an interconnected 
network of urban open space, therefore neighbourhoods with high levels of public greenspace support 
more bird species (more woodland dependent species, insectivores, and hollow nesters) (Ikin et al., 2013). 
The creation of the environmental route (NBS7) that will be enriched with vegetation and trees is expected 
to have a direct impact on Biodiversity as the addition of trees will contribute to the connectivity of the 
“urban forest” (Alvey, 2006). 
 
The creation of the pocket park (NBS2) in the place of a derelict and impermeable area will have an obvious 
direct impact on the Share of green areas of Akti Dilaveri, whereas NBS7 will have no impact on the specific 
Concern since the area is already vegetated. 
 
Open public spaces have a pivotal role in successful urban development. Moreover, open spaces’ green 
component (green infrastructure) promotes healthier living, lessens impacts of climate change, improves 
air and water quality, encourages physical activity and improves biodiversity and ecological resilience 
(ALGG, 2012). Thus, the implementation of urban green spaces supports ecological integrity of cities, but 
also protects public health and well-being of citizens (Wolch et al., 2014).  
 
The number of typologies of urban public spaces is progressively increasing. The pocket park (NSB2) is a 
new type of urban green public space that allows to ensure a proper availability of green spaces in high-
density housing developments in contemporary cities (Labuz, 2019). Pocket parks are specifically improving 
the value of Green Spaces per inhabitant within the city, as the area of public spaces is increased. The 
implementation of NBS2 is therefore expected to have a direct impact on this Concern, whereas NBS7 will 
have no impact since the area of public green spaces remains unaffected and only the quality of the existing 
ones improves. 
 
Additionally, the concept of Multifunctionality of open public spaces has been expanded, and it includes 
environmental, social, economic and cultural benefits to urban areas (Zivkovic et al., 2019). These leads to 
positive effects stemming from the combination of environmental benefits and cultural contents of the 
designed urban green spaces. Both, NBS2 and NBS7 interventions are expected to have a direct impact on 
Multifunctionality. Similarly, both interventions are also expected to have a direct impact on the 
Accessibility of the pilot area by implementing appropriate design that promotes universal accessibility and 
removes all existing obstacles. 
 
Open urban green spaces besides the diverse environmental services they provide, also improve the quality 
of life, and offer a great variety of social benefits for people who live in urban environments by acting as 
places for relaxation and recreation, providing the opportunity for social and physical activities (Wan and 
Shen, 2015). 
 
Local green areas became even more important under the ongoing COVID-19 pandemic. For many people, 
they became the only escape and social interactions means, especially during the periods of the mandatory 
social distancing rules that were enforced in several countries. Moreover, well-maintained green spaces 
play a role in spatial interaction for residents of different socio-economic backgrounds (Krellenberg et al., 
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2014) and consequently have the potential to increase social cohesion (Domaradzka et al. 2022). A direct 
impact on Community engagement is expected by the implementation of the pocket park (NBS2), whereas 
an indirect impact is anticipated from NBS7 implementation. Access to sports facilities is expected to be 
positively affected by the creation of the pocket park (NBS2), and hence a direct impact has been assumed, 
whereas NBS7 is expected to have no impact since the space is already used for sports activities. On the 
contrary, a direct impact on the Access to cultural facilities is expected from both interventions, since 
cultural paths are often considered having a key role in urban policies for the preservation of cultural 
heritage. As pointed out by Garau et al. (2020), they provide the frame of reference for shared symbols and 
collective memories. Therefore, they not only affect the aesthetic of the space but also allow to build a 
certain sense of belonging. Both interventions, NBS2 and NBS7 are expected to have a direct impact on the 
Aesthetics of the space, as well as on the overall Quality of Experience. 
 
As described in Section 3.5.2, Crime in the case study area is quite low and hence a Concern of low priority. 
The pilot area is generally adequately lit, a condition that plays an important role mostly in the users’ 
perception of safety (Loewene et al., 1993; Atkins et al., 1991), and, in most cases, it is not expected to be 
further improved. In the pocket park intervention (NBS2) adequate changes in lighting are going to be 
implemented so that the lighting conditions to continue being sufficient following the modifications of the 
space (i.e. planting of trees). It can therefore be assumed that for most potential interventions there is 
going to be no impact on Crime. The only intervention which could maybe have an impact on Crime or 
perception of safety is NBS7, which will be implemented on the right side of the Canal where no shops are 
present (people mostly go there during the day) and it could be assumed that the perception of safety is 
probably much lower than on the "urban" side of the canal. Since this intervention entails the 
implementation of better quality and denser lighting and also results in an increase in Multifunctionality, 
an indirect impact on crime/safety could be assumed. 
 
Regarding impacts on the local economy/business and specifically on land and property values in the urban 
ecosystem, these are likely to be affected by a spectrum of spatial and environmental factors. Both natural 
(e.g., sea, river, air quality, temperature) and structural (e.g., recreational areas, urban furniture, sport 
facilities, public transportation) features could impact the land values in residential areas (Topcu and Kubat, 
2009). Several studies have so far showcased the impact of NBS on rising house and rental prices (e.g., 
Bockarjova et al., 2020) and identified a decaying relationship of the house prices with the distance from 
the nature site. Yet, what it still remains largely unexplained is to what extend the multiple NBS contribute 
to the observed property value change trends when multiple interventions are being implemented 
simultaneously for upgrading a particular urban site. Nevertheless, if one identifies the main improvements 
that are offered by an NBS then, at least qualitatively, could provide estimates for its supplementary 
potential benefits (Davis and Naumann, 2017).  
 
Urban regeneration via pocket parks (NBS2) could, apart from its direct impact linked to the creation of a 
pleasant microclimate (e.g., mitigation of the UHI effect), offer supplementary benefits (either indirect or 
direct ones), such as promotion of social interaction, improvement of PH & WB or even support to local 
economies (Hamdy and Plaku, 2021). With refence to the impact of pocket parks on the local economy, it 
is anticipated that they have an indirect impact on property values (e.g., Kim et al., 2019; Rosso et al., 
2022), which is higher for the adjoining properties and highly dependent on the size of the pocket park 
(Mahmoudi et al., 2013). This outcome is further supported even by the definition of the pocket parks 
provided by the World Bank catalogue of NBS (World Bank, 2021), stating that are relatively small open 
spaces distributed across the urban fabric, which serve the immediate population of a neighborhood. No 
impact is expected by NBS7 since it is an existing urban green space. 
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Overall, the creation and management of urban green spaces could also have an effect (even direct) on 
unemployment by means of increasing the maintenance worker needs beyond the current municipality 
capacity (number of employees and expertise-wise) and/or by means of spill over for jobs in tourism and 
recreation (Lieuw-Kie-Song and Perez-Cirera, 2020). Yet, those effects are highly dependent on the scale of 
the NBS interventions (e.g., creation of a small pocket park more likely will have no impact on job creation 
versus the creation of a metropolitan park) whereas their nature determines to a great extent whether low 
or high-skilled jobs will drive the economic development due to their implementation. Within this context 
no impact on unemployment is expected by the implementation of NBS2 and NBS7 since their maintenance 
is expected to be covered by existing municipality personnel. Some indirect impact on Business activity 
could arise on the right side of the Canal, which is not currently saturated, from NBS7 by the new functions 
offered. 
 
In recent years, ongoing research in the pertinent field demonstrated that the sole presence of green 
infrastructure has indirect effects on the life of citizens via building climate change resilience, but also direct 
affects on their health and WB (Bozovic et al., 2017). The literature on the subject shows the beneficial 
effects of living in the areas with well-maintained parks on the risk of cardiovascular diseases (Mitchell and 
Popham, 2008; Gascon et al., 2015), respiratory diseases (Villeneuve et al. 2012), depression (Shanahan et 
al., 2016), and mental WB in general (Alcock et al., 2014; Navarrete-Hernandez and Laffan, 2019). 
Specifically, urban green spaces, such as parks, gardens, etc. are described to have positive outcomes on 
health in the reduction of the risk for chronic noncommunicable diseases (Labib et al., 2020). In the case 
of Akti Dilaveri, a direct impact on chronic respiratory and cardiovascular diseases is expected as a result 
of the associated to NBS2 and NBS7 air quality improvement and the reduction of extreme temperatures 
through micro-climatic regulation. Contact with urban green spaces could be beneficial for human health 
through promotion of physical activity, social interactions, fostering healthy psychological behaviour and 
reducing air pollution. Outdoor physical activity minimizes the adverse physiological effects of sedentary 
lifestyles, like the development of chronic health problems. The use of green spaces by increased physical 
activity and social interactions have beneficial effects on cognitive and psychological human performances. 
Consequently, a direct effect has been assumed on depression and obesity since both interventions (NBS2 
and NBS7) have a direct impact on physical activity and on other crucial social aspects. An indirect impact 
on diabetes has been assumed as the mechanism is more indirect through the reduction of the associated 
risk factors. This rationale is applied to all subsequent examined interventions. An impact on CDs - Vector 
Borne Diseases could also be expected due to the improved urban drainage, direct for NBS2 and indirect 
for NBS7. 
 

Green corridors (NBS Group 2) (NBS4, NBS5, NBS7) 

Green corridors are strips of trees, plants, or vegetation at various spatial scales, and are considered as an 
essential part of the urban landscape ecology (World Bank, 2021). These NBS interventions, also known as 
linear natural infrastructure, have the important attribute of connecting different green spaces within the 
urban fabric providing therefore a range of different environmental benefits, including urban climate 
regulation, flood risk reduction, biodiversity protection and enhancement, as well as various associated 
positive social and health and WB impacts. Below, the specific expected impacts for the two relevant 
potential NBS interventions for Akti Dilaveri, NBS4 (Planting of trees & shrubs for shading bicycle and 
pedestrian walkways) and NBS5 (Tree shading on car parks and buildings), are described. Even though NBS7 
(Environmental/Cultural route/pathway) could also be considered a green corridor intervention, since it is 
integrated within an existing urban park it was grouped under urban green spaces and was analysed in the 
previous section. 
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Related to Environmental impacts green corridors have a similar impact on local climate regulation as 
urban green spaces since the same physical processes are affected. The heat island effect in urban areas is 
a common phenomenon in many cities nowadays. The introduction of new trees and shrubs can have a 
direct impact on mitigating the UHI effect. In fact one of the most effective strategies for improving the 
thermal comfort lays in the increase of shaded areas both for pedestrian and bicycle pathways (Hsieh et al, 
2015), as well as planting trees along urban streets (Ren et al., 2022). According to the latter study the 
differences in tree cover were predominant in influencing urban thermal environment and comfort and the 
street with the highest tree cover had significantly lower physiological equivalent temperature (PET). 
Smithers et al. (2018) report that increasing tree cover may be one of the most cost-effective ways of 
moderating urban temperatures. Trees cool their surroundings by casting shade, reflecting solar radiation, 
transpiring, and intercepting rainfall that subsequently evaporates. They studied the abilities of different 
tree species to provide urban cooling in temperate regions of the world and thereby develop a pragmatic 
approach for choosing those trees that have greatest potential in that regard. Klemm et al. (2015) showed 
through measurements a clear impact of street greenery on thermal comfort through tree shading, 10% 
tree crown cover within a street canyon lowered street averaged Tmrt (Mean Radiant Temperature) about 
1K. In contrast, their results did not show an influence of street greenery on street averaged Ta.(Air 
Temperature). Peeters et al. (2020) also report that shading in urban open spaces has been recognised as 
an important parameter in modifying microclimatic conditions and enhancing thermal comfort particularly 
in hot regions. When designed appropriately, shading can mitigate the UHI effect, enhance pedestrian 
thermal comfort and affect outdoor activities. Therefore, it is expected that both interventions, NBS4 and 
NBS5, will have a direct impact on the Extreme Heat Concern. 
 
As urban green areas, green corridors, also contribute to building resistance against drought and as a result 
could have a positive impact on Water Scarcity. The intervention along Akti Dilaveri (NBS4) involving the 
planting of trees and shrubs along with the implementation of porous sidewalks have an influence on the 
soil infiltration and moisture storage reinforcing the natural water balance, as described in pocket park 
(NBS2) (Ilstedt et al., 2016; Scholz and Grabowiecki, 2007; Knappenberger et al., 2017). It should be noted 
however, that in the case that recycled water (harvested rainwater, treated greywater/wastewater) is not 
used for the irrigation of the new plants, these can be consumers of potable water (ground and surface 
water) and therefore potentially have a negative impact on Water Scarcity. Assuming that there is some 
utilisation of alternative water sources for plant and tree irrigation, an indirect impact on the Water Scarcity 
is expected for both NBS4 and NBS5. 
 
Similarly to their role in pocket parks (NBS2), vegetation around bicycle and pedestrian walkways (NBS4) 
and around car parks and buildings (NBS5) influences the resulting Water Quality by intercepting nutrient, 
carbon, and metal flows and, as in the case of urban green spaces, an indirect impact on the specific 
Concern has been assumed. 
 
Trees and plants themselves can affect reduction of flood risk in a way that certain amount of water retains 
on the treetop (leaves surface) before reaching the ground. This depends on the density of treetop 
described through the Leaf Area Index (LAI). Also roots take up water from the soil 
(https://www.epa.gov/soakuptherain/soak-rain-trees-help-reduce-runoff) which helps to empty its 
retention capacity before another event. Trees and other vegetation increase resistance to flow on the 
catchment, so the water flows slower, and if they are combined with walkways made of pervious 
pavements (Marchioni et al., 2022), their overall role in reducing flood risk is even more justified.  
 
Even though trees planted along walkways by themselves would probably not be so effective for high 
intensity precipitations that cause flooding in urban areas (indirect effect), the combination with permeable 
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materials along a large part of Akti Dilaveri (NBS4) is expected to have a significant impact on urban 
Flooding, hence a direct impact was selected. On the other hand, since the interventions related to NBS5 
are not planned to have such a big spatial and interconnected extent an indirect impact has been selected 
in this case. 
 
NBS4 and NBS5 were anticipated to have no impact on Wastewater Treatment. 
 
Trees and shrubs can have a direct impact on mitigating urban air quality concerns. Plants provide many 
ecosystem services in urban environments, including improving ambient air quality. Leaves of plants permit 
the deposition of particulate matter (PM) (Muhammad et al., 2020). Nowak et al. (2006) report that urban 
trees remove large amounts of air pollution and consequently improve urban air quality. Pollution removal 
(O3, PM10, NO2, SO2, CO) varied among US cities. According to Jayasooriya et al. (2017), trees provided the 
highest air pollution removal capability among the different green infrastructure that were studied. Gehrels 
et al. (2016) reported that in principle there are three mechanisms by which air quality is influenced by 
green infrastructure. These mechanisms are a) increase in deposition of pollutants, b) altering the wind 
flow and c) emitting biogenic volatile compounds and pollen. Miranda et al. (2017) reported that the 
heterogeneous role of trees leads to specific areas benefiting from their action in terms of wind flow and 
dispersion, while in other areas their ventilation capacity is reduced (promoting the formation of air 
pollution hot spots). It is also underlined that the spatial heterogeneity of trees causes a change in air quality 
in urban areas. Consequently, both interventions, NBS4 and NBS5, are expected to have a direct impact on 
the Air Quality Concern. 
 
One of the most significant environmental functions of green corridors is that they allow biota to move, 
survive, and propagate, unlike in the case of fragmented urban landscapes, hence landscape connectivity 
is critical for biodiversity (World Bank, 2021). Indeed, the spatial arrangement of street trees and green 
corridors are strong determinants of biodiversity levels in cities as biodiversity is sustained through the 
connection of different urban green areas with larger neighbouring habitats (World Bank, 2021). Street 
trees together with other green elements such as parks and green promenades are part of the term “urban 
forest” which can contain relatively high levels of biodiversity. Large percentages of species found in the 
surrounding natural habitat, including endangered species, have been found in the urban forest (Alvey, 
2006). Trees in urban landscapes provide a range of ecosystem services, including habitat, refugia, food, 
and corridors for other fauna and flora. Native trees have a significantly higher prevalence of birds (and 
nests) and support more species and in greater densities than exotic/introduced species (Shackleton, 2016). 
The vegetation structure of Urban Green Space (UGS) is often homogeneous. In contrast, complex and 
heterogeneous vegetation structure (e.g., mix of tall grasses, shrubs, and trees) promotes abundant and 
diverse insect and bird assemblages in UGS (Cook et al., 2012). Both green corridor interventions, NBS4 and 
NBS5, are assumed that they will have a direct impact on Biodiversity. 
 
Furthermore, both interventions (NBS4 and NBS5) will have a direct impact on the Share of green areas of 
Akti Dilaveri as both will increase the percentage of green areas within the pilot area.  
 
From an Urban Development point of view, similarly to the Share of green areas, the two identified green 
corridor interventions are also going to have a direct impact on Green Spaces per inhabitant within the 
city, as the area of public spaces is going to be increased. On the other hand, there will be no impact on 
Multifunctionality from the identified interventions. The Accessibility within the pilot is expected to be 
directly impacted by NBS4 intervention due to the improvement of the shaded pedestrian walkways and 
the introduction of bicycle routes, whereas an indirect impact could arise through NBS5. On a more general 
note, as Diener and Mudu (2021) pointed out, it is important to respect plant complexity in such urban 
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planning interventions, not only for improving the of open spaces quality, but also for defining their 
potential side-effects like pollen, both in recreational and cultural green corridors. 
 
Planting trees and shrubs for shading bicycle lanes and pedestrian walkways (NBS4) will directly improve 
the aesthetics of the demo location and the quality of users' experience. However, likewise in other cases 
of landscape interventions, their selection and design must fit and comply with the urban context. On one 
hand, Carrus et al. (2015) demonstrated the positive effects of biodiversity in urban contexts on the well-
being of individuals. On the other hand, the unregulated bushes in the urban context might cause distress 
or even might reduce the perceived safety of the space. Moreover, planting trees and shrubs, if engages 
citizens, might improve the social cohesion of the local community (Domaradzka et al., 2022). However, 
since this is not a standard practice in the region of interest a more conservative no impact on this aspect 
was assumed. By improving the comfort of using bicycle lanes and pedestrian walkways NBS4 will also 
affect directly the access to the sports facilities denoting herein the spaces that are suitable for performing 
physical activities. Tree shading on car parks and buildings (NBS5) will have a similar impact If done well it 
will mainly affect the aesthetics of the demo site and the quality of the users' experience. Both 
interventions (NBS4 and NBS5) will have a no impact on the Access to cultural facilities and Crime. 
 
Further to the above, NBS that belong to the general category of “Green corridors” as per the World Bank 
catalogue of NBS classification (World Bank, 2021), such as for instance NBS4, could contribute towards 
establishing an enhanced landscape and hence have an indirect impact on the surrounding property values, 
as well as on the business activity. With reference to the latter, apart from the overall improvement of the 
site aesthetic attractiveness that could have an impact on the business activity, the presence of greenery 
especially in hot climates (such as the climate in the city of Piraeus), could also attract more tourists/visitors 
at the site during summertime due to the improved thermal comfort. Furthermore, the extent of the 
intervention was considered to be relatively small to create additional jobs in maintenance, yet longer 
urban green corridors have been proven in the past to have a significant impact on job creation (e.g., the 
Green Corridor project in the Medellín City, Colombia). No business-related impacts associated with the 
implementation of NBS5 could be justified. 
 
The expected impacts resulting from the implementation of NBS4 are practically the same as in the case of 
the pocket park (NBS2) since they also affect many of the same natural and social processes and therefore 
have very similar impacts across the Concerns in the other four categories. Specifically, the air quality 
improvement and the reduction of extreme temperatures can have a direct impact on chronic respiratory 
and cardiovascular diseases. The direct impact on physical activity through the provision of shaded 
pathways and cycle tracks leads to a direct impact on obesity and an indirect impact on diabetes. Indeed 
according to Lusk et al. (2020) street trees between the cycle track and the street have the ability to block 
the perception of traffic persistence, lessen exposure to air pollution from vehicles, and allow the 
pedestrians to feel fresher. Street trees can promote physical activity, improve temperature comfort, and 
induce positive visual perception, which also has an impact on mental health (direct impact). 
 
In the case of NBS5 however, since this particular intervention does not have an impact on physical activity, 
no impact was propagated to the obesity and diabetes whereas an indirect impact was assumed on 
cardiovascular diseases from other benefits, such as the improved micro-climate regulation. Indeed, the 
very high temperatures resulting from the UHI effect around buildings and car parks with limited vegetation 
and shading can result in serious health issues. Specifically, given that the car utility is large nowadays, car 
parks are unavoidable source of radiant heat. According to Prajapati (2020) these circumstances require 
new and improved policies and regulations for the construction of car parks which mitigate heat properly. 
Furthermore, a direct impact on chronic respiratory diseases is expected due to the improvement in the 
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air quality, as well as on mental health (depression Concern) due to the overall diverse interdisciplinary 
benefits described previously. 
 

Building Solutions (NBS Group 3) (NBS3, NBS8) 

There is an increasing interest in NBS interventions in buildings, i.e. vegetated building surfaces such as 
green roofs and green walls. These types of solutions have the ability to provide a variety of diverse benefits, 
such as stormwater management, climate regulation, increase in buildings’ energy efficiency and enhance 
social interactions (World Bank, 2021), among others. Two relevant potential interventions have been 
identified for the site of interest, NBS3 (Roof/vertical garden in private buildings) and NBS8 (Vertical wall 
or/and roof garden in commercial properties). The expected impact on the different Concerns from their 
future implementation as this was assessed by euPOLIS WGs is described below. 
 
In terms of environmental effects, green roofs and vertical gardens have both a direct impact on mitigating 
the UHI effect and the Extreme Heat Concern. Vertical gardens, also known as green walls, generate a 
microclimate around a building that can essentially help lower a building’s envelope temperature. Green 
roofs provide shade created by the planting and as a result of evapotranspiration the amount of heat 
transferred from the roof to the building interior is reduced, and the outside ambient air is also cooled 
(Elmaghraby M., 2019). Applied at a city scale, they may reduce the average ambient temperature between 
0.3 and 3 K (Santamouris M., 2014). Francis and Jensen (2017) reported that the cooling at the street level, 
due to green roofs, can range between 0.03–3 C°. Sharma et al. (2016) showed that daytime roof 
temperatures reduced and varied linearly with increasing green roof fractions, from less than 1 °C for 25% 
green roof coverage to∼3 °C during peak daytime for 100% green roof coverage.  
 
Green roofs and green walls/vertical gardens can also be used for rainwater harvesting providing an 
alternative water supply that captures and stores rainwater (VanWoert et al., 2005; Bliss et al., 2009). This 
helps reduce groundwater and surface water abstractions and helps conserve water through recycling 
(Masi et al., 2015). It should be noted that green roofs and green walls (especially for climates with hot and 
dry summers) are high water consumers since they need irrigation, which could make them particularly 
unsuitable for water-scarce areas (Paco et al., 2019; Medl et al., 2017). However, this issue can be overcome 
by using alternative water sources for their irrigation, through greywater recycling and/or rainwater 
harvesting (Pradhan et al., 2019; Baki et al., 2022). In such a case, there could be a direct impact on Water 
Scarcity from both related interventions, NBS3 and NBS8. 
 
Green roofs and vertical gardens can have direct effects on Water Quality by providing vegetated filtration 
services, similar to bioretention areas (although not as effective). However, since the vegetation planted in 
such systems is not usually intended to target pollution, but rather to provide other services, prolonged 
uses of such systems have shown them as sources of heavy metals, whereas they are mostly performing 
well at removing nutrient loads (Speak et al., 2014). Green walls, rather than vertical gardens, can be 
engineered for greywater treatment, resulting in good pollutant removal for total suspended solids, 
nutrients, and E.coli (Prodanovic et al., 2017). However, since in the case of Akti Dilaveri these systems are 
probably not going to be used specifically for water treatment, their related effect lies in the water quality 
improvement of the stormwater passing through them before entering the stormwater network and 
receiving water bodies. Consequently, an indirect impact has been selected for both solutions, NBS3 and 
NBS8. 
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Green roofs have a direct impact on reducing flood risk since this NBS is affecting the infiltration process. 
Depending on the substrate hydraulic characteristics, its area and thickness, the green roof can retain 
certain amount of precipitation and mitigate the drained runoff which enters the sewer system (Versini et 
al., 2020; Johannessen et al., 2019; etc.). However, an individual green roof on a private building has not a 
strong impact on reducing the risk of pluvial flooding due to its insignificant area. For such purposes a wide-
spread distribution of green roofs would be necessary. Compared to green roofs, the impact of vertical 
gardens on flood risk is significantly lower due to its negligible exposure (in terms of area) to precipitation. 
A direct impact on Flooding has been assumed for both building interventions, NBS3 and NBS8, assuming 
the incorporation of green roofs and not only green walls. 
 
There is no impact on Wastewater Treatment from the implementation of either NBS3 or NBS8, since these 
systems are not intended to be used for wastewater treatment. 
 
Both green roofs and vertical walls have a direct impact on the improvement of urban Air Quality. Air 
pollution in the urban environment is a major threat to human health. Yang et al. (2008), showed that the 
green roofs in Chicago can remove a large amount of pollutants from the air. Francis and Jensen (2017) 
reported removal of small particles, PM10, ranging between 0.42–9.1 g/m2 per year from green roofs. 
Jayasooriya et al. (2017) report that trees have the highest percentage uptake for O3 from the total 
pollutant uptake, while green roofs and green walls had the highest rates of uptake for PM10 from the total 
pollutants. Even though the ability of such NBS to remove pollutants is smaller than trees and vegetation 
barriers (Abhijith et al., 2017), green walls specifically offer the advantage over other green solutions in that 
they can be implemented over large vertical surfaces integrated in the urban fabric and therefore having 
smaller spatial requirements (Ysebaert et al., 2021; Abhijith et al., 2017). Pollution removal depends on 
many factors, including the vegetation’s macro- and microstructure, pollution levels, residence time within 
a street, building height, surrounding urban infrastructure, vegetation cover and proximity to the pollutant 
source (Ysebaert et al., 2021; Viecco et al., 2021). The study carried out by Viecco et al. (2021) suggests the 
combination of green walls and green roofs in low-rise buildings. 
 
NBS3 and NBS8 can have a direct impact on biodiversity with the creation of new habitat and connectivity. 
Green Roofs can serve as habitat for plant and arthropod biodiversity (Ksiazek-Mikenas et al., 2018). Green 
walls have been demonstrated to be a habitat that supports many biodiversity groups (Dover, 2015; Francis, 
2011). Birds usually exploit different types of green walls for various reasons (including nesting, food, and 
shelter) as reported by Chiquet et al. (2013), but in the particular study, they were never found on bare 
control walls. Additionally, both interventions (NBS3 and NBS8) will have a direct impact on the Share of 
green areas of the area due to the increase in vegetated surfaces. 
 
To overcome land and resource constraints in some cities, but also to introduce green elements in high-
density urban areas, new innovative technologies for vertical gardens have been introduced in planning 
and design solutions. Additionally, the concept of vertical farming is increasingly developing, thus, to reduce 
the conventional space needed for the preparation of food, its transportation and storage (Avgoustaki and 
Xydis, 2020) and for introducing the farming component in the very heart of urban areas. Vertical farming 
solutions can be beneficial environmentally, socially, and economically (Kalantari et al, 2020), but also 
enhance physical and mental health of citizens. In the case of Akti Dilaveri, the building green solutions in 
private buildings (NBS3) and in commercial properties (NBS8) have no impact on Green Spaces per 
inhabitant within the city (unlike the Share of green areas) since both are referring to private 
establishments. However, a direct impact on Multifunctionality is expected and possibly an indirect impact 
on Accessibility. 
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From a social point of view, green roofs and vertical gardens on private buildings will contribute to the 
demo site's landscape and will improve its aesthetics and users' quality of experience. Consequently, a 
direct impact on these Concerns has been assumed for both NB3 and NBS8. However, it should be noted 
that the landscape's intervention must fit the urban context to have a positive impact on the health and 
well-being of the citizens. No impacts on any of the rest social Concerns is expected from the 
implementation of these two solutions. 
 
The implementation of such solutions either in private (e.g., NBS3 for the Piraeus demonstration site) or in 
commercial properties (e.g., NBS8 for the Piraeus demonstration site) is not anticipated to have a direct 
impact on any of the considered business Concerns. Yet, their application in private, as well as commercial 
properties, is expected to have an indirect effect on job creation (and hence unemployment), since it 
creates new needs for jobs related to their routine maintenance (e.g., clearing dead plants, pruning). In 
some cases, green roofs could even create low-skill part-time jobs and enhance business activity if they are 
used for rooftop agriculture (World Bank, 2021). For the Piraeus demonstration site, since this is not the 
case, their indirect impact on business activity from their application in commercial properties (NBS8) 
stems mainly from the overall increase in the attractiveness of the place/commercial property (e.g. a café 
with an accessible roof garden). Additionally, an indirect impact on the Property value of residential 
buildings could be expected from the implementation of such attractive elements on them. 
The impact of the two identified NBS (NBS3 and NBS8) in Akti Dilaveri have very similar health and WB 
impacts with one another as they are very comparable interventions. Their main difference lies in the fact 
the that green roofs/walls in private buildings (NBS3) could encourage some mild physical activity, e.g. 
gardening, from residents and therefore an indirect impact has been assumed for NBS3 and no impact for 
NBS8. Accordingly, an indirect impact could also be expected for obesity with NBS3, but no impact on 
diabetes as the link becomes weaker. No impact is selected for both these Concerns for NBS8. All the rest 
impacts on health Concerns are the same; using the same rationale as with previous NBS groups examined 
the following impacts were assumed, a direct impact on chronic respiratory diseases (mainly due to 
improved air quality), an indirect on cardiovascular diseases, a direct impact on depression, as well as a 
direct impact on CDs - Vector Borne Diseases (mainly due to improved drainage). 
 

Bioretention areas/SUDS (NBS Group 4) (NBS1, NBS4) 

Bioretention areas belong to softer approaches in managing stormwater complementing and augmenting 
traditional grey infrastructure, also referred to as Sustainable Drainage Systems (SuDS) or Water Sensitive 
Urban Design (WSUD). They have the function of intercepting stormwater runoff, slowing it down 
(attenuation), facilitating its infiltration into the soil and treating stormwater flows by filtering the 
pollutants (susDrain, 2022; World Bank, 2021). More specifically biofilters, or else stormwater biofiltration 
systems or raingardens, focus on the quality improvement of the stormwater runoff.  
 
WSUD in general provides a mechanism for retaining water in the urban landscape through stormwater 
harvesting and reuse while also reducing urban temperatures through enhanced evapotranspiration and 
surface cooling (Coutts et al., 2013). Some positive effect on local climate regulation could be expects and 
therefore an indirect impact on Extreme Heat has been selected. 
 
As mentioned, the main aim of the biofilters’ installation is the removal of unwanted substances from the 
water and wastewater (Dey and Das, 2022). However, due to temporary deposition of water on the surface 
and slow filtration, the biofilter can have an indirect impact on water resources through increased 
infiltration and aquifer recharge. Treated water could also be used as a non-conventional water source for 
various purposes, reducing surface and groundwater withdrawals in favour of rainwater. In some cases it 
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could also be used for wastewater recycling reducing the use of potable water (Ruane et al., 2008). However 
in Akti Dilaveri it is only used for treating stormwater runoff and thus an indirect impact on Water Scarcity 
is expected. 
 
Stormwater biofilters (bioretentions, raingardens) are soil-based filtration systems that contain a rich plant 
community that enhances their physical, chemical, and biological treatment processes. They are widely 
used in protection of waterways from polluted urban runoffs and have shown good performance in 
removing various pollutants: nutrients and sediments (Bratieres et al., 2008), heavy metals (Lange et al., 
2020), but also some of the more emerging ones (organic and inorganic) (Zhang et al., 2014) including 
pathogens (Jung et al., 2019). It should be noted that the full extent of biofilter performance is reliant on 
the surrounding climate, especially rainfall patterns and temperature, but also on the selection of plant 
species – as they play a key role in the treatment but show varying effects depending on different climatic 
and environmental conditions. To ensure the most sustained biofilter performance under a range of 
conditions it is recommended to use a mix of plant species (Fowdar et al., 2021). A direct impact on Water 
Quality has been selected as expected, since this its main function and purpose for this case. 
 
Even though the main purpose of the biofilter (NBS1) is to treat stormwater, it also has a significant impact 
on reducing and delaying the urban runoff which is a consequence of urban flooding. Biofilters collect 
rainwater from the surrounding impervious areas and through the infiltration process supported with 
different biochemical processes remove the pollution from stormwater, but also mitigate and postpone 
drained runoff, which finally results in the reduction of the load on the sewer system. The extent to which 
biofilters can be effective in mitigating flooding, depends on their location and their relative area to the 
catchment area, but also on the maintenance and proper design (Beryani et al., 2021). A direct impact on 
Flooding has been selected assuming an appropriate biofilter design for the specific area. 
 
As with all the rest of the identified interventions, no impact is expected on Wastewater Treatment as this 
system has not been designed for such purpose. 
 
An impact on Air Quality could be expect by NBS1 due to the introduction of the low vegetation of the 
biofilter, however since it is not expected to have a large effect an indirect impact has been selected. 
 
The implementation of biofilters that treat surface runoff (such as biofilter SUDS like curb extensions, bio-
swales, etc.) may enhance the general water quality of the canals by lowering the amount of nutrients and 
pollutants that are dumped. The improvement in water quality will have a positive impact, especially on 
the fauna and flora living in the canals and the adjacent areas. Furthermore, the vegetation (terrestrial or 
aquatic) used for removal of nutrients/pollutants, may provide habitat for urban fauna, and enhance 
connectivity in the local level (Levin and Mehring, 2015). Such SUDS features (incl. biofilters) can reduce 
impacts on nearby natural areas and associated flora and fauna by improving water quality (Hostetler et 
al., 2011). A direct impact on Biodiversity from the implementation of NBS1 is therefore expected. 
 
The implementation of NBS1 will increase the percentage of green areas within the pilot area and a direct 
impact has been selected. 
 
Surface water treatment and natural biofilter diversify the range of urban waterscapes, and thus increase 
spatial and aesthetical qualities of urban areas. As pointed out by Wilschut et al. (2013) a phytoremediation 
can be integrated in urban design processes for improving polluted and deprived urban areas, and 
consequently increase the quantity of urban public spaces and the number of its users. Therefore, a direct 
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impact on both green space per inhabitant and Multifunctionality is assumed and an indirect impact on 
accessibility. 
 
Biofilters likewise other interventions to the landscape have the potential to improve both aesthetics of 
the demo site and the quality of experience. In particular, they will allow for managing stormwater runoffs. 
Part of the stormwater will be diverted into the biofilter, where it will flow through the vegetation and 
temporarily pond on the surface, before slowly filtering down through the filter media. Therefore, the 
visible upper part will potentially improve the aesthetics of the demo site. However, Li and Nassauer (2021) 
point out that not all interventions to the urban landscape improve the quality of users' experience. That is 
because in the urban context the environment is expected to meet certain norms and expectations. For 
example, ''floodable'' city parks and streets may be perceived as incompatible with public expectations that 
urban areas should stay well-maintained and dry (Liao, 2012). Therefore, the design of the upper part of 
the biofilter must be perceived as fitting to the local conditions. Otherwise, an objectively positive impact 
on the environment might cause distress in users and consequently diminish the impact on the well-being. 
Assuming that an appropriate design in implemented, an indirect impact on these two Concerns has been 
selected. No impacts on any of the rest social Concerns is expected from the implementation of the biofilter 
(NBS1). 
 
Although the potential implementation of the biofilter (NBS1) has as its primary objective to improve the 
seawater canal’s water quality through the management and treatment of the incoming stormwater runoff, 
it is anticipated to also offer indirect additional benefits. Those benefits are anticipated to extend even 
beyond the environmental scale, by for instance resulting in an increase of the neighbourhood property 
values and the business activity due to the water pollution mitigation and the improvement of the overall 
site attractiveness. The same applies to unemployment, on account of the improvement of the overall site 
attractiveness which could generate economic opportunities, while on the other hand the introduction of 
biofilters and consequently their management and long-term maintenance could potentially generate new 
needs for specialised jobs (Kopsieker et al, 2021) involving expertise that the pertinent municipality (herein 
the municipality of Piraeus) might not readily have. An indirect impact has been assumed for all three 
business related Concerns. 
 
Taking into account all impacts on the Concerns of the other four categories, the impact on the Health and 
WB Concerns from the implementation of the biofilter (NBS1) was assessed. Even though there is not a 
direct impact from NBS1 on physical activity as there is no shading involved, an indirect impact could be 
assumed due to the improvement of the Canal's condition making it thus more pleasant to walk along it. 
As per NBS3, this can be translated into an indirect impact for obesity and no impact on diabetes. 
Furthermore, an indirect impact on cardiovascular diseases and chronic respiratory diseases could be 
expected due to the reduction (indirect impacts) of associated risk factors. An indirect impact on depression 
has also been assumed due to the overall improvement of living conditions (flooding reduction, biodiversity 
increase), as well as aesthetics and quality of experience. The most important health benefits of the specific 
intervention are the direct impact on CDs (elimination of alimentary infections and vector borne infections) 
through the achieved pollution mitigation via treating the runoff entering the Canal, as well as stormwater 
management. As Li et al. (2019) have shown stormwater biofilters that are designed to include a saturated 
zone and carbon source are capable of meeting the recommended recreational use water quality 
requirements (AUS standards) in relation to E.coli for the treated stormwater. 
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Coastal canal ecological restoration (NBS Group 5) (NBS9) 

Living seawalls (NBS9) is part of an overall approach/methodology to promote environmentally friendly 
practices in harbours, also referred to as the green port/harbour concept, which aims at reducing 
environmental pollution and enhancing the overall quality of ports’ surrounding area. The living seawalls 
intervention specifically (SIMS, 2018; Living Seawalls, 2022), refers to the introduction of habitat enhancing 
units in order to improve the ecological performance of artificial structures through ecological restoration, 
adopting an eco-engineering approach. The pilot application of such practices in polluted areas of Piraeus 
is considered of great interest.  
 
NBS9 is an intervention specifically targeting the water quality improvement of the canal through its 
ecological restoration. For this reason and the nature of the specific NBS its potential impacts are 
concentrated around specific Concerns. No impact is expected from its implementation on many of the 
environmental Concerns, including Extreme Heat, Water Scarcity, Flooding, Wastewater Treatment, Air 
Quality, as well as on the Share of green areas.  
 
The two environmental Concerns which is directly affecting are Water Quality and Biodiversity which are 
also reflecting its objective and processes affected.  
 
Coastal canal ecological restoration with green harbour elements/artificial structures that serve to support 
different types of marine species and functions has a direct effect on marine Water Quality. By increasing 
biodiversity, including addition of fauna and algae, green harbour elements can have a favourable effect on 
the surrounding water quality by providing adequate (shaded and moist) and increased area to support 
habitat of filtering organisms such as oysters and seaweeds – capable of nutrient bio-extraction among 
other (Park et al., 2021). On the other hand, both oysters and seaweed may provide structured habitat, 
food resources, and structures for enhanced reproduction and recruitment of aquatic fauna (Theuerkauf 
et al., 2022), all leading to an increased biodiversity and habitat density, which in turn may result in 
improved or diminished water quality (decreased oxygen, increased nutrient and carbon loads, decreased 
pH), depending on the established ecosystem balance. However, good practices in using the green harbour 
elements, should provide both increased biodiversity and improved water quality. 
 
The implementation of NBS1 facilitates the creation of new habitat that supports different marine species 
and functions. Adding fauna and algae contributes to accelerate the colonization of new organisms and 
create the specific conditions for the development of marine biodiversity. The addition of these organisms 
will indirectly also attract other fauna and flora, such as fish, due to the new conditions created of shelter, 
shadow, and foraging opportunities (Chou, 2021a). It will be prudent to think of transforming it into a 
“living” seawall or better, an eco-engineered zone that incorporates a complex of intertidal pools and 
lagoons, in which coastal and nearshore habitats can be restored. This nearshore biodiversity reclamation 
approach will help to restore ecosystem services over the long term and improve coastal area sustainability 
(Chou, 2021b). Transplanting reef biota to the intertidal zone of seawalls, especially species with massive 
and encrusting growth form, can be a successful way to restore the artificial coastal structures such as 
vertical seawalls. This indicates that the transplantation of nursery-reared reef biota is a viable strategy that 
enhances the ecological value of seawalls (Ng et al., 2015). 
 
The evolution of marine engineering and creation of living seawalls has become an important step in 
increasing a number of urban planning interventions for improvement of quality of coastal urban areas. 
Besides essential ecological services, the coastal canal restoration can bring additional recreational, 
commercial, and touristic activities (Dafforn, 2015), and thus improve the quality and multifunctionality of 
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waterfront public spaces. As a result, a direct impact on multifunctionality has been selected and an 
indirect impact on accessibility due to the possible upgrade of the area along the Canal. It is self-evident 
that there is no impact on Green space per inhabitant. 
 
Similar to other landscape interventions it will have a direct impact on the aesthetics of the demo space 
and the quality of the users’ experience. 
 
Related to business/local economy impacts, a similar approach described in previous interventions was 
followed for identifying the expected benefits of NBS1. Initially, a direct impact on Business activity could 
be assumed stemming from the new created activities and attractiveness of area around the Canal and 
associated indirect impacts on Property value and Unemployment. 
 
The exact same effects on physical activity (due to the improvement of the Canal's condition), obesity and 
diabetes are expected from the implementation of NBS9 as with NBS1 (indirect, indirect and no impact). 
Furthermore, an indirect impact on both chronic respiratory diseases and cardiovascular diseases has also 
been assumed as a result of the increase in physical activity and just from being outside. A positive impact 
on mental health can also be expected because of the overall improvement in the aesthetics and quality 
of the users’ experience around the Canal area increasing the possibilities for spending time outdoors 
(direct impact on depression). The improvement of the Canal’s water quality is also expected to have an 
impact on CDs. These have been assumed as indirect since this intervention influences the water quality of 
the water in the canal, not pollution mitigation to the water entering the canal like in the case of the biofilter 
(NBS1). 
 

Other NBS (NBS Group 6) (NBS6) 

The waterfront mobiliary (NBS6) is a low-cost intervention, quite small-scale solution, supplementary in 
character to other larger interventions with mostly social benefits. Within this context, no Impact is 
expected for most environmental Concerns, including Water Scarcity, Water Quality, Flooding, 
Wastewater Treatment and Biodiversity. It should be noted that unless recycled water is used for the 
plants’ irrigation this intervention could be a consumer of potable water (small in scale however). The 
introduction of shading also through plants could enhance the thermal comfort to some extent, therefore 
an indirect impact on Extreme Heat has been selected. An indirect impact on air quality and the share of 
green areas could also be assumed from the introduction of plants in the bench canopy design. 
 
Use of urban furniture in open public spaces provides different social and compositional benefits to the 
area. It increases the social interactions and supports accessibility and inclusiveness of open public spaces 
(Mumcu and Yilmaz, 2016) (indirect impact). New design and technological solutions are enabling the 
increase of functions of urban furniture elements, including shading and renewable energy (indirect impact 
on multifunctionality).  
 
Furthermore, waterfront mobiliary and sunflower benches in particular create the opportunity for older 
citizens and users to maintain mobility and activeness. They make the public space more accessible and 
inclusive for older people with varying needs and capacities, as well as people with disabilities. Which in 
turn affects their health and well-being. Moreover, Ottoni et al. (2016) show that benches might be also a 
vital space for neighbours’ social interaction and consequently improve the social cohesion of the local 
community. This would lead to a direct impact on community engagement, along with direct impacts on 
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both the aesthetics of the pilot area and the quality of the users’ experience. From a business/local 
economy perspective, indirect impacts on Business activity and property value could be expected from the 
overall area improvement, increase in functions, social mobility and interactions. 
 
The main health & WB benefits of this intervention (NBS6) are associated with the possible positive impacts 
on mental health and positive thinking, and indirectly, encourage residents spending more time outdoors 
in pleasant surroundings and enhance social interactions. For this reason, a direct impact on depression 
has been assumed. Since this intervention encourages spending more time outside, physical activity might 
be indirectly influenced, and furthermore indirect associated benefits could also be expected on both 
chronic respiratory diseases and cardiovascular diseases. 
 
The expected impacts of the nine examined NBS on all euPOLIS Concerns, i.e. eight (8) environmental, three 
(3) urban development, six (6) social, three (3) business, and (8) health and wellbeing Concerns, are shown 
in summary in Table 15. In the following sections these assessments are entered into the online tool to 
carry out the preliminary impact assessment. 
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Table 15: Summary of NBS Assessment on euPOLIS Concerns 

   Identified Potential NBS 

 No Concerns/Problems 

NBS1: 
Biofilter, 

surface water 
treatment 

NBS2: 
Pocket 

park 

NBS3: Roof 
/ vertical 
garden - 
private 

buildings 

NBS4: Planting of 
trees & shrubs for 

shading bicycle 
and pedestrian 

walkways 

NBS5: Tree 
shading on 
car parks 

and 
buildings 

NBS6: 
Waterfront 
mobiliary 

(sunflower 
benches, etc.) 

NBS7: 
Environmental 

/ Cultural 
route/pathway 

NBS8: Vertical 
wall or/and roof 

garden - 
commercial 
properties 

NBS9: 
Green 

harbour 
elements 

En
vi

ro
nm

en
ta

l 

1 Extreme Heat Indirect Direct Direct Direct Direct Indirect Indirect Direct No impact 

2 Water scarcity Indirect Indirect Direct Indirect Indirect No impact Indirect Direct No impact 

3 Water quality Direct Indirect Indirect Indirect Indirect No impact Indirect Indirect Direct 

4 Flooding Direct Direct Direct Direct Indirect No impact Indirect Direct No impact 

5 
Wastewater 
treatment No impact No impact No impact No impact No impact No impact No impact No impact No impact 

6 Air quality Indirect Direct Direct Direct Direct Indirect Indirect Direct No impact 

7 Biodiversity Direct Direct Direct Direct Direct No impact Direct Direct Direct 

8 Share of green areas Direct Direct Direct Direct Direct Indirect Indirect Direct No impact 

Ur
ba

n 
De

ve
lo

p.
 

1 Accessibility Indirect Direct Indirect Direct Indirect Indirect Direct Indirect Indirect 

2 
Green space per 

inhabitant Direct Direct No impact Direct Direct No impact No impact No impact No impact 

3 Multifunctionality Direct Direct Direct No impact No impact Direct Direct Direct Direct 

So
cia

l 1 
Community 
engagement No impact Direct No impact No impact No impact Direct Indirect No impact No impact 

2 
Access to sport 

facilities No impact Direct No impact Direct No impact No impact No impact No impact No impact 
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   Identified Potential NBS 

 No Concerns/Problems 

NBS1: 
Biofilter, 

surface water 
treatment 

NBS2: 
Pocket 

park 

NBS3: Roof 
/ vertical 
garden - 
private 

buildings 

NBS4: Planting of 
trees & shrubs for 

shading bicycle 
and pedestrian 

walkways 

NBS5: Tree 
shading on 
car parks 

and 
buildings 

NBS6: 
Waterfront 
mobiliary 

(sunflower 
benches, etc.) 

NBS7: 
Environmental 

/ Cultural 
route/pathway 

NBS8: Vertical 
wall or/and roof 

garden - 
commercial 
properties 

NBS9: 
Green 

harbour 
elements 

3 
Access to cultural 

facilities No impact Direct No impact No impact No impact No impact Direct No impact No impact 

4 Crime/Safety No impact No impact No impact No impact No impact No impact Indirect No impact No impact 

5 Aesthetics Indirect Direct Direct Direct Direct Direct Direct Direct Direct 

6 Quality of experience Indirect Direct Direct Direct Direct Direct Direct Direct Direct 

Bu
sin

es
s 1 Property value Indirect Indirect Indirect Indirect No impact Indirect No impact No impact Indirect 

2 Unemployment Indirect No impact Indirect No impact No impact No impact No impact Indirect Indirect 

3 Business activity Indirect No impact No impact Indirect No impact Indirect Indirect Indirect Direct 

He
al

th
 &

 W
B 

1 
Chronic respiratory 

diseases Indirect Direct Direct Direct Direct Indirect Direct Direct Indirect 

2 
Cardiovascular 

diseases Indirect Direct Indirect Direct Indirect Indirect Direct Indirect Indirect 

3 Diabetes No impact Indirect No impact Indirect No impact No impact Indirect No impact No impact 

4 Obesity Indirect Direct Indirect Direct No impact No impact Direct No impact Indirect 

5 Depression Indirect Direct Direct Direct Direct Direct Direct Direct Direct 

6 Physical activity Indirect Direct Indirect Direct No impact Indirect Direct No impact Indirect 

7 
CDs - Alimentary 

Infections Direct No impact No impact No impact No impact No impact No impact No impact Indirect 

8 
CDs Diseases - Vector 

Borne Diseases Direct Direct Direct Direct Indirect No impact Indirect Direct Indirect 
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3.5.6 Evaluation of identified NBS 

Following the assessment of the expected impacts of all identified NBS interventions (9 NBS in total) for all 
defined euPOLIS Concerns (28 in total) by the WGs, all this information (included in Section 3.5.5) was 
entered into the online tool in the form of the NBS impact matrix shown in Figure 30. Before proceeding 
onto the final NBS assessment results for the case study according to the methodology described in Section 
3.4, the application ratio (implemented as a penalty function) was revised for all interventions to account 
for any constraints in the implementation of a specific NBS (e.g. technical, social, etc.). At the time of the 
analysis it was known according to communications with the City of Piraeus that the implementation of 
green roofs and vertical gardens in private buildings (NBS3) was considered challenging due to the 
reluctance of residents in accepting such modifications in their buildings. This social constraint was taken 
into account in the analysis by setting the specific application ratio equal to 0.9 (i.e. this is equivalent to 
applying a small penalty on the specific NBS). 
 
The final results of the NBS assessment are produced by the online tool in various forms. Figure 27 presents 
the NBS overall performance table which includes the score of each NBS under each Category, as well as 
the overall NBS score. The overall score for each NBS is also presented as a column chart (Figure 28). From 
these results, it can be inferred that the NBS with the highest score, i.e. the most effective intervention in 
addressing the site’s issues appears to be NBS2, the pocket park, in fact it has received quite a high score 
in almost all Categories (except the Business/Economy). This top scoring NBS is followed relatively closely 
by NBS4, the shaded pedestrian pathway and bicycle lane.  
 
To obtain a better overview of the effectiveness of each examined solution with respect also to its 
effectiveness in addressing any top priorities assigned for the particular site, the interventions along with 
their overall efficiency scores are also presented against the defined top priorities, as this can be seen in 
Figure 29. This type of overview is very useful in ensuring that the decision maker not only selects 
interventions with a high overall score, but also a group of solutions that addresses the top site priorities 
that have been identified through the urban planning process. Specifically, for the Akti Dilaveri case 
according to the analysis carried out the most effective solutions appear to be NBS2 and NBS4, as already 
mentioned. Each of these two NBS also addresses in a direct manner two top site priorities, Green space 
per inhabitant and Extreme Heat. The third best intervention in terms of overall efficiency score is NBS7, 
the environmental route/cultural pathway. However, the specific intervention does not address any of the 
top site concerns in a direct way. This was expected, as the potential location is located in an existing green 
area and therefore the impacts are not expected to be as large in comparison to other locations. As it can 
be observed, only two interventions, NBS1 (biofilter) and NBS9 (green harbour elements/living seawalls) 
address direct the third top site priority, the Water Quality Concern. Out of the two, NBS1 has the highest 
overall efficiency score. Even though NBS1 and NBS9 are different types of NBS interventions and affect 
quite different natural processes, i.e. the first has a positive impact on pollution prevention from urban 
runoff, whereas the second on water quality improvement through ecological restoration, both can have a 
positive impact on the improvement of the inland canal’s water quality. Especially if they are employed in 
conjunction with one another, they could have a combined effect in tackling the canal’s water pollution 
problem through different mechanisms. 
 
The performance of each examined NBS under each Category is also presented in the form of spider 
diagrams (Figure 31). The larger the area the spider diagram occupies the higher the efficiency of the 
relevant NBS. It is apparent from these diagrams that the most effective interventions are NBS2, NBS4, 
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NBS7 and NBS8, whereas the least effective one appears to be NBS6 (the bench). Finally one last type of 
diagram is presented, containing more detailed information, in which the performance of a particular NBS 
across each different Concern is shown. For the case of Akti Dilaveri some of the most effective in terms of 
high score or in addressing top site priorities are shown in Figure 32 - Figure 36. Some useful insights can 
also be drawn from these diagrams, for example it can be observed that NBS2 addresses the most Concerns, 
whereas NBS9 the least out of all presented NBS. Despite the overall performance of NBS9 it is one of the 
two solutions addressing the Canal’s water quality, a Concern that has been identified as a top site priority 
and needs to be taken into account in the NBS selection process. 
 

 
Figure 27 NBS Assessment: NBS score per Category and overall score (online tool) 

 
Figure 28 NBS Assessment: Overall score/Efficiency Index per examined NBS (online tool) 

 
Figure 29 NBS Assessment: Overall NBS score/Efficiency Index and site top priorities addressed (online tool) 
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Figure 30 NBS Assessment: Assessed NBS Impacts against Concerns following their input in the online tool 
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Figure 31 NBS Assessment: Spider diagrams on the NBS performance across euPOLIS Categories (online tool) 

NBS1 NBS2 

NBS3 NBS4 

NBS5 NBS6 

NBS7 NBS8 

NBS9 
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Figure 32 NBS Assessment: Performance of NBS1 across euPOLIS Concerns (online tool) 

 
 
 

 
Figure 33 NBS Assessment: Performance of NBS2 across euPOLIS Concerns (online tool) 

 
 
 

 
Figure 34 NBS Assessment: Performance of NBS4 across euPOLIS Concerns (online tool) 
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Figure 35 NBS Assessment: Performance of NBS8 across euPOLIS Concerns (online tool) 

 
 
 

 
Figure 36 NBS Assessment: Performance of NBS9 across euPOLIS Concerns (online tool) 
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3.6 Evaluation Indicators 

3.6.1 Overview 

An initial version of the euPOLIS EIs were developed to facilitate the evaluation of implemented NBS in WP4 
(D4.1) by euPOLIS WGs with the support of Task 8.1. In total 80 EIs were defined as suitable to assess 
different direct and indirect impacts NBS can have in terms of PH & WB and they fall into the five euPOLIS 
categories. EIs assess NBS performance and effectiveness by using the appropriate data that is collected by 
monitoring or can be calculated by modelling. The process of assessment of the multi-dimensional impact 
of the implemented NBS includes quantifying EIs prior and after the implementation of NBS and then 
comparing values at these two stages. How EIs are identified together with details on the main data sources 
used for their quantification is documented in D4.1 and D4.2, with the latter containing the description of 
the euPOLIS Livability model used for social impact assessment. The work carried out within Task 8.1 is a 
continuation and refinement of the overall methodology and framework development, which also includes 
the EIs selection methodology and pilot site tailor-made indicator list as described in the following sections. 

3.6.2 Consideration of gentrification risk 

There is vast evidence which focuses on the positive aspects of introducing NBS, introducing new and 
improving the quality of existing green (and blue) spaces in the city, eventually resulting in cities being 
healthier (i.e. Triguero-Mas et al., 2015), more livable (i.e. Wolch et al., 2014), and with more climate-
emergency resilient neighbourhoods (i.e. Bozovic et al., 2017). The effects to the local community may 
include increasing social cohesion (Jennings and Bamkole, 2019), civic engagement (Fisher, Svendsen, & 
Connolly, 2015), and a sense of place (Anguelovski, 2014; Teig et al., 2009), which are all considered as 
positive outcomes. However, increasing quality of open spaces inevitably brings increase in property prices 
(increasing attractiveness, increasing space multifunctionality, etc.) which attracts more affluential 
residents and in turn is a gentrification force that leads to physical, political, or cultural displacement of 
long-term residents of low family income (Anguelovski et al., 2022).  
 
Environmental, ecological or green gentrification i.e. process which occurs when environmentally based 
planning leads to exclusion and displacement of less affluential inhabitants, is definitely one of the very real 
potential risks related with the NBSs implementation, and as such is recognized by the euPOLIS project. 
Further, it is concluded that the gentrification process needs to be addressed with measures to decrease 
the negative effects (as suggested by Section 5.4 in D3.2) and monitored.  
 
However, it is acknowledged that there is no universal approach of quantifying gentrification risks, as the 
socio-economic matrix in which demo-site interventions are implemented in FR cities varies greatly and 
goes far beyond the local scale (it includes macroeconomic processes on the city level as well). Additionally, 
gentrification is a process happening on a timescale greater than the project duration, and some easily 
quantifiable indicators may be misleading (either showing very high or very low gentrification). It should be 
noted that the type of socio-economic data gathered in FR cities varies extensively in both time and space 
resolution (data either does not exist, is of small spatial resolution, or is old), as per D3.2, which also 
influences the success of providing quantified measures of the gentrification process (trends and risks).  
 
Nevertheless, the extent of gentrification risks introduced by the implemented NBS will be evaluated on 
the sites, as it was already recognised in a baseline overview in D3.2, that in most of the euPOLIS demo 
sites this risks are moderate to high: (1) high due to the scope and modernisation in around both sides in 
Belgrade, (2) high due to the attractiveness and central position for the site in Łódź, and (3) moderate in 
Mikrolimano and Akti Dilaveri due to potential changes in the business activity. In Ralleion school in Piraeus 
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and Gladsaxe, green gentrification is expected to be low: in the former due to the fact that upgrades in the 
school site are considered to have limited effects on the surrounding property prices, and in the latter due 
to it being a dedicated social housing site without any intent from the Municipality to change. The 
evaluation process will be based on the best available data, with qualitative measures tailored to the site 
and its users. It will be based on expert analysis of the broader area of the site and include the following as 
direct measures of gentrification: 

• percent of residents from a non-vulnerable ethnic group 
• percent of residents with a university degree or higher 
• percent of residents classified as having a professional occupation 
• percent of residents classified as having a high income 
• percent of residents not classified as being below the poverty level 
• percent of households paying above median value in rent 

and indirect measures through increased business activities, property rent rates, and property values.  

3.6.3 Selection methodology of Evaluation Indicators 

The process of selecting relevant EIs that need to be quantified for a demo-site where NBS interventions 
are planned to be implemented, depends on the evaluation goals. There are two groups of evaluation goals: 

 (A) evaluating how well an NBS is addressing the main site Concerns and  
 (B) evaluating a user predefined cluster of indicators. 

The first option (A) is a logical continuation of the process of NBS selection suited to address the identified 
main site concerns (see Section 3.4), which provides a quantifiable evaluation of the process. The second 
option (B) provides a more customised approach to selecting EIs, where the user can choose to evaluate all 
EIs that have a common tag representing an important aspect. Identified significant predefined clusters 
include “Sustainability”, “Circularity”, “Livability”, “Wellbeing”, and “Digital”, since all of them fall under 
euPOLIS project objectives. 
 
As described in D4.1, the euPOLIS indicators framework is tightly interrelated with the main planning 
system of euPOLIS – the GDPM, which on the other hand represents a systematic process of defining 
developers’ goals, identifying available resources, and ensuring full participation of relevant stakeholders. 
This is emphasised again, as the process of developing sets of Challenges and Themes (and Goals, Subgoals 
and Targets of GDPM), is an iterative one performed until participants are satisfied with the outcome. The 
inherent outcome of the process is that the developed EIs are closely related to Challenges and Themes, 
and through which EIs can be mapped to CIs. However, instead of mapping one set of indicators to the 
other, a more systematic process is developed, through which EIs are related to the main site Concerns in 
all the five euPOLIS categories (Table 16). In this way, EIs can be used to evaluate how well a site 
Concern/problem is addressed by the implemented NBS interventions (option A). 
 
The process of assigning EIs to a particular Concern, and vice-versa, is iterative, based on literature review, 
expert knowledge and already established connections between: (1) EIs and Challenges and Themes (D4.1), 
(2) main CIs with Challenges and Themes (Table 4) and (3) main CIs with Concerns (Table 4). The resulting 
connections between EIs and main site Concerns, are presented in Annex 7.3. The matrix in Annex 7.3 
indicates whether it is mandatory (x) or optional (o) to quantify a particular EI in order to evaluate how well 
a certain Concern is addressed by an implemented NBS intervention. 
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Table 16 euPOLIS Evaluation indicators (EIs) relations to Challenges & Themes and Concerns (Italic font = optional) 

Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 

En
vi

ro
nm

en
ta

l  

42 
Air Temperature 
Reduction / Air 

Cooling 

The cooling effect/air temperature 
reduction caused by an NBS due to an 
increase in evapotranspiration and/or 

shading. 

Climatic resilience/ UHI, 
Thermal comfort & Air 

Cooling 

C1, C22. C26 
C17, C21, C25 

Livability 

43 Universal Thermal 
Climate Index (UTCI) 

UTCI provides a human-based 
representation of the environment 

temperature. 

Climatic resilience/ UHI, 
Thermal comfort & Air 

Cooling 

C1, C22. C26 
C17, C21, C25 

Livability 

44 

Avoided or additional 
net energy 

consumption (or GHG 
emissions) 

The avoided or additional net energy 
consumption (or GHG emissions) due to 

NBS implementation 

Climatic Resilience / Energy 
Consumption/GHG emissions 

C1 
Sustainability 

45 Site Water Autonomy 
for NBS 

Percentage of locally sourced water 
(rainwater, recycled water, etc.) to cover 

the irrigation needs of the NBS 

Water Management / Water 
Availability & Consumption 
(Circular Economy / Water 

Reuse) 

C2 
C1 

Sustainability 
Circularity 

46 Potable water savings 
/ Water reuse 

(Potable) water savings due to NBS 
implementation 

Water Management / Water 
Availability & Consumption 
(Circular Economy / Water 

Reuse) 

C2 
C1 

Circularity 
Sustainability 

47 
(Additional) 
Wastewater 

Treatment Coverage 

Percentage of additional wastewater 
treatment accomplished by NBS 

Water Management / 
Sanitation/Wastewater 

Treatment 

C5 
C27 

48 
Wastewater (and 

stormwater) 
managed on site 

Percentage of on-site wastewater (and 
stormwater) managed locally instead of 

centrally 

Circular Economy / Water 
Reuse 

C5 
C27 

49 Flood risk factor (FRF) 
Decrease of probability and severity of 
flooding caused by implementation of 

NBS 

Water Management/ Runoff 
& Flooding / Urban Drainage 

C4 
C28 

Livability 

50 Runoff coefficient 
Ratio between the water volume drained 

from the NBS and the volume of 
precipitation 

Water Management / Urban 
Drainage C4 

51 Mitigation of the 
urban runoff peak 

Relative difference between the inflow 
peak (rainfall intensity peak multiplied by 

NBS area) and drained discharge peak. 

Water Management / Urban 
Drainage 

C4 
Sustainability 

52 Delay of the urban 
runoff peak 

Relative difference between the time 
when the inflow peak occurs and the 

time when discharge peak occurs 

Water Management / Urban 
Drainage C4 

53 Water quality - 
general 

WQI of freshwater streams, or 
compound index for stormwater. 

Water Management / Water 
Quality 

C3, C27, C28 
Livability 

Wellbeing, 
Digital 

54 Exposure to noise 
pollution 

Exposure to noise pollution is the 
proportion (%) of population exposed to 
noise levels (LDEN) above 55 dB, before 

and after NBS implementation. 

(environmental) Pollution / 
Noise pollution 

C22, C25 
Livability 

Wellbeing, 
Digital 

55 European Air Quality 
Index 

Concentrations values for up to five key 
pollutants determine the index level that 

reflects air quality at each monitoring 
station. The index corresponds to the 

poorest level for any of five pollutants. 

(environmental) Pollution / 
Air Quality 

C6, C21, C22, 
C26 
C25 

Wellbeing, 
Digital 
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Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 

56 Average NDVI values 

The NDVI is an indicator of greenness 
based on the land surface reflection of 
visible (red) and near-infrared parts of 

the spectrum. 

Access to ecosystem 
services/ Green space 

availability and/or 
accessibility 

C7 
C8, C22, C25 

Livability, 
Digital 

57 
Biologically active 
space (de-sealed 

area) 

A surface arranged in a manner providing 
natural plant vegetation and/or 

rainwater infiltration and retention and 
maintaining soil vitality. 

Access to ecosystem services C7, C28 
C8 

58 
Community level 

physiological profiling 
(CLPP) 

A rapid screening method used to 
characterize microbial communities of 

different habitats, ranging between 
sediments to seawater and between 
oligotrophic groundwater to soil and 

fertilizers 

Integrity (or Biodiversity 
loss/habitat fragmentation)/ 

Soil vitality 

C7 
C28 

Sustainability 

59 % of biomass reuse 
on site 

Re-use of biomass / nutrients / 
sediments obtained from the site as a 

side effect of its maintenance. 
Circular economy Circularity 

Sustainability 

60 

Plant & animal 
richness of selected 

native indicator 
species 

An overview of the species diversity, 
with distinctions able to be made across 
taxonomic groups if multiple groups can 

be covered. 

Integrity (or Biodiversity 
loss/habitat fragmentation)/ 

Soil vitality 

C7, C28 
C25 

Livability 
Wellbeing 

61 Changes in habitat 
quality 

Area covered by high quality habitats / 
total area of the site Circular economy 

C7 
C22, C25 
Livability 

62 Blue space availability 

Amount (%) of blue space (water 
elements such as ponds, basins, creeks, 
streams, lakes, wetlands...) within 1 km 

of the participant’s home 

Integrity (or Biodiversity 
loss/habitat fragmentation) / 

Species diversity 

C8 
C22, C25 
Livability 

63 Connectivity of urban 
green spaces 

Connectedness (structural and/or 
functional) of habitat patches for 

humans and other species 

Integrity (or Biodiversity 
loss/habitat fragmentation) / 

Habitat type creation and 
restoration 

C7, C8 
C10, C22, C25 

Livability 

64 Green space 
accessibility 

The ability to reach and access green 
spaces determined by the distribution of 

green spaces (walking distance to 
nearest green space (meters)) and 

easiness of their access 

Access to ecosystem 
services/ Green space 

availability and/or 
accessibility 

C8 
C10, C22, 
C25, C26 
Livability 

Wellbeing 

65 
Changes in Habitat 
Diversity (Habitat 

Unit diversity) 

Change in habitat area proportion 
evaluated with Shannon-Wiener diversity 

index 

Integrity (or Biodiversity 
loss/habitat fragmentation) / 

Habitat connectivity and 
reduced fragmentation 

C7 
Livability 

Ur
ba

n 
De

ve
lo

pm
en

t  66 Derelict land 
reclaimed for NBS 

Area of reclamation of derelict and/or 
contaminated land (brownfields) Multifunctionality; Safety 

C11, C16 
C15, C18 
Livability 

67 
Quantity of blue-

green space as ratio 
to built form 

Proportion of the area of blue-green 
spaces, including open space, public 

space, urban greenery, ponds and public 
park to the built area at the demo-site. 

Multifunctionality; BGS 
Planning Approach 

C8, C10, C11 
C6, C16, C25 

Livability 

68 

Perceived quality of 
urban green, blue 

and blue-green 
spaces 

This indicator reports perceptions of 
space quality of NBS - attractiveness of 

the area for a specific use. 

Multifunctionality; 
Accessibility; Safety; Identity; 

BGS Planning Approach; 
Density 

C8, C10, C11, 
C16 

C17, C25 
Livability 



               Report on the performance assessment metrics, framework & certification 
 

107 
 

Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 

69 Recreational value of 
green space 

This indicator represents a quantification 
of the number of demo-site users, 

visitors or recreational activities within 
an open, greenspace or blue-green space 

in order to evaluate an increase in 
recreational benefits as a result of NBS. 

Multifunctionality; 
Accessibility; Safety; Identity; 

BGS Planning Approach; 
Density 

C11 
C8, C10, C13, 

C17, C26 
Livability 

70 

Material used 
coherence (Amount 

of sustainable 
materials used for 

interventions within 
the demo-site) 

It assesses whether the construction 
materials used currently and after 

interventions are coherent or not with 
local climate conditions and natural 

materials and if they produce negative 
impacts on landscape perception. 

Multifunctionality; 
Accessibility; Safety; Identity; 

BGS Planning Approach; 

C11, C16 
C1 

Sustainability, 
Circularity 

71 

Multifunctionality 
and flexibility of 
functional use of 

open space 

It assesses whether the open spaces 
(public and private) at the demo-site 

have the flexibility of changing its 
functional use. 

Multifunctionality; 
Accessibility; Safety; Identity; 

BGS Planning Approach; 

C11 
C13, C14, 

C15, C16, C20 
Livability 

72 
Interaction between 
building's street level 

and open spaces 

It assesses whether the interaction 
between the buildings at the street level 

and open spaces of the demo-site 

Multifunctionality; 
Accessibility; Safety; Identity; 

C11 
C8, C9, C10, 

C17 

73 

Access to public 
amenities and ease of 

reaching (and 
interacting with) 
destinations or 

activities distributed 
in the proximity to 

the demo-site 

Share of population (% of people) with 
improved access to at least one type of 

public amenity within 500m. 

Multifunctionality; 
Accessibility; Safety; Identity; 

Demography 

C9, C13, C14 
C11, C17 
Livability 

74 Demo-site area 
devoted to roads 

Total proportion of a defined area of the 
demo site devoted to roadways for 
motorized vehicle use only (ratio or 

fraction) 

Multifunctionality; 
Accessibility; Safety; 

C9, C11 
C6, C17 

Livability 

75 
Demo-site area 

devoted to clean 
transport 

Total proportion of a defined urban area 
devoted to bike lines, or another clean 

vehicle use only (ratio or fraction) 

Multifunctionality; 
Accessibility; Safety; 

C9, C11 
C6, C17 

Sustainability, 
Livability 

76 

Sustainable urban 
(street) lighting 

(multifunctionality 
day and night) at the 

demo-site 

Presence of urban lighting elements at 
the demo-site Multifunctionality; Safety; 

C11 
C15, C17 
Livability 

77 Obstacles in the use 
of the open space  

Presence of obstacles in the use of the 
open spaces in the area of demo-sites 

Safety; Accessibility; 
Demography 

C9 
C16, C17 

78 
Urban furniture 

equipment at the 
demo site 

Presence of urban furniture and 
elements for protection from adverse 

sensations and from transport accidents 
Safety; Identity; Impact C11 

C16, C17 

79 

Preservation of 
cultural heritage and 
presence of unique 

spatial elements 

This indicator assesses the extent to 
which preservation of local cultural 
heritage is considered during NBS 

interventions on the demo-site 

Identity; Safety; Impact 

C11 
C14, C16, 
C17, C18 

Sustainability, 
Livability 

80 Scenic sites and 
landmarks created 

A scenic site or a landmark - viewpoint 
where it is possible to enjoy the view of 

Multifunctionality; 
Accessibility; Safety; Identity; 

Impact 

C11 
C14, C16, 
C17, C18 
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Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 
the area of demo-site or the area 

surrounding demo-site valued. 
Livability 

So
cia

l  

17 Perceived loneliness 

Loneliness, or social isolation, can be 
defined as disengagement from social 

ties, institutional connections, or 
community participation. 

Friendliness; Social Cohesion 
C12, C17, C25 

Livability, 
Wellbeing 

18 
Leisure Time 

Satisfaction Measure 
(LTS) 

The Leisure Time Satisfaction (LTS) can 
be defined as subjective assessment of 

the quality of leisure time (Francken and 
Van Raaij, 1981). 

Friendliness; Social Cohesion; 
Willingness to participate 

C12, C13, 
C14, C16, 
C17, C26 

C11, C22, C25 
Livability, 
Wellbeing 

19 
Perceived safety of 
the neighbourhood 

(feeling) 

Self-reported perceptions of 
neighbourhood/community crime and 

safety. 
Safety 

C15 
Livability 

Wellbeing 

20 
Perceived safety of 
the neighbourhood 

(experience) 

Self-reported experience of being a 
victim of a crime, traffic accident, or 

violence in the neighbourhood. 
Safety 

C15  
Livability, 
Wellbeing 

21 Friendliness  

Presence of different age, gender and 
minority groups, presence of people with 
disabilities, low-income and high-income 

users. 

Friendliness 

C12 
C9, C13, C17, 

C25 
Livability 

Wellbeing 

22 Walkability  Easiness of reaching the NBS place on 
foot, by bike or public transport Accessibility 

C9, C26 
C17 

Livability 

23 
Perceived quality of 

space and its 
maintenance  

Self-reported perception of maintenance 
of the space. Friendliness; Safety 

C16, C17 
C11 

Livability 

24 Place attachment 
The emotional, cognitive and 

behavioural bond that people develop 
with places 

Sense of place; Friendliness 

C17 
C12, C16, C25 

Livability 
Wellbeing 

25 

Perceived ownership 
of space and sense of 

belonging to the 
community 

The extent to which the NBS project has 
contributed to increasing consciousness 

of citizenship. 

Sense of place; Social 
Cohesion 

C12, C17 
C25 

Livability 
Wellbeing 

26 Collective efficacy 

Grounded in mutual trust, describes 
community’s ability to create change and 

exercise informal social control (i.e., 
influence behaviour through social 

norms). 

Social Cohesion 
C12 

Sustainability, 
Wellbeing 

27 Community social 
cohesion 

Refers to the strength of relationships 
and the sense of solidarity among 

members of a community – the sense of 
collective commitment to carry ‘costs’ 

(financial, social, emotional, or 
otherwise) to assist others. 

Sense of place; Safety 

C12 
C25 

Sustainability, 
Wellbeing 

28 
Involvement of 

citizens in 
participatory process 

The proportion of residents involved in 
the public participation processes in a 

given municipality per 100 000 residents 
per year. 

Willingness to participate; 
Activation in participatory 

process 

C12 
Sustainability, 

Wellbeing 
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Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 

29 
Diversity of 

stakeholders involved 
in the project 

The indicator is defined in terms of the 
mix of stakeholders involved in a co-

production process, based on the 
backgrounds and sectoral logics. 

Willingness to participate; 
Activation in participatory 

process 

C12 
Sustainability, 

Wellbeing 

30 

Involvement of 
citizens from 

traditionally excluded 
groups 

The extent to which the NBS project has 
led to increased participation by groups 

of people who are typically not well 
represented in society. 

Willingness to participate; 
Activation in participatory 

process 

C12 
Sustainability, 

Wellbeing 

31 
Trust in the decision-
making procedures 

and decision-makers 

The political trust comprises evaluations 
of the trustworthiness of governmental 
decision-making and decision-makers, 
based on three dimensions: perceived 

competence, benevolence, and integrity. 

Strengthening local 
community ties; Friendliness 

C12 
Sustainability, 

Wellbeing 

32 Sustainability 
consciousness 

Environmental awareness based on 
three dimensions: knowingness 

(information and knowledge), attitudes 
(personal attitudes), and behaviour (pro-

environmental behaviour). 

Environmental awareness Sustainability, 
Wellbeing 

Bu
sin

es
s 

33 Number of new jobs 

The number of new jobs created at the 
demonstration site (e.g. in site 

maintenance, security, businesses 
operating at the demonstration site) 

after the NBS implementation 

Site related business 
initiatives - opportunities for 

businesses 

C19, C20 
C25 

Wellbeing 

34 

Percentage of new 
jobs addressing 

unprivileged social 
groups 

Percentage of new jobs created at the 
demonstration site after the NBS 

implementation that address 
unprivileged social groups 

Site related business 
initiatives - opportunities for 

businesses 

C19, C20 
C25 

Wellbeing 

35 

Change in the 
residential / business 
property sale prices 
in the proximity of 
the demonstration 

site 

The percentage change in the residential 
property sale prices in the proximity of 
the demonstration site. The percentage 

change in the business property sale 
prices in the proximity of the 

demonstration site 

Comprehensive positive 
impact from business activity 

on neighborhood; NBS's 
which contribute to the 
increased neighborhood 

value - surrounding property 
value 

C18 
C16 

Wellbeing 

36 

Number of new 
businesses 

established in 
proximity to 

demonstration site 

The number of new businesses created 
around the demonstration site 

Site related business 
initiatives - opportunities for 
businesses; Comprehensive 

positive impact from 
business on neighbourhood 

C19, C20 
C11, C18, C25 

Wellbeing 

37 

Change in the 
number of visitors at 
the demonstration 

site 

The percentage change in the number of 
visitors at the demonstration site 

Creation of the livable and 
vibrant urban spaces 

conducive to business 
activation; Comprehensive 

positive impact from 
business activity on 

neighbourhood 

C20 
C11, C12, 
C17, C18 

38 
Value of food / plants 

produced at the 
demonstration site 

Indicator of demo site urban agriculture 
potential impact on local economy 

Comprehensive positive 
impact from business activity 

on neighbourhood; NBS's 
which contribute to the 

increased neighbourhood 
value - surrounding property 

value 

C20 
Sustainability, 

Circularity 
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Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 

39 
Private financing 
attracted to the 

demonstration site 

Private financing available either on 
demo site or on any other city site 

Site related business 
initiatives - opportunities for 

businesses; City providing 
financial support to private 
start-ups and NBS-related 

businesses (primarily those 
enhancing WB) 

C20 
C19 

40 
Annual maintenance 
savings from biomass 

reusage 

Evaluation on city savings from biomass 
recycling Circular Economy (E) Sustainability 

Circularity 

41 

Annual maintenance 
savings from 

rainwater harvesting 
and / or grey water 

treatment and 
reusage 

Evaluation of capital and running costs 
savings produced by rainwater 

harvesting and grey water recycling 
Circular Economy (E) Sustainability 

Circularity 

Pu
bl

ic 
He

al
th

 &
 W

el
lb

ei
ng

 

1 

Physiological 
Indicators for physical 

activities 
1a Physical Activity; 

1b Heartrate; 1c 
Blood Oxygen 

Saturation; 1d Sleep 
quality; 1e Stress 

levels 

Physiological measurement involves the 
direct or indirect observation of variables 
attributable to normative functioning of 

system and subsystems in the human 
body. 

Physical activity, Risks for 
Respiratory Diseases, Risks 
for Cardiovascular diseases, 

Diabetes type 2, Obesity 

C21, C22, 
C23, C24, C26 

C25 
Wellbeing, 

Digital 

2 Emotional events 

Significant emotional events that a user 
experience: the type (e.g. happy/sad), 
the duration, time and intensity of the 
event as well as the intensity and what 

triggered the user to experience such an 
event. 

Mental health 

C25 
C17 

Wellbeing, 
Digital 

3 Level of outdoor 
physical activity 

Outdoor Physical activity as self-reported 
participation in organized or unorganized 
sport or exercise, outdoors, at least once 

a week. 

Physical activity 

C21, C22, 
C23, C24, 
C25, C26 

Wellbeing 

4 Level of depression, 
anxiety and stress 

Measure of the negative emotional 
states of depression, anxiety and stress. Mental health 

C25 
C19 

Wellbeing 

5 Visual access to green 
space 

Self-reported amount of green space in 
the view from windows at home and the 

frequency of looking at the view. 
Mental health 

C25 
C9, C10, C21, 

C22 

6 Prevalence of allergic 
respiratory diseases 

Prevalence is a measure of the burden of 
allergic respiratory diseases in a 

population in a given location and at a 
particular time, as represented in a count 

of the number of people affected. 

Risk for Respiratory Diseases C21 

7 

Prevalence of 
smoking and 
prevalence of 
exposure to 

secondhand smoke 

Prevalence is a measure of the burden of 
smoking in a population in a given 

location and at a particular time, as 
represented in a count of the number of 

people affected 

Risk for Respiratory Diseases C21 
C22, C25, C26 

8 Prevalence of 
hypertension 

Prevalence is a measure of the burden of 
hypertension in a population in a given 

location and at a particular time, as 

Risks for Cardiovascular 
diseases, Diabetes type 2, 

Obesity 

C22 
C26 
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Category D4.1 
Code EI name Definition Related euPOLIS Challenges 

or Themes 

Related 
Concerns & 

Add-ons 
represented in a count of the number of 

people affected. 

9 Prevalence of 
diabetes 

Prevalence is a measure of the burden of 
diabetes in a population in a given 

location and at a particular time, as 
represented in a count of the number of 

people affected. 

Risks for Cardiovascular 
diseases, Diabetes type 2, 

Obesity 

C23 
C26 

10 Prevalence of obesity 

Prevalence is a measure of the burden of 
obesity in a population in a given 

location and at a particular time, as 
represented in a count of the number of 

people affected 

Risks for Cardiovascular 
diseases, Diabetes type 2, 

Obesity 

C24 
C22, C23, C26 

11 Prevalence of 
arrhythmias 

Prevalence is a measure of the burden of 
arrhythmias in a population in a given 

location and at a particular time, as 
represented in a count of the number of 

people affected. 

Risks for Cardiovascular 
diseases, Diabetes type 2, 

Obesity 

C22 
C26 

12 Quality of life 

QoL refers to a person’s cognitive 
assessment of their overall standard of 
living, or their ‘personal assessment of 

life satisfaction 

Wellbeing 
C19, C24, 
C25, C26 

Wellbeing 

13 Healthy lifestyle 
Extent to which the NBS project and 

associated activities serve to promote a 
healthy lifestyle among local residents 

Wellbeing 

C21, C22, 
C23, C24, 
C25, C26 

Wellbeing 

14 Satisfaction with Life 
(SWL) 

Life satisfaction (Diener, Emmons, 
Larsen, & Griffin, 1985) is a cognitive, 

judgmental process based on a 
comparison of one’s current state of 

affair with a standard that each 
individual sets for him or herself (i.e., not 

externally imposed). 

Wellbeing 
C25 
C19 

Wellbeing 

15 
Health Related 
Quality of Life 

(HRQoL) 

HRQoL refers to the cognitive appraisal 
which a respondent makes about the 

impact their health has on their daily life 
(Yin 2016). 

Wellbeing 

C21, C22, 
C23, C24, 
C25, C26 

Wellbeing 

16 Connectedness to 
nature 

Sense of connectedness and oneness to 
nature. 

Wellbeing; Environmental 
awareness (S) 

C10, C22, 
C25, C26 

Wellbeing 
Livability 
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The process of selecting EIs that can provide a quantification on how well the implemented NBS address 
the main site Concerns has the following three steps: 
 

 
Step 1 complete with results is presented in the matrix included in Annex 7.3. However, if new EIs are 
introduced (e.g. local tailor-made through participatory processes) then it is necessary to establish their 
relations to the main site Concerns (or if new site Concerns are identified, it is necessary to find their 
relations with EIs).  
 
Table 17 Monitoring decision matrix based on the expected NBS impact and site concern evaluation with the 
prioritisation rank in brackets () 

 NBS impact 
Site concern evaluation Direct impact Indirect impact No impact 

High priority Yes (1) Yes (3) No 
Moderate priority Yes (2) Yes (4) No 

Low priority Optional (5) Optional (6) No 
Not a problem Not necessary Not necessary No 

 
 
The monitoring prioritisation rank (Step 2) presented in Table 17 is following a simple logic of NBS impacts 
and Concern priorities: (1) direct > indirect impact and (2) high > moderate > low priority. Concerns which 
are not a problem are not considered as necessary for monitoring, and if an NBS has no impact, it makes 
no sense to monitor it in that respect.  
 
Step 3 requires deciding whether a certain EI is to be monitored based on its relations to multiple Concerns, 
which, on the other hand, may present different priorities for a particular demo-site. The logic for deciding 
(Table 18) is the following: (1) mandatory > optional and (2) highest rank wins. The logic of Step 3 translates 
into checking the following for each EI:  

(1) is it mandatory for any of the concerns?  

(2) if YES, then the results is X (it is mandatory) and the rank is corresponding to the highest ranked 
Concern for which it is mandatory e.g. X(2) for EI_3 (Table 18) means that it is mandatory to monitor 
if it is decided to monitor NBS with direct impact on a moderate priority Concern (DIRECT and 
MODERATE PRIORITY are derived from Table 17).  

(3) if NO, is it optional for any of the concerns? 

(4) If YES (optional), then the result is O (it is optional) and the rank is corresponding to the 
highest ranked concern.  

(5) if NO (neither mandatory nor optional), then the EI is not considered for monitoring.  

Step 1
•Establishing relationship between EIs and main site Concerns
•Relationship matrix in Annex 7.3 can be used

Step 2
•Identifying the monitoring prioritisation rank based on site Concern priority and expected NBS impact on it 
•Use the monitoring decision support matrix (Table 17)

Step 3
•Apply decision rules to determine whether an EI is X mandatory or O optional and its prioritisation rank
•Use decision rules example (Table 18)
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Table 18 Decision rules on selecting EIs based on their relationship with Concerns (mandatory/optional) and monitoring 
prioritisation rank from Table 17 with an example 

 
 
The second option (B) of selecting EIs is quite straightforward: a user just decides on a predefined cluster 
of indicators which is grouped with relations to a certain “Add-on”, which provides a list of EIs. It should be 
noted that evaluating “Livability”, “Wellbeing”, “Sustainability”, etc. is not site (nor NBS) specific, but an 
identical group of EIs that is evaluated for all sites according to the project/analysis objectives.  
 

3.6.4 Methodology Application in Akti Dilaveri 

To demonstrate the applicability of the proposed methodology for the selection of EIs, this section presents 
its application in one the euPOLIS sites in Piraeus – Akti Dilaveri and is a continuation of the site screening, 
preliminary NBS impact assessment and evaluation of identified NBS (Section 3.5).  
 
The assumption has been made that a total of five NBS are selected which have the most effectiveness for 
the specific site: NBS1: biofilter, NBS2: pocket park, NBS4: planting of trees and shrubs for shading bicycle 
and pedestrian walkways, NBS8: vertical walls or/and roof garden, and NBS9: green harbour elements. The 
aforementioned NBS are shown in Table 20 together with decision results on the necessity for monitoring 
according to how well they (NBS) are addressing the site-specific Concerns. The decision result is obtained 
from the methodology presented in Section 3.6.3, i.e. using the decision matrix from Table 18 with the 
expected impacts each NBS will have on the prioritised Concerns (Table 19). Once Table 20 results are 
applied to the relationship matrix in Annex 7.3 together with Step 3 (Section 3.6.3), the EIs get ranked 
according to the necessity for monitoring as shown in Table 21. The results of selecting EIs for NBS1, NBS2, 
NBS4, NBS8 and NBS9 are shown in Annex 7.3. 
 
 

C1 C2 C3 C4 C5 C6 C7 C8
rank (1) (2) (3) (4) (1) (2) (3) (4) Result
EI_1 x o o x X(1) NBS with direct impact on a high priority concern - indicator(s) mandatory
EI_2 o o o o o O(1) NBS with direct impact on a high priority concern - indicator(s) optional
EI_3 x o x X(2) NBS with direct impact on a moderate priority concern - indicator(s) mandatory
EI_4 x x x X(2) NBS with direct impact on a moderate priority concern - indicator(s) mandatory
EI_5 o o o x X(4) NBS with indirect impact on a moderate priority concern - indicator(s) mandatory

Concerns

Rule 1
Rule 2 Highest rank wins

Mandatory (x) > Optional (o)

Ev
al

ua
tio

n 
in

di
ca

to
rs
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Table 19 Akti Dilaveri potential NBS with their expected impact on site concerns and concern priority 

 

No Concerns/Problems Priority
NBS1: Biofilter, surface 

water treatment NBS2: Pocket park

NBS4: Planting of trees & 
shrubs for shading bicycle 
and pedestrian walkways

NBS8: Vertical wall or/and 
roof garden incl. greywater 

recycling - commercial 
properties

NBS9: Green 
harbor elements

C1 Extreme Heat High  Indirect Direct Direct Direct No impact

C2 Water scarcity High  Indirect Indirect Indirect Direct No impact

C3 Water quality High Direct Indirect Indirect Indirect Direct

C4 Flooding High Direct Direct Direct Direct No impact

C5 Wastewater treatment Low No impact No impact No impact No impact No impact

C6 Air quality High Indirect Direct Direct Direct No impact

C7 Biodiversity High Direct Direct Direct Direct Direct

C8 Share of green areas High Direct Direct Direct Direct No impact

C9 Accessibility High Indirect Direct Direct Indirect Indirect

C10 Green space per inhabitant High Direct Direct Direct No impact No impact

C11 Multifunctionality Moderate Direct Direct No impact Direct Direct

C12 Community engagement High No impact Direct No impact No impact No impact

C13 Access to sport facilities High No impact Direct Indirect No impact No impact

C14 Access to cultural facilities High No impact Direct No impact No impact No impact

C15 Crime/Safety Low No impact No impact No impact No impact No impact

C16 Aesthetics High Indirect Direct Direct Direct Direct

C17 Quality of experience High Indirect Direct Direct Direct Direct

C18 Property value Moderate Indirect Indirect Indirect No impact Indirect

C19 Unemployment High Indirect No impact No impact Indirect Indirect

C20 Business activity Moderate Indirect No impact Indirect Indirect Direct

C21
Chronic respiratory 

diseases High Indirect Direct Direct Direct Indirect

C22 Cardiovascular diseases High Indirect Direct Direct Indirect Indirect

C23 Diabetes High No impact Indirect Indirect No impact No impact

C24 Obesity High Indirect Direct Direct No impact Indirect

C25 Depression High Indirect Direct Direct Direct Direct

C26 Physical activity High Indirect Direct Direct No impact Indirect

C27
Communicable Diseases - 

Alimentary Infections Moderate Direct No impact No impact No impact Indirect

C28
Communicable Diseases - 

Vector Borne Diseases Moderate Direct Direct Direct Direct Indirect
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Table 20 Akti Dilaveri case: potential NBS, concern priority, and concern monitoring result for each potential NBS 

 
 
 
  

No Concerns/Problems Priority
NBS1: Biofilter, surface 

water treatment NBS2: Pocket park

NBS4: Planting of trees & 
shrubs for shading bicycle 
and pedestrian walkways

NBS8: Vertical wall or/and 
roof garden incl. greywater 

recycling - commercial 
properties

NBS9: Green 
harbor elements

C1 Extreme Heat High  Yes(3) Yes(1) Yes(1) Yes(1) No

C2 Water scarcity High  Yes(3) Yes(3) Yes(3) Yes(1) No

C3 Water quality High Yes(1) Yes(3) Yes(3) Yes(3) Yes(1)

C4 Flooding High Yes(1) Yes(1) Yes(1) Yes(1) No

C5 Wastewater treatment Low Not necessary Not necessary Not necessary Not necessary Not necessary

C6 Air quality High Yes(3) Yes(1) Yes(1) Yes(1) No

C7 Biodiversity High Yes(1) Yes(1) Yes(1) Yes(1) Yes(1)

C8 Share of green areas High Yes(1) Yes(1) Yes(1) Yes(1) No

C9 Accessibility High Yes(3) Yes(1) Yes(1) Yes(3) Yes(3)

C10 Green space per inhabitant High Yes(1) Yes(1) Yes(1) No No

C11 Multifunctionality Moderate Yes(2) Yes(2) No Yes(2) Yes(2)

C12 Community engagement High No Yes(1) No No No

C13 Access to sport facilities High No Yes(1) Yes(3) No No

C14 Access to cultural facilities High No Yes(1) No No No

C15 Crime/Safety Low Not necessary Not necessary Not necessary Not necessary Not necessary

C16 Aesthetics High Yes(3) Yes(1) Yes(1) Yes(1) Yes(1)

C17 Quality of experience High Yes(3) Yes(1) Yes(1) Yes(1) Yes(1)

C18 Property value Moderate Yes(4) Yes(4) Yes(4) No Yes(4)

C19 Unemployment High Yes(3) No No Yes(3) Yes(3)

C20 Business activity Moderate Yes(4) No Yes(4) Yes(4) Yes(2)

C21
Chronic respiratory 

diseases High Yes(3) Yes(1) Yes(1) Yes(1) Yes(3)

C22 Cardiovascular diseases High Yes(3) Yes(1) Yes(1) Yes(3) Yes(3)

C23 Diabetes High No Yes(3) Yes(3) No No

C24 Obesity High Yes(3) Yes(1) Yes(1) No Yes(3)

C25 Depression High Yes(3) Yes(1) Yes(1) Yes(1) Yes(1)

C26 Physical activity High Yes(3) Yes(1) Yes(1) No Yes(3)

C27
Communicable Diseases - 

Alimentary Infections Moderate Yes(2) No No No Yes(4)

C28
Communicable Diseases - 

Vector Borne Diseases Moderate Yes(2) Yes(2) Yes(2) Yes(2) Yes(4)
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Table 21 Evaluation indicators that need to be monitored at Akti Dilaveri with ranking 

X(1): NBS has a direct impact on a high priority Concern – indicator(s) that are mandatory 
Flood risk factor (FRF), Runoff coefficient, Mitigation of the urban runoff peak, Delay of the urban runoff peak, Water quality 
– general, Average NDVI values, Biologically active space (de-sealed area), Community level physiological profiling (CLPP), Plant 
& animal richness of selected native indicator species, Changes in habitat quality, Blue space availability, Connectivity of urban 
green spaces, Green space accessibility, Changes in Habitat Diversity (Habitat Unit diversity), Quantity of blue-green space as 
ratio to built form, Perceived quality of urban green, blue and blue-green spaces, Recreational value of green space 
O(1): NBS has a direct impact on a high priority Concern – indicator(s) that are optional 
Connectedness to nature 
X(2): NBS has a direct impact on a moderate priority Concern – indicator(s) that are mandatory 
Derelict land reclaimed for NBS, Material used coherence (Amount of sustainable materials used for interventions within the 
demo-site), Multifunctionality and flexibility of functional use of open space, Interaction between building's street level and 
open spaces, Demo-site area devoted to roads, Demo-site area devoted to clean transport, Sustainable urban (street) lighting 
(multifunctionality day and night) at the demo-site, Urban furniture equipment at the demo site, Preservation of cultural 
heritage and presence of unique spatial elements, Scenic sites and landmarks created 
O(2): NBS has a direct impact on a moderate priority Concern – indicator(s) that are optional 
(Additional) Wastewater Treatment Coverage, Wastewater (and stormwater) managed on site 
X(3): NBS has an indirect impact on a high priority Concern – indicator(s) that are mandatory 
Air Temperature Reduction / Air Cooling, Universal Thermal Climate Index (UTCI), Avoided or additional net energy 
consumption (or GHG emissions), Site Water Autonomy for NBS, Potable water savings / Water reuse, Exposure to noise 
pollution, European Air Quality Index, Access to public amenities and ease of reaching (and interacting with) destinations or 
activities distributed in the proximity to the demo-site, Obstacles in the use of the open space, Leisure Time Satisfaction 
Measure (LTS), Walkability, Perceived quality of space and its maintenance, Place attachment, Perceived ownership of space 
and sense of belonging to the community, Number of new jobs, Percentage of new jobs addressing unprivileged social groups, 
Number of new businesses established in proximity to demonstration site, Physiological Indicators for physical activities (1a 
Physical Activity; 1b Heartrate; 1c Blood Oxygen Saturation; 1d Sleep quality; 1e Stress levels), Emotional events, Level of 
outdoor physical activity, Level of depression, anxiety and stress, Visual access to green space, Prevalence of allergic 
respiratory diseases, Prevalence of smoking and prevalence of exposure to secondhand smoke, Prevalence of hypertension, 
Prevalence of obesity, Prevalence of arrhythmias, Healthy lifestyle, Satisfaction with Life (SWL), Health Related Quality of Life 
(HRQoL) 
O(3): NBS has an indirect impact on a high priority Concern – indicator(s) that are optional  
Perceived loneliness, Friendliness, Community social cohesion, Annual maintenance savings from rainwater harvesting and / 
or grey water treatment and reusage, Prevalence of diabetes 
X(4): NBS has an indirect impact on a moderate priority Concern – indicator(s) that are mandatory 
Change in the residential / business property sale prices in the proximity of the demonstration site, Change in the number of 
visitors at the demonstration site, Value of food / plants produced at the demonstration site, Private financing attracted to 
the demonstration site 
O(4): NBS has an indirect impact on a moderate priority Concern – indicator(s) that are optional 
None 

 

3.6.5 Other topics & Future work 

The list of EIs developed so far in the project (D4.1) is seen as a living document that will be updated and 
customised based on stakeholders’ interests and requirements. A whole new group of socio-cultural EIs is 
expected to be developed on a very local scale and tailor-made to community’s needs as part of the 
participatory processes described in D4.3, including the activities of Eco-Edu Hubs, even after the 
implementation of NBS interventions at the sites. However, the developed methodology presented in this 
document is robust enough that it is expected that the new EIs can easily be incorporate.  
 
The work that commenced here related to EI mapping under the so-called “Add-ons” category, which 
includes Sustainability, Circularity, Livability and Wellbeing, will be further enriched to include more 
clusters, such as Health, Recreation, Urban water cycle, or some other type which deems important to the 
stakeholders and decision makers.  
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Clustering of different types of indicators, especially the ones which come from different categories, or 
have different units, requires their normalisation in a similar manner to the normalisation and scoring of 
CIs described in detail in Section 3.2.3. Normalisation guidelines will be included in the following 
deliverables of WP8 (presumably D8.2) and will come as a result of the development of the methods and 
algorithms (encapsulated into analytics) that will allow for the calculation of the indicators of T8.1 from the 
data collected or computed. Visualisation of clustered and normalised indicator groups will be done with 
the use of spider diagrams, similar to Figure 31 of the preliminary NBS impact assessment and to Figure 37 
from the analysis carried out in D5.6 that estimated EIs related to urban water through model simulations. 
 

 
Figure 37 Example of a spider diagram with EIs related to urban water from D5.6 
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4 Overall euPOLIS NBS Assessment Framework 

Figure 38 shows the overall euPOLIS NBS Assessment Framework and how this has been conceptualised in 
different analysis stages. This framework has started being implemented across the different euPOLIS WPs 
and will continue to do so throughout the duration of the project. 
 
The Site Screening through the estimation of main CIs and Concerns for severity assessment (Step 1) 
together with the preliminary NBS impact assessment to obtain an initial scoring and ranking of effective 
NBS (Step 2) are the main two pillars of the developed NBS Preliminary Selection Methodology/Tool and 
are explained in detail in Sections 3.2, 3.3 and 3.4. The initial identification of possible (NBS Step 2) is carried 
out through the urban planning process, the GDPM methodology, described in detail in WP6. The in-depth 
evaluation and selection of NBS interventions (Step 4) is performed and explained in WP6 and WP7, in some 
cases using tools described in WP5. The methodology regarding the selection of EIs (Step 5) is explained in 
detail in Section 3.6 and will be carried out in WP7 and the subsequent tasks of WP8. Finally, the NBS 
Deployment and Monitoring (Step 6) and the NBS Performance Evaluation (Step 7) are going to be carried 
out in WP7 and WP8. 
 
 

 
Figure 38 Conceptualisation of the euPOLIS NBS Assessment Framework 
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5 Conclusions 

The present deliverable report presents the overall euPOLIS Assessment Framework that will provide the 
structure for facilitating the evaluation of the implemented NBS in euPOLIS pilots. Since the euPOLIS 
evaluation framework is related to work spanning across many different WPs and project stages the analysis 
carried out within Task 8.1 attempted to provide an overall structure and methodological framework that 
identifies and describes the interconnections between the different WPs and the tasks that have been or 
need to be carried out within each WP/Task. This framework provides the methodological foundation upon 
which all the activities related to the evaluation of the euPOLIS solutions can be based on. In addition, and 
indeed beyond the planned task aims, the work carried out within this task also provides the overall 
methodology for pilot site screening, needs assessment, NBS and evaluation indicator selection, 
complementing other activities, procedures, and tools within euPOLIS, i.e. proposing thus an integrated 
assessment methodology supporting NBS analysis and deployment in a structure manner from start to 
finish. 
 
Within this context as part of Task 8.1 an innovative, yet simple, methodological framework has been 
developed for providing a quick assessment of candidate NBS interventions at a specific site through a 
preliminary multi-dimensional impact analysis based on a standardised site screening process using readily 
available data. A major benefit of the methodology is that it provides a quantifiable analysis, i.e. it is not 
based solely on subjective criteria and best practices, complementing and augmenting therefore the 
implementation of other important urban planning practices and tools. As a result, it is considered that it 
provides a useful decision support methodology and tool for the preliminary site-specific selection of 
effective NBS, through intervention scoring and ranking, prior to any in-depth analysis and modelling that 
might be carried out for the final selection and NBS design.  
 
The methodology was applied successfully as a proof of concept to one euPOLIS pilot site, Akti Dilaveri in 
Piraeus, and important conclusions were deducted. It is expected that this methodology will be applied in 
most euPOLIS pilot sites within subsequent work (presumably as part of WP7). Within T8.1 the 
aforementioned methodology has also been developed as an online tool, which will become available to 
urban planning practitioners, city representatives and other relevant stakeholders to assist them with the 
NBS planning framework. This is a first version of the decision support tool and potential improvements, as 
well as further aspects of interest could be incorporated in the future, according also to stakeholder 
comments and project needs that might arise during its implementation to other pilots. 
 
Furthermore, a comprehensive EI selection methodology was developed that will inform the design of 
effective impact evaluation systems and eventually facilitate the assessment of the multi-dimensional 
impacts of the deployed NBS, as well as the evaluation of resulting co-benefits and other significant aspects 
related to PH & WB. This methodology comprises a systematic process with which EIs are connected to Site 
Concerns (also closely related to Challenges and Themes) which are used initially for the identification of 
appropriate NBS that mitigate the corresponding issues. Therefore the connecting link between the two 
methodologies developed within Task 8.1 are the site Concerns and to demonstrate this integrated 
approach the EI selection methodology was also applied on the same selected case study building upon the 
results of the NBS Preliminary Selection Tool. 
 
The overall euPOLIS Assessment Framework and its individual components are going to be thoroughly 
tested during the staged implementation in the euPOLIS pilots, particularly within Tasks 8.2 and 8.3, during 
which important insights and additional needs are expected to arise leading to its further development. 
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7.1 Annex 1: Threshold definition for selected Concerns/CIs 

A. Concerns related to Urban Green Areas (C8 & C9) 

Use the indicator “Green Space per inhabitant” referring to the public urban green areas per inhabitant in 
the Urban Development CIs, which is more focused on the availability of green spaces for residents. On the 
other hand, for the Environmental CIs use the indicator “Share of Green Areas” that accounts for all green 
areas regardless of their state (public or private) as a percentage of the entire urban area, as this indicator 
focus more on purely environmental aspects. 
 
It should be highlighted that even though the share of all green areas is, on average, quite high within 
Europe, almost reaching 40%, when only publicly available green spaces are taken into account this figure 
dramatically drops to 2.45% (Maes et al., 2019). This is a very important observation which shows the 
importance of including both indicators, i.e. the more generic one on the provision of ecosystem services 
(“Share of Green Areas”) and the more targeted one that accounts solely for the publicly available green 
spaces (“Green Space per inhabitant”) that also addresses social and residents’ well-being aspects. 
 
Green Space per inhabitant (U2) 
Appropriate thresholds for the classification of this indicator have been set according to the classification 
provided by the European Environment Agency map (EEA, 2020) shown below and also included in an EEA 
report on urban adaptation to climate change (EEA, 2020b): 

- <10 m2/cap – Low 
- 10-20 m2/cap – Moderate 
- 20-50 m2/cap – High 
- >50 m2/cap – Not a problem 

 
Suggested thresholds for the current analysis: 
10, 20, 50 m2/cap 
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Share of Green Areas (E16) 
Appropriate thresholds for the classification of this indicator have been set according to the classification 
provided by the European Environment Agency map (EEA, 2017) shown below, as well as in the JRC 
technical report (Maes et al., 2019): 

- <20% Low  (or <25%) 
- 20-40% Moderate  (or 25-40%) 
- 40-60% High (or 40-55%) 
- >60% Not a problem (or >55%) 

 
Suggested thresholds for the current analysis: 
20, 40, 60% 
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Blue Green Areas 
Thresholds of % of Green Blue areas per city according to Map 2.5 in EEA (2012). 

- >= 40% 
- 30-39% 
- 20-29% 
- <20% 

 
 
B. Extreme Heat Concern (C1) 

Heatwaves and extreme heat can have adverse effects on health and well-being, in some cases leading to 
increased mortality. In fact, out 87% of the fatalities caused by climate- and weather-related events in 33 
EEA countries within the period 1980-2016 were associated with heatwave events (EEA, 2018). 
 
Three components are taken into account for the Extreme Heat Concern in order to estimate the associated 
risk. In the case that Risk Assessment for extreme heat is already available (in the form of risk maps/analysis) 
then these results can be used directly. Otherwise, it can be estimated through the three following sub-
components/sub-indicators: 

1. Occurrence of extreme heat (Hazard), as indicated by the number of combined tropical nights (> 20 
°C) and hot days (> 30 °C) 

2. Exposure to extreme heat, indicated by the population density in the urban area 
3. Vulnerability to extreme heat, indicated by the % of various vulnerable social groups and other 

factors 
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1. Number of combined tropical nights (> 20 °C) and hot days (> 30 °C) (Occurrence/Hazard) (E1) 

This indicator based on meteorological data is widely used to estimate the occurrence of extreme heat / 
heatwaves as this combination increases the risk of heat stress especially for older people (EEA, 2018). 
Appropriate thresholds for the classification of this indicator have been set according to the work presented 
in EEA’s report Map 3.6 (EEA, 2018), Fischer and Schär (2010) and EEA (2012).  
 
Suggested thresholds for the current analysis: 1, 10, 30 days/year 
 

 
 
 

2. Population Density (Exposure) (U12) 

The negative impacts of heat stress are more prevalent in densely populated areas, such as increase in 
mortality, as the UHI phenomenon is more intense (EEA, 2018). Population density can be used as a metric 
to estimate the magnitude of exposure to heat stress.  
 
Appropriate thresholds for the classification of this indicator have been set according to the thresholds 
used in Map 2.5 in EEA (2012): 

< 3,000 inh/km2 
3,000 – 4,000 inh/km2 
4,000 – 5,000 inh/km2 
5,000 – 10,000 inh/km2 
> 10,000 inh/km2 

 
Suggested thresholds for the current analysis: 3,000; 5,000; 10,000 inh/km2 
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3. % of elderly people (over 65 years) - Vulnerable population (Vulnerability) (S26) 

Vulnerability to extreme heat is influenced by various different factors, including age, pre-existing 
conditions and socio-economic status (EEA, 2018). In general, according to the EEA (2018) more vulnerable 
communities tend to live in more dense urban environments, where they are exposed to higher 
temperatures. 
 
One of the most important factors and vulnerable groups are senior citizens, over 65 years old since most 
fatalities during heatwaves are from this age group (EEA, 2018 and 2012). The percentage of senior citizens 
is expected to rise significantly within Europe within the next decades.  
 
Appropriate thresholds for the classification of this indicator have been set according to the thresholds 
used in Map 2.7 in EEA (2012). 

< 14% 
14-15% 
15-17% 
17-20% 
>20% 

 
Suggested thresholds for the current analysis: 14%; 17%; 20% 
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Furthermore, other factors could also be taken into account, in case of a more detailed analysis and in case 
additional data can be found, such as the percentage of young children, socio-economic status and people 
with low income or below the poverty line, as it more difficult for them to keep their homes cool (EEA, 
2018), people with pre-existing chronic conditions (such as cardiovascular and respiratory diseases), ethnic 
minorities, workforce working outdoor, etc. Further social characteristics that influence the vulnerability to 
extreme heat include the condition and quality of buildings, the condition of the health care system, 
accessibility of green spaces, etc. (EEA, 2012). 
 
Other examples from Minnesota Department of Health (2014): 
1) population living at or below poverty, 2) older adults living alone, 3) population less than 5 years old, 4) 
persons of color, and 5) outdoor workers (defined as persons employed in the industries of agriculture, 
fishing, hunting, forestry, mining and construction). 
 
Minnesota Department of Health (2014), MINNESOTA CLIMATE CHANGE VULNERABILITY ASSESSMENT, MINNESOTA 
CLIMATE & HEALTH PROGRAM, ENVIRONMENTAL IMPACTS ANALYSIS UNIT, p.100.  
https://www.health.state.mn.us/communities/environment/climate/docs/mnclimvulnreport.pdf 
 
 
C. Flooding Concern (C4) 

Flooding events can have many adverse impacts especially in urban areas, including material and economic 
impacts, as well as impacts on peoples’ health and in some cases resulting to loss of life. In fact, flood and 
storm events are the natural hazards which have caused the greatest economic losses in Europe (EEA, 
2012).  
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Three components are taken into account for the Flooding Concern in order to estimate the associated 
flood risk. Hazard represents the occurrence of the natural event, and exposure and vulnerability 
correspond to the non-natural, anthropogenic factors contributing to the flood risk disasters (Barredo et 
al., 2007) and are more associated to the severity of the flood impacts. Risk is then calculated as the product 
of hazard, exposure, and vulnerability. In the case that Flood Risk Assessment studies and maps are already 
available then this data can be used directly. Otherwise, it can be estimated through the three following 
sub-components/sub-indicators: 

1. Occurrence of flood events (Flood Hazard), this is usually available in the form of flood hazard maps. 
2. Exposure to flood events, represents the exposed people or elements of value to a flood event and 

is estimated through population density of the urban area.  
3. Vulnerability to flood events, estimated through the percentage of people living below the at-risk-

of-poverty line. 

 
1. Flood Hazard (Occurrence) (E5) 

Flood hazard analysis and maps classify different areas according to the probability or magnitude of flood 
occurrences to classes such as low, moderate, high, etc. which could be used for defining similar thresholds 
for this analysis. In the case that Flood Hazard maps are not available for the study area, then other proxies 
related to the occurrence of the natural event could be used, such as the percentage of impervious areas, 
proximity to streams, historical flood event data, etc. 
 

2. Population Density (Exposure) (U12) 

Exposure to flood events, represents the exposed people or elements of value to a flood event. Population 
density of the urban area can definitely indicate the number of people being exposed, but it could also be 
used as a proxy for the number of exposed assets. The high population density is also directly associated 
with intense urbanisation and the increase of surface runoff, hence increased flood risk (Bathrellos et al., 
2016). 
 
The same thresholds as in the case of extreme heat have been used for the classification of this indicator, 
i.e. the thresholds used in Map 2.5 in EEA (2012). 

< 3,000 inh/km2 
3,000 – 4,000 inh/km2 
4,000 – 5,000 inh/km2 
5,000 – 10,000 inh/km2 
> 10,000 inh/km2 

 
Suggested thresholds for the current analysis: 3,000; 5,000; 10,000 inh/km2 
 

3. Poverty - Vulnerable population (Vulnerability) (S13) 

Vulnerability to flood events, is the lack of resistance to flood disasters and is considered the most complex 
element of flood risk to estimate (Barredo et al., 2007). Even though the estimation of vulnerability would 
require knowledge of the community characteristics and behaviour/response to flood events (Barredo et 
al., 2007), it could also be estimated though other proxies. One important proxy is the economic situation 
of people living in the area, as this can indicate whether a specific area could have a good or bad level of 
preparedness for floods. For example, in poor regions it is more probable that the quality and overall state 
of buildings and public infrastructure in general might not be that high, as well as peoples’ awareness and 
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educational level might not be that high either making them more vulnerable to flood events (Kandilioti 
and Makropoulos, 2012).  
 
Therefore, a useful and informative proxy indicator for a simplified risk vulnerability assessment would be 
the percentage of people living below the at-risk-of-poverty line (euPOLIS CI S13). A relevant indicator used 
at the European level is Persons at risk of poverty or social exclusion expressed as a percentage of the total 
population. Appropriate thresholds for the classification of this indicator have been set according to the 
classification included in the Eurostat (see map below) (Eurostat, 2022): 

<16% Not a problem 
16-18% Low 
18-24% Moderate 
>24% High 

 
Suggested thresholds for the current analysis: 16%, 20%, 24% 
 

 
 
Furthermore, other factors could also be taken into account, in case of a more detailed analysis and in case 
additional data can be found, such as education level, other types of vulnerable population, property value, 
buildings’ construction quality and maintenance, etc. 
 
 
D. Air Quality (C6) 

Only the CI of Air Quality is described, since the other two elements are the same as C1. 
 
Concentrations values for up to five key pollutants determine the index level that reflects air quality at each 
monitoring station. The index corresponds to the poorest level for any of five pollutants, according to the 



               Report on the performance assessment metrics, framework & certification 
 

138 
 

table shown below. Therefore, there is not a single normalisation rule, but it will depend on the levels of 
each pollutant. 
 

 
 
 
REFERENCE: https://airindex.eea.europa.eu/Map/AQI/Viewer/#  
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7.2 Annex 2: Water Quality Assessment and Monitoring Needs in Akti Dilaveri Canal 

The Canal on Akti Dilaveri is an artificial structure, connected to the sea, with limited water circulation. A 
pumping system was constructed to mechanically enhance water circulation in the canal, but it is not 
operational. Various site visits have been carried out to make an assessment of the current status of the 
canal in terms of water quality and decide on further actions and possible interventions that will improve 
its condition as it is a major concern for local residents. According to these site visits the water in the Canal 
appears to be eutrophic, turbid and has a dark green in colour. No unpleasant odours were noticed, but oil 
residues were observed near moored boats, as well some floating objects, mainly common garbage. The 
condition of the canal immediately after rainfall events seems particularly deteriorated suggesting that 
stormwater runoff entering the canal is an important source of pollution (see two bottom photos). 
 

 

 
Several potential pollution sources have been identified macroscopically; these include the following: 

- Urban stormwater runoff from the adjacent roads and pedestrian pavements discharges directly 
into the Canal through several side inlets, often without any protective screen or grate from the 
roadside. (diffuse pollution source) 

- Urban stormwater runoff from central stormwater pipe overflow connected to the upper side of 
the Canal (currently under investigation) 

- Pollution entering from small recreational boats moored along the whole length of the Canal (e.g., 
engine lubricating materials and fuel) (point sources) 

- Limited water circulation in the canal, probably due to the wave suppression works opposite its 
mouth to the sea (stagnant conditions promoting algal growth and eutrophication) 

- Domestic wastewater through old septic tanks overflows attached to near-shore dwellings (not 
very probable, recent renovation of the local sewage network) (point sources) 
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With the aim of identifying the current water quality status and establishing the baseline conditions, as well 
as facilitating the identification and quantification of the relative effect of each pollution source, an 
appropriate water quality monitoring program has been developed and will be implemented in the coming 
months as part of the work carried out in WP7. 
 
Specifically the water quality monitoring program for the canal will include the installation of water quality 
loggers at 2 locations along the canal for continuous monitoring of the following parameters: 

• Water temperature 
• Turbidity (NTU) 
• Electrical conductivity (EC) 
• Dissolved Oxygen (DO) 
• pH 

 
Furthermore, it has been recommended to carry out water sampling and lab analysis of the following 
possible parameters: Dissolved solids (TDS), Suspended solids (TSS), BOD, Nitrates (NO3), Phosphate (PO3), 
Ammonium (NH4), Chlorophyll-a, E-coli. It is advised to get samples on or immediately after significant 
storm episodes close or directly from active side inlets to the Canal. An analysis of the accumulated 
sediment from the bottom of the Canal (sediment sampling) is optional. 
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7.3 Annex 3: Connections between EIs and main site Concerns 
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42 Air Temperature Reduction / 
Air Cooling x o o x o x x o o

43 Universal Thermal Climate 
Index (UTCI) x o o x o x x o o

44
Avoided or additional net 
energy consumption (or GHG 
emissions) x x

45 Site Water Autonomy for NBS o x x o
46 Potable water savings / Water 

reuse o x o x
47 (Additional) Wastewater 

Treatment Coverage x o
48 Wastewater (and stormwater) 

managed on site x o x o
49 Flood risk factor (FRF) x o x
50 Runoff coefficient x
51 Mitigation of the urban runoff 

peak x o
52 Delay of the urban runoff peak x
53 Water quality - general x x x x o o
54 Exposure to noise pollution x x x o o
55 European Air Quality Index x x x o x o o
56 Average NDVI values x o o o o o
57 Biologically active space (de-

sealed area) x o x

58 Community level physiological 
profiling (CLPP) x o o

59 % of biomass reuse on site o x

60
Plant & animal richness of 
selected native indicator 
species x o x x o

61 Changes in habitat quality x o o o
62 Blue space availability x o o o
63 Connectivity of urban green 

spaces x x o o o o
64 Green space accessibility x o o o o x o
65 Changes in Habitat Diversity 

(Habitat Unit diversity) x o
66 Derelict land reclaimed for 

NBS x o x o o
67 Quantity of blue-green space 

as ratio to built form o x x x o o o

68
Perceived quality of urban 
green, blue and blue-green 
spaces x x x x o o o

69 Recreational value of green 
space o o x o o o o

70

Material used coherence 
(Amount of sustainable 
materials used for 
interventions within the demo-
site) o x x x x

71
Multifunctionality and 
flexibility of functional use 
of open space x o o o o o o

72 Interaction between building's 
street level and open spaces o o o x o

73

Access to public amenities and 
ease of reaching (and 
interacting with) destinations 
or activities distributed in 
the proximity to the demo-site

x o x x o o
74 Demo-site area devoted to 

roads o x x o o
75 Demo-site area devoted to 

clean transport o x x o o o

76
Sustainable urban (street) 
lighting (multifunctionality 
day and night) at the demo-
site x o o x

77 Obstacles in the use of the 
open space x o o

78 Urban furniture equipment at 
the demo site x o o

79
Preservation of cultural 
heritage and presence of 
unique spatial elements x o o o o o o

80 Scenic sites and landmarks 
created x o o o o o

17 Perceived loneliness o o o o o
18 Leisure Time Satisfaction 

Measure (LTS) o x x x x x o o x o o
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l
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n

Legend
x mandatory
o optional
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19 Perceived safety of the 
neighborhood (feeling) x x o

20 Perceived safety of the 
neighborhood (experience) x o o

21 Friendliness o x o o o x o
22 Walkability x o x x
23 Perceived quality of space and 

its maintenance o x x o
24 Place attachment o o x o x o

25
Perceived ownership of space 
and sense of belonging to the 
community x x o x o

26 Collective efficacy x o o
27 Community social cohesion x o o o
28 Involvement of citizens in 

participatory process x o o
29 Diversity of stakeholders 

involved in the project x o o

30 Involvement of citizens from 
traditionally excluded groups x o o

31 Trust in the decision-making 
procedures and decision-makers x o o

32 Sustainability consciousness o
33 Number of new jobs x x o o

34
Percentage of new jobs 
addressing unprivileged social 
groups x x o o

35
Change in the residential / 
business property sale prices 
in the proximity of the 
demonstration site o x o

36
Number of new businesses 
established in proximity to 
demonstration site o o x x o o

37
Change in the number of 
visitors at the demonstration 
site o o o o x

38
Value of food / plants 
produced at the demonstration 
site x o o

39 Private financing attracted to 
the demonstration site o x

40 Annual maintenance savings 
from biomass reusage x o

41
Annual maintenance savings 
from rainwater harvesting and 
/ or grey water treatment and 
reusage o x o

1

Physiological Indicators for 
physical activities (1a 
Physical Activity; 1b 
Heartrate; 1c Blood Oxygen 
Saturation; 1d Sleep quality; 
1e Stress levels) x x x x o x o o

2 Emotional events o x o o
3 Level of outdoor physical 

activity x x x x x x x
4 Level of depression, anxiety 

and stress o x x
5 Visual access to green space o o o o x
6 Prevalence of allergic 

respiratory diseases x

7
Prevalence of smoking and 
prevalence of exposure to 
secondhand smoke x o o o

8 Prevalence of hypertension x o
9 Prevalence of diabetes x o
10 Prevalence of obesity o o x o
11 Prevalence of arrhythmias x o
12 Quality of life o o o o x
13 Healthy lifestyle x x x x x x o
14 Satisfaction with Life (SWL) o x x
15 Health Related Quality of Life 

(HRQoL) x x x x x x o
16 Connectedness to nature o o o o o x
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Akti Dilaveri: NBS1: biofilter monitoring necessity 
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Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28

Environmental Urban Social Business PH&WB

E
x
tr

e
m

e
 H

e
a

t

W
a

te
r 

sc
a

rc
it

y

W
a

te
r 

q
u

a
li

ty

F
lo

o
d

in
g

W
a

st
e

w
a

te
r 

tr
e

a
tm

e
n

t

A
ir

 q
u

a
li

ty

B
io

d
iv

e
rs

it
y

S
h

a
re

 o
f 

g
re

e
n

 a
re

a
s

A
cc

e
ss

ib
il

it
y

G
re

e
n

 s
p

a
ce

 p
e

r 

in
h

a
b

it
a

n
t

M
u

lt
if

u
n

ct
io

n
a

li
ty

C
o

m
m

u
n

it
y

 e
n

g
a

g
e

m
e

n
t

A
cc

e
ss

 t
o

 s
p

o
rt

 f
a

ci
li

ti
e

s

A
cc

e
ss

 t
o

 c
u

lt
u

ra
l 

fa
ci

li
ti

e
s

C
ri

m
e

A
e

st
h

e
ti

cs

Q
u

a
li

ty
 o

f 
e

x
p

e
ri

e
n

ce

P
ro

p
e

rt
y

 v
a

lu
e

U
n

e
m

p
lo

y
m

e
n

t

B
u

si
n

e
ss

 a
ct

iv
it

y

C
h

ro
n

ic
 r

e
sp

ir
a

to
ry

 

d
is

e
a

se
s

C
a

rd
io

v
a

sc
u

la
r 

d
is

e
a

se
s

D
ia

b
e

te
s

O
b

e
si

ty

D
e

p
re

ss
io

n

P
h

y
si

ca
l 

a
ct

iv
it

y

C
o

m
m

u
n

ic
a

b
le

 D
is

e
a

se
s 

- 

A
li

m
e

n
ta

ry
 I

n
fe

ct
io

n
s

C
o

m
m

u
n

ic
a

b
le

 D
is

e
a

se
s 

- 

V
e

ct
o

r 
B

o
rn

e
 D

is
e

a
se

s

Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.

Y
e

s(
3

)

Y
e

s(
3

)

Y
e

s(
1

)

Y
e

s(
1

)

N
o

t 
n

e
ce

ss
a

ry

Y
e

s(
3

)

Y
e

s(
1

)

Y
e

s(
1

)

Y
e

s(
3

)

Y
e

s(
1

)

Y
e

s(
2

)

N
o

N
o

N
o

N
o

t 
n

e
ce

ss
a

ry

Y
e

s(
3

)

Y
e

s(
3

)

Y
e

s(
4

)

Y
e

s(
3

)

Y
e

s(
4

)

Y
e

s(
3

)

Y
e

s(
3

)

N
o

Y
e

s(
3

)

Y
e

s(
3

)

Y
e

s(
3

)

Y
e

s(
2

)

Y
e

s(
2

)

42 Air Temperature Reduct ion /  Air Cooling x o o x o x X (3)

43 Universal Thermal Climate Index (UTCI) x o o x o x X (3)

44
Avoided or addit ional net  energy 

consumption (or GHG emissions) x X(3)

45 Site Water Autonomy for NBS o x X(3)

46 Potable water savings /  Water reuse o x X(3)

47
(Addit ional) Wastewater Treatment 

Coverage o O(2)

48
Wastewater (and stormwater) managed on 

site o O(2)

49 Flood risk factor (FRF) x o X(1)

50 Runoff coefficient x X(1)

51 Mit igat ion of the urban runoff peak x X(1)

52 Delay of the urban runoff peak x X(1)

53 Water quality -  general x x x X(1)

54 Exposure to noise pollut ion x x X(3)

55 European Air Quality Index x x x o x X(3)

56 Average NDVI values x o o o X(1)

57 Biologically act ive space (de- sealed area) x o x X(1)

58
Community level physiological profiling 

(CLPP) x o X(1)

59 % of biomass reuse on site

60
Plant & animal richness of selected nat ive 

indicator species x o x X(1)

61 Changes in habitat  quality x o o X(1)

62 Blue space availability x o o X(1)

63 Connect ivity of urban green spaces x x o o o X(1)

64 Green space accessibility x o o o o X(1)

65
Changes in Habitat  Diversity (Habitat  Unit  

diversity) x X(1)

66 Derelict  land reclaimed for NBS x x o X(2)

67
Quant ity of blue- green space as rat io to 

built  form o x x x o o X(1)

68
Perceived quality of urban green, blue and 

blue- green spaces x x x x o o X(1)

69 Recreat ional value of green space o o x o o X(1)
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Akti Dilaveri: NBS1: biofilter monitoring necessity 

Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28

Environmental Urban Social Business PH&WB
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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70

Material used coherence (Amount of 

sustainable materials used for intervent ions 

within the demo- site) o x x X(2)

71
Mult ifunct ionality and flexibility of funct ional 

use of open space x o o o X(2)

72
Interact ion between building's st reet  level 

and open spaces o o o x o X(2)

73

Access to public amenit ies and ease of 

reaching (and interact ing with) dest inat ions 

or act ivit ies dist ributed in the proximity to 

the demo- site x o o X(3)

74 Demo- site area devoted to roads o x x o X(2)

75 Demo- site area devoted to clean transport
o x x o X(2)

76

Sustainable urban (street) light ing 

(mult ifunct ionality day and night) at  the 

demo- site x o X(2)

77 Obstacles in the use of the open space  x o o X(3)

78 Urban furniture equipment at  the demo site
x o o X(2)

79
Preservat ion of cultural heritage and 

presence of unique spat ial elements x o o o X(2)

80 Scenic sites and landmarks created x o o o X(2)

17 Perceived loneliness o o O(3)

18 Leisure Time Sat isfact ion Measure (LTS) o x x o o x X(3)

19
Perceived safety of the neighborhood 

(feeling)

20
Perceived safety of the neighborhood 

(experience)

21 Friendliness o o o O(3)

22 Walkability x o x X(3)

23
Perceived quality of space and its 

maintenance o x x X(3)

24 Place at tachment o x o X(3)

25
Perceived ownership of space and sense of 

belonging to the community x o X(3)
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Akti Dilaveri: NBS1: biofilter monitoring necessity 

Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28

Environmental Urban Social Business PH&WB
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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26 Collect ive efficacy

27 Community social cohesion o O(3)

28
Involvement of cit izens in part icipatory 

process

29
Diversity of stakeholders involved in the 

project

30
Involvement of cit izens from tradit ionally 

excluded groups

31
Trust  in the decision- making procedures 

and decision- makers

32 Sustainability consciousness

33 Number of new jobs x x o X(3)

34
Percentage of new jobs addressing 

unprivileged social groups x x o X(3)

35

Change in the resident ial /  business 

property sale prices in the proximity of the 

demonstrat ion site o x X(4)

36
Number of new businesses established in 

proximity to demonstrat ion site o o x x o X(3)

37
Change in the number of visitors at  the 

demonstrat ion site o o o x X(4)

38
Value of food /  plants produced at  the 

demonstrat ion site x X(4)

39
Private financing at t racted to the 

demonstrat ion site o x X(4)

40
Annual maintenance savings from biomass 

reusage

41

Annual maintenance savings from rainwater 

harvest ing and /  or grey water t reatment 

and reusage o O(3)

1

Physiological Indicators for physical 

act ivit ies (1a Physical Act ivity; 1b Heartrate; 

1c Blood Oxygen Saturat ion; 1d Sleep 

quality; 1e Stress levels) x x x o x X(3)

2 Emotional events o x X(3)

3 Level of outdoor physical act ivity x x x x x X(3)
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Akti Dilaveri: NBS1: biofilter monitoring necessity 

Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28

Environmental Urban Social Business PH&WB
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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4 Level of depression, anxiety and stress o x X(3)

5 Visual access to green space o o o o x X(3)

6 Prevalence of allergic respiratory diseases
x X(3)

7
Prevalence of smoking and prevalence of 

exposure to secondhand smoke x o o o X(3)

8 Prevalence of hypertension x o X(3)

9 Prevalence of diabetes o O(3)

10 Prevalence of obesity o x o X(3)

11 Prevalence of arrhythmias x o X(3)

12 Quality of life o o o o O(3)

13 Healthy lifestyle x x x x x X(3)

14 Sat isfact ion with Life (SWL) o x X(3)

15 Health Related Quality of Life (HRQoL) x x x x x X(3)

16 Connectedness to nature o o o o O(1)
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Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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42 Air Temperature Reduct ion /  Air Cooling x o o x o x X(1)

43 Universal Thermal Climate Index (UTCI) x o o x o x X(1)

44
Avoided or addit ional net  energy 

consumption (or GHG emissions) x X(1)

45 Site Water Autonomy for NBS o x X(3)

46 Potable water savings /  Water reuse o x X(3)

47
(Addit ional) Wastewater Treatment 

Coverage x o

48
Wastewater (and stormwater) managed on 

site x o

49 Flood risk factor (FRF) x o X(1)

50 Runoff coefficient x X(1)

51 Mit igat ion of the urban runoff peak x X(1)

52 Delay of the urban runoff peak x X(1)

53 Water quality -  general x x x X(3)

54 Exposure to noise pollut ion x x X(1)

55 European Air Quality Index x x x o x X(1)

56 Average NDVI values x o o o X(1)

57 Biologically act ive space (de- sealed area) x o x X(1)

58
Community level physiological profiling 

(CLPP) x o X(1)

59 % of biomass reuse on site

60
Plant & animal richness of selected nat ive 

indicator species x o x X(1)

61 Changes in habitat  quality x o o X(1)

62 Blue space availability x o o X(1)

63 Connect ivity of urban green spaces x x o o o X(1)

64 Green space accessibility x o o o o X(1)

65
Changes in Habitat  Diversity (Habitat  Unit  

diversity) x X(1)

66 Derelict  land reclaimed for NBS x o x o X(1)

67
Quant ity of blue- green space as rat io to 

built  form o x x x o o X(1)

68
Perceived quality of urban green, blue and 

blue- green spaces x x x x o o X(1)

69 Recreat ional value of green space o o x o o o X(2)
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Akti Dilaveri: NBS2: Pocket park monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS2: Pocket park monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

70

Material used coherence (Amount of 

sustainable materials used for intervent ions 

within the demo- site) o x x X(2)

71
Mult ifunct ionality and flexibility of funct ional 

use of open space x o o o o o X(2)

72
Interact ion between building's st reet  level 

and open spaces o o o x o X(2)

73

Access to public amenit ies and ease of 

reaching (and interact ing with) dest inat ions 

or act ivit ies dist ributed in the proximity to 

the demo- site x o x x o X(1)

74 Demo- site area devoted to roads o x x o X(1)

75 Demo- site area devoted to clean transport
o x x o X(1)

76

Sustainable urban (street) light ing 

(mult ifunct ionality day and night) at  the 

demo- site x o o X(2)

77 Obstacles in the use of the open space  x o o X(1)

78 Urban furniture equipment at  the demo site
x o o X(2)

79
Preservat ion of cultural heritage and 

presence of unique spat ial elements x o o o o X(2)

80 Scenic sites and landmarks created x o o o o X(2)

17 Perceived loneliness o o o O(1)

18 Leisure Time Sat isfact ion Measure (LTS) o x x x x x o o x X(1)

19
Perceived safety of the neighborhood 

(feeling) x

20
Perceived safety of the neighborhood 

(experience) x

21 Friendliness o x o o o X(1)

22 Walkability x o x X(1)

23
Perceived quality of space and its 

maintenance o x x X(1)

24 Place at tachment o o x o X(1)

25
Perceived ownership of space and sense of 

belonging to the community x x o X(1)
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS2: Pocket park monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

26 Collect ive efficacy x X(1)

27 Community social cohesion x o X(1)

28
Involvement of cit izens in part icipatory 

process x X(1)

29
Diversity of stakeholders involved in the 

project x X(1)

30
Involvement of cit izens from tradit ionally 

excluded groups x X(1)

31
Trust  in the decision- making procedures 

and decision- makers x X(1)

32 Sustainability consciousness

33 Number of new jobs x x o O(1)

34
Percentage of new jobs addressing 

unprivileged social groups x x o O(1)

35

Change in the resident ial /  business 

property sale prices in the proximity of the 

demonstrat ion site o x X(4)

36
Number of new businesses established in 

proximity to demonstrat ion site o o x x o O(1)

37
Change in the number of visitors at  the 

demonstrat ion site o o o o x O(1)

38
Value of food /  plants produced at  the 

demonstrat ion site x

39
Private financing at t racted to the 

demonstrat ion site o x O(4)

40
Annual maintenance savings from biomass 

reusage

41

Annual maintenance savings from rainwater 

harvest ing and /  or grey water t reatment 

and reusage o O(3)

1

Physiological Indicators for physical 

act ivit ies (1a Physical Act ivity; 1b Heartrate; 

1c Blood Oxygen Saturat ion; 1d Sleep 

quality; 1e Stress levels) x x x x o x X(1)

2 Emotional events o x X(1)

3 Level of outdoor physical act ivity x x x x x x X(1)

B
u

s
in

e
s
s



Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS2: Pocket park monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

4 Level of depression, anxiety and stress o x X(1)

5 Visual access to green space o o o o x X(1)

6 Prevalence of allergic respiratory diseases
x X(1)

7
Prevalence of smoking and prevalence of 

exposure to secondhand smoke x o o o X(1)

8 Prevalence of hypertension x o X(1)

9 Prevalence of diabetes x o X(3)

10 Prevalence of obesity o o x o X(1)

11 Prevalence of arrhythmias x o X(1)

12 Quality of life o o o o O(1)

13 Healthy lifestyle x x x x x x X(1)

14 Sat isfact ion with Life (SWL) o x X(1)

15 Health Related Quality of Life (HRQoL) x x x x x x X(1)

16 Connectedness to nature o o o o O(1)
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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42 Air Temperature Reduct ion /  Air Cooling x o o x o x X(1)

43 Universal Thermal Climate Index (UTCI) x o o x o x X(1)

44
Avoided or addit ional net  energy 

consumption (or GHG emissions) x X(1)

45 Site Water Autonomy for NBS o x X(3)

46 Potable water savings /  Water reuse o x X(3)

47
(Addit ional) Wastewater Treatment 

Coverage x o

48
Wastewater (and stormwater) managed on 

site x o

49 Flood risk factor (FRF) x o X(1)

50 Runoff coefficient x X(1)

51 Mit igat ion of the urban runoff peak x X(1)

52 Delay of the urban runoff peak x X(1)

53 Water quality -  general x x x X(2)

54 Exposure to noise pollut ion x x X(1)

55 European Air Quality Index x x x o x X(1)

56 Average NDVI values x o o o X(1)

57 Biologically act ive space (de- sealed area) x o x X(1)

58
Community level physiological profiling 

(CLPP) x o X(1)

59 % of biomass reuse on site

60
Plant & animal richness of selected nat ive 

indicator species x o x X(1)

61 Changes in habitat  quality x o o X(1)

62 Blue space availability x o o X(1)

63 Connect ivity of urban green spaces x x o o o X(1)

64 Green space accessibility x o o o o X(1)

65
Changes in Habitat  Diversity (Habitat  Unit  

diversity) x X(1)

66 Derelict  land reclaimed for NBS x o x o X(1)

67
Quant ity of blue- green space as rat io to 

built  form o x x x o o X(1)

68
Perceived quality of urban green, blue and 

blue- green spaces x x x x o o X(1)

69 Recreat ional value of green space o o x o o o O(1)
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Akti Dilaveri: NBS4: Planting of trees and shurbs for shading bicycle and pedestrian walkways monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional
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Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS4: Planting of trees and shurbs for shading bicycle and pedestrian walkways monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

70

Material used coherence (Amount of 

sustainable materials used for intervent ions 

within the demo- site) o x x X(1)

71
Mult ifunct ionality and flexibility of funct ional 

use of open space x o o o o o O(1)

72
Interact ion between building's st reet  level 

and open spaces o o o x o O(1)

73

Access to public amenit ies and ease of 

reaching (and interact ing with) dest inat ions 

or act ivit ies dist ributed in the proximity to 

the demo- site x o x x o X(1)

74 Demo- site area devoted to roads o x x o X(1)

75 Demo- site area devoted to clean transport
o x x o X(1)

76

Sustainable urban (street) light ing 

(mult ifunct ionality day and night) at  the 

demo- site x o o O(1)

77 Obstacles in the use of the open space  x o o O(1)

78 Urban furniture equipment at  the demo site
x o o O(1)

79
Preservat ion of cultural heritage and 

presence of unique spat ial elements x o o o o O(1)

80 Scenic sites and landmarks created x o o o o O(1)

17 Perceived loneliness o o o O(1)

18 Leisure Time Sat isfact ion Measure (LTS) o x x x x x o o x X(1)

19
Perceived safety of the neighborhood 

(feeling) x

20
Perceived safety of the neighborhood 

(experience) x

21 Friendliness o x o o o O(1)

22 Walkability x o x X(1)

23
Perceived quality of space and its 

maintenance o x x X(1)

24 Place at tachment o o x o X(1)

25
Perceived ownership of space and sense of 

belonging to the community x x o X(1)
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Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS4: Planting of trees and shurbs for shading bicycle and pedestrian walkways monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

26 Collect ive efficacy x

27 Community social cohesion x o O(1)

28
Involvement of cit izens in part icipatory 

process x

29
Diversity of stakeholders involved in the 

project x

30
Involvement of cit izens from tradit ionally 

excluded groups x

31
Trust  in the decision- making procedures 

and decision- makers x

32 Sustainability consciousness

33 Number of new jobs x x o X(4)

34
Percentage of new jobs addressing 

unprivileged social groups x x o X(4)

35

Change in the resident ial /  business 

property sale prices in the proximity of the 

demonstrat ion site o x X(4)

36
Number of new businesses established in 

proximity to demonstrat ion site o o x x o X(4)

37
Change in the number of visitors at  the 

demonstrat ion site o o o o x X(4)

38
Value of food /  plants produced at  the 

demonstrat ion site x X(4)

39
Private financing at t racted to the 

demonstrat ion site o x X(4)

40
Annual maintenance savings from biomass 

reusage

41

Annual maintenance savings from rainwater 

harvest ing and /  or grey water t reatment 

and reusage o O(3)

1

Physiological Indicators for physical 

act ivit ies (1a Physical Act ivity; 1b Heartrate; 

1c Blood Oxygen Saturat ion; 1d Sleep 

quality; 1e Stress levels) x x x x o x X(1)

2 Emotional events o x X(1)

3 Level of outdoor physical act ivity x x x x x x X(1)
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Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS4: Planting of trees and shurbs for shading bicycle and pedestrian walkways monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

4 Level of depression, anxiety and stress o x X(1)

5 Visual access to green space o o o o x X(1)

6 Prevalence of allergic respiratory diseases
x X(1)

7
Prevalence of smoking and prevalence of 

exposure to secondhand smoke x o o o X(1)

8 Prevalence of hypertension x o X(1)

9 Prevalence of diabetes x o X(3)

10 Prevalence of obesity o o x o X(1)

11 Prevalence of arrhythmias x o X(1)

12 Quality of life o o o o O(1)

13 Healthy lifestyle x x x x x x X(1)

14 Sat isfact ion with Life (SWL) o x X(1)

15 Health Related Quality of Life (HRQoL) x x x x x x X(1)

16 Connectedness to nature o o o o O(1)
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Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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42 Air Temperature Reduct ion /  Air Cooling x o o x o x X(3)

43 Universal Thermal Climate Index (UTCI) x o o x o x X(1)

44
Avoided or addit ional net  energy 

consumption (or GHG emissions) x X(1)

45 Site Water Autonomy for NBS o x X(1)

46 Potable water savings /  Water reuse o x X(1)

47
(Addit ional) Wastewater Treatment 

Coverage x o

48
Wastewater (and stormwater) managed on 

site x o

49 Flood risk factor (FRF) x o X(1)

50 Runoff coefficient x X(1)

51 Mit igat ion of the urban runoff peak x X(1)

52 Delay of the urban runoff peak x X(1)

53 Water quality -  general x x x X(2)

54 Exposure to noise pollut ion x x X(1)

55 European Air Quality Index x x x o x X(1)

56 Average NDVI values x o o o X(1)

57 Biologically act ive space (de- sealed area) x o x X(1)

58
Community level physiological profiling 

(CLPP) x o X(1)

59 % of biomass reuse on site

60
Plant & animal richness of selected nat ive 

indicator species x o x X(1)

61 Changes in habitat  quality x o o X(1)

62 Blue space availability x o o X(1)

63 Connect ivity of urban green spaces x x o o o X(1)

64 Green space accessibility x o o o o X(1)

65
Changes in Habitat  Diversity (Habitat  Unit  

diversity) x X(1)

66 Derelict  land reclaimed for NBS x o x o X(1)

67
Quant ity of blue- green space as rat io to 

built  form o x x x o o X(1)

68
Perceived quality of urban green, blue and 

blue- green spaces x x x x o o X(1)

69 Recreat ional value of green space o o x o o o X(2)
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Akti Dilaveri: NBS8: Vertical wall or/and roof garden incl. greywater recycling - commercial properties monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional
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Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS8: Vertical wall or/and roof garden incl. greywater recycling - commercial properties monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

70

Material used coherence (Amount of 

sustainable materials used for intervent ions 

within the demo- site) o x x X(1)

71
Mult ifunct ionality and flexibility of funct ional 

use of open space x o o o o o X(2)

72
Interact ion between building's st reet  level 

and open spaces o o o x o X(2)

73

Access to public amenit ies and ease of 

reaching (and interact ing with) dest inat ions 

or act ivit ies dist ributed in the proximity to 

the demo- site x o x x o X(2)

74 Demo- site area devoted to roads o x x o X(2)

75 Demo- site area devoted to clean transport
o x x o X(2)

76

Sustainable urban (street) light ing 

(mult ifunct ionality day and night) at  the 

demo- site x o o X(2)

77 Obstacles in the use of the open space  x o o X(3)

78 Urban furniture equipment at  the demo site
x o o X(2)

79
Preservat ion of cultural heritage and 

presence of unique spat ial elements x o o o o X(2)

80 Scenic sites and landmarks created x o o o o X(2)

17 Perceived loneliness o o o O(1)

18 Leisure Time Sat isfact ion Measure (LTS) o x x x x x o o x X(1)

19
Perceived safety of the neighborhood 

(feeling) x

20
Perceived safety of the neighborhood 

(experience) x

21 Friendliness o x o o o O(1)

22 Walkability x o x X(3)

23
Perceived quality of space and its 

maintenance o x x X(1)

24 Place at tachment o o x o X(1)

25
Perceived ownership of space and sense of 

belonging to the community x x o X(1)
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Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS8: Vertical wall or/and roof garden incl. greywater recycling - commercial properties monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

26 Collect ive efficacy x

27 Community social cohesion x o O(1)

28
Involvement of cit izens in part icipatory 

process x

29
Diversity of stakeholders involved in the 

project x

30
Involvement of cit izens from tradit ionally 

excluded groups x

31
Trust  in the decision- making procedures 

and decision- makers x

32 Sustainability consciousness

33 Number of new jobs x x o X(3)

34
Percentage of new jobs addressing 

unprivileged social groups x x o X(3)

35

Change in the resident ial /  business 

property sale prices in the proximity of the 

demonstrat ion site o x X(1)

36
Number of new businesses established in 

proximity to demonstrat ion site o o x x o X(3)

37
Change in the number of visitors at  the 

demonstrat ion site o o o o x X(4)

38
Value of food /  plants produced at  the 

demonstrat ion site x X(4)

39
Private financing at t racted to the 

demonstrat ion site o x X(4)

40
Annual maintenance savings from biomass 

reusage

41

Annual maintenance savings from rainwater 

harvest ing and /  or grey water t reatment 

and reusage o O(1)

1

Physiological Indicators for physical 

act ivit ies (1a Physical Act ivity; 1b Heartrate; 

1c Blood Oxygen Saturat ion; 1d Sleep 

quality; 1e Stress levels) x x x x o x X(1)

2 Emotional events o x X(1)

3 Level of outdoor physical act ivity x x x x x x X(1)
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Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS8: Vertical wall or/and roof garden incl. greywater recycling - commercial properties monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

4 Level of depression, anxiety and stress o x X(1)

5 Visual access to green space o o o o x X(1)

6 Prevalence of allergic respiratory diseases
x X(1)

7
Prevalence of smoking and prevalence of 

exposure to secondhand smoke x o o o X(1)

8 Prevalence of hypertension x o X(3)

9 Prevalence of diabetes x o O(1)

10 Prevalence of obesity o o x o O(3)

11 Prevalence of arrhythmias x o X(3)

12 Quality of life o o o o O(1)

13 Healthy lifestyle x x x x x x X(1)

14 Sat isfact ion with Life (SWL) o x X(1)

15 Health Related Quality of Life (HRQoL) x x x x x x X(1)

16 Connectedness to nature o o o o O(1)
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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42 Air Temperature Reduct ion /  Air Cooling x o o x o x X(1)

43 Universal Thermal Climate Index (UTCI) x o o x o x X(3)

44
Avoided or addit ional net  energy 

consumption (or GHG emissions) x

45 Site Water Autonomy for NBS o x

46 Potable water savings /  Water reuse o x

47
(Addit ional) Wastewater Treatment 

Coverage x o

48
Wastewater (and stormwater) managed on 

site x o

49 Flood risk factor (FRF) x o O(4)

50 Runoff coefficient x

51 Mit igat ion of the urban runoff peak x

52 Delay of the urban runoff peak x

53 Water quality -  general x x x X(1)

54 Exposure to noise pollut ion x x X(1)

55 European Air Quality Index x x x o x X(3)

56 Average NDVI values x o o o X(1)

57 Biologically act ive space (de- sealed area) x o x X(1)

58
Community level physiological profiling 

(CLPP) x o X(1)

59 % of biomass reuse on site

60
Plant & animal richness of selected nat ive 

indicator species x o x X(1)

61 Changes in habitat  quality x o o X(1)

62 Blue space availability x o o

63 Connect ivity of urban green spaces x x o o o X(1)

64 Green space accessibility x o o o o O(1)

65
Changes in Habitat  Diversity (Habitat  Unit  

diversity) x X(1)

66 Derelict  land reclaimed for NBS x o x o X(1)

67
Quant ity of blue- green space as rat io to 

built  form o x x x o o X(2)

68
Perceived quality of urban green, blue and 

blue- green spaces x x x x o o X(1)

69 Recreat ional value of green space o o x o o o X(2)
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Akti Dilaveri: NBS9: Green harbor elements monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional



Concerns 

Evaluation indicators C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS9: Green harbor elements monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

70

Material used coherence (Amount of 

sustainable materials used for intervent ions 

within the demo- site) o x x X(1)

71
Mult ifunct ionality and flexibility of funct ional 

use of open space x o o o o o X(2)

72
Interact ion between building's st reet  level 

and open spaces o o o x o X(2)

73

Access to public amenit ies and ease of 

reaching (and interact ing with) dest inat ions 

or act ivit ies dist ributed in the proximity to 

the demo- site x o x x o X(3)

74 Demo- site area devoted to roads o x x o X(2)

75 Demo- site area devoted to clean transport
o x x o X(2)

76

Sustainable urban (street) light ing 

(mult ifunct ionality day and night) at  the 

demo- site x o o X(2)

77 Obstacles in the use of the open space  x o o X(3)

78 Urban furniture equipment at  the demo site
x o o X(2)

79
Preservat ion of cultural heritage and 

presence of unique spat ial elements x o o o o X(2)

80 Scenic sites and landmarks created x o o o o X(2)

17 Perceived loneliness o o o

18 Leisure Time Sat isfact ion Measure (LTS) o x x x x x o o x X(1)

19
Perceived safety of the neighborhood 

(feeling) x

20
Perceived safety of the neighborhood 

(experience) x

21 Friendliness o x o o o O(1)

22 Walkability x o x X(3)

23
Perceived quality of space and its 

maintenance o x x X(1)

24 Place at tachment o o x o X(1)

25
Perceived ownership of space and sense of 

belonging to the community x x o X(1)

U
rb

a
n

S
o

ci
a
l



Concerns 
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS9: Green harbor elements monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

26 Collect ive efficacy x X(1)

27 Community social cohesion x o O(1)

28
Involvement of cit izens in part icipatory 

process x

29
Diversity of stakeholders involved in the 

project x

30
Involvement of cit izens from tradit ionally 

excluded groups x

31
Trust  in the decision- making procedures 

and decision- makers x

32 Sustainability consciousness

33 Number of new jobs x x o X(2)

34
Percentage of new jobs addressing 

unprivileged social groups x x o X(2)

35

Change in the resident ial /  business 

property sale prices in the proximity of the 

demonstrat ion site o x X(4)

36
Number of new businesses established in 

proximity to demonstrat ion site o o x x o X(2)

37
Change in the number of visitors at  the 

demonstrat ion site o o o o x X(2)

38
Value of food /  plants produced at  the 

demonstrat ion site x X(2)

39
Private financing at t racted to the 

demonstrat ion site o x X(2)

40
Annual maintenance savings from biomass 

reusage

41

Annual maintenance savings from rainwater 

harvest ing and /  or grey water t reatment 

and reusage o

1

Physiological Indicators for physical 

act ivit ies (1a Physical Act ivity; 1b Heartrate; 

1c Blood Oxygen Saturat ion; 1d Sleep 

quality; 1e Stress levels) x x x x o x X(3)

2 Emotional events o x X(1)

3 Level of outdoor physical act ivity x x x x x x X(1)
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Is it necessary to monitor how well the NBS 

addresses a concern? Number in brackets is 

monitoring priority.
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Akti Dilaveri: NBS9: Green harbor elements monitoring necessity 

Environmental Urban Social Business PH&WB

Legend

x mandatory

o optional

4 Level of depression, anxiety and stress o x X(1)

5 Visual access to green space o o o o x X(1)

6 Prevalence of allergic respiratory diseases
x X(3)

7
Prevalence of smoking and prevalence of 

exposure to secondhand smoke x o o o X(3)

8 Prevalence of hypertension x o X(3)

9 Prevalence of diabetes x o O(3)

10 Prevalence of obesity o o x o X(3)

11 Prevalence of arrhythmias x o X(3)

12 Quality of life o o o o O(1)

13 Healthy lifestyle x x x x x x X(1)

14 Sat isfact ion with Life (SWL) o x X(1)

15 Health Related Quality of Life (HRQoL) x x x x x x X(1)

16 Connectedness to nature o o o o O(1)

P
H

&
W

B


	NBS1.pdf
	NBS2.pdf
	NBS4.pdf
	NBS8.pdf
	NBS9.pdf

